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Department of Energy 
Albuquerque Operations 
Los Alamos Area Office 

Los Alamos, New Mexico 87544 

MAR221989 

CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

Mr. John Gould 
Hazardous Waste Section 
Environmental Improvement Division 
1190 St. Francis Drive 
Harold Runnels Building 
Santa Fe, New Mexico 87503 

Dear Mr. Gould: 

Reference is made to response to Environmental Improvement Division (EID) 
letter dated March 7, 1989. 

Enclosed is the supporting documentation for the Ground Water Monitoring 
Waivers at Technical Area (TA) 35 TSL-85 and TSL-125 Surface Impoundments. The 
signed certification for this demonstration is located in the front of Volume 
1. These waivers, along with the supporting documentation, were requested by 
Mr. Boyd Hamilton in his March 7, 1989, letter. Pursuant to Section 74-4-4.3 
of the New Mexico Hazardous Waste Act, the Department of Energy is submitting 
these waivers to the EID within 10 days of receipt of the request. 

If you have any questions, please call Donna Lacombe of my staff at 667-5288. 

Sincerely, 

Area Manager 

5 Enclosures 
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INTRODUCTION 

During the summer of 1988, individual surface impoundments located at Technical Area (TA) 35, TSL-85 and TSL-125, were sampled for potential hazardous wastes and hazardous waste constituents. Contaminant indicator parameters for each impoundment included volatile (VOA) and semi-volatile (SVOA) organic compound analyses that are included on the u.s. Environmental Protection Agency's (EPA) Contract Laboratory Program (CLP) list, wastes exhibiting the characteristics of Extraction Procedure (EP) toxicity, PCB's, and radiological constituents. Analytical results from these sampling efforts have been summarized in each respective closure plan document (IT, Inc., 1988a and 1988b). However only certain VOA analyses from the EPA's CLP list at each impoundment were identified as being above detection limits. These compounds were the basis for declaring the surface impoundments as regulated units under the Resource Conservation and Recovery Act (RCRA) of 1976, as amended. All other indicator parameters were either below detection limits, or were below regulated concentration levels. 

These surface impoundments were declared as RCRA regulated units in October 1988, by Los Alamos National Laboratory's (LANL) Environmental Surveillance Group (HSE-8) following completion of sample analyses. At that time separate interim status closure plans (IT, Inc., 1988a and 1988b) were submitted to the New Mexico Environmental Improvement Division (NMEID) by the U.S. Department of Energy (DOE) for final clean closure under New Mexico Hazardous Waste Management Regulations (NMHWMR-4) 206.C.2.a through 206.C.2.k [40 CFR 265.110 through 120], and NMHWMR-4 206. C. 6. f ( 40 CFR 265. 228) . As RCRA regulated units, these impoundments are required to have ground-water monitoring plans under NMHWMR-4 206.C.1.a through e (40 CFR 265.90 through 94), unless it can be demonstrated under NMHWMR-4 206.C.l.a(3) [40 CFR 265.90(c)] that there is a low potential for migration of hazardous waste constituents from the facility via the uppermost aquifer to water supply wells or to surface water. 

This document is a demonstration in support of ground-water monitoring waivers at the TA-35 TSL-85 and TSL-125 surface impoundments. A single waiver demonstration in support of two separate facilities is justified because they are in close proximity to one another, and because the hydrogeological conditions below each impoundment are nearly identical. This document will be maintained on file at the LANL HSE-8 office. It has been certified by William D. Purtymun, a qualified geologist, and by Stephen G. McLin, a qualified ground-water hydrologist and geotechnical engineer. Both of these individuals are staff members with HSE-8. 
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REQUIREMENTS FOR AN INTERIM STATUS GROUND-WATER MONITORING WAIVER 

All or part of the ground-water monitoring requirements of 
NMHWMR-4 206.C.l may be waived if the owner or operator can 
demonstrate that there is low potential for migration of 
hazardous waste or hazardous waste constituents from the facility 
via the uppermost aquifer to water supply wells or to surface 
water. This demonstration must be in writing, and must be kept 
at the facility. This demonstration must be certified by a 
qualified geologist or geotechnical engineer and must establish 
the following: 

1. The potential for migration of hazardous waste or hazardous 
waste constituents from the facility to the uppermost aquifer by 
an evaluation of: 

a. A water balance of precipitation, evapotranspiration, 
runoff, and infiltration; and 

b. Unsaturated zone characteristics, including geologic 
materials, physical properties, and depth to ground
water; and 

2. The potential for hazardous waste or hazardous waste 
constituents which enter the uppermost aquifer to migrate to a 
water supply well or surface water by an evaluation of: 

a. Saturated zone characteristics, 
materials, physical properties, 
water flow; and 

including geologic 
and rate of ground-

b. The proximity of the facility to water supply wells or 
surface water. 

This demonstration has been organized into several sections that 
follow. The "Summary of Background Information" section is 
presented in a logical order to correspond with the numbered 
regulatory requirements for a monitoring waiver given above. 
Thus all information related to potential contaminant migration 
from the surface impoundments through the unsaturated zone and to 
the main aquifer is summarized first. Then all information 
related to the potential contaminant migration in the main 
aquifer to water supply wells or to surface water is summarized. 
A "Conclusions" section is then presented; these conclusions are 
ordered so as to correspond to the waiver requirements presented 
above. Finally a "References Cited" section lists all published 
and unpublished reports used by us in arriving at our stated 
conclusions. 



SUMMARY OF BACKGROUND INFORMATION 

Migration Potential Through the Unsaturated Zone 

The water balance equation, which includes components for 
precipitation, evapotranspiration, runoff, and deep infiltration, 
indicates that there is no recharge to the uppermost aquifer 
(Purtymun, 1962; Abrahams et al., 1963; Cushman, 1965; Purtymun 
and Kennedy, 1966; Lane, 1981; and NMEID, 1984). The uppermost 
aquifer beneath Pajarito Plateau (TA-35) is recharged from 
precipitation in the intermontane basin west of Los Alamos 
(Cushman, 1965; and Purtymun, 1984). Recent studies of the tuff 
recovered below the TA-54 area indicate a combination of low 
unsaturated hydraulic transmitting characteristics, the 
occurrence of extremely low moisture contents, and very low 
vertical fluid flux potentials. This indicates that aqueous 
transport of contaminants through the Bandelier Tuff is not a 
viable mechanism for contaminant migration (Purtymun, et al., 
1978a; BEF, 1985a, 1985b, 1986a, 1986b; and IT Inc. 1987). 

The geologic section of the Bandelier Tuff at TA-35 is very 
similar to the physical and hydrologic characteristics of the 
tuff at TA-54, Areas G and L (Purtymun and Abrahams, 1967; 
Purtymun and Kennedy, 1970; Purtymun, et al., 1978b; and IT Inc., 
1987) . However, the thickness of the unsaturated tuff and 
sediments at TA-35 is greater than at TA-54, as indicated in the 
table shown below. 

Geologic Section at TA-35 

BANDELIER TUFF 
Tshierege Member 

Unit 3 
Unit 2b 
Unit 2a 
Unit 1b 
Unit 1a 

Otowi Member 
Guaje Member 

PUYE CONGLOMERATE 
Fanglomerate with interbedded 
basalts 

TESUQUE FORMATION 
Siltstones, sandstone, with 
occasional conglomerate, and 
interbedded basalts 

Thickness Depth 
(ft) (ft) 

100 100 
40 140 
80 220 
25 245 
70 315 

385 700 
50 750 

790 1,540 

+1,500 +3,040 

The water table surface of the uppermost aquifer is at a depth of 
about 1,250 ft at TA-35. Of that, the upper 750 ft consists of 



unsaturated Bandelier Tuff, while the underlying 500 ft consists 
of unsaturated volcanic sediments and interbedded basalts. There 
is no perched water beneath the surface of the mesa and the top 
of the uppermost aquifer. 

The unsaturated tuff below TA-35 consists of an ash matrix 
containing quartz and sanidine crystals, crystal rock fragments 
of latite and rhyolite, and pumice. The hydrologic transmitting 
characteristics and low volumetric moisture contents indicate no 
appreciable amounts of atmospheric recharge to the uppermost 
aquifer. Furthermore, physical rock properties, such as porosity 
intrinsic permeability, and specific retention, further support 
this conclusion. Rock matrix openings related to porosity are 
capillary in size (i.e., less than 1 mm); however many of these 
are dead-end pore spaces. The hydrologic and physical 
characteristics of the unsaturated tuff above the uppermost 
aquifer are discussed by Abrahams (1963); Baltz, et al. (1963); 
Purtymun and Koopman (1966); Purtymun (1967 and 1973); Keller 
(1968); Purtymun, et al. (1978b and 1980); Abeele, et al. (1981); 
IT Corp.(1987); Brown, et al. (1988); and Stephens (1988). 

Migration Potential in the Saturated Zone 

The geology and hydrology of the uppermost aquifer, and the 
development of water supply is documented in Theis and Conover 
(1962); Griggs and Hem (1964); Cushman (1965); Purtymun and 
Cooper (1969); Purtymun and Johansen (1974); Purtymun (1975); 
Purtymun and Adams ( 1980) ; Purtymun, et al. ( 197 4, 1980, 1983, 
and 1984); and John, et al. (1966). The closest water supply 
well to TA-35 is well number PM-5, located approximately 2,000 ft 
to the southeast on the mesa between Mortandad and Ten Site 
canyons (Purtymun, 1984) • Locations of other municipal water 
supply wells in Los Alamos County are to the north, east, and 
south of TA-35 (Purtymun, 1984). 

PM-5 was completed as a municipal supply well in 1982; routine 
water quality sampling has shown no indication of contamination 
(HSE-8, 1988) • The well was completed to a depth of 3, 093 ft 
into the Puye Conglomerate and Tesuque Formation. It penetrated 
a saturated thickness of about 1,885 ft. Aquifer tests indicated 
a transmissivity of approximately 10,000 gpdjft; the storage 
coefficient is estimated to be 0.01. 

The ground-water flow rate near PM-5 is to the east at 
approximately 95 ftjyr, while to the north ground-water flow 
rates may be as high as 250 ftjyr. South of PM-5, ground-water 
flow is toward the southeast at approximately 345 ftjyr. 

The nearest surface water body to the TA-35 impoundments is the 
Rio Grande, located some 7.1 miles to the east (Purtymun, 1984). 
This distance was measured along a streamline drawn perpendicular 
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to the piezometric contours constructed for the uppermost 
aquifer. 

Hypothetical computer simulations (Javandel, et al., 1984) 
indicate that even if the entire maximum liquid volume at both 
surface impoundments (i.e., 8,000 gal at TSL-125, and 12,500 gal 
at TSL-85; see IT, Inc., 1988a and 1988b) leaked directly into 
the main aquifer (i.e., there was no 1,250 ft of unsaturated tuff 
between the impoundment bottoms and the main aquifer) over a one 
year period (i.e. , a hypothetical constant impoundment leakage 
rate of 0.039 gpm), there would be no detectable contamination at 
PM-5. These simulations assume the contaminant of interest would 
be a conservative tracer with no porous matrix adsorption or 
contaminant degradation effects. However volatile organic 
compounds typically exhibit a strong tendency toward both matrix 
adsorption and biodegradation, in addition to dispersive mixing 
in saturated flow. Hence these hypothetical simulations are 
extremely conservative. 

The hypothetical simulations of Javandel, et al. (1984) are 
presented in dimensionless form so that they are applicable to a 
wide variety of aquifer configurations; furthermore, they assume 
steady hydraulic conditions in the main aquifer. For the 
uppermost aquifer at TA-35, we have a transmissivity of 10,000 
gpdjft, a storage coefficient of 0.01, a dispersion coefficient 
of about 1.0 sq ftjday, a mean ground-water flow rate of about 
150 ftjyr oriented approximately due east, and a hypothetical 
constant input contaminant concentration level of 10.0 mgjl. The 
influence of pumping at well PM-5 was directly taken into 
consideration in computing the mean ground-water flow rate. With 
these aquifer and contaminant input parameters, the dimensionless 
concentrations of Javandel, et al. (1984) can be translated into 
predicted contaminant concentration levels at PM-5 by specifying 
a time of contaminant transport. Using this procedure, the 
hypothetical simulations for TA-35 indicate that no detectable 
contaminant concentration levels would ever be detected at well 
PM-5. 

Since the nearest surface water body to either of the surface 
impoundments addressed in this document is the Rio Grande, 
located some 7. 1 miles away, no additional hypothetical 
simulations were done. It is obvious that if the hypothetical 
simulations described above would not affect well PM-5, then 
there would be no effect on the Rio Grande either. 



CONCLUSIONS 

After reviewing the documents referenced herein, and from direct 
and extensive field observations at Los Alamos National 
Laboratory, we have reached the following conclusions with regard 
to the surface impoundments at TA-35 TSL-85 and TSL-125: 

(1) The potential for migration of hazardous wastes or hazardous 
waste constituents from the surface impoundments located at TA-35 
TSL-85 and TSL-125 to the uppermost aquifer is extremely low to 
non-existent. 

( 2) In the highly unlikely event that hazardous wastes or 
hazardous waste constituents were to enter the uppermost aquifer 
from these surface impoundments, then there exists an extremely 
low to non-existent potential for such constituents to migrate 
from this uppermost aquifer to water supply wells or to surface 
waters in concentration levels above minimum detection limits. 

( 3) These conclusions are based on direct field observations 
made by us, on physical evidence obtained from published and 
unpublished reports, and on hypothetical computer simulations 
designed to model subsurface contaminant transport. All of the 
information used by us in arriving at these conclusions are cited 
below, and are intended to be part of this demonstration. 
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CERTIFICATION 

GROUND-WATER MONITORING WAIVERS AT THE 

TA-35 TSL-85 AND TSL-125 SURFACE IMPOUNDMENTS 

We the undersigned do hereby certify that this demonstration in 

support of separate ground-water monitoring waivers for the above 

mentioned facilities are correct and accurate, and that all 

supporting documentation in the reference section of the attached 

report has been reviewed by us, both individually and 

collectively. The opinions reached by us, and expressed herein, 

are based on direct field observations at Los Alamos National 

Laboratory, and the published and unpublished reports cited in 

this document. This demonstration consists of five separate 

sections; they are: (1) Introduction; (2) Requirements for an 

Interim Status Ground-Water Monitoring Waiver; (3) Summary of 

Background Information; (4) Conclusions; and (5) References 

cited. Copies of the references cited in this demonstration have 

been included in four separately bound volumes. 

lf~ £J luiff:121t f/Vr! 
William D. Purtymun ~ 
Geohydrologist 

Ste hen G. McLin, Ph.D., P.E. 
Ground-Water Hydrologist and Geotechnical Engineer 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States Government. 
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GEOHYDROLOGY OF BANDELIER TUFF 

by 

W. V. Abeele 
M. L. Wheeler 
B. W. Burton 

ABSTRACT 

The Los Alamos National Laboratory has been disposing of radioactive wastes since 

1944. Environmental studies and monitoring for radioactive contamination started 

concurrently. In this report, only two mechanisms and rates by which the radionuclides 

can enter the environment are studied in detail: subsurface transport ofradionuclides by 

migrating water, and diffusion of tritiated water (HTO) in the vapor phase. The report 

also includes a section concerning the influence of moisture on shear strength and 
possible resulting subsidences occurring in the pit overburdens. Because subsurface 

transport of radionuclides is influenced by the hydraulic conductivity and this in tum is 

regulated by the moisture content of any given material, a study was also undertaken 

involving precipitation, the most important climatic element influencing the 

geohydrology of any given area. Further work is in progress to correlate HTO 

emanation to atmospheric and pedological properties, especially including thermal 
characteristics of the tuff. 

I. INTRODUCTION 

Wastes containing plutonium and other radionuclides have been buried at Los Alamos National 

Laboratory since the beginning of Laboratory operations in the early 1940s. Open pits or trenches have 

provided the principal disposal facility, but vertical shafts and covered seepage pits have been used for 

special waste forms. All shafts, pits, and trenches have been excavated in the surface of the Bandelier tuff, 

the principal rock-type exposed in the Los Alamos area (Fig. 1). The tuff(a nonwelded to welded volcanic 

ash) comprises an upland area called the Pajarito Plateau. The Plateau is dissected by numerous canyons 

trending east -west, all of which drain into the Rio Grande. Most of the Laboratory facilities, including the 

waste disposal sites, are located on the tops of the resulting finger-like mesas. 

A large variety of waste types have been buried at Los Alamos National Laboratory. The bulk of the 

material is room-generated trash, such as paper, packing material, protective clothing, broken glassware, 

obsolete contaminated equipment, etc., which is generally contained in cardboard boxes or wooden 

crates. A wide variety of disposal operations are performed, ranging from shaft disposal of cylinders 

containing millicurie quantities of tritium to demolition and burial of entire contaminated buildings. 

During the Laboratory's early years, liquid wastes were disposed directly to the ground by discharging 

them into seepage pits. Since 1952, the sludges resulting from liquid waste treatment have been placed in 

drums for burial or mixed with cement and poured into shafts. 

1 
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Fig. 1. Burial site map. 

Presently, solid wastes are placed in open pits, characteristically about 10m deep by 15m wide by 130 
m long. The wastes are placed in layers, with each layer covered with the crushed tuff excavated during 
construction of the pit. Location, physical description, and radionuclide content of the wastes are 
recorded in log books and on a computerized record keeping system. When a pit is filled to within 
approximately a meter of the ground surface, a cover of crushed tuff is overlaid and mounded about I m 
high to facilitate precipitation runoff. The surface is then reseeded with native vegetation for erosion 
control. 

Present practices have evolved from a variety of burial procedures, but historically all practices are 
similar. Wastes are placed in trenches to within approximately a meter of the surface and the trench is 
then backfilled with uncontaminated crushed tuff. A records survey was made of the radionuclide content 
and composition of solid wastes disposed at Los Alamos National Laboratory since the beginning of the 
Laboratory (Rogers, 1977). Waste disposal records were highly variable in quality and quite incomplete 
until the mid-1950s. Detailed records of content and composition were not kept until 1959, and the 
quality of recording has improved steadily since that time. Guidelines for construction and use of solid 
waste disposal facilities at Area G, T A-54 have been in effect since 1956. The latest revision* is consistent 
with established Department of Energy (DOE) Burial Site Criteria. 

Determining the potential impact of buried radioactive wastes on the environment requires definition of 
the mechanisms and rates by which the radionuclides can enter the environment. The various 

*Memo H-7-80-660 To: Distribution (Operation Waste Management Committee), Through: Harry Jordan, H-DO; 
From: W. D. Purtymun, H-8, M. Wheeler, LS-6, and J. L. Warren, H-7 (December 10, 1980). 
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mechanisms can be divided into two major categories-natural phenomena more or less independent of 
human activity, and advertent acts by man, such as war, land excavation, sabotage, etc. All processes 
discussed here fall into the former category and can be further subdivided into two groups: chronic 
release processes, which occur at a more or less uniform rate when viewed on a time scale of tens to 
hundreds of years, and acute release processes consisting of single events separated by long periods of 
nonoccurrence. Chronic release mechanisms include exposure of the wastes by wind or water erosion, 
subsurface transport of radionuclides by migrating water, and plant or animal transfer of buried material 
to the surface. 

This report is limited to the study of subsurface transport of radionuclides by migrating water or by 
diffusion of a radionuclide such as tritium in the vapor phase of tritiated water (HTO). 

II. PHYSICAL SETTING 

A. Geology of the Los Alamos Area 

The volcanic and sedimentary rocks that occur in the Los Alamos area range in age from Miocene to 
Holocene. Rock types include sandstones and siltstones, crystalline rocks, and ash-flow tuffs (Fig. 2). 

3000 ~ Bandelier luff ~ Puye conolomerate 

ITJ Tesuque formation 

2700 Pajarila 
fault zone 

~ Basaltic rocks of Chino Meso 

Ill Tschicomo formation ~ Precambrian crystalline rocks 

2400 

2100 

1800 

1500 

West 

Sierra de los Valles 

Water Canyon r f oull 
r-;~-.,.-..~ Paj a,; to 

East 

<I> 3000 

West Scale East 

0 2 l 6 B 
kilometers 

Fig. 2. Geologic stratigraphic relationships of Los Alamos County from Sierra de los Valles to the Rio Grande. 
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The oldest rock unit in the Los Alamos area is the Tesuque Formation, consisting of fossiliferous 
siltstones and sandstones with lenses of clay that were deposited as basin fill in the Rio Grande structural 
trough. Near Los Alamos these sediments are light pinkish-tan and include some interbedded basalts. The 
Tesuque underlies the Pajarito Plateau and is exposed at lower levels along the Puye Escarpment and in 
White Rock Canyon. The main water supply for Laboratory and domestic use is derived from the 
Tesuque. The age of the Tesuque is Miocene. 

The Tschicoma Formation forms the major part of the interior mass of the central Jemez Mountains; 
thus, exposures ar'e limited to the western and northern parts of the Los Alamos area. Rock types are 
porphyritic dacite, rhyodacite, and quartz latite containing phenocrysts of pyroxene, hornblende, biotite, 
plagioclase, and quartz (Bailey et al., 1969; Smith et a!., 1970). Some units of latite and quartz latite in the 
Los Alamos area contain xenocrystic plagioclase that has been partially remelted, embayed, and 
resorbed, as well as subrounded and embayed quartz (Griggs, 1964). The maximum thickness of the 6.7 
to 3. 7 million-year-old (Myr) Tschicoma Formation exceeds 900 m (Bailey et al., 1969; Smith et al., 
1970). 

The Puye Formation, named for exposures in cliffs along the Puye Escarpment, is divided into two 
informal members, the lower Totavi Lentil, overlain by a fanglomerate. The basal Totavi Lentil (0 to 25 m 
thick) consists of well-rounded pebbles, cobbles, and small boulders of Precambrian quartzite and granite 
in a matrix of coarse arkosic sandstone. The upper unit is a poorly consolidated, silty, sandy 
conglomerate containing interlayered lapilli-tuff beds and volcanic mudflow deposits. The detritus is 
mostly dacite, rhyodacite, and quartz latite debris from erosion of the Tschicoma Formation (Bailey et 
a!., 1979; Smith et al., 1970). The Puye is ~15m thick in the eastern part of the Pajarito Plateau and 
thickens westward to ~220 m (Bailey et al., 1969). In the central and eastern parts of the plateau the 
Puye overlies the Tesuque Formation. It interfmgers with basaltic andesite flows from the Cerros del Rio 
to the southeast and with younger flows of the Tschicoma to the west (DOE/EIS-0018, 1979). 

The volcanic rocks of Cerros del Rio (Chino Mesa), which include some alkali olivine basalt, are 
mostly basaltic andesite flows and tuffs (0 to 460 m thick) containing xenocrysts of quartz (Smith et al., 
1970). Some of these flows extend northwestward to form the steep walls of White Rock Canyon and cap 
high mesas to the east. Griggs (1964) mapped five units in the Los Alamos area. The volcanics of Cerros 
del Rio are less than 2.8 Myr old (Smith et a!., 1970). 

The basaltic andesite of Tank Nineteen (Smith et al., 1970) forms a broad shield volcano in the western 
part of the Cerros del Rio and ranges in thickness from 15 to 150 m. In the lower part of White Rock 
Canyon these flows overlie the Otowi Member of the Bandelier Tuff and tuffs of the Cerro Toledo 
Rhyolite. 

Volcanism in the Jemez Mountains during the Pleistocene produced a series of rhyolite and quartz 
latite domes, ash flows, air-fall pumice, and obsidian. In the Los Alamos area these rocks are represented 
by the Cerro Toledo Rhyolite and the Bandelier Tuff. 

The Cerro Toledo Rhyolite is a series of rhyolite domes, obsidian, tuffs, and tuff breccias that occur 
mostly within the Toledo Caldera (Smith eta!., 1970). Exposures near Los Alamos occur in a small area 
in Rendija and Guaje Canyons. These reworked tuffs and sediments overlie the Puye Formation and are 
less than 30 m thick (DOE/EIS-0018, 1979). 

The Bandelier Tuff is a sequence of non welded-to-welded rhyolite ash flows and pumice containing hi
pyramidal quartz and chatoyant sanidine (Smith et al., 1970). The tuff forms the upper parts of the Jemez 
Plateau on the western and the Pajarito Plateau on the eastern flanks of the Jemez Mountains. It is, 
therefore, the most important geologic unit at Los Alamos. All Laboratory facilities are constructed on 
the Bandelier Tuff. The formation is divided into two members, the lower Otowi and upper Tshirege, 
locally separated by tuffs of the Cerro Toledo Rhyolite. Each member is composed of a basal air-fall 
pumice overlain by a series of ash-flow units. The thickness of the tuff ranges from 10 to 320m. 

In the Los Alamos area the 1.4 Myr-old Otowi Member consists of a 0- to 10-m-thick basal bedded 
air-fall pumice (Guaje Pumice Bed) overlain by massive to poorly bedded nonwelded ash-flow deposits 
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containing abundant accidental lithic fragments. Ash flow units in the Otowi often easily erode to form 

characteristic pinnacle-shaped features. The thickness of this member in the Los Alamos area ranges 

from 0 to 80 m (DOE/EIS-0018, 1979). 

The 1.1 Myr-old Tshirege Member consists of a 0.3-m-thick basal bedded air-fall pumice (Tsankawi 

Pumice Bed) overlain by nonwelded to welded ash flows containing genetically-related, hornblende-rich, 

quartz latite pumice and accidental lithic fragments (Bailey eta!., 1969; Smith eta!., 1970). The ash flows 

are often separated by pyroclastic surge deposits; pumice swarms occur intermittently. The Tshirege 

forms alternating vertical cliffs and steep slopes, caused by differential induration of the ash flows, 

resulting in units of varying hardness. The base of the Tshirege rests on the irregular erosional surface of 

the Otowi. 
Physical properties of the tuff that may affect fluid flow result primarily from induration (which 

includes vapor-phase crystallization, devitrification, and welding) and jointing. 

Vapor-phase crystallization results from the ash flows being partially fluidized by hot expanding gases 

during emplacement. After stabilization of the flows, these gases migrated upward and deposited 

dissolved materials as secondary minerals in void spaces between the glass shards. Vapor-phase minerals 

are predominantly cristobalite, alkalic feldspar, and tridymite. If a flow becomes welded before the vapor 

phase escapes, trapped gases may form cavities, which may or may not subsequently be filled with a solid 

phase. 
Because volcanic glass (the major constituent of ash) is geologically unstable, it will spontaneously 

devitrify, yielding cristobalite, feldspar, and tridymite. Devitrification tends to be more prevalent in tuff 

that has undergone compaction and welding but may occur in more porous tuffs as well. Vapor-phase 

crystallization and devitrification can affect the hardness and porosity of the rock. 

Depending on the temperature and water content of an ash flow, the constituent glass shards may 

deform and stick to one another, a process known as welding. Welding results in increased hardness and 

decreased porosity of the rock. The degree of welding in the Bandelier Tuff varies markedly. The majority 

of the Tshirege Member is moderately welded with some areas of more dense welding in the uppermost 

flow units (DOE/EIS-0018, 1979). Table I shows the variation in physical properties of the tuff as a result 

of welding. 
Joints, formed by cooling of the ash flows, commonly divide the tuff into irregular blocks. The 

predominant joint sets are vertical or nearly vertical and joint frequency generally increases with 

increasing degree of welding. Joints range from closed to open as much as several centimeters; they may 

contain caliche near the surface, grading downward to clay (usually montmorillonite). In excavations, 

plant roots have been observed to extend to depths of at least 10 m in joints. 

Moisture infiltrating into exposed tuff surfaces dissolves minute amounts of silica, which are 

redeposited as interstitial opaline material upon evaporation. This results in a "case hardened" surface 

layer a few centimeters thick that is highly resistant to wind and water erosion (DOE/EIS-0018, 1979). 

However, exposed pumice fragments weather readily, leaving a pitted surface on some units. 

TABLE I 

PROPERTIES OF TUFF AS A FUNCTION OF DEGREE OF WELDING8 

Nonwelded 

Porosity (Vol%) 40-60 

Cohesion of Shards slight 

Deformation of Shards none 

Fracture crumbly 

'Data from DOE/EIS-0018,1979 

Moderately 

Welded 

30-55 

moderate 

slight 

somewhat brittle 

Welded 

15-40 

good 

strong, flattening of shards 

brittle 

5 
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B. Tuff Structure and Texture 

The porosty of the tuff can be calculated from the real and apparent specific gravity where the per cent 
pore space= 

1 -
bulk specific gravity 
-------X 100 ° 

real specific gravity 

The porosity of the tuff ranges from about 20% to about 60%. The size distribution of the pores, 
though, may be more important than total porosity in assessing aeration, permeability, and water-holding 
properties. 

Equivalent pore size and matric potential applied to tuff relate in the following manner 0 

Pore Diameter (m) 

2°10-4 

1°10-4 

5°10-5 

2°10-5 

Matric Potential (kPa) 

1.5 
3.0 
6.0 

15.0 

The Tshirege Member reaches porosities of 60% that are comparable to those of the upper ranges 
encountered in fine clays (Abrahams, 1963). Such high porosities are, however, unusual for consolidated 
materials. 

Abrahams shows that the bulk specific gravity of dry tuff can be divided into four separate, statistically 
significant groups, ranging from 1280 to 1840 kg m-3• 

There is, of course, a strong inverse correlation between the dry unit weight and porosity, while 
permeability has been shown to increase exponentially with the particle size and subsequent pore size. 
Particle sizes in the tuff average 46% of clay and silt and 53% sand and resembles a sandy silt 
(Abrahams, 1963). 

Water in the smaller pores moves mostly by the slower processes of capillarity and vapor diffusion 
and, at saturation, contributes little to the bulk of the movement. Jointing, though, is common throughout 
the Tshirege Member and is sediment-free below a certain depth. Interconnected joints could provide 
paths for rapid water movement at saturation, if such a situation were to occur. Fears for this to happen 
are, however, unwarranted. 

C. General Climatology 

Maximum temperatures are generally below 32°C, with the extreme recorded at 35°C. A large diurnal 
variation keeps nocturnal temperatures in the l2°C to 15°C range. Winter temperatures are typically in 
the range of -10°C to 5°C, with the extreme recorded at -28°C. Many winter days are clear with light 
winds, and strong solar radiation makes conditions quite comfortable even when air temperatures are 
cold. The annual total of heating °C days is 3500, with January accounting for over 610 while July and 
August average zero degree days. Higher temperatures will increase evapotranspiration and occur at the 
origin of tuff desiccation. An annual observed value of about two-thirds the potential insolation is 
observed based on measured diurnal direct radiation. The reduction is caused by cloudiness, implying 
that approximately one-third of the daylight hours in one year were affected by cloudiness. The maximum 
cloud-free month (January) had 85% of potential insolation while the minimum (July) had 55%. A higher 
insolation with the same air temperature means a higher degree of desiccation of the tuff because of 
increased ground temperatures from radiation absorption. 

'I 
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Average relative humidity is 40%, ranging from 30% in May and June to above 50% in July, January, 

and February. The diurnal variation is very large and basically inverted to the diurnal temperature cycle. 

The summer months have nocturnal maxima of 80% and minima of 30%, while spring, the driest time, 

has a diurnal range from 15% to 50%. A lower relative humidity will enhance desiccation of the tuff 

because of an increased vapor pressure differential at the ground-atmosphere interface. A high relative 

humidity, however, may cause condensation to occur at the tuff surface provided the temperature 

depression in the tuff is sufficient. 
At most sites near-calm wind conditions exist 10% to 15% of the time; 80% of the wind speeds are less 

than 3 m s-I, and less than 1% of the time 10-minute-averaged winds are greater than 16 m s-1• The 

nocturnal period, from 2000 to 0800 MST, is representative of stable thermal stratification. The nighttime 

winds show the greatest incidence of calm conditions. 

During the period of insolation, 0800 to 1600 MST, the air is generally unstable, and 1600 to 2000 

MST is a transition period during which the statistics are strongly affected by transient processes 

associated with sunset. Winds will remove layers of increased vapor pressure at the ground-atmosphere 

interface and consequently enhance desiccation of the tuff with increased wind speed. 

Atmospheric diffusion depends on three primary considerations; source factors (size, duration, 

elevation above ground, temperature), terrain factors (roughness, slope, vegetative cover, solar heating), 

and meteorological factors (wind speed and direction, temperature stratification, turbulence energy). 

There is considerable interdependency among all of the factors listed and many of the available formulae 

for estimating atmospheric dispersion represent attempts at interrelating the impact of these factors. All 

these factors have to be taken into consideration in evaluating the tritiated water contamination of the 

atmosphere. 
As expected, there is a distinct orientation of the concentration pattern parallel to the canyons. This 

feature suggests an important role of drainage winds in transporting effiuents released in the western 

portion of the laboratory site. Stable thermal stratification is an integral feature of the drainage winds, as 

is a reduced level of turbulence. Therefore, these flows, quite frequent during nighttime hours, have the 

poorest capacity for dilution of released material. The stable temperature stratification inhibits vertical 

mixing, and horizontal mixing is constrained by the presence of the canyon walls. For purposes of 

estimation, the dilution within short travel distances may be neglected. Hence, for drainage within 

canyons that open into populated areas, the effective mixing length from release point to receptor is 

severely reduced. In particular, sites that have a drainage wind component into Pajarito Canyon can 

produce abnormally high concentrations of effiuents in White Rock. 

Another complicated transport process relevant to potential dispersion of materials from sites located 

in the bottom of canyons has been identified. Two mechanisms have been documented that can lead to an 

exchange of air between canyon and mesa tops. The first is convective mixing in an unstable atmosphere. 

This is basically a daytime phenomenon, probably most prevalent in the warm season. The second 

mechanism occurs under all stabilities when the cross-canyon wind exceeds 2m s- 1
, giving rise to a major 

roll eddy. This means that there are many circumstances under which material could be readily 

transported from the canyon bottom to the mesa top. (DOE/EIS-0018,1979, pp. 3-28 to 3-33). 

D. Precipitation 

1. Recent Climatic Records. The most important climatic element influencing the geohydrology of 

any given area is precipitation. Based on updated climatic records (1951 to 1980) for Los Alamos, New 

Mexico, precipitation equal to or less than an expected amount has been calculated for probability levels 

of 0.01 to 0.99. These values were determined based on the normal distribution obtained from 

precipitation data recorded in the last 30 years. Table II indicates those values on a yearly basis and 

shows that there is a 0.99 chance that the annual precipitation is less than 768 mm. It can also be 

interpreted that there is a 0.01 chance that the annual precipitation will exceed 768 mm. The updated 

(1980) mean annual precipitation for Los Alamos is 457 mm. 
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TABLE II 

UPDATED PRECIPITATION WITH PROBABILITY LEVELS 
EQUAL TO OR LESS THAN (mm of ppt) 

Level 0.0 I 0.05 0.10 0.20 0.30 0.40 0.50 0.60 0. 70 0.80 0.90 0.95 0.99 

Ppt 146 · 216 259 303 333 356 457 558 581 611 655 698 768 

2. Tree-Ring Evidence. Dendroclimatology involves comparing modern meteorological records with 
contemporaneous tree ring widths and establishing, through regression analysis, the best statistical 
relationship existing between the tree ring index as the independent variable and, say, precipitation as the 
dependent variable. By then substituting tree ring indices in the equation, an estimate is obtained of 
previous precipitation patterns. Regions where temperature or rainfall is a severely limiting factor in 
growth yield the most clearly interpretable climatic indices. In Los Alamos, the one factor that can be 
notably limiting is precipitation. This should stimulate backward extension of precipitation gauge records 
by growth indices. The University of Arizona has supported a continuing search throughout the Western 

United States for the most sensitive trees, a fundamental phase of a research program with its main 
objective the derivation of centuries-long rainfall indices of quantitative value. No other region in the 
world is apparently so naturally favored as a source of dendroclimatic history(Schulman, 1951, 1952). 

Long-lived coniferous species, with abilities to survive very arid cycles, make selective studies possible. 
Tree ring indices have been obtained that showed a high dependency on annual rainfall. 

In Los Alamos, the best correlations between tree ring indices and annual precipitation were found for 
the following, in order of goodness of fit: 

a. Ponderosa pines, where precipitation (mm) = 543 ~~~606 . The corresponding correlation coefficient 
was found to be significant at the 0.99 level (IPo =tree ring index for ponderosa pine). 

b. Pinon, where precipitation (mm) = 467 1°r~ 19• The correlation coefficient in thise case was found 
to be still significant at the 0.99 level (Ip1 = tree ring index for pinon). 

The similarity between these two equations is striking. The fact that in both cases the exponent of the 
index is < 1 indicates that relatively small increases in precipitation could lead to sizable increases of tree 
ring indices in the Los Alamos area. A 100% increase of the index (doubling) corresponds to a 50% 

increase in precipitation, while a 50% decrease of the index (halving) represents a 33% decrease in 
precipitation. 

The comparison between modern meteorological records and contemporaneous tree ring indices 
involves only the last 30 years. The mean tree ring index of 1, on the other hand, is based on records 
dating back to 1510 for ponderosa pine. If we substitute the mean tree ring index of 1 in the above 
formulae, a precipitation is obtained that is higher than the mean precipitation recorded during the last 30 
years, because of a coefficient (e.g., 543) whose value exceeds the actual mean precipitation. This higher 
coefficient is because, during the 30 years to which the regression analysis was applied, the tree ring index 
was below average or < 1. This also implies that during the period in question, precipitation was below 
average since 1510. 

In conclusion, there seems to be agreement that an analysis of recent past recordings in the form of 
either climatic records or tree ring indices, is a good way to estimate the range of future pluvial variability. 

The statistical relationship established between modern pluviometric records and contemporaneous 
tree ring indices allows one to estimate previous precipitation patterns. Good existing correlations for 
ponderosa pine permitted us to make the following estimates. 
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a. In the last 100 years, a maximum tree ring index of 1.85 occurred in 1919. Through regression 
analysis and use of derived formulae, this corresponds to an annual precipitation of 788 mm. 

b. In the last 200 years a maximum tree ring index of 2.10 occurred in 1794. Through regression 
analysis and use of derived formulae, this corresponds to an annual precipitation of 851 mm. 

c. The maximum tree ring index recorded in the Los Alamos area was 2.80 in 1597. This corresponds 
to an annual precipitation of 1013 mm. 

d. The minimum tree ring indices recorded were in the years 1523, 1524, 1585, and 1685. According 
to the regression equation, this corresponds to annual precipitations of 144, 144, 113, and 58 mm, 
respectively. Statistics based on pluviometric records indicate that annual precipitation not 
exceeding 146 mm is likely to occur once in 100 years. 

The above precipitation estimates correspond remarkably well with the estimated occurrences of 
maximum precipitation based on climatic records. Table I indicates that a maximum precipitation of 768 
mm can be expected every century. This is only 2.5% different from the estimate reached by tree ring 
index analysis (Abeele, 1980). 

III. SURFACE WATER 

This section is a slightly modified version of DOE/EIS-0018, pp. 3-17 to 3-25, Final Environmental 
Impact Statement-Los Alamos Scientific Laboratory Site; U. S. Dept. of Energy, December 1979. 

The Rio Grande, the master stream of the region, drains more than 37 000 km2 in northern New 
Mexico and Colorado. The average discharge of the Rio Grande at the Otowi Bridge gauging station was 
about 1·109 m3 per year or an average of 32 m3s-1 for the 1955 to 1974 period. Suspended sediments 
discharged at the station for the period 1947 to 1974 ranged from 0.03 kg s-1 to 3900 kg s-1• 

Cochiti is a new reservoir, which began filling in 1976 (Fig. 3). It is designed to provide flood control, 
sediment retention, recreation, and fishery development. The dam is a 9-km-long, earthfilled dam located 
on the Rio Grande about 30 km southwest of Otowi Bridge and about 15 km from the southernmost 
point of the Laboratory boundary. The 5-106 m2 surface area permanent pool will extend upstream 
approximately 12 km, reaching a point about 5 km from the southernmost point of the Laboratory 
boundary and will have a capacity of nearly 62·106 m3

• The flood-control pool extends upstream to the 
Otowi Bridge with a total volume of 750-106 m3• 

Essentially all downstream flow passes through the reservoir. Flood flows are temporarily stored and 
released at safe rates. The sediment-trapping function of the dam is expected to trap at least 90% of the 
sediments carried by the Rio Grande. Approximately 6.2·106 m3 per year will be lost to evaporation 
from the permanent pool. 

There are no municipal water supplies taken directly from the Rio Grande downstream from Los 
Alamos National Laboratory in New Mexico. Irrigation water is taken from the Rio Grande downstream 
from the Laboratory at numerous diversions starting below Cochiti Dam. 

The quality of surface waters in the Upper Rio Grande Basin is generally good. The bacterial and 
chemical quality of all streams, with the exception of a reach of the Rio Grande between Espanola and 
Otowi Bridge, is considerably better than that required by the New Mexico State Water Quality Control 
Commission stream standards. The poor quality below Espanola to Otowi Bridge is attributed to the 
population concentration in the Espanola Valley. This reach is upstream of Los Alamos. 

In the Los Alamos area, there is intermittent stream flow in canyons cut into the Pajarito Plateau. 
Perennial flow to the Rio Grande occurs in the Rito de. los Frijoles to the south of the Laboratory and 
Santa Clara Canyon to the north. Springs between 2400- and 2700-m elevation on the slopes of the Sierra 
de los Valles supply base flow throughout the year to the upper reaches of Guaje, Los Alamos, Pajarito, 
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and Water Canyons, and Canyon del Valle. These springs discharge water perched in the Bandelier Tuff 
and Tschicoma Formation at rates from 1-10-4 to 9 ·1o-3m3 s-1

• The volume of flow from the springs is 
insufficient to maintain surface flow within more than the western third of the canyons before it is 
depleted by evaporation, transpiration, and infiltration into the underlying alluvium. 

Sixteen drainage areas, with a total area of 212 km2
, pass through or originate within the Laboratory 

boundaries. Stream flow in these canyons is intermittent. Runoff from heavy thunderstorms or unusually 
heavy snowmelt will reach the Rio Grande. Four canyons - Pueblo, Los Alamos, Pajarito, and 
Water- have areas greater than 20 km2

• Ancho Canyon has 17 km2
, and all the rest have less than 10 

km2
• Theoretical flood frequency and maximum discharge in 10 of the well-defined channels of the 16 

drainage areas range from 1.1 m3 s-1 for a two-year frequency to 21 m3 s-1 for a 50-year frequency. 
Flooding does not pose a problem in the Los Alamos area. Highways may occasionally be closed for an 
hour when flash floods in canyons cross the pavement. Nearly all community and Laboratory structures 
are located on the mesa tops, which drain rapidly into the deep canyons. 

Pajarito Site is located in Pajarito Canyon below a drainage area of 26 km2• The 100-year storm (i.e., 
probability 0.01 in any year) will result in a discharge of 31 m3 s-1

• The channel at the site that is 
restricted by a bridge will carry 42 m3 s-1

• 
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Omega Site and W-Site are located in Los Alamos Canyon near the western edge of the Pajarito 

Plateau. The two sites are about 600 m apart with a drainage area of about 20.5 km2 above the sites. The 

100-year storm would produce a maximum flow of about 25 m3 s-1 at the sites. An extrapolation 

indicates a 500-year flood (i.e., probability 0.002 in any year) would have a peak flow of about 37m3 s-1• 

A box culvert at W-Site extends under the parking lot and has a carrying capacity of 156m3 s-I, while 

a restriction at the entrance of the channel at Omega Site will carry about 46 m3 s-1
• Thus, the channels 

at both sites should carry the maximum flow of 25m3 s-1 produced by a 100-year storm. If the channel 

should become clogged with debris, the resulting overflow would be carried by roadways or parking lots 

adjacent to the channel and would not cause damage to the structures in the area. 
Another flood hazard considered was failure of the Los Alamos Canyon Reservoir. The dam is a 

concrete-core, rock and earthfilled dam with a capacity of 4.9 · 104 m3
• The concrete spillway will carry 

a flow of 16 m3 s-1, which is ample for the estimated flow of 12 m3 s-1 produced by a 100-year storm. 

Sanitary sewage effiuents from both the townsite and the Laboratory are released into Pueblo and 

Sandia Canyons in sufficient volume to saturate the alluvium and maintain surface flows for a few 

hundred meters. Mortandad Canyon contains a small perennial stream maintained for about 1.5 km by 

effiuents from a Laboratory cooling tower and an industrial-waste treatment plant. 

IV. SATURATED FLOW 

Ground water (subsurface water) occurs as perched water in alluvium and basalts and, in the zone of 

saturation, in sediments of the main aquifer of the Los Alamos area. 

Two types of alluvium have developed in the stream channel. Drainage areas heading on the mountain 

flanks are made up of sand, gravels, cobbles, and boulders derived from the Tschicoma Formation and 

Bandelier Tuff. Drainage heading on the plateau contains only sands, gravels, and cobbles derived from 

the Bandelier Tuff. The alluvium is quite permeable, allowing rapid infiltration of rainfall and streamflow. 

The alluvium generally overlies the less permeable tuff. Water infiltrates downward in the alluvium until 

its movement is held back by the tuff. This results in the build-up of ground water perched within the 
alluvium. Saturated hydraulic conductivity of the alluvium ranges from 1.65 · 10-3 m s-1 for a sand 

aquifer to 5.8·10-4 m s-1 for a silty sand aquifer. 

As water perched in the alluvium moves down the gradient, it is lost by evaporation and transpiration 

through plants and infiltration into underlying tuff. Vegetation is lush where surface or perched water in 

the alluvium is present. Water moving from the alluvium into the volcanic debris in the lower reach of 

Pueblo Canyon and the rnidreach of Los Alamos Canyon recharges a local body of perched water within 

the basaltic rock of Chino Mesa. Water from this perched aquifer discharges at the base of the basalt in 

Los Alamos Canyon west of the Rio Grande. 
The hydraulic conductivity of this perched aquifer is 1.32-10-3 m s-1• 

Perched water is not found in the tuff, volcanic sediments, or basalts above the main aquifer in the 

central and western portions of the Plateau. Test holes in these areas penetrated numerous rock units that 

had the potential of perching water above the main aquifer. The absence of water in these test holes. 

indicates that the inftltration of surface water through the alluvium and the tuff is limited. Age dating of 

water from the main aquifer further supports the inference of insignificant infiltration of surface water 

through the alluvium and tuff to the main aquifer. 

The main aquifer in the Los Alamos area is located within the Tesuque Formation beneath the entire 

Plateau and Rio Grande Valley. The lower part of the Puye Conglomerate as well as the Tesuque 

Formation are within the main aquifer beneath the central and western portions of the Plateau. The 

depths to water below the mesa tops range from about 360 m along the western margin of the Plateau to 

about 180 m along the eastern part of the Plateau. The thickness of potable water in the aquifer is 

estimated to be at least 1200 m. The hydraulic gradient of the aquifer averages about 1.1 o/o within the 

Puye Conglomerate but increases to about 20o/o along the eastern edge of the Plateau as the water in the 

aquifer enters the less permeable sediments of the Tesuque Formation. The average movement rate within 

the aquifer is about 3.5 ·1 o-6 m s-1 toward the Rio Grande. 
11 
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The hydraulic conductivity and transmissivity are different for various rock units within the main 
aquifer. Aquifer tests in wells penetrating the Puye Conglomerate indicated saturated hydraulic 
conductivities ranging from less than 1.15·10-s m s-1 to 1.50·10-4 m s-1• Supply wells in the Los 
Alamos Field penetrating sediments of the Tesuque Formation have an average transmissivity of 
2.3·10-3 m2 s-I, with an average hydraulic conductivity of less than 10-s m s-1

• The wells in the Guaje 
Field, which penetrate basalts interbedded with sediments in the Tesuque Formation, have an average 
transmissivity of about 2.5 m2 s-1

, with an average hydraulic conductivity of about 1 o-s m s-1
• 

Supply wells in the Pajarito Well Field penetrated basalts interbedded with sediments in the Puye 
Conglomerate and the Tesuque Formation. The transmissivities ranged from 6·10-3 to 4.6·10-2 m2 s-1

• 

The aquifer is under water table conditions in the western portion of the Plateau. Along the eastern 
margins the aquifer is artesian; that is, the water level in a well penetrating the aquifer will rise above the 
top of the saturated water-bearing material. 

The major recharge area for the deep aquifer is in the intermountain basins formed by the Valles 
Caldera. The saturated sediments and volcanics in the basins are highly permeable and recharge the main 
aquifer in sediments of the Tesuque Formation and Puye Conglomerate. Minor amounts of recharge may 
occur in the deep canyons containing perennial streams on the flanks of the mountains. 

The movement of water in the main aquifer is eastward toward the Rio Grande, where a part is 
discharged through springs and seeps into the river. It is estimated that the 18.4 km reach through White 
Rock Canyon below Otowi Bridge receives a discharge from the aquifer of 5.3 to 6.8·106 m3 annually or 
an average of 1.92·10-1m3 s-1• 

V. GAUGING STATION, AREA G 

A. Introduction 

A potential exists for transport of radionuclides out of disposal sites by surface runoff. A gauging 
station was constructed at Area G, T A-54, to provide a sediment sampling point and to determine the 
volume of runoff from a representative portion of the area. Rainfall-runoff data from the gauging station 
will also be used to validate simulation models of the water balance at the disposal sites. 

A catchment basin was constructed near the outlet of a major drainage from the site. A dam at the 
downstream end of the basin was fitted with a weir plate for discharge measurements. 

B. Location and Watershed Area 

The location of the weir is indicated in Fig. 4, as is the outline of the area draining through the weir. 
Asphalt runoff channels are indicated. There is a cutoff ditch along the slope north of the drainage basin, 
which directs flow to a discharge point below the weir. The total effective drainage area is 34 500m2

, with 
slopes varying between 5 and 25%. The average slope for the watershed is about 10%. 

C. Weir and Stilling Basin 

A cross section of the weir dam is shown in Fig. 5. An aluminum weir plate, with a beveled 90° notch, 
was installed in the dam (Fig. 6). A cleaning port, sealed with a removable cover, is located in the bottom 
third of the plate. 

The cross section (Fig. 5) also shows the original stilling basin profile. Sediment accumulation alters the 
volume of the basin below the weir notch with each runoff event. The volume of the basin from an 
elevation level with the bottom of the cleaning port to the bottom of the notch is approximately 17 m3

• 

The water level in the stilling basin is recorded by a water level gauge installed in a stilling well (Fig. 5). 
The recorder is equipped with a spring-driven clock, adjustable for 1-day or 7-day service time. A special 
trigger mechanism starts the clock when the recorder float starts upward. Thus, the discharge record 
begins essentially at the start of each runoff event. 
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Fig. 6. Weir plate details. 
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D. Runoff Events 

Installation of the recorder and weir was completed by mid-summer 1980. A major storm on 18 
August produced runoff, but the recorder malfunctioned, and no runoff data were obtained; however, 
cumulative samplers downgradient from the weir were used to collect runoff samples (solution and 
suspended sediments) for plutonium analyses. The analyses were performed to determine if there was any 
measurable transport of plutonium from the surface of Area G. A similar sample was collected outside 
area G to provide background for the runoff event. The background analyses and analyses from the 
cumulative samplers were below the mean limits of detection for plutonium ( <5 pCi/f solution; 1 pCi/g 
suspended sediments). 

A second storm complex delivered a total of 22.1 mm between 8 and 10 September 1980. 
The hydrograph for 9 September 1980, together with observed precipitation, is given in Fig. 7. From 

0100 hours on 10 September 1980, the water level showed a continuing decline caused by evaporation 
and gradual leakage from the stilling pond. 

E. Weir Calibration 

1. Theoretical. The discharge through a 90° V-notch weir is expressed by 

8 -
Q = - v 2g cdh512 = 2.36 cd h512 

15 

where 

Q = Discharge - m3 s-1, 
g = Acceleration of gravity, 
Cct = Coefficient of discharge, and 
h = Water height above V-notch. 

The value of Cct is approximately 1.0 but varies as an empirical function of the weir. 
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Fig. 7. Precipitation and runoff, Area G weir. 
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2. Empirical. A period was selected on 9 September 1980, when flow was occurring through the 

weir. A sequence of measurements was made, recording the time required for a fixed volume to flow 

through the weir. The water height, "h," was also recorded. 

The measured discharge data are given in Table III. 

The value of Cct for this weir can be determined, using Eq. (1), and the measured values of Q and h. 

Q 
2.36 h512 

3.3 ·105 m3 s-1 

2.36 ( 1.21·10-2
)

512 
0.87 . 

Thus, for flow in this range of discharge, the weir calibration is 

Q = 2.1 h512
• 

Further calibration will be required to extend this relationship to significantly higher discharges. 

F. Rainfall-Runoff Calibration 

The storm event can also be used to evaluate the relationship between precipitation and runoff from the 

watershed. A rational formula is commonly used to estimate the peak discharge from precipitation on a 

small watershed. For conditions on this watershed the equation is 

Q = 1.1·10-7 (i) (A) 

where 

Q = Peak discharge, m3 s- 1 

i = Precipitation rate, mm/h, and 

A = Drainage area, m2
• 

The observed precipitation and runoff are tabulated in Table IV, together with discharge calculated by 

the above formula. 
The comparison shows that estimated discharges are significantly larger than measured values. 

However, the runoff formula is most applicable to high intensity storms (>25 mm/h) of 30 min to 1 h 

TABLE III 

DISCHARGE DATA FOR AREA G WEIR 

Measurement 
Number 

2 

3 

Flow 
(f) 

3.5 

3.5 

3.5 

Elapsed 
Time 
(sec) 

105 

ll3 

ll3 

mean 

Discharge 
Rate Water Height 

(mJ s-1) (m) 

3.3 ·10-5 1.21·10-2 

3.3 ·IO-' 1.21·10-2 

3.1·10-5 1.21·10-2 

3.3 .J0-5 1.2 .J0-2 
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TABLE IV 

PRECIPITATION AND RUNOFF ON JULY 10, 1980 

Time Precipitation Discharge-m3 s-1 

(hr) (mm/hr) Observed Calculated 

1500 0.3 6·10-6 1.2·10-3 

1600 1.0 6·10-6 3.8 ·10-3 

1700 1.0 9·10-l 3.8·10-3 

1800 0.8 3.2·10-4 3.0·10-3 

1900 0.3 1.3 ·10-4 1.2·10-3 

duration. Overestimation of discharge for small storms results from excessive infiltration and evaporation 
compared with larger storms. Further work, involving the inclusion of the dynamics of the rainfall-runoff 
process, may be required to improve agreement between estimated and actual runoffs. At present, the 
weir and stilling basin appear to be adequately sized for expected discharges. 

VI. SATURATED AND UNSATURATED HYDRAULIC CONDUCTIVITIES 

A. General 

Precipitation, if occurring persistently and in large amounts, may reach the waste material in a disposal 
pit. Because potential evapotranspiration exceeds precipitation at the disposal sites, the majority of the 
percolating water is evaporated long before it reaches the waste material. The bottom of the soil horizon, 
consisting of a pronounced clay, is generally less than a meter deep. The clay horizon effectively restricts 
any further downward movement of water into the underlying Bandelier Tuff, where all the waste disposal 
sites at Los Alamos are located. 

The fractures and joints are commonly filled with fine-grained weathering products within 10 m from 
the surface, while being open at greater depth with no sign of weathering. Roots penetrate filled fractures, 
attracted by the higher moisture availability in finer materials. Montmorillonite, present in considerable 
amount among the finer materials and expanding upon wetting, will seal fractures and strongly inhibit 
moisture movement. Moisture monitoring by means of a neutron moisture probe indicates that at depths 
exceeding 10 m the tuff rarely exceeds I 0% of saturation. At such a low moisture ratio, only unsaturated 
and vapor flow can occur. As the degree of unsaturation augments, movement in the vapor phase 
becomes more preponderant. Here one needs to remember that fractures or joints, which are effective 
barriers to liquid unsaturated flow, are open pathways for unhindered diffusion of water in the vapor 
phase. Tritiated water vapor migration is consequently enhanced by the presence of such transportation 
channels. It must be remembered, however, that tritium is the only radionuclide at Los Alamos disposal 
sites to travel in the gaseous phase. All other radionuclides can be removed from their original location 
only through the movement of liquid water, barring a catastrophic event. Because fractures will act as 
barriers for unsaturated liquid flow, all radionuclides, except tritium, will be inhibited by the presence of 
these fractures in their movements through the tuff. Existence of low moisture content is further proven 
historically by the absence of weathering below 10m (Wheeler et al., 1977). The hydraulic conductivity 
decreases strongly with the degree of saturation. The hydraulic conductivity was found to be a power 
function of the saturation ratio and will be expressed as such in the following chapters. 

, I 
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Saturation ratios of crushed fill overlying waste disposal pits remain constant below 3 m at a saturation 
ratio of 0.1 without even a sign of a significant seasonal variation. 

Forces causing significant moisture movement result from gravity, moisture gradients, and temperature 
gradients. A difference in temperature or moisture content will also be the motive force to diffusion in the 
vapor phase. A moist or warm soil in contact with a dry or cool soil will create a vapor pressure gradient 
and a vapor diffusion into the drier or cooler area will occur. 

Vertical liquid water flow at depths greater than 10m, where there is no vapor pressure gradient, will 
be mainly a function of the hydraulic gradient (--!: ), which is the energy loss per unit weight or head loss 
divided by the length of flow. Further, the vertical liquid water flow will be a function of the hydraulic 
conductivity of the tuff at a particular water content (K 9). The moisture flow per unit area will 
consequently be described as 

B. Crushed Tuff 

1. Measurements. The essential parts of the laboratory apparatus used included a volumetric 
pressure plate extractor with a cell pressure control system accurate to 0.25%. The porous plate had a 
bubbling pressure of 200 kPa. The outflow measurement system consisted of a sealed Erlenmeyer flask 
into which the water was released. The flask was placed on a Mettler balance, which allowed for 
continuous weighing of the outflow. A burette was used to remove air from beneath the porous plate. 

The simplest technique, described by Klute (1965), was first used to determine the unsaturated 
hydraulic conductivity. Although the experimental technique itself seemed to be flawless, no matching of 
Klute's theoretical diffusion equation plotted as the overlay or theoretical curve and the experimentally 
determined volume-outflow curve could be obtained without translation of the plots. An overlay was 
drawn for each applied matric potential. The conclusion was consequently reached that the assumption of 
a negligible head loss through the porous plate was not valid. 

A series of corrective outflow overlays were drawn in accordance with the method suggested by Miller 
and Elrick (1958) for the determination of hydraulic conductivity extended to cases with non-negligible 
plate impedance. The corrective translation needed to obtain the matching of any of the overlays and the 
experimental curves turned out to be near an order of magnitude larger than Miller and Elrick assumed! 
Rijtema (1959) pointed out that unless good contact is established between the plate and the soil, an 
unknown flow impedance may prevail that could far outweigh the plate impedance itself. The plate 
impedance permitted a flow rate of 3.8·10-8 m3 s-1 m-2 kPa-1 or 1.37 cm3 h-1 cm-2 bar-1 at 
saturation. The possible contact impedance could appear and grow as the matric potential or the 
saturation ratio was decreasing. Using Rijtema's method, the total impedance of the tuff sample is 
determined from the experimental outflow data for each applied matric potential (or pressure step). Data 
for 1 - Q/Qoo are computed from the experimental values of the outflow Qt at timet and the equilibrium 
yield Qoo obtained for a particular pressure step. Values of 1 - Q/Qoo are plotted on a logarithmic scale 
against tL - 2

, where t is the time elapsed for a particular outflow quantity Qt and L is the thickness of the 
sample. Rijtema devised a method to calculate the diffusivity based on the ratio of the slope of the straight 
line drawn through the experimental points and a value derived directly from the intercept of that straight 
line and the 1 - Q/Qoo axis. The hydraulic conductivity Kat that particular pressure step can now be 

calculated by finding the product of the diffusivity D and the specific water capacity c. The equation for 
the time required for 0.99 of the outflow to occur is t0 •99 = 1.68 U n-1

• 

This equation was used to check what the magnitude of D must be if a 1-day equilibrium time was 
chosen. Computations show that D should be 2.5 X 10-s m2 s- 1

• It was known from past experiments 
that the diffusivity of Bandelier tuff normally exceede~ that value at matric potentials higher than -200 
kPa. Consequently, the time for equilibrium was set at 1 day. Upon completion of the experiment, the 
sample was oven-dried, yielding an additional 41 g of water. The total amount of water present at 
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saturation was calculated to be 185 g. Knowing the dry weight of the tuff, it can be deduced that 
saturation is equivalent to 31 o/o of water by weight. Table V shows how matric potential outflow, water 
ratio by mass, degree of saturation, specific water capacity, water diffusivity, and hydraulic conductivity 
correspond (Abeele, November 1979). 

To determine if a thickness effect (of the soil layer under analysis) was taking place, 970 g of dry soil, 
59 mm high, were put in the extractor and saturated. The total amount of water released, under a pressure 
of 30 kPa and 100 kPa, respectively, was measured. The ratio of released water (30 kPa vs 100 kPa) was 
0. 78, which is not very different from the ratio released during the former experiment (0.81 ). Desiccation 
of the soil submitted during 48 hours to a pressure of 100 kPa indicated a remaining moisture ratio of 
0. 789 in the top layer vs a remaining moisture ratio of 0.0893 in the bottom layer. The bulk of the soil 
yielded a remaining moisture ratio of 0.084 7, which is very close to the one measured in the previous 
experiment (0.0848). This duplication seems to validate the previous experiment. 

If matric potential vs saturation ratio, hydraulic conductivity vs saturation ratio, and hydraulic 
conductivity vs matric potential are plotted on a log-log graph, a straight line is obtained in every case 
corresponding to matric potentials lower than -11 kPa. 

The range of matric potentials was limited to those below -11 kPa for the purpose of curve fitting 
because of the difficulty in measuring water outflow at the higher matric potential. 

TABLE V 

HYDRAULIC CHARACTERISTICS OF CRUSHED BANDELIER TUFF 
AS A FUNCTION OF MATRIC POTENTIAL 

(Specific H20 Capacity, H20 Diffusivity and Hydraulic Conductivity 
were only measured at pressure steps < 10%) 

Matric Specific Water Water Hydraulic 
Potential Outflow Saturation Capacity Diffusivity Conductivity 
(-kPa) (g) Ratio (m-1) (m2 s-1) (m s-1) 

0 0.000 1.000 
10 20.082 0.890 
II 24.320 0.868 8.98-lo-2 1.02·10-7 9.18-10-9 

30 108.128 0.415 
33 110.261 0.405 1.58·10-2 2.15-10-7 3.38·10-9 

42 117.407 0.368 
46 120.241 0.350 1.50·10-2 1.38·10-7 2.07·10-9 

60 126.241 0.318 
66 127.841 0.310 5.64·10-3 1.33-10-7 7.51·10-10 

80 131.589 0.290 
88 132.749 0.283 3.07·10-3 1.40·10-7 4.30-10-10 

96 134.437 0.273 2.98·10-3 1.21·10-7 3.60·10-10 

120 136.949 0.260 
132 137.949 0.255 I. 76·10-3 9.30·10-8 1.64·10-10 

146 139.315 0.248 2.06·10-3 4.80·10-8 9.91·10-11 

161 140.543 0.240 I. 73-10-3 4.62·10-8 8.01·10-11 

177 142.643 0.230 2.78·10-3 1.88·10-8 5.22·10-11 

195 144.057 0.223 1.66·10-3 3.08·10-8 5.13·10-11 
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If e. represents the water-filled porosity, e or (e/e
8

) the saturation ratio, \jl the matric potential in kPa, 

K8 the saturated hydraulic conductivity (9.2·10-7 m s-1
), K or K(S) the unsaturated hydraulic 

C conductivity, and r2 the coefficient of determination, the following equations are obtained. 

c 

e 
K 
K 

1.21 \jl-0.321' 

2.43 . 1 o-5 'l'-2.475, 

5.04·10-6 e7
·
623

, 

r2 = 0.993; 
r2 = 0.990; 
r2 = 0.980. 

As can be seen from the high values obtained for the coefficient of correlation, the above equations, if 

plotted on a log-log graph, will very closely match a straight line. 

2. Predictive Methods. Because the hydraulic conductivity-water content relationship K (e) is 

comparatively difficult to obtain, the possibility of predicting the hydraulic conductivity from the matric 

potential-water content relationship has been widely explored. Millington-Quirk (1961) and Campbell 

(1974), among others, developed equations for this purpose. Several authors treated a variety of 

predictive methods against experimental data and indicated the superiority of a "corrected" Millington

Quirk (MQ) method. A correction coefficient is introduced to match the observed vs the computed 

saturated conductivity. Jackson et a!. (1965) and Kunze et a!. (1968) modified the MQ formula by 

introducing a "matching factor" to improve the predictability of the equation. The MQ method uses the 

equation 

The water-filled porosity e. in cm3 cm-3
, the pressure potential h in kPa and the total number of pore 

intervals n give the hydraulic conductivity units of ms-1
• In portions of the curve where data were scarce, 

curve fitting through regression analysis was applied to enhance the validity of the moisture characteristic 

curve. The constant is valid for laboratory experiments conducted at a temperature of 300K. K/Ksc is 

the matching factor (measured saturated conductivity/calculated saturated conductivity). 

If the obtained conductivity data are fitted to the water-filled porosity, a power function is obtained 

where, for e. ranging from 0.02 to saturation (0.40), 

K 7.96 · 10-4 e.7
·
379 with r = 0.9994 and 

K 9.2 . 10-7 e7•379 with r 0.9994. 

As can be seen through comparison with the laboratory method (Rijtema's technique), the slopes are 

almost identical, the K(e.) function being somewhat steeper when measured (Rijtema, 1979). This is 

counterbalanced by the fact that the coefficient used in Rijtema's equation is less than 5.5 times higher 

than in the MQ equation. Consequently, at any point, the measured hydraulic conductivity will be less 

than 5.5 times higher than the predicted one using the MQ method (Abeele, November 1979). 

Campbell's method for determining unsaturated conductivity from moisture retention data is simpler 

but agrees less with the laboratory method when applied to the Bandelier Tuff. An empirical expression 

relating water potential to water content for limited ranges of water content is, below matric potentials of 

-11 kPa, 
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where \jle is the air-entry water potential and e. the saturated water content. The slope b can be 
determined from the above relationship and the unsaturated hydraulic conductivity is subsequently 
determined from the equation 

Through regression analysis, using the moisture retention data, 'l'l'l's = 0.0097(0/0.t3•0563, fixing the 
value of b at 3.0563: The unsaturated hydraulic conductivity is subsequently expressed as 

K = 9.2·10-7 08· 113 (m s-1). 

Higher exponents in the three alternative regressions mean lower hydraulic conductivity, whereas 
higher coefficients mean higher values. Because the formula with the highest exponent is also the one with 
highest coefficient, the three methods result in hydraulic conductivities never exceeding one order of 
magnitude in difference. The superiority of the MQ method seems to be confirmed when matched with the 
measured values. Campbell's predictive method retains the advantage of being the easiest one to compute 
(Abeele, November 1979). For a graphic comparison of predicted conductivities vs measured 
conductivities, see Fig. 8. 

A monitoring hole (GP1-1), drilled in fill material overlying a waste disposal pit, shows significant 
seasonal fluctuations in moisture content. The computed moisture flux was always found to be directed 
downward. This downward flux from the overburden averaged 3.76·10-9 m s-1 or 0.12 m yr-1

• The 
downward flux from the overburden was computed to average 2.94·10-10 m s-1 or 0.09 m yc1 in 1978 
and 4. 75 ·10-10 m s-1 or 0.15 m yr- 1 in 1979. The higher average occurring in 1979 is probably caused 
by extremely high precipitations occurring at the end of 1978 and the beginning of 1979. 

The flux Q K(O) L:::.(h-z) 
L:::.z 

where 
z = depth, 
h = matric potential corresponding to measured moisture content, and 
K(O) = hydraulic conductivity corresponding to measured moisture content. 

-a--a--a-
-o-n--o-~CY-

10-12 to-ll to-lo 

k (m s- 1) 

MEASURED 
CAMPBELL 
MILLINGTON-QUIRK 

Fig. 8. Calculated hydraulic conductivities compared with measured data. 
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h and K(O) are determined from the formerly expressed regression equation. These results are higher by a 

factor of 3 than the flux estimated in the 1979 Annual Report where the downward moisture flux was 

estimated at 9.5·10-10 m s-1
• 

The maximum downward moisture flux was computed to occur in December 1978 and found to be 

2.2·10-8 m s-1 or 0.694 m yr-1
• This followed an extremely wet November (1978) when close to 0.17 m 

of precipitation fell. 

C . Solid Tuff 

I. Measurements. The saturated hydraulic conductivity of solid tuff has been measured quite often. 

Widely differing measurements yield results from 2 · 10-7 m s-1 to 4. 7 ·10-6 m s-1 when corrected for a 

temperature of 288K (Abrahams, 1963). 

In the tuff used in these specific studies, a saturated hydraulic conductivity of 2.35 ·10-6 m s- 1 was 

measured. The unsaturated hydraulic conductivity was never measured. 

2. Predictive Methods. The unsaturated hydraulic conductivity was predicted from the matric 

potential-water content relationship (moisture characteristic curve) according to the corrected MQ 

method. Table VI summarizes the characteristics that led to the computations of hydraulic conductivity 

as a function of matric potential. The acceptance of these results is based on the similarity found to exist 

between the predictive method according to Millington-Quirk and the measured values obtained for 

crushed tuff. A similar representation was assumed to exist for solid tuff. 

The following equations were obtained through regression analysis for matric potentials lower than 

-15 kPa. 

Q 
K 
K 

20.53 '1'-l.OSO, 

3.03 .lQ-4\jf-2.989, 

5.40 ·10-802
"
825

' 

r 2 = 0.996; 
r2 0.985; 
r2 = 0.973. 

TABLE VI 

HYDRAULIC CONDUCTIVITY 

OF SOLID TUFF AS A 

FUNCTION OF MATRIC POTENTIAL 

Matric Calculated Corrected 

Potential Saturation Conductivity Conductivity 

(-kPa) Ratio Ksc (m s-1) K (m s-1) 

780 0.017 9.8·10-11 1.4· 1o-12 

200 0.083 1.6·10-9 2.3·10-ll 

115 0.150 9.1·10-9 1.3·10-10 

82 0.217 3.0·10-8 4.3·10-10 

60 0.283 7.7·10-8 1.1·10-9 

48 0.350 1.6·10-7 2.3·10-9 

41 0.417 3.2·10-7 4.5·10-9 

36 0.483 5.4·10-7 7.7·10-9 

33 0.550 8.5.10-7 1.2·10-8 

29 0.617 1.3. 10-6 1.8·10-8 

25 0.683 2.0·10-6 2.8·10-8 

20 0.750 2.8·10-6 4.0·10-8 

13 0.817 4.2·10-6 6.0·10-8 

0.883 6.5·10-S 9.2·10-8 
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The tight power fit existing between saturation ratio and matric potential, hydraulic conductivity and 
matric potential, and, finally, hydraulic conductivity and saturation ratio are demonstrated by the very 
high coefficients of determination (r2

) existing below -15 kPa. Moisture characteristic curves for crushed 
and solid tuff are drawn in Fig. 9. 

Graphic comparisons between the calculated hydraulic conductivities of solid tuff and the measured 
hydraulic conductivities of crushed tuff as a function of matric potential and saturation ratio are shown in 
Figs. I 0 and 11. 

VII. HYDROLOGIC MONITORING 

A. Parameters Influencing Neutron Probe Readings 

Often moisture must be measured with a neutron probe in access holes whose liner materials or 
diameters differ substantially from those the manufacturer considers ideal. The calibration chart 
accompanying the Troxler probe tested was valid for a thin-walled aluminum access pipe of 0.051 m 
outside diameter. 

Computing soil moisture content with a neutron probe requires use of additional calibration curves that 
consider the hole diameter as well as the thermal neutron capture cross section of the hole liner, if those 
parameters are going to differ from those proposed by the manufacturer of the probe. The influence of 
steel, polyvinyl chloride, and aluminum casings that fit 0.051- to 0.102-m hole diameters was determined 
by comparison with neutron probe readings in uncased holes of corresponding diameters. Eccentricity of 
probe location was considered a potentially significant variable. The experiment was run in disturbed 
Bandelier tuff with an average dry density of 1350 kg m-3 and moisture content of 3.8 to 26.7% by 
volume. The casing material and hole diameter influenced the probe readings significantly, whereas 
eccentric location of the probe did not. Regression analyses showed an almost perfect inverse linear 
correlation between hole diameter and count rate (Abeele, October 1979). 

B. Prior Measurements 

Moisture relationships of the Bandelier tuff during the late 1950s and early 1960s (Abrahams, 1961) 
were extensively studied. Physical properties (density, porosity, etc.) and hydrologic properties 

1.00 rrrrm-r--r-jTTT1..,-,-,--,...-I'TTT13:r:::C:::::p:~~='=F=1~~ 
0.90 

0 0.80 
...... 
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~ 
Z0.60 
0 !=: 0.50 

~ 0.40 
:::> 
~ 0.30 

V) 0.20 

o SOLID TUFF 
(CALC.) 

t:. CRUSHED TUFF 
(MEAS.) 

oua~~~~--~~~~~--~~~~~~---~~~~~--~ 
103 102 101 10o w-~ 

'V (MATRIC POTENTIAL) in -kPa 

Fig. 9. Saturation ratio as a function of matric potential (moisture characteristic curves). 
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Fig. 10. Hydraulic conductivity as a function of matric potential. 

Fig. II. Hydraulic conductivity as a function of saturation ratio. 
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(permeabilities, moisture tension curves, etc.) were measured on samples of tuff, and field experiments 

were conducted to investigate infiltration under high moisture conditions. 

Data were also collected on the natural moisture conditions in the tuff, showing values of 5 to 10% by 

volume below a depth of a few meters. Variable amounts of precipitation infiltrate and percolate through 

the tuff or soil. Where the soil cover has not been disturbed, little if any water from precipitation infiltrates 

the underlying tuff (Purtymun and Kennedy, 1971 ). Where the soil cover was disturbed, as in the waste 

disposal areas, the moisture content of the tuff indicates a much higher degree of infiltration than the one 

that might have been implied by the moisture content fluctuations found in the undisturbed tuff. 

Tests of precipitation infiltration in the disturbed tuff composing the pit overburden showed that 

moisture from a single storm may reach depths nearing 2 m, but in subsequent weeks is returned to the 

atmosphere by evaporation (Purtymun and Kennedy, 1971). Data on moisture contents of the tuff are 

presented in Table VII and Figs. 12 and 13. 

TABLE VII 

MOISTURE CONTENT OF BANDELIER TUFP 

Depth Moisture Content 
Site (m) (%by Vol.) 

TA-49 0-30 2.1 

30-80 1.2 

TA-33 0-2 16 
2-4 5.3 

TA-3 0-3 16.5 
3-6 10.4 

"(From Abrahams, 1963) 
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Fig. 12. Moisture distributions at TA-49 (Abrahams, Weir & Purtymun, 1961). 



MOISTURE CONTENT, IN PERCENT BY VOLUME 
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 

5 5 

1-
w 
w 
lL. 

~10 
:I: 
1-
0.. w 
0 

10 10 

15 

15 15 

TEST HOLE 5M-2 19 
TEST HOLE 6M-I 

20 

49_c] c5 
TEST HOLE 1M-3A 

Fig. 13. Moisture distributions in Bandelier Tuff near TA-21 (Purtymun & Kennedy, 1966). 

C. Current Monitoring 

I. History. During the early 1970s there was renewed interest in establishing the dynamics of water 
and radionuclide movement within the Los Alamos radioactive waste disposal sites. A series of moisture 
access holes was drilled to allow monitoring of moisture depth distributions over a long time period. 
These investigations were also intended to establish the best means of installing access holes, optimum 
locations and measurement schedules, and the number of monitoring points required. 

Measurements of the moisture content of solid and crushed tuff were made using a neutron moisture 
gauge (Abeele, October 1979). A description of the history and current status of the monitoring holes is 
presented in Appendix A. A summary of the measurement history is presented in Table VIII. The 
measurement data for these holes are on file with the Environmental Sciences Group, LS-6. 

2. Data Discussion. 

a. Area C. Four access holes were drilled in Area C in 1978. They are cased with aluminum tubing 
to about 1 m below the surface, below which the hole is open with an original diameter of about 8.5 em. 
Geophysical logs of these holes revealed significant caving, to diameters of 25 em in some cases, 
associated with low density zones such as pumice beds. 

A summary of data from two of the holes ( CP2-1, C P6-1 ), representative of all four, is presented in 
Figs. 14 and 15. Moisture contents below 30m average between 6 and 7% by volume for CP2-l and 
between 8 and I 0% for CP6-1 and show no significant net gradient. Localized variations in moisture 
contents are probably caused by differences in the moisture tension relationships of various flow units. 
Moisture contents are expressed in per cent by volume or more often as Moisture Ratio by Volume 
(MRV). 

A fifth hole, identified as TA52-1, was drilled just outside the perimeter fence at Area C, to obtain data 
on moisture conditions beneath undisturbed areas. 
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TABLE VIII 

HISTORY AND CURRENT STATUS AT MONITORING HOLES 

Original Nominal 

Hole Depth (m) Casing Diam. (mm) 

GPI-1 5.5 PVC 51 

GPI-2 3.5 PVC 51 

PVC & Steel, to I m 51 

GS50-l 15 Open below to 2 m 102 

GP7-I 40 PVC 102 

"Status Types: 

Active = Part of measurement net 

Inactive = No measurement for > 2 yr (plugged/abandoned) 

MONTHS 8,10,11 = 1978 

MONTHS 13,14,15,17,18 1979 

MONTHS 19,20,21,22,23 = 1979 

Fig. 14. Moisture Hole CP2-l. 

Current 
Status• 

Active 

Active 
Active 

Inactive 

Inactive 
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MONTHS 8,10,11,12 = 1978 
MONTHS 13,14,15,17,18 1979 
MONTHS 19,20,21,22,23 = 1979 

Fig. 15. Moisture Hole CP6-I. 

b. Area G. Four holes were drilled in fill material overlying waste disposal pits (GP2-1, GP2-2, 
GP1-1, GP1-2) and cased with 5-cm PVC pipe. The former two were too shallow to obtain any 
significant data on depth distributions of soil moisture. Data from GP1-1, the deeper of the remaining 
two, is presented in Fig. 16. The data show significant seasonal fluctuations in moisture content to a 
depth of about 4 m, with a downward moisture flux below that depth. This flux, if it continues, will 
eventually raise the moisture content of the waste pit to a level above that of the surrounding undisturbed 
tuff, implying a gradual diffusion of moisture out of the waste pit. This condition results, in part, from the 
higher hydraulic conductivity of crushed tuff at high water content, compared with solid tuff. Changes in 
surface topography that reduced runoff are also partly responsible for disturbance of the natural moisture 
regime. 

Six holes (GS50-1 to GS50-6) were drilled in solid tuff within the shaft disposal field. The holes are 
cased with steel pipe to a depth of about one meter, with an open hole of about 10.5 em diameter below 
that depth. The holes were designed, in part, to detect possible moisture gradients away from Shaft 50, a 
source of tritium release from the shaft field (Wheeler and Warren, 197 5). Data from two of these holes 
(GS50-3, GS50-5) are presented in Figs. 17 and 18. The data show seasonal fluctuations in moisture 
content in the upper 4 m, with no significant changes below that depth. The presence of stable "bulges" in 
the moisture content, underlain by regions of essentially constant moisture content, suggest that moisture 
is being held in the tuff, with no significant changes in moisture content during the measurement period. 
These bulges result, most probably, from variations in the moisture tension relationships of the tuff. For 
example, the bottom of the upper bulge coincides with the presence of a low-density pumice bed, a unit 
which would be expected to impede the downward flow of moisture. The moisture depth distributions 
show substantial stability over time, suggesting essentially steady-state conditions. No significant 
moisture gradients away from the shaft can be identified. 
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MONTHS 4,5,6,7,8,9,10,11,12 = 1978 
MONTHS 13,14,15,16,17,18 = 1979 

MONTHS 20,21,22,23,24 = 1979 

Fig. 16. Moisture Hole GPI-1. 

MONTHS 4,5,6,7,8,9,10,11,12 = 1978 
MONTHS 13,14,15,16,17,18 1979 
MONTHS 19,20,21,22,23,24 = 1979 

Fig. 17. Moisture Hole GS50-3. 
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MONTHS 4,5,6,7,8,9,10,11,12 = 1978 
MONTHS 13,14,15,16,17,18 1979 
MONTHS 19,20,21,22,23,24 = 1979 

Fig. 18. Moisture Hole GS50-5. 

Access holes were drilled in the bottom of Pits 7, 8, and 24 before backfilling was completed. Casings 
were extended to the surface before or during the filling process. All of the casings in Pit 8 were bent or 
broken beyond use during the filling process. Protective frameworks were constructed around the casings 
in Pits 7 and 24. However, several of these casings were also bent or broken beyond use during the filling 
process. Geophysical logs of two of these holes show extreme density variations (suggesting open voids) 
around the casings in GP7-2 and GP7-3, as well as breaks in both casings. 

Moisture readings in the cased portions of the holes had been discontinued before these logs were 
collected because of the apparent meaningless nature of the data. Extreme variations in hole diameter and 
density are known to affect the readings (Abeele, October 1979). Data for Hole GP7-2 in the bottom of 
Pit 7 are presented in Fig. 19. The constantly low moisture distribution with depth, with the only 
exception occurring at the bottom of the pit (in the upper layers), suggests steady-state conditions with 
downward moisture flux due only to gravitational forces. Quantitative evaluation of this moisture flux 
suggests a downward rate of 10-11 m s-1 (0.3 mm per year). 

One hole, GP26-l, was drilled in an undisturbed area. The hole is cased with 5-cm plastic pipe for the 
upper 0.5 m, below which the hole is open with an original diameter of about 10.5 em. Geophysical logs 
indicate that some slumping of the sidewall has occurred, even though the hole was drilled only about 6 
months before the logging. However, after the hole was constructed, pits were excavated near by, and the 
hole may provide data on the possible disturbance of the natural moisture regime by these pits. Only a 
limited amount of data have been collected from this hole and are not presented here. 

c. Area F. A hole was drilled in the upper 0.5 m and cased with a 5-cm plastic pipe. The remainder 
of the hole was open, with a diameter of about 10.5 em. The hole was intended to develop data on 
moisture contents of the tuff in a zone of relatively high precipitation, compared with Area C or Area G. 
However, insufficient data have been collected to date to make any such evaluations. 
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MONTHS 1,2,3,4,5,6 = 1978 
MONTHS 7,8,9,10,11,12 = 1978 
MONTHS 13,14,15,17,18 1979 
MONTHS 19,20,21,22,23 = 1979 

Fig. 19. Moisture Hole GP7-2. 

d. TA-51. An access hole was drilled in an undisturbed area within T A-51 to obtain data on 
undisturbed moisture contents at a location midway between Areas C and G. Coincidentally, the area 
adjacent to the hole has been selected as the site of an experimental waste burial site. Although only 
limited data have been collected, background information on conditions in the area before construction at 
the adjacent site may be provided. 

3. Geophysical Logging. Natural gamma, density (using gamma-gamma), neutron, and caliper logs 
were obtained for all of the holes described above. The caving of the holes in low-density zones has been 

discussed. The logs showed significant density variations with depth (see Section IX: Stratigraphic 
Controls on Flow). These density variations result from porosity changes in the tuff because of differing 
degrees of induration and material composition. Such variations have a significant effect on hydraulic 
properties, suggesting that detailed modeling of moisture flow will require extensive measurement of these 
properties for the various units. Conversely, the data collected during the past 6 years suggest that 
steady-state conditions prevail in all but near-surface portions of the tuff, and relatively simplistic 
analyses of the moisture flux may prove adequate to evaluate the potential for moisture and radionuclide 
flux within the disposal site. 

The gamma logs proved useful in identifying unit contacts because of changes in natural radiation that 
occurred in the various units. These supported unit boundary identifications made with the density logs. 
The neutron logs, used primarily to determine porosity in saturated material, proved of little value for 
moisture content determinations. The particular probe used has a relatively long spacing between the 
source and detector (30 em). Differences in chloride content of various units (determined by sample 
analysis) appear to result in differential neutron absorption. These differences are unrelated to moisture 
contents. 

4. Justification for Converting to "Inactive." After extensive inspection of the data gathered in the 

existing monitoring holes, it was concluded that monitoring of several access holes should be eliminated. 
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This decision was based on similar moisture characteristics that seemed to prevail in adjacent monitoring 
holes (S50, PI, and P2). The decision concerning the P7 monitoring holes was more difficult because the 
part that goes through the pit is cased with PVC, whereas the part beneath the pit is uncased so that two 
different calibration curves had to be applied. An Analysis of Variance applied to the layer of soil that 
was backfilled in the pit around the monitoring hole showed a significant difference in moisture readings 
between monitoring holes. This could be caused by the presence of materials other than inorganic soils, or 
interference from the surrounding waste that could create preferential pathways for moisture into the soil 
around the monitoring holes because of successive layers of extremely permeable and impermeable waste 
material. These fluctuating moisture readings were therefore judged to be quite unreliable. The Analysis 
of Variance showed that there was no significant difference in undisturbed tuff moisture between P7-l 
and P7-2 below 9 m. 

As a consequence, and because shallow hole P2-l was to be covered, monitoring of holes S50-l, S50-3, 
S50-5, Pl-1, and PI-2 was retained. The monitoring of P7-l and P7-3 was also continued below 9 m. 
P7- I was chosen over P7-2 because of its greater depth. 

VIII. TRITIUM MIGRATION 

A. Tritiated Water in Soils 

Radionuclides disposed of at the Los Alamos National Laboratory include significant amounts of 
transuranics (mostly plutonium and americum), uranium, fission products, activation products, and 
tritium. All investigations of the radioactive waste disposal areas revealed that, with the exception of 
tritium, no migration of these radionuclides has been detectable. Because of the high mobility of tritium in 
biological systems, there is a legitimate need to define and minimize the quantities of this radionuclide 
entering the environment from disposal areas (Wheeler eta!., 1975). Migration of tritium from its disposal 
site was detected as early as 1970, although dissolution and subsequent migration of solid radionuclides 
in the disposal area is minimal. This has been verified continually by analysis of innumerable samples 
collected during the excavation of additional shafts in the disposal areas. Tritium, on the other hand, 
occurring principally as tritiated water, is nearly as free to move as water itself. Small quantities of tritium 
gas, disposed of by burial, convert very quickly to HTO on exposure to soil oxygen and moisture. 

Before mid-19 58, all tritium-containing wastes were disposed of by burial with other wastes in disposal 
pits. Since that time and until November 1973, unlined shafts, 8 to 20m deep and possessing a diameter 
of 0.6 to 1.8 m, were used. Since November 1973, the walls and bottom of the disposal shafts for tritium 
waste have been coated with a 1- to 2-cm layer of asphalt. The primary motivation was an attempt to seal 
the many fractures in the tuff walls of the shaft, because it was believed that such fractures provided 
possible pathways for tritium migration (Wheeler eta!., 1975). A study had previously shown that unlined 
tritium shafts were significant sources of soil contamination (Purtymun, 1973). In that study, it is shown 
that around an unlined shaft (number 13, Area G, Technical Area 54 on the Mesita del Buey), the tritium 
concentration in the surrounding tuff increased to a maximum between depths of 3 to 10 m and then 
decreased again with depth. Irregularities in the isotritium contours are seemingly influenced by the 
presence of open joints in the tuff, which provide for a much more rapid means of migration in the vapor 
phase. Close but irregular isotritium contours or high tritium gradients are to be found between the source 
(shaft) and an eventual transversal joint. The contours are elongated to the west of the shaft, indicating 
regions where either a radial joint was present or the outward (upward) movement of tritium was 
inhibited. High tritium gradients would consequently be an indication of swift, uninhibited aeration of 
tritium. A close and complete set of isotritium contour lines, which deserved close scrutiny, have been 
chosen along a southwest axis. The presence of tritium radioactivity decreases logarithmically with 
distance from the shaft. Table IX indicates the rate of decrease at various depths of radioactivity as a 
function of distance from the shaft. There were as many as seven contour lines intersecting the southwest 
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TABLE IX 

DECREASE IN RADIOACTIVITY NEAR SHAFT 13 

AS A FUNCTION OF DISTANCE FROM THE SHAFT 

ALONG A S-W AXIS 

Rate of Decrease Coefficient 

Depth (m) (Bq m-3
) of Correlation 

3.75 A= 3.1-109-l.01·10"'nd r = 0.96 

6.75 A= 1.24· JOI 0-5.27-10"'nd r = 0.97 

9.75 A = 2.87 ·109-l.04-10"'nd r = 0.98 

12.75 A = l.23-109-5.28-108lnd r = 0.96 

axis. The radioactivity is measured in Becquerels per cubic meter of water. Most interestingly, a vertical 

plane along the shaft axis showed that the maximum tritium concentration was located near the bottom of 

the shaft with the radioactivity decreasing upward according to A= 1.11-1010 
- 6-109 lnd and r = 

0. 97. The similarity between the rate of decrease in radioactivity as a function of distance is striking along 

the vertical and horizontal planes! The closest match is between the horizontal rate of decrease as a 

function of distance from the shaft at 6. 7 5-m depth and the vertical rate of decrease upward as a function 

of distance from the bottom of the shaft. 

Shafts 50 and 59, also located in Area G, Technical Area 54 on the Mesita del Buey, have received 

tritium contaminated waste since 1973. Approximately the same time period elapsed between the 

placement of the waste and the collection of samples in shafts 50 and 59 as in shaft 13. Both shafts 50 

and 59 were asphalt lined and asphalt containment was applied to the packaging of wastes placed in the 

shafts. Yet, on a percentage basis, significantly more tritium has migrated out of shafts where asphalt 

containment was used than from shafts where no asphalt was applied. Undoubtedly many factors 

contribute to this difference, including different waste forms and packaging before asphalting, variabilities 

in permeability of the tuff, and differences in the size and number of fractures intersected by the various 

shafts. However, the asphalting was intended to counteract and override these variabilities. It is 

concluded that the asphalting techniques, as applied in the past, did not significantly reduce the migration 

of tritium away from the disposal shafts. The shafts also appear to serve as a moisture source to the tuff, 

particularly at depth (Wheeler et al., 1975). This is probably because of the entrance of precipitation into 

the shafts during and between waste deliveries and before they are sealed off. The asphalted bottom 

serves as an inhibitor to the flow of moisture out of the shaft and this moisture in turn increases the total 

amount of water vapor to be diffused out of the shaft after its closure. 

In this case also, tritium activity decreases logarithmically with distance from the shaft. Table X 

indicates, at two different depths, the rate of decrease of radioactivity as a function of distance from 

shafts 50 and 59. The fastest rate of decrease away from shaft 50 is along a SSW axis, while it seems 

fastest along the eastern axis originating at shaft 59. However, the tritium data are incomplete along the 

eastern axis, so that the next steepest gradient, along the northern axis, was chosen for analysis. For the 

tuff surrounding shafts 50 and 59, the radioactivity was measured using as basis a unit volume of tuff 

instead of water, as was used for the analyses surrounding shaft 13. Based on this fact, the constants in 

the regression equations should be quite a bit higher for shaft 13 for equal degrees of contamination. 

Since this is barely the case, it can be concluded that tritium contamination is substantially higher around 

shafts 50 and 59. The rates of decrease as a function of distance from the shaft are strikingly similar in 

both cases! 
Because the preceding studies revealed that the asphalt was not significantly retarding tritium 

migration away from disposal shafts, a decision was made by the Waste Management Operations Group 

(H-7) to implement more rigorous packaging procedures involving the use of asphalt for tritium 

containing wastes. Asphalt coating of the shaft itself was eliminated. 
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TABLE X 

DECREASE IN RADIOACTIVITY NEAR SHAFTS 50 AND 59 
AS A FUNCTION OF DISTANCE FROM THE SHAFT 

Rate of Decrease Coefficient 
Shaft Axis Depth (m) (Bq m-3) of Correlation 

50 ssw 3.75 A= 1.01 · 109-6.09 · 108lnd r = 0.98 
50 ssw 6.75 A= l.21·109-5.61-108lnd r = 0.94 
59 N 3.75 A= 1.03. 109-6.06. 1 08lnd r = 0.96 
59 N 6.75 A= 1.18·109-5.73-l08lnd r = 0.96 

To test the effectiveness of the new procedures, the new disposal shaft, No. 150, was located in an area 
where no prior tritium disposals had occurred. The extent of tritium migration into the tuff surrounding 
the shaft could then be related directly to the contents of the shaft. Disposal shaft 150 was drilled in the 
spring of 1976, with the first disposal occurring on 12 May 1976. In the winter of 1977, after more than 
1-1015 Bq (30 000 curies) of tritium had been disposed to the shaft, nine sampling holes were augered 
around the shaft. The samples were processed to remove the contained water, and the water was analyzed 
for tritium. The sampling holes were provided with surface casings and then sealed. Subsequently, in the 
fall of 1979, samples of the water vapor in the access holes were collected using silica gel as an absorbing 
medium. Water was distilled from the gel and analyzed for tritium. Also, the moisture content of the tuff 
surrounding the access holes was determined using a neutron moisture probe. The average water content 
in the tuff surrounding the shaft was about 4% by volume. This value agrees well with other 
measurements made in the area. 

This latest study shows a release of 0.5 to 0. 7% of the tritium in the shaft to the surrounding tuff vs an 
estimated 0.3 to 0.6% in the two previous cases. Thus, no substantial improvement in tritium containment 
was obtained by the new procedures. It is difficult to establish whether the packaging procedures 
themselves were inadequate, or the quality control on the procedures was inadequate. 

Release of tritium to the surrounding tuff is not a significant health hazard; however, as the inventory 
of tritium in the disposal site continues to grow, improved methods will be necessary to provide additional 
containment. The results of this study have led to the design of further improvements in the techniques for 
tritium disposal. Sealed steel liners will be coated with asphalt and placed inside vertical shafts. 

B. Emanation of Tritiated Water 

1. The gradual mixture of tritiated water with natural soil moisture and subsequent evaporation of that 
water from the soil to the atmosphere results in a gaseous release from the burial ground. One study 
involved measuring the atmospheric release of tritiated water from Burial Pit 1, Area G. Soil borings in 
cover material overlying the waste showed tritium concentrations increasing from 7.4 · 107 Bq m-3 (2000 
pCi/mt) of soil moisture at 15 em to 4.6-109 Bq m- 3 (125 000 pCi/mt) at 3.5 m. This gradient suggested 
an upward diffusion of tritiated water from the waste (at a depth below 3.5 m) to the surface soils. This 
tritiated water mixes with meteoritic soil moisture and is evaporated. The experimental measurements 
were designed to quantify the tritium flux and to establish the controlling factors. 

Samples of evaporated soil moisture were collected on silica gel in covered sieves. Collection was at 
night, or on cloudy days, to reduce thermally induced lateral moisture fluxes. The average moisture flux 
and tritium flux were determined for the collection period. Atmospheric boundary layer data (vapor 
pressure) were collected. Soil moisture contents were measured from 0.5 to 1.5 m using a neutron 
moisture probe. 
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Correlations were made between tritiated water flux, (as dependent variable) and the various 

atmospheric and soil conditions. No significant correlation could be demonstrated between atmospheric 

conditions and tritiated water flux. The best correlation was obtained using soil moisture contents at 0.4 

m and the soil moisture vapor pressure at 0.4 m. Measured tritiated water fluxes varied from 2 · 10-3 Bq 

m-2 s-1 (0.005 11Ci m-2 day-1) to 2·10-1 Bq m-2 s- 1 (0.44 11Ci m-2 day-1). The actual surface area 

contributing to this flux was not established, but, as previously mentioned, measurements of the tritium 

distribution in the soil suggest that only a portion of this particular pit is contributing. Pit dimensions are 

approximately 30 m by 200 m (6 ·103 m2
). If the entire pit were a source at the observed rate, 

atmospheric releases would range from 13 Bq s-1 to 1.1·103 Bq s-1 (30 11Ci day-1 to 2640 11Ci day-1
) 

during the measurement period. Because only some fraction of the total pit is actually contributing to 

tritium releases, the actual tritium released is less than this amount. 

If the soil vapor pressure at 0.4 m is used as an independent variable together with the moisture ratio 

by volume at 0.4 m, measured with the neutron probe, a correlation coefficient of 0. 794 7 is obtained with 

tritiated water vapor aeration as the dependent variable. This coefficient of correlation is significant at the 

1% level of confidence. Whether this highly significant coefficient of correlation is an indication of cause 

and effect relationship is somewhat arguable since temperature gradient, for example, could be the only 

reason for the existence of a vapor-pressure gradient. However, the relationship between temperature, 

moisture ratio by volume, and tritiated water aeration was not as good as the one between vapor pressure, 

moisture ratio by volume, and tritiated water aeration. The multiple correlation coefficient in that case 

was 0. 7128. The difference is caused by the nonlinear relationship between temperature and saturated 

vapor pressure, but the lower values obtained using temperature as an independent variable do not 

exclude the fact that temperature itselfis a cause for higher tritiated water vapor aeration. However, the 

higher correlation coefficients obtained using measurements taken at greater depths seem to indicate that 

liquid water flow is a more important factor in tritium aeration than vapor flow. This conclusion was 

reached because moisture content was increasing significantly with depth over the range considered and it 

is a known fact that liquid flow becomes more and more prevalent as the moisture content increases. 

The addition of the atmospheric vapor pressure as an independent variable did not improve the 

multiple correlation coefficient. This is caused by the very nature of the experiment because the silica gel 

created a vapor pressure that was essentially zero in all cases at the soil-atmosphere interface. The 

moisture content was found to be maximum at 1 m; the loss of moisture in the upper meter, after 

correction for precipitation, was 9.95 mm between the 1st and 12th of June. This was measured using the 

neutron probe. 
Based on the discontinuous nightly measurements using the silica-gel-filled sieve, and through 

interpolation, a total of 10.69 mm was predicted. The two above values seem to agree fairly well. The 

difference could oe because of instrumental error, or higher evaporation induced by the presence of silica 

gel, or both. 

2. Two sieves filled with silica gel and covered by a heavy aluminum plate were placed at spots 

equidistant from shafts 50 and 59, one at 6 m and the other at 10m from the shafts, respectively. The 

activity measurements taken in February amounted to a tritiated water flux of 0.82 Bq s-1 m-2 

(2.22·10-51-lCi s-1 m-2
) and 0.22 Bq s- 1 m-2 (6·10-611Ci s-1 m-2), respectively. 

3. Emanation of tritiated water was measured along 3 axes, A, B, C, 120° apart, around G&--150. The 

measured average concentration read 6.1·108 Bq m- 3 of soil water (1.65 ·104nCi/t) for an area including 

113.10 m2
• Because the evaporation rate was averaging 7.75·10-9 m s-I, the total release of tritiated 

water was: 6.1·108 Bq m-3 X 7.75·10-9 m s-1 = 4.75 Bq m-2 s-1 (1.11·104 nCi m-2 day-1), or 

within the area under consideration (6 m radius): 535 Bq s-1 (1.25 mCi day-1). Along each of the 

three axes, the rate of tritium emanation drops off with distance from the shaft according to a power 

function. 



I ' ' 

C
. 
,, 

With d, the distance, expressed in meters and E, the tritiated water emanation, expressed m 
Bq m-2 s-1

, the regression analysis for the three different axes yields 

E 
E 
E 

95.5 d-4.7546, 
104 d-4.4050, 
133 d-5.0313, 

with r = 0.9902; 
with r = 0.9972; and 
with r = 0.9881. 

The average regression analysis for the three axes yields 

with r = 0.9932. 

This is an indication of an extremely fast decrease of tritium release with distance from the source 
(GS-150). This indicates further that water vapor emanation at the soil-atmosphere interface decreases 
faster with distance from the source than does the tritium dispersion in the soil, where the distribution 
behaves as a negative log function of distance. Further work is in progress to correlate tritium emanation 
to atmospheric and pedological properties of the GS-150 environment, especially including thermal 
characteristics of the tuff. 

The thermal diffusivity (D) of the tuff at GS-150 was derived in situ from the measurements of daily 
temperature fluctuations (~ T) at different depths (z) where 

D=(- D.z )2 1t 

t'n(D.T/D.T2 86400s 

averaged consistently 8-10-7 m2 s-1 during an extremely dry summer period, which kept the soil 
moisture content low, resulting in a low specific heat by volume leading to a higher thermal diffusivity. 
Representative tuff debris was hauled to the laboratory, where the density was accurately established as 
being 1.395-103 kg m-3. 

The specific heat (Cs) of the tuff was established in the laboratory using the standard method available 
for that purpose. A correction, obtained graphically, was used to correct for the thermal leakage of the 
thermally insulated container that was used as a calorimeter. The test was repeated four times and 
averaged Cs dry = 866J kg-1 K-1 or a heat capacity Cv = 1.208 ·106 J m-3 K-1• Since the Moisture 
Ratio by Volume in situ turned out to be 0.04, the actual heat capacity of the tuff under consideration is 
Cvo.o4 = 1.375·106 J m-3 K-1, with a standard deviation of 2.8·104 J m-3 K-1

• The thermal 
conductivity, A., was estimated at Cv0.04 D = 1.1 W m-1 K-1• 

The above characteristics will help in determining the influence of the vapor gradient in the tuff on 
tritiated water emanation. Efforts are continuing to monitor temperature, heat flow, and water content at 
several depths, as well as atmospheric conditions capable of influencing tritium emanation. Relevant 
tritium elution data gathered so far are listed in Table XI. As one can readily observe, a seasonal pattern 
seems to emerge, with a peak of tritium release occurring in September. No detailed analysis has been 
made yet as the data base is far from complete, but the accumulated data would lead one to believe that 
the maximum releases of tritiated water occur when the vapor pressure within the shaft is driven to its 
maximum values, while the minimum releases of tritiated water occur when the vapor pressure within the 
shaft reaches a minimum. It seems evident that the maximum and minimum pressures within the; shaft 
occur when temperatures below the surface reach a maximum or a minimum, respectively. 

In conclusion, it should be pointed out that measurements of tritium emanation, taken in comparable 
locations and in the same seasonal period, yield results that form a good basis for comparison. 

(1) Measurements taken on top of an assumed source of HTO over Pit 1 average 0.2 Bq m-2 s-1
• 

(2) In February, at a point 6 m removed from both shafts 50 and 59, a release of 0.82 Bq m-2 s-1 

was measured. 
(3) By the end of December 1979, along the B axis originating from GS-150, the regression formula 

E = 104 d-4.4°5 then obtained yielded 0.11 Bq m-2 s- 1 at 4. 7 m from the shaft, a result that seems 
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TABLE XI 

ACTIVITY AND FLUX OF TRITIATED WATER AT THE SOIL
ATMOSPHERE INTERFACE 4.7 m FROM THE CENTER OF GS-150 

Date HTO Concentration Flux 

106 Bq m-3 ~Ci/t Bq m-2 s-1 ~Ci m-2 day-1 

28 May I980 79 2.I3 0.58 1.35 

4 June I980 2I6 5.83 l.6I 3.77 

II June I980 293 7.92 2.00 4.67 

I8 June I980 436 Il.79 4.26 9.96 

25 June I980 496 13.40 4.47 I0.45 

2 July I980 4I5 ll.2I 2.60 6.07 

9 July I980 284 7.68 1.63 3.8I 

I6 July 1980 692 I8.70 3.I5 7.35 

23 July 1980 688 I8.60 2.62 6.II 

30 July 1980 784 21.20 2.98 6.97 

6 Aug. 1980 773 20.90 3.60 8.41 

13 Aug. 1980 276 7.46 5.48 I2.79 

20 Aug. 1980 356 9.63 4.89 Il.42 

27 Aug. I980 334 9.04 3.78 8.83 

3 Sept. I980 1088 29.40 9.62 22.47 

10 Sept. I980 350 9.45 4.13 9.65 

I7 Sept. 1980 5I8 14.00 5.54 12.94 

24 Sept. I980 607 I6.40 5.67 13.25 

I Oct. 1980 492 13.30 4.15 9.70 

8 Oct. 1980 470 I2.70 2.41 5.64 

15 Oct. 1980 205 5.54 1.21 2.83 

22 Oct. 1980 168 4.55 1.21 2.83 

29 Oct. 1980 1I2 3.03 0.43 1.01 

5 Nov. I980 138 3.73 0.95 2.21 

12 Nov. 1980 I28 3.46 0.72 1.65 

19 Nov. 1980 135 3.64 0.60 l.4I 

3 Dec. 1980 89 2.40 0.43 1.00 

17 Dec. 1980 28 0.75 0.29 0.67 

23 Dec. 1980 26 0.69 0.22 0.5I 

30 Dec. 1980 19 0.50 0.14 0.32 

7 Jan. 1981 2I 0.57 O.I2 0.28 

14 Jan. 1981 20 0.5 0.11 0.25 

21 Jan. 1981 40 1.08 0.16 0.38 

28 Jan. I981 46 1.25 0.13 0.31 

4 Feb. 1981 55 1.49 0.15 0.36 

11 Feb. 1981 63 1.70 0.24 0.55 

18 Feb. I981 75 2.03 0.41 0.96 

25 Feb. 1981 126 3.40 0.46 1.07 

to be quite compatible with actual measurements made by the end of December of the following 
year, when at 4. 7 m from the shaft the emanation was 0.14 Bq m-2 s-1. 

Provided the rate of fall of tritium emanation with distance from the source remains the same 
throughout the seasons, the regression equation, during the period of maximum tritium release, is 
expected to adopt the form Emax = 9095 d-4

·
405

• High release rates around the end of summer and 
beginning of fall are expected if the observations follow a seasonal pattern. Air concentrations in 1980 
that are partly influenced by soil releases (absolute humidity, wind speed, and atmospheric convection 
will play an important role) also show a maximum during the warmer months and an overall minimum 
during the month of December. 
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At 4.7 m from the shaft center (GS-150), the flow of tritiated water averages 2.19 Bq m-2 s-1 (5.12 
11Ci m-2 day-1) with the standard deviation = 2.20 Bq m-2 s-1 (5.17 11Ci m-2 day-1

) at the soil 

surface. These measurements were taken during the 9 months preceding 25 March 1980. 

IX. STRATIGRAPHIC CONTROLS ON FLOW 

The study of the influence of sequential layers of tuff on moisture retention revolved mainly around the 
influence of related density differences on moisture retention. Densities and moisture contents were 
measured with nuclear probes that were lowered into monitoring holes. The density and moisture 
measurements obtained at each depth were then compared. A search for a cause and effect relationship 
between density and moisture content was subsequently performed through regression analysis. 

After subtracting the measured moisture reading from the measured (wet) density, a regression analysis 
was run on 460 readings using the obtained dry density as the independent variable and the moisture ratio 
by volume as the dependent variable. The dry density was taken as the independent variable because it is 
obvious that some correlation would have to exist between the wet density and the moisture present 
because the moisture would necessarily increase the density measurement. 

The dependence of the moisture ratio by volume (MR V) on the density (d) turned out to be 

MRV = 0.0210 + 0.0809 d with r2 = 0.0157, 

indicating that 1.57% of the variation in MRV was associated with d! 
More interesting is the fact that the equation shows a slight direct relationship between MR V and 

density, which is in direct contradiction with the observation made on page 52 in "Technical Reports 
Series No. 112, 1970" from the International Atomic Energy Agency, Vienna. Most authors fail to 
recognize an effect of soil density on soil moisture measurement in the normal soil density range and our 
findings can only support that view because of 

(I) a low coefficient of determination between MRV and d. 
(2) The small rate of change of MRV with d (an increase of 100 kg m-3 in density would mean an 

increase of 0.008 in the MR V). 
(3) The proponents of a possible interaction between MR V and d indicate it would be an inverse 

correlation. The data presented do not give an indication of how strong (or weak) that correlation 
is supposed to be. The lack of interference of d in the moisture readings could only result in a 
narrowing of the confidence limits obtained when the moisture ratio is expressed as a function of 
the count ratio. Estimates of these confidence limits have been published and widely discussed 
(see Abeele, October 1979). 

Subsequent logging by the US Geological Survey (USGS) showed that the actual monitoring hole 
diameter was, in some cases, not uniform, causing discrepancies in the moisture evaluation because of the 
application of the inappropriate calibration formula for that particular depth. An important parameter 
had consequently been overlooked. To remedy that, the regression analysis was repeated for the 
monitoring holes with irregular diameters. The analysis was applied over the depth range where the actual 
measured diameter matched the nominal diameter used in calibrating the neutron moisture probe 
readings. This obviously led to the elimination of the unwanted parameter. Somewhat different degrees of 
correlation were obtained for monitoring holes CS2-l, CS5-l, and CS6-l. 

CS2-l 
CS5-l 
CS6-l 

MRV = -0.17 + 0.23d 
MRV = 0.06 + 0.00074d 
MR V = 0.05 + 0.07d 

r2 = 0.17 
r2 = 0.0019 
r2 = 0.07 

with r2 being the coefficient of determination. 
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As can be seen, none of the correlations are significant. (In the case of CS5-1, one would have to try 
hard to obtain as bad a correlation between two columns of numbers chosen completely at random.) 
Moreover, in every case, the equations show again a slight direct relationship between MRV and density. 
The obvious conclusion of the study is that, in the range of tuff densities considered, there is no cause and 
effect relationship between density and moisture content. 

X. RADIONUCLUDE TRANSPORT STUDIES 

A. Downward Migration Through Leaching 

Samples were collected along horizontal cores beneath Pit 3 in Area G for radiochemical analysis 
(Purtymun eta!., 1978). For this purpose, a drill pad was constructed in a small canyon east of the pit 
from where five horizontal holes were cored under the pit. The study was performed in an attempt to 
detect possible migration of radionuclides from the waste pit into the tuff immediately underlying it. Core 
samples were analyzed for gross alpha, gross beta, 90Sr, 238

•
239

•
240Pu, 241 Am, 137Cs, and total uranium as 

contaminants in the waste. Filling of the pit was started 13 years before the core analysis study was 
begun. The tuff present on location was divided into several stratigraphic units, distinguishable from each 
other through their chemical and physical properties. Consequently, the natural concentrations of 
radionuclides vary from unit to unit. 

The horizontal core holes were drilled in a fan-shaped array beneath the disposal pit. Samples of tuff 
beneath the pit and adjacent to it were analyzed for radionuclides known to be present in the pit, as well 
as for gross alpha and gross beta radiation. The analytical results from samples obtained beneath the pit 
were then compared statistically with the analytical results from samples obtained beside the pit. The 
analytical results were also grouped as a function of stratigraphic units. 

The analytical results showed conclusively that the man-made radionuclides known to be present in the 
pit were not present at concentrations above the minimum detection limits in the samples collected 
beneath the pit. There were no statistically significant differences in gross alpha or gross beta radiation, or 
in concentrations of naturally occurring radionuclides in samples originating from under the pit 
compared with the samples obtained adjacent to the pit but pertaining to the same stratigraphic unit. In 
this context, it should be pointed out that the uranium concentrations varied between stratigraphic units 
but that the mean concentrations found in specific core samples were statistically undistinguishable from 
concentrations measured in related outcrops. Variabilities in gross alpha concentrations between units 
were found to be related to the already observed variability in uranium and other naturally occurring 
radionuclides. 

Many of the waste containers in the pit were undoubtedly ruptured at the time of disposal through 
compaction by heavy earthmoving equipment. Also, much of the disposed waste, including contaminated 
soil, was not isolated from its environment. Thus, most of the radionuclides in the pit can be assumed to 
be available for dissolution and removal by moving soil moisture. The actual rates of dissolution and 
removal are not known but some must have happened locally in the 13 years that have elapsed since the 
initial use of the disposal pit. Results show, however, that any local radionuclide movement was restricted 
to the confines of the pit. 

Expected water flow velocities, in the solid and crushed tuff, are known to be on the order of 
w-12 m s-1 at the measured low soil moisture contents. This suggests that no migrating solutions would 
be detectable at depths exceeding a few millimeters beneath the pit. That expectation was not contradicted 
by the measurements taken in this study. No radionuclides, whose presence can be attributed to migration 
from the pit, were detected (Purtymun et a!., 1980). 

B. Upward Migration via Evapotranspiration 

Surface contamination was known to exist in Area C, where the total activity in the top 5 em of soil 
was calculated to be approximately 3 ·1010 Bq. Several hypotheses have been advanced to account for 
the presence of the surface contamination (Trocki et a!., in press). 
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( 1) The nature of the disposal operations, 
(2) the nature of known nuclear waste retrieval operations, 
(3) burrowing animals, 
(4) possible inadequate pit cover, and/or 
(5) upward migration of radionuclides. 

Core samples of several contaminated spots in Area C were analyzed for 238Pu, 239Pu, and 241 Am. 
Three corings, representative of how the activity was distributed as a function of depth, yielded the 
following regression equations (A is activity expressed in Bq kg-1 and d in meters depth). 

I.D. No. CPS-16 
238Pu: A 1.04·10-3d-6 
239Pu: A = 2.04·10 d-2·85 

241 Am: A = 0.91 d-4·3 

I.D. No. CPS-18 
23sPu: A 3. 7 ·10-3 d-4 
239Pu: A = 1.37 d-3·64 
241 Am: A = 2.59·10-2 d-5 

J.D. No. CPS-11 
241Am: A = 0.74 d-2.07 

The above numbers are the identification of some of the contaminated spots under scrutiny in Area C. 
These equations demonstrate a strong decrease of activity with depth. This strengthens the notion of 

surface spill as ihe source and no "upwelling" from the pit because of transport mechanisms involving 
evapotranspiration. The lack of uniformity, as far as the shape of the corresponding decreased activity 
curves is concerned, cannot be explained based on available information. 

The decreasing activity with depth can only be a result of a slow leaching of radionuclides downward 
from their original surface spill location. 

XI. SHEAR IN WET COHESIONLESS SOILS AND CRUSHED TUFF 

Negative stress induced by capillary tension can be at the origin of increased soil shear strength. 
Capillary tension is the driving force that enables moist sand to maintain a molded or cut shape. Thin 
water films with small meniscus radii develop high-tensile stresses in the moisture wedges that hold soil 
particles in rigid contact. Fine sands and silts within the zone of capillary rise and fringe above a water 
table owe their strength to capillary tension and the resulting effective stresses in the granular structure. A 
point of maximum stress exists as a function of moisture content for a particular soil. Any drying or 
wetting away from that optimum moisture content will mean a decrease in maximum shear strength. The 
components of shear strength are friction and cohesion. The friction component is primarily affected by 
physical factors, while physiochemical factors affect the cohesion component. Cohesion is dependent on 
the attractive forces at work in clay-particle interactions. Water plays an important role in determining 
the magnitude of the cohesion component because it affects the distance between soil particles and, 
consequently, the attractive forces associated with air-water menisci (Baver et a!., 1972). Excavation 
failures can sometimes be traced to a departure from a higher shear strength that existed when excavation 

was first begun. 
A vane shear test was performed on soils and crushed tuff originating from the GS-150 area. As can be 

seen from Tables XII and XIII and Figs. 20 and 21, the decrease in strength caused by further wetting is 
much more drastic than that induced by eventual drying. For any granular material, the strength 
characteristics will depend heavily on the dry unit mass to which it is compacted. A higher dry unit mass 
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TABLE XII 

VANE SHEAR TEST ON SOIL 

Moisture Content 
by Mass(%) 

2 
8 
12 
16 
20 
24 
26 

c 
a... 
.X: 

Shear Strength 
(kPa) 

7.25 
7.2 
7.6 
8.0 
6.0 
3.0 
0 

TABLE XIII 

VANE SHEAR TEST ON CRUSHED TUFF 

Moisture Content Shear Strength 
by Mass(%) (kPa) 

1.0 
10 5.8 
12 8.2 
14 12.8 
16 14.0 
18 14.2 
20 14.6 
22 16.2 
24 16.2 
26 10.2 
28 0.0 

o VANE SHEAR 

t. LOOSE TUFF RESISTANCE 

c PUDDLED TUFF RESISTANCE 

Fig. 20. Resistance tests on tuff. 
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~ LOOSE SOIL RESISTANCE 
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10 15 20 
H20 BY MASS ( %) 

Fig. 21. Resistance tests on soil. 

will correspond to a higher shear strength, all other parameters being equal. Changes in dry unit mass and 
shear strength are both influenced by the same independent variable, moisture content. A plot of dry 
density vs moisture content will indicate that compaction at any given energy level becomes more efficient 
as the moisture content increases toward an optimum moisture level beyond which the efficiency 
decreases. 

The least expensive way to improve soil stabilization is precisely through compaction. Soil stabilization 
in turn means the improvement of several physical properties which, among other things, determine the 
shear strength of that soil. Besides an increase in shear strength, the other physical properties of a soil 
improved by compaction are the related increase in dry density and subsequent decreases in 
compressibility, permeability, and shrinkage (this last property mainly applicable to the montmorillonite 
clay that can be found on-site). As can be seen, adequate compaction of the pit overburden will improve 
several desirable properties important for good nuclear waste management. 

The resistance to the penetration of a probing instrument is an integrated index of compaction, 
moisture content, texture, and type of material involved (crushed tuff, various clays, sand, etc.). As a 
penetrometer enters the soil, it will encounter resistance to compression, some friction between soil and 
metal and the shear resistance of the soil, which, as described above, involves both internal friction and 
cohesion (Baver et al., 1972). 

The probe used in this study is a flat-bottom one. The tests show that soil moisture is a dominant factor 
influencing penetration resistance. There is a rapid decrease in resistance above 20% moisture by weight 
in crushed tuff and above 0% in the corresponding soil (Tables XIV and XV and Figs. 20 and 21 ). In tuff 
and soil the resistance to penetration at a moisture content of 16o/o by mass increases with depth of 
penetration . 
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TABLE XIV 

RESISTANCE TO PENETRATION 
IN TUFF 

Moisture Content Resistance 

by Mass(%) (kPa) 

I 15 
4 200 
8 220 

12 220 
16 220 
20 220 
24 175 
28 0 

TABLE XV 

RESISTANCE TO PENETRATION 
IN SOIL 

Moisture Content Resistance 

by Mass(%) (kPa) 

2 27 
4 20 
8 15 

12 12 
16 9 

20 6 
24 3 
28 

In tuff, the resistance to penetration, R, as a function of penetration depth, p, can be expressed as 

R = 46po.s7I r 2 = 0.998 

while in soil, the penetration resistance can be expressed as 

R = 1.684po.925 r2 = 0.997 

where R is expressed in kPa and p in mm. 
The above results were obtained through regression analysis and in both cases the best results were 

obtained by adaptation of a power curve fit. As can be noticed, both expressions are nearly linear, which 
indicates that resistance to penetration increases almost proportionally with the penetration depth. If 
resistance to penetration is mainly a function of shear and compression resistance, it is fairly obvious 
from Figs. 20 and 21 that, for both tuff and soils, compression resistance is the most important 
component of the resistance to penetration and also the most sensitive to moisture content. 

Application of similar compacting pressures on both crushed tuff and soil was at the origin of one 
notorious behavioral difference. The maintenance of that pressure caused practically no subsidence in the 
tuff as the moisture content was increased, while subsidence in the soil reached a high of 6%. This last 
phenomenon is well known to occur in soils, undoubtedly as a result of the enhanced ease of orientation 
of particles above the plastic limit. The soil in question, a very fine sandy loam, contains clay that has a 
platy or sheet-like structure. Because particle orientation is one of the major causes of subsidence (or 
increased density) during compression and because water is acting as a lubricant to facilitate such 
reorientation, it is to be expected that the soil under study will increase in density as the moisture content 
is increased. The near absence of that phenomenon in the crushed tuff indicates the absence of a platy 
structure and consequent minimum reorientation through .lubrication (spherical particles do not possess 
a preferential orientation). 

It should be noticed that in all of the above tests, the moisture was progressively added to loose, dry 
soil or tuff. 

Tables XVI and XVII show how the resistance to penetration changes as a function of moisture after 
puddling and subsequent desiccation. It can be seen that the resistance to penetration reaches higher 
values using puddled materials. Drying of puddled soils produces maximum contact between particles, 
which causes high cohesion and strength due to interparticle attraction. Cohesion increases with a 
decrease in particle size distribution. Consequently, the point of maximum cohesion will increase with the • 



TABLE XVI TABLE XVII 

RESISTANCE TO PENETRATION RESISTANCE TO PENETRATION 
IN TUFF AFTER PUDDLING IN SOIL AFTER PUDDLING 

Percent Percent 
H,O kPa H20 kPa 

28 0 28 
25 15 25 
20 300 17 100 
19 420 16 150 
10.5 430 14 400 
8.5 440 13 450 
6.5 450 12 460 
6 460 ll 475 
2 50 9.5 500 
1 15 2 > 500 

» 500 

clay content of the materials under study. It is clear from Figs. 20 and 21 that the amount of cohesive soil 
is greater in soils than in crushed tuff. As a matter of fact, the resistance to penetration in soils increases 
rapidly beyond the measurement capabilities of the penetrometer in use. The dashed line in Fig. 21 
indicates the suggested shape of the penetration resistance curve of puddled soil vs moisture content. 
Furthermore, it needs to be pointed out that the equation, expressing the resistance to penetration as a 
function of penetration depth, is not valid for dried puddled soils. Once the resistance of the "crust" is 
overcome, continued penetration occurs without any further increase in pressure. At very low moisture 
content (2%), the attraction between particles breaks down completely in tuff, while it continues to 
increase in soils, reaching its maximum at the lowest moisture content while tuff regains its complete loose 
state at 1 o/o moisture content. 

Just as the shear strength of crushed tuff, at a given moisture content, is very much a function of its dry 
density, so is the strength of undisturbed tuff equally dependent on its density (Purtymun et a!., 1965). 
For several sites in the Los Alamos area, the influence of density (D) on resistance to crushing (RC) can 
be expressed as 

RC = -383 + 51.72 tn D 

where the resistance to crushing is expressed in MPa and the bulk density in kg m-3• 
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APPENDIX 

SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 
FOR MONITORING HOLES - 1980 

Number Jan. Feb. Mar. April May June 

CP2180 
Start ND 00.50 00.50 00.50 00.50 00.50 
End 31.50 32.00 29.50 29.50 31.00 

CP5180 
Start ND 00.50 00.50 00.50 00.50 ND 
End 29.50 27.50 27.50 27.50 

CP6180 
Start ND 00.50 00.50 00.50 00.50 00.50 
End 23.50 24.00 23.00 23.00 23.50 

CS9980 
Start ND 00.50 00.50 00.50 00.50 00.50 
End 30.00 31.00 29.50 29.50 30.50 

FPIISO 
Start ND 00.50 00.50 00.50 00.50 ND 
End 21.00 21.00 21.00 21.00 21.00 

GPll80 
Start ND 00.50 00.50 00.50 00.50 00.50 
End 5.50 5.50 5.00 5.00 5.00 

GPI280 
Start ND 00.50 00.50 00.50 00.50 00.50 
End 3.50 3.50 3.50 3.50 3.00 

GP2680 
Start ND 00.50 00.50 00.50 00.50 00.50 
End 33.00 31.50 31.00 31.00 31.50 

GP7280 
Start ND NE 9.00 9.00 9.00 9.00 
End 24.00 22.50 22.50 23.50 

GP7380 
Start ND 9.00 9.00 9.00 9.00 9.00 
End 22.00 22.00 20.00 20.00 21.50 

GS50380 
Start 00.50 00.50 00.50 00.50 00.50 00.50 
End 11.50 12.00 12.00 11.50 ll.SO 12.00 

GS50580 
Start 00.50 00.50 00.50 00.50 00.50 00.50 
End 14.00 14.50 14.50 14.00 14.00 14.00 

TA52180 
Start ND 00.50 00.50 00.50 00.50 00.50 
End 33.00 32.00 30.00 30.00 31.00 

TA5180 
Start ND 00.50 00.50 00.50 00.50 ND 
End 33.00 3l.SO 30.00 30.00 (Lost 

Probe) 

ND =No Data 
NE = Data Not Entered 



Number Jan. 

GS50319 
Start ND 
End 

GS50579 

GRII79 

GPI279 

GP7279 

GP7379 

CP2179 

CP6179 

Start 0.5 
End 14.0 

Start 0.5 
End 5.0 

Start 0.5 
End 3.5 

Start 9.0 
End 22.5 

Start 9.0 
End 20.0 

Start 0.5 
End 29.5 

Start 0.5 
End 24.0 

CS99179 

CP5179 

CP5179 

FPII79 

Start 0.50 
End 30.50 

Start 0.5 
End 27.5 

Start 0.5 
End 30.5 

Start 
End 

GP'26179 
Start 
End 

TA52179 

TA5179 

CP5179 

CP5179 

FPI79 

Start 
End 

Start 
End 

Start 0.5 
End 27.5 

Start 0.5 
End 30.5 

Start 
End 

SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 
FOR MONITORING HOLES - 1979 

Feb. 

ND 

NM 

0.5 
5.0 

0.5 
3.5 

9.0 
24.5 

9.0 
21.0 

0.5 
25.5 

Mar. 

0.5 
11.5 

0.5 
14.0 

0.5 
5.0 

0.5 
3.5 

9.0 
22.5 

9.0 
20.0 

0.5 
29.5 

0.5 0.5 
30.0 24.50 

0.50 0.50 
20.00 30.50 

0.5 
30.5 

0.5 
28.0 

0.5 
30.5 

0.5 
28.0 

ND 

0.5 
30.5 

NO 
ND 

0.5 
30.5 

April 

ND 

ND 

ND 

ND 

ND 

ND 

NO 

ND 
NO 

ND 

ND 
ND 

30.5 

May 

0.5 
11.5 

0.5 
14.0 

0.5 
5.0 

0.5 
3.5 

9.0 
23.0 

9.0 
20.5 

0.5 
29.5 

0.5 
24.0 

0.50 
30.50 

0.5 
27.5 

0.5 
30.5 

0.5 
27.5 

0.5 
29.5 

June July 

0.5 0.5 
12.0 11.5 

0.5 0.5 
14.0 14.0 

0.5 
5.5 

0.5 
4.0 

0.5 
5.0 

0.5 
3.5 

9.0 9.0 
23.5 23.0 

9.0 9.0 
22.5 20.5 

0.5 0.5 
29.5 29.5 

0.5 0.5 
22.0 22.5 

0.50 0.5 
29.50 30.5 

0.5 0.5 
29.0 27.5 

0.5 0.5 
29.5 30.5 

0.5 0.5 
29.0 27.5 

0.5 0.5 
30.5 

Aug. 

0.5 
12.0 

0.5 
15.0 

0.5 
5.0 

0.5 
4.0 

9.0 
23.5 

9.0 
21.5 

0.5 
26.0 

0.5 
23.5 

0.5 
28.5 

0.5 
28.5 

0.5 
28.5 

0.5 
28.5 

0.5 
28.5 

Sept. 

0.5 
12.0 

0.5 
14.0 

0.5 
5.0 

0.5 
3.5 

9.0 
23.5 

9.0 
20.5 

0.5 
29.5 

0.5 
28.0 

0.5 
30.0 

0.5 
28.0 

0.5 
28.0 

0.5 
28.0 

0.5 
28.0 

Oct. 

0.5 
12.5 

0.5 
15.0 

0.5 
5.5 

0.5 
4.0 

9.0 
26.0 

9.0 
22.5 

0.5 
32.5 

0.5 
24.5 

31.0 

0.5 
29.5 

0.5 
29.5 

0.5 
29.5 

0.5 
29.5 

Nov. 

0.5 
I 1.5 

0.5 
15.0 

0.5 
5.0 

0.5 
3.5 

9.0 
23.5 

9.0 
20.5 

0.10 
29.5 

0.10 
23.0 

0.5 
30.0 

0.10 
27.5 

0.10 
27.5 

0.5 
21.0 

ND 

ND 

0.5 
33.0 

0.5 
27.5 

0.10 
27.5 

0.5 
21.0 

Dec. 

0.5 
12.0 

0.5 
14.5 

0.5 
5.5 

0.5 
4.0 

ND 

NO 

ND 

ND 

ND 

ND 

ND 

ND 

0.5 
33.0 

0.5 
33.0 

NO 

0.5 

NO 

ND 
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Number Jan. 

GP26179 
Start 
End 

TA52179 
Start 
End 

TA5179 
Start 
End 

Number Jan. 

CP2178 
Start 
End 

CPSI78 
Start 
End 

GS50178 
Start 0.91 
End 14.02 

GS50378 
Start 0.5 
End 11.0 

GS50578 
Start 0.91 
End 14.33 

GAll78 
Start 0.61 
End 5.49 

GP1278 
Start 0.61 
End 3.96 

GP7178 
Start 8.53 
End 24.68 

GP7378 
Start 8.53 
End 21.33 

GP6178 
Start 
End 

GP5178 
Start 
End 
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SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 
FOR MONITORING HOLES - 1976, Continued 

Feb. Mar. April May June July Aug. Sept. Oct. 

SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 
FOR MONITORING HOLES - 1978 

Feb. Mar. April May June July Aug. Sept. Oct. 

0.5 0.5 0.5 

29.5 29.5 29.5 

0.5 
31.0 

0.91 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

12.80 13.5 13.0 13.5 13.5 13.0 13.5 13.0 13.5 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

11.0 12.0 12.0 12.5 11.5 11.5 12.0 11.5 ll.5 

0.91 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

14.02 13.50 13.5 14.0 14.0 13.0 14.0 14.0 14.0 

0.61 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

5.49 5.00 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

0.61 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

3.96 3.50 3.5 3.5 3.5 3.0 3.5 3.5 3.5 

8.53 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 

24.Q7 23.0 23.0 23.0 24.0 25.0 23.5 23.0 23.0 

8.53 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 

21.03 14.0 20.0 21.5 21.5 20.0 20.0 20.0 20.0 

0.5 0.5 
24.0 24.0 

0.5 0.5 0.5 
29.0 27.5 27.5 

Nov. Dec. 

ND 0.5 
33.0 

ND 0.5 
33.0 

0.5 ND 

33.0 

Nov. Dec. 

0.5 
31.0 

0.5 0.5 
31.5 30.5 

0.5 0.5 
13.5 13.0 

0.5 0.5 

12.0 ll.5 

0.5 0.5 
14.5 13.0 

0.5 0.5 
5.0 5.0 

0.5 0.5 

4.0 3.5 

9.0 9.0 
23.5 23.0 

9.0 9.0 
21.0 20.0 

0.5 0.5 
25.5 24.0 

0.5 0.5 
28.0 27.5 
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Number Jan. 

GS50177 
Start 2.13 
End 11.58 

GS50377 
Start 1.82 
End 13.72 

GS50577 

GPI77 

GP1277 

GP7177 

GP7377 

Start 1.82 
End 9.45 

Start 1.82 
End 5.49 

Start 1.82 
End 4.27 

Start 8.53 
End 24.38 

Start 8.53 
End 20.72 

Number Jan. 

GS0176 
Start 1.52 
End 13.41 

GS50276 
Start 1.52 
End 13.71 

GS50376 
Start 1.52 
End 13.41 

GS50476 
Start 1.52 
End 12.50 

GS50576 
Start 1.52 
End 13.41 

GS50676 

GP1176 

Start 1.52 
End 13.11 

Start 0.91 
End 4.88 

SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 
FOR MONITORING HOLES - 1977 

Feb. 

2.13 
9.45 

1.82 
12.80 

1.82 
9.45 

1.52 
5.49 

1.52 
4.27 

8.53 
14.33 

8.53 
13.41 

Mar. 

2.43 
11.58 

2.13 
12.80 

2.13 
9.75 

1.21 
4.57 

1.52 
4.27 

8.53 
14.02 

8.53 
14.33 

April 

2.13 
8.53 

2.43 
11.58 

2.13 
9.14 

1.21 
5.18 

1.21 
3.96 

May 

2.43 
14.62 

2.43 
13.41 

1.82 
13.72 

1.52 
5.49 

1.52 
4.27 

8.53 
24.07 

8.53 
21.03 

June July 

2.13 2.13 
9.45 9.14 

2.13 2.13 
13.11 13.41 

2.13 2.13 
9.45 14.33 

2.13 
5.49 

1.52 
4.27 

1.82 
5.79 

8.53 8.53 
14.02 14.94 

8.53 8.53 
14.02 13.41 

Aug. 

2.13 
14.33 

1.82 
14.02 

1.82 
14.64 

Sept. 

0.91 
14.02 

1.82 
13.41 

1.82 
14.63 

1.21 
5.49 

1.52 
4.27 

8.53 
24.o7 

8.53 
21.03 

Oct. 

1.21 
14.02 

1.21 
12.50 

1.21 
13.41 

1.21 
5.49 

1.21 
4.27 

8.53 
22.86 

8.53 
21.03 

SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 
FOR MONITORING HOLES - 1976 

Feb. Mar. 

1.52 
9.75 

1.52 
10.06 

1.52 
10.06 

1.52 
8.84 

1.52 
10.06 

1.52 
8.53 

April May June July 

1.52 
7.62 

1.52 
10.06 

1.52 
9.75 

1.52 
8.23 

1.52 
7.92 

1.52 
762 

0.91 
4.88 

Aug. 

1.52 
8.53 

1.52 
10.06 

1.52 
9.45 

1.52 
8.84 

1.52 
7.92 

1.52 
7.92 

0.91 
4.88 

Sept. Oct. 

Nov. 

1.52 
14.02 

1.21 
12.50 

1.21 
14.02 

1.21 
5.79 

1.21 
4.27 

8.53 
22.86 

8.53 
20.11 

Nov. 

Dec. 

1.21 
13.72 

0.91 
12.19 

1.21 
14.02 

1.21 
5.49 

1.21 
4.27 

8.53 
22.86 

8.53 
19.81 

Dec. 

1.52 
7.92 

1.52 
10.06 

1.52 
10.06 

1.52 
8.84 

1.52 
8.23 

1.52 
9.14 

0.91 
4.88 

49 



Number Jan. 

GPI276 
Start 0.91 
End 3.66 

GP2176 
Start 0.91 
End 2.74 

GP2276 
Start 0.91 
End 

Number Jan. 

GPll75 
Start 
End 

GP1275 
Start 
End 

GPll75 
Start 
End 

GP1275 

Start 
End 

Number Jan. 

GP1174 
Start 0.30 
End 5.12 

GPI274 
Start 0.30 
End 3.64 

GP2174 
Start 
End 

GP2274 

Start 
End 

GP2174 
Start 
End 

GP2274 
Start 
End 

50 

SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 
FOR MONITORING HOLES- 1979, Continued 

Feb. Mar. April May June July Aug. Sept. Oct. 

0.91 0.91 
3.66 3.66 

0.91 0.91 
3.05 2.74 

0.91 0.91 
1.21 1.21 

SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 
FOR MONITORING HOLES - 1975 

Feb. Mar. April 

0.30 
4.55 

0.30 
3.30 

0.30 
4.55 

0.30 
3.94 

May June July Aug. 

0.30 
4.55 

0.30 
3.58 

Sept. Oct. 

SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 
FOR MONITORING HOLES - 1974 

Feb. Mar. April May June July Aug. Sept. Oct. 

0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
4.85 4.85 4.85 5.10 4.24 2.42 5.10 5.10 4.24 

0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
3.58 3.64 3.58 3.58 3.58 3.58 3.58 3.58 3.30 

0.30 
2.73 

0.30 
1.15 

0.30 
2.73 

0.30 
1.20 

Nov. Dec. 

0.91 
3.66 

0.91 
2.44 

0.91 

Nov. Dec. 

Nov. Dec. 
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339. DISTRIBUTION OF MOISTURE IN SOIL AND NEAR-SURFACE TUFF ON THE PAJARITO PLATEAU, LOS ALAJ\IOS COUNTY, NEW .MEXICO 
By JoHN H. AnnAIIAlrs, .Jn., JAMES E. \VEm, Jn., and '\VILI.IAl\I D. PURTY.uux, Albuquerque, X. ::\fex. 

Work done iJJ cooperation with. the U.S. Atomic En.ergy Commi4.rioll 

The Pajal"ito Plateau adjoins the steep eastern flanks 
of the Sierra de los Yalles in north-eentral X ew ::\fexico. 
It. has been dissected by eastwanl-flowing stre~ms into 
se\·eral fingerlike mesas. The plateau is underlain hy 
pumice deposits, ash falls, lmd ash flows that were 
ejected from n lar·ge volcanic nmt to the west. .Ash 
flows that cap the plateau are welded rhyolite tuff. Soil 
on the middle part of the mesas is we1l de,·eloped on 
the flat. uplands nnd is thought to be derh·cd largely 
from tuff weathered in place. Three zones are rec
ognizahle: An A zone from which most of the clay has 
been leached, a n zone containing montmor·illonite, ancl 
a C zone (trunsitional from soil to tuff) with a high 
clay content. ·Tho zone of saturation is more than 1,000 
feet beneath thf." surface of the plateau in the areas 
studied (fig. 33fl.l). 

.Measurements of the rate and amount of water move
ment and of moisture content of the soil and tuff, both 
under· natural conditions and in controlled infiltration 
tzperiments, wea·c made ns lUI t'Sst•nt ial part of studies 

106"20' 

,,.-,, 
I ' ', ::_: .... .:, Los Alamos 
,"' .,::'!.. ... ,---- ... _, 
•, -":"---...-.--

0 2 l MILES 

F'rovltt: 33.'U.-l'ajn.rlto l'luh·nu, X. llc>~ .• showin~ nrra ot 
molt~ture KIUdll'N (shudt•tl). 
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,,( ltcfllt'OIIS lllOVl'llll'lll~ of r:ulioad in~ sul•slalwt·s orig-in
tting from liquid \\'ash~s or from lcachnhle radioact.iYl' 
~lids.. 'fhcsc measurements were madl•. as n part of the 
rogrnm with the Los Alamos Scientific I...ahoratory. 
A neutron-sca.ttering moisture probe was insl'rt.ed 

into test. holes cased with 2-inch plastic pipe to dcter
nlino the moist nre contcut. of the rock and soil. The 
ntl'aSill't'lllCilts wem chl~ckctl ag-ainst lahoratm·y dt•tl'J'
minntions of lllOistm"t· driJI iu c·ores. The moist lll't~ t·on
lcnts determined with the probe appeared to be about. 
1 to2 percent highl'r than thosl' made in the laboratory. 

JJATURAL DISTRIBUTION OF MOISTURE 

Twenty-three test holes wet·e drilled on Frijoles Ml'sa 
:md moisture measurements were made in the spring, 
,;ummer, nnd fall of 19GO to study natural infiltration 
in the soil and tuff. In general, the moisture content 
was found to increase from the surface to a depth of 

• :t to 3 fel't, then decrease to a depth of 4 to 12 feet, 
and remain relatively constant at greater depths. 
There wcJ'l' some variations, howeYer, that were ap
parently related to drainage a.nd soil thickness. Data. 
from the 2a test holes are snmmnrized in the adjacent 
tnble. 

-· --------- ·--
llrpth nt whlc·h ll~r•th nt whlrh 

Thlclrnc-"'~ of ... u ntCII~tttrc t"'Jiltrnt Ulfli:-.lllrt't,llllf•flt 
(leclL) ,..,,..,r,• than 111 "as h.•s.oc thl\n ~ 

llUt'tliiL (lt'C\) l>erecnL (lt'<'l) 

Jlancl' AYC'flli:C Rlln~f' AVt'rn&fl Jlan..:e A•rrnge 

---------- --- -

t'lft""n tr~t holt's 
In ,..,.JI-tlrnlnC'<I 
arrns ............... 0.~.0 a. a 2'.5-9.0 4.7 7.6-14.0 8. II 

F.l.:ht trst holt's 
nt:"ar arro)·os, 
dltt'lws, and In 
poorl)· drulll('d 
arns .••.••••••• 2. 2-11.0 l.3 4.6-111.0+ 1.6 (1) ----------

' l\lolsturr ronlt"nt docs not decrer.Sl' to :i Jll'Tt'll•nL; tht' hoJe.o ran..:c In dept '1 from Ill 
to 49 ftotot. 

T!1e moisture content. in the upper 5 or 6 feet was 
highest in :\lat't'h and .April, as a result of late winter 
snow; it. decreased to a minimum in October, owing to 
the high e,·apotranspiration rate during the summer 
and early fall. 

Test-hole 5~1-2 (fig-. :-3:~9.2) is representative of the 
test. holes in we1l-drained areas. Moisture measure
ments show that below a depth of 6 feet the moisture 

MOISTURE CONTENT, IN PERCENT BY VOLUME 

0 5 10 15 20 25 30 35 40 45 50 ~ 0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 
0 0 0 -r--t--'---'--'--'--'--'- '---"--1-...J 

5 

Test hole SM-2 
19 Test hole 6M-1 

20 

49 .E1 c5 
Test hole 1M-3A 

FIOUJU: 3.19.2.-llohctua·e Jnl'll,.IIN'mt>nts in ti@lerlt>tl teKt·llolet'l on Frljnlt's Me"n, J..os Alumo" Countr, ~. lll'X. 
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c·uulc•ut. uf tlw tufT l't>Juaim•<lllll<'han:!''tl :nul bclm-r 10 
ft•('f if \\'liS h•!"S f Jaa11 .fJK'I'I'I'Ilf, 

'ft~f. J111h•s ll<'at· :u·myos, tlitd•c.-;, nn<l in poorly 
clmint•d :m.>as that l't'l't•h·C'cl ot· n•tnim•cl wal<'l' during 
JK'riucls of stul'lll nmofT al'l' •·eprc~l'llfecl hy test-holes 
rtlf-1 1111d Df-a.\ (fi:,r. :~:m.~). Although moistur<' 
llleiiS\ll't'lllellf s in test -hole. (i:\l-1 sn:,rgcst n sma 11 increase 
in moi!'tllrt' <·onh•nt hctw('(.•n ahout G nnd 10 feet in 
depth bctm•t•n )larch nuu Octohet·, they merely reflect 
the f:1l't. that mt•aslll't>lllcnts in this intcn-nl were made 
at. f;]ightly difl'crent. depths. Thus, ndclitionnl points 
on the Odober <·nrve probably would ha\'e resulted in 

a t'IIJ'\'t•. I hat lllOI't~ m~a l'ly 1luplit·ah•1l the :\Ia I'd I cun·e. 
In hole (i:\f-1 t lw moist nre c·onft·ut llc•low 1~ dt>pt h of 
ahout .J ft•('f n•auaillt'tlm•at·ly tlw snmc•, and the moisture 
t•onh•nt in the• tntT l':lngt•d fi'Oill G to 10 percent dm·ing 
hot h periocls. 

Consll·uction uea1· tt>st-hole t:\1-:l.\, on the bnnk of 
llll arroyo, l'aused wall'r to pond 2 to 4 inches deep 
se\·cral feet fmm the tl•!"t-holt• dm·ing Wt't periods. The 
pmult•tl watt>l' Jlt'l'<"olated throug-h the thin soil nnd sand 
in the Led of the arroyo and lllo\·ed downward nnd 
laternlly into the tuff as showu by the increase of 
llloisture from 1:2 percent to 17 percent at a depth of 

MOISTURE CONTENT, IN PERCENT BY VOLUME 

0 10 

2 

4 

8 

10 

20 30 40 0 10 20 30 40 
0~~~~~~LL~~~~W 

No change 
below 6 feet 

o-14 days 

2 

4 

6 

8 

10 

After 
8 months 
drainage, 
Sept 2, 1960 

14-99 days 

0 

,_ 2 

~ 

4 -

6 - -

-

8 -

:: 
;:, 
~ 

10 -L..zr 

20 J11 

Total 
Gl porosity c 
0 51.3 percent N 

< at a depth 
of 1 foot 

Total 
Gl porosity c 
0 46.9 pen;ent N 

m at a depth 
of 2Vz feet 

• c 
0 
N 

0 -- -----
Weathered tuff 

Unweathered tuff 

JI'Jou•K :tr.l.:l.--<'lullll:l'l< ill tuflh<IUI't' t•untt•nt ht•ut'ltth tlle lnliltrutlun l'it nt sit!! A durin~: {)'J 1111)'1'1 or t•uutlunuus lnftltrntiOD, 
S.,ltetuht•r :!1 thrun~o:h 114"'1'111ht•r :!ll, l!);'i!J, 111111 I<UbSt'fJIIt>llt tlruln:tJ:e fur N tuuuths, 1.4>S Alumus Cuuuty, :X. ~lt!X. Estl· 
lnllh'11 t;th•s ur lnlill rutluu: :!uti dny, :!4 &:'ulh>ll" )Jl't dny Jll't I<CJIUitl' ftHtl: lUih dlly, ]() j:JHl )ll't Cl:: : . .'lith dn:r, G 
IIIII lll'f ft •. 
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r. to 1:1 ft•c•l (li~. :\:1!1.:!). Bt•IWt't'll J:\ antl :!0 ft•C't n 

smnll iiWI't':lst' in moistm·t\ •·onlt•nt is sn~:zt•siC'tl, hut 
het Wl't'll !!H nml ·1!1 fl't•l the moist nrc l'Onlt•nt t't'mained 

nhont1~to 8 percent. 

INFILTRATION EXPERIMENT 

.At sit~ .-1 (Iii!. ;;:~!1.1) an infiltmt ion pit :! fl't•t in 
dinmell'l' hy 1 foot tlt•t•p was t·ow4ructNl during Sep
temlll'l' l!IMi. The ~oil is sillliln•· to that on Frijoles 
lrl'sn: it is nhout (i fet•t t hit·k nntl is mulerlai1., Ly 
welded lull'. The area is motlemtely well tlmined. A 
test-hole 20 feet deep wns drillt•<l in the <'C'nh~t· of the 
infiltmtion pit and a 2-inl'h plastic. pipe was installed 
c;o thnt. it pt-ojectecl about 1 foot abo\·e the pit. Soil 
1\ml tuff were packed around the casing to pre\·ent 
seepnge down alongside the ca~ing. :\Ioisture me~sure
ments were made prior to application of water. "~ater 

\\"AS introduced into the pit and a constant head main
tnined ~t three-qu:u·ters of a foot for V9 days. 

The wetted front (fig. 339.3) moved to a depth of 
about-!% feet. during the first 2 days of infiltration and 
to a depth of about Gljz feet dul'ing the next 97 days, 
but wnter did not mo>e through the transition zone 
into the tuff, except in the lower moisture range. The 
moisture content decreased with depth from a maxi
mum of nbout 38 percent in the B zone of the soil to 

less than 4 percent ''"ithin a foot of the sm·face of the 

tuff. 
"·a~:-· npparently was perched on the C zone of the 

soil n~ the moisture content within the B zone ap-

pm:u·ht•<l sat nmt ion. .\ ftt·•· tlw fil·st !'i{'\'t•ral tlays of 

in lilt mt ion, lllf1st 1110\'t'IIH'lll of walt••· prolmhly was 

latt·•·al, ns intlif·alt•tl IJy uwasm·t•uwnts in n ~rit•s of 

holl'li tu·umul anolht••· iufiltmtiuu pit ut•arhy. Some 

\\"1\fc>r lliHlouhh•tlly was lost hy C'\'l'lm.-at ion mul t mns

pil'lltion . 
• \lthou:!h I lw <!'tall I ity of watt>r used durin~ the study 

\\'liS l'IJUi\'ltlt•llt to almost ;"11) )'C':II'S of }>l'l'l'ipitation 011 
tht\ Pnjal'ito Plateau, tlu~ moisture content in the .\ 

n11d B zones had n•ll•rnNl to twal'ly normal after 8 

mouths of draiua:zt•: thC' moisture conl<'nt in the C zone 
:tllll top 2 fept of tufl' was slightly hi;.dt<'r tha11 b<'fore 
the expC't·iuwnt, and the moist nrc <'Oilt<'nt. of the tuff 
hetwe<'n H a111l ~~~ fe<'t was nnl'han,~r('u. IIowe,·er, con

tlitiolls tlurill:! this study cannot he consitlct·ed normal 

ht•t·aHse the do~;.rin:! or silt in:.r of pores probably was 
,~rreatly accell•rated when this \·olnme of water mo,·e~l 
into the soil within a periml of !>9 days wit ho11t t l1(' 

normal sensonnl dist rihution which itn-olns alternate 
percolation and drainag-e. 

CONCLUSIONS 

. ;llt·~u:!l~ wnt<.>r. no~ l'('lllo\·ed br.~urface dmin~e 
mfiftr;~s mto. the ·sorl of "the P:t]n.t'Jto Platl'nu( tJ.us 
study in(licates that the clowmmrd mowment of this 
\Ynter is impeded or stopped by the dense transition 
zone betWP('Il the soil and the tuff. Thus. it seems that 
where the normal soil l'O\·er is undisturbed, there would 
be little or no recharge to the zone. of saturation from 

precipitation on the surface of the plateau . 

..... 
•-=... 

... 
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Peysical prop·~.-·.:.ia<> of and mov~m.;nt or •• a.ter in 

th:.! B:JJlddli.~r Tu.ff, Los Alo.mos a.nd Santa Fe 

Coun~ies, Ne11 Mexico 

By 

John H. Abr:ihams, Jr. 

Abstr.J.c::. 

R::l.dio3.ct.ive · . .astas r~·om the Los Alamos Sci:nti:'ic Laborotory 

n'.!a.r Los Alamos on the Pc.j:.~.ri to Pla.t.e:J.u in nol·th-c-enc;ral Ne• Mexi~o 

are relea.~:>~d on"'to -.he .surfs.cd ~:~.nd in thd s,.bsurfac~ .. 1 ::.hin the area. 
v 

In the 19'.0' s liquid wo.~~~s .-1e.o.·~ proc~ss:d t.'or the removt'.l o.f som~ 

r~:~.dionuclidds bt;.t the quantity of ro.dioo.ctivit: ...:.ischarGeci. into op:n 

infiltr~-,_tion pits on the pht::J.u o:· into :natu.·al ci.o.--ain"'t;c in deep 

in 195 ... , s...1.pernat:.mt liqt•ids, sep::~.ruted from slud~es cont.a.inint; most 

discharged. The sludges ~re b~ri~d on the pl3t~au a.ftar being 

mi;"'ed .. 1 th concL'e t~ or vertdct;.li te and placed in metal barrels. 
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feet a:'; ~"l ccc:..-pr;t!r::t over:.00::1:;:; ·~1:.-.! Bic Or.:t.:.:1c on -:he cus t.. T'..ld 

plateau has been diasected by eazt-vest trel'lClinr) can~rons n..'l nntch 

as 1 1 000 feet deep. 

The plateau is capped by the Bandelier Tu!'f of Pleistocene age 

:.na-;; is c.t leant l,cro feet thick near the t-Testcr:1 ca...-cin of the 

plateau a. '!d. thins eastlle...""d to less than 100 feet near ~1hi te Pock 

the Tslliret;e cc;.;::-::..3es :-: .. "VJu"..; ·:;~~ee-fourt::.S of the thickl:esa of the 

The Santa Fe Group of ciddle ( 7) Miocene am Pleiswcene ( ?) 

age underlies the Bandelier Tuff a.~ foros the ~~n a~fer in the 

Los Alm:lOs are e.. 

Disposal of radioactivity VD.Stes :have been, fer the roost part, 

on the surface of or buried in the Tsbire~e Me!:'.ber. M::>at of tile 

studies described in this report are with the Tshirege Ma:ber of the 
i 

Dandeller TUff, aOO. reference to tuff in tllis report are to t~1e 

Tshirege unleas the Guaje c::1d Oto"Ti Members are rne:1tioned. specii'!.cally. 



( 
The Tshi~f!e Member of the Ban~ier Tuff contains sub-units that 

4 
probably are individual beds of tuff. Water moving throut;h the tutt 

is temporr..u.-ily perched by variations 1n vertical permeability. The 

pcrmeebility vari~s from one bed to another, fr~ one member to another, 
e 

a.nd from the Bandftlier Tuff to underlyinc; beds of the Santa Fe Group. 
~ 

Joints o.r~ ccmmon throut;;hout the Tshirec:;e Member. The joints which 

are not filled with sediments or alteration products ~ interconnec~ 

ac!·oss the contacts of s·,lb•units and m:J.Y provide pa.ths for rapid 

' movement of 'r.'Rter '.lhich n~GJ,te the effects of differences in the rock 

permeability. rluclides in lm.tcr moving through open joints would have 

e. relatively limited opportunity to be absorbed into the tuff', as 

comp£'.red to nuclides in \r.:J..ter that moved through tl1e pores of the 

tuff. 

Mcs t of the sross alph.:"'t (plutonium) 
C~ c _.,,66 •• ~ Ac ~ 

d~,~,..J /11#-4. -~1 ,~. 
activit~ \to.s retc.ined ~in 

tuffA 15 or 20 feet beneath t.he bottom of disposal pits, excep~ for 

T• ''"*~ .1-,~A isolated ru-eas \!here ... nter carried the activity throuGh Joints. T'olere 
' 

was P-n inverse relationship between cross alpha activity ~ the pH of 

\IC.ter percolatin.:_; throuGh the tuff. ( C~flj.ft, )U1,~ "Thoii)JS, If, I} 

3 

I 

' ' 

,,_...-
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c The porosity of the tuff ron:.:J from ::'.bout 20 percent to about 

6o percent. The porosity is inverzaly rel:>.ted to tl:e moioture content 

e.t one-third atmospheric t(>nsion, which is rm~chlY ti.1e ['Vcra.-;;e f'1eld 

capac1 t.:; of t.he tuff. Abc.','t 20 to 25 percent of th~ toU>.l pore space 

tro.nsmits mof:t of the unter ·.1hich moves thrcu.;h t~ tt;ff. The a.verat,-e 

pel'!lle~oility is low--ab<.r-it ~- to 6 cnllons per d~y per s~··!are foot. 

The ncisture content c.fter 99 do.ys of inftitrJ:>.tion into a pit 
,u.~ ...,_, '-4 .,. • s.;._* ~~ •. ,,..,. 

that p,:J.~tr;·.··~ c::Jil ::on~'7ii-t ~lyin3 tuft' runr:;ed fran about 

39 ~~rcent by voltun-:! in the soil zor..e to lees the!! 4 percent \11 thin 

o. foot below the ccp of t.he under~ring tuff. s., I c..~~ ,.,.,, • .,, -l-.14 
t!l,l/lll.,,,. t~-1 &AI"-'"~ ~4._, ~t~II/J /H./';/l,_. ~. ~. ~H 

T::.e r:t.oisture content rr-r..e:;e1. from less than l percent hy volume in 
-fllwr ••• , l~t -t.,~ ;~ fl,.s~,,.J,.t ~ ~ ..,., 

tm.<listtirbcd tuft' to c.bO';.lt 2o percent o-e--o" ;....+n3 '·-:er_t lt...?iltrr:.isi•~!IL 

11- IUI'/'111-, • 
t>.~- d . ' n·'c'"'. The av~rae:e moistUl·e content of tr.e undiot.urbed tuff 

was l~ss tr~ 5 percent. 

The ~ist,!r·:! content cl_nrin~ perccl:l.tion of '..'r'.ter thret~gh pru-ts 

cf tt'l..e tt:ff that ccnt::ir!e1. felr jcints or density £:I'~.dients 'r.''S.S ii: the 

25 to 35 percent rt:'.nge. This !"!'..nee is slit)ltly r.bove the median of 

:field c~.p2..city and pc~·osi11~· cr t!::! tuff. The rete of movement directly 

int-.> c.1.ry t.<i'f av~raged a.uci..~t 2 fee.; per da\Y d.urine; thd firs~ day 1 half ,,,. ..., 
~ foot ~t.:rL::.g the n~<t ll duys 1 ::mel o.'bout o. tenth of a foot per day 

II 
d,l:,l'iUC ~he ue;~t )6 Uo.j•s • 'I"Llc l.lOis·i;llrl.! content o~· ·i;i.lc tuff during 

t'.fi'~~tcll t:1e rc.tc of infil~r:.tio:1 c.t chc w.ter-tut't' interto.ce to the 

e:~~c::t ~r.nt the ro.te vf pcrcolution ~xceedod the rate of' in:t'iltro.tion 

·.1hcn the va.ter "Wns n~F.'.r ~l·cezin::. 

·--
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Iu~:.·o~Lcticn 

The Los AlD.m.::l£ c.ree. is on the Pc.Jn..:.·ito Plater.;.~ :i.n north-central 

Hew u .. ::d.t.;o1 o.ppi.'o.xi:l:l.t.cl:,· 2~ miles ncrth·,:e3t c:!.' Sc.nt:..:. F~ (fi~. 1). 

rib.t1.:re 1. ·-Index map of H~>: Mexico shO\lin[ Lo:. Ala'los Co~u"lty. 

It is costly in Los Alemos Cow1ty 1 br:.t it extends c. short dis ta.nce 

into So.nt.:. Fe C01.<nty. The o:ee. comprises '1.bout 30 sq'.to.re miles. 

4 
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!be Pajarito Plateau is part o! the Jemez ltbunta1ns volcanic 

complex (tig. 2). The plateau slopes eastvard from tbe Sierra de 

£he 

los Valles, vh:f.ch forms the east rirn of tpe Jemez M::>unta1ns caldera.. 

The altitude o:f' the pla-teau ranges :f'ron about 7 .,Boo feet on t:le vest 

' 
side to about 6,200 feet on the east side at the escarpnent overlooking 

the Rio Grar.de. The plateau has been dissected by deep canyons cut 

by strea:ns floving eastward from the Sierra de los Valles to the 

southward flo'Wing Rio Grande. The canyons are 200 to 400 feet deep 

in the cer..tral and vestern parts of the plateau but are as much as 

· 8oc to 1 1000 feet deep at the east side of the plateau where they 

join \lhi te Rock Canyon of the Rio Grande. The caeyons are floored 

llol' -a-n• '· n>c /f.$ by be'i!WOIIil in the western part of the plateau. In the middle and 

eastern part of the plateau the can;yons are floored by alluvium, in 

places as much as 8o feet thick. Nearly f'lat finger-like meso.s 

extend east-southeastward between the c~ns. The mesas are narrow 1 

-rlre'f 
many e. half' mile vide or less, =at h.Sve a soil cover as much as 9 

- 4 

feet thick. The soil cover thins ~astward as the canyons become 

vider and the mesas become narrower • 

.) 
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Plcistocer..e cce (Griczs, lS'(5 _, \·7c.ter-Gupply Pc.per 1755 1 in I)ress) . 

The n·:~ratigrapllic rele.tio:!S of tl"..e I3a."'ldel1er ru:d the roc~~s u:.lder .l:;"ing 

the Bol'delier arc soovr. diCO"crJ::I:ltically on figure 3. T'.le Bandelier 

I 

::: ·:.,:-..r.." loc Al::-~~ :.~:c~. 

---------------------------------------------------------------------------------
L; n~.'OI.'.:·.:. l; r:c.o i'eet th!.cl: alor.g the vestern J:lQ.r(;ir~ of the platee.u. 

The f'omnt~_:)r~ : ... :~s -:::to ·:::e ~ch::coma. i\:l:mation to the vest and thiu 

abruptly; i:; t~1:.r..3 :.:::s..; ~.o t.::c east a.."ld is less t.ha.."'l 100 feet thick 

·The Dcr.•lel!_,.;·., ~: :.s d.i·.·::.doo intc the Gue.je 1 <ncrw-!, o.od Tnhirege 

\ 

Me!:lbers, in as::enJi::JC ur.lcr. {~r:i:,;c:;, 1~_, We.t.:;r-supply Paper 1753, 

,..... ;· --

( 
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b main ground-vatcr body and aquiter 1n t.be IDa Almnoa area ·· 

1• 1D the Tachicama Jbrmation aad the SEmta Fe Group of middle (T) 

llloceDe to Pleistocene ( ?) sse (ng. 3) • 'l'he depth to the top ot 

this aquifer is about 11200 feet beneath the surface 1n tbe western 

part of the PaJerito P1ateau,about 1 1000 feet beneath the surface 

,.,~., '-"" Ill~,.,,$ 
iR 'Wte !fiLial e f'M'\ e:i "s 1 p1 e•h•m:•, and 300 to ~ feet belav the 

caeyon floors. '1!>.e piezometric aurtace ot tbe main a.q.dter a lopes 

east-southeastward at about 60 to eo teet per mile. The vater in 

~ t!lis cq>..U.f'er m-;ea east-southceatwrd to ~ natur3l discharge point, ~/o".) 

the Rio Gra!!de va.lley. 

'Z:s BE\!"'.deller TUi"f is e.:>OVe the main aq..U.fe:r (fig. 3), but ~ .,f
tlt• e .... d.,;,,... 

plac~~~ co~te.ins perched water (Griggs, l~ Ws.tcr-suwly Paper 

Perched water occurs also in the 

oJ.luviUUl 1n the ca..~ cut into the Esl:xielicr. 

·s 
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Rl41oect1ve wastes frail the laboratories near IDs AlaDoa are 
-~~ ..-. ,;. ~ ... ,....,. g. 1:*: 

aMPiiiiiN1" te the surface and_., subsurface vi thin the area. The 

solid vastes 1 which consist mostly ot materials such as metal objects 1 

glassware, and garments, are buried 1n shall.av pita on the mesas. Sludge 

wastes 1 obtained by concentrating liquid wastes 1 also are buried on the 

mesas after beins mixed with concrete or .vermiculite and placed in 

metal barrels. Liquid wastes are supernatant liquids that have been 
• 
separated trom the sludges. 'l'he liquid wastea are treated to below 

otf'-site tolerance l.1mits and discharged into open infiltration pits 

on the mesas or into natural drainage cbamlels in the caeyons. From 

the early 1940's until the waste-treatment plants were built about 
Q./-iJ.o.,,lt so.c w#.rc f"O''•••• f='o,. ~ .. o,a.l •I <:~' .. '" ""cl-es1 

1951, liquid wastes were oot treated-t\61i)lllo ;.be quantities of radioactivity 
_ f>t'! t~r' /-o I f .s-t -

discllarged were not ~orded. , 
' Wa~ seepiDg into the rocks f'ra:o. precipitation and SDOVJDelt could 

become contam1 nated. w1 th radiomclldes from liquid waste in the 

1nf'1l tration pits 1 8lllli- in stream cbarmels on cazcyon 1'loora, and f'rom 

buried solid wastes. It th1a contaD1 nated water reached the main 

aquifer, the contamination would spread beyond the IDa .Al.anDs area. 

Ground water ot the IDs .AlJmx)s area does not remain stationary, but 

m::rvea downgradient and becomes a part of the surface aDd ground water 

ot the JU.o Grande valley. 
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\later percolnting into the c;round and down toward the main aquifer 

1~ the IDs Alat:JOs area n1:1t p3:lS throueh the Bandelier 'l'u.ff, and that 

±'or:-..ation pro1Jably o~C!"~ t!'le greatest resistance to vater moveoent of 

uuy forrr.atior.. bc'tvee!l la.:.!d surfo.ce and the main aquifer. Because the 

:&lr:Jelier is part1cularl:,· -:-esistant to water mover:tent, the present 

st'.!dy \.'aS cor.cer::ed. l:it!'l tt.e b.ydroulic properties and redionucllde 

retention cr...ar~ter!stics of that :fonr.ation. Reference to tutr in 

, this report vill r.ean the T~hirece Member unless the Guaje and otov1 

l<Sc:::hers ure I:'.e:1~.:.io!:ed ~cci:f'icEll.ly. 

The i::vestic;c:t.ion "r'...S r.".ade by the United States Geological au-Yey 

in cc-o;;>eration '11th -the 'tb1 ted Z't3tes Ata:lic Energy Cozm:lission and tbe 

thiversi~.;~· of C;.\lifornia, Los J.nceles Scientific Laboratory, to 

iatem:!.ne ~he dir~tion a."ld rate of movement of water acd radioactive 

vastes from infilt~at!o~ pits end the capacity of the surrounding 

rocks to l·et::Un ra.Cionuclldes. Field studies were made by the SUr'ley 
-

duri:r..g 1958-Gl. The roisture r.xwezr.ent and nuclide retention studies 

at Site 6 'ru:1 o cooperntive investigation with the Health Division 

(H-7) of the Los Alacos Scient1!"1c Laboratory. lobisture am density 

Illi!C.S'Ilri::C equipme:-± vere p...""'v!ded a..Jd ISintained by the Los Alams 

Scientific Let--oratory. Mr. ~1illlam D. Purt:n:sun, U. s. Qeolog1.cal 

SlJ:rV~J, participated 1n the construction and data collection at 

u:oat o: the si tea tllat vere studied. 

1~ 

.,__ 
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Physical properties ot the BaDlelier 'l\1tf 

' 
'!be site munbers 1 locations 1 and pertinent information about 

the study sites are sumnarized in table 1. The average values of 

the pbysical properties of the Bazldelier Tuff including sane for 

the Guaje a.nd otowi Members o.re sux:marized in table 1-A. The data 

contained in table 1 vas obtained from physical analysis of samples 

collected f'rom the various si tea • The approximate ll1ll!1ber of samples 

collected were: 

100 samples from Site 6 
a, samples from Site 5 (79 were moisture measurements only) 
l.o samples from S1 te 2 
32 samples from S1 te 7 (7 tests made on each sample) 
l2 sar.Iples f'rom S1 te 8 
7 samples ~ Site 9 
6 samples £ram Site 3 
6 samples from Site 1 

l or 2 samples ~ each of the other sites 

Data !"rom S1 te 6 are used predominantly in the d1scusa1on on water 

retention in the tuff because of the ca::xperativel.y la-rge number of 

analyses made and the corresponding statistical control possible. 

Results of studies at the other sites commonly were pare.llel to those 

f'rom Site 61 but generally they were not mathez:le.tically s1gn1:f'1cant 

because! of the small number of sacples that vere collected or because 

the S81:lples vere widely scattered. 

ll 

I-------------



Site 
JiO, 

1 

2 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

14 

15 

17 

19 

l/tocation 

Nllhmk sec. 14, 
T. 19 H., R. 6 E. 

SE~Et sec. 18, 
T. 19 N., R. 7 E. 

NW~t sec. 14, 
T. 19 H., R. 6 E. 

Name 
of 

Site 

Ts hirege TIU'f 
boulder in 

Pueblo Canyon 

Road cut in 
lover part or 
Pueblo can n 

Laundry pit 

~t sec. 22 • Soil study 
T. 19 !i., R. 6 E. 

~t sec. 31, Southeast 
T. 19 B., R. 7 E. Mesita del 

Buey 

~sec. 14, DP-Velrt. 
T. 19 B., R. 6 B. 

Bllt sec. 3 and 
BEt sec. 4, 
T. 18 B., R. 6 E. 

wbftlt sec. 36, Bortlm!at 
T. 19 B., R. 6 B. Meaita 

del Buez 

..,_ C-· *f sec. 23, 
1'. 1 I. R. 6 B. 

tw:SWt see. 22, 
T. 19 11., R. 6 I. 

m~-!sEt sec. 9 and 
~see. 16, 
T. 19 If, I R. c E. 

m~tsEt sec. 13, 
T. 18 :11., B. 6 E. 

IlEA see. 20 1 

T. 19 11., R 6 E. 

Bek bole 

Acid Canyon 

!lear Admin
istration 
buildi 

S~ sec. 17, Beneath 
T. 19 B., R. 6 E. bridge on 

Dialllond 
llrive 

BEtsBt see. 9, Lover part 
T. 19 II. 1 R. 6 E. Acid Canyon 

wiwt sec. 20, Otowi 
T. 19 II., R. 7 I. 

SlltBwt sec. 18, Pueblo 
T. 19 :1., R. 7 I. Canyon 

Site A 

~~~~ sec. 19, Pueblo 
T. 19 B., R. 7 E. C&rcyon 

Site B 

Sol sec. 18, 
T. 19 11., R. 7 E. 

Pueblo 
Canyon 
Site C 

Table 1 . ·81ta iDYe,.tigated 

POsition 1n 
stratigraphic 

column 

Tshir>!ge Member or 
]lalloielier Tl.df. 
Stratigraphic 

position not knovn 

Middle part or 
Tshirege Member 

Middle part or 
Tshirege Member 

Lover part or 
'l'ahirege Member 

Mlddle pert or 
Tshirege Member 

Dl!ptll frolll 0 - 90 
feet upper part 
or "nh1rege Member. 
Dl!ptll rr.. 90 - 275 
reet llliddle part or 
Tsh.U'ege 

Middle part or 
Tllhirese Msber 

Middle part or 
Tshirege Member 

Lover part of 
Tsh1rege Member 

Upper part or 
Tsh1rege Member 

Middle part or 
Tsh1rege Member 

Alluvium on Otov1 
Member or 
Bandelier Tl.df 

Middle part or 
0tov1 Member 

Contact of' Gua,je 
Member o~ Bandeli 
Tl.df and 4'\cye 
Conglomerate 

Contact of GuaJe 
Member and Puye 
Conglomerate 

Contact ot ail t 
and underlying 
alluviWII on canyon 
floOr 

Description 
or 

site 

Access boles in boulder embedded 
in alluviWII, vi th water ponded 
against base or boulder. 

core boles in northeast-facing 
vail or road cut. 

Several access boles as much as 6o 
feet deep at different angles be
neath a pit used occasionally for 
disposal or liquid radioactive 
wastes. Pit partly backfilled 
with · vel. 

TVa 1n1~ltration pits about 2 
teet in diameter and half a foot 
de~ 1n soil about 5 feet thick 
ove~·lyillg turr. Five access tubes 
3 to 5 feet deep in and around one 
pit. One access tube 28 feet deep 
in other. 

E1giit access tubes to depth& or 
aboort l!o feet around an intil
tra·.ton pit adJacent to the south 
w.l!. or a 29-toot deep disposal pit. 

llbr1zontal and slanting access 
~ beneath disposal pit baek
t1Ued with gravel. SlAnt boles 
75 r-o 99 feet deep. 

I 
i 

~ boles in areaallout h&lr 
ll1le 1n diameter. Most or the 
boles (c0111110n1y 6 feet in 
~r) vere leas than 100 feet 
dee"), but 80IIIe Blll&ll-diameter boles 
vere as IIIUCh aa 275 feet deep. 
ODe bole 6 reet 1n diameter and 
abon 6o teet deep. 

ODe bole 6 t'eet in di._ter and 
abaort l!o teet deep. 

lleetangu.lN' pita up to 20 feet 
deep for construction of build
i 

Canyon floor and valls. 

Slll&ll pit into vhich siiBll 
quantities or radioactive waste 
had been discb&rged. 

Bore boles for foundation 
investigation. 

Borth vall or Loa Alamos 
Canyon 

Seep area dovnatream 1'rom contact 
I or Tll~e and 0tav1 Members 

South vall of' Pueblo Canyon 

In dry streambed 

Int~ttent flaw 
in Bfreambed 

\ 

\ 

\ 
y S1 te IIUIIIberll and locations abavn on figure 2. 

Operation 
at 

site 

Core --.;>les or turf collected; 
neut= meter IIDisture JDe&surements 
made dl:::"'..ng capillary rise of water 
in bcu.:..:...r. 
Core samples or turf collected. 

Samples or turr collected and 
neutrot: llll!ter I!Disture -SIU"!!D8nta 
made 1.::: access bole. Sollie water 
from preeipitation and possible 
over:tl<::v from other pits. 

tJnconsolldated samples or tu.rr 
collectei and neutron ~~~eter 
IIDistu:.. JDe&surement made 1n access 
tubes. Constaut head or water in 
one pit during infiltration 
studies. 

tJnconaolldated samples or turr 
collected and neutron 11111ter 
IIDisture measurements made. Vater 
into pit metered. POol tllree
quarters or a foot deep IB1ntained. 
Core sa::plea or turr collected 
from borizont&l boles. IJncon
solidated aamplea or turr collected 
from alaat boles. Jftltron 11111ter 
1110iature -uraents IIIBde and 
sample or liquid vutes collected 
during and after int'1ltration or 
rav wasta and or tap water. 
lfan7 core samples or tuff collected. 
Fractures 1n valls or bole .,..... 
IIBpped. 

Sollie clmnk samples or turr 
col.: ected and valls or bole 
inspected 

Some elmnk IIBlllples or turr 
COllected. 

One clunk Hlllple or turr collected. 

Three sets or core samples or turr 
collected -· 

tJnconaolidated samples or tuff 
collected to depth or 12 feet 
beneath pit. 

Core samples or turr collected by 
contractor. 

TVa core samples or tuft collected. 

Viai ted site numerous times to 
observe seep. 

One core sample or tu.rr collected. 

TVa samples of tu.rr collected from 
Gua,je Member near base and tvo 
samples or turr collected from Puye 
Conglomerate near top. 

1'llo Slllllplea or tuft collected from 
Gua,je Member near base and tvo 
samples or tuft collected from 

Co lomerate near to • 
Sa!plea collected at base or silt 
and 1n underlying alluviUID. 
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Table 1-A---Physicul properties of Dar-~lier Tuff collected at 18 sites 

I 
and alluvium at one site on the Pajarito Plateau. 

.. (Values given are average for each site.} 

l 
Site Site Hoistw·e Dry Unit Sl·eci1'lc ~lo.i..sturc Spcc~.flc TC)tal SlJCCi::.'ic Coefficient of 

rzo. nL\!.le content, in \tcii;;ht 1 in ~ru;·lt::/, content ut retention porosity yield iu pcmeabll:ty 
IJercent by gm t>Cr cc rounded to onc-th"ilU in 11e~·cent 4:uzt!J 1lerccn:v (gal per day ~r 

volwlc Jlcarc::::.t ntuocphere by Yolw.'lc by volw:1e toot 1 per 1'oo · 
hund.rclth ten::; ion 

t i n f' ,n,,i vcr- hori-
I 6 'f y•/VMf! tlcal zontal 
f. 
t 1 Tf>hire;:c ) .1. 1.6) ·- 2).) - !Y7.t 8 :n-

Tul'f ooul-
d<:r i:. 
Pueblo 
Cunyou 

~- 2 Roud cut .i.n 1~. 3 1.28 2-55 21.2 7.1 4').8 1~2. l~ 9-0 11~0 

" lmscr 1..art 
of Puc~lo 
Cc.nyon 

l 3 LaWldl"J lJi t 24.:.; 1.44 2.56 21.0 12.6 4~. ·r 52-9 1.7 -1 

4 Soil Dtudy <1.0 lY 14.5 - -i 

I ]/ 14.7 
--------- ---

5 Soutbcnst 1.0 1.~ 2-55 - 49.0 - - -
1-fesi ta del 
Bucy ,. 

t 6 DP-West 23-1 1.47 2.56 20.6 16.7 42.1 25.8 2.6 6.5 

t . 
1 TA-49 2.1 l. )1• :2.)7 }~.4 19.0 '-18.7 2-).0 2.8 ;.4 

Dc'f!th,O-~ 
' • 1'cet 

1 DeptH ~-275 
l.dli 16.7 .4 feet:=' 1.2 2.)5 - 27-'J -

------ ------
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Table 1-A.--Physical properties of Bandelier Tuff collected at 18 sites 

and alluvlwn at one sitt: on the_ Pajarito Plateau. (Continued) 
·~ 
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Site 
Bo. 

12 

~ 12 
~ 

1~ 

l' 

14 

-l 
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Table 1-A. --Physical properties of nandelier Tuff collected at 18 sites 

and alluvium at one site on the Pajarito Plateau. (Continued) 

Site Moioture 
nru:1e content,in 

percent by 
volume 

TA-'' 1.6.0 
depth o-7 
:teet 

Depth 7-12 5·' 
feet 

Bear Adm1n1&- 16.5 
tmtion bull-
d1Qs;.!/ depth 
o-10 teet 

Near Adml.nis- 10.4 
trat~ buil-
dinG· e depth 
lO-a> :teet 

&ueath bridge 
across upper 
Loa Alm:loo 
~on 

Dr.,:.. Unit Specific 
vc!.z}lt,in crs.vityl 
gin per cc rounded to 

n.ee.reGt 
hundredth 

Mointure Specific 
content at retention 
one-third in percent 
at::lo::::phere by volUIJle 

te:--.slon 
ill ,,,.~'"" 
111 ll'•l~•c 

Total Specific 
porosity yield in 

percent 
b;y vol.ucle 

59·' 

0 

Coe:t:tlcient or 
permeo.billty 

(gal per day per 
root/ per f'oo~ 

ver
tical 

5·' 

hori
zontal 
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Site Site 
No. r.:me 

-
15 I.Dwer part 

Acid Canyon 
(observa-
tiona only) 

/ 

\ .... .I , .••• ··'·· ~ ........ 1. •• /--. ..... ........ .a,,,. ' .... ·~ .... ~ ............. 6. 6 

Table 1-A.--Physical properties ot Bandelier Tutt collected at 18 sites 

and alluvi'um at one site on. the Pajarito Plateau. (Continued) 

Moisture Dry Unit 
contcnt,in weight, in 
~rcent by em per cc 

\'Ollzme 

Specific 
gravity, 

row1ded to 
neareut 

hwldredth 

MoiBture Specific 
content o.t retention 
one-third in percent 
at::JOcphcl'C by volume 

te::nion 
I i'l J>-#"~-~ 
J1 II# /II'AIIC 

Total Spec!!J.c 
poron!. t;r yield in 

percent 
by voluoe 

16 YOt.o~t - 1.19 2.42 - - 50.S ··~ 

17 ~Eff}O Can
yon l-Bese 
of 8uaje 

6o.8 

~"'") 

Coet:ficient of 
permcnb.!.l1ty 

(gal per ~-~r 
foOt/ per fod9 

·wer
tlca1 

hori
zontal 

......... 
,~----------------~--------------------------------------------------------------------------' C\ 17 Pue\>].o Can- 34 . 2 

18 

!I 

18 

yollA-Top 
~ 

of Puye 

Pueblo Can
' 'fl. yoil~'H-Bese 

of Guaje 

30.6 

Pu~blo Can- 16.0 
••t&. 

yon~'H-Top 
of Puye 
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Table 1-A.--Physical properties of Bandelier Tuff collected at 18 sites 

and alluvium at one site on the Pajarito Plateau. (Continued) 

Site 
No. 

19 

5ite 
natlC 

Pu~blo Can-
6•tt. 

yon"'c-Base 
of silt bed 

19 ~p)>lo Can-
yonAC-Allu
vium belov 
silt bed 

Moisture 
content, in 
1>ercent by 

volume 

22 

12 

DIJ Unit ~pccific 

\.'C!.~t,in ~ravity) 

e12 per cc rounded to 
n.eareGt 

htmd.redth 

!/. Effective porosity 32.7 percent 
~ Repacked-bulk 
"fJ M>st samples from 200-275 foot intervals 

Moicture Dj,JCCiric Total Specli.!.c Coe:f'f.!.cicn: o1 
content c.t retention poro~i t:,· yield in pcr::lCU!;!.lity 
one-third .in percent percent (BBl per day ")Cl 

attJO~phcre by voluue by 'lr'Olune footj per foo~ 
te~-:.~lon ,;, ,~,.~,.-~ 

6y ~~~"'•e 
ver-

tical 

s/ Effective porosity 39.4 percent 
~ Values of contractors 
IJ Otovi Member of Bandelier TUff 

bori-
zontal 
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Porosity 

Pbrosity is the ratio of the volume of the void spc.ces to 

the total volume of the rock or aggregate semple. The porosity of 

the Tshirege !ember is as much as 6o percent in some zones, which· 

is vithin the u~r porosity range of fine clays. SUch high porosity 
•F -ti#H-is Wlusual for consolidated sedilllent; however, smnples .~~collected ~ 

t~ li'afti: Jll! only a short distance vertically from zones of high 

' porosity had porosities as low as 20 percent, which is Within the 

ra.'"lge of :oe.ny consoli:dated materials. The average porosities at 

study sites where three or mre samples were collected ranged f'roi:l 

27.9 to 119.8 percent. An analysis of the variance of the porosity--

values indicates that the :four different average groups of percentages, 

significantly dit:rerent at the 1 percent level. There is a difference 

of about 6 to 8 percent between groups, which may be of no significance. 

l2 



The standard deviations ( &ledecor, 191~ 1 p. 36) shov that the 

range of porosity values of the samples collected at most sites was 

rel.o.tively smeJ.l. 'l'!le on··"'rrn_J!:l rar.se of porosities was 36.2 to 48.0 
percent for 38 porosity determinations at Site 6, but !:lOSt porosity 

det.er:u:ir.ations were l12.1 percent, plus or minus 2.6 percent {table 2), 
probably because the area at Site 6 is relatively Sl"...all. The high 

standard deviations o:f' sa::tples collected !'rot! the 0 to 90 and thr 90 
to 275 :foot intervals at Site 7 are due to the relatively small 

' nU!Wer of SW!lples ::-epresentiiJg a thick section of the Tshirege Mer.:lber. 
T!1e different average pOrosities of the 0-20 foot interval and the 

2C-l!O :foot interval at Site 9 and the small sta."'ldard deviation of 

each indicate that the physical properties that control porosity of 
the tuff arc different in the tvo intervals. 

The porosity values shovn in table 1-A are calculated total 

porosi :.:; ani are ol:tghtly higher tha."l the values of the measured 

e:f'f'ective porosity. Effective porosity is the ratio of the volu:me 

of the v-oid spaces that vi~ yield or tro.nsmi t vnter to tl:e total 

volu::e of the rock or aggregate ser.tple. Total porosity 1:-:cludes o.ll 

the !Jere space in the tui'f, some o:f' vhich vater co..."lnnt move throUGh 

becauae interccrlllection be'tveen peres is lacking, vhereas e:f'fecti 7e 
porosity i:JCludes only the interconnected pore space o.nd water co...11 

llX>Ve betveen edjoinir.g pores • 

13 
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T.Bblo 2.--s~~ deviation and de~~tion fro~ means 
S.llt!ft 

of the percent porosity at ~ ci tee in 

t.'lo Los Alamos area. 

Site AYCI"OGe Standard Deviation 
:lo. porosity , A deviatio!'l. frotl I:lOOll!:i 

( fro:1 table 1) 
1 

1 ,5.8 2.2 0.7 

2 1~9.8 1.4 .) 

3 4:;. 7 1.9 .8 

6 42.1 2.6 .4 

7 (0-90 ft below 
surfBce) 49.4 4.0 1.0 

(90-275 ft belov 
~:.u-facc) 27.9 6.2 2., 

I 

G 41.3 ~ -..... ) ·9 

:-) ( J-a:> ft belov 
"-.u-f'ace) 4,.6 1.0 .8 

( :...~-1;0 :f't belov 
::.urfa.ce) 49.1 1.1 .6 

I~ "')lh 
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T'tle I!X:Iisture content of rocl~ or soil is the ratio of the weight 

of water contained in the a ample to the oven-dry sm:xple, expressed 

as o. percentage. 

T!".e r:x>isture content of e.pproxi.ma.tely 2&J Sor.!ples of tuff collected 

et or ju3t below the surface of the plateau ransed free less than 1 

perc~nt by volUI!le in samples free undisturbed areas (natural. conditions) 

~ to ubout 26 percent by volutle in ~amples frox: disturbed areas (any 

change 1'rom natural condi tiona) • The moisture content of tuff froc. 

disturbed areas was generally less than 10 percent and commonly less 

than 5 percent by voluce. 

At mst sites where the IOOisture content of near surface wes 

relatively high 7 the misture content decreased with depth to less 

tha."'l about 5 percent by voll.u::le. An example is 31te 12, where the 

r.ois ;;-...u-e <.!ontent beneath the pit decreased to about 5 percent belov 

12 feet (table 1-A). 

• 
15 
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A curve denoting the relative position of the three kDown 
D1t~-+J,1~J 

moisture values, oven-dry 1 air-dry, end~ atm::>sphere moisture 
A 

tension, of tbe tuff at several sites can be drawn to illustrate 

the energy relationships of misture in the tutt. The curve (fig. 5) 

Figure 5. --EoersY relationship v.1 th misture content of the 

Bandelier Tuff at Site 6. 

shows that the air dry misture content of the Tshirege 'l'Uff is 

approximately 5 percent at Site 6. The moisture content at the 15 

atmospheres misture-tension point is about a percent (misture tension 

is the attraction of rock or soil for water, Baver, 1956, p. 227-234), 

am is the misture-tension point at which plants can DO loDger obtain 

vater by capillary mvement. The moisture content at the one-third 

atmsphere moisture-tension point (approximate field capacity, Colman, 

19471 p. ,SO) is about 23 percent. At atmosphere pressures at 

altitudes aver 5,000 feet above mean sea level the one-third atmos-

phere ooisture-tension point is close to one-hal1" atmspbere moisture 

tension. 'lbe approximate 15 percent moisture-content ditfereDCe 

between the 15 atmosphere moisture-tension point and the approximate 

field ~apacity point is redistributed at depth am the misture 

ccmt.ent of the tuft theoretically would eventually approach the 15 

atmosphere moisture-tension point if aided by the influence of 

plant roots or movement of air through the rock. '!be moisture content 

of surrounding rocks, the E~Z~Dunt of porosity, the size of the pores, 

o.nd the temperature gJ:adient all a.f'fect the length of time required 

tor redistribution to take place. The saturated moisture content ot 

the "tuff' is sb:Ml to be about 41 perc~nt. 

J.6 

.,... ---· --- ~-- -------- ·-
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The placement of the curvEJ]slxnls that the tuff at Site 6 is 

between those for a sandy loam and sand, which places the tuff in 

a range similar to sandy silt. 

\ 

( 
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/ttiiSCII~ &.ott .. #•t ct.-t t .. e 
'7llc nc:~;n~:.-.e coJ·:;:cln~~ c,~l .::cc:::.:.:..c::.ent cf thcAc:·.c-~h.!.:-rl a~~;;:cr.;phere 

' ••f o{ 
1.c·~·cl ( cl~lcc:. . ,. " ~ 

C.ru..;.l, !'ro::J '.:.he t"'-l'i' as t!"le ... o~·o:..:.:::.~ i:r.crease;:. ?he reo.:.:.on Io!: t:1c 
f'lt>IS C llf'. (.tJII tIll t .... -t ... 

luc.:C o~· COl'L'Cl!l.t:;.o:: tct.;-:(.'i.':L ·..-.:.c ":, •. c--~l;;.l.· . .::. tension value~ e.nu tlw 

cleul'1 
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Table 3.--Currel.a.tion coei"ficient of phy::;ical propcrtie::. 

of ::;nnplc:; fron ::a tee 2, 6, 7, n!ll1 B 

...--.... 

Site l4o-:- 11:-opcrtl es .Level of Nu::.1bcr of pulrs Con·cl.n t.Lcm Awrox.imate clniu:..!;J 

2 

2 

2 

--
2 

6 

6 

~l,;n.i.C.ca.'.iCe c-;.· C[!!:r:>lc~ cocfi'lc~.cnt coefficient nccc::.:~!"'J 

lbi~til.re content at one-thilu ~N'' o..) 

atlJO:lphcre tension co1·rclo.ted 

'.lith pol'OSity 

--
!·tol~: ~urc content at one- thlr ... t !}) tiS 

a t:10sphere temnon cori·cl.a.tc;l 

11i t~! Sl:.ecif~.c re~ent.i.on 

i'bi!;:;urc COlitent at or.c-thil'd ,!!/NS 

atr.iOGphere ~ension corrcJ.utcrl 

\lith d~r unit -wc.i.ght 

Spcclfic t·etention o.t' !/Nc• ., 
llO.i.:.; ture correl.D. ted "1 th 

porosity 
----· ---~-

----
~-foi;.;ture content at onc--~irJ. !:.1 0. Jl 

o.tt.:Jcaphere tcns~.on col·l·clatctl 

vi th porosi ~y 
-----------

!·toiGturc content at onc-thll·•l Ef . v:• 
at.ll.uGphere tcru;ion corr~lat<.-ll 

·.11 tlw~lr;tm·e content. 
--1/.D..il :u.r.b~J. _ 

10 

y 

<J 

':) 

:iJ 

-=,;_I .;; 

O.J4 

• .)2 

-53 

. './) 

i'o:· ::;ipif.:.ctmcc nt 

the 5 pcrcc>lt lc·;cl 

0.6) 

.67 

.('{ 

.67 

-----·-
-.6; 

• )11 
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Site IJo. 

6 

6 

6 

7 

1 

8 
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Table !.~-Continued 

Pror.erties LeYel of Nuuber oi' paira 
Gi~nlficance of Gamp1e~ 

Cj 

r-toisture content at one-third -;.01 
atmosphe1-e tension correlated 
vith specific retet1tlon 

c· :::; 
MolotUl-e content correlated .01 
vith dry w11t \Ieight 

Moistm~e content at one-third .!1 NS 
atzooopbcre tension correlated 
vith dry unit weight 

Moisture content at one-thil'd 
atcoaphere tension con·elo.ted 
vith porooity 

~NS 

21 
J.loltoture content at one-third . v5 
at.J:Dcphere tension correlateU. 
with r;peclfie retention 

C' 
J.toisturc content at one- t.h:i.rd ..=~ • 01 
att!ocphere tension correlat,cU. 
\lith l)Ql'OCity 

l-loisture content at Ot!e-tlliru 
atnoophere tension correlatc..'<l 
..,.,_; th J.ry unit \lei~ht 

.s 
.ul 

') 

84 

}-) 

12 

12 

12 

Correlation 
coerr lc.i.ent. 

jl.81 

.y) 

-~ 

.6~ 

--;.i5 

• ')!) 

-----. 

ArJ.Liroximate miniL:tn 
coefficient necec~l~ 
for sienil'i.canee ut 
the 5 percent lc.cl 

0.32 

-? . - · ylfOt sign1tlcant -
~'l 5 percent level: chances are 19 out of 20 that fi~c is not an average at random v~luc6 . 
'ftl 1 percent l~·.cl: ch:mccc o.rc 9~ out of lUO that fJ :";urc i:: " · ~-''"';C of rc.ndom vulucc. 
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Sacples ot the Bandelier Tuff that \rere tested for moisture 

content at one-third e.tl:locphere tencion tell into tw ceneral groups. 

The average coi~t.ure content o..: ~~l)les collected e.t fl.::.tes 2, 3, 6, 
• 

and .I.'rom a depth of 2J to ~ feet at iite 9 were 21.2, 21.0, 20.6, 

a.ld 2~1. 3 percent re.:;yecti . el:,', r.n.i.ch ~s about :;,•1 pc:-ccnt o£ the 24 

percent average of ool.sture conten·i;, of the tui'i' at 21 tes j and 6 

where -water had been added to the tuff ir.temittentl.y for years. 

The ave.ra(;es o£ samples collected at ¥ites 4, 5, o, and from a 

depth of 0 to 20 feet at ~ite) •;ere 14.), 14.7,_111.4, and 14.5 

respccti ve~·, -which is about 55 percent of the 24 percent average 

of the iiettcd tui'f at Gites 3 ruld 6. ~e porosi~y of the samples 
a 

Ge~Js unrelated to thece differencco of moisture contentu, out 

the size or the pore& in the tuti' r.1ay be related tic the dii'f'ercnces. 

-: .. ~~~ ..... _;, ·4 -- :"'t:- po... -~.-· ~ 
:- - .-:...~-. - - ~:..-.. ---~ 

"" -.: 

I 
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Specific crn·..-::. ty 

The specific eravity or the Bo.ndeller Turr on the Pa~arito 

Plateau ra..'1ges fror: about 2. 51~ to 2. 58, and most ·~e.lues range from 

about 2.)6 to 2.:,7. The!;e valucc arc about the specific erovity ot 

the cnjor constituents of the tu!f, ~hich are quartz, 2.5 to 2.8, 

and orthoclase feldspar, 2.5 to 2.6 (Ba\er, 1956, p. 57). The 

specific ;::;:'"8.\'i ty of particles in the 1- to 2-micron range, which 

\ are slightly smaller than the oedian size of tuff particles, is 

2. ;)6. 

A decrease in specific gravity i-Ii tb depth similar to that vhich 

occurs at ~ite 7 may indicate differences in vertical composition of 

the T::;hirege Member (table +A). Th~ upecific gravity of the tuff 

may decrease from west to east across the plateau as indicated in 
. 

r.aule 4-B. This apparent decrease in specific gravity r:w.:y indicate 

slic;ht cnanges in the cooposition of the tu:f':f or ::>light differences 

in t.'le concentration of constituents of the tuft. 

The decrease downward at rite 1 and the apparent decrease 

eaot·,;ard of the speci!'ic gravity of the tuti' Dit;ht ir.dicat.c that 

the U!iper !=fC't of the Tshirege contains a larger percentage of 

t.~ 

feldspar th.3.n do~ the lowel' pe.l.·t, or it could indicate the.t the lower 

part contains less heavy Illinerals. 

19 
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Hortl-. ::..:.. .. ~ 

J:'abl~ 4-D. --Co!.~~.::!.·i!.UC.:. o; Gl;ecij."'ic :.;ru~.· l 'CJ cl 
the 'l'shl::·e:.;c Tui'f i'ror::1. 'riCS'C to east 
c.c::.~:.:ti t.i1c P~jar:to Pla~eau. 

2.:.G..; :.:;::;; 
(Situ )) (S~te 6) 

Sotr::.:. ::..~·.>~ :2.)YJ 
(S.:..tc L..i) 

? r···O •. • :;;..;v 
(Site :J) 

.., ,,.) 
"'•.J,.Jc;. 

(Site d) 

·-

1'1 b 

2. ):iJ 
(Site 2) 

2.550 
(Site 5) 
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Dz7 un1 t we:teh~ is the \!eie:;ht in air of a given volur.e of 

oven-dry w.ater!.al. 'l.'!le dry n-it .,.-e:i..ghJ~ of OJ:y ::-.aterial L::J.y be 

~·T 
calculate<! fror.1. the fo~a Yd ~a d where Yd • the dry unit weight 

v 
of the sample, Wd • the oven-dry weight of the sample in grar"..s 1 and 

V • the volume of the s~le in cubic centirweters. 

A statistical analysis of the dry unit weight of samples of 

\tuff shc~ts four significantly ditterent groups of values: 1.84, 

1.63, 1.1~4 and 1.47, 1.28, and 1.311, similar but opposite to those 

of porosity (table 1-A). Each group (for example, 1.44 and l.l.J7) 

is different significantly from each other at the l percent level. 

~e&~.e-39 ol:it of 100 tl:&t fiCW*'eS are ~e~andoe-

v~J 

20 
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The dry unit weight of different samples of a material vary 

inversely to the porosities of Wlit volumes of the samples. A 

difference in dry unit weight and porosity between two samples 

indicates a difference in co~sition. Evidence of vertical 

changes in the composition of the tuff is shown by the difference 

of the d.r'J unit weight and the porosity in samples from Site 2. 

A statistical analysis of 28 cores collected from two holes drilled 

into the wall of the road cut indicates that the average dry un1 t 

weight is 1. 28 (table 1-A) • The average dry un1 t weight of samples 

frcr:1 the upper hole is higher significantly than those in the hole 

about 3 feet stratigraphically lower in the tuff: 

Location 

Upper mle 

wwer hole 

Dry unit 

weight 

(gro per cc) 

·POrosity 

(percent) 

!/ 1 percent level: chtmces are 99 out of 100 that figure 
is oot an average of random values. 

E./ 5 percent level: chances are 19 out of 20 that figure 
is not an average of random values. 

'l'he nrec. 1Irlolved is sr..all, a.J.d the differer.ce in averf38e dry un1 t 

weights, t!'.ough sic;nif!cant, is o.lso smc.ll. 

21 
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Moisture-tension relationship 

Moisture-tension aa used 1n thia report 1a a contracted torm 

ot reference to the DX)iature content-moisture tension relationship. 

Moisture content baa been described previously. Moisture tension is 

the equivalent nesative gage pressure, or suction., 1n the soil moisture. 

SOU-moisture tension ia equal to the equivalent negative or gauge 

preasure to vllich water D18t be subjected 1D order to be 1D hydraulic 

equilibrium, tbrou8b a porous permeable wall or membrane, with the 

water 1D the soil. Mc»isture tension is a measure ot the attractive 

force that rock or soU bas tor water. Tension 1a expressed 1D this 

report 1n centimeters ot water or 1n units of atmospheric pressure. 

TeDaion ot one-third atmll}lhere 1 or 344 centimeters ot vater, is c:cm

parable to field capacity (C01Dm1 1947, p. 28o). This value ot tension 

is used frequently 1D the report. 

~ ot the accepted concepts ot tlov ot -.ter belov the water 

table cannot be applied directly to~ ot water above the water 

table where pressure on the suspended or mov1ns water is always leas 

tbaD cme atmosphere. 'Dais pressure deficit :la directly cozmected with 

tbe surrue tension and tbe curvature existiDs on liquid and su inter

faces within the porous medium (MUler and MU.ler, 1956, p. 32")· 

!tach or the nov in the zcme ot aeration at mo1ature contents ot leas 

than tield capacity 1a in thin tUms where resistance to t1ov is great 

(ICemper, 1961, p. 257). C&pil.l..aey conductivity above tield capacity 

is throusb thick t1l.ms ot water on the particles ccapt"ising the porous 

•41um, Whereas all the efr.ctive pore Sl&ce 1n tbe ZODe ot saturation 

or in laboratory studies ot permeability is tUled vith water under 
pressure, aDd tlov is prednndMntly throusb the middle ot the tlov channels. 

22 



(. 

( 

Pore size 

lquivalent pore size and D)isture-tension relatioDShip are related 

( 
/'H~ ~Jpl/1.?'/t!/Vc'/t•l)) 

1n the I!Blml!r ahovn 1n the :tol.lov1llg table· h .. a r ~. s .1.. 

Pore dialzeter 'l'ension .It'-""''"~ J A. = /l ;c/, ~.~ ~ 
(Dill) (em ot water) .) ... ~.,f~,.J. ... ,~le. 

) • .t~c~/. • .c_..,. •• , 

0.20 15 I'= !~~r ;.,r 

/. "<•~1;.+ f 

.10 

·05 

.02 

6o 

150 

'lhe DOD-capil.l.ary porosity (pore size sutticientl.y large tbat 

capUl.ar;y r1ae ot water is negligible) and the rate ot percolation 

throue;ll aoUs vary directly vith each other (Smith and others, 1944, 

p. 208), thus water vU1 drain more rapidly f'rom tutt conta1D1Da a 

h18ber percentage ot large pores spaces than from tuft contain1.Ds :rev 

large pores even it tb.e porosity ia the aame. 

Little or DO water can be withdrawn trom a sand v1th Dearly equal 

particles and pore sizes UDtU a certain m1n1nnm tension value is 

reached (Younp 1 1960, p. 4027), and then only sDBl.l addi t1cmal tension 

ia needed to empty DBQy pores, whereas 1n the Blmdelier Tuft pores ot 

d1tterent size are randoPtJ.y distributed throupout each aample and the 

l.arae pores are interconnected by narrov necks ao tbat each a4d1 tion 

ot teuion 1nc:reases the volume of water extracted. A tension ot 1 em 

(centimeter) ot water applied to some samples, deaaturated only a :rev 

large pores and increased teuion drained progressively IJ!Tilller pore 

spaces. M:)iature Dl!!88urementa were JIBde at tensions ot 15 em, 30 em, 
6o em, 150 em, and 344 em tension on all a•mples. '!his a)"'tem ot 
tension measurements duplicated cond1t1cma of continuity ot the sample 

a1pdlar to tuft 1n place'-

23 
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'lhe water content ot various size pores at various tensions are 

shown in figures 6A-6F- for samples ot mterial from Sites 1, 2 1 3, 6, 

and 7. An average curve tor each group ot samples ia shown on the 

tigures and represents a curve calculated tram an estimted ettective 

porosity and is used fbr comparison with curves :f'rOIIl other aitea. 

Moat ot the curve& are s1m1lar but each curve has some characteristic 

tbat distinguishes it trom the curves tor samples trom other aitea. 

Table 5 aUDII&rlzes &Cllllt o~ the physical properties ot the tu1't and 

shove the estimated percentage o~ pores draiDed using estiated ettec

tive porosity values. '!be field capacities and porosities given in 

table:!' are slightly ditterent from those given in table l·A because 

aU the data vaa not used in preparins table 5, and 'ft.l.uea tor per-

. centage o~ pores drained are rounded because the ettective porosity is 

eatS. ted. 

. 24 



l from rock samples at one-third atmosphere tension with porosity. 

Water drained from saturated material 

Percent by volume at 
one-third atmosphere 

tension, or field 
capacity 

23.9 

3€).6 

Percent of total 
from pores larger 

than 0.1 ~ 

2 

5 

0 

Percent 0f total 
from pores l~~er 

than 0.2 ~ 

25 

15 

10 

\ wqpjl 

Corres
porxling 
figure 
numbers 

6-A 

6-D 

6-D 

"T. ---~·~-~ '··~ -~-

22.r 20 

22.6 20 

2C.8 5 

17.1 2 

20.1 1 

-- -~---· -·- ·--- ... -- ..... - .. ___ .... , .. 

I 

50 

50 

. ' 
e 

5~) 

55 

6-c 

6-D 

-F 

-F 

6-c 

' ... 
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in figures 6-B to 6-D huve sir:!lar c.re.!nar,c pro;::ert1.es. The position 

of those curves indicates that in these samples approximately 20 

percent of the pores are larger than 0.20 nm in dianeter and 4o to 

50 percent are larger than 0.01 nm. Initial drainage :f'roz:l those 

groups of samples is relatively rapid because of the high percentage 

of large diameter pores and modera.tezy high porosity 1 and approximately 

half the vater in a saturated saz::ple drains by gravity. The nearly -r;,,.,.., 
horizontal trend of the misture-~ i~ curve on figure 6-c belov 

"' 
90 em and the nearly vertical trend above 90 em shows that about 40 

percent of the pore spuce are relatively large and 60 percent are 

relatively small and that there a.re few intermediate size pores. This 

is similar to a typical field aa.'"ld. The type A curves on figures 6-B 

and D indicate there is a relatively constant decrease in the size of 

the pores. 

'b:~s:l cnc:r tc tR.e sise ef rel'a• ir: tr.~ tuff :.t 

t:!le +1ae e f .t"'-'I es 1:1 the tuff in t::.:: c aissc.r, m-ea 

at Site 6. 

Figure 6-D.--~es ... ~wiiJg ,xel&t:(!a1 ef ·1:~er e~'tent ut ... c. cxecl 
,!VIolS 'fY<- t'""S/tJ"H Y'l> "1¥'"$ 1p i• f-N'"~ 31'2.e, 

taasieY tc tbe s1 re of MPee in the tuff at Site 7. 



I I 

\ 

stup 
The slopes 
. '1 

+rp~ a ~,; c 
o.t' ~ curves on figure 6-D for sarmles of the Tshireur·e ,, . 

fOI'~$ 4l1lfi: -fl. 'fire 
Henbcr o.t ~i te 7 indicate that thcl'l samplec are cw r ez_d e.lr.10st entirely 

• SI:Jall £-....,,:a.,.: e~. The t:;pe B curve indicates tl.la.t about 85 percen-c 

of the pores are smaller than 0.01 mrn in di6l:leter a.11d. do not drain l.J 

gravity, and the tn·e C curve indicates that few pores are larger thn::-1 

0.05 r;ir.'l, These suoples could represent a part of the ':i:'sllirer;e that. 

~ wuld be relathely inpe.r:::eable to vertical moveoent of wter and >:a:;Jvcc. 
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The type B curve on fieUre 6-C and the type A cuz-•ee on figures 6-E 

and F indicate that only a soall percentage of pores 0.20 rn::1 in diaccter 
f~/11 ,p,u. .s-

drain .!..ni tially and that more than half of the pore,.z drairi by gra·v-i ty. 
)I f "' 

The curves for sacples collected at site 6 fall into t~ groups with the 
~ 

sandy material represented by the type A curve on figure 6-c. The curves 

of nruJples at depth adjacent ~he disposal pit (type B curve on fig. 6-C) 

and at :iepth beneath the pit (type A curve on 6-E) are nearly parallel 

but the steeper slope beneath the flex point on figure 6-E may indicate 

that -.;aste water moving through the tuff' beneath the pit intermitter.tly 
i 5J,,4f Jtci"Uif.. 

o\er a period of years has caused ~ in the Elize of the pores • ., 
'j_,J.le flat curve (fie;. 6-F) indicating an even distribution of pores does 

not readily explain t:1e COI:lparati vely low specific retention values of 

~les of the Tshirese Member froc aite 2. 
: 

te:IS!O!!S eo tl.e :si2.e ot 

~h disposal~ 

Fit;u.::.·e 6-F. --Ott- te1 ei:~e1.i.# zelationtiJ ·,sa•e.,. cantCJ~ at sewu-o.l 
potS"''"'WI"«- "'~'o"" r-e ~..,., • .,.s;,,Jl' ii, f'•'~ ''oa.e 

ten!J.:.o!'l:s te the sil&e -:r.' ji~ee in the~~ff at site 2. 

28 
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The ·values listed below show the ::;eneral relatio:1ship bet,-Teen 

pore size and percolation rote (Nelson and Baver, 194o, p. 73) and 

indicate that the rate of percolation through the 0.2}-r.ml pore spaces 

is ~m.·e tlla.n 60 tir.1es thu.t throtl.311 0 .02-r.n pores. ~ Sli'C!---va.h\e~ 
Cifc, j~f,J 

• ...- ~i.1e rate o1' percolation through tuff havirlG about 20 percent pore 
~.:: -f -

Pcn·e cize 
(:.1) 

0.2~ 

0.151 

0.122 

o.o67 

o.oro 

Percolation rate 
(cc per 10 ninutes) 

723 

335 

285 I 

153 

12 

space 0. 2:) r.n:. or :::1ore in diatleter and about 50 percent pore space 0. 01 tT.l 

(~b/llr; s,fct,) VPf''' h-alt of c iiSS...., /-../.) 

or uore in dia=eter ~~ hizh in porosity, is more t~~ 100 times faster 
1 ,s-/S,i!t 

tJ"l..C.!1 the rate Of OO':enent through the boulder (table W), 
1 
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Hysteresis 

Data obtained about the moisture-tension relationship during 

the draining or drying and vetting of a rock sat!ple vhen plotted 

on groph paper produces tvo curves that join at tvo points to 

fore u loop. There is oarked hysteresis between the tvo curves, 

and the loop is commonly referred to as the "hysteresis loop" • 

The hysteresis loop (fig. 7) for a particular rigid porous 

Figure 7.--Hystere~is curve showing the relation between moisture 

tension and ooisture content of a sample of the Bandelier '1'uf1' 

at Site 6. 

mediUI:l is unique and its results are reproducible (Puri, 1949, p. 428). 

Uysteresis is due in part to-the resistance of water adhesion 'W'ithin 

the small pore spaces during both the vetting ani drying cycle. The 

I:JOisture content on the drying cycle of the hysteresis loop at the 

one-third atmosphere tension in figure 7 is about 22 percent by volume 

and the moisture content at the same point on the wetting cycle is 

approxicately 14 percent. These percentages are approximntely the 

average for sacples f'roo Site 6. The max:imw:l difference in moisture 

content on the tvo curves occurs betveen about 210 co of water and 

344 em of water or one-third at~sphere tension. 
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Particle-size distribution 

The particle size distribution of samples of taf! from four sites 

is listed ::.n table 6. Many of the particles in the samples tested 

consisted in part of shards or e;laf>sy cementing material; thus the 

values in the table cay be tlisleadir..g, because some of the variations 

in the sizes of the particles nay be due to the method of collecting 

the aa1:1ples, which w.s by augerins. The averages of 46 percent of 

'i:'A:::J,Jif · · and 55 percent sand from table 6 is descriptive of a sandy 

silt. 

The size of the particles in a J?Ol'OUS cedium bave a direct Jrrect 

" 
on the rnover:1ent of water because their arrangement and degree of 

packinG determine the porosity a."ld the pore sizes. Waldron and others 

(1961, p. 206) using glass beads 51 to 203 microns in dianeter sho~.;ed 

that open packing resulted in a porosity of 47.6 percent and that 

close packing resulted in a porosity of 26.0 percent. Lutz and 

~ 
Leaner ( 19~, p. 28) shmled that !Jemee.bili ty increases exponentially 

with the size of the particles and therefore \ti th the size of pores, 

c...bic. 
as follows: ail t, 0. 8 cc per I:!. in ( centir.leters per rJinute) i very fine 

A 

sand, :;.7 cc per mini fine sam, 14.3 cc per mini c.nd medium sand, 

47.8 cc per min. 

.;o 
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Table 6.--Particle-size distribution of samples of tuff 

from sites 2, 3, and 6, in percent by l-teight . .. .... -

Total, silt 
Clay Silt and clay Sand Gravel 

Sample Nw:~ber 

of Average Ro.nee Average Range Average Range Average Range Average Range 
Location Samples 

e 2, side of 
·oad cut. 2 - 4.2-6.9 - 34.2-38.5 - 38.4-45.4 - 54.6-61.6 

.e 3, beneath 

.aundry 
~i&posal pit. 8 11.8 8.0-14.4 39.8 36.6-4;.2 50.6 44.6-57.6 48.3 42.4-55.4 1.1 o. 2-1.6 

-
.e 6, caisson 
tole. 2 - 6.2-7.0 - 2<). 2- )0. 4 - 36.2-36.6 - 62.3-62.6 - 1.1-1. 2 

,e 6, beneath 
lisposal pit. 4 - - - - 38.4 21.3-49.3 6o.l 50.0-78.3 1.5 o. 4-4.2 

.) 

-..... 5 f" c._. 
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A comparison of the one-third atcosphere tension values of 

drill cuttinG~and cores collected at site 6 showed that the values 
1 • 

uere reaoonably close but that the dry unit 'Weight, rJOrosity, and 

pemeabili 't.y values 'Were sienificantly different. Tl1.e follo"w'ing 

e., 
arc averages of analye_;ts on sa.."'Tpleo collected at t\to depths: 

1\ 

Sar:lple 

core 

't>lf-t.CII~ "-~ 
/IIIIJ.III"4 

11f.ne- third 
a tmo sphel·e 
\ension , 
111 p~ /"(, ~ 
61f V'olv.-c 

15.0 

Dry Wlit 
1reit;ht 

1. 35 

/ ~hoo-hw~ 

Porosity 
in percent 

4;.o 

lq. 4 

Coefficient of 
permeability 

( mxl per sq f't) 

2.0 

T'~1e :::es~lto indicate that t.1-!e o.nal;yses of saoples oi drill cuttings 
"1 

cannot be used for accurate inteiL1!'etation of th~b.J'sical properties, 

a/{/rl(lflr v~lv, .I .;,,. "T,t,., #ft>,stvr~ ~(Jif~tllh tt 411-t d~~- ~lflnl 

31 -3 "2.-

- - ------------
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Coefficient of permeability 

The average values of the pemeabili ty of the tuff (field 

coefficient of permeability is the nuober of gallons per day 

that flows·thro~ a cross section of 1 square foot under a unit 

hydraulic {;!'adient, or thro\.'ldl a section 1 foot high and 1 cile 

'iude undar a £rad1ent of' 1 foot per mile at prevailing condi tiona 

of wter temperature. Le.bora.tory determinations of the coei'ficient 
. F. 

of' pemco.bili ty .eft: (6orrected to a temperature of' 6o ~) ranged from 

0. 4 t;pd. per sq1 ft (gallons per day per square foot) in the 90 to 

275 foot zone at Site 7 to 10 gpd per sq ft at Site 2, but the ranse 

at each site we sufficiently narrow to assign a general value. The 

lowest average values ot. pemeability coincided vith the lowest 

poroei ty 1 and the highest values of pe:rmeabili ty coincided vi th 

approx:i.J:Jately the highest porosity (table 1-A). This indicates 

a grosc relation which may not be true at individual sites. The 

relation between permeability and porosity, except for the extremes, 

appears to be random and cluster Vi thin 1. 7 to 4. 0 mx1 per sq rt 

for the pemeab111ty and 38.7 and 49.8 percent for the porosity. The 

difference betveen vertical end horizontal perceability in the tuff 

is small. In general the horizontal permeability is le.r~er than 

the vertical pemeability and is probably related to density gradients 

vi thin the flows 1 or to bedding. 
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Jointfi have incr·~o.~e<l the periOOo.bil:!. ty of the Tchire...;e Mcmoor. 

!lear the surface of the ~:;e.s joints are fil!.~d •-:i th clo.y, but c. t 

depth tbe joints t>.r.J l'.ce~ ·of sediment. Th~ • ... 1.dt!1 o!~ joints ra.~es 

frorn 0 to c.z r:n.:ch L.!.S 5 inches. Most of the jointn are verc.ical and 

ex~end to LTeac depth in the Ts~i~~be. ~t pluc~s, joints probably 

c.re open !.l.nd interconnec t.ed t.hrough the Tshi!.'~~e ~nd fo:::'Ill t>.venue~ 

~hrouc,.~ ·.;hich v;ater cn.n move rco.d1~ to dep ... h. 

Joint spaciilb is irre6uler but widespread. The average density 

\ nee.r site 9 is about one joint per sqt:are yerd. s 
• The Tshirege Membe::::- of the Bandalier Turf contains sub-units ,. 

tho. t !lroba.bly ~tre individual beds of tuff. Wo.ter moving throuGh the 

tuff is tempore rily perched by variations in vertical penaeabili ty. 

The permeubili ty varies fran one bed to enoth~r_, fran one member 
e to another, and f'ran the Band;tlier Tuff to underlyino beds of ,the • 

Son to. Fe Group. 

,Z.. and 35 
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)bvement of water in Bandelier Tuff' 

Site 1 - Tshirese tu:f'f boulder in Pueblo Canyon 

A boulder of Tshirege tuff' ecbedded. in alluvium in Pueblo Canyon 

vas used for the study of capillary movement of water from a ponded 

su...-face. Six holes 3 inches in diameter llDi a rnaxinii:l of 6 feet 

deep \:~re drilled and cored into the boulder perpendicular to the 

steep vest-facing slope of the boulder, e.nd three pair of access 

tubes vere installed during the fall of 1960 (1'ig. 9). Water was 

~.gu.-e 9---Sketch shoving isohydral lines of ~ moisture 

content 1 in percent by volume 1 and moisture content durii"~ 

capillar; rise of water in boulder at Site 1. 

ponded against the lover part of the boulder on the east and north 

sides to provide a constant supply of va.ter in direct contact w1 th 

the boulder at a cootrolled distance below the bottoc of the access 

tubes. 



( 
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The pond was filled and a consta"lt head was established on 

September 18, 1)6o. Nine da:.·s later on September 27 the moisture 

content in the boulder was about 10 percent about 3 feet above and 

west of the pond (fig. 9), and wns approxii:!B.te1y 30 percent near 

Wh,'c/, IS u!f'NIJI t-#~...:/11 J~/T • .j;,.t tCJ~.-~ ,,,ol J,.~c/ 
the level of the land surface. On October 6, a:f'ter 18 days, the 

II 

10 percent isobydral line had moved upward another 2 to 3 feet; 

the 15 1 20, and 25 percent isob;yd.ral lines were unevenly spaced 

beneath the 10 percent line. The maximum misture content 

measured in the boulder was about 30 percent on Dec. 8, the 8lst 

day a:rter the constant head in the pond had been established. The 

capillary I!X)Vement through the boulder was not a sharp "front" as 

commonly takes place in the downward rovement of moisture but vas 

uneven. 

37 
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The pattern famed by the 1sohydral lines on figure s; indicates 

hur/'1 SA.6w• .. -t.Jnj 
that the wter moved laterally>"is- that part of the boulder beneath 

for S~ll~r-.1 r<l-4 
the land surface_.,before it moved vertically. [This s•togQi ... & t.l~ 

evaporation from the eaat face of ti1e boulder may have about the 

During the winter of 1960-61, the pond ws frozen ovel' or 

, empty, and the decrease in moisture content in the boulder \VaS net 

recorded. L"1 1961, the pond was refilled, and a second stud:; of 

capillary movement in the boulder w.s t'll.\de. A rnaxir.l.l.li:l moisture 

content of about 30 percent was measured on May 11, 1961, the 

49th day following the start of the second study. The faoter 

movement of w.ter in the boulder, recorded in the second ctu~·, 

suggests that the boulder was still moist from the first study, 

and that the rate of capillary rise is faster in wetted I:!la.terial 

than in dry material. 

' '' The effective porosity at the tuff' in the boulder, froo core 

analysis, w.s j2.8 (table 1f Thus, the approxir.late 3 pet·cent difference 

between the maximum coisture content reached in the bOulder and the 

effective porosity may indicate that the capillary fringe was not 

completely saturated under condi tio:ns of the study. A sl:!.:j1t density 

gradient in the boulder may have had sor.te e.Lfect on the mo·.~ent of 

water. The density apparently is hi&"ler near the center am !:laY 

indicate veatherine of the outer layers of' the boulder. 
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Site 3 - laundry pit 

The study at Site 3 was to detelnine the possil>ili ty of using 

the site for a long-term infiltration experioent. Since about 1945, 

liquid radioactive wastes from conta~inated laundry had bee~ discharGed 

f.l,lf_t~tl 
into pit 1; overflow ~d to the lower pits 2 and 3 ~l ~~iea 

~ (fig. 11) • The quantity reaching pit 3 was not detcr::r!ned 

Figure 11. --l-1oisture content of the tuff beneath the disposal 

pit at Site 3. 

but is believed to have been small, thus, nost of the noisture in 

the tuff beneath the pit probably is fro~ precipitation. 
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The :r.1oisture co~1teat of sa."ilples ccllec :.;ei o. t depths of 3 and 

-.+-
4 feet beneath the south side o:f pit 3 ~letter .. A'' on f4.,--ure 11) 

decreased with depth :fi"O!;l 29 percent to 18 ;;ercent, and the 

permea.bili ty decreased from 0. 3 gpd per sq ft to 0. 006 gpd :Jer sq ft. 

The decrease in pemeability is not !"eadil~· explai1:ed bj' the pore-size 

distribution curve (fig. 6B) because the percent of large pores for 
.A. 

samples of tuff collected beneath the pit at letter "A" 'w"3.~ :::1oderately 

hig.l). (table 5), end t::1e diffel·ence i::: total porosity was S!JO.ll. The 

low pemeabili ty nay have been caused in part by clogged pores rather 

than by the -physical properties of tl:e tuff, as indicated ":J;:,.· the clay, 

roots, ar.d rootlets associated >Tith the sar.:.ples collected. A bulk 

7 
so.-:1ple collected at a depth of about ~ feet in hole 2 had a 

moisture cor! tent of :JJ percent and. beca.r.:e ha..."'ti when it was dried in 

the oveP~ E.-'· ~~ ........ ~· ..!1-L.::>-Jc:t~~~~~ 

40 
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Moisture contents as high as 30 percent in holes 1 and 2 

beneath the zone of lov permeability possibly represent water 

that moved laterally from the gravel fill near the center of the 

pit. This is indicated, too, by the moisture content 1n hole 2 

near the gravel fill, vhich vas generally higher than at hole 1. 
• I 

The high moisture content betveen depths or 15 and 25 feet fn 

hole 2 and the sharp decrease at a depth of about 25 feet s~est 
6t1fli -Pf.f"'U b/c. 

the presence o'£, layers that perch the w.ter. The high moisture 

content of about 30 percent in hole 1 apparently represents 

another perching layer belov ~~ feet. The density or the tuff 
)o 

at 30r~3 feet is almost 6 pounds per square foot less than above 

or belov that interval. Decreasing moisture content above 25 feet 

at hole 1 on October 12, 1961, when the moisture content betveen 
~,, -

~o/33 feet at hole 2 increased, indicates vertical as vell as lateral 

movement beneath the pit. 

Discharge to the pits w.s to be discontinued in late 19(51, 

therefore additional experiments at this site vere not :f\at~ber 

considered. 
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Site ~ - soU stu~ 

The atucU.ea at Site 4 were intended to ascertain the ettect that 
cover 

a aoil/and the tranaition zcme viU have on the quantity ot water that 

JIIO'V'es into the underlying tuff. The vertical and horizontal movement 

ot water 1D the soU vas also studied. 'lbe site was near the middle 

ot a f'iDger ~~~taa, which sloped southeastward at about l to 2 percent. 

Corea tor mtural moisture-content deteriD:lmticma were collected at the 

. ~site on Oct. 10, 1958. 

ID1'iltrat1on testa vere mde 1n 1958 aDd 1959, (Abrabama and others, 

1961, p. D-144). InatallatiODS CODSisted of tvo sballov in1'1ltration 

pi te slightly less tbaD 2 teet in diameter, one or Dln"e access tubes 

in each pit, and a supply of water. The teats during 1958 were Dade 

iD the soU zcme beneath pi~ A, and the teats durinS 1959 were mde 1n 

tb.e soU zone 1D ~e underlying tuff at pit B. 'Ihe water supply at 

pit A vaa intermittent; at pit B tbe bead vaa constant c1ur1Dg the 

periocl ot the teat. 
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At IJ::.t A lateral ~,,o·:e:1cnt i~ irulicat.eU. b:; a. h:!.S:.ter :lOisture 

contcn·i,; in ~CCC8:3 tube l, d-::~.-n.:;:·~.dJ.cnt fro~ t.he rit ( fi.1. 12-A, p::af'ile I). 

----:-:~-------------------~---,------..,..--.. ---------
~~icu:.·e 12-.\. --:::~ol'..;:;tl;;:c..2. l.:.~l.et: o.t' t10~~tUl·e co.n:.:.cn~, :i.•1 ~~crcer:t. by 

'3 
Z··foi.sttU"c pcnctratio:: ;.~s 1Ct>:3 t!'..a...'1 ~ feet ic-. holec 2 e.n':l ) 1 

-:.r-.... ...._'-~· i'cct in hole 1 !'.ftc:- ~~ :'ect. o:.: ':::J.tcr 

nrc!'::.lc :) • 

c 
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'l'he rote ot l.,ercolation, nfter 19 days of draina,ee, averaged 

about one-half foot per clay durin3 the f'lrot ; dayo of infiltration 

(fig. l2.-A, prcf'!le II) . The front becace diftu~ed durinc further 

inflltrnt::.on and the rate of percolation could not be deternined. 

The mA."tiJ:rur.l ooisture content after 2.3 days of infiltration at 

pit A >m.s about 57 percent at hole 1 (fig. 12-B, profileD II and III) j 

the ooisture content ot tl..c ooil ooved do•nwrd at npproXil::e.tely the 

sane percent. of saturation. The total porosity of the coil at a 

depth of about 1 foot -waD approximately 51 percent, and at 2 fee·~ 

. ws a.ppl"'Xi."Jately 49 percent, which indicated that the uoioture 

cc~~en·~ of )7 percent :probably vre.s well above field <::lpc.ci ty but 

did not rer-recent snturated conditions. 

-
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'Die Nte of 1Dftl.tration at pit B durina tbe 99 cJay at~ 

~ a1JPI"'E1ately lopritbmical.ly througbout moat ot the period. jhr· 
D7 ''" 

.. fol.lova: J/ p ,_ s • ',, 
lat and 2d days - 20 gpc1 per aq tt 

lt.th to 18th days - 10 SP4 per aq . tt 

18th to 31st da18 - 5 SPd per aq tt 

Slat to 51st d&)'ll - 2 gpcl per aq :tt 

51st to 69th days - leu thaD 1 gpc1 per aq tt 

Evapotranspiration vaa relatively conatant. '!he 1nfUtrat1ng water 

fOllowed tvo eouraes; (1) some went dovnward; aDd (2) acae vent to 

support evapotranspiration. Aa dovmlard ratea slowed, and a constant 

rate to evaporation vaa DB1Dtained, the ratio of betveen tbe tvo 

I cbanpdo 
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The vetted f'ront moved to a depth of about 5 feet during the 

-tirst 2 days ot intiltration at pit B (fig. 13) and to a depth of 

Fi{;..u-e lj. --Moisture content in the ooil and tutf beneath 

pit B at Site 4 durinc 99 days of continuous infiltration 

ar.d. ~ubseq'J.ent d...""tllnage for 21 l:lOnth"@ ~ 

, de.c.re ~,.. ,;.. U.t. 
about 6-i feet within about 99 days. The rai:.e of r:10veoent of the 

- . 1 

fl'Ont d:1 ;t l&ie vas logari thmical~. The roi::;ture content decreased 

vi. th depth i'rom a oax.1r:tur.1 or about 39 percent in the soil to less 

the..n 4 j?crccn.t .:lbOi.lt 1 foot 1:>elov the to-p of the tuf'r. Arter 8 

oonth.c of eraina.3e the r:10isture content 1-:a.s about the SD:.:c as before 

in£iltrution st.:lrted. 

The hich :aoisture content beneath the Vi t before infiltration 

l'elE!.ti vel:,• peer dra.lnage in the sand.;)· surface soil. The May 19, 1961 

r:leasu..""er.le."l.t~ \re:!"e high because of snowr.1elt, and the Oct. 2, 19(51 

rJea.sw:e.aents were lou because or lo,., precipitation. 
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The ~ter use per square foot durinc this study ws equi vnlent 

to about 4o or 50 years of precip!.ta.tion on the Pajarito Plateau; 

ho'rever, nntural conditions -..rere not duplicated because the ceaoonal. 

distribution of al ternatine percolation DJ1Cl d...-.oainaec could not be 

duplicated. The fact that ''atcr did not penetrate the dense tran:Jition 

zone bet,;ccn the Doil e.nd tuff duril1.(3 the study or in the follm-Ting yoor, 

indicate::; that the soil cover will illlp(!de vertical cove::Jent into the 

u..."lderlyi!lG tuff. Capill.n.-y rise, e·vaporation, and t:ra.napimtion wre 

perhaps the principal reasons that the water did not pe...'letmt.e t:1e 

underl;yin~ tuff, rather tha.."'l the lov pcr=eabilit:,· of' the transit.:..on 

zone. 

_r , --- --~- -- .. 
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Site 5- Mesita d~l Bu~y. 

Site 5-is"adJacent to the south vall or u solid-waste disposal 

pit 29 feet deep ~ 1~1 near the :a.ste:n end of Mesita. del Buey 1 

at 

d~lt"''t'CI 

a finger mesa. The study a.t this site was to investigate movement of 

water and nuclides during continuous infiltra.i:.ion. 

~ infiltration pit1 access tubes1 and a water-stora0~ tank ware 

installad near the .edge of the vertical·wall of the disposal pit (fig. 1)). 

Fi&1.lre .15 .--Sketch s::loving rela.cion of infiltration pit and access 

tubes to the disposal pit at Site 5. 

'The center of the infiltration pit was 10 feet south of the south edge 

of the wste disposal pit. The upper 2 feet of the:! infiltration pit was 

shored with wood planks within the soil and fill material, and tbe lover 

l foot was dug into the unwee..Jlered tuff. We.ter entered the pit through 

a 3/4-inch pipe connected to a valua box adJacent to a 31 000·sa~on 

sto~ge ~. A float valya in the infiltration pit maintaint:!d a constant . 
head of wa~er of about three-fourths foot. Eight holes 40 feet deep lined 

with plastic tubing were installed in and near the infiltration pit (fi~. 15). 

Periodic measurements of water loss~s f"ran the storage tank ver~ 

made to determine the velum: of w.ter moving to the infilra.tion pit. 

The infiltration experiment started when water was put into the pit 

October 8, 1959· Between December 291 1959 and January 6, 1960 the water 

line froze and the pit dried up. The infiltration phase of the experiment 

was sus~nded until April 201 1960 and then restarted. About December 91 

1960 the water line froze again and the infiltration phase of the ex

periment was stopped, but moisture maasuremants were made in access 

tubes for several months to observe drainage patterns. 
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Pholiot;raphic evidence thv.t wter moved into the tuff from the 
~--

i.n£1ltrnt.ion _pit '1as o. ·.ret patch (fig. 16) t:mt developed on the wall --
Fie:aure lo. --Wet ted a~as oo south wall o1' the disposal pit aC'1 5'..-..;,r-- _ ___..;-- -- --- -Stte 5 resulting from seepa.c:;e fran the ini""iltra.tion pit 10 

feet 'oo.ck ot.' :he w.ll. 

of the disposal pit 10 fclet to tht! north. Evapore.tiou f'ran the w-all 

discharged water that wo-~ld hc.ve moved deeper 1n the tu£1'. I 

---=- ~..,. .. •--.,;;;&·- •. 
_ ........... 
-~ .. 
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!be rate ot 1Dt1ltration ot vater throusb the pit at Site 5 

1a ahOVD poaphical.ly on t1sure 17. '!be alope ot the los curve ot 

P1sure 17 .--Rate ot 1Dt1l.tration f'rQI 1Dt1l.trat1on pit at 

81 te 51 1959-60 • 

foe rate ot in1'11trat1on for tbe 1959 stu~ ahova that the rate ot 

1Dt1ltration decreased tram about 0.75 s:ph per aq tt (pl.lona per 

hour per square toot) to about 0.2 gpb per sq tt. 

SigDitic&Dt &eUODal. eh&Dpa 1D the los curve ot the rate ot 

1Dt11tration for the 1960 stu~ occur c1uriDg the JDOJ1tha ot April and 

September. 'lhe steeper parts ot the curve show a relatively rapid 

decrease 1D the rate ot 1Dt1ltrat1on v1th t• dur1na the mcatba 1D 

( vhic:h the averap temperature 1a leas thaD about 50 degrees. 1'tae 

tl.atter part ot the curve aJiova the :rw.te ot 1D1'Utration c1ur1Dg IIDil'tha 
I 

1D vbic:h the averap temperature 1a above 50 desree&. ID these JDODtba 

the rate ot 1D1'1ltration decreased troaa about o." SPh per aq tt to 

about 0.2 gpb per aq tt. '!be nmp ot tbe temperature of the water 1n 

the pit 1 trc. Dear t.l"eez1Ds 4uriDs the viDter to about eo desree& 1D 

the aUJBer, was 8DOUgb to ca~ aeuODal. dittereDcea 1D the rate ot 

1Dftltrat10D 1Dto the tun' u to cbanpa ill rlacoaity (HortOD, 1940, 

p. "17) ID ad41t10D, ., • .,., temperature var1&11ees 1n the tuft beDeath 

tbe 1DtUtratiOD pit 'a7 haft been aufflcient to c:auae sam aa1l 

411'1al'eDCea 1D the rate ot percolation. 
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~ flatter part ot tbe los curve ot inftl.tratlOD iDclwtu the 

U. ot tile grov1D& aeason at Loa Al.all>a, aDd. it is poaaible tllat 

evapotrenap1rat1cm ot t\Dibleveed on the aoU and t1ll pad conaUIII!d 

uaU UIDUDt ot water IDOV1ns t.rcm tbe pit. However, vheD met ot tbe 

plaDts were 1"eDD)'V'8d, DO meuurable etfect on tbe rate ot 1DtUtre.tioD 

aida ot acceaa tubes vere kept 1D p1aee. 'Die lll)iature content ot tbe 

' upper 2 t8et ot •ter1al. (table 7) vu reduced at acceaa tubea 2 aD4 

3 were the tumblevee4a were groviD&; tbe .,1ature coutent 1Dcreued 

after the planta were re~~DYed September 1. 'l'b.e miature content at 

all the otber tubea remaiDed htah throushout tbe srov1D8 ltaiOD. 

·---------- ----- -
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Table 7. --Effects ot ~piration by fit=leweedj 

plants on the moisture content or tuft at Site 5, 19&>. 

l~ 

Hole Ra:w.rks 1-lay 18 June 2 July l July 29 Sept. 1 Dec. 6 
No. 

!·bisture content 1 in percent by voluce 

Tumbleweed at 
side of access 

3 tube. 22.5 l.6 ,-.:; 12.5 8 6 20 

Tunbl~..reeC.. a.t 
side or access 

2 tube. 27.5 27-5 ~-5 19 14 21. 

4 
Ilo 1ri..Jble,,'CCd 

ne.:J:by. Z'f.5 25-5 24 

No tumbleweed 
( 6 nearby. 27.5 ~ 27.5 2'7·5 2'.1 

\ 

'l"u!:l1Jlc"t:ood re-
moved fran 
near access 

8 tube. 19.5 19 19·5 15 1G 

( 

·-· ' 



! I 

( 
No evidence ws found th:lt_ wter :10ved. throllg..~ the soil and 

fill ~ and eva!X'rated fro::1 the m.u-.t.'acc in qua.."ltities oufficient 

to affect the rate of infi.ltr~ti.on in the pit. The ooi3tu1."c c0ntent 

of the upper foot of the r~il ra~ce. bct~~en 5 ~"1~ 10 percent by 

"10l.t.L"1e: lffij.c!l e;encreJ.ly i~ too li"'Jv7 to transmit much 'W:).tc1.". The 

38:-'.dj' ::Jater~.al tendc to fom a bazorie:.· that reduceo e'.-npor::r~ion 

( ']'11' I .J..-, 1~J lSJ6o, -,. 21~1) . 

The !-ate of in.filt:::-nti.on ~.urin;: the \.'nl':"Jer :::.ont!1c 

cores 5..~ the Lnhore.to!--::. T!'le :field yerr:eabili ty ( 1-ntc of ~ercoletion) 

in t~e zo~e or e.ere.tion cnnnot be directly corn~a~ed tc t~c natu~ted 

:)cr::~enbili t~.- (laboratory :.:eacm·er:ent) becam-:e water in ·~r:c ir..fil tration 

( pit r'.Ot onl~· noved dovm'.rard but o.J..~o 1:!0"red laterolly ns r.ruch ao D. 5 
f'eet fro!"1 t;1e ed[;e of the i.."".filtrntion !'it ( f!.g. lh). Thuc, t~e 

rate 0~ ~crcolE' .. tion, pe.~iculo.ril~· from a sr-..all ~ou~cc or ~.~tel' 

located ::.n c ln.._vered mcdiu::J, is cubctantially lese tha--: t~!C r.:1tu.ro.ted 

perneabllit:·) bccaul:le the · .. 'C.tC!' is subject to forces noi; ic:·:olvcd 

in suture. ted flo,_-1. 

( 5l .... 
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'l'he wetting front mving into the W'lcaturated tuff w.s abarpest 

in the early }l8rt of the 1959 study, but it bee&~e thicker arn more 

ditf'use as infiltration continued (fit;. 18, profile I). EnerGY barrierfl 

F~~c 18.--Moisture content ~~ den~ity o! tuff ~~ acceos tube 1 

a·t Site 5, ~· 

at the front retard the mo·;craent until the moisture content behind the 

i'ront is raioed to a me.xir.lui:l or optimuu value (Bochnan and Col!:l.a.n, 1944, 
~ p. 117-118) . The thick!1ecz of the zone oi' tranor:ission, the area between 

. the um-rettcd tufi' and the ~ur.:. !!10isture content o.t~inecl durirJS the 
..J2..V'O~t/,\'{. ·.-crtical r..c·:euent, 'dof'FIW~F.Pl±J \/t\S e. function of lc.yerinu L'l the tuff. 

The averace rate of movcr.1ent of the part of the i'l'Ont containing n 

noiature content of 25 to 2G percent by 'iroltl!:le \-InS nbout 2 feet durint; 

the firot c.1.a:t, about ha.li" a· foot per dAy dur:.nc the next 11 dayc, a.'ld 

about n tenth of a foot per day durillG the next 56 da:i's, \lith add.i tional 

movet1ent in the lover moisture range to a total de~th of o.bout 18 feet • 

The rate of novement of the front in 196<> ws hi&'ler (f!g. 19, r>rofile II) 

thnn in 1959 probably because the roc.'t ~las wetted a."ld fe-wer enerGY 

barriers existed to reduce the rate of oovement and less \.'O.ter ws 

needed to reac.'l field capacity. (See ~ fig. 19 and 20.) • 

. - ......... ~· -· 
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The roicture content of 25 to 23 r>crce:nt appa:::-catly w~ the ~f-otAl.·~ 

max:iJ.1ur.l o.ttaincd/(rlcl. 18, profiles II and III) at Site 5. ?his 
coistw.--c content is several percent above f'leld C<l?QClty but is 

l foot bc!1ca-~h the infil'~ration pit 1m~ a"bout ~ pc:::-cent, •.Tllich 

is 6 to 7 :)e:::-cent lcoo t:1.:1::. the estimated effecti '."C po::"Oc_;_ t::. 
T'.ac 6 to 7 percent fi'ie LZ e ~robably repreeents t!"le lo.rc;e po~:c s:;o.cec 
fron uh:.ch •.rater 0...-a.ined lnto the underlyi~ material, o.lthour.)l it 
tl(Ly alco :::;ocprecent entrapped air. Hovever, entrap,ed. ail· ohould 
not be a. :?l"'Obleo in this atudy because of the large voluoe of' DQrous 
cedi;.UJ im·cl·:cd ll..'"ld the probabili t:,· that entrapped air beneath the 
infiltr:;.tl;:lG ·.:t~.tcr •10uld ecc::tpe and not be su...---rou.'1C--..ed o~· cooprec:::;cd 
(Free ~lJ. P:ili::er, 1)14o, p. }95). 

The t~.:.s-turc content of the tu.t'f decreased ctca.dily above an ~'r 
o.ppa~·cnt dC!lSity c:na.-n..ce at about 25 feet beneat..'-1 the intilt.ratio:n 
pit to a re;10e of 5 to 16 percent after about 9..! nor..:~h:J dro.i:-:age 
(fl,z. 18_. ln'Oi'ile IV). The noi:::rtu:·e content bclov the a;.:>;.~1.rcnt 
density cl~.ce slouly increased duri.ng d.ra.ina~e and a:;:"'tcr a':Jout 2 
tiOnths, l·ooclled a. moi::>turc content o:f about 8 percent. Tl.le a percc:r'; 
satu.."t"O.tion extended. belou the ootto::1 of the a.cce~s tube. 
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The m.::wement of water during the 1~0 study at .Site ~ 1 a."ld 

subsequent drainage, is sho'.n1 en fieurec 19 and 2G h:,• the cho.ng.:.:·-e 

Figure 19-~\.-- r-.o}zyd.ral liilc.!.5 o! moisture cc:ctc:lt r;l" the tu.:.:~.', iz~ 

percent by vo.:' wr.c, along o.n cast-west sectlou llt 3ite 5 o:. 

Apr. 20 1 1')6(, after abo:r~. ~-~months of clr~:inage. 

19-B.--Isohydro..l. H·~e!; of r.r.;>iature content of tlle tu.ff, in 

percent by volar~, alon~ an east-vest section at Site 5 on 

June 2 1 1S:.60, a±'t.er !1;: da.ys of infiltration. 

19·C. -- Isohydral lines of r..ointu:e content of the t.uff 1 in 

percent by volume 1 fllollg an eant-west section at S1 te 5 0n 

July 28, 196c, a:fter 99 days of infiltration. 

19-D.--Iso~el lines of moisture content of the ~uff, in 

percent by volu:te, e.lo:1g an east-west section at Site ~ otA 

Dec. 6, 1960, after 23C d~~ of infiltration. 

19-E.--Isoh;ydral lines of ooisture content of the ::.uff, in 

percent by vo1UI"..e 1 along an east-west section at 51 te 5 on 

)t:.r. 1 1 19511 a1'ter about ) r.ontr.s of drainage. 

patterns of iso~ line, of moisture content. 
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l1gure 20-A.--Isohydral lines of moisture content ot the tu_~, in 

percent by volume,along o. north-south section at Site 5 on 

Apr. 20, lS't.C:, after about ;;~ nx>nths of drainage. 

20-B.--I!.lOhydral. lines ot xooiature coutent of the tui't", in 
percent by volume, along a north-south section at Site 5 on 
June ~, 1~, a:f'ter !~2 days of ir,filtration. 

~o-c.--Ischydral linea of moisture content of the tuff, in 
percent by volurJe, ulor~ a north-south section at Site 5 on 
July 28, 1960, after 99 days o'J: 1nf'il tro.tion. 

20-D. --Isohydral linea o'J: uo1aturc content of the tuff, in 
'Percent by volur.1e, along e north-south section at Site 5 on 
Sept. 1, 1960, af'ter 1.311 days of infiltration. 

20-E.--Isolzydrnl lines of n10isture content o'f the tu:rt, 1n 

percent by volume, along a north-south section at Site 5 on 

Dee. 6, 196o, after 230 days of infiltration. 

2o-F.--Isohj'dral lines ot !IX)isture content of the tutf', in 

percent by volume, along a north-south section at S1 te 5 on 

Mar. 1, 19§1, a...-Pter about 3 months dra!5e. 
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Isoh;dral lines ~re .:ho"tm on IJO t.h figures .f()r the do.y infiltration 

vas rest:~rtcd (April ?.~, .1~); e.i'ter !~2, 991 a.•1d 230 days of 1nf1ltra-

tion; m~;l about 3 mcm-'.:.h3 af'ter infiltrot,ton of uater from the pit 

cens~j. r~ addition, 1so~ral li~es 134 days after infiltration 

started :u-e ahO\m on figul'C :.?0. '.::':1.e e:::'f'ect ot' density gradients in 

the ~.u~·. ~s reflected in the rr..olstu.re p:it~ern chunges in :f'icure 19. 

The cffC'.=.1', of eva.poratior. from the wall of the adjacent disposal pit 
• 

is refl,;·~tt.-d protlinently in the tJOisture patterno in figure 20. The 

e:q:.Y:·•1 l:'lt~ ;1e-: o.rec. m1 t htJ vall of the disposal pit as outli!:ed in 

.f!.C.i..re / ~;n•elatcs to scue degree with the rr.oisture pat-terns 
A 

in 

~1te positions ot ~~.c ::.co~;J.ra.J. lir:cs on the day !ni'iltration 

and, .:30 u.:!:f::l o:f infiltration, and af'ter about 

; 1 .... :.•:.hs dral2:ace w-it!1 :--..o if'..fiJ:~rutic:, of water i"rotl the pit are show 
~ in.(;\-+ ... t..:tlen 

i~" :·:.::.::u:·eo 1~1 u:1d ~.,. ?ltc posi"cicn a.i+.er 1.31~ ciu:.;z~.is also included. in 

r.-L~i.zt"'..U-e put:-.e:>:·;:s. Tb.i!} ccqu.::.ct; ~:u; ba follc·,;ed \:.0 sorr.e degree by 
~ 

tr.~ c~es i =~ t~.·~ patc!l of "t.;c7 L-.r~u 011 the ~ .:)tl.'t!l \lUll ':Jf the diapooel 
. ,., 

r::: t. cutl!:~e ~ c~ :::'!.gu...-c j,/. 
~ 

r: 
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Water was retained in the tuff . to near field capac! ty betveen 

the depths of 8 BlJd 14 feet beneath the bottom of the p1 t approxit:ately 

3t months after the infiltration phase of the experil:xmt was suspended 

in Jnnuary 1960 (figs. 19-A ani 2o-1). Tbe slight buDching of the 10, 

15, and 20 percent isoh~'dral lines to the east in figures 19 A-E TIBY 

indicate oovement down dip 1n the tuff, or because of density changes 

at access tubes 4 and 5. '!'be effects of density gradients vere 

\ prominent on the-- east-vest section at holes 1t and 5 and vere beginn1D6 

to show at a depth of about 20 to 25 teet at hole 2. ltlisture content 

with respect to depth belov the infiltration pit wo.s greater to the 
itt•l"nN-t' t.lt .,.,_, I ''"" , .,_ -south in figure :?0. 'Ihc in the tut1' north of c;.J,uA.s -II•"~ w.c "'",. the infiltration pit moved toward the vall of the disposal pit under 

/1 /t'SIIt/~ .,.,., ~ IJ._f~r the influence of forces & oals5 evaporation from the wall of the A ~ 

disposal pit. The apparent increasing rate of C!V1q)Ornt1on f'ror:1 the 

vall, '\-lith the approach of longe!" and vanner days, is evident on the 

north-south section. Little or no increase in moisture ws apparent 

o.t depth at holes 6 and 7. Figures l9B am :?OB shov approxil:::ately 

the position am ma.Yirnum extent of the turf that contained a misture 

content of 20 percent or mre. 
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Die cloaing of the 25 percent 1sohydral line and the constriction 
I 

ot tbl! 2C percent isohydral line on 19-C am 20-c probably indicate 

that water evnporated !'rom the vnll of the disposal pit faster than 

it moved into the tuff from the intiltrtltion pit. The 25 percent 

isohydra.l line closed lo.te in June after 6o to 65 days of 1n:t'Utration. 

The 10 and 15-percent 1solcytlral lines did oot advance signi:t'icantl:r in 

any direction fi'om the positions shown on figures 19-n and 20-c, except 

\possibly at hole 1, although the rate of infiltration decreased onl.y a 

scal.l eoount. The :?-percent isoeydral. line on :figure l~B shoved a 

tendency to flatten, probably because or a dens:!. ty gradient at a d-epth 

of about 25 feet at bole 1. 'n1e lover m:>1sture content at the upper 

part of holes 2 end 3 vaa due to evapotranspiration by the· tumbleweeds 

, grcn.Ting there. Figure 20-D shows a continuing decrease o:f the area . 
w1 thin the 25-percent isobydral line and alloost total closure of the 

20-percent lines beneath the 1nf1ltrat1on pit. 

58 
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infiltration, (~,s.3. 19-D a."ld 20-E) shov a decrease in the moisture 

~ontent of the t~·r :f':rotl that of previous measurrur.ents. Althoush 

tl1e rote r. :..' t.:Va'[X)ration f':roc the disposal pit wall decreased steadily 

durir;g e1.e :faD., because o:f' the decreasing temperature, the rate of 

inr~ltration probably nlso decrensed because of the greater viscosity 

o:f' the 'mter. The rate of inf'iltre.tiol}. at the near-!reczir.g temperatures 

~ in the pit ir. December vas probe.b~· or.J.y Eibo~rt helf that during the 

d.C.dle o! s~ezo (Ma~rie end lTilsey, 1936, p. 17). Hater in the pit 

in Dec~ber be~ore the per.menent f.rec~e 1 thua c~letely ctcpping 

i~:f'il tre:i:.:.c~ !or periods o! SC'rcre.l hourc. The rate of percolation 

~~ccedcU. ·tf:c ro.--ce "jf in!iltration fra:l the pit \.1lcn the vc.ter vas 

c::d. 20-F) 1 t11e isolzydral lines ucsumed ubout the cnmc -positions a.:ld. 

,,,.,I 
s~.::.pes r!S o~· 11 20 1 1~)60, except il! the lower tx>isture rar..gc directly 

I• ,.;.,~o,. • ~~~-~--~ 

ix:~c::?.tiL ·clle in!'iltretiou pit where a. colunn ;5 or i, feet in dicr.eter 

~ ~ 
iorc bela\f e. depth of e.bout ~ feet. 

A 

A total of e.'bout 11, lC<> £;ullo11s ot w.ter ro•fed th.rouch tr.e 

in!ilt:ration v;. t du..""ir.c the ~3C' dc.ys of the stw.ly 1 r.:ost of which 

1n..~ltra"!..cd. dUl·i~ the! surr.er t·r.nths. A •.nrcer bud<;et CC'..Ill".Ot 'be 

cul.culat.e-1, t.:ovever, becm.we of t~e urhe'\1%:. quc.nt"!.t1es lost by 

evaporc.tion. 
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Site 6)\ DP-West 

Site DP-West is within one of thc·original di~posal areas at 

Los Al..a.loos techn.i.cal area DP-Y:est, and lies betveen the axis and 

the north ric of a finger-meza. 

The disposal area co~ists of four pits about 20 feet wide, 

100 feet lons, and 5 feet deep that were dug into the tuff and 

backfilled with layers of oand and gravel, and connected in pairs 

~ by buried pipes. Plutonli.U:l wstes di£sol ved in hydro.fluoric acid 

-r_~r., ''".$ Ill t;., verc diocbarcsed into the pits between 1943 and 1952. ~~ 
INJ~ r,_(~4· ~"' l.ol.-ttih<~eJ w4.+~,. ~:precipitation~~t!!ll:~.,;,:ap"ftii~...O the pi.ts··,ee of tl.• ptrs ... t ,.,.~ ~,.., n J.-~-_,,.,.,.,e ~ wit,,.~ ,.,,, -
~ The objectives ~-..t~~.uu~~eM~ wter beneath A ~ 
a disposal pit and to ascertain if wste :products moved uith the 

vater. Sal:lples of water 1 extracted vi th porous cups placed 

beneath ~~e pit, vere analyzed for ch~~ical and :adiochecical 

quality. The mcisture content beneath t.lle pit iiS.S measured i:Ll 

horizontal access tubes, and in tubes placed at an a~~le ben~ath 

the pit to a depth of about 100 feet. 

60 
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A cc.1sson :;o feet deep 1 6 feet vi do and 12 feet long vas 
excavated a.bout 6 feet IJOrth-oortheaat of the eastern quarter 
of ,pit 1 {fig. 21). 'l'he caisson was shored with planks en1 

Figure 21.--DiagrW!Illfltic sl~etches of insta.J.lations and caisson 
nit ct Site 6. 

reinforced with tinbers and contained three platfol't".s 6 feet apart 
vertically. [\ w.:.l.xllol........-

~ 
'l\relve pairs of bo1ea 3 inches in diameter and 8 to l2 feet 

long and di;>pir.e dowmrord at about ~ir..ch per foot vere drtlled at 
2-foot intervals through the south vall of the caisson into the tuff 
beneath the pit (fig. :?1). The upperm::>st bole vas about 6 feet belov 
the bcm und less than ha.l.! a foot beneath the bot'!".oti of the pit. A 
plastic tube app~ximately 2 inches in diameter vns installed in one 
oole of each pair for tx:>isture me~nts. T'.ne annular space betweer. 
the access tube and the vall of the drilled hole was nat backfilled. 
The other hole of the pair contained a. porous cup placed at the back 

4 tft1f I.IMS t•f~AI/., ,.,- 4h#-l' t1llt'"IMIIS_,.ft',.._ of t:1e hole and connected to 't«' va.cul.W system. The holes vere 
"' 1\ bucr..filled arowld the vacUl.lO tubes vi th crushed tuff ecplaced w1 th 

compressed air. 

- -- -·--·-- -- ·-· 
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Six boles 4 to 6 incheD in diameter a.~ 75 to 99 ::'oet in 

depth \..'C.-e ~tilled nee.r -~he edge or the pit. Four or the~e holes . 

vere :...lo.nte<l tc r)ene·trate the of,;,ufr ber.e~th t~e pit. The boles 

Wl'C lined ''1 th pla:;tic e.cccsc tuhcs apprc:~-:~tely tw !.nches !n 

dia:netel~ e.nd. the ~ule.r qo.cc bet.,;een the tubes ar..d the wlls 

of the hole~ \i::lt~ backfilled \Ti th crushed tuff . 

. \ 
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Conditions before infiltration 

Several facies in the tuff exposed during the construction of 

the caisson created special problems of data interpretation (sketch D 

on fig. 21). These facies types were an upper tu:N'aceous sand that vo.s 

slightly consolidated and partly veathered o.nd contai~ed nl.U:lerous roots 

8lld rootlets (bed A, tis· 21 end table '8),; a pumiceous tu!!' that. appeared 

~ to pinch out several 1'eet south of the caisson (bed B, :f'1g. 21); and 

an underlying welded tuff that vas weathered, especially along joint 

faces along vhich w.stes mny have zooved (bed C, fig. 21). A clay 

zone 6 to 12 inches thick overlies the welded tuff • 

-
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Table B.--Description of caterial 

in caisson pit at Site 6. 

Fbsition on Description~ 
figure 21 

l 

A Sand, ligat orauee-brcnm, \leathered yellov.i.sh; cou.:;::.stG 
of subround to subalJgUlul, silt to coarse gra!.ns of 
quari:.z, sanidine, pumice, o.nd minor amount a of mafic 
minerals, some grains ~itted. 

B Turf, light orange-g_-..ay, weathered throughout; much 
clay present. 

C Tu.f'f, light gray, weathered yellowish arowld devitri1' _ ed 
pumice fragments and a~acent to joints, locally 
veathered into clay, weathering core intense in bottom 
of pit; consists of ash wld some mafic minerals~ 

.!1' by v11lliSJ:1 D. Purt:rmun 
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The baDdiDB e:t'l:'ect or ·che one-third. atmosphere tension moiature -
va.J.uea (ng. 22-A) parallel to the clay developnent (sketch c, :ns. 21) 

Figure 22-A.--section through Site 6 shoving bandinS effect of 

the oo1sture content at one-third at:;:x,sphere tension. 

propert1ea of tho tuff', such n3 pore and pert:i.cle sizes. Some of the 

wastes di3charged in the east end oi' the disposal. pit may nave moved 

\ laterally throUB}l the sandy I::Llterial. (Bed A on oketch C and D, fig. 21) 

along the slopir..c top of the turf and then vertically into the tuff. 

The lover misture vol.ues (fig. 22-A) seem t.o coincide with areas of 

tui':f' in vhich the greatest am::>unt of st.aining bad occurred. 'l'he stained 

areas r:.ny indicate a dil':t'erent stage of' veathering than that at the clay 

~-er due to alternate vettiq; and dry:Lng cycles. A trend towards 

'ba:lding 1n the tuff is 1Ddicated also by the drJ unit weight, specific 

retention, porosity values, am by the pattern (rig. 22-B) forced by 

plottins the gross D.l.pba count on the section through the study area. 

The misture content and gross alpha activity of the cores 

collected in the study area decreased signi:ficantly :f'rom etlSt to west 

and vith depth (table 9), vbich indicates tbat zm.1ch or the liquid 

discharged into the pit J:X)Ved only e. short distazx:e laterally through 

tbe sandy material before infiltratir..g the tu:f'i'. 'l'he average moisture 

c ontent of the third horizontDJ. group vas significantly lover at the 

one percent level than that of the two upper grwps, but not siGnificantly 

·-1 



Group 
o1' 

holes 
by depth 

Firct 

Second 

Tllird 

Fourth 

East 

lUddle 

West 

Table 9.--Averoees of JOOlstUl·e content and cross alpha 

coWlts of tuff cores collected at ol te 6. 
~ 

o, 

6, 

Depth 
(feet) 

2; and 4 

3, and 10 

12, 14, and 16 

18, 2:> 1 and 22 

o, 6, 12, and 18 

2, J, 111, and 20 

4, 10, 16, and 22 

1-toisture 
content 

(in percent 
·by volume) 

2').6 

26.0 

18.4 

21.; 

2).0 

2).6 

20.) 

-
Diff'el·ence 
from 1o\leot 
moioture 

content ( 18. l~) 

11.2 

7.6 

-
2.9 

Least 
significant 
difference 

9.0 

7.2 

-
-

. !}:/ Alml;iois by Los Alw::10s ScientHtc Laboratory. 

Gross alpha 
counts per 
minute per 
dry c.;:;Ji 

1,817 

~:)1 

238 

11£ 

1,1W 

:;;63 

482 

0 ~· 

/ 

l. 
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1'he tuff is e:{tcna:!.vely jointed (fig. 21), and the tendency 

for liquid to mve throucl: the joi.::1ta is indicc.tcd by higher groso 

alpha act!. vi ty in local areas o.s obovn u:r the r;roso alpt.n count 

of 1 1000 per I:I!.nutc per dry grn..r- a.t the 20 foot depth on figure 22-B. 

Figure 22-B.--.Ject::..on throucl1 Site o shoving gross alpha 

activit~. 

In the cast croup oi' holea ( i'1g. 21) the joints becot:le rore nu::erous 

vi th incrco.air.g depth. &.'"Vcral. open joi.cts c~1 the south '\10.11 of the 

caisson were found belmr a depth of 25 feet. vioste 'W.tcr had penetrotcd 

the fineline joints ·~ depths of at lee.st 22 feet and su'bsequentl:· 

c.J.tered t:1e tuff c.djacent to the joint as :::llch us one-q..!e.rter to 

one-r..a.l.t ii"'..ch. Cl~ys developed loccJ..ly <lr.d irepcded c.lrtlinoge so ·::.!".at 

the joir.ts retcined. water to the extent toot the mioturc content of 

the tu.ff WU3 locally as r.:uch as 35 pcl"Cent ( i'ig. 23, profile I) . 

A 

TOO !.sohydrc.J. linea of the June 30 cen.ouren:ents (fig. 23, profile II) 

shov a latcrc.l tooVet'.ent of r..oisture fror: the di:.;poso.l pit tovu:-ls tl'.c 

caisson area. before infiltrc:tior~ began. This increase in mo!eture 

co:.tent ol"' the taff probably \las cnuoed by infiltrat.:!.on of S:lOw:-.:elt 

and by the above norr.ol. prccip:.to.tion in June (3.1:.c~ inches). 

--- - ~--- _ _..._- -~ . ,_ 
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· The micture content of chunk SW'J!'le~ collected ut vo..rious 

depths durine excavation of the ca.iono:r. in October 1959 indicate 

that vater :f'r!'.::)m the dispoGnl pit had r.nvcd ~1ortl:nlo.rd only a. ohort 

di&tancc. SOme water b:!d ~roved through the ocndy materials above 

the clay layer a.s indicated by moisture cor.tentn of 19 and 16 

percent, respectively, at the (; and 4 foot levels. Little or no 

lo.terally at the 18 and 22 foot depth. 
' 

l __________________ ---~--- --------------·--·-
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Infiltration studies, 1~~0 ~~ 1961 

The flow of water into t.~e disposnl pit vos continuous for ~ 
mnths in both 1960 and 1961. Doth atudies vere during the sua:oer 
conths uhen the tcr.:pcrature of the unter, and other conditions, 
probably were coJ:Qnro.ble. The de. teo ~'ld epproxiOlte rates or :flow 
of wastes and tap water into the pit a.~ shovn below (Christenson 
and Tho~' 1~1t52 .. p. 261). 

Rav waste discl~e 

1960 July 6-July 31 appro~imo.tely 
8,ooo rse.J.lons 
per day 

1961 Ju.'le 30-Auc. l approxiruntely 
6,l.!OO go.l.lons 
per day 

Tap w.ter discharsc 

Aug. 1-Sept. 7 approximately 
6, 500 gallons 
per day 

Aug. 2-Aug. ?.6 approximately 
7,100 gallons 
per day 

The ooisture co~1tent of the tuff during continuous in:f'iltration 
ranged f'rom less thuu 30 to core thc.n 35 percent ( i'icr. 23' profile m) . 
Isolated areas having a. ooisture conte::Jt of 35 to 40 percent developed 
locally during Augt.Wt, oueeesting tOOVerent throUGh open joints. Dra1n£lGe 
in the 10 to 15 foot zone below the pit '\:as relatively slolr after 
infiltrntion otoroed (fig. 23, profile IV) probably because the caisson 
e.cted o.s a barrier to the lateral mvecent of vat.cr . 

. 6'7 
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The misture content before the 1961 study after almost 9! 
mnths of d.t-ai!'lt1{3e (fig. 23, profile V) ws about the same or slightly 
lower than before the 196C study, p..'""'bablJ because of less ra1n:t"all. 
The misturc content through July 1961 also was about the ooce as 
during the 1960 study (fit::• 231 profile VI) 1 but durins August the 
moisture content of the tu...-1"1" increased (:t'ig. 2)1 profile VII). The 
high moisture content of 45 pqrccnt at a depth or 8 feet 1nd!cntes 
that vatcr drained :f:rom a joint directly into the annular space around 

~ the access tube and that vater t:Ja:f have been stund11J8 in the bole. 
Drninage fron this area vas relatively rapid (fig. 231 proi"ile VUI) , 
QGe.i!l sugcesting coveclent through open joints. 

Grosa alpl'lD. actiVity in voter sacples t"ra:1 the 8 1'oot depth 
averoecd sevornl tit.Aes hi{;hcr th.lm the actlYity in aamples from other 
depths (Christenson and ~~ 1962}. Samples f'rom other depths also 
c ontained relatively high alpha activit:,.·,lrhich 1m1co:ted L'lOVecent 
throU6ll joints. T'.nere va:3 an i1:.verse relatior..sl:.~p be-tvcen gros~ 
alpha activity am the pH of the oolution. 'futal P..nrdness and total 
solido increased vith depth, suceest1llG solution a."ld resolution or 
previously depos1 ted l'lD.terials. 
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deep 

~ ~ceos tubes (fig. 25) were installed in.l\holcs drilled 

F!aure '25. --Plc.n vie<.r :ho~rinG loc!:'..tions of deep accc:::::: tube::: 1 

sections thrcugh disposal pit, and ooisture content of d<..>ep 

o,}: 

access tubesA~ite~6-·----------------·-----------------------

~e-t (Q;(ecpt ~T ~ in Fcbruru:-J 1961. Pre-test moisture 

content or sroas alpha. coWlts were not determined. High gross o.l!lha 

activity of drill cuttings at a depth of about 30 feet in hole ')l?W-2 

\ as listed below probably vas due to a zone of free 'loTtlter perched on 

the facies chanc;e noted in the vre.lls of the ctlisoon pit. 

Bole nucber 1 lA 2 3 4 5 
pt(" JP!" 

Gross alpha count~cinute,.A. 
2 24 698 :; 1~ :; dry gram 

The moisture content during Mlrch nnd April raneed between 20 

and 35 percent arou.."ld the upper part of the tubes, due in part to 

snowmelt ar.d icpeded drainage e.nd '\TaS about 10 percent or less around 

the bottom of all the access tubes except D~T-lA. 'llle moisture at 
-;J,.;J},itJ wtl-1,,. IAII/1, 1trl IIH-1 tit ~~~, t:MN~I"flc~M, 11-F 

th b d 11 i'A#Jo A. 
e bottom of acceoo tube D~-1-lA riJAy have een ue to drilling w.te1f 

At depth below about 20 or 30 feet the moisture content was highest 

around tubes ncar the northeast part of the disposal pit. 
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)bat of the wc.'ter .lischa,med i::-tc the dispooal pit 1ntil trntcd 

the tuf'f WJd percolated dov.nrord vi thir. a roughl:: l,CC..'tl square foot 

area Clt tl~ east end Of the d1SJ.X1Sal pit neC'..r the CaiSSOn (fiG• 25). 

OUtside t."le oval shaped area of I:la'Xi.I::!:.lrl i~ltr~t.ion (fig. 25) 1 

-

part!culartl:r to the 1:crth.1 is a fringe zoi:e alxru.~ 20 feet vide c.:Jd 
~--_,.,.- --~---------- ---

aoout (<. f'eet (lcep where pe:rcolo.tir~ vater x;-.a:int<lii!S the rroisturc 

content o:f the tUi':!: slit;htl::,· abc·1e field capnci t:r. 

The roisture content e.t r::ost depths a.pproocccd the pre-in:filtraticn 

level about 2! r:onths arter diocho.rgc of "nter i::to the pit vas gtopped. 

The I:Xiistur~J content of the tu:'f ut DP.·l-) a..'1d 1~ 1 adJacent to the 

veu~er:: :1u.~!' of the d1spo~al pit 1 :!.n::re<lSed only in the upper 2C to 3C: 

feet a::-tc::.· D.J:.ost 2 no:rt.r...s of infiltration, \t1lCl"eilS the r.oisture cor..tent 

e:.t ·~he (!~t side of the pit increo.sed to dcptr.D of r..orc thnn '72 feet. 

The ir:-t:cuJ.arities in tlle curves of moistu..---e cCJ:::":-c::t for uccess 

tubeD DPW-1, l.A, u:1d :2 probably o.re J.ue to cl::w:e;es !.u perr~abili ~:·. 

T'ue i:1creaseo i::: mist"..l.rC froo depths of a."bou~ !;5 to 6C feet .:1."'.:. DPW-1 
---~ 

and at 10 to ~C feet at D:EW-2 probably is caus~d ll:: voter rea.chir..g 

these il':tcrw"uls thro~h joint!l. 
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The effects of joints ~nd contacto bctvcc:~ oubun.i ts 

of the tuff on water mvcr.:e.nt 

Water movco through the tuff in tvo \10\fS--by capillary r.:ovencnt 
through the porco of tr..e tuff 1 and by :::.ovec1cnt throtl{;h open i::te:--
cor.nectod joints. Water entering open intel"Connccted joints might 
move rapidly, downward, through the joints; howe-.rcr 1 i:f' the joints 
are not continuous through contacts between subm'li t: of the tuff 
the water tlight be perched above the contact ar:d vould tend to rove 
laterally. 

Liquid vasteo ore discharged period!.co.l.l:: 1'roin a treatr..ent plant 
onto the Tshircg~ Mer.!hcr in the floor o:f' Acid CanJ!On. The poir!~ of 
discharGe is ubou.t a quarter of a. I:lile above a seep novl.ng scv·ertll 
gallons per z:ti.nute at the contact of the Tshirege a:rl Otowi !·ler.be!"S (f-'1·1f.) 
in Acid Canyon. The liquid w..ctec o.re disch.D.r{;cd fro::1 the plant :!.n ,. 

water through jointo in the Tshircec 1-~...:ber cf the Da.!dcl:.e:-
T'.l:f'f and tl:e loco.tior. of a oeep crea in !;eid Cnn:10n at J! te 15:_ 

slugs and cause interoi ttent au:rfa.ce nov on the canyon floor for 
periods of o.s ruch as one hour. Between inter:tlittent !'lovs t!le i'lcor 
of the canyon norr.ally is d.r"J bctveen the treatt".ent plant o.nd the 
seep; :f'l.av in the canyon is percnninl. belmr the seep. 
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The or.J.y Jr.nown source of ve.tcr ecc in the seep area is 

the liquid wste disc~ed !'roo the treatr..cnt plrult. Study of 

the area imicatc:J that liquid waste percolo.tcs through joints in 

the Tshiregc Member to the top or the owsive otoui !-te:r.ber where 

it is perched and tl:~n mves laterally along the contact to the 

seep area. 

L1q..1id r:JJ.y al.so be mving along the subsurfnce contact or the 

tvo r:1embers to other points of discharge which bnve not as yet been 

fow1d. The o.tti tude of the contact is unknown; if it is relatively 

lC'.rel water could be oovi~ u..~ergrou."ld in all directior.s t'ran the 

point of rechtlr{;e. 

Perched water occurs a.loo at the contact between the Guaje 

Member nnd the ur..d.erlyins Puye COnalor.:erote. }.i)isture mecol.li'e!!ents 

of oor.;:>lcs i'rol:l Sites 17 and 18 from tw holes cL-rilled throuc:;h the 

Guaje into the Puye indicated thnt the contact between the ur-.1 ts 

roms u pc:-cbing surface :ror percolatinG wter. At both sites 

holes vere drilled in the streambed in smnl.l ca."'lJOnB tributary to 

Pueblo Co.rzytln and several ya.rda upstreo.tl 1"rct:1 the contact betveen 

the tvo w'!i !;s or the tu.f'f. 
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The moisture contents above and below the Ouaje-Puye contact 
0 

were significantly different o.t both si tea (table li). The 6o.8 

percent averase misturc content in the Guaje at Site 17 probably 

represents saturation or near sa.t'l.lrntion and the 3'•. 2 percent in the 

clayey top of the Puye probably represents about :ri.eld capacity or 

less. Apparently water infiltrates slovly acros3 the contact and 
;,.;,H,.•+~s -- . 

- the Puye at'ter tielcl capacity or above is attained ,... 
in the Guaje. At Site 18, where less water is available b<!co.use of a 

srJall drainage area, the average moisture content in the Guaje vas 3().6 

percent, or about bali' that at Site 17. The moisture content of the 

Puye at 3i te 18 waa correspondillgly low. 

Sacples vere collected at the baoe ot and oclov a. cocpacted 

s:.i.lt layer ubout 13 feet thick i!1 the upper po...-t of the Puye 

Conglon:.e:ate, and vhich perches the strecm in part of Pueblo C~n 

(Site 19). MOisture content of the samples ahov that little orr~ 

vntel· infiltrates the silt la.J.-er. The misture content at the bot'tom 

or the silt layer ves about 22 percent by volume; the moisture content 

of the alllldy sediments imr.ediatel.y beneath the layer vas about l2 

percent by volume. 
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Table 1.1. --?>ioisture cu:1tent, in percent by vo:!.ll:le, 

neai· the contact. cf the 3u.n.-e Z-te::1ber of the Bandelier 

Tuf'f and t:1e Puye Corl[;lomerate at Sites 17 and 10. 

Site Di&tance aoave or Moieture ccr.tent Stro t.i.:;raph!.c Unl t 
No. below contact (in percent by 

(teet) volW!le) 

17 1-2 61.0 Guaje ~tcmber 

u-1 60.7 Guaje Mer.1ber 

'J-1 )4.2 P\.cye Co!lGlome:rote J' 

lJ 2-4 ~·9 GuaJ e Mewber 

J-2 )1.4 Guaj e MeJlber 
\ 

0-2 1).9 PuJ·e Cc..ll;3lomers. te 

2-4 17.1 P\.cye Cct~,Jlooerate 

( 
' 

------ ---
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SUmmary end conclusions 

'F.all Bandulier Tl!ff is divided into three members--the Guaje 

Membcl' u t the base, the OtcN1 Mamber in the middle, o.nd the TshireGe 

Member on top. Vertical density gradi.:mts in the TshireGe Member are 
8tJL ~ 

cauoed by chc.nges in the peysical properties of the tuf'f. The specific 
t(-.J7;1y 
c~vity or the Bandelier Tuff decreaseq sliGhtly with depth and also 

from vest to cuot acroos the Paja.rito Plateeu. 
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~ porosity of the tuff ranr;cd from about 20 percent to about 

6o percent n.td. the deviation :f'rotl the mean at any particular study 

area was generally only a fevr percent. The higher porosity values 

are wi thi!"l the upper parts of the units o.nd 'ri thi..'l the upper fev 

feet of the su'b-a.nits. The porosity is invercely related to the 

dry unit vreir;ht; the dry unit weight near the base of the un1 ts and 

sub-units ic relatively high E'..nd the poroaity relatively low. The 

porosi t.y ic also inversely related to the rooisture conte!lt at one-third 

atmosphere tension, vi:ucb. -was found -"w be roughly the a.ver...ge field 

ca.pccity of the ~u:;.'.!'. Pore-size distri"uution CU:"'res ~how th.c.t a".::out 20 

I 

to 2) percc~!t oJ..' the total pore spu.ce tru.nu!!!its !·:k")St •)f.' the '''u"tcr -which 

mostly bj· the slO\.;er procesces oi' capillurit:r ::u1d cllff"..._.:;:!.;;:1, ruxl 

contri"butcs little to the bulJt of the oover~u'.;.. The avera;~ pernea-

bility ic lov--about ?a to 6 gulloll.s per day pc:r.- jQ_Ue.l"e foot. 
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Jointiil6 is caimOn throut;.'lout the Tnhiree;e Member. They are 

nnrrw end filled with sediment:.> for e. fe-.; feet oolo\1 the land surface 1 

but arc sed.iment·free at deptl!. Joints interconn·~~ted to depth in 

the T~il·ese co~lld provide paths :f'Ol.~ rapid dow11W<".rd mov~men t of "'n ter. 

In placc31 the movement of wat~r throuGh joints would ne~ata the effect 

that a. bed or lo,,. pei"'Ilea.bility .JOUld c...ave caused ha.d vater :nove~nt 

been only throu~...:h pore a in t:1e tuff. Nuclides in \rat.er moving throt~ 

open joints ~o:Qd have a rclo.~ively limited opport~ity to be absorbed \ 

onto the tuff, as ccmpercd to nt.4clides in water that moved throuGh 

the pore3 or the tuff'. 

T7 
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'l'be llX)iature content during percolation of vater through 

parts ot the tufi' that contain fw joints or density gradients 

VGS 1n the 25 to 35 percent l"W'lGC· 'l'hia range is slightly above 

rr.idvay betveen field capacity and porosity of the tu:f'i'. Slight 

changes in the p~"Sical properties of the tuff apparently co.used 

local areas to becom nearly saturated, but genercl.ly the rwoisture 

content during percolation through the 'bull: of the tuff was substan-

tially less than saturation. Beneath restricting layers, water 

c ont1nued to cove in the lower n:oisture range. The tcc:perature 

of the \Tater 1 due to seasonal changes 1 apparently a:!'fected the 

l'a~a of 1ni'iltrution ut the water-tu...-Pf' interface. T'.ae rate of 

pcr~olation exceeded the rate o'£ 1ni'1ltration vhen the vater vas 

near :f'recz1ng. 

The rate of percolation in dry soil decreased rroc about bal.f 

a .root 1>er dE..y dur'...ng ·~he :first dey to less than a quarter of a foot 

per ~-during the third day. In a wetted sOil the wetted front 

::nvcd. to a depth of lili:x>st 5 feet during 2 do.ys of in:filtra.tior.. ibe 

rne.:<.in.un t!Oiature conteut arter 99 dnys o:f' 1ru.~ltrat:ion vas about 39 

percent i:1 the soil zone aDd decreased to less than 4 percent vi thin 

a foot of the top of the urilerlying tu.f:f'. The re.te of rovement 

directly into drJ tuff averaged about 2 feet per day during the first 

day 1 half a ~oot per day du."'"ir.u the ne:ct 11 days, and about a tentb. 

of a foot per day during the next 56 days. 

i 
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Water n:ove:;e:1t vas oo:rl.torcd. by mistUl"C L1et~r re3U:!.rJgs to 

a depth ot about ;tJ l'cet belov a d!.sposal pit. Uu.tcr in t.lle low 

miaturc ranee apparently roved to depths grcutcr tll£!.!• S<! feet. 

Water it1 unk:1ovn quanti"t:!.es :;eves -th=oug.'l open joi:1ta or Joi:lts 

cnla:."gcd by oolve:rts in the wastes. 

Al.tel"l'Ulte vcttir.c e:ld J.r::"ing of the tu!'.::.' J.u~ to .:!.uterwi ttcnt 

or 'alUG • dis~r.arce of vaotea t:JJ.y cause J.ii'fere:Jt. pat tcrr1s oi' 

uptlll:c ot ior.s c.ho.n contiuuous dische.rr;c. A:f'ter the tU::..' lJ.as O:JCC 

been vct-ced und drained, the r.:oistu:..--e contcr~t rcr.ai:ls il. the lC to 

20 percent rtU'.ge for a period or several ;:onths due :.o !1ysteresi:J 1 

well of the x;;over.:.ent boice in the love:- I:x:>istu.re rnnce. .:Jubsequent 

covel:"'..ent oi' vo.tcr th.-ough the tuff' is mre rupi<l becauoc "!;he tui'i' 

is alrca.d:,· "iiet"'.:.cd and nn energy barrier is not created ut the vetted 

front. 
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The eff<..-cthrc C.'1d tote.l pores! ty, po:-cs .; izes, :pore size 

.distributio!l, and the pcrticle a.1ze ee.ch ui':'cc-: the I:DVC!:'.ent of 

vn"tcr in the Bandclie:- Tui'f. Their il:divit!:t:i:!. U:.ld collective 

effects ca:1 be evnluatad rela.":-1 ve to ·rarioua otar.cl:lrd methods or 

tensions a.t dil'fe~1t specific cond:tctc.nce a:.td spe(.!if1c yield, und. 

pcrnea.bili ty. T!:e wa~er retentio!l c.r.d va.tcr trc.nstliosion properties 

of the tuff' are 1'..mct.ior..s of t.he porosi t:r ru1d the pcrce::rt of l~e 

po::."U spaces, ·.t:U.ch 1!1 tu.-x1 '-Ire related to the dry unit veight and 

-vc::rt.icle uize dist.rib:ttion. 
p.,..J 6 ~•~• + J. on i,liJ-ft•'1··., pr"t .,. 

M:>ot o:f the aross alpl:c. c.cti·;:itv f·'* ·· ...... ~.-~ ·,ritl:ir: ta:'1.' ~A 
~Ac ~ • 

S"-~._-. , . J ..... ~1 r . , 0 -.· ~ · .. , .· ~ . ·.:'7-.: -~o 
.:AJ,."" u.::,.D;;,c:.:.:1Ce u~nea.., l ~ i\.j& oZ. . ._ ... ft'II'P ... - . ..,_'it .• ·-:.t L)-...-. 

A 
Eclov a 

dclY~~l 0f o.bou"..:. 15 to 20 feet. '..;he ulphs. activity vo.s low, except for 

.-1 hi~h dlp#ta Ot.firll'+'l -
loc:ll a::·c~ ul:c=e \TO.ter ca::-ied the act:!. vi t:,- c.lcr.c jcir:ts. Rapid 

1\ 
ol '114-l~r 

rovc:'lent th..""''ugh joints \IUS subatllnt!s.tcd d:.u-!!1[: ~1..!'i:!.:!.:=at:.o:~ st.ulies. 
1\ 

The rclo.tior.s:Up between grooo cl.pha activity and the pH o! tl:e 

solutioe Wu:J i:r1erse. Total hard.n.ess and totDJ. ~olids incrcuscC. 

'\n:t.h c!C).Jti1 1 S'..IG!jcstir.g solution and resolutio::l of p::-c-;icusly deposited 

- . ...,;... -------- ------- _____ ··--·~"·• . ,. ---· 
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Prelim.ine.ry report on the geology and hydrology of 

Morta.:ldad Canyon near Los Alamos, N. Mex., 

vi th reference to dis}:X)sal of liquid, 

low-level radioactive waste 

By 

Elmer H. Baltz, John H. Abrahams, Jr., 

and William D. Purtymun 

Abstract 

The u.s. Geological Survey, in cooperation with the U.S. 

Atomic Energy Ccmnission and the Los Alamos Scientific Laboratory, 
selected the upper pe.rt of Mortandad Canyon near Los Alamos, 

N~ MeXfe6 for a site for disposal of treated, liquid, lov-level 
radioactive w.ste. This report summarizes the pert of a study of 
the geology 8l'ld hydrolesy that ws done from October 1960 througb 

June 1961. Additional work is being continued. 

Mortandad Canyon is a narrow, east-ooutheast-trend1ng ce.eyon 
about 9!} miles long tbat heads on the aentral part of the Pajarito 
Plateau at an altitude of about 7,340 feet. The canyon is 

tributary to the Rio Grande. 'l'be drainage area of the part of 
Mortandad CBZzyOn that was investigated is about 2 square miles, 
and the total drainage area is about 4. 9 square miles. 



' 
The PaJarito Plateau is capped by the Bandelier Tuft of 

Pleistocene age. Mortand.ad Cacyon is cut in the B6ndelier, and 

alluvium covers the floor of the canyon to depths ranging from 

less than l !'oot to as :ouch as 100 f'eet. The Bandelier is underlain 

by silt, sam, conglomerate, and interbedded basalt of the Santa Fe 
(?) 

Group of Miocene, Pliocene, and Pleistocene" age. Some ground -water 

is perched in the alluvium in the can;yon; bovever, the top of the 

main aquifer ia in the Santa Fe Group at a depth of about 990 feet 

below the canyon floor. 

Joints 1n the Be.ndelier Tutf probably were caused by shrinkage 

of the Uf!' during cooling. The joints range tram hairline cracks 

to fis8Urea several inches wide. Water can infiltrate along the 

open joints where the Be.Melier is at the surtace; however, eoil, 

alluvial till, and autochthonous clay inhibit infiltration on the 

tops of mesas, and probably in the alluvium-floored canyons, aloo. 

Thirty-three test holes, each less tban 100 teet deep, were 

drilled in 10 lines across Mortandad Canyon from the western margin 

of the stuey area to just west of the Los AJ.am:)s-Santa Fe County 

line. Ten of the boles were cased f'or observation wells to measure 

w.ter levels and collect water samples from the alluvium. Twenty-

three of the holes were cased to seal out -water and -were used as 

acceas tubes to accomodate a neutron-neutron probe tor determining 

the moisture content of the alluvium and tuff. 
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~ source ot recharge tor the perched ground-water body in 

the alluvium in Mortand.ad Canyon is the precipitation in the 

drainage area of the canyon. During the winter of 1960-61, a 

snowpack. l-2 feet thick accumulated in the narrov shaded upper 

part of the ce.eyon. The alluvium beneath the snowpack rece1 ved 

some recbarge because of diurnal melting during the winter. In 

March 1961 the snowmelt -water saturated most of the tJ:Un alluvium 

in the upper pert of the canyon, and a surf'ace stream began to 

now. The maximum tlov of the surface stream ws about 250 gpm 

(gallons per minute). Water from the stream infiltrated into the 

alluvium at the front ot the eur:f'ace stream and 1n the reach 

upstream from the front. A ground-water oound was formed beneath 

the channel by w.ter inf'Utrating from the stream. The front of 

the surface stream and the tront of the ground-weter zoound advanced 

cast'Wflrd to about the middle of the area studied. From this point 

eastward, the alluvium is thick enough to absorb and tranSI:li t the 

amount ot now in 1961. Late in April the front of the surface 

::;tream retreated, and by the first of May the surface now stopped. 

During and at"ter this :period the ground-wter mound decayed) and 

ground-wter levels dropped in the upper part of the canyon as 

'~later drained into the channel and downgra.dient through the 

alluvium. 



The BD)unt of recharge vas small in the vide lover -part of 

the cailiYOn during the period of study. The rise in ground-water ' 

levels and the increase 1n tooisture content of the alluvium 1n thet' 

lover pe.rt of the can;y"'n indicate that vater moved dovngradient by 

unde~low through the alluvium from the recharge area in the upper 

part of the canyon. Moisture measurements indicate that only a 

little water moved into the underlying Bandelier Tuff from the 

saturated alluvium in the pe.rt of the caeyon studied. 

A deep test well vas drilled in 1-k>rtandad. Canyon near the 

middle of tbe area stud.ied. The top of the main aquifer in the 

well ws between the deptbs of 985 and 990 feet below the bottom 

of the caeyon. The water rose e.l.loost ;o :teet in the well, indicating 

tbat contining beds exist in the lower part of the Puye Conglanerate. 

The piezometric surface o:t the main aquifer slopes eastward, 

indicating that the main aquifer is recharged mainly vest of the 

l:'ajarito Plateau, and that it discharges the w.ter near the 

Rio Grande. Semples of w.ter trom the main aquifer and the alluvium 

had no re.d1oactiv1ty above that of a standard sample of wter. 
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The infiltration and movement of waste liq.lid 'Will follow the 
same general pattern as that of the perched. growxi wter in the 
alluvium. The liquid will infiltrate 1n the upper and middle 
reaches of the pal-t of the canyon studied and mve ee.stwrd. through 
the alluvium. The data indicate that the alluvium in the lower 
reach will absorb and transmit the predicted discharge of 500, 000 
gallons of' w.ste per week. L1 ttle of' the liQJ.Ud will move do'Wtlw.rd 
into the Bandelier Tuff in the area studied, and probably none will 
reach the main aquifer 1n t.be Santa Fe Group. The movement of 
ground wter in the part of tbe canyon east of the Los Alamos-Santa 
Fe County line vas not determined. 

The clay in the alluVium probably vUl remove most of the 
radioe.cti ve ~ste material b;y sorption and base exchange. This 
migbt ewntually build up relatively high concentrations of rad1o
acti ve material 'Which wuld move slowly downgradient through the 
alluvium. Further writ 'Will be neceseary, before and after vaste 
is discharged from the plant, to obtain quantitative hydrologic 
data and to determine the D:)Vements of the water 1n the alluvium 
below the area studied. 
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Introduction 

Untreated liquid radioactive waste from the Los Alamos 

Scientific Laboratory was dischal.·ged into deep ca.n;yona at Los 

Al.w:oos, N. Mex. before 1951. Since 1951, only wastes tbat were 

tree. ted to off-site tolerances have been discharged. I<iuch of 

the treated liquid radioactive waste llas been discharged into 

canyons within or adJacent to the residential. area of the city, 

alt.bougb moat of the technical areas creating the wastes are south 

of the townsite. Since 1950 the U.S. Geological Survey, 1n , 

cooperation vith the U.S. Atomic Energy Camni.ssion and the Los 

A.l.am:>s Scientific Laboratory, has been studying the general 

geolos;y and hydrology o! the Los Alaloos area al1d conducting 

special studies on the underground movements ot waste materials 

to determine the contamination hazard involved in the discharge of 

radioactive wastes. The laboratory requested tllat the Geological 

Survey assist in selecting a site suitable for the discharge of 

liquid low-level radioactive wastes from a proposed new treatment 

plant to be located outside the city. 

Mortaodad Cmzyon, about a mile south of the city, we.s selected 

because of ita relatively isolated position on the Pajarito Plateau, 

its small drainage area, and the relatively large amunt of alluvium 

in the ~n. The small drainage area reduces the possibil1 ty of 

large floods, and the large amount of alluvium insures a large 

underground storage space for liquid wote. The Atomic Energy 

Coumission at Los Alamos selected e, site for a proposed w.ste-

treatment plant on the plateau betveen tw canyons tributary to 

upper Mortandad Canyon. 
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Purpose and scope of investigation 

The geology and hydrology of part of lt:lrtandad Canyon are 

beina studied to determine the movement aod destination of natural 

surface and ground water in the canyon as a basis for predicting 

the ur;)vements of the liquid waste that will be discharged into the 

c:arzyon. 'l'he new waste-disposal plant ini tiall.y vill discharge 

about 6o,ooo to 70,000 gpd (gallons per day) of lov-level radioactive 

liquid wste into Effluent Canyon, 'Which is a tributary of Mortandad 

Caeyon. The discharge 'Will be increased to 100,000 gpd, and the 

predicted ultimate discharge may be as much as }:>0,000 g]?d. A 

discharge of 100,000 to 300,000 gallons per day is equivalent to 

a uniform rate ot discharge of 10 to 210 gpn; however, the discharge 

probably will be in slugs, vi th tw slugs being discharg~ in each 

8-bour period. 'l'he rate ot discharge of each slug will range from 

200 to 250 gpn. 

Data are being collected to detennine whether the alluvium and 

bedrock in the canyon vill absorb and transmit the predicted normal 

quantity of tr.ted w.ste, and whether the alluvium and bedrock w111 

absorb accidental :rapid disabarges of untreated or partly treated 

wate. Data wre collected also in an attempt to determine whether 

tbe ~ ground water in the alluvium moves downwrd through the 

bedrock towrd tbe main zone of saturation, moves by underflow tor:ard 

the Rio Grande, or is dissipated by evaporation and transpiration 

from the alluVium. The underground path of lev-level radioactive 

liquid wstes must be traced in order to determine whether there io 

a possibility of contaminating public or private ground-water supplies. 
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Field -work for this report •.ms done L'1 t'n'O phases. The first 
phase consisted of constructing 10 sballow observation wells, 23 

shallow moisture-measurement access tubes, and a deep test well. 

The shallow wells and access tubes were constructed in October and 

November 1960, and the deep test vell \6S constructed in November 
and December 19(50. The shallow observation vells and :moisture

measurement access tubes were constructed to study the water 

perched in the alluvium in the zone of aeration. The deep test well 
was drilled to study the subsurface geology and to determine the 
top of the main zone of saturation which constitutes the main 

aquifer in the Los Alamos area. Water samples were collected 

.from the main aquifer to be analyzed for radiological and chemical 
background data. A recorder w.s installed on the well to record 
fluctuations or the water table. A bailing test provided data 

about the water-transmission characteristics of the main aquifer. 
The well will be used in the future for moni taring for radioactivity 
and for a \118ter supply well 1f needed. 

The second phase of field work, from April through June 1961, 

consisted of geologic mapp1r~«, collecting water samples from the 
shallow wells tor radiometric analysis, making measurements of the 

moisture content of the alluvium and bedrock, and collecting data 

concerning the movements of surface water and ground wter. 

Samples of the bedrock and alluvii.U:l were collected for analysis to 
determine the natural background radiation levels and to estimate 

the degree of retention of residual radioactive material in the 

alluvium and bedrock. 
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The present reilQrt SUilllllarizes the "WOrk completed and the 
basic dats obtained from October 1:)60 th:-ccl[;h June 1961. The 
work done during this period helped to determine the nature of 
add1 tional work and changes in procedures of data collection. 
The collection o.nd interpretation of data will be continued, and 
a final report will be prepared after the effects of waste discharge 
are knmm. 
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Geography 

Mortandad Canyon is a narrow east-southeast-trending C8.0\YOn 

about ~ miles long on the PaJarito Plateau in Los Alamos and 

santa Fe Counties, !\..,.Me~ (fig. 1). The head of the canyon 

Figure l. --Index map of New Mexico showing Los Alamos 

County. 

is about three-fourths of a mile south of' Los Alamos in the 

western part of' the plateau, and the mouth is in White Rock Canyon 

of' the Rio Grande at the east side of' the plateau (fig. 2) . 

Figure 2. --Geologic map of' part of J.brtandad Can;yon, Los 

Alamos1 Sandoval1 and Santa P'e Counties, N. Mex. 

The altitude near the head of Mortandad C~on is about 7,30Ch .. -tut. 
About 1 mile west of the Rio Grande, Mortand.ad Canyon drops from 

an a1 ti tude or about 61 .-,:)0 feet to about 5, 41K> feet at the 

Rio Grande. Pour small eastward-draining tributary can;yons enter 

Mortandad Caeyon trom the south, and the total dra.i:nage area of' 

the canyon and its tributaries west of White Rock Cacyon is about 

4.9 square miles. T\lo of these tributary cacyons, Ten Site and 

Efnuent Cal:zyon1 are of particular concern 1n this investigation. 

Most of the area studied is in the upper part of' Mortandad Canyon 

west of the Los Alamos-Santa Fe County line. 
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1-.r the Los Alams-Santa Fe County boundary the caeyon floor 

is relatively flat and is 6oo to 700 feet vide. The cacyon is 

narrower to the wet and, in the vicinity of' test well 8 (TW-8) 

nee.r the center of sec. 23, T. 19 N., R. 6 E., the floor o:f the 

canyon is only about 100 feet vide. West of -well TW-8 the canyon 

bottom is ,:> to 80 teet 'Wide, and 1n many places is boulder-stre'Wll 

and irregular. Tbe caeyon walls are steep and in some places are 

nearly vertical. 

At most places in the study area the slope of the north w.ll 

of the C&niYOn is steeper than that of the south wll. The north 

wall is mainly bare rock wi t.h scanty vegetation, whereas talus and 

soil ~ly cover the rocks of the south -wall and support a 

relatively denae growth of deciduous shrubs and conifers. Presumably, 

the differential e:rosion of the canyon walls has resulted partly 

from differing vegetative oover which, in turn, is the result of 

differing amounts of solar radiation received by the north and 

south ..Us. 

Stands ot large ponderosa pine interspersed with junipers and 

pinon pine grow on the noor of the caeyon in the eastern part of 

the a~ area. The floor of th.e C&Ilj'on in eec. 24, T. 19 N. , R. 6 E. 

is •1nly a meadow with sparse grass and scattered large ponderosa 

pines. The narrow upper part of the canyon contains relatively 

dense stands of spruce and ponderosa pine, deciduous trees and 

shrubs, herbs and grass. 
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The middle pe.rt of Ten Site Canyon aoo the lower part of 

Eff'lllent Ca.."1Yon are narrow and steep-walled.J and have irregular, 

boulder-strewn bottoms. The upper parts of these tributary 

car(tons are relati vcly broad and contain only a few thin patches 

of alluvium and soil resting on bedrock. 
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Geology 

General discussion 

Mortandad Canyon is on the Pajarito Plateau wich is capped by 

rhyolitic volcanic rocks of the Banielier Tuff of Pleistocene age. 

The Bandelier is subdivided into tbree members (Griggs, 1955). In 

ascending order these are: the Guaje Member composed of gravel-oiz.e 

pumice; the Otowi Member composed of slightly welded pumi.ceous ash 

w1 th some beds ot tu:tf breccia; and the Tshirege Member composed of 

welded pumiceous ash, crystal-fragment tutf, and tutf' breccia. 

Over B>St ot the plateau area the Be.z:delier Tuft rests 

uncontormably on the Santa Fe Group of Miocene, Pliocene, and 
(?) 

Pleistocene f.ge. The lower part of the Santa Fe Group conaists of 
" 

sand, silt, clay, and some interbedded gravel called the 

"unditi"erentiated unit of' the Santa J'e Group," by Griggs (1955), 

and the Tesuque Formation by Spiegel. am Baldwin (in press). No 

wells have been drilled to the base of the Tesuque Formtion on the 

PaJarito Plateau, thus the nature of the rocks below the Santa Fe 

Group in this area is Uillcnovn. The Tesuque Formation is overlain 

uncon:tonably by the Puye Conglomerate (Griggs, 1955) of the Santa 

Fe Group tbrougbout most of the plateau. The Puye Conglomerate 

consists of the Totavi Lentil overlain by the .Y"anglomerate member 

(Griggs, 1955). The Totavi Lentil is a deposit of ancient river 

gravel composed of sand, pebbles, ani boulders of quartzite, 

granite, and volcanic rocks. The ,Fanglomerate member is cotrpesed 

of silt and sand, and pebble to boulder breccia of volcanic rocl:s. 
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In the eastern part of the plateau the Totavi Lentil is overlain 

by thick nows of the basaltic rocks of Chioo Mesa (Griggs, 1955), 

vhich form tbe upper part of the Santa Fe Group in the vicinity of 

Wh1 te Rock Caeyon. The basal tic f'lows tongue out westvard in the 

subsurface into the .YaDglomerate member of the Puye Conglomerate. 

In tbe -western part of the Pajari to Plateau the Puye 

Conglomerate intertongues with and laps onto 'VOlcanic rocks of the 

Tschicoma Formation of Miocene{?) and Pliocene age that form much 

of the Sierra de los Valles west of the Pajarito Plateau. On the 

eastern :flank of the Sierra de los Valles the Bandelier Tuff 

overlaps the Puye Conglomerate and rests on the Tschicoma Formation. 

The stratigraphic relations of the Santa Fe Group, Tschicoma 

Formation, and Bandelier Tuff are shovn diagrammatically in figure 

3. 

Figure ).--Diagrammatic cross section Shoving generalized 

stratigraphic relations or the Santa J!'e Group, Tschicoma 

Formation, aod Barldelier Tuff' in the Los AlSJ:X>s area. 

The surface rocks at Mortandad Canyon are mainly the Tshire3e 

Member of the Bnndelier Tuft. (See geologic mp, fig. 2. ) The 

subsurface rocks eaoow.tua4 in test vell 8 drilled in the 

rmk-Im~ sec. 23, T. 19 lf. 1 R. 6 E. are the Otowi and Guaj e 

Members of the Bandelier, the Fanglomerate member of' the Puye 

Conglomerate, and basalt flows of' the basaltic rocks of' Chino Mesa. 
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Stratigraphy 

Puye Conglomerate 

The fanglomerate member of the Puye Conglomerate or Pliocene{? ) pc ,.,c f-,..o.. "t-e. c/ 
age is the oldest stratigraphic un1 t~ e&&e\H\'\e~e.l ill '&Be aubsut #;age 

at test well 8 (fig. 4). It is present between the depth of 490 

Figure 4.--Log and cross section of test well 8, Mortandad 

Can)yon, Loa Alamos County, N. Mex. 

~ and 'bhe Eiept:Q &t 1, o65 feet_, wtrl:els 1& the ~ depth of the 

well. The well is bott.om.ed in sediments that probably are only a 

abort distance above the Totavi Lentil Wich is the basal un1 t or 

the Puye Conglomerate. Most of the ~rate member consists 

of gravel, sand, silt, and clay, but volcanic flows of the 

basal tic rocks of Chino Meea occur between the depths of 58o and 

125 feet, and split the ,Yanglomerate member into a main (lower) 

part and an upper part. 
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Betveeu the depths or 970 and l,o65 feet the main pe.rt or the 

...t'ans:Loaerate member consists ot light-tan to light-gray tuft and 

tuttaceous pebbly sand. Most of' the sand is composed of fine to 

coarse quartz and angular quartz-crystal fragments. Pebble 

:f'ragments consist of :pumice, basalt, rh;yolite, and latite. Some of' 

the material probably is w.ter-la1d as indicated by the rounding of 

the fragments. This unit is lithologically similar to a unit of' 

the .,h.ngl.caerate member that consists of pumice and gravel 320 feet 

thick at test bole 2 in Pu.eblo Cwzyon, and 90 teet thick at test 
<Q 

bole 3 1n Los Alamos Canyon (fig. ll). Confined water was 

encountered at test wl.l 8 in the tuft and tuffaceous sand betveen 

the depths of 985 and ~ teet. The 'Water rose in the hole to a 

depth of 962.6 1"eet below larld surface, indicating that confining 

layers are present in the tuff and tuffaceous 8aBi between the 

depths ot 985 am. 990 reet. The nature of the confinina beds w.s 

not d.eterm.ined. !'rom the cuttings, but the beds are probably clay. 

The turf and tut'f'aceous sand probably rest on the Totavi Lentil am 
ay be oonnected ~ically with it. 

Above the tuttaceous unit, betwen the depths of' 725 and 970 

teet, tbe -.in part o:r tbe ,iangJ.omerate member consists of' sand, 

aUt, and clay vith abwldant interbedded gravel composed of' latite, 

rbiYollte, basalt, ai¥1 andesite fragments. No water w.a found in 

these beds which are overlain by the basalt nows that split the 

}"'anglalerate member. 
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The upper part of the ianglomcra.te me.mber, betveen the depths 
of 500 and 58o feet, is s1m.1.lar to the beds below the basal.t. The 
highest beds or the upper :pa..-t ot tl:le t'anglomerat.e member, in the 

interval betveen 490 a.nd 500 .feet below the surface, are light-ta.n, 

slightly tut:faceoua, fine- to coarse-grained sand containing 
rcyoli te and l.ati te fragments. No \.Mlter 'WBS found in the upper 
part of' t.he Fanglomerate member. Water introduced into the hole 
during drilling and bailing of cuttings was perched at a depth or 
e;oout 570 teet. E»J.mination ot cuttings from tbe inter.-al. 565 to 

58o t'eet bel.ow l.aod surface indicates that the perching layer is 
cilty, sandy clay restillg on the be.sal.t. A bailing tes-c indicated t"J.c. ""i:.~e...,~e. o-f 
1i.Bat tael'e ·wae ~,f'ormational. water in this interval. 

18 



Basaltic rocks of Chiro Mesa 

Several flows of brown and gray basalt are 1n the ,..hnglanerate 

member of the Plzye between the depths of 5&> and 725 feet. These 

rocks are hard, and the ground-up drill cuttings are mainly sam-

and silt-size frasments of greenish-gray glass and feJ.dspar 
o.,cJ 

crystal.s, ~~a few larger f'ragments of black basalt. Yellowish-

tan tuffaceous sand, ldlich seems to be a bed of interflow sedimento, 

occurs near the base of the unit from about 705 to 715 feet. The 

basalts are correlated with news that -were mapped as unit 4 of the 

basaltic rocks of Chino Mesa by Griggs (1955, geologic map) and 

later (Griggs, in pr~tion) classified as unit 2. No water \las 

encountered in these rocks in test well 8. 
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Bandelier Tuff 

The Ba.ndelier Tuff ot Pleistocene Age is -che surface formation 

in the Mor...amad Canyon area and is presen"t also in the subsurface, 

1-esting unconfol"l''lably on the Plzye Conglomerate. The Bandelier Tuft 

iG rhyolitic and connists, in ascendir~ order, o~ the GuaJe Member, 

the Otovi l.f.ember, a.r:d ·~e Tshirege Mal:lber (Gl~iggs, 1955). The Cuaje 

l<ictlber is not exposed at the surface in Mortandad Ca.lzyon. An 

outcrop of gray pumiceous tut::f' tentati •-ely identified as the upper 

part of the Otowi Member ;;as observed in the eastern part of the 

a...-ea (fig. 2) 1n a road cut on Nev Mexico High-way 4. 
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Guaje Member 

The Guaje Member was penetrated in test wll 8 between the 

depths of 445 and 490 feet. It consists mainly of rounded fragments 

of 'White, gray, and tan pumice in a matrix or glassy ash. Sand-size 

quartz and feldspar crystal fragments am pink and red rock f~ts 

occur also 1n the pumice. No -water ws encountered in the Guaje 

Member in test well 8. 
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Otowi Member 

The Oto\11 Member rests on the Guaje Member and -w.s penetrated 

in test well 8 bet-..een the depths of 6o and 445 feet. The Otowi 

Maaber consists of light-gray to light-tan and light-pinkish-tan 

pumiceous tun', tu:r:f breccia, and crystal-fragment tu:f:f. Layers 

containing angular tro.pents of gray, red, and brown rbyoli te and 

latite(?) frasments are CCIIIIIIK>n, and ~a ... M"8 several layers ~ 

OOllBist mostly of pumice fragments. Some ot the pumice fragments 

are as mu.ch as 1 inch across. Most ot the matrix ot the Otow:t 

Member consists ot glassy shards aDd pumice f'ragaents. No wter 

was encountered in the member in test well 8. 

The outcrop tent.ati vely assigned to the Otowi Member in the 

eastern part ot the area 1n the road cut on Highway 4 consists of 

gray to pinkish-gray sort pumiceous ash similar to the cuttings 

tram depths ot 6o to 105 teet in test well 8. 
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Tshirege Member 

The Tshirege Member is exposed in the 'W&ll.s of Mortandad Canyon 

and forms the mesas I¥.)rth and south of the canyon. lolliere the contact 

of' t.he Tshirege Member and the underlying Otowi Member can be 

observed in Sa.rdia Canyon north of Mortandad Caeyon, it is an 

irregular erosion sur:f'ace. Although the contact is concealed in 

Mortandad Can;yon, it is probably an erosional uneontormity here also. 

The Tshirege Member consists of· Several. llthologically 

different units which were mapped (fig. 2) to determine the geologic 

structure and to determine whether the lithologic dif'ferences might 

affect infiltration of 8!8*1114 wter and smfaee....:water. 
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Unit 1. ·-The lower part ot the Tshirege Member consists ot two 

led$e-torm1ng layers ot pumiceous tutt breccia that are generally 

similar in lithology, but are slightly different in color and 

veatheri.ng characteristics. The lower layer is here designated 

~er la (fig. 2), and the upper layer is here designated layer lb. 

Layer la is massive, orange-weathering, pumiceous tuf':f' breccia 

which tonrj. a low ledge above the alluvium at ~ places in 

Mortandad Caeyon east of the western pert of sec. 23, T. 19 N., R. 6 J:. 

This b&sal layer of the Tabirege Member persists across much of the 

Pajarito Plateau. Layer la is composed of pink to light-salmon 

colored fragments of pumice ransins trom 1/8 inCh to 6 inches in 

largest dimension. Maey of tbe pumice tragments contain tiny aubbedral 

quartz crystals mainly about 1;16 inch across. Also preaent are 

f'ragmenta of obsidian and rbyoli te. The interstices between f'ra.gments 

are filled with tine glassy ash. The unit is probably an explosive 

volcanic breccia laid dovn as an aah flow. The weathered outer 1 to 

3 inches of layer la ie a bard rind which protect& the unweathered 

rock from erosion. The upper ~ teet ot layer la forma a hard ledge, 

and the top of the layer f'orma a narrow nat bench at 'lll8.cy placea. 

24 



The thickness of layer la is varied because of the irregular 

erosion surface at tbe top of the Otowi Member on \lhich layer 1a 

rests. Just west of State Highw.y 4 the base of layer la. is 

conceal.ed. by talus, but tbe unit seems to be about 15 feet thick. 

Farther west layer la is thicker at mst places, but its actual 

thickness can be determilled only in the vicinity of' test well 8. 
Here the base of ~er 1& is about 6o teet below land surface, 

8lld the top--a slight notch weathered in the cliff' on the north 
wall of tbe caeyon-is about 10 teet above the surf'ace. Thus, 

layer la is about '70 feet thick near test vell a. Exposures in 

Sandia Caeyon irld1cate tbat the thickness of layer la varier. 

considerably in short distances. 

Layer lb rests contOl'l&bly on layer la am weathers to dull 

grayish brown, pink, and light orange. Layer lb is a tuff breccia 

with a fine-grained, pink, ash matrix similar to layer la, but the 

pumice frapenta in layer lb are smaller, and 15 to 20 percent o:f 

tbe •terial consists ot granule-size quartz crystal :fragments 

and :t:rae;:ments ot denDe 'VOlcanic rock.. At most places layer lb is 

slightly less resistant to eroaion than layer la, and forms a 

rounded ledge set back tram la ( f'~. 5). At some places layers la 

t1gure 5 .... v1ew of the north wll of Jk>rtanrlad Can;yon 

northli!Nt of observation vell MC0-8. Qbtla, layer la; 

Qbtlb' layer lb; Qbt2a' layer 2a; ~bt2b' layer 2b of the 

Tahirege Kember of tbe Bandelier Tuff. 

and lb together form a nearly vertical cliff. At these placea the 
~rs can be distinquisbed because a soft bed of' pumice at the 
base of' layer lb weathers to a persistent notch in the cliff. 
Layer lb is fairly uniform in thickness, ranging f'rom about 18 to 
22 feet thick. 
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Unit 2.--Unit 2 of the Tshirege Member rests conformably on 

layer lb and seems to be transitional into it. In the eastern part 

of the mapped area un1 t 2 consists of t'WO layers separated by an 

erosional uncontormi ty. These layers are designated (tiS. 2) from 

lowest to highest, 2a and 2b. West of teat well 8 the contact 

between the laiYers could not be determined w1 th assurance, and they 

were mapped together as unit 2. 

Layer 2a is light-gray, pumiceous tuft. The tutf consists of 

slightly welded pumiceous aab containing aDgUl.ar frapents ot pumice, 

dense rhyolite, and latite as large as 4 incbn across. Alao present 

are tragments of quartz and sanidine crystals. The rock is similar 

to parts ot the Otovi Member, and "W'8athers to dull gray and grayish

brown with a bard rind several inches thick at its surtace. Layer 

2a weathers to rounded slopes set back from un1 t l. Layer 2a is 

about 55 feet thick in the eastern part of the area, and the 

~ck.ness increases westwrd to 70-8o feet in the vicinity ot 

test well 8. 



/ 

---
~ 2b is tan to brown-weathering tuft" ccaposed ot fragments 

ot cputz crystals and some sanidine crystal.s in a matrix of :f'ine 

ash. Pebble-size fragments of pumice and reyolite also are present. 

Bedding can be observed at places in this layer, and commonly the 

lower 6 inches consist of ahaly bedded, fine- to coarse-grained 

tuffaceous sandstone libich rests on an erosional surf'ace at the top 

of ~er 2a. ~ 2b is resistant to erosion and forms ledges and 

benches above the rounded slopes of layer 2&. In the eastern pu-t 

ot the area the preserved part ot layer 2b ranges !rom 5 to 30 feet 

thick. In the western part of' the area layer 2b is about 40 feet 

thick alld grades upw.rd into un1 t ~; the contact -was mapped mainly ; 

on a topographic basis near the break in slope between the bench 

held up by layer 2b and the rounded slope cut on unit 3. West of 

test vell. 8 layers 2a and 2b form a single weathering unit mapped 

as unit 2. Unit 2 is llO to l2J feet thick. 

- ' 

~---

/ - - / / ~ ----~ 
/"":.~- .,.__ :::::::-----:- ~ 
--~b ~ 4-

27 

3 



Unit ,2.--Unit 3 reate conformably on unit 2 and grades d.O'wnw.rd 

into it. Unit 3 consists mainly of light-gray, light-tan, pink, and 

white, slightly welded, pumiceous tuft breccia. The rock is compoaed 

of fine pumice fragments and glassy shards, and contains DU.~~:~erous 

layers of pebble- aDd cobble-size pumice frap,enta and saae red and 

gray dense rhyolite, latite('t}, and obsidian trapents. Jik>at of tbe 

unit is relatively sof't and haa been eroded to torm soft round slopes 

with a bard rind several inches thick. at the \ieatb.ered surface. The 

upper 4o to 50 teet is moderately resistant to erosion and forms flat 

mesas and benches with steep aides north and south of Mortandad 

C~on. The upper part of this interval contains abundant fragments 
I 

of dense rhyolite and latite(?). Unit 3 is about llO feet thick in 

the western part of the area, and is the stratigraphically highest 

part of the Bandelier Tuff preserved in this part ot the Pajarito 

Plateau. 
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Correlations 

Unit 1 of the Tshirege Member in Mortandad Canyon we traced 

northeastwrd to the typical exposure of the Tsbirege Member 

(Griggs, in preparation) on the mesa north of Los Alamos Canyon in 

sees. 16 and 21, T. 19 N • ., R. 1 E. At this locality layer la is 

about~ .feet thick, and layer lb is about 26 teet thick. Layers 

2a 8lld 2b also are recognizable at the typical exposure where they 

are 47 teet and 31 teet thick, respectively. The lower part of 

unit 3 is about 49 .feet thick at the typical exposure o.f the 

Tshirege, acd the upper part o.f unit 3 is not present, having been 

eroded .from the top ot the mesa. 

Units 1, 2, and 3 of the Tshirege Member are :present at 

Technical Area. 49 on Frijoles Mesa about 2-}- miles south of Mortandad 

Canyon. Layers la and lb at Morta.ndod Canyon correlate with unit lb 

ot Weir and Purtymun (in preparation) of the '..i?shiregc at Fr~joles 

Mesa. The r:.ubsurf'ace unit designated by Weir and Purtynnn a~:> unit 

la of the Tshirege at FriJoles Mesa is r>robably equivalent to t:..'le 

upper ]?Elrt of the rocks assigned to the Otovi Member in the 

subsurface at test 'Well 8 in Mortandad Can;yon. Unit 2 at Mcr'tru'il.ad 

Cacyon is equivalent to W11 t 2 or Weir and PJ.rt;ymun at Frijoles 

Mesa. The sort lower part of wrlt 3 at M0rtru¥lad Can.,von is 

equivalent to unit 3 at FriJoles Mesa. The ledge-forming upper 

part of un1 t 3 at Mort.ai¥1ad Canyon may be equivalent to wrl. t 4 at 

FriJoles Mesa, but "WaS not mapped separately from unit 3 at 
/ 

Mort.arxlad Canyon. 
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The all: t·,-::.:...u:: cc.:;t of t.eJt ~.1e1: :3 :..s thlcl:er and consicts of 

::: the cll!.l?.:..'J.'::. on the BtnC!.cL.er. Sene O!' the loiier 

vell J the allu\·iun in 

The up~;er JJ .Lcct concists Llainl;:; of cr-..tstnl-

T~:.e u;.,:;"i)el' 20 feet of s.lluvi\..u;J. at. li:1e 6 (MCM-6A, etc., fie;. 2) · 
c./,~ jC j 

co:~..:::.sts o:: coarse, ;.;liGhtly a.reillaoeous sand, which lapo onto 
" layer la of the Tshire3e i.feober nea:· the edces of the valley. 

3elm; the coarEJe sand the allL~viurJ is nainly sandy, silty clay: 

\;hich rc::;tc 021 the Otoi-li Het:lber o.nd ::s about 42 feet thick at 

o'•scr<mtion ifcll 6 (1vtc0-6). 



The lt~~_)t~!' 2.J to 25 feet of a2..lt1.\'"2.~"':1 at line 8 iG mootly na..'1d 

At acces:.; tube MCM-OD the lower Ul'1i t 

Becc.u;;e cf t:.c dii'f lct<.l :.y in recoverir;.c 

:::-3.te see..or:ed to ind:i.cu:.e -'::.hat 

........... -~--·•· cve::.:la.ps the 

' . ·~. 

25 feet ;:.hide, and t~~~ lo·.;e:: u.-:i t oi' brotm. sn!'.dy clay i::; 32 to 37 

~., ee~ ::,: :i cl:. 

1v1e::1::;el'. a.cce~s tu'ce 10 (MC!-i-10) -'::.he ..l:pr•er sand is about 17 

The base of the brmm) ::;and:/ clay un.i t seer.J.s to be 
Penq. ~.,."'- t ~d. 

o.uo,~t 62 feet "belo\1 t:~c su::fa.cc whcr·e :_;1·ay tui'f' vlaS, ~9~~te1·e~ 

'I'he tuff is proLa'.Jl~: ~:;. the UFper ]!D.r-::. of tl1e Otovi Member. 
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~~cchar-.'.cul cros:;.on a::u. 

·.•ea the red. 
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The talus !Jrobably creeps slowly t01..ard. 

:-1eing eroded und redeposited a short dictancc 

The alluviurJ l:t ~he 

::...:L:::':! ::.~= :;c.-:-.._; crc;dcl sliGhtly and :;one of the arroyos are entrenched. 

' . '. --· .:.:ec·:.; belov ~r:e ~;entl:f slop.:..110 upl'er surface of the alluvial 

"t"' .... ..., a 
'.;as ~f'll(;!'l:' 'er~ ;., the o.lL:viur;! d.urip•· drilling oi' ~;o::>c • • •. u "..... ...._, 

7he ~~ter ap~eared to 

:.\c ·c1·c~1cd. o~ tl:e D~ldelier Tuf:-2'. The cccurreLce of liater in the 



Geologic c-:.:.:-;.:cturP. 

'.i.'he :.:rt:cucture 

"tr~c E..o.'Ca where layer l.U is 

o:. ... n: e:;:· J.U ·.1cre clc\:.e:;,-::::::.acd on t.lle ·..Jas ... s or' the comoined. neesu.red 

·.:.:le east.\·IO.rd. d1p ol' t:.he T;.;hirece 

:i..n .... t::.al (L::;J a.s the result; of tllinnin.::; or· 

Ho~:ever, the rocl::.:; 



. ~ . .... :.' .. · ~: ~c '.Csl:..::.rece ~·1e::i~er .::J.c i!1dicuted by the 

Otoui, ":.rr: .. .:.c11 ..:..s 

on tlle eactcr:1 

~.nell ca tine tho. t further sligi1t deforr:Ja tion 



ex.a.tJ.ined. o~: 

i:'.i'luence on ini'ilt.1.'ation 

irregular a:-rl 

'E1e c. c::::n,::;e deY'.::-:!_ t:; ::.;cer::.G to :;c about 1 joint per 

filled v~. t::~ sedincn:. o::.· ,,ri ~ll au.toc:~~llOl1CUG clay derived. fro;-:1 ~.,;he 

ope!1incs a;:e r;.o:. :?:.llcd completely. 
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oose::.~ved ir. tJ1e Hortandad C~'on area can 

i\..~~ ~:~:;ed by Kelley and Clinton ( 19(50, 
IJ. 1G) t~:.e tern ::-.a:.: :~..;r joint sic.;:·.:i.:::'::.es those joints 'rihich are 

Nc:_;t of ·::.he naster joints O~l;er·,red 
o..::c .c:::t..:.cnl, or .:L.', :.:ore tlm.n 85 ', ::L:.c"~ nre ccncrnll;y nearly 

The ::note:::.· 
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., ... 
~·· 
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IC:cc.::..l~ , ·~he u.L.:..::orr.: sll:::::.~-..::a.cc of c. horJ.ot:;eneous mediUI:l 

r:.co.:::l~· l:exe.go.nal pr ;_sms (fib. 6o) 

Howe. e:::, sir .i.lar tensional stresses :oight 

-· ·~ ' ..... ·· "'Cti-n --.&.I. .... l;J, • .J~.... J.l..> 

r·-i• 

t:·""' 

------------
c~·~~i,_: :.'e.~ 

"'..;~:e v.a~ter .~o.:.n-:;s .!.:: ~1e Tshirece Hcr:ibe:::· 1re:::e prodL~ced iJy ten.siona.l 

:::;;,;rec:.;cc cm~ccd by ul:u-ink.a.ge durin£ coolinc of the rocks. 

If the ~ointc ·,.,ere co.uDed by n:u·i11l'".age, they probably are open 

sli:;..'J.tly a"..; nun~; places o.nd might r;rovide chanl'lels for infiltration 

of surface water. 01)en joint:.; are coi:liXln in the Tshirege Member in 

the lo.rt;c-J.iaraeter holeL; dr:.lled on the neGa top at Technical Area 

In :1-iortandad Canyon, on 

the tc:_-.. os::."U;;hic bcncll O!'l. u.ni t 2 north of Ten Site, nel t i-TB.ter fron 

c_;;;c,; ·,;o.s OlJce:~·.C\1 to flm.- ir: sc.al:i. uc:pressiOl'!.S \leathered 0.1011(; 

jo~:1t.::.: ar.d. ·:.o in.:..;,::.·:.:.::e.te cc:::pletel" .~:1 less tilB.n 100 feet. 



cha.rocteriotics jo.:.nts 

alluvill!l in the can;;·o:~. 

of the rock on the sides of tile fractures. 

neal the upper parte of nost joints i:: t.he valley and inhi'iJ::.·:: 

infiltration of crou:Kl \ro.ter from ".:.he alluvium. This conc..L:.l:::..:.or. 

is not substa.11tiatcd iJy direct observatio::I at Morta:ldall Ca:::'o:·:_. 

but conditions at places on the ne::;a.:~ my be unalo,;ouc ., ce:::-:.a.:.:·: 

respects. 
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Bydrology 

The surface water and two bodies of ground •ter are ot 

concern in this study. The tw ground-vater bodies are~ the 

wter of the main aquifer, 'Which is in the Puye Conglomerate more 

tban 985 teet beneath the noor of the caeyoni and the water 

perched in the alluvium at sballov depth in Mortandad Caeyon. No 

.f.<.e,., cJ 

w.ter -was caut~~tMied.Abetween the base of' the alluvium and the 

top of the main aquifer during the drilling of' the deep test hole. 

The source or sources of recharge of' the main a~fer in the 

Los Alamos area are not knovn with certainty. '• The altitude ot the 

piezometric surface of the main aquifer is higher in the -western 

part of' the Pajari to Plateau tban in the eastern part. (See 

:t1g. 12.) This suggests that the major recharge areas are in the 

western part o:t the plateau or 1n the Sierra de los Valles. However, 

U" some o:t the aree.a of recharge for the main aquifer are in 

Mort-e.nAad Canyon aDd other canyons on the plateau, contam1 nante 

trom 'WB.steo discharged 1n the canyons might be carried directly 

to this &qJ.lifer which is the source ot the water supply for 



Tbe source ot the • ter in the alluvium 1n Mortandad Cacyon 

is precipitation 1n the upper part of the canyon e.nd 1n its 

tributaries. After the water filters into the alluvium, its 

possible routes of xoovement and points ot discb4rge aref 

1) lateral movement through the alluvium to the .mouth of Mortannad 

Canyon 'Where the water might discharge fran: springs or seeps into 

the Rio Grande; 2) vertical movement from the alluvium through the 

Wlderlying Bandelier Tutf and 1\.cye Conglomerate to the main body of .. 
ground wter 1n the lower pe.rt of the Puye and the Tesuque Formation; 

4 

3) return to the atmosphere from the alluvium because of capill.ary 

action, evaporation, and transpiration from plants; or 4) a 

combination of t\10 or more routes. The movements of liquid -waste 

discharged into the ~n probably wuld be e1m1Jar, it not 

identical, to the movements of the naturally occurring surface 

vater and ground water. 

A primary reason tor constructing observation vella and , 
access tubes 1n Mortandad Calzyon ws to determine, if possible, 

whether the water in the alluvium filters into the Bandelier Turf 

beneath the alluvium or moves ea.stllal'd to'Wal'd the Rio Grande. 



Construction of wells and access ~s 

Thirty-three test holes, each less than lOO feet deep, and a 

teet hole\ 1,o65 feet deep\ vere drilled aid i'inielled in Ef'fl.u.ent 

and Mortandad Canyons in October am. liovember 1960. The deep hole 

and 10 of the shallow holes were cased as wells for collecting 

water samples and making wter-level measurements. The other 2; 

shallow holes were cased to seal. out water and were used as access 

tubes to accOJDllrJdate the neutron-neutron scattering probe Yhich 

was used to determine the moisture content of the alluvium and 

bedrock. 
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Shallow wells and access tubes 

Nine shallow observation wells were constructed to study the 

water in the alluvium in Mortandad ca.nYon. The wells are 

designated as Hortandad Canyon observation wells (1«!0-l through 

MC0·9) and were numbered from west to east (fig. 2) • Moisture-

measurement access tubes were constructed in seven lines across 

the canyon. Each line includes one observation well and t-wo or 

more access tubes. Each access tube is designated by a number) 

which corresponds 'With the number of the observation well in each 

line, and by a letter. The tube at the oouth end or each line is 

denoted by the letter "A" (l«:M-lA, KX-2A.) etc.). Lines 1 and 2 

are in Etnuent Can..von, and lines 3 to 6 and 8 are in MortarXlad 

Caeyon. ~-7 and MC0-9 are observation wells with no 

accompanying access tubes, and MCM-10 is a single access tube. 

Test well ~ near line 5 is utilized as a Shallow observation 

well, but it ws not constructed in the same marmer as the other 

shallow \lells. 
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The boles for the observation wells and access tubes were 

drilled by a truck-mounted power auger where possible, and by a 

portable power auger in places inaccessible to the truck. The 

diameters of the augers tor the truck-mounted and portable rigs 

were slightly less than 4 and 3 inches, respectively. Samples 

were obtained during auger!ng o£ the holes, but there was no 

assurance that samples designated as being from a specific depth 

were representative of that depth because the cuttings were mixed 

by the auger, and because the sides of the holes caved. It was 

impossible to obtain cores with this equi-pnent because material 

that caved :from the sides of the hole could not be cleaned out ' 

completely. 

Two observation wells ranging in depth from 8 to lol teet 

were constructed in Et'f'luent Canyon, and 8 observation wells 

ranging in depth from 1 7} to 8o teet were constructed in Morte.Ddad 

Canyon. Wells MC0-2, 3, and 4 were drilled with the portable 

power auger and cased with 2-inch plastic pipe (table 1). The 

other wells were drilled with the truck-mounted auger and cased 

with 3-inch plastic pipe. Three-inch-diameter pipe was used Were 

possible to facilitate the collection of water samples and to 
make possible the operation of float-type water-level recorders. 

The plastic casing was perforated with heated screw drivers (1/8-

inch wide and ~inch long perforjii8tions) or a heated ice pick 

( 1;8- inch diameter) . The pertora tions were in vertical rove about 

1 inch apart with five rows around the pipe. The bottom of the 

pipe (except !C>-3) was left open. 
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Table 1. --Record of shallow observation wells in Effluent and Morta.n.dad Canyons, Los Alamos County, N. Me«. 

Casing Depth Depth Length Length of Altitude of Height of Depth to water 

Well 
diameter drilled sounded of casing land surface measuring below land 

(inches) (feet) (feet) casing below perforated (feet) point 2/ ~surf' ace 

No. April land surface (feet) ~/ ~£eet ,- '(November 1960\ 
1961 (feet) above land (feet) 

surface 

MC0-1 3 8 7-9 1.2 1 7153-3 2.8 1 

MCQ-2 2 10.5 6.1 9-9 13 7133-5 3.1' 1 

MC0-3 2 17.5 12.7 12.7 10 c_Io46~z) 1.5"- 8 

MCQ-4 2 24 21.9 23.5 15 690C.4. ·5 16.90 

MC0-5 3 47 32.6 38.5 15 6876.7 1.5 24.60 

+:" Mco-6 3 82 68.2 70.7 35 6848.9 7.0 38.11 

-J 

MC0-7 3 77 64.6 68.5 30 6827.6 1.5 39.66 

Mco-8 3 92 80.2 83.4 20 6797-3 1.6 61.51 

MC0-9 3 67 55-7 55.5 50 6749.8 1.5 Dry 

'IW-8A 24 40 27-9 30 21 6874.7 .0 26.8 

~I Measured from the bottom of the casing. 

5.1 Top of casing. 

21 Corrugated metal pipe? 24-inch diameter, bottom open· 
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The. annular 81J6Ce between the w.ll of the hole and the pipe 

\Ms pe.cked with soil from the surface to a depth of 2 or 3 feet. 

Below this the annular space is open. The annular space :f'rom the 

bottom to within 3 .feet of the land surface in MCO- 4 we filled 

with sand and the upper 3 feet was packed w1 th soil. After the 

casings were set, the wells were bailed with a 1-gallon bailer to 

clean and develop them. 

Test well 8A is cased with a 24-inch diameter corrugated metal 

pipe to a depth of ?JJ feet and is utilized as a shallow observation 

well. There are no slots or perforations 1n the casing, but the 

bottom is open. 

Four moisture-measurement access tubes ranging in depth from 

1 to 12 feet were constructed in Ef'fiuent Caeyon, and 19 access 

tubes ranging 1n depth from 10 to 86 feet were constructed in 

M:>rtandad Canyon ( table 2) . The holes in lines 3 ard 4 were drilled 

with the portable auger, and the others were drilled with the truck-

mounted auger. The access tubes are cased with 2-inch-diameter 

plastic pipe to ac~te tbe moisture and density probes. The 

bottom of each pipe was sealed w1 th a plastic cap to keep water 

out of' the pipe. 

The annular spaces between the pipe and w.ll ot the holes were 

filled with dry se.niy soil or tuff which did not contain clods or 

pebbles. A narrow strip o:f' \IOOd 20 feet long 'W8.S used to tamp the 

fill into the annular space. The lower parts ot the pipes in access 

tubes K:M-8C and MCM-8D were set in mud slurry, but only the top 

10 feet of the annular space was backfilled. 
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Table 2. --Record of access tubes in Ettluent and 

Mortanda.d Canyons, Los Alamos County 1 II. Nex. 

Length of casing Altitude of Beisht of 
below land surface land surface measuriog point-" 

above land surface 
~feet~ ~feetl ~feetl 

MCM-lA ll.7 7,155·9 1.7 

-lB 10.5 7,154.7 2.2 

-2A ll.O 7, l,S.6 .7 

-2B 1.0 7,1~3.7 2.9 

-:;A 13.0 7,01+8.8 2.2 

-JB 10.0 7,01!8. ~ 2.2 

-~ 9.0 6,9()0.9 .7 

-4B 2!).5 6,9()0.0 .o 

-5A 25.0 6,881.4 1.7 

-5B ,:>.0 6,879.0 1.7 

-5C 37.0 6,877.6 2.2 

-6A 17.8 6,852.6 1.2 

-6B 51.8 6,851.2 1.2 

-6C 56.8 6,851.0 1.2 

-6D 34.9 6,850.0 1.2 

-6E 21.0 6,850.6 1.2 

-8A 20.0 6,8o7.l 1.2 

-8B ,:>.0 6,797.2 1.2 

-Be 66.0 6,797·3 1.2 

-8D 86.3 6,796-3 1.2 

-8E 52.6 6,796.9 1.2 

-8F 23.1 6,799.2 1.2 

-10 67.2 6,7,:>.9 1.2 

_I Top of casing. 



Deep test well 

riecp I!Jcl I 
A A test fte.1.e ....as drilled in Morta."ldad Canyon near the middle 

1\ W</J 
of sec. 23, T. 19 N., R. 6 E. The 9QJ.& w.s bottomed at a depth ot 

" l)o65 feet in the main aquifer of the Los Alsmos area. This ~ 'HIJ 
I..J c. II 

is designated as test well 8 (TW-8 on tig. 2). The ~" w.s drilled 

by ~ cable-tool method. Drilling besan on November 8, and the 

well was completed December 15, 1960. Drilling time w.s recorded 

and rock cuttings were collected at d.eptb intervals of 5 :feet. 

The drilling-rate log, a description of the cuttings, and details 

of well construction are shown on figure 4. A hOle 18 to 20 inches 

in diameter was drilled to a depth of 85 teet. Fran 85 teet to the 

total depth of 1,o65 feet, a bole 13 5/8 inches in diameter was 

drilled. 
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An unperforated steel casing, 20 inches in diameter, and 43.5 

feet long, ws driven to a depth of 42 :teet below land surface to 

seal out water in the alluvium. A 14-incb. diameter steel casing, 

64 feet long, was suspended inside the 2:1-incb. casing. Cement 

we poured around the 14-inch casing to fill tbe annular space 

from a depth of 62 feet to the land surface {:fig. 4). An 8-incb. 

casing, l,o67 :teet ll inches long, was suspended inside the 14-inch 

casing in such a manner that the 8-inch casing does DOt rest on the 

bottom or the hole. Slots were cut w1 th an acetylene torch in the 

lower 112 teet of the 8-inch casing. The slots are 6 inches long, 
d~~ree.s 

l/8 inch wide, and are spaced 90'\apart horizontally. The vertical 

spacing is 6 inches between the horizontal rows or slots, and the 
clt~rttJ 

slots of each rov are staggered 45 ~"horizontally 1 w1 tb. respect to 

the slots in the next row above and below. The well was partly 
. it l,j ~.s d e..re. lo,. e ii 

developed by bafl,ing for 1 hour on December 15;,. additionall'j 

dEP.ewl.gpaea:t- eeelti:'t ee. during a 2-bou.r bailing test on December l.6, 

J:, e~ 1.... t. 
If surface water or shallow ground water should" leak down 

around the 20-inch and 14-inch surface casings, it may be possible 

to seal the upper 465 f'eet of' the well by pouring grout into the 
the. 

annular space between the 8-inch casing and borehole. A packer 

" made of machinery belting is attached to the outside of' the 8- inch 

co.sing at a depth of ~5 :teet to provide a bridge f'or the grout. 

Access to the armular space above this bridge is provided by a 

;-inch-diameter pipe at the well head (fig. 4). 
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well 
The first attempt to drill a deep test Aa*e" was abandoned at 

a depth of 4o feet, because a drill bit a.nd boldiog -wrench were 
wc.ll 

lost in the hole. This~, designated test well 8A. ('N-8A.), is 

" about 50 feet ea. at of TW-8 and is used na a shallow observation 

well. 
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Collection of hydrologic data 

The shallow observation wells were the principal sources of 

4ata on the perched wter in the alluvium. Periodic measurements 
of the. depth +o we~."te,.. 

A were made w1 th a steel tape from late March to July 1961.-

4e~I'E:M ohenees et w.ter level-e in ~ al.l.Ll'ti~:~a. Water-level 

recorders were installed on several wells. Samples of' water were 

collected f'or radiochemical and chemical analysis. 

The moisture-measurement access tubes were used mainly to 

determine the moisture content of' the alluvium above the perched 

111ater table, but the misture measurements also yielded data on 

the depth to the water table. 

Two electronic instruments containing sources of' rad.ioacti ve 

materials were used in the access tubes to determine the moisture 

content and the density of the undisturbed materials outside the 

plastic pipe. Each instrument is a probe about 1-9;16 inches in 

diameter and about 14 inches long, and is connected by an insulated 

cable to a portable power supply and scaler. The cable is marked 

in teet, and the probe can be lowered by the cable to aey depth 

desired in the access tube. The 110isture content in percent by 

wlwae, or the density in pounds per cubic toot, of' the mterial 

surrowlding the access tube is determined directly by eanparing 

readinas on the scaler w1 th empirically determined charts and 

graphs. The m1 ntmum sphere of influence of the probes is about 

6 inches 1n diameter. 
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The rad1oact1 ve source in the misture probe em1 ts tast 

neutrons vbich are slowed by collisions vi th free hyd.rosen atoms 

in the surrounding materials. Some o:t the slow neutrons are 

defiected back to a detecting tube in the probe and counted 

electronically, thus providing a means o:t determining the percent 

by volume of moisture 1n a sphere around the probe. The 

radioactive source 1n the density probe emits gamma-rays which 

collide with orbital electrons o:t atoms comprising the mater1al 

surrounding the plastic pipe. Because gamzDs.-rays are scattered 

and absorbed in direct proportion to the number o:t electrons per 

wU.t volume, the number o:t gamma-rays tbat vill be defiected back 

to the detecting tube is inversely proportional to the density of 

the surrounding material. This provides a means of determining 

the density ot the material around the probe. 



A 2- .Lnch I. D. ( inside diameter) plastic pipe was used to case 

the ooisture-measurement access tubes, instead of the l 5;8-inch 
I.D. steel tubing recommended by the manui"acturer qf ·the probes. 

Fabrication under field condi tiona of numerous lengths ot the 

tight-fitting steel tubes ws found to be impractical. The greater 
distance betveen the probe and the undisturbed material, that 

resulted from using the larger-diameter pipe, probably caused some 

small error in measuring the moisture content. The moisture 

content determined by using the 2-inch plastic pipe appears to be 

about l to 2 percent lov by volume in the intermediate moisture 
range. The instrument .. s calibrated by comparing actual moisture 

ree.dinE( with the laboratory-determined moisture content of cores. 
Moisture measurements made in observation vell ~8, whiCh is 

cased with 3-inch I.D. plastic pipe, are believed to be correct 

within about 2 or 3 percent by volume. It ~s necessary also to 
recalibrate the density probe in the field before it could be 

used vith the plastic pipe. 
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Data obtained trom the shallow observation wells and access 

tubes were used to draw profiles of the alluvium in Mortandad 

Canyon. Profiles along ee.ch line of holes across the caeyon are 

sho\ltl on figure 7, and longitudinal profiles between line 4 and 

Figure 7.--Protiles across Jibrtande.d Caeyon sho'Wing water ,. 
level.s and moisture content of the alluvium and the 

Tsbirege and OtoVi Members of the Bandelier Tuff. 

access tube MCM-8D are shown on figure 8. The top of the zone or 

l'igure 8. --Longitudinal profiles showing base and top ot 

the alluvium and water levels in the alluvium in Mortandad 

Canyon between 11::0-4 and )D(..8D. (Line or protUes shown 

on fig. 2.) 

saturation of the alluvium and the moisture content or tbe zone of 

aeration of the alluvium are illustrated on these profiles. 



The base of the alluVium in several boles ws determined 
I C.. With certainty by microsco~ examination of auger samples. Where 

auger samples did not provide conclusive data, the base of the 

alluvium ws interpreted from driller' s logs, changes in the 

moisture content as determined w1 th the moisture probe, and 

differences in the density of the materials as determined vith 

the density probe. The wter in the alluVium is perched on the 

tuff at all localities where the contact of the alluVium and 

underlying BEmdelier Tuff was determined with certainty from auger 

samples, and there is a significant difference between the 

moisture content of the saturated alluVium and the moisture content 

of the underlying unsaturated tuff. The position of the sharp 

decrease in moisture content was used in defining the probable 

alluvium-tuff contact at places were the contact could not be 

determined conclusively from the driller's log and auger samples. 

Generally, the density of the alluVium is 100 pounds per cubic 

foot, or slightly 100re, vhereas the density of the tuff is about 

90 pounds (plus or minus several pounds). The position of the 

change in density w.s used as supplemental information in 

determining the alluvium-tuff contact. 
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Water in the alluvium 

Sow-ce ot rec.barge 

The source ot recharge of tbe ground-water body in the 
alluvium 1n Mortandad Canyon is the precipitation vi.thin the 
drainage area of the canyon. The ca.n;yon does not extend westvard. 
to the Sierra de los Valles w.here the annual precipitation at Q~ """"'~!-a a...r highez altitl:ii&:es is 30 to 35 inches, and the drainage area of the II 

main ~on west of the Los Al.amos-Santa Fe County line is only 
about 2 square miles. The head of Morte.nde.d Canyon is on a 
relatively lov part of the Pajarito Plateau at an altitude of 
about 7,4oo feet, where the average annual precipitation is only 
17 or 18 inches. Thus, the amount of recharge water available 
for the alluvium in Mortandad. Canyon is relatively small compared 
to that available for the alluvium in other can;yons on the 
Pajari to P1a tee.u. 



Approximately one-fourth of the precipitation in the Vicinity 
1S 

of tk>rtandad Canyon -oea.we 
11 

1n the 'W'i.nter soPtha. During the 

present investigation, from October 1960 to Jtme 1961, most of 
tva.r 

the precipitation eeet:ln'e4Ain October, December, March, and April 
(fig. 9). "rlest of' line 5 snow remained on the ground ~ t.M-

Figure 9.--Temperature and precipitation at Los AJ.ux:>s, 

N. Mex. from October 1960 throUfib June 1961. 
in the canyon, especially along the south wall, from late 

November to early April. Snow depths of l to 2 teet were camnon 
during this period, although sublimation and diurnal melting 

reduced the snowpack between periods of precipitation. West of 
line 5 the shade provided by the canyon wlls, deciduous and 

evergreen tr~s and shrubs, was important in retaining the snov. 
At n:ost places in the broader part of the canyon east of line 5 
the snow melted or sublimated within a tev days after each 

snowfall. 

Figure 9 shows the daily and monthly precipitation and daily 

high and low temperatures during the period of study. The 

measurements were made at the Administration Building of Los Alamos 
Scientific Laboratory about halt a mile northwest of upper 

Mortandad Canyon. f't) ill estiaated that .:the daily low temperatures 
e.sT;, Gteti - +-- ~-in the upper part of the canyon are 5 to 7 degrees lo-wer than ~ 

those of the plateau, whereas the daily high temperatures in the 

broader lowr reach of the canyon often are higher than on the 

plateau. 
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Temperatures during parts ot 15 days 1n January, 20 days 1n 

February, and 23 days in March were high enough tor some snow to 

melt at the less-shaded 1>laces in the upper reach ot the caeyon. 

The length of daily melting time increased vi th the season, and 

arter about April 20 melting was more or less continuous. The 

stream in Mortandad Canyon began to now past line 3 in the upper 

reach of the canyon in March, and the d.ownatream end ot the nov 

advanced eastward to a point about 100 yards east ot 'l'W-8t\ on 
e. 

April 17 or 18. Arter this da~ the eastern end ot the stream 

receded rapidly upstream, because the snovpack in the upper part 

of the caeyon was depleted. 

This sequence of advance and retreat of the stream front 

reflects the melting of accumulated snov~ and ~ additional 

precipitation trom the middle of March until about the middle of 

April, after w.hich there was no signiticant precipitation until 

late June. The stream front retreated in April and May as the 

snow pack ws depleted and as moisture drained from the soil and 

alluvil.Dil in the upper part ot the ~on. By May l2 the front of 

the stream had retreated west of the confluence ot Mortandad and 

Effiuent Canyons. The estimated volumes of streamflow are 

discussed in a latter section. Records indicate that the range in 

temperature and e.zoount of precipitation trom October 196<> through 

June 1961 were about average. 
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Moat ot the precipitation on the Pajarito Plateau falls 
during st.l.IJliDIIr thundershowrs, CODIDOnly during tlle afternoon or early 
evening. It often occurs as "cloudbursts" with several inches of 
rain falling in a few hours on a amall part of the plateau. The 

his!lest average monthly prec1p1 tation is in August and is slightly 
less tlle.n 4 inches. B1sh measurements tor August during the last 
10 years vere 11.18 in 1952, 7.89 in 19571 and 7.24 in 1959. After 
June 27, as a result of S\.11IIDI!r rains, tbe streamflow in 1961 (after 
the period of study for this report) was nearly continuous 1n the 
upper pe.rt of the canyon above line ;, and the front of the stream 
advanced and retreated several times between lines 3 and 4. 

No streamflow was observed 1n the lo"'e1· part of Morte.nda.d. 
Canyon below line 6 at 8QY time during the study. The volume of 
porous and permeable alluvium in the lower part of the canyon was 
autticient to accommodate the infiltrating streamflow during the 
spring of 1961. Presumably there is interm.i ttent streamflow in 
stretches of the lower part ot the canyon during heavy summer rains, 
but the discontinuous nature ot the stream channels indicates 
tbat this water infiltrates rapidly and does not tlow far at the 
surface. 
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Infiltration 

The snowpack. 1n the upper part of Mortarv'ad Canyon provided 

most of the recharge 'Water for the alluvium in the c:azzyon during 

the spring of 1961. The thin alluvium at places in the upper 

part of the canyon above line 4 probably became saturated up to 

the level of the streambed by earJ.y March because of 1nf'1J. tration 

of -water derived locaJ.ly from diurnal melting in January 1 February, 

and March. The alluvium at lines 3 azX1 4 remained saturated up to 

the level of the streambed during moat of April ( bydrographs, 

fig. 7). 
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!t was diffiettlt to detenn1n:e dwoing tl'1e !nves 111gat1on ·.metlle~ 

moot e£ ~he winter melt water in the upper part of the canyon 
""'"'~ lot•vc. ; 

infiltrated directly down-ward through the thin soil 'Wh1aa is at the " top of the alluvium, or trickled into the stream cltannel and then 

infiltrated the alluvium. At the time of the April 11-14 moisture 

measurements at lines 3, 4, and 5 (rig. 7) , the moisture content 

within the capilla.rJ fringe above the zone of saturation ws 20 

to 30 percent by volume. The moisture content above the capillary 

fringe was 10 to 20 percent by volume, and the zooisture content 

of the upper 1 foot of soil was as much as 30 percent at some 

places, particularly on the shaded south side ot the canyon :floor 

wich remained :frozen during the colder months. Considering the 

relatively low IllOisture content of the upper part of the capillary 

fringe, it appears that the moisture absorbed and retained by the 

clay in the upper pe.rt of the soil had a perching effect, and much 

of the melt water moved laterally at the surface to the stream 

channel, this being the path of least resistance. 



Tht. inhltrating water probably saturated or partly saturated 

much of the thin alluvium above line 4 by the time that general 

melting began in March. Streamflow began in March, because the 

thin alluvium above line 4 vas unable to absorb and transmit all 

the snowmelt water. The front of the surface stream advanced 

eastward in March as the stream saturated, or partly saturated 

the alluvium :inmed.iately subjacent to the streambed, causing a 

temporary perching effect where the surface flow vaa large enough 

to exceed the rate of 1n:f"1ltrat1on. Infiltration occurred at the 

front of the surface stream and in the channel throughout the 

reach upstream from the front. However, the tront of the stream 

advanced east-ward oore rapidly than did the front of the zone ot 

complete saturation in the alluvium. This was observed at TW-8.\ 

where the front of the stream passed the well on or about April 1, 

but the water level in the well indicated that the alluvium was oot 

saturated to the level of the 11tream channel until April 1' or 14. 
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The rate of lateral movement through the alluvium 1n the 

reach upstream tram the front ~s sufficiently slow to cause a 

small mound of grotmd -water to form in the alluvium directly beneath 

and parallel to the channel. The mound existed from the point 

upstream where the alluvium vas oaturated to the level of the stream 

channel to some point -west of the :front of the surface stream. The 

sides of the nx>wxl sloped away from the channeL This is shown by 

the slope of the wter table a~ from the observation wells to-ward 

the estimated positiona of tbe wter table (sharp increases 1n 

moisture content) at the access tubes 1n linea 3, 4, and 5 during 

the April ll-14 mee.surementa (fig. 7). The eastern front of the 

mound also sloped steeply near tho front of the surtace stream 

(fig. 8). 

A stree.oflow of about 250 gpm we measured near line 3 on 

March 27, 1961 'When the tlov in the channel was near maximum for 
I'" 

the season and the ¥bnt of the stream was progressing dovnstream 

betveen lines 4 and 5. The rate of flow on March 27 diminished 

eastward to a point a abort distance upstream from line 5 where, 

because of infiltration into the alluvium, it decreased from an 

esti.DBted 75 gp:11 to no flow within a reach of about 15 yards. The 

front of the surface stream progressed downstream until April 17 or 

18, when it reached a point about 100 yards east of TW-&. Here 

the volume of alluvium w.s great el10U8h to absorb all of the surface 

water until the soowpe.ck in the upper part of the caxzyon "Was 

depleted. The flow near line 4 on April 27, 1961, when the front 

ws receding upstream, was about 4o ~· 



No surf'ace flow 'WaS observed in the broad lower part o-r 

Mortandad Canyon belov line 6. Much of the cnow in this part of 

the canyon evaporated or sublimated during the period of stu.d.y. 

Thin clayey soil at the surface may have inhibited filtration of 

the melt wter to sor1e extent, beca.u::;e the clay absorbs water 

and s;.-ells slightly to form a less pervious soil. The increase 

in moisture content of the soil and upper part of the alluvium at 

lines 6 and 8 and ~i-10 indicates that some ~ter infiltrated 

during the melting of winter snovs a.."ld heavy spring snows. The 

maximum depth of infiltration of this water was 6 or 7 feet 
H 'C. u..~ ,t,~ eel 

(tube MOI-6D, fig. 10). Most ofA~ infiltratMR &eetwrea 

Fi.:,""Ure 10. --Moistu...--e content at fi ·;e access tubes in 

Hort.a..nda.d Canyon. 

during the relati vel~/ cool months of March and early April, when 

there w.s alternate freezing a!"'.d t:JB.vir-ci in the canyon e.nd 'When the 

evaporation ws low. 

Measurements in May a..'ld. June show that some of the water in 

the top several feet of ooil and alluvium drained downward towrd 

the 8-root depth. Belov the 8-foot level there are practically 

no cba.nges in the JOC)isture curves that can be attributed to 

do'Wilw.rd. movement of wter that infiltrated near the access tubes 1 

and the June decline in ooisture content above the 6-foot level 

probably is due :mainly to evapotra.11.cpiration. 
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The a>isture content below a depth of about 6 to 8 teet, an4 
above the w.ter table, is 8 to 10 percent at access tube JCM.-6B 
and ~ percent at )D(-6c (fig. 7). The fact that ~-e aa flO 114t:.k of 

"increase in the misture content between depths of about 6 8lld 20 
feet suggests that the low content is the result of a long-term 
redistribution of moisture rather than annual vetting and draining 
in the upper sand unit ot the alluvium. Similarly, the lov 
moisture content of 6-} percent 1n the upper part of the alluvium 
around ~SC and~ suggests a long-term period ot redistribution. 
However, the relatively high moisture content at the depth interval 
ot 25 to 35 teet at observation well MC0-8 (1'18. 7) is near the top 
of the lower silty clay un1 t o:t' the alluvium. This \later probably 
is local surface flow that in!Utrated the streambed and percolated 
down through the upper sand un1 t to the 68.Ildy clay unit. There 
appears to have been only a limited amount of lateral movement 
along the top of the perching sacdy clay un1 t) so tba t the quantity 
of wter involved is relatively SDBJ.l. 'Ihe 18 or 19 percent 
moisture found in the upper 20 to 25 feet arpund.access tubes 
MCM-8B and -8c may be the result of some "Water moving laterally from 
the vicinity of the channel. 
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The stream channels in the part of the canyon below line 6 
are discontinuous, and there is considerable evidence of abaM.onment 
of channels and lateral migration of i:n.termittent streams. This . 
probably is related to the high infiltration capacity of the highly 
porous and permeable upper sand unit of the alluvium. I~ wouli!' 
•n M:t talt 5 ~ven during periods of heavy precipitation and runoff, -:: pr<:) b .a. fo / 'j 
the surface flow in the charJlelsAinfiltrates into the upper sand 
unit in short distances_, so that ~81'8 1i :ae tS'Qngb drainage in ;,s d/!<.o'r"\fr'"'uot.u. the lower pe.rt of the canyon" The intermittent streai!l symbol sho1m 
(fig. 2) in the pert of the can;:,·on east of the Los Ala:!oos-Santa Fe 
County line indicates the topogra:phie&l.~ lovest part of the 
canyon. However, there is no single integroted system of channels 
in 1:1uch of this part of the canyon. No hee.v-y storm flow is know 
to have occurred during the present investigation, and the low 
moisture content at line 8 and )0(-10 indicates that this was not 
an important source of recharge during the period of' the present 
investigation. Infiltration from this source is most likely to 
occur during sUIIll:ler thunderstorms. 
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During heavy precipitation, B'I!Bll amounts of water undoubtedly 
enter the alluvium in the lover part. of the canyon through the 

dra.t..-... ft"o~ coarse alluvial fans at the D:>uths of side cacyons. However," access· 
tubes MCM-6A, -6E, -t3A, and-BE near the walls of the canyon bottom 
in the Bandelier Tu:f'f at relatively shallow depths benaath the floor 
of the canyon M8: l!lle&&\U'emetttlil ia those hel.e& im.icated that the 
moisture content of the tuff generally is less than 10 percent, and 
commonly less than 5 percent. Th.ia lov range of moisture content 
is common also in tuff beneath the soil on the mesas and probably 
indicates that little, i:f' any, J!K)isture percolates down through the 
soil into the tuff. 

The IOOisture-measurement curves illustrated on figure 10 indicate 
slight differences in intil tration at ditferent places in the caeyon. 
Mortandad Canyon west of line 6 is narro-wer and more heavily forested 
than at line 8 and MCM-10. Sublimation and evaporation of the snov 
is greatly reduced around MCM-6B and-6D, because the area is in shade 
a large part of the dayi therefore, mre of the sno-wmelt is 
available to percolate into the ground. At line 8 where the canyon 
is broad and :f'lat and contains fev trees, the daytime temperature 
near the surface of the alluVium is greater than near line 6, and 
much of the water from precipitation and runoff evaporates instead 
of infiltrating. Tube K:M-10 is in a depression 'Which is an 
abandoned stretch of stream channel, and wter which accumulates 
in this depression infiltrates the soil rather than draining a~; 
thus the moisture content of the soil and alluvium is higher here 
the..."l at line 8. 



In SUI!Jilal"Y, the data obtained during the investigation 

indicate that most of the water recharged to the alluvium in 

Mortandad Canyon in the spring of 1961 was derived from the 

soo-wpe.ck in the pe.rt of the canyon above line 4. The alluvium in 

that pe.rt of the canyon was saturated rapidly by infiltration of 

melt wter in the stream channel. As the alluvium was saturated, 

the front of the surface stream advanced to a point betveen lines 

5 and 6 where the alluvium 'Widens and thickens. The volume of 

unsaturated alluvium was eufficiently large to absorb the surface 

flow of about 250 gpn until the snowpack vas depleted. The 

stream front retreated as the rate of flow decreased. Some water 

infi~trated in the canyon below line 6 during the period of study, 

but probably only the wter that infiltrated in the stream channel 

reached the water table. The rise of the w.ter table below line 6 

is the result of underflow of water that infiltrated the alluvium 

above line 6. 
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Movement ot water through the alluvium 

The movement of water through the alluvium was interpreted 

from periodic measurements of' the changes 1n w.ter levels in the 

observation wells and the Changes in moisture content 1n the access 

tubes. The records or changes are shown by the bydrograpbs and 

moisture-content curves on t1gure 7. and water levels on figure 8. 

Details of water-level changes at observation wells are 

illustrated on figure 11. 

Figure 11. --Hydrographs showing changes 1n vater levels 1n 

observation wells in Mortandad Canyon, October and No'vember 

1960, and March through June 1961. 

7l 



In the present study the changes in moisture content with time 

are im:portant for detennining the vertical and lateral movement of 

water. The position of the water table at a given time in most of 

the profiles across Mortandad Canyon (fig. 7) can be detennined 

approximately by projecting lines from a circled position on the 

hydrograph to the moisture-content curves for the same date. For 

example, a line projected horizontally from the May 23-25 position 

of the water level at MC0-6 intersects the moisture curves at 

approximately the May 23-25 position of the top of the zone of 

maximum moisture content at MCM-6B, -6c, and-6D. The normal 

procedure in detennining moisture content was to make a reading 

at each 1-foot interval of depth. Readings with the moisture probe 

in some access tubes were made at }-inch intervals near the 

expected top of the zone of saturation. Those readings indicate 

that the top of the zone of uaximum moisture content was relatively 

sharply defined. The top of this zone probably marks the top of 

the zone of saturation and closely approximates the water table of 

the alluvium aquifer. 
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The sloping parts of the moisture curves above the zone of 

maximum moisture content in April are interpreted as indicating a 

partly saturated zone or fringe that vas caused by capillary rise 

~rom the water table at lines 3 to 5, and by slow downward 

drainage of residual moisture from previous periods of high water 

level as well at capillary rise at line 6. The thickness of the 

capillary fringe was only 2 to 4 feet at lines 4 and 5 in April 

during a period when the w.ter table was rising at these lines. 

In contrast, the thickness of the capillary fringe at line 6 vas 

10 to l2 feet in April before the water level began to rise. 

However, during May and June the thickness of the capillary fringe 

at line 6 decreased to 6 to 8 feet as the water table rose at line 

6, whereas the thickness of the capillary fringe in lines 4 and 5 

increased to aloost 10 feet as the water levels dropped at lines 

5 and 6. 

An increase in thickness of the capillary ~ringe and zone of 

drainage during a period of declining water level, and a decrease 

in thickness of the fringe during a period of rising water level, 

are usually expected (Bouwer, 1959, p. 26;). The thickness of the 

fringe in either circumstance depends on the Characteristics of 

the wter-bearing material. Relatively slow drainage, or a thick 

capillary fringe, would be expected at line 6 because the alluvium 

below a depth of about 20 feet is composed mostly or sandy and 

silty clay. At lines~ the capillary fringe or zone of 

drainage is thinner, because the upper part of the alluvium is 

composed mostly of coarse sand. 
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The moisture content of certain intervals at same access tubes 

was much higher than expected. For example, in April the moisture 

content in the intervals between 37 to 39 feet below the surface 1n 

MCM-6C and between 11 to 13 feet below the surface in MCM-5A was 

more tban 55 percent instead of the expected !0 to 4o percent. These 

high readings :probably renect wter-:filled caVities in the 'Walls of 

the drill holes. The May and JWle readinss indicate that the caVity 

at MCM-6c may have been filled w1 th sediment. 

The holes for access tubes ~-Be and --8D were drilled through a 

semipervious layer, probably cLay, at a depth of about 6o feet. 

'Water confined in the alluvium beneath this layer moved upward under 

artesian pressure in these holes 'When they were drilled, and then 

slowly drained away after the access tubes were installed. Below a 

depth of 6o feet, these tubes were set in a thick slurry 1 but in the 

interval between 10 and 6o feet, the annular spaces around the tubes 

were not backfilled. In the spring of 1961, recharge enterins the 

alluVium west of K:M-8D caused an increase in water pressure beneath 

the confining layer and caused the water to push through the slurry 

packing around access tube MCM-8D and move UFArd relatively rapidly. 

This is shown on figure 1 in the depth interval between 50 and 6o feet 

below the surface where the high measurements of about 65 percent 

moisture on JWle 6 and 15 suggest rings of wter around the tube. 

Further evidence of a clay confining layer may be the sharp changes 

in moisture content at a depth of 57 to 58 feet in MCM-8c and MC0-8. 

The sharp change of moisture content, instead of the gradual change 

found at lines 4 to 6, seems to indicate that a capillary fringe, such 

as would be expected above unconfined water, does not occur. 
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The •ter-lewl fluctuations at KX>-8 are difficult to 

interpret vi th the data available. This hole probably was drilled 

through the clay confining layer and into the Otovi Member of the 

Bandelier Tuff, which lies ilmnediately below the confining layer 

at MC0-8. Water moved into the hole from the overlying alluvium 

in October 196o before the casing -was set in the hole. The 

perforated section of the casing is in the Otowi Member. The 

fluctuations of the -water level in parts of March, April, and 

May 1961 (fig. 11) Sll8Sest fluctuations caused by c:ha.nges in 

barometric pressure; and the general downwrd trend of the curve bt..~c-re. 

the end of May probably indicates that some of the water in the 

hole drained slowly into the tuff. After the em ot June 1961, 

the water level at ~8 rose rapidly as the water level rose 

in other holes in line 8. The time lag between the rise in 

water level at MCo-8 and MCM-8D and~ may be the result of the 

slow lateral movement of water south"Wal'd towards MC0-8. 

Although the interpretation of the moisture-measurement curves 

and bydrograpbs for some boles is inconclusive, the data obtained 

at most ot the access tubes and observation wells can be 

interpreted vi th some degree of certainty. These show that the 

changes in w.ter levels and moisture content are related in time 

and space to the melting of the snowpack in upper Mortandad 

Canyon 1n the sprill6 of 1961, and the infiltration and subsequent 

underground movement of the melt w.ter. 
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The wter levels vere generally low at all ot the observation 

wells when they were drilled in October and November 1960 (figs. 8, 

11). Apparently the water levels declined further during the 

winter at TW-BA, MC0-7, and )D)-8, and probably at the other wells, 

also. In March the levels rose rapidly in MCO- 3 and MCO- 4 as the 

snowmelt water infiltrated and saturated the thin deposit of' 

alluvium in the upper part of' the canyon. The water in the 

alluvium must have begun to move d.owngradient, but infiltration 

from the surface stream was more than adequate to replenish the 

alluvium, and it remained saturated to stream level at lines 3 and 

4 until the early part of' May. 
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Late in March the ground-wter body west of line 5 began to 

be built up into a mound with a steep, eastward-sloping front 

between lines 4 and 5 (profile 2, fig. 8). The zoound was built 

near the eastern front of the surface stream in the part of the 

canyon where the alluvium becomes thicker. The mound w.s built 

up rapidly, because the upper unit ot the alluvium consisting of 

coarse loose sand absorbed ll&ter from the surface stream and 

transmitted it down'WIU'd at a faster rate than the underlying sandy 

clay unit absorbed and transmitted the water laterally. Also, the 

mound -was built up because the front of the surface stream w.s 

able to advance beyond the front of the ground-water mound after 

saturating only the upper pe.rt of' the sand in its channel. The 

ground-wter body became stratified, because the lover sandy clay 

unit transmitted wter which had infiltrated mainly farther 

upstream at an earlier date, whereas the upper coarse sand unit 

absorbed and transmitted water which -was infiltrating near the 

eastern front of the stream. The down'Wal'd-filtering wter 

beneath the eastern part of' the stream caused the front of' the 

ground-"W8ter mound to advance as water was accreted to the 

eastern slope of' the mound. 
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The tront of the ground-water mound advanced eastward in 

March and early April, and the approximate positions of its upper 

surtaee at different times are shown in profile ; (fig. 8). The 

crest of the mound, as indicated by the highest w-ater levels 

shown on figures 8 and 11, reached line 5 on April 10 or 11 and 

reached TW-&. on April 13 or 14, 10 days to 2 weeks af'ter the 
d front of the surface water in the channel haJJ passed these points. 

TW-8A. is about 150 feet downstream from line 5. The crest reached 

line 6, which is 1,140 teet downstream from TW-8.6., about May 2 and 

reached well ~0-7, which is 1,075 feet dovnstream from line 6, 

about June 27 (profile 4, fig. 8). Thus, using only approximate 

values, the rate of advance of the crest was about 75 feet per 

day between line 5 and TW-8A were there was we.ter 1n the channel; 

56 feet per day between TW-8A and line 6 where vater w.s in the 

channel only near TW-8A.; and 17 feet per day between line 6 and 

MC0-7 'Where there was no water fioving in the channel. 

The difference in rates of movement of the crest above and 

below N-8A is due partly to the fact that there was more alluvium 

to absorb the infiltrating water below TW-8A. However, the 

difference is also the result of the diminishing surface f'lov after 

AprU 17 or 18 when the front of the surface stream began to 

recede because the snovpaek in the upper part of the cao;yon was 

nearly depleted. The steeply sloping front of the ground-water 

mound bet-ween TW-& and line 6 began to decay and flatten when it 

no longer received direct recharge from the stream. 



; 

The curves on the hydrogre.phs for MC0-5 aDd 'IW-8A are almost 

identical tor the 4-montll period of March through June 1961 (fig. 11). 

The rise in -water levels averaged about l.if feet per day over a 2 or 

)-week period, and occurred during the time in_vhich the front of tile.. 

surface stream in the channel was progressing downstream. The 

period of high -water level at 'IW-BA ws relatively short, because 

the front of the surface stream started to recede shortly ai'ter the 

growld-wter crest reached the well. The slight drop in water 

levels in MC0-5 and TW-& between April 15 and 25 is due to slight 

erosion and downcutting in the channel near the wells, causing the 

wter in the uwer part of the alluvium to drain do'Wll to the new 

f'lov level of the stream channel. The stream cut down at least 

half a foot at line 5. 

The rates oi' rise of the water levels in observation wells 

MC0-6 and MCQ-7 -were considerably less than the rates at MCQ-5 

arld TW-8A, being about l foot per day at MC0-6 and l toot per veek 

at MC0-7. The rates wre less because the alluvium at MC0-6 and 

MC0-7 did not receive direct recharge from the surface stream, 

and because of the greater storage space in the alluvium in the 

broader lover part of' the canyon. 

79 



The wter in the alluvium in the vicinity of line 8 appeared 

to be draining dowgradient until the middle of June or later, 

before the afi'ects of the slug of ground water recorded west of 

line 8 were first noted in well MC0-8. This is approximately the 

same time that the water appee.red to move upw.rd by hydrostatic 

pressure in hole MCM-8D. The water level in ~-8 continued to 

rise slowly after the end of June as the slug of wter in the 

alluvium progressed east'W&.rd. No increase in moisture content was 

recorded at :M:M-10 during April, May 1 and June 1961. 

Water levels started to drop at about the same time 1n ~0-3, 

4, and 5--near the end of April and about 15 days after the 

cessation of the winter rains and snow. M::>st of the water probably 

drained from the alluvium near line 3 early in June and from near 

line 4 early in July. However, during heavy thunderstorms late 

in JWle 1 the alluvium vas saturated at ~o- 3 w1 thin several. days 

and water flowed in the channel at line 3. 'l'he groUIJd ... water level 

at line 4 did not rise during this period, presumably because there 

was limited recharge in that area and the vater from the June 

atoms tba t ws moving slowly downgradient in the alluvium did not 

reach line 4 by the end of June. 
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............ c .; ........ '!say 1961 does not nccesaarily ... nci.~l.!a~:.c: .:....Ja t much of the 

water, if a:n:y, moved downvard from the alluvium into the Bandelier 

Tuff, because the water levels in the lo-wer part of the cru"·on 

continued to rise at a time when there was no surface now and 

practically no precipitation. The rise of water levels in t..'1e 

lover part of the canyon must have been the result of the do\lilgl"a.d.ient 

movement of the slug of snowmelt wter through the alluviut:l. Data 

concerning the IaOvement of water from the alluvium into the tuff 

are limited. The moisture-content curves a.t MCM-31\ and MCM-4B 

(fig. 7) indicate 4that thex e was practically no change in the 

moisture content ot unit 2 and layer la of the Tshirege 1-lember 

during the 3 months that the alluvium contained "Water. The 

moisture content of the part of layer la that is beneath the 

water table increased by only a tev percent at linea 5 and 6, and 

there -was no increase in moisture content in the part o! layer la 

that is above tbe water table at lines 6 and 8. The moisture 

content of the tuff at moat places did not increase to oore than 

15 percent, a moisture content w.bich is probably less than that 

necessary for the tuff to transmit water. 
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The highest misture content found in what seans to be 
unveBthered tufi' of the Tshirege Member ws about 20 percent by 
volume at access tube !tCM-6B. A moisture content of 20 percent 
might indicate that small quantities of water are moving through 
the tuff. A significant amount of water could be transmitted if 
sufficient area and time were 1nvol ved. Bovever, the tu.ff containing 
20 percent moisture at KX-6B may be weathered, aod the zooisture 
content of the unweathered tuff at greater depths may be lese. 

The data for this report are insutficient to determine vhether 
or not water moves downward into the tuff where the alluvium rests 
on the Otowi Member from line 6 eastwrd. However, it seems 
unlikely that the Otovi Member would tra.nsmi t appreciably more 
water than the Tahirege Member. Measurements of -water levels at 
MC0-8 a:f'ter June 1961 show that much of the slug of sno-wmelt water 
IOOved easti.le.rd past line 8 where the alluvium rests on the Otowi 
Member. The oovements of ground water east of line 8 were not 
determined during the present study. The alluvium in Mortandad 
Canyon rests on the Oto'Wi Member tor some distance to the east, 
possibly as far east as Highway 4 near White Rock. The ground 

water that ooves by underflow pe.et line 8 might be absorbed by the 
Otovi Member in the lower reach of the canyon, and part of the 

water probably is dissipated by evapotranspiration. It the "Water 
is not absorbed completely by the OtoYi Member, or dissipated by 

evapotranspiration, it contiwes to percolate downgradient through 

the alluvium to the vicinity of Highway 4 where the Bandelier rests 
on the basaltic rocks of Chino Mesa. If the ground wter moves 
onto the basalt, it probably moves down along fractures in the 
basalt and eventually discharges at seeps and. springs along the 
edsce of White Rock Can.von. o .... 



Quality of w.ter in the alluvium 

Samples of w.ter for radiochemical analysis were collected 

from the sb.e.llov observation wells by hand bailing on March 27, 

1961, and samples for chemical analysis were collected on 

May 22, 1961. The re.diochemical. analyses were made by the U:>e 

Alamos Scientific Laboratory. No plutonium, uranium, or beta 

(gamma) activity higher than tba t of a standard ( te.p -.ter) 

sample of water was detected. The chemical analyses were made by 
the Quality of Water Branch of the u.s. Geological Survey, and 

the analyses are shown on table 3. Surface water •s flowing in 

the stream channel to about line 5 when the samples for 

radiochemical analysis were collected in March, but there was no I , 
- -water nowing when the samples for chemical analysis were collected 

in May. 

Usually, the recharge water derived from precipitation is 

relatively pure at the time it begins to infiltrate. As the 

w.ter moves through an aquifer, the concentration of its chemical 
constituents usually increases away from tbe recharge area because 

the 'Water dissolves minerals as it passes through the aquifer. 

However, 1n the samples collected from )t)rt.ar¥1ad Canyon in May, 
the concentration of most of the chemical constituents of the 

wter 1n the alluvium decreased ee.stvard ( d.owngradient). The 

reasons for this general trend are not known, but part of the 

decrease dowgradient rr:e.y be due to dilution or ion exchange. 



The concentrations of the calcium-magnesium and bicarbonate 

ions decreased downgradient in the upper part of the canyon but 

increased in the lower part. The decrease betveen observation 

vell ~C0-2 in Effluent Canyon and observation well 3 in Mortandad 

Canyon is in part the effect created when small quanti ties of' 

waste w.ter, disc."larged into Effluent Canyon :from a technical 

area in sec. 21, T. 19 N. , R. 6 E. , are diluted by larger 

quanti ties of' runoff' in Mortandad Canyon. On the other hand, the 

concentrations of the sulfate ion are lover in the wastes discharged 

into Eff'luent Canyon than in the surf'ace water in Mortandad Canyon. 

The reversal of' the trend for the calcium-magnesium and bicarbonate 

ions between observation wells ~5 and-6 might be the result of 

a small slug of wste water from Effluent Canyon haVing been 

carried dcnmstream past line 5 during the April 'When there was 
/..Ja.S 

water 1\ nowing in the channel. Also, wastes discharged into Ten-

Site Canyon ma;y have had some ettect on the increase bet1reen 

MC0-6 and MC0-8. 

Another possible explanation tor the unusual trends is that 

the wter in the alluVium might be stratified. The samples vere 

collected by b&iling rather than by pumping, thus the samples may 

have been obtained from d.if'f'erent wter strata at different 

places. 
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CP 
Vl 

Observa-
tion 
well 

MC0-1 

MC0-2 

MC0-3 

MC0-4 

MC0-5 

MC0-6 

Mco-·r 

MC0-8 

Table 3.--Chemical quality of water in the alluvium in Mortandad Canyon. 

Collected from shallow observation '"ells May 22, 1961. 

{Analysis by Quality of Water Branch, U.S. Geological Survey.) 
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Main aquifer 

At test well 8 in Mortandad Canyon, the top of tbe main 
aquifer of the Los Alamos area is betveen the depths of 985 and 990 feet belov land surface, and the wter is conf'ined ~ 

&l"'ba&1 eg QQ'AIIi!t1ea& in the lover ];,:6rt of the ,fanglomerate member 
of the Puye Conglomerate. When the base of tbe confining bed 'WRB 
penetrated, water rose in the hole to $)62.6 feet belov land 
surface. The well ws drilled to a total depth of 1,o65 feet, 
about 8o feet into the upper part of the min aquifer. Unsaturated tuff, pumice, sediments, and basalt occur bet-ween the perched w.ter in the alluvium and the main aquifer. Although no perched -water is present in the unsaturated material, potential perching beds are present. 

The gradient on the eastwrd-eloping piezometric surface of , the main aquifer in the vicinity of test well 8 is about 70 :feet 
per mile (fig. 12), and the water in the main aquifer moves 

Figure 12. --Generalized contours on the piezometric surface 
of the main aquifer, Los Alamos and Santa Fe Counties, 
N. Mex. 

generally eastward toward the Rio Grande. There is some discharge 
of gro\Uld wter to the Rio Grande through seeps and S'Prings on the 
vest side of the river betveen Otovi Bridge and the mouth of 
Canon de los FriJoles. 
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The contours on figure 12 show that the gradient ot the 
· piezometric surface of tbe main aquifer flattens eastward from 

test well 8. This may be due to changes in permeability. The 
general eastw.rd slOI>e o:f' the piezometric surface seems to 

indicate that the recharge area for the main aquifer is along the 
fia.nks of the Sierra de los Valles. 
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Water levels 

A •ter-stage recorder was placed on test well 8 in February 1961 to measure water-level fluctuations in the main aquifer. During this same period a micro-barograph recorded changes in atmospheric 
pressures at the Los Alamos Scientific Laboratory Administration Building at Los Alamos. 

The operation or the w.ter-level recorder was not entirely satisfactory, because 1the well cad;eg i:a QP9eke4 aa4 the float (L}"aokJ ,;.., 
/i'tt1/+e.d 

cable dragged against.-1 the inner wall of the casing and
11

4ee:eaee4 the sensitivity or the recorder. The incomplete -water-level record was not suitable tor a complete analysis of the amount of barometric effect on the water level in the well, although general comparison of barometric changes and water-level fluctuations indicates that the water level in TW-8 fluctuates in response to barometric changes. The hydrograph of measurements and of daily high-water levels are shown on figure 1~. No apparent fluctuation of the water 
Figure 13.--Hydrograph of measurements and the daily highs of 

w.ter levels in test well 8, January through June 1961. level for several days may indicate a lack of sensi ti vi ty of the recorder. 
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F! .... ,+..._ a.fe c/ ""'lo.S-t 

The hJ18aat fhte"twaiiel'l:s et lmter lev-elsA oeettl'l'e4 4nrii.Jae the 

per:lea from February to the middle of May, at'lli ···epe due to barot:letric 

changes that reflect high and low atmospheric pressures associated 

with storms tba t moved through the area. From the middle of May 

t..lf.r'C. 

through June fluctuations of water levels l{&tPe small, because the 

barometric pressure remained high and fairly constant. The general 

decline of the water level from early March through JWle oiGht be 

the result of periods of lev pressure in March and steady high 

barometric pressures that existed during June. However, the 

decline might also be indicative of a previous period of less 

recharge to the aquifer. A longer period of record vill be 

Q. 

necessary to determine whether this is a seasonal affect related 

to recharge. 



Transmissibility and permeability 

A bailing test w.as made at test well 8 on December 16) 1961\ 
to determine the coefficient of transmissibility and tv~ pel~ability 
of the part of the main aquifer tapped by the well. The average 
re.te of bailing ws 16 epn during the 2-hour test. The residual 
dra'Wdo-wn 5 minutes after bailing ended was 0. 35 foot. Recovery 
to the original we.ter level w.s complete 8 minutes after bailing 
ended. The wter level recovered so rapidly that it vas impossible 
to determine the total azoount of dra.W.Ovn and the rate of recovery 
durine the first 5 minutes after bailing ended. Thus, the coefficient 
of transmissibility and the permeability computed from the data 
obtained in the bailing test are considered to be only approximations 
of the actual values. 

The coefficient of transmissibility is defined as the rate of 
flow, in gal.lons per day, of ~ter under unit eydraulic gradient 

at the prevailing temperature through a 1-foot wide vertical strip 
of the aquifer. The vertical strip lla.s a. height equal to the 

thickness of t.'le aquifer. The clete;;niJ:l.litjo;g of t~e coefficient of 
i~ de.ter~i , .. +;o""' dn..wdoi4Jt'l or transmissibility"te eeoaed es the rate of recover.r of the 'mter d....,.i., '3 •.,.. .c.\ I ts.. e .-.:~. t~ o+- w; t'J.,,J,. .. w a./ level,.. after a period of pumping or bailing; which is the method 

devised by Theis (1935) and later described by Wenzel (1942). The 

coef'ticient of transmissibility is calculated to be 2, 1()() gpd.; ft. 

(gallons per day per foot) for the part of the main aquifer 

penetrated by test well 8. This figure may be slightly higher or 
lower than the actual transmissibility, because the rapid recovery 
of the wter level resulted in fever measurements than are usually 
considered necessary to determine the rate of recovery. 



To determine the field coefficient ot permeability, the 

coefficient of transmissibility (2,~ gpdjft) is divided by the 

thickness of the aquifer penetrated (8o feet). This gives a field 

coefficient of permeability of 30 gpd per square foot for the 

lower part of the ,ie.ngJ.omerate member of the Puye Conglomerate at 

test well 8. 

North of test well 8 in the vicinity of test wells 2 and ;, 

the top of the main aquifer lies below the .J'anglomerate member, and 

the water-bearing beds occur in the Totavi Lentil or the Puye 

Conglomerate. Data from pumping tests show that the field coefficient 

of permeability of the Totavi Lentil at teet well 2 ( 290 gpd per 

square f'oot1 and test well 3 ( 320 gpd per square foot) is about 10 

times greater than that of the J(anglomerate member at test well 8 

( ;o g:pd per square foot) . This change in permeability in the main 

aquifer is refiected in the change in direction of the contours on 

figure ll between test wells 2 and 8. 

Usin8 the data collected during the bailing test at TW-8, the 

estimated velocity of the water in the part of the main aquifer 

penetrated by the well is 0. 2 foot per day, or about 73 feet per 

year. 

A·, 

'' 
,• I) 

- ) 
.-' 

..., 
' . 
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Because of the time elapsed between the end or the bailing 

test and the drawdown measurement, the total amount of dra'Wdown 

is not known. However, by using the coefficient of transmissibility, 

the specific capacity (gallons per minute per foot of drawdown), is 

estimated to be about 2 gpl!l per foot of drawdown (Theis and others, 

1954). Thus test well 8 could supply small quantities of water 

for domestic or industrial use. The well can be used as a 

monitoring vell, as have the other test wells in the Los Alamos 

area. 
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~i.uali ty of water 

A sample or wter for chemical and radiochemical analysis -was 

collected trom the main aquifer at TW-8 at the end of the bailing 
test. During the 2-hour test, the wter remained turbid and the 

temperature of the water remained at 67 degrees (F). The chemical 
quality or the water is similar to that of water from well DT-10, 

and wells N-2 and TW-3 (fig. 12 and table 4). These wells produce 
water :trom different beds in the main aquifer. 

The water :t'rom TW-8 is low in dissolved solids (216 ppm) and is 
soft ( 51 ppn hardness) . The silica contenG is high ( 62 ppm) . 

Calcium, u:agnesium, and sodium in almost equal amounts are the 

principe.l cations. More than 90 percent of the anions are 

bicarbonate. The water is or a good quality for domestic and most 
industrial use, but the formation of silica scale when the water 
is heated may make the water objectionable for certain industrial 
uses. 

. . 
/$' 1'1 The :peaQ!ts ef '&1!e ra.d.iocbemical analysis -...~ sho~ em" table 5. 

Tbe analysis indicates that concentrations of the radionuclides in 

the w.ter are well below tolerance limits for human us~ Mld 'bfte. 
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Table 4.--Chemical quality of vater from the main aquifer, 
Los Alamos County, N. Mex. 

Well TW-s!J M'-lob' TW-# TW-#J 
Date collected l2-16-6o 5-5-60 ll-22-6o ll-22-6o 
Chemical components Parts per million 

Si02 62.0 65 
Al 1.8 .1 
Fe .00 .oo 
Mn .0 .o 
Ca 11.0 12.0 
Mg 5.8 2.9 
Na 12.0 ll.O 9-7 14.0 

,K 2.4 1.2 
HC0

3 86.0 8o.o 79-0 118.0 
co3 0 0 0 0 
804 6.2 ;.7 
Cl 2.0 2.2 2.0 4.8 
F .7 .2 .4 .4 
NO; ;.o 1.0 ·5 .8 
ro4 .19 .21 

See footnotes at end of table. 



, 

Table 4.--Chemical quality of water from the 

main aquifer - ContiiUled 

TW-8 M-10 TW-2 TW-3 

Dissolved solids Parts per million 

Residue on evap-

oration at 

l80°C 216 1;8 

Calculated 

hardness as 

Caco
3 

(ppn) 147 1:38 

Total 51 42 52 77 

Non-carbonate 0 0 0 0 

Specific conduct-

ance ( micromhos 

at 25°C) 158 135 139 207 

pH 7.5 7.3 7.5 7.4 

Color 1 0 

Temp. ( °F) 67 62 67 71 

y U.S. Geological Survey, ~uality of Water Branch, Denver, 

Colo. 

W U.S. Geological Survey, Quality of Water Branch, 

Albuquerque, N. Mex. 
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Table 5.--RadiochemicalJI6Ma of vater fran teat well 8, 

Los Alamos County, N. Mex.JJ 

RadioChemical data a 

Alpha activity (pcj I )b 

as of 2-27-61 

Beta acti v1 ty ( pcj \ ) 

as of 2-l-61 

Radium ( Ra) ( pc; I ) 

Uranium ( U) (Jig; \ ) c 

Extractable alpha activity 

(net) (pc;' I ) 

Strontium - 90 (pc; ) ) 

2. 7 .± 1.6 

7.6 .± l.l 

0.5 .± 0.5 

2.1 + 0.2 

2.1 .± l.' 

<_o.6 

]J U.S. Geological Survey, ~uality of Water Branch, Denver, Colo. 

a. Sample collected 12-l6-6o after 2 hours of bailing; temperature 

f':'\ 
b. Pic\'Ocuries per liter ( micro-microcuries per liter) • 

c. Micrograms per liter. 



Summary or hydrology 

During the present study, ~ ua:s detenS:ifleEl tfia'i tfte!'e i.a a 

body of perched ground water in the alluvium of part of Mortanda.d 
<..Jo...s d.e.f;,.,e.J. 

Canyon"' The main source of recharge for this ground-wter body is 

infiltration from intermittent streamflow in reaches of the canyon 

west of line 6. Snov that accumulated during the vinter and early 

spring of 1960-61 in the shaded, deep, narrow upper part of the 

caeyon was the source of most of the streamtl.ow. During freezing 

and thawing cycles in the spring oonths, melt water filtered into 

the alluvium in the stream channel and saturated the thin alluvium 

in the upper part of the canyon. When the alluvium in that part 

ot the caeyon became saturated, the stream began to now. East of 

test well 8 the alluvium is wider and thicker, and the larger 

volume of alluvium provided a greater amount of storage space for 

infiltrating water. The infiltration and storage capacities of 

the alluvium downstream from test well 8 were large enough to 

absorb the streamflow in the main channel, and all of the 

streamflow was absorbed west of line 6 in the spring of 1961. 
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No data are available on the BDOunt of melt water absorbed 
I 

by the alluvium. The peak surface f'low measured was about 250 gp:n 

··near line !i on March 27. Tbat rate of flov -was sufficient to 
saturate the alluvium to stream level in the canyon above line 6. 
It was not determined how much farther east the alluvium would 

have been saturated to stream level, and how much farther east the 
stream 1110uld have flowed if the peak now had been maintained for 

a looger period. The downstream limit of the surface flow 

fluctuated up and do~tream in response to the change in rate of 

flow, and receded from the lower pe.rt of the canyon in late April 

when the f'lov decreased to less than 4o gpn. 



Atter the streamnov ceased, the ground water continued to 

move by underflow through the alluvium as shown by the rise of 

the water levels at lines 6, 7, and 8. In the part of the canyon 

studied, the main movement of water 1n the alluvium is eastwrd 

along a gradient slightly steeper than the dip of the Bandelier 

Tuft. Measurements of changes of moisture in the tuff beneath 

the saturated alluvium indicate that little or no water moves from 

the alluvium into the 'l'shirege Member of the Bandelier Tut"f. No 

direct information is available concerning the moisture changes 

in the Otowi Member which is illlnediately under the alluvium east 

of the vicinity of MC0-7. The rise of water levels at MC0-8 after 

June 1961 indicates that much of the water moves laterally through 

the alluvium pe.st line 8. Data from well TW-8 indicate that 
t/o e...s f"'Dt ...tJ'If.t'..st: 

~re ie M perched water I\ between the alluvium in the canyon and 

the main aquifer 1n the Puye Conglomerate, although potential 

perching beds are present in that interval. Probably little or 

no ,.ter moves down throlJ8h the Bandelier and the Puye in the 

part of Mortandad Can;yon west. ot line 8, unless the -water moves 

eastward as well as downward. 
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Probable movements of wastes 

The 1nf1l tration and underground movements of liquid 'W8ste 
probably will follow the pattern of infiltration and underground 
movement of precipitation in Mortandad Caxzyon. During dry periods, 
most of the waste will be absorbed and transmitted downgra.dient by 
the alluvium above line 4. However, the water derived trom the 
melting of the soowpack in the spring of 1961 saturated the 
alluvium in tbe narrow upper part of the carcyon. ~ t.hi.a ao't i& 711c.r..fo.-c.' aflpuee:t •aat liquid waste mixed with sno...aelt water and water A 

f'rom rainstorms will occasionally now at the surface as far east 
as ~-8A1 and perhaps as far as l«X>-7. 

If any combination of conditions should occur that ..auld 
occasionally move teste by surface now into the lower part of the 
canyon, such a a rapid runoff from heavy precipitation along with 
maximum discharge or accidental "spills" from the treatment plant, 
it is doubt:t\ll. that the liBSte would move tar below MC0-9 or MCM-10 
before infiltrating. A small check dam in the valley below line 8 
would be an added safety factor to insure infiltration of waste 
upstream from the Indian land vbich is east of the Los Alamos-
Santa Pe County line. 
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It the treatment plant discharges the predicted 500,000 ga~~ons 

ot ~iquid waste per week (100,000 gallons per day for 5 days}, the 

rate of flow will average about 70 gpn for the 5-day week, but omy 

about 50 EnD over a period of 7 days. The ground--water mound near 

TW-8A in spring 1961 began to decay, and the surface stream began to 

retreat before the surface flow bad decreased to !K) gpn. Thus, i::t.-
the.. Jill J.i ~a..te 

aewr likely, on the baaia of p:r:eaent data" that an average 
II 

perennial discharge of 50 gpm or liquid waste would be absorbed 

above line 6 and transmitted through the alluvium below line 6. 

The snowmelt w.ter is estimated to have saturated less than 10 

percent of the cross-sectional area of the al~uvium at line 8, and 

the vo~ume of alluvium in this part of the canyon seems to be large 

enough to altllrb and transmit the naturally occurring ground water 

as well as the waste liquid. However, the data obtained during the 

present study are not sufficient to determine the woounts of water 

that the al~uvium will transmit. 

Probably same of the waste liquid will be dissipated by 

movi.ng from tbe alluvium into the wnerlying Bandelier Tuft. Hovever, 

the amount of liquid will be relatively small, and it is unlikely to -"-
reach the main aquifer in the lower part of the Puye Conglomerate 

and the underlying Tesuque Formation. Most of the liquid will 

move eaat'WfU'd through the alluvium as far as line 8. Data are 

not available to predict the movements of the waste liquid east 

of line 8. 
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c./ a. '1 t!~ Presumably, the z=a'11 r:uM alluvium 1n Mortandad Cazzyon will 1\ 
remove much ot the rad.ioacti ve material !'rom the 'Waste by absorption, 
adsorption, and base exchange after the waste bas moved only a short 
distance through the alluVium. However, it is possible that high I 

concentrations of radioactive materials 'Will be built up locally 
from the process or from evapotranspiration, even though the waste 
liquids are treated and are low level. Also, some sorption and 
base-exchange reactions are reversible; thus, if the chemistry of 
the ground w.ter should be changed on occasions because of dif'ferences 
in tbe fluids infiltrating, it is possible that ·"fl."onta" of 
radioactive material might migrate slowly east-ward through the 
alluvium. This possibility is unevaluated at present, but the 
peculiar! ties 1n the dovngradient trends of the concentrations of 
calcium-magnesium, bicarbonate, and sulfate ions in the w.ter 
samples analyzed might indicate that some waste material moves in 
this manner. The buildup or movement of fronts of radioactive 
materials, if they should occur, can probably be detected by 
monitoring the observation vella in the canyon. 
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Additional studies 

The study of the hydrology of Mortandad Canyon is beins 
continued in order to obtain quantitative data ot movements of 
water perched in the alluvium. 1'\QO wiers were constructed in 
upper Mortandad C&niYon to determins the ac'!'ual amount ot water 
infiltrating into the alluvium in the canyon. Several more 
shallow wells and moisture-measurement access tubes were drilled 
at carefully selected local! ties to provide additional data on 
the contact of the alluvium and the Bandelier 'ru..fi and the possible 
movement of water across this contact. These wells and tubes also 
provide data for determiniD8 the volume ot the alluvium and its 
storage capacity. Pumping tests at several of the shallow 
observation vella will be used to determine the transmissibility 
ot the alluvium. Routine collection of w.ter samples will be 
continued betore and after the treatment plant begins to discharge 
w.ste. 
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FOREWORD 

This report is the first of two interim reports, to be prepared prior to 
issuance of the final comprehensive characterization of the vadose zone in 
Areas G and L, Technical Area 54, Los Alamos National Laboratory, New Mexico. 
The second interim report is scheduled for completion in November of this 
year, with the final report due early in 1986. 

In addition to the authors cited on the title page, a number of professionals 
of Bendix Field Engineering Corporation/Grand Junction Operations contributed 
significantly to the drilling and logging activities described in this report. 
These individuals and their respective contributions to this multidisciplinary 
effort are listed below. 

• Sue Knutson and Dave Traub, Geophysical Loggers, who logged all of the 
drill holes and prepared most of the Bendix-generated geophysical logs. 

• Sam Marutzky, Geophysical Engineer, who prepared the moisture logs from the 
epithermal neutron logging data. 

• Jack McCaslin, Drilling Supervisor, who supervised drilling activities at 
Los Alamos. 

• Steve Sturm, Geologist, who prepared many of the lithologic logs. 

• Sandy Wagner, Chemist, who supervised monitoring of chemical hazards in the 
field. 
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INTRODUCTION 

This report presents preliminary lithologic and geophysical data for Waste 
Disposal Areas G and L, located in Technical Area 54 at Los Alamos National 
Laboratory (LANL), New Mexico. These data, obtained via drilling and logging 
operations, will be used to aid in characterizing the vadose zone in Areas G 
and L. The study is being conducted by Bendix Field Engineering Corporation/ 
Grand Junction Operations (Bendix) in accord with a Statement of Work prepared 
by LANL, in response to a Resource Conservation and Recovery Act (RCRA) com
pliance order issued in May 1985 by the State of New Mexico. 

The overall objective of this study of Areas G and L is twofold: to character
ize the hydrology of the vadose zone at the site and to evaluate the potential 
for contaminant migration from these two waste-disposal areas, both of which 
are still actively used. Initial field activities for this study consisted of 
drilling and logging conducted over the period 30 July to 22 August 1985. The 
resulting lithologic and geophysical logs were completed on 13 September 1985. 
Due to the time constraints imposed on this first report, its scope is limited 
to a summary of these initial activities and presentation of the preliminary 
data with very little interpretation. A thorough interpretation of these 
data, including their integration with other results, will be presented in the 
comprehensive final report on this study, scheduled for completion early in 
1986. 

BACKGROUND 

LOCATION 

Drilling and logging activities took place in and around Waste Disposal Areas 
G and L in Technical Area 54 at the facilities of Los Alamos National Labora
tory in Los Alamos County, New Mexico. Figure 1 shows the approximate loca
tions of the drill holes. Areas G and L are located on Mesita del Buey, a 
narrow southeast-trending mesa which forms part of the large Pajarito Plateau 
in north-central New Mexico. Elevations of Mesita del Buey range from approx
imately 6600 to 6900 feet above sea level from the southeast to the northwest. 

HISTORY OF WASTE DISPOSAL ACTIVITY 

This summary of historical waste-disposal activity in Areas G and L was com
piled from information presented in the Final Environmental Impact Statement 
on Los Alamos National Laboratory (U.S. Department of Energy, 1979). 

Area G has been used since 1957 for the routine disposal in pits and shafts of 
laboratory-generated radioactive waste. Pits in Area G contain both contami
nated trash-type waste and americium-241, the latter occurring in association 
with plutonium in drums of cement paste buried prior to 1967. In addition, 
through 1963, tritium wastes were routinely disposed of in pits. Even after 
the initiation of shaft disposal in 1963, a few instances of tritium-waste 
disposal in pits occurred up until 1967. Materials buried in shafts include 
tritium waste, scintillation vials, oils, high beta-gamma radioactive wastes, 
animal tissue, classified waste, and many other contaminated chemical wastes. 
Finally, solid waste contaminated with transuranic radionuclides at activity 
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levels greater than 10 nanocuries per gram of waste have been packaged and 
placed in 20-year retrievable storage in Area G since 1971, in accord with 
U.S. Department of Energy (DOE) regulations. 

Area L is used for the disposal of hazardous wastes, including acids, bases, 
inorganic and organic solids and liquids, and reactive metals. The wastes 
have been disposed of by chemical type in deep shafts and shallow trenches. 
Separate shafts have also been used for burial of gas cylinders and drums con
taining bulk waste ~nd solvents. Finally, bulk organic salts were previously 
disposed of in two separate shallow trenches. To date, no details are avail
able regarding the actual composition of these wastes due to the lack of 
documentation of early waste-disposal practices. 

GEOLOGIC SETTING 

Mesita del Buey is underlain by rhyolitic ash-flow and airfall deposits of the 
Bandelier Tuff, which caps the regional topographic high known as the Pajarito 
Plateau (Purtymun and Kennedy, 1971). The Bandelier Tuff was derived from 
volcanism in the Jemez Mountains during the Pleistocene. This is the primary 
formation of interest because the LANL facilities are built on, and all waste
disposal pits, shafts, and trenches have been excavated in, the Bandelier Tuff. 

The Bandelier Tuff is composed of two members: the lower Otowi Member, 1.4 
million years old, and the upper Tshirege Member, 1.1 million years old 
(Bailey and others, 1969). The Otowi Member consists of a basal airfall 
pumice overlain by nonwelded ash-flow deposits containing abundant lithic 
fragments; it ranges in thickness in the Los Alamos area from 0 to 265 feet 
(Abeele and others, 1981). The upper Tshirege Member consists of a basal 
bedded airfall pumice overlain by nonwelded to welded ash flows containing 
abundant pumice and lithic fragments (Abeele and others, 1981). Only the 
Tshirege Member of the Bandelier Tuff has been penetrated by waste-disposal 
excavations in Technical Area 54. 

The Tshirege Member can be subdivided into three units, two of which occur at 
Mesita del Buey (Purtymun and Kennedy, 1971). The characteristics used to 
distinguish these units and subunits are discussed in a subsequent section of 
this report (see Lithologic Logging). 

DRILLING AND SAMPLING 

PROCEDURES 

All drilling for this study was accomplished using a Central Mining Equipment 
(CME) Model 55 drill rig equipped with hollow-stem augers and a continuous 
sampling system. In 16 of the 18 drill holes, continuous core was obtained 
using a 5-foot-long split-barrel sampler attached to the center drill stem of 
standard 6-5/8-inch-O.D. hollow-stem augers. Standard 4-inch-O.D. solid-stem 
augers were used to bore the two drill holes where no core recovery was 
desired (Holes LLN-85-04 and LGN-85-08). All drill holes were initially 
sampled or augered to a depth of approximately 4 feet. A 4-foot length of 8-
inch-O.D. casing was then cemented in place and allowed to set overnight 
before drilling proceeded. 
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Core was obtained in 5-foot intervals, and those samples selected for 
gravimetric analysis were transferred to sealed containers immediately 
following retrieval. The rest of the cores were placed in labeled boxes. As 
soon as possible thereafter, samples were selected for analysis of Extraction 
Procedure (EP) toxicity and volatile organics. These samples were immediately 
placed in labeled containers, and the appropriate documentation completed, in 
accord with established procedures (Bendix Field Engineering Corporation, 
1985a). Once the samples from a given interval had been selected, a 
lithologic log was prepared, also in accord with established procedures 
(Bendix Field Engineering Corporation, 1985a). 

After each hole was cored to the desi~~d depth, the continuous sampling system 
was removed from the center drill stem and replaced with the standard center 
drill bit. The hole was then extended, in most cases approximately 20 feet 
below the desired final hole depth. The center drill stem and auger flights 
were then removed from the hole and the cuttings dropped downhole, filling the 
hole to the approximate desired total depth. ·1! ,: P 11 ' ,:..: 
\'') ~tftl! { ~':("),·, 1 • ~~._(')• "< l,..}.\'1'~ ···;,r r 1c•,::,· 

Equipment was decontaminated between drill holes using the following pro
cedures. For drill holes in and around Area L, the auger flights, center 
drill stem, and continuous sampler were steam-cleaned, then rinsed in methanol 
and allowed to dry in successive cattle tanks provided by LANL. For drill 
holes in Area G, all equipment was first monitored for radioactive contamina
tion by LANL personnel (none was discovered); then the downhole equipment was 
decontaminated using the same procedure as above. 

During all drilling activities, cuttings brought to the surface by the auger 
flights were immediately placed in 55-gallon drums to minimize the potential 
for adverse health effects occurring as a result of contaminated cuttings. In 
addition, as each 5-foot core interval was removed from a hole, measurements 
were taken at the hole and in the driller's breathing zone using an Organic 
Vapor Meter (OVM) and an Explosimeter, in accord with established procedures 
(Bendix Field Engineering Corporation, 1985b). Examination of the results 
indicated that no respiratory protection was needed. 

The hole-numbering scheme is based primarily on the purpose for each hole and 
the drilling sequence (cf. Figure 1). The first letter, L, refers to Los 
Alamos. The second letter (G or L) identifies the waste-disposal area in or 
around which the hole is located. The third letter indicates the purpose for 
the hole, assigned according to the following designations: 

• M: Moisture Holes - To be used to determine intrinsic permeability and 
hydraulic conductivity of the tuff. 

• C: Core and Pore-Gas Sampling Holes - To be used to collect samples for 
EP-toxicity and volatile-organic analyses, and for the installation of 
pore-gas-sampling apparatus. 

• P: Psychrometer Holes - To be used for the installation of thermocouple 
psychrometers and pressure transducers to determine local moisture condi
tions, temperature, and pressure. 

• N: Neutron Moisture Access Holes - To be used by LANL for moisture 
measurements. 
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The middle designation, 85, indicates the year (1985) that these holes were 
drilled. The final two digits refer to drilling sequence. 

RESULTS 

Eighteen holes were drilled for a total footage of approximately 2190. Core 
totaling 1709 feet was collected from 16 drill holes. Of that total, 244 feet 
comprised samples for gravimetric, EP-toxicity, volatile-organic, moisture
characteristic, and petrologic analyses. The depth interval corresponding to 
each sample is indicated on the lithologic logs (see succeeding section). The 
core not preserved as samples from Hole LLC-85-18 was discarded; all oth~r 
core was retained in core boxes. 

Table 1 cites the total depth cored and total depth drilled in each hole, 
together with the maximum depths recorded during geophysical logging. The 
latter activity was accomplished by Bendix and by Century Geophysical Corpora
tion using a total of four different probes (see subsequent discussion on 
Geophysical Logging). As the data indicate, total depths recorded during 
logging vary, largely because of the potential for the probes to sink into the 
loose cuttings at the base of the hole and the possibility of slight cave-in 
of the hole wall caused by the cable or the probes themselves. 

Table 1. Total Depths of Core, Drill Hole, and Logging Activity 
for Los Alamos Drill Holes (depths in feet) 

Drill-Hole Total Total 
Maximum Depth Measured 

During Logging 
Number Depth Depth Century 

Cored Drilled Bendix 
Geophysical 

LLM-85-01 124 140 121 116 
LLM-85-02 124 145 126 125 
LLP-85-03 99 120 97 97 
LLN-85-04a 0 120 116 
LLM-85:..05 124 145 124 122 
I.GM-85-06 DC:: 124 145 127 121 
LGP-85-07 LL"::lP- 0 6 49 60 53 53 
LGN-85-o8a L-c, ,_,_ ot- 0 60 54 
I.GC-85-09 99 120 106 107 
LGC-85-10 99 120 109 108 
LGM-85-11 124 145 130 126 
LLC-85-12 99 120 106 108 
LLC-85-13 (~t']cl) 99 120 113 116 
LLC-85-14 99 120 112 112 
LLC-85-15 99 120 115 119 
LLC-85-16 99 120 117 119 
LLC-85-17 149 150 140 140 
LLC-85-18 99 120 105 107 

aThis hole was augered with a 4-inch-O.D. solid-stem auger. 
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Core recovery was 100 percent in 15 of the 16 cored drill holes, the exception 
being Hole LLC-85-18 which had 95 percent core recovery. Despite the poorly 
consolidated nature of the tuff, most of the core retrieved was in excellent 
condition. Core quality was governed by drilling speed and the physical 
condition of the shoe at the base of the continuous sampler. The sampler shoe 
was replaced several times in the course of drilling to maintain core quality. 

LITHOLOGIC LOGGING 

PROCEDURES 

A lithologic log was prepared in accord with established field procedures 
(Bendix Field Engineering Corporation, 1985a) for each of the 16 holes cored 
with the continuous sampling system. These logs are presented in chronologi
cal order by hole number as Figures 2 through 17. The colors used to describe 
the core matrices are taken from the Rock Color Chart of Goddard and others 
(1975); the code in parentheses following a color description corresponds to 
the chart. 

Also indicated on the logs are the numbers and depth intervals for samples 
collected for subsequent field or laboratory analysis. Samples identified by 
the three-letter prefix MCG- followed solely by a three-digit number were 
collected for gravimetric analy~is. Those MCG-numbered samples denoted by a 
single asterisk (*) were collected for petrologic analysis, and those denoted 
by a double asterisk (**) were collected for laboratory analysis of moisture 
characteristics. Samples identified with the number 85 followed by a decimal 
point and five additional digits were collected for EP-toxicity and volatile
organic analyses by LANL; splits of these samples are identified by the 
addition of the letter A immediately following the sample number. 

RESULTS 

As previously mentioned, two of the three units of the Tshirege Member of the 
Bandelier Tuff underlie Mesita del Buey. These units dip 2 to 3 degrees to 
the southeast and become thinner in the direction of dip, away from their 
source in the Valles Caldera. Each of the units consists of two subunits 
which are described by Purtymun and Kennedy (1971). Their descriptions, 
together with characteristics observed in the actual core collected for this 
study, were used to distinguish between each of the subunits. 

The lowermost subunit of the Tshirege Member encountered during this drilling 
program is Unit la, a nonwelded, light-orange to light-brown ash-flow tuff. 
The maximum thickness of Unit la encountered in the Los Alamos drill holes was 
26 feet; no drill hole penetrated the entire unit. At Mesita del Buey, Unit 
la consists of very uniform, nonwelded, devitrified ash with numerous but 
scattered lumps of light-tan pumice lapilli and latitic to rhyolitic lithic 
lapilli. 

The contact between Units la and lb was discerned in the core on the basis of 
the increased degree of welding and the presence of brown and gray pumice 
lapilli in Unit lb. The basal portion of Unit lb contains distinctive, gold
colored, bipyramidal quartz crystals up to 4 mm in diameter and a bimodal 
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distribution of lithic lapilli. The lithic lapilli are abundant in the size 
range 1 to 4 mm in diameter, and occur less commonly in the size range 15 to 
60 mm. They decrease in size and abundance toward the top of Unit lb, where 
the occurrence of lithic lapilli is rare. The degree of welding in Unit lb 
generally varies from non- to slightly welded at the base to moderately welded 
just above the base to slightly welded at the top. In four core holes where 
the entire section of Unit lb was penetrated, the total thickness varies from 
approximately 29 to 52 feet. 

The contact between Units lb and 2a is transitional and therefore difficult to 
precisely identify in the core. In certain cases, the contact can be esti
mated on the basis of either a subtle color change in a non- to slightly 
welded portion of the core or the presence of brown, gray, and olive-colored 
pumice lapilli in the basal portion of Unit 2a. These pumice lapilli are 
generally larger than the predominantly brown pumice lapilli found in the 
upper portion of Unit lb. In addition, the contact generally occurs in a zone 
where vapor-phase crystals of quartz and sanadine are small in size (less than 
1 mm in diameter) and number. The contact between Units lb and 2a may be more 
accurately defined when petrologic analyses of rock samples have been 
completed. 

Unit 2a is an ash-flow tuff ranging in color from light pink to pale red to 
gray, and containing relatively large (5 to 30 mm) gray, brown, and olive 
pumice lapilli. Generally, Unit 2a varies from nonwelded at the base to 
moderately welded in the center to slightly to moderately welded at the top. 
At Mesita del Buey, however, this variation is not consistent from drill hole 
to drill hole. Unit 2a becomes thinner toward the southeast, as evidenced by 
a thickness exceeding 54 feet in the northwesternmost drill hole (LLC-85-13), 
to one averaging 40 feet in and around Area L, to one averaging 21 feet in 
Area G. 

The contact between Units 2a and 2b is generally marked by a subtle color 
change within a non- to slightly welded zone of tuff. Purtymun and Kennedy 
(1971) identify this contact on the basis of the occurrence of thin, lenticu
lar deposits of reworked tuff. However, this zone of reworked tuff was not 
observed in core collected during this drilling program. Moreover, the tran
sition from Unit 2a to Unit 2b at Mesita del Buey appears to be marked by a 
decrease in the size and variety of pumice lapilli occurring in the basal 
portion of Unit 2b. 

Unit 2b forms the cap rock at Mesita del Buey and consists of brownish-gray, 
light-gray, and pinkish-gray, slightly to moderately welded ash-flow tuff with 
light-gray and occasional brown pumice lapilli. Unit 2b comprises two flows 
that cooled as a single unit (Purtymun and Kennedy, 1971). The two flows can 
be distinguished on the basis of a color change, an increase in the abundance 
of pumice lapilli, or the occurrence of a thin deposit of reworked tuff 
between the two flows. The maximum and minimum thicknesses of Unit 2b 
encountered in the Los Alamos drill holes was 45 feet in the northwesternmost 
hole (LLC-85-13) and 28 feet in the southeasternmost hole (LGC-85-09), 
respectively. 
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Log 

Deacrlptlon 

Unit 2b: Tahlrege Member of the Bandelier Tuff 

Tuff is moderately welded and matrix color is very light gray (N8). Pumice lapilli 
(pumice fragments) are light gray and range in size from 5 to 10 mm. Horizontal 
fractures are coated with caliche at depths of 5 112 in. and 5 It 7 in. The upper 3 to 4 
feet are very weathered. 

Chatoyant sa nadine crystals, up to 3 mm in size, are present throughout this unit. 

Color changes very slightly to pinkish gray (5YR8/1). representing contact 
between two flows that cooled as one unit. 

Slightly more welded than above. 

Drilling becomes easier, representing contact with non- to slightly welded base of 
Uni12b. 

Unlt2a 

Matrix color changes to grayish pink (5R8/2). Pumice lapilli are pale brown and 
grayish olive; compared with those in Unit 2b, they are larger (10 to 20 mm) and 
more abundant. 

Sanadine and quartz crystals, less than 1 mm in size, are present. Slightly more 
welded than above. 

Matrix color changes to pinkish gray (5YR8/1 ). 

Nonwelded, very disaggregated ash-flow tuff. 

Matrix color changes to light gray (N7). 

Abundant brown and occasional gray and green pumice lapilli, 10 to 20 mm in 
size; very sparse, small (1 to 2 mm) lithic lapilli (rock fragments). 

Near-vertical fracture is coated with iron-colored clay (limonite?). 

Unll1b 
Matrix grades to a color between pinkish gray (5YR8/1) and yellowish gray 
(5Y8/1 ). Pumice lapilli are predominantly brown and much smaller (5 to 10 mm) 
than those in Unit 2a. Lithic lapilli, 1 to 2 mm in size. start to appear and become 
more abundant with depth. 

Minor chatoyant sanadine crystals are present. 

Matrix is lighter in color, nearly very light gray (N8). 

Becoming more welded. 

Color grades to grayish pink (5RB/2). 

Brown pumice lapilli are abundant. 

Matrix is browner, nearly pale red (5R6/2), and appears to be the most densely 
welded interval in this unit. 

High-angle fracture extends from 120 to 124 ft. 

Very large (up to 1 in.) lithic lapilli, with abundant small lithic lapilli. 

~--~--~--------J-·-------~----------------------------------------------~ 

Figure 2. Lithologic Log of Role LLM-85-01 
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Figure 3. 

Deacrlptton 

Unit 2b: Tahlrege Member of lhe Bandelier Tuff 

Tuff is moderately welded, and matrix color is very light gray (N8). Pumice lapilli 
are light gray (N7). The upper 3 feet are weathered. 

Horizontal fracture occurs at depth of 9.5 It; no caliche on surface. 

Color changes very slightly to pinkish gray (5YR8/1), which may indicate 
transition to lower flow of Unit 2b. 
Horizontal fracture occurs at depth of 12.5 It; coated with caliche. 

Large rust-colored fracture extends from 26 It 3 in. to 27 It 8 in.; white caliche and 
roots are present. 

Drilling becomes easier at approximately 33 It, which may represent contact with 
the nonwelded portion of Unit 2b. 

Near-vertical fracture extends from 35 to at least 40 It 6 in. The fracture has an 
iron stain approximately 2/16 in. wide. 

Unlt2a 

Color changes to grayish pink (5R8/2). Pumice lapilli-brown, gray, and green in 
color-are larger than those in Unit 2b. 

Fracture extends from 49 It 9 in. to 51 It 10 in.; it is marked with an iron-colored 
alteration band that widens with depth, but occurs on only one side of the fracture 
plane. 

Fracture extends from 55 It 2 in. to 56 It 2 in.; it is similar to, and may be 
continuous with, the above fracture. 

Pumice lapilli are still brown, green, and gray. 

Fracture extends from 73 to 73.5 ft. 
Matrix color changes to pinkish gray (5YR8/1 ); very sparse, small (1 to 2 mm) 
lithic lapilli. 

Very disaggregated ash, which may represent non welded lower portion of this 
unit. 
Unit 1b 

Pumice lapilli are predominantly brown and much smaller than those in the above 
units. Lithic lapilli, very scattered and small, are present and become more 
abundant with depth. Matrix grades to a color between pinkish gray (5YR8/1) and 
yellowish gray (5Y8/1). Tuff is slightly more welded than the base of Unit 2a. 

Abundant brown pumice lapilli; larger fragments are noticeably flattened. 

Quartz and feldspar in matrix becoming more abundant. Quartz is distinctively 
honey-colored and bipyramidal. 

Drilling becomes slightly more difficult and rock fragments are very abundant, 
indicating contact with the most densely welded portion of Unit 1 b. 

Same as above, except matrix color is more orangish, nearly moderate orange 
pink (5YR8/4). 

Lithologic Log of Hole LLM-85-02 
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Figure 16. 

Deacrlpllon 

Unit 2b: Tahlrege Member of the Bandelier Tuff 

Soil and weathered tuff extend to approximately 3 ft. 

Tuff is moderately welded, and matrix color is light gray (N7). Pumice lapilli are 
gray and range in size from 5 to 10 mm. Quartz and sanadine crystals, less than 1 
mm in size, are abundant. 

Same as above. Altered, high-angle fracture, with sill in fill and roots, occurs at 
depth of 11 It 2 in. 

Matrix color is grayish pink (5R8/2) and pumice lapilli are larger (up to 30 mm), 
representing transition to lower flow of Unit 2b. Quartz and sanadine crystals same 
as above. 

Same as above, except sparse lithic lapilli are present and quartz and sa nadine 
crystals increase in size to 3 mm. 
High-angle fracture extends from 27 to 28.5 ft. 

Nonwelded base of Unit 2b; drilling becomes easier. Pumice lapilli increase in size 
to 50 mm, while quartz and sanadine crystals decrease in size to less than 1 mm. 

Unll2a 

Matrix color is pale red (5R6/2). Pumice lapilli are brown and green, and range in 
size from 10 to 30 mm. Quartz and sanadine crystals range up to 2 mm in size. 

Tuff is moderately welded; matrix color lightens to grayish pink (5A8/2) at depth of 
approximately 45 ft. 

Same as above. 

Same as above, except pumice lapilli are larger (up to 40 mm) and quartz and 
sanadine crystals are smaller (less than 1 mm). High-angle fracture occurs at depth 
of 61ft. 

Same as above, except tuff is non- to slightly welded. 

Same as above. 

Unlt1b 
Tuff is non- to slightly welded, and matrix color changes to light gray (N7). Lithic 
lapilli are present in minor amounts, ranging in size to 20 mm. Pumice Ia pi IIi-most 
brown. but some green-range up to 40 mm in size. Quartz crystals are larger and 
honey-colored. 

Tuff is slightly to moderately welded, and matrix color changes to grayish orange 
pink (10A8/2). Pumice lapilli are brown and range up to 50 mm in size. Quartz and 
sanadine crystals, ranging up to 2 mm in size, are common. Lithic lapilli, ranging up 
to 50 mm in size, are also common. 

Same as above, except small (2 to 4 mm) lithic lapilli are abundant. 

Matrix color changes to more intense grayish orange pink (5YR7/2). Quartz 
crystals are gold, bipyramidal, and more abundant than above. Small (less than 1 to 
2 mm) lithic lapilli are very abundant, but those as large as 60 mm are sparse. 

Same as above, except matrix color changes to light brown (5YR6/4). 

High-angle fracture extends from 122 to 123ft. 

Tuff is nonwelded, and matrix color changes to moderate orange pink (5YR8/4). 
Pumice lapilli are grayish orange (similar to those in Unit 1 a) and range up to 50 mm 
in size. Rest of matrix is similar to above. 

Occasional greenish pumice lapilli are present. 

Unit 1a 

Completely nonwelded ash, moderate orange pink (5YR8/4) in color. Large 
grayish-orange (10YR7/4) pumice lapilli are abundant. Lithic lapilli range up to 50 
mm in size. 

Lithologic Log of Hole LLC-85-17 
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Figure 4. 

o .. crlpllon 

Unit 2b: Tahlrege Member ollhe Bandelier TuH 

Tuff is more friable than that in Hole LLM-85-02. Matrix color is light gray (N7). 

Horizontal fracture occurs at depth of 5 It 10 in.; coated with caliche. 

Abundant quartz and sanadine crystals occur throughout this unit. 

Matrix color changes slightly to pinkish gray (5YR8/1). which may represent the 
contact between two flows that cooled as a smgle unit. 

Drilling becomes easier at depth of approximately 20ft. 

Gradational contact with lower, nonwelded portion of Unit 2b. 

Matrix becomes slightly pinker, to grayish pink (5R8/2). 

High-angle (nearly 90 degrees) fractures extend from 30 It 8 in. to 31 It 2 in .. from 
31 It 8 in. to 32 It 8 in .. from 35 to 37 It, and from 39.5 to 40 ft. All four are heavily 
stained with limonite. There appears to be a horizontal fracture lying between the 
upper two high-angle fractures. 

Unlt2a 

Matrix becomes darker-to pale red (5R6/2)-at depth of 42 to 43ft. Pumice 
lapilli are abundant, some longer than the core and appearing quite flattened. 
Occasional pumice lapilli are greenish (10Y4/2 to 10Y5/4). 

Small high-angle fracture occurs at depth of approximately 56 ft. 

Pumice lapilli become more abundant and predominantly brown in color, 
but occasional gray and green fragments were observed. 

Some relatively large olive or greenish-colored pumice lapilli are still present. Very 
sparse, small (1 to 2 mm) lithic lapilli are also present. 

Unit 1b 

Matrix changes to a color between light gray (N7) and yellowish gray (5Y8/1 ). 
Pumice lapilli are much smaller and predominantly brown. 

Minor amounts of quartz and sanadine crystals are present. 

Drilling becomes very easy, indicative of nonwelded tuff. 

Quartz crystals become more abundant, but only traces of chatoyant sanadine 
occur in pumice lapilli. 

Brown pumice lapolli are abundant and very flattened. 

Lithologic Log of Hole LLP-85-03 
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Deocrlpllon 

Unit 2b: Tshlrege Member oflhe Bandelier Tuff 

Tuff is moderately welded, and matrix color is between light gray (N7) and very 
light gray (N8). Pumice lapilli, 2 to 10 mm in size, are light gray to medium light gray. 
Chatoyant sanadine crystals are 1 mm in size. The upper 4 It are very weathered and 
contain abundant horizontal fractures with iron stains and root structures. 

Same as above, except rare lithic lapilli up to 40 mm in size are present. 

Same as above, except clear quartz and chatoyant blue sanadine crystals, 1 to 2 
mm in size, are abundant. 

Color changes to grayish pink (5R8/2) at depth of approximately 34 ft. Drilling 
becomes easier at depth of 33 to 34 It, representing contact with lower flow and/or 
nonwelded portion of Unit 2b. Pumice lapilli range in size from 2 to 10 mm. 

Unll2a 

Matrix color still grayish pink (5R8/2). Pumice lapilli are larger (5 to 30 mm), but 
still predominantly gray. Quartz and sanadine crystals, less than 1 mm in size, are 
present. 

Fracture extends from 48 to 48.4 ft. 

Pumice lapilli are same size as above (5 to 30 mm), but olive or greenish-colored 
fragments are present. 

Small fracture, filled to 1/6 in., extends from 54 to 55.5 ft. 

Fracture occurs at depth of approximately 58 It; very broken-up core. 

Matrix color still grayish pink (5R8/2). Pumice lapilli are larger (10 to 40 mm), but 
still predominantly brown with occasional olive or greenish-colored fragments. 

Tuff is non- to slightly welded, and matrix color lightens to nearly pinkish gray 
(5YR8/1 ). Chatoyant sanadine crystals are still present. 

Unll1b 
Tuff is non- to slightly welded, and matrix color becomes lighter, between pinkish 
gray (5YR8/1) and yellowish gray (5Y8/1 ). Abundant quartz, but chatoyant sanadine 
was not observed. Pumice lapilli are brown and much more abundant than in Unit 
2b. 

Lithic lapilli, up to 2 mm in size, are present in small amounts. Pumice lapilli are 
brown, but slightly larger (20 to 40 mm) than those in upper intervals. Tuff is slightly 
welded. 

Lithic lapilli are abundant, but still small (less than 2 mm). 

Tuff is moderately welded, and matrix color is becoming more pinkish (5R8/2) 
which may represent contact with the more densely welded portion of Unit 1 b. Rock 
or lithic fragments are becoming much larger. Pumice lapilli are very large. Quartz 
crystals, dark- to honey-colored, are abundant. 

Scattered, large lithic lapilli. Large pumice lapilli are very flattened. 

Matrix color changes to pale red (10R6/2). 

Matrix color changes to pinkish orange (nearly 10R7/6); non- to slightly welded 
lower portion of Unit 1 b. 

Lithologic Log of Hole LLM-85-05 



1111 

Oopth 
(loot) 

5 

10 

15 

20 

25 

35 

40 

45 

S.mplo 
Interval 

MCG-551 

MCG-552 

MCG-553 

MCG-554 

MCG-555 

MCG-556 
J MCG-634* 
\ MCG-614** 

MCG-557 

MCG-558 

MCG-559 

~;!~~ MCG-560 
50 { 

MCG-635* 
MCG-615** 

MCG-561 

55 

MCG-562 
60 

MCG-563 

65 

MCG-564 
70 

MCG-565 
75 

MCG-566 
80 

MCG-567 
85 

MCG-568 
90 

MCG-569 
95 

>< MCG-570 
100 _;:::9~{ MCG-636* 

MCG-616** 

105 

110 

120 

125 

MCG-571 

MCG-572 

MCG-637* 
MCG-573 

MCG-617** 

MCG-574 

MCG-575 

Grophlc 
Log 

~-l< v. 

""..l"'" " 
... " < ' -" ,.. 

) '("' ., ..a " "" 

"-""v".: 
''I .... ' -" I' ' 

-l ' 1 v 1 
I'" 1\ -l > v 
..., .... "" v A. ,... 

.. v < I'" > 
7 ' .., ... " "' 

" -l " v ) -l 
_, r I' I-

Figure 6. 

Ooocrlpllon 

Unit 2b: Tshlrege Member ol the Bandelier Tull 

One foot of medium-brown soil merges into light-gray (N7) ash-flow lull, which is 
moderately welded. Pumice lapilli, 2 to 10 mm in size. are medium light gray. 
Sanadine and quartz are abundant. Iron-stained fracture extends from 5 It 10 in. to 6 
It 1 in., and caliche-filled fracture from 6 It 4 in. to 6 It 7 in. 

Caliche-filled fracture extends from 9 to 9.5 fl. 

Matrix color grades to very light gray (N8). Light-gray pumice lapilli, 2 to 10 mm in 
size, are present from ground surface to approximately 8ft. 

Matrix color is between very light gray (N8) and light brownish gray (5YR6/1 ). 

Near-vertical fracture extends from 29 to 29.5 ft. 

Unlt2a 

Tuff appears fissile; drilling is slightly easier. No obvious color change. Pumice 
lapilli are brown and gray, and larger (10 to 30 mm) than those in the upper.unit. 

Near-vertical fractures extend from 41 It 4 in. to 42 It 2 in. and from 43 to 43.5 ft; 
the former appears to be open. 

Matrix color is very light gray (N8). 

Tuff is nonwelded, and pumice lapilli are larger. 

Unit 1b 
Matrix becomes almost white (N9). Pumice lapilli are predominantly brown 
from 59 to 69 ft. 

Matrix darkens to light gray (N7). 

Matrix color changes to grayish pink (5R8/2) at depth of approximately 69ft. 

Small lithic lapilli, 1 to 2 mm in size, are present in small amounts. 

Lithic lapilli are more abundant; brown pumice lapilli are larger. 

Matrix color becomes pinker, to pale red (5R6/2), and tuff is only slightly welded. 
Lithic lapilli increase in size. Bipyramidal quartz crystals, gold to tan colored, are 
abundant. 

Transition to moderately welded zone of Unit lb. Matrix color changes to grayish 
orange pink (5YR7 /2). Bipyramidal quartz crystals are still abundant and increasing 
in size (up to 4 mm). 

Tuff is moderately welded, and color changes to moderate orange pink (5YR8/4). 

Same as above, except tuff is nonwelded, representing the base of Unit 1 b. 

Unit 1a 
Completely nonwelded ash, moderate orange pink (5YR8/4). with scattered lumps 
of tan pumice lapilli. 

Completely nonwelded ash, with large (some greater than 2 in.) pumice and rock 
lapilli. 

Lithologic Log of Hole LGM-85-06 
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Doocrlptlon 

Unit 2b: Tahlrege Member of the Bandelier Tuff 

The upper 5 tt are weathered and loose. and predominantly brown in color. 

Possible horizontal fracture occurs at depth of 6 ft 10 in.; very slight discoloration 
to brown on the surface. 

Matrix color is very light gray (N8). 

Fractures extend from 9 tt 6 in. to 9ft 9 in. and from 10ft 1 in. to 10ft 4 in.; both 
appear to dip approximately 45 degrees and have slight brown coloring. on the 
surfaces. 
Concentrations of larger pumice lapilli may represent the boundary between 
separate flows within this unit. · 
Matrix color changes to pinkish gray (SYR8/1). 
Tuff appears slightly fissile. 
Possible non coated fracture extends trom 19 It to 19ft 3 in. 

Matrix color becomes very slightly pinkish. with very small, brown pumice 
lapilli. probably indicating a transitional contact with Unit 2a. 
Unit 2a 
Matrix color is definitely pinkish. Sanadine and quartz are present. Approximately 
75% of the pumice lapilli are brown. 25% green (olive). 
Matrix color changes to light brownish gray (SYA6/1 ). 

Near-vertical, iron-stained fracture extends from 35 ft 4 in. to 36 It 4 in. 

Near-vertical. noncoated fracture extends from 40 ft to 40 tt 8 in. 

Unit 1b 
Matrix color changing to very light gray (N8) to almost white (N9) at depth of 43 to 
44 tt; tuff is only slightly to moderately welded. All pumice lapilli are brown. 
Sanadine crystals are abundant. 

Matrix color changes to white (N9) at depth of 52 ft. 

Pumice lapilli are sllll brown. but becoming smaller. Lithic lapilli are abundant. up 
to •;, in. in size at depth of 59 ft. Quartz crystals are honey-colored. 

Near-vertical fracture. slightly iron-stained. extends from 61 to 62ft. 

Drilling becomes more difficult. and tuff is moderately welded. Lithic lapilli are 
larger. This more welded material probably represents the central portion of the 
Unit 1 b cooling zone. 
Matrix color grades from pinkish gray (5YA8/1) to very pale orange (10YR8/2) to 
light brown (5YA6/4). 
Tuff is non- to slightly welded, and looks like the rest of Unit 1 b except the color is 
becoming very orange. Lithic lapilli are still very abundant. and quartz crystals are 
still honey-colored. 
Unit 1a 
Completely nonwelded, orange-colored ash with large pumice lapilli. 
The latter are distinctively light brown or cream-colored. Only scattered lithic 
lapilli were observed. one 1 in. in size and another 1/16 in. in size. 

Matrix color is moderate orange pink (SYR8/4). 

Same as above. except dampness observed at depth of approximately 88 ft. 

Same as above. except matnx color changes to light tan [approximately 5Y8/1 
(yellowish gray)] and green pumice lapilli are scattered throughout. 

Lithologic Log of Hole LGC-85-09 
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DHcrlpllon 

Tuff appears fissile and less welded; drilling is easier. Matrix color is between light 
gray (N7) and very light brownish gray (5YR7/1). Pumice lapilli are larger (10 to 20 
mm) and predominantly brown. 
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Dltcrlptlon 

Unit 2b: T•htraga Mambar of tha Bandelier Tuff 
Weathered-tuff soil horizon extends to depth of 20 in. 
Tuff is moderately welded, and matrix color is light gray (N7) to very light gray 
(N8). with abundant light-gray pumice lapilli and quartz and sanadine crystals. 
Near-vertical fracture extends from 4 to 5 ft. 

Tuff is moderately welded, and matrix color is very light gray (N8). 

Transitional contact(?) with lower flow of Unit 2b, indicated by larger (10 to 20 
mm) pumice lapilli. some of which are slightly greenish, and larger sanadine 
crystals. 

Horizontal fracture occurs at depth of 31.5 ft. 
Unl12a 

Matrix color changes to light brownish gray (5YR6/1 ). Pumice lapilli are 
predominantly brown, though some are greenish-colored. and larger in size (up to 
30 mm). Quartz and chatoyant sanadine crystals are less than 1 mm in size. 

Matrix color darkens to brownish gray (5YR4/1 ). 

Matrix color lightens to light brownish gray (5YR6/1 ). 

Near-vertical fracture extends from 52 to 53.5 ft. 
Pumice lapilli are larger. Sparse lithic lapilli, 1 to 2 mm in size, are present. 
Unlt1b 

Matrix color changes to light gray (N7) and is less welded than in the interval 49 to 
54 ft. Pumice lapilli are smaller, and range from light brown to gray in color. 

Sparse, small lithic lapilli begin to appear. 

Drilling becomes more difficult; lithic lapilli still sparse and small. 

Matrix color becomes slightly pinkish, to pinkish gray (5YR8/1 ). Lithic lapilli are 
larger and more abundant. 

Tuff is moderately welded, and matrix color darkens to light brownish gray 
(5YR6/1). 

Dark· to honey-colored quartz crystals increase in size and abundance. 

Lithic lapilli, up to •;, in. in size, become more abundant. 

Matrix color changes to moderate orange pink (5YR8/4). 

Vertical fracture extends from 94.5 to 96 ft. 

Lithic lapilli up to 1 in. in size are common. 

Figure 9. Lithologic Log of Hole LGC-85-10 
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Oeecrlpllon 

Unit 2b: Tahlrege Member of the Bandelier Tuff 

Weathered-tuff soil horizon extends to depth of 3 ft. 

Matrix color ranges from very light gray (N8) to very light brownish gray (5YR7/1), 
with light-gray pumice lapilli. Near-vertical fractures extend from 5 to 6 It and from 
6.5 to 7.5 ft. 

Quartz and chatoyant blue sanadine crystals are present. 

Iron-stained, caliche-filled fractures, dipping approximately 45 degrees, occur at 
depths of 15.5 and 17.5 ft. 

Iron-stained fracture, dipping approximately 45 degrees, occurs at depth of ?Oft. 

Pumice lapilli, 3 to 10 mm in size, are still light gray. 

Unlt2a 

Tuff is moderately welded, and matrix color is very light gray (N8) with a slight 
pinkish cast [nearly pinkish gray (5YR8/1)). Pumice lapilli are larger and predom
inantly brown, though some are greenish-colored. Quartz and chatoyant sanadine 
crystals are present. 

Tuff is only slightly to moderately welded. Pumice lapilli-some brown, some 
green-are very large. Sparse, small lithic lapilli are present. 

Unit 1b 
Tuff is non- to slightly welded, and matrix ranges in color from very light gray (N8) 
to almost white (N9). 

Fracture (?), dipping approximately 45 degrees, occurs at depth of 66ft. 

Lithic lapilli begin to appear, becoming larger and more abundant with depth. 

Fractures, dipping approximately 45 degrees, occur at depths of 75.5 and 76.5 ft. 

Tuff is more welded, and matrix color is pinkish gray (5YR8/1). 

Tuff is moderately welded. 

Quartz crystals are abundant and distinctively honey- or tan-colored. 
Matrix color changes to moderate orange pink (5YR8/4) at depth of 93ft. Lithic 
lapilli becoming very large, up to 3 in. In size. Pumice lapilli are still small and brown. 
Quartz crystals are same as above. 
Pumice lapilli increase in size, and some are gold- to tan-colored (similar to those 
in Unit la). 

Tuff is only slightly welded. Lithic lapilli are less abundant, but range up to 3 in. 
in size. Quartz crystals are same as above. 
Unll1a 

Completely nonwelded tuff, moderate orange pink (5YR8/4), with scattered, 
large, golden-tan, pumice lapilli and lithic lapilli. 

Same as above. 

Lithologic Log of Hole LGM-85-11 
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Doocrlptlon 

Unit 2b: Tahlrege Member of the Bandelier Tuff 

Soil consists of weathered tuff and some fill (tuff). 
Matrix is light gray (N7), with common quartz and chatoyant sanadine crystals. 
I ron-stained fractures, dipping 45 degrees, occur at depths of 5 It, 6 It, and 6 It 8 in. 
Pumice lapilli are medium light gray, except for a very few which are light green. 

Same as above. 

Horizontal fractures occur at depths of 24ft 8 in., 25 ft, 25 It 7 in., and 26 ft. 

Pumice lapilli are gray and range from 2 to 10 mm in size. 

Tuff appears only slightly welded (from surface), possibly the result of weathering 
due to the hole's proximity to the edge of the mesa. 

Unlt2e 
Tuff is moderately welded and matrix color changes to pinkish gray (5YR8/1). 
Pumice lapilli are larger (10 to 20 mm) and predominantly brown. Vertical fracture, 
with roots, occurs at depth of 41 ft. 

Pumice lapilli are brown and greenish-colored. 

Matrix color darkens slightly, to nearly light brownish gray (5YR8/1 ). 

Fracture, dipping approximately 45 degrees, occurs at depth of 55.6 ft. Quartz 
crystals are dominant phenocrysts. 

Matrix color lightens, back to pinkish gray (SYRB/1). Lithic lapilli are small (1 to 2 
mm) and very sparse. Minor amount of sanadine crystals. 

Sanadine and quartz crystals are abundant and present in equal amounts. 

Pumice lapilli-some brown, some green-are larger than above. 

Matrix color is very light gray (NB). 

Unit 1b 

Tuff is non- to slightly welded, and matrix is becoming lighter, to a color between 
very light gray (NB) and white (N9). Pumice lapilli range up to 30 mm in size. 

Sanadine and quartz crystals are present in approximately equal amounts. Quartz 
crystals are distinctively honey- or tan-colored. Pumice lapilli range up to 40 mm in 
size. No lithic lapilli were observed. 
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40 
85.05066 ~~~ ~,-: ... ;-·~~\~:~·~~,';' 

MCG-643* 
~~~~-::;_~7,''.!./:/ Fractures, dipping approximately 45 degrees, occur at depths of 42, 42.5, and 47 ft. ,- .. ,_ , ... ,_ , ... 

1\ I,.\ ' 1-,,.,._, 
\~~\if~~ ~.r.~~=~~; • /_, .. !....!..:,,,,~ 

45 I~ ,-;-,~1- Unlt2a 
//~\_,/\_... 

-::;:c:- 85.05194 '1:_ ;'::._),'::._')-1 Matrix color is light brownish gray (5YR611). Quartz crystals are more abundant 
85.05067 ~~~.\~ than in Unit 2b. Some brown pumice lapilli were observed. 

50 \ ........ -:, \ ~~\...-';-'\I 
I '::,_')-;':.)/::_,')-1 Core recovery is excellent; no breaks occurred in the three 5-ft sections from 49 to 

\_,/~-'/~-'/~ 64 ft. Tuff is slightly more than moderately welded. 

55 l~-"1'::./ ;'::._/I 
-'/'-'/,//~/ 

85.05195 ;'::..0~.);':,)1 
85.05068 '/~ ........ /~ ........ /~' Some large (20 to 40 mm) pumice lapilli have rims altered(?) to brown color. 

60 I':_-";'~/ t'::._/ I 
'/~.,/~'/z ..... 
/: .. / I~./ I"> I 
........ /~ .... /~ ....... /~ ........ 

65 I'::_,/ I'::._/ ;'::_,-"I 
Matrix color is same as above. Pumice lapilli-brown, gray, and a few green-...... "~ .... /~ ...... /z ........ 

I_/ I'::._/ I';_./ I average approximately 10 mm in size. Phenocrysts, averaging 3 mm in size, are 
85.05196 ,.,../,//\ ....... /\,.,.. predominantly sanadine with some quartz. 

70 85.05069 1'>1,>1''0 
..... ""/\_..../\ ....... '")\ ........ Tuff is still moderately welded, but matrix color changes to grayish orange pink 
1'::_,/;':~.)1 '::._)1 (5YR712) . 
........ /, ....... /, ....... /, ..... 

75 I ':../J >'I;_ )I\ 
-'/1...-/1...-/\/ 

85.05197 
;';,)1'::._)'1'::._;; \ 

85.05070 ........ /~ .... /~ .... /~ ........ Sanadine crystals decrease in size. 
80 l'/1,-"1'-"1' ..... )~ ..... /~ ........ ';z;: 

;':~./I'::_-" I'::..-" I, ........ /z ..... /~ ...... /~ ...... 
85 !'::.._/ /~ ...... /~/ /~ Same as above, except pumice lapilli average 10 mm in size, with some as large as 

'/~ ........ /z-/z_, 50 mm. Sanadine crystals are small, and quartz was not observed. 

85.05198 1~/t'~/l'::./t'::.. 
85.05071 ........ /~ ..... /z ..... /~ ........ 

90 ~/ /~/ ;:.._/ /~ 
..... /~ ..... /~ ....... /~ ....... Matrix color changes to light gray (N7). Pumice lapilli are medium light gray and 
~//~//~/!~ average 10 mm in size . ..... /z ..... /~ ..... /~ ..... 

95 :::_/,::.._//:::./!'· 
/~--/~-'/~-::-

85.05199 
:./1~/1>1'::.. Matrix color changes back to grayish orange pink (5YR712). Equal amounts of 

~ /\ ....... /\_.../\ ....... 

100 85.05072 brown and gray pumice lapilli are present. 

Figure 12. Lithologic Log of Hole LLC-85-13 
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Figure 13. 

Deocrlptlon 

Unit 2b: Tahlrege Member of the Bandelier Tuff 

Tuff is moderately welded, and matrix color is light brownish gray (SYA6/1). 
Horizontal fracture occurs at depth of 1.5 ft. Pumice lapilli are small and gray. 
Quartz and sanadine crystals are small and clear. 

Matrix color changes to very light gray (N8), which probably represents the 
contact with the lower flow of Unit 2b. 

Fractures, dipping approximately 45 degrees, occur at depths of 18ft 2 in. and 19 
ft 3 in. 

Lithic lapilli are sparse and range up to 30 mm in size. 

Matrix color changes back to light brownish gray (5YA6/1) at depth of 26 ft. 
Fractures, dipping approximately 45 degrees, occur at depths of 25 and 28 ft. 

Pumice lapilli-some brown, some gray-range in size from 10 to 40 mm. 

Drilling becomes much easier at depth of 32 ft, representing the contact with the 
nonwelded base of Unit 2b. Matrix color changes to grayish orange pink (5YR7/2). 
Fracture, dipping approximately 45 degrees, occurs at depth of 31 ft. 

Unlt2a 
Tuff is non- to slightly welded, and matrix color is light brownish gray (5YR6/1 ). 
Pumice lapilli-some brown, some green-range in size from 10 to 30 mm. 

Tuff is moderately welded, and matrix color changes to grayish pink (SRB/2). 
Lithic lapilli are sparse and average 5 to 10 mm in size. with some up to 40 mm. 
Pumice lapilli are same as above. 

Near-vertical fractures occur at depths of 49, 52, 53, 54, and 57 ft. This may be one 
fracture, observed entering and exiting the core. 

Tuff is moderately welded, and matrix changes to a color between grayish pink 
(SRB/2) and grayish orange pink (5YR7/2). Pumice lapilli are predominantly brown, 
and average 10 to 40 mm in size. Lithic lapilli are still sparse, but larger (20 to 40 
mm). 

Matrix color changes to grayish orange pink (5YR7/2); otherwise same as above 
except fewer lithic lapilli. 

Same as above. except lithic lapilli are more abundant. 

Same as above. except no lithic lapilli were observed. 

Matrix color lightens to grayish pink (SRB/2). Pumice lapilli-brown and 
green-are larger (20 to 50 mm). Sanadine and quartz crystals are very small and 
clear. 

Unit 1b 

Matrix color changes to light gray (N7). Brown pumice lapilli are smaller (10 to 25 
mm). Lithic lapilli and quartz crystals are common, the latter ranging up to 3 mm in 
size. Near-vertical fractures occur at depths of 85. 88, and 89 ft. 

Same as above. except quartz crystals are larger (4 mm) and more abundant. 

Lithologic Log of Hole LLC-85-14 
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Figure 14. 

Daacrlptlon 

Unit 2b: Tahlrege Member of the Bandelier Tuff 

Soil layer extends to depth of approximately 4 in. Tuff is moderately welded, and 
matrix color is very light gray (N8) to grayish pink (5R8/2). Pumice lapilli are small 
and light gray. Clear quartz and sanadine crystals, less than 1 mm in size, are 
common. High-angle, iron-stained fractures, with caliche inflll, occur at depths of 1 
and 5 ft. 

Same as above, except matrix color changes to very light gray (N8). 

Same as above, except matrix color changes to light brownish gray (5YR6/1 ). 

Same as above, except pumice lapilli are larger (up to 10 mm). 

Tuff is moderately welded, and matrix color grades to grayish pink (5R8/2). 
Pumice lapilli-most gray, but some brown-range in size from 10 to 40 mm. 

Low-angle fracture occurs at depth of 31 ft 10 in. 
Same as above. except tuff is non- to slightly welded. 

Unlt2a 

Tuff is non- to slightly welded, and matrix color still grayish pink (5R8/2). Pumice 
lapilli-most brown, but some green (olive)-range in size from approximately 10 to 
50 mm. 

High-angle fracture occurs at depth of 47.5 ft. 

Tuff is moderately welded. and matrix color grades to pale red (5R6/2). 
Same as above, except matrix color changes to grayish pink (5R8/2). 
High-angle fracture occurs at depth of 51 ft 6 in. Pumice lapilli become larger, 
some up to 60 mm. 

Matrix color grades back to grayish pink (5R6/2). Pumice lapilli become smaller. 
ranging in size from 5 to 15 mm. 

High-angle fracture occurs at depth of 67 ft. 
Same as above. except sparse lithic lapilli are present. 

High-angle fracture occurs at depth of 77 ft. 

Same as above. 

Unit 1b 

Matrix color changes to pinkish gray (5YR8/1 ). Pumice lapilli are predominantly 
brown and range from 10 to 20 mm in size. Quartz crystals, up to 4 mm in size, are 
abundant. Lithic lapilli are more abundant than above, ranging in size from 5 to 15 
mm. 

Pumice lapilli increase in size to 30 mm. 

Same as above, except matrix color changes to very light gray (N8). 

Pumice lapilli increase in size to 50 mm. 

Lithologic Log of Hole LLC-85-15 
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D•plh 
(1 .. 1) 

Sam pi• 
lnterv•l a~=g!.~ Graphic 

Log Dnc:rlpllon 

Unit 2b: Tthlrege Member of the Bandelier Tuff 
Soil and weathered tuff extend to depth of 16 in. 

5 85.05220 
85.05099 Tuff is moderately welded, and matrix color is grayish pink (5R6/2). Pumice lapilli 85.05099A 

are light gray and range up to 10 mm in size. Quartz and sanadine crystals range up 
to 4 mm in size. Near-vertical fractures occur at 3 It and from 6 to 7 ft. 

10 
Same as above. 

15 Reworked ash (crossbedding) occurs at depth of 15 fl5 in. The material is orange 

85.05221 
and represents the contact between the upper and lower flows in Unit2b. 

85.05100 
20 85.05100A 

Same as above. 

25 
High-angle fracture, with iron alteration, occurs at depth of 25 fl10 in. 

85.05222 
85.05101 

30 
Tuff is still moderately welded, but matrix color changes to grayish orange pink 
(5YR7/2). 

35 Tuff is non- to slightly welded, and drilling becomes easier at depth of 34 fl. 
High-angle fractures (one continuous fracture?) occur at depths of 34, 36, and 37ft. 

85.05223 
Pumice lapilli are gray and brown, and range in size from 10 to 20 mm. Quartz and 

85.05102 sanadine crystals are less than 1 mm in size. 
40 

Unlt2a 

Tuff is non- to slightly welded, and matrix color is light gray (N7). Pumice lapilli 
are brown, gray, and green. Sanadine and quartz crystals are larger, up to 3 mm. 

45 Vertical fracture with sill inllll extends from 41.5 to 45.6 It; it was probably filled in 
with reworked ash prior to deposition of Unit 2b. 

85.05224 
85.05103 

50 
Tuff is moderately welded, and matrix color changes to grayish pink (5R8/2), at 
depth of approximately 46 fl. Pumice lapilli are brown and green. 

55 

85.05225 
85.05104 

60 
Same as above. 

65 

85.05226 

70 
85.05105 

75 

85.05227 
85.05106 Same as above, except rare lithic lapilli are present. 

80 
'- c Unit 1b 

L _, ~ 'I"' "'7-"..., 
I.- 'C" ~ ..... \.. Matrix color changes to light gray (N7). Pumice lapilli are predominantly brown 'C" -1 > ~ I"' 

.., > t' ... ... ., '(' and range in size from 20 to 40 mm. Quartz and sanadine crystals are still common. 85 v 'C" t"' < > L. -'\ ... Lithic lapilli are larger (up to 30 mm) and more abundant. .... , \.. ., 
v " < > ' .. < 85.05228 "'_, " 7 "'I"' "7v '>~"' 1 

85.05107 (" .:> ... {. .., 

90 " ~ ..., 'I" L- <:' 
7 1,.. .(, > 'I"' 7 t'" 7 

'I"'.} ... !":~.," L. High-angle fracture occurs at depth of 92.5 fl. v .., v c.. .... ..., > 
' .. 

95 
.,.::. "'" I..:.,"-{. ... .,. 
>" ... ~ 1.-1 " ..., ... 1\ 

""\.. .J..,.) "- ... .., Matrix color lightens to very light gray (N8). Pumice lapilli are larger (up to 50 85.05229 v ,. \,. > ... ,., < L. 

85.05108 v ,.. v ..J .., -.1 " mm). Lithic lapilli are common. 
100 85.05108A 

Figure 15. Lithologic Log of Hole LLC-85-16 
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Figure 17. 

Ducrlpllon 

Unit 2b: Tahlraga Member of the Bandelier Tuff 

Weathered tuff (fill?) extends to depth of 4 ft. 

Tuff is moderately welded, and matrix color is light gray (N7). Pumice lapilli are 
gray and range from 5to 10 mm in size. Quartz and sanadine crystals, up to 1 mm in 
size, are abundant. 

Low-angle fracture occurs at depth of 11 ft. 

Pumice lapilli are larger. which may indicate transition to lower fl?w of Unit 2b. 

Same as above, except quartz and sanadine crystals increase in size to 3 mm. 

Matrix color changes to pale red (5R6/2) at depth of 33 ft. Pumice lapilli are larger 
(10 to 20 mm), while quartz and sanadine crystals are smaller (less than 1 mm). 
High-angle fracture, with iron alteration, extends from 33 to 35 ft. 

Unlt2a 

Matrix color is still pale red (5R6/2). Quartz crystals are larger (up to 3 mm). 
Pumice lapilli change from gray to brown and green. 

Same as above, except quartz crystals decrease in size to less than 1 mm. 

Same as above, except sparse lithic lapilli, 5 to 10 mm in size. are present. 

No core was recovered for the interval 64 to 74ft. 

Same as above, but tuff is non- to only slightly welded. 

High-angle fracture extends from 78 to 79 ft. 

Unlt1b 

Matrix color changes to light gray (N7) at depth of 79ft, and to very light gray (NB) 
at depth of 84ft. Pumice lapilli are predominantly brown. Lithic lapilli are sparse. 

Same as above. 

Lithologic Log of Hole LLC-85-18 
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GEOPHYSICAL LOGGING 

Several different types of geophysical log were run in the open holes drilled 
for this study, using a total of four different probes. The data will be used 
to assist in characterizing the hydrologic and physical properties of the tuff 
underlying Areas G and L and in correlating those properties among all 18 
drill holes at Mesita del Buey. 

Bendix logged all 18 holes with three different probes to generate the 
following data: 

• Spectral Gamma and 3-Arm Caliper Logs 

• Natural Gamma, Epithermal Neutron, and Vertical Deviation Logs 

• Magnetic Susceptibility Logs 

• Moisture Logs Derived from the Epithermal Neutron Data 

Century Geophysical Corporation logged 16 of the 18 holes with their 9030A 
probe to generate a gamma-gamma density, natural gamma, and 1-arm caliper log. 
The sets of geophysical logs for the Los Alamos drill holes are contained in 
separate envelopes attached to this report, one envelope per hole and labeled 
accordingly. Repeat logs were run by Bendix, but are not included in this 
report. 

A discussion of each of the five types of logs is presented in the subsections 
that follow. These discussions include descriptions of the probe and any 
associated equipment, calibration information, and data-reduction methods. 
As noted earlier, however, the time constraints surrounding preparation of 
this initial report precluded all but very limited interpretation of the 
geophysical-logging ·data. As a consequence, only tentative results are sug
gested, based on preliminary examination of the logs. Thorough interpreta
tions will be included in the final report, scheduled for completion early in 
1986. 

SPECTRAL GAMMA AND 3-ARM CALIPER LOGS 

The spectral gamma probe (251A) contains two sodium-iodide (Nai) detectors 
with a manganese-54 source for gain-stabilization reference. Due to the low 
gamma activity in the Bandelier Tuff, however, only the larger 1-inch-by-12-
inch Nai crystal was used as a detector in this study. 

The associated hardware in the logging unit is set up to look at energy 
windows for measuring potassium, uranium, and thorium, using the following 
principal energy peaks: 

• Potassium: K-40 - 1461 keV 
• Uranium: Bi-214 - 1765 and 2204 keV 
• Thorium: Tl-208 -2615 keV 
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The energy windows corresponding to these peaks are the following: 

• Potassium: 1320 to 1575 keV 
• Uranium: 1650 to 2389 keV 
• Thorium: 2475 to 2765 keV 

In addition, a total-count window is set up to measure gamma rays whose 
energies exceed 1 MeV. The count rates from each window are converted to 
concentrations of potassium in percent, uranium in ppm, and thorium in ppm. 

Calibration data for the spectral gamma probe were collected at the U.S. 
Department of Energy (DOE) calibration facility in Grand Junction, Colorado, 
both before and after logging in Los Alamos. The calibration models at the 
DOE facility contain known concentrations of potassium, uranium, and thorium. 
Counts from the individual energy windows corresponding to potassium, uranium, 
and thorium were recorded and entered into the computer program CALBRT which 
derives a calibration matrix. This matrix was stored on tape and used to 
convert count rates to radioelement concentrations. The processed field data 
from the 1-inch-by-12-inch detector were then plotted versus depth, and the 
following curves are displayed: 

• Potassium: % K from 0 to 16%; 1 inch = 4% 
• Uranium: ppm U from 0 to 40 ppm; 1 inch = 10 ppm 

(backup scale: 0 to 100 ppm; 1 inch= 25 ppm) 
• Thorium: ppm Th from 0 to 40 ppm; 1 inch = 10 ppm 

(backup scale: 0 to 100 ppm; 1 inch = 25 ppm) 
• Total Counts: counts per second (cps) from 0 to 400 cps; 1 inch = 100 cps 

A 3-arm caliper apparatus, capable of measuring hole diameters ranging from 
2-1/8 inches to 22 inches, was used in conjunction with the spectral gamma 
probe. The results were plotted at a scale of 1 inch = 1 inch in the 
horizontal dimension. 

Both the spectral gamma and 3-arm caliper logs for each hole were plotted at a 
vertical scale of 1 inch = 10 feet. Additional equipment data and logging 
data are summarized in the header for each log. 

NATURAL GAMMA, EPITHERMAL NEUTRON, AND VERTICAL DEVIATION LOGS 

The multifunction 9055A logging probe is capable of generating natural gamma
ray, self-potential, resistance, epithermal neutron, vertical deviation, and 
temperature logs. The self-potential and resistance logs were not applicable 
to this study because they must be run in a fluid-filled, uncased drill hole. 
The temperature log was also not run because of the shallow nature of the 
drill holes and the variable length of time elapsed between drilling and 
logging activities. 

The natural gamma-ray system counts the entire spectrum of gamma rays above 
approximately 50 keV. The system was calibrated in the test models at the DOE 
calibration facility in Grand Junction, Colorado. However, since the more 
accurate spectral gamma system was also used to log the drill holes at Los 
Alamos, no attempt was made to convert these data from counts per second to 
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uranium concentration in ppm. Therefore, only the gross-gamma data were 
plotted on the logs, using a horizontal scale of 1 inch = 100 cps and a 
vertical scale of 1 inch = 10 feet. 

The neutron system consists of an epithermal neutron detector used in con
junction with a 3-curie americium-beryllium neutron source. The system re
sponds primarily to hydrogen present in the formation, in this case tuff. The 
neutron data were plotted on the logs using a horizontal scale of 1 inch = 250 
cps and a vertical scale of 1 inch = 10 feet. These data were subsequently 
converted to moisture logs using corrections obtained from calibration models 
of known moisture content (see subsection below entitled Moisture Logs). 

The vertical deviation system monitors the direction and angle that the drill 
hole deviates from vertical. This deviation is plotted in plan view such that 
the location of the hole with respect to the top is indicated for every 5-foot 
depth increment. The horizontal scale on the logs is 1 inch = 1 foot. The 
vertical deviation in the 18 drill holes at Los Alamos ranges from 1.1 to 4.1 
feet, averaging 2.5 feet. 

MAGNETIC SUSCEPTIBILITY LOGS 

The magnetic susceptibility probe is calibrated in micro-cgs units in a 
granit& block having a known value of susceptibility. The notation refers to 
the volume system for measuring magnetic susceptibility. Deflections are 
relative in magnitude to a baseline that must be established in an area of low 
or no magnetic susceptibility. Both the null calibration and the calibration 
in the granite block were performed at the DOE calibration facility in Grand 
Junction, Colorado. The null calibration was repeated in the field. 

Unfortunately, in practical application, there is considerable baseline drift 
due to temperature changes in the sensing coil of the probe. For this reason, 
it is the shape of the curve plotted on the log that is significant, rather 
than the actual values displayed. At Los Alamos, repeat logs were run in 
every drill hole. Although the actual values on the main log differed from 
those on the repeat log, the credibility of the repeat log was established by 
overlaying it on the main log and verifying the similarity in the shape of the 
curve. 

The magnetic susceptibility logs were plotted at a vertical scale of 1 inch = 
10 feet. Additional equipment and logging data are noted in the header of 
each log. Preliminary examination of the logs suggests that there may be 
significant differences among the drill holes between certain units of the 
Tshirege Member of the Bandelier Tuff at Mesita del Buey. Should thorough 
examination confirm this initial indication, the magnetic susceptibility logs 
may prove to be a valuable aid in correlating the physical and hydrologic 
properties in the study area. 
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MOISTURE LOGS 

The moisture logs are presented in a slightly different format from the other 
logs due to different data-reduction techniques. These logs were derived from 
the epithermal neutron data after applying several calibration factors and 
corrections to those data. 

The epithermal neutron probe was calibrated in three test blocks having known 
mo~sture contents of 0.4, 7, and 28 percent. Because of the variability in 
the calibration data over such a large range in moisture content, two calibra
tion equations were derived, one for moisture contents less than 7 percent and 
one for moisture contents greater than 7 percent. Uncertainties in the calcu
lated moisture content at each 0.5-foot interval include those attributed to 
counting errors and an approximate 1 percent uncertainty due to the calibra
tion parameters. 

No hole-size correction was applied to the data due to the lack of an appro
priate calibration model. However, the hole-size correction would most likely 
effect only a 1 percent difference in the calculated moisture content, well 
within the errors determined for most moisture-content calculations. 

Furthermore, no corrections were applied to account for the casing and cement 
present in the uppermost 4 feet of each hole. As a consequence, the moisture 
contents reported for the first 4 feet of each hole should be regarded as -
qual1tatrve.~----------------------------------------------------------

GAMMA-GAMMA DENSITY, NATURAL GAMMA, AND 1-ARM CALIPER LOGS 

Century Geophysical Corporation used its 9030A probe to run gamma-gamma 
density, natural gamma, and 1-arm caliper logs in 16 of the 18 drill holes at 
Los Alamos. The gamma-gamma density system was calibrated at the time it was 
installed on the logging truck. Subsequently, a calibration check was run on 
acrylic and aluminum blocks provided by Bendix, results of which indicated 
that the system was performing properly during logging operations at Los 
Alamos. The data collected in counts per second were immediately converted to 
apparent densities in grams per cubic centimeter (g/cm3) using the calibration 
data obtained during installation of the logging system. The apparent densi
ties were plotted at a horizontal scale of 1 inch= 0.2 g/cm3. At first 
glance, it appears that these density logs may provide valuable insight into 
the physical and hydrologic characteristics of the tuff. 

The natural gamma log run by Century Geophysial Corporation indicates the 
gross-gamma contribution above approximately 50 keV in uncalibrated API units. 
This log was requested primarily for purposes of cross-comparison with the 
Bendix-generated natural gamma log. The Century Geophysical natural gamma log 
was plotted at a horizontal scale of 1 inch = 200 API units. 

The one-arm caliper log was run primarily to provide assurance that the probe 
was sidewalled in the drill holes during logging. These logs were plotted at 
a horizontal scale of 1 inch = 1 inch. Preliminary evaluation of the data 
suggests that the Bendix-generated 3-arm caliper logs provide a more accurate 
assessment of hole diameter than do the 1-arm caliper logs. However, none of 
the logs have yet been carefully examined or compared to determine the degree 
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of caving that may have occurred in any of the holes between the times that 
the 3-arm and !-arm caliper measurements were made. 

ACKNOWLEDGEMENTS 

The authors acknowledge the many people who have contributed to this project 
to date. Particular thanks go to Micheline Devaurs, Bill Purtymun, Naomi 
Becker, and Dave Mcinroy, all of Los Alamos National Laboratory, HSE-8, for 
their direction and assistance. 

REFERENCES 

Abeele, W. V., M. L. Wheeler, and B. W. Burton, 1981. Geohydrology of 
Bandelier Tuff, LA-8962-MS, Los Alamos National Laboratory. 

Bailey, R. A., R. L. Smith, and C. S. Ross, 1969. Stratigraphic Nomenclature 
of Volcanic Rocks in the Jemez Mountains, New Mexico, Bulletin 1274-P, U.S. 
Geological Survey. 

Bendix Field Engineering Corporation, 198Sa. Environmental Sciences Procedure 
Manual, Environmental Programs Division, internal document. 

__________ .198Sb. Health and Safety Manual for Chemical/Hazardous Materials, 
Remedial Action Projects, Environmental Programs Division, internal document. 

Goddard, E. N., P. D. Trask, R. K. DeFord, 0. N. Rove, J. T. Singewald, Jr., 
and R. M. Overbeck, 1975. Rock Color Chart, Geological Society of America, 
Boulder, Colorado. 

Purtymun, W. D., and W. R. Kennedy, 1971. Geology and Hydrology of Mesita del 
Buey, LA-4660, Los Alamos Scientific Laboratory. 

U.S. Department of Energy, 1979. Final Environmental Impact Statement- Los 
Alamos Scientific Laboratory Site, Los Alamos, New Mexico, DOE/EIS-0018. 

38 

I I 



GJ-43 

VADOSE ZONE CHARACTERIZATION 
OF TECHNICAL AREA 54, 
WASTE DISPOSAL AREAS G AND L, 

:::.LOS ALAMOS NATIONAL LABORATORY, 
NEW MEXICO, . , '· , ·· 

' ! .~~~ ·, ' . 
', '.., /' ..... ·. 

-.:. ", ,, 
,., ' ' ' 

. REPORT 2: DOWNHOLE INSTRUMENTATION 
,, AND PORE-GAS-SAMPLING/ 

·· .. -.. ·. DATA-COLLECTION PROCEDURES ' ' 

Bendix Field Engineering Corporation 
Grand Junction, Colorado · · 

,,· 

.-' ·,· ; 

' 

-IAILLIED Bendix 
~ Aerospace 

,' .' ' 



VADOSE ZONE CHARACTERIZATION OF TECHNICAL AREA 54. 
WASTE DISPOSAL AREAS G AND L. 

,LOS ALAMOS NATIONAL LABORATORY. NEW MEXICO 

REPORT 2: DOWNHOLE INSTRUMENTATION AND PORE-GAS
SAMPLING/DATA-COLLECTION PROCEDURES 

Bendix Field Engineering Corporation 
Grand Junction Operations 

November 1985 

Prepared for 
U.S. Department of Energy 

Los Alamos National Laboratory 
Los Alamos. New Mexico 
in Conjunction with 

U.S. Department of Energy 
Grand Junction Projects Office 

Grand Junction. Colorado 
Under Contract No. DE-AC07-76GJ01664 

GJ-43 



I I 

f 
J 

1 

CONTENTS LISTING 

1.0 Purpose and Scope 
1 

2. 0 Instrument Installations • • • • • • • • • • 1 2.1 Pore-Gas Sampling Ports • • • • • • • • • • • 1 2.2 Thermocouple Psychrometers and Pressure Transducers • • • • • • 13 
') n 
..) .\.l Sampling and Data-Collection Procedures 

3.1 Collection of Pore-Gas Samples 
3.2 Collection of Water-Potential Data 
3.3 Collection of Pressure Measurements 

References • • • • 

· · ,;:,ure 2-1. 
2-2. 
2-3. 
2-4. 
2-5. 
2-6. 
2-7. 
2-8. 
2-9. 

Table 

2-10. 

2-11. 

3-1. 
3-2. 

3-30 

2-1. 

2-20 

LIST OF FIGURES 

Diagram of a Pore-Gas Sampling Port • • o • • • • • • o Legends for the Instrument Installations o • • • • • • • Pore-Gas Sampling Port Installation for Hole LGC-85-09 Pore-Gas Sampling Port Installation for Hole LGC-85-10 Pore-Gas Sampling Port Installation for Hole LLC-85-12 Pore-Gas Sampling Port Installation for Hole LLC-85-13 • Pore-Gas Sampling Port Installation for Hole LLC-85-14 o Pore-Gas Sampling Port Installation for Hole LLC-85-15 • Pore-Gas Sampling Port Installation for Hole LLC-85-16 • Installation of Thermocouple Psychrometers and Pressure Transducers in Hole LLP-85-03 o • • • • • • o • • • 
Installation of Thermocouple Psychrometers in Hole LGP-85-07 • . . . . . . . . . . . . . . . . . Schematic of the DESAGA Gas Sampler 
Schematic of the RS-232C Cable Connections 
HP-115 and the CI-30 Interface ••• o •• 

Schematic of the RS-232C Cable Connections 
CI-30 Interface and the Computer/Printer • 

LIST OF TABLES 

Between the 

Between the 

Installation Depths and Cooling 
Psychrometers in Hole LLP-85-03 
Installation Depths and Cooling 
Psychrometers in Hole LLP-85-07 

Coefficients for 

Coefficients for 

iii 

18 
18 
21 
26 

27 

2 
3 
4 
5 
6 
7 
8 
9 

11 

16 

17 
19 

24 

24 

14 

15 



1.0 PURPOSE AND SCOPE 

r~por: describes the instrument installations and procedures for sample 
~:~ collection conducted in support of the vadose zone characterization 

au:e Jisposal Areas G and L, Technical Area 54, Los Alamos National 
atorT, New Mexico. The study was initiated in response to a Resource 
~at~on and Recovery Act (RCRA) Compliance Order/Schedule (Docket Number 

C07J :::sued to the Laboratory by the Environmental Improvement Division of 
State of New Mexico. The Compliance Order/Schedule, dated 7 May 1985, 
ifir _; acquisition of certain geotechnical information. The instrument 
all .. :ions described in this report were designed and emplaced by Bendix 
d ~ ·ineering Corporation/Grand Junction Operations (Bendix) in accord 

1tement of Work issued by Los Alamos National Laboratory. Bendix is 
,ring Contractor for the Department of Energy (DOE) Grand Junction, 

Projects Office. 

'rt is the second in a series of reports documenting the vadose zone 
··ization of the study area. The first report (Rush and Dexter, 1985) 

preliminary lithologic and geophysical data obtained via drilling 
::g operations conducted over the period 30 July to 22 August 1985. 

!bi:; .:d report presents the instrument-completion diagrams for the nine 
~re in which instruments were installed and describes the procedures to 
b. · :1 the collection of samples and other data. 

2.0 INSTRUMENT INSTALLATIONS 

2. ..':-GAS SAMPLING PORTS 

A of 23 sampling ports were installed in seven boreholes in the study 
order to collect samples of pore gas at various locations in the 

.2s. The sampling ports were constructed using low-pressure mobile-
;:. ~ilters which were welded to standard 2-inch-I.D. galvanized pipe (see 
F: .. r:e 2-1). The filters consist of 2-micrometer, porous, stainless steel 
eL :.1ents. Uphole access is provided via connection to 1/ 4-inch stainless 
at~el tubing and stainless steel compression fittings. 

:~stallation was accomplished by carefully lowering the string of galvanized 
P~pe downhole. The annuli surrounding the pore-gas sampling ports were then 
filled with a.fine-grained (sieve size of 80) silica sand, and isolated from 
upper and lower zones using powdered bentonite. (One zone in Hole LGC-85-09 
was packed in tuff backfill due to cave-in of the hole.) Figure 2-2 presents 
~he legend for the sampling-port installations; completion diagrams are shown 
~n Figures 2-3 through 2-9 for the seven boreholes. 
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LEGEND FOR PORE-GAS SAMPLING-PORT INSTALLATIONS 

[IIl.Jravel (0.25-inch) 

~ Gravel with Bentonite 

fi'" Bentonite 

Tuff Backfill from Unit 2b 

rn Tuff Cave-In Material 

--- Sampling Port 

E Well Sand (approximate sieve size= 8) 

8-lnch Cemented Surface Casing 

Stainless Steel Tubing Exiting 
2-lnch-I.D. Galvanized Pipe, Showing Coupling 

LEGEND FOR PSYCHROMETER AND TRANSDUCER INSTALLATIONS 

Tuff Backfill 

Bentonite 

Psychrometer 

Pressure Transducer 

Figure 2-2. 

m ' 
' 
' 

2-lnch PVC Pipe (used to support psychrometers 
and transducers) 

Legends for the Instrument Installations 
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De1crlptlon 

Unit 2b: Tshirege Member of the Bandelier Tuff 

The upper 5 ft are weathered and loose. and predommantly brown 1n color 

Passable horizontal fracture occurs at depth of 6ft 10 1n . very sl1ght dascoloratton 

to brown on the surface. Tuff is moderately welded. 

Matrix color is very light gray (NB). 

Fractures extend from 9ft 6 in. to 9ft 9 ln. and from 10ft 1 in. to 10ft 4 in.: both 
appear to dip approximately 45 degrees and have slight brown colonng on the 
surfaces. 
Concentrations of larger pum1ce lap1lll may represent the boundary between 

separate flows withm this un1t. 
Matnx color changes to p~nk1sh gray (SYRB/1). 
Tuff appears slightly fissile, but IS still moderately welded. 
Possible noncoated fracture extends from 19ft to 19ft 3 in. 

Slightly Jess welded than above. 

Matrix color becomes very sltghtly pmkish, With very small, brown pum1ce 

Japllli, probably Indicating a transitional contact w1th Umt 2a. 

Unit2a 
Matnx color is definitely pinkish. Samdine and quartz are present. Approximately 

75% of the pumice lapitlt are brown, 25% green (olive). 

Matnx color changes to light brownish gray (5YR6/1 ). 
Tuff is moderately welded. 
Near-vert1cal. iron-stamed fracture extends from 35ft 4 in. to 36ft 4 in. 

Near-vertical. non coated fracture extends from 40ft to 40ft B ln. 

Slightly welded tuff. 

Unlt1b 
Matrix color changing to very light gray (NB) to almost white (N9) at depth of 43 to 

44ft; tuff is only slightly welded. Pumice lapllli are predominantly brown: occas1onal 

large pum1ce fragments appear flattened. Sanidine crystals are abundant. 

Matnx color changes to wh1te (N9) at depth of 52 ft. 

Pumice Japilli are still brown, but becoming larger 1n the 1nterval 59 to 63ft. L1lh1c 

lapllll are abundant. up to •;, in. 1n SIZe at depth of 59 ft. Quartz crystals are honey

colored. Slightly welded tuff is grading to moderately welded unit below. 

Near-vertical fracture. slightly ~ron-sta~ned. extends from 61 to 62 ft. 

Drilling becomes more difficult. and tuff is moderately welded. LithiC lapilli are 

larger. Th1s more welded matenal probably represents the central portion of the 

Unit 1 b cooling zone. Fresh glass shards were observed. 
Matrix color grades from pinkish gray (SYRB/1) to very pale orange (10YR8/2) to 

light brown (5YR6/4). 

Tuff is slightly welded. and looks like the rest of Unit 1 b except the color •s 

becom~ng very orange. L1th1c 1ap11ii are st1ii very abundant. and quartz crystals are 

still honey-colored. 

Unit1a 
Completely nonwelded. orange-colored ash w1th large pum1ce 
lapilli. The latter are distinctively light brown or cream-colored. Only scattered l1th1c 

laptlli were observed, one 1 1n. in size and another 1/16 tn. in s1ze. 

Matnx color 1s moderate orange p1nk (SYRB/4) . 

Same as above. except dampness observed at depth of approximately 66 ft. 

Same as above. except matnx color changes to light tan [approximately SYB/1 

{yeltowtsh gray)J and green pumtce lapdll are scattered throughout. 

Pore-Gas Sampling Port Installation for Hole LGC-85-09 
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Grlphlc 
Log Description 

Unit 2b: Tshlrege Member of the Bandelier Tull 
Weathered-tuff so11 honzon extends to depth of 20 m 
Tuff is moderately welded, and matnx color IS light gray (N7) to very light gray 
(N8), w1th abundant light-gray pum1ce lap1lli and quartz and san1dme crystals. 
Near-vertiCal fracture extends from 4 to 5 ft. 

Tuff is moderately welded, and matnx color IS very light gray (N8). 

Transitional contact(?) with tower flow of Umt 2b. mdtcated by larger {10 to 20 
mm) pumtce tapllli, some of which are sltghtly greemsh. and larger santdrne 
crystals. 

Honzontal fracture occurs at depth of 31.5 ft. 
Unit 2a 

Tufl1s moderately welded. Matnx color changes to light browmsh gray (5YR6/1 ). 
Pumtce lapilli are predomtnantly brown, though some are greemsh-colored. and 
larger 1n size (up to 30 mm). Quartz and chatoyant samdine crystals are less than 1 
mm 1n stze. 

Matrix color darkens to browmsh gray (5YR4/1 ). 

Matrix color lightens to light brownish gray (5YR6/1). 
Tuff is slightly welded. 
Near-vertical fracture extends from 52 to 53.5 ft. 
Pumice laptlli are larger. 
Unlllb 
Tuff is slightly welded. 
Matnx color changes to light gray (N7) and IS less welded than in the Interval 49 to 
54 tt. Pum1ce lapilli are smaller, and range from light brown to gray in color. 

Sparse, small l1thic 1ap1lli begm to appear. 

Drilling becom1ng more difficult w1th depth. 1nd1cating start of trans1tion to 
moderately welded zone below; lithic lapilli st1ll sparse and small. 

Matnx color becomes slightly pinkish. to pinkish gray (5YR8/1 ). Lithic lap1lli are 
larger and more abundant 

Tuff is moderately welded. and matnx color darkens to light brownish gray 
(5YR6/1). 

Dark- to honey-colored quartz crystals tncrease 1n stze and abundance. 

Lith1c laptlli. up to 112 in. rn stze, become more aoundant. 

Matnx color changes to moderate orange pmk (SYRS/4) 

Verttcal fracture extends from 94.5 to 96 ft 

Tuff ts slightly welded. L1thtc lap1111 up to 1 in 1n s1ze are common. 

Figure 2-4. Pore-Gas Sampling Port Installation for Hole-LGC-85-10 
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Description 

Unit 2b: Tshlrege Member of the Bandelier Tuff 

Sod conststs of weathered tuff and some flll(tuff) 

Matrtx IS light gray (N7). wtth common quartz and chatoyant santdtne crystals. 

lron-stamed fractures. dtppmg 45 degrees. occur at depths of 5 ft. 6ft. and 6 It B tn 

Pumtce laptlli are medtum light gray. except for a very few whtch are l1ght green. 

Same as above. 

Honzontal fractures occur at depths of 24 It 8 m .. 25 fl. 25ft 7 in .. and 26ft. 

Pumice lapllli are gray and range from 2 to 10 mm m size. 

Tuff appears only slightly welded (from surface). posstbly the result of weathenng 

due to the hole's proxtmlty to the edge of the mesa. 

Unll2a 
Tuff is moderately welded and matnx cot or changes to ptnktsh gray (5YR8/1 ). 

Pumice laptlli are larger (10 to 20 mm) and predomtnantly brown. Verttcal fracture, 

wtth roots, occurs at depth of 41 ft. 

Pumtce laptlli are brown and greenosh-colored. 

Matrix color darkens slightly, to nearly tight browmsh gray (5YR6/1 ). 

Fracture. dopptng approxomately 45 degrees. occurs at depth of 55.6 ft. Ouartz 

crystals are dommant phenocrysts. 

Matrix color lightens. back to ponkish gray (5YR8/1). Lothoc lapillo are small (1 to 2 

mm) and very sparse. Minor amount of sanidme crystals. 

Sanidtne and quartz crystals are abundant and present in equal amounts. 

Pumtce laptlli-some brown. some green-are larger than above. 

Tuff is slightly to moderately welded. Matrix color is very light gray (NB). 

Unll1b 

Tuff is slightly to moderately welded. and matnx ts becomong loghter. to a color between 

very lognt gray (NB) and whole (N9). Pumoce lapilli range up to 30 mm tn soze. 

Sanidme and quartz crystals are present 1n apprOximately equal amounts. Quartz 

crystals are d1stmcttvely honey- or tan-colored Pumtce laptlh range up to 40 mm tn 

SIZe. No lithtc lap tilt were observed 

Pore-Gas Sampling Port Installation for Hole LLC-85-12 
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Figure 2-6. 

Gr1phic 
Log Description 

Unit 2b: Tshirege Member of the Bandelier Tuft 
Weathered·tutf sod honzon extends to depth of 10 in. 
Matnx IS light gray (N7), and tuft IS weathered to a depth of 4ft. 

Tuft is moderately welded. 

Pumice lap1ili are 5 to 10 mm'" s1ze. and slightly darker than light gray. 

Matnx IS light brown1sh gray (5YR6/1 ), w1th common samdine. Pumice 1ap1llt are 
light gray and average 5 to 10 mm m s1ze. 

Near·vert1cal. •ron-stamed fracture occurs at depth of 22.5 ft. 

Near~verttcal. iron~stamed fracture occurs at depth of 35 tt 
Tuft is s11ghtly welded. 
Pum1ce lap1ili are larger (20 to 45 mm). 

Fractures. dippmg aPproximately 45 degrees, occur at depths of 42, 42.5. and 47ft. 

Unit2a 

Matnx color 1s light brown1sh gray (5YR611 ). Quartz crystals are more abundant 
than tn Umt 2b. Some brown pumice laptlli were observed. 

Core recovery is excellent no breaks occurred tn the three 5-ft sections frl')m 49 to 
64 ft. Tuft IS slightly more than moderately welded. 

Some large (20 to 40 mm) pumtce laplili have nms altered(?) to brown color. 

Matrix color IS same as above. Pumtce lapllll-brown. gray. and a few green
average approximately 10 mm 1n SIZe. Phenocrysts, averagmg 3 mm in s1ze. are 
predominantly san1dine with some quartz. 

Tuft IS still moderately welded. but matnx color changes to gray1sh orange ptnk 
(5YR7/2). 

Samdine crystals decrease in s•ze. 

Same as above. except pum1ce lapilli average 10 mm m s1ze. w1th some as large as 
SO mm. San1dme crystals are small, and quartz was not observed. 

Matrix color changes to light gray (N7) Pumtce lap!! II are medtum light gray and 
average 10 mm m s1ze. 

Matnx color changes back to gray1sh orange pmk (5YR712). Equal amounts of 
brown and gray pumtce laptlli are present 

Pore-Gas Sampling Port Installation for Hole LLC-85-13 
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Description 

Unit 2b: Tshlrege Member of lhe Bandelier Tuff 

Tuff IS moderately welded. and matnx color IS light browmsh gray 15YR6/1) 
Honzontal fracture occurs at depth of 1.5 ft Pumtce laplllt are small and gray 
Quartz and samdme crystals are small and clear 

Matnx color changes to very light gray (N8). whtch probably represents lhe 
contact wtth the lower flow of Umt 2b. 

Fractures. dtpping approxtmately 45 degrees. occur at depths of 18ft 2 tn. and 19 
ft 3 in. 

Ltthic lapillt are sparse and range up to 30 mm m stze. 

Matrix color changes back to ltght browntsh gray (5YR6/1) at depth of 26ft. 
Fractures. dtppmg approxtmately 45 degrees. occur at depths of 25 and 28ft. 

Pumtce lapilll-somP. brown, some gray-range tn stze from 10 to 40 mm. 

Dnlling becomes much easter at depth of 32 ft. representmg the contact wtth the 
slightly welded base of Umt 2b. Matnx color changes to graytsh orange ptnk 
(5YR7/2). Fracture. dtppmg approxtmately 45 degrees. occurs at depth of 31 It 

Unfl2a 

Tuff is slightly welded. and matnx color IS light browntsh gray (5YR6/1). 
Pumtce laptlli-some brown. some green-range 1n s1ze from 10 to 30 mm 

Tuff IS slightly welded. and matnx color changes to graytsh ptnk (5R8/2). 
LithiC laplill are sparse and average 5 to 10 mm 1n s1ze. w1th some up to 40 mm 
Pum1ce lapJih are same as above. 

Near-vert1cal fractures occur at depths of 49. 52. 53. 54. and 57 ft. This may be one 
fracture. observed entenng and exitmg the core. 

Tuff IS moderately welded. and matrix changes to a color between graytsh ptnk 
(5R8/2) and grayish orange ptnk (5YR7/2). Pumtce lap!lli are predommantly brown. 
and average 10 to 40 mm 1n s1ze. LithiC laptlli are still sparse. but larger (20 to 40 
mm). 

Matnx color changes to graytsh orange ptnk (5YR7/2). otherwise same as above 
except fewer lithic lapilli. 

Same as above. except lithic laptlli are more abundant. 

Same as above. except no ltthtc laptlli were observed. 
Tuff is sltghtly welded. Matnx color lightens to grayish pmk (5R8/2). Pumtce 
lapilli-brown and green-are larger (20 to 50 mm). Samdme and quartz crystals 
are very small and clear. 

Unlt1b 

Tuff IS slightly welded. Matnx color changes to light gray (N7). Brown pumtce 
laptlll are smaller (10 to 25 mm). L1th1c laplllt and quartz crystals are common. the 
latter rangmg up to 3 mm m s1ze. Near-vert1cal fractures occur at depths of 85. 88. 
and 89ft. 

Same as above. except quartz crystals are larger (4 mm) and more abundant 

Pore-Gas Sampling Port Installation for Hole LLC-85-14 
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Oescrlplion 

Unll2b: Tshlrege Member of the Bandelier Tuff 

Soil layer e<tends to depth of appro<~mately 4 1n Tut11s moderately welded. and 
matn< color IS very light gray (N8) Ia gray1sh pmk (5R812). Pum1ce lap1lli are small 
and light gray. Clear quartz and samdme crystals. less than 1 mm m srze. are 
common. High-angle. rron-stamed fractures. wtth caliche mfill. occur at depths ot 1 
and 5 II. 

Same as above. except matm( color changes to very light gray (N8). 

Same as above. e<cept matn• color changes to light brown1sh gray (5YR61t). 

Same as above. except pumrce lapilli are larger (up to 10 mm). 

Tuff is moderately welded, and matn< color grades to gray1sh pink (5R8/2). 
Pumrce laptHi-most gray, but some brown-range'" srze from 10 to 40 mm. 

Low-angle fracture occurs at depth of 31 II 10 in. 
Same as above, e<cept tuff is slightly welded. 

Unlt2a 

Tuff is slightly welded. and matri< color still gray1sh pmk (5R812). Pum1ce 
laprlli-most brown. but some green (Oirve)-range'" srze from apprmomately 10 to 
SOmm. 

H1gh-angle fracture occurs at depth of 475ft. 

Tuff is moderately welded, and matri< color grades to pale red (5R6/2). 
Same as above. e<cept matri< color changes to gray1sh pmk (5R812). 
H1gh-angle fracture occurs at depth of 51 It 6 in. Pum1ce lap11ii become larger. 
some up to 60 mm. 

Matnx color grades back to grayish pmk (5R6/2). Pumice lap1lll become smaller. 
rangmg 1n s1ze from 5 to 15 mm. 

High-angle fracture occurs at depth of 67 ft. 
Same as above, except sparse l1th1c lapilli are present. 

H1gh-angle fracture occurs at depth of 77 ft. 

Tuff is slightly to moderately welded. 

Unll1b 

Tuff is slightly to moderately welded. Matn< color changes to p1nk1sh gray 
(5YR811). Pumice 1ap1lli are predominantly brown and range from 10 to 20 mm 1n 
size. Quartz crystals. up to 4 mm tn SIZe, are abundant. Ltth1c lapill1 are more 
abundant than aoove, rang1ng in size from 5 to 15 mm . 

Pum1ce laptlli mcrease 1n SIZe to 30 mm. 

Same as above. e<cept matm color changes to very light gray iNS). 

Pum1ce lap1lli increase 1n s1ze to 50 mm 

Pore-Gas Sampling Port Installation for Hole LLC-85-15 
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Deacrlptlon 

Unit 2b: Tthlrege Member of the Bandelier Tuff 

So11 and weathered lull extend to depth ol16 in. 

Tullis moderately welded, and matrix color IS grayish pmk (5AB/2) Pumtce laptlli 

are hght gray and range up to 10 mm tn stze. Quartz and santdme crystals range up 

to 4 mm in size. Near-vertical fractures occur at 3 It and from 6 to 7 II. 

Same as above. 

~(~,:,.·,;;.:.,;.;,.:~ Reworked ash (crossbedding) occurs at depth ol15115 in. The material is orange 

and represents the contact between the upper and lower flows m Un1t 2b. 

- :.;:: ,., .,,..... 

Sttll moderately welded, grayish-pink (5A8/2) tuff. 

Htgh-angle fracture. with iron alteration, occurs at depth of 25 ft 10 in. 

Tuff is still moderately welded, but matrix color changes to grayish orange pink 

(5YA7/2). 

Tuff is slightly welded, and drilling becomes easier at depth of 34ft. 

Htgh-angle fractures (one continuous fracture?) occur at depths of 34, 36, and 37ft. 

Pumice laptllt are gray and brown, and range in stze from 10 to 20 mm. Quartz and 

samdine crystals are less than 1 mm 10 size 

Tuff ts slightly welded. and matrix color is light gray (N7). Pumice lapilli 

are brown, gray, and green. Sanidine and quartz crystals are larger, up to 3 mm. 

Verttcal fracture with sill infill extends from 41.5 to 45.6 It; it was probably filled in 

with reworked ash prior to depostlion of Urit 2b. 

Tullis moderately welded, and matrix color changes to grayish pink (SRB/2), at 

depth of approximately 46 ft. Pumice laptllt are brown and green. 

Tuff Is slightly less welded than above, and rare lithic lapilli are present. 

Unit 1b 
Tuff is slightly to moderately welded. Matrix color changes to light gray {N7). 

Pumice lapilli are predominantly brown and range in stze from 20 to 40 mm. Quartz 

and sanidine crystals are still common. lithic lapilli are larger (up to 30 mm) and 

more abundant. 

High-angle fracture occurs at depth of 92.5 ft. 

Matrix color lightens to very light gray (NB). Pumice lapilli are larger (up to 50 

mm). lithic laptllt are common. 

Fi~uU! 2-'J. Fore-f.aA Samt'lin~ P0rt Installation fC">r Hc-le LLC-B'>-lll 



. ' .. ~ THERMOCOUPLE PSYCHROMETERS AND PRESSURE TRANSDUCERS 

-e~ocouple psychrometers and pressure transducers were installed at the 
;~udy area in order to measure temperature, water potential, and pressure at 
.,.arious depths in selected boreholes. A total of 38 psychrometers were 
ir.stalled, 23 in Hole LLP-85-03 and 15 in Hole LGP-85-07. Because of the 
fresence of surface casing in Hole LLP-85-03, a shallow boring was drilled 
adjacent to the main hole and five psychrometers were installed in this second 
hole close to the ground surface (depicted in the completion diagram as being 
in Hole LLP-85-03). A total of four pressure transducers were installed, 
three in Hole LLP-85-03 and one at ground surface near this hole. 

Inst~llations were accomplished by taping the instruments to a string of 
Sch,~dule 40, 2-inch-I. D., polyvinyl chloride (PVC) pipe and carefully lowering 
the string into the hole. The annulus surrounding the PVC pipe was then 
b."(~cfilled with auger cuttings from that drill hole. It was assumed that the 

dity of this backfill material was similar to the in-situ density of the 
·delier Tuff, and that the relative humidity of the backfill material, as 
sed by the instruments, would equilibrate with the relative humidity of the 
f. Fractured zones in Hole LLP-85-03 were isolated using powdered 
tonite at selected intervals. 

·;tallation depths, cooling coefficients, and scanner/channel identifications 
r the psychrometers in Holes LLP-85-03 and LGP-85-07 are presented in Tables 
l and 2-2, respectively. Completion diagrams of the psychrometer and 

·ansducer installations are shown in Figures 2-10 and 2-11; refer to Figure 
-2 for legend information for these installations. Calibration information 
ill be presented in a subsequent report. 

13 



( 

Table 2-1. Installation Depths and Cooling Coefficients for Psychrometers 
in Hole LLP-85-03 

Psychrometer Scanner/Channel Cooling Coefficient Installation 
Serial Number (microvolts) Depth (feet) 

29414 I/1 54 Surface 
29416a I/2 56 2 
2947 4a I/3 57 4 
29473a I/4 54 6 
29420a I/5 59 8 
29469a I/6 56 10 
29418 I/7 57 13 
29483 I/8 62 13 
29424 I/9 53 24 
29479 I/10 57 24 
29406 I/11 57 41 
29462 I/12 61 41 
29409 II/1 61 50 
29475 II/2 60 50 
29405 II/3 59 56 
29477 II/4 64 56 
29425 II/5 65 66 
29455 II/6 65 66 
29481 II/7 77 76 
29422 II/8 59 76 
29476 II/9 63 86 
29458 II/10 62 96 
29427 II/11 63 96 

aPsychrometers in the upper 10 feet are located in a shallow boring 
adjacent to the main hole. 
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~able 2-2. Installation Depths and Cooling Coefficients for Psychrometers 
in Hole LGP-85-07 

psychrometer Scanner/Channel Cooling Coefficient Installation 
serial Number (microvolts) DeEth (feet) 

29415 III/1 59 4.5 
29459 III/2 56 6.5 
29410 III/3 60 8.5 
:?461 III/4 56 10 
~:9411 III/5 57 12 
·.:9463 III/6 56 14 
~;1417 III/7 57 17 
.:,9466 III/8 56 19 
~9403 III/9 61 22 
/9467 III/10 58 27 
~9407 III/11 57 32 
;~9465 III/12 59 37 
'~9464 III/13 57 42 
29404 III/14 52 47 
29468 III/15 57 52 
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Unll 2b: Tohlrege Member of the Bandelier Tuff 

Tuff IS more fnable than that'" Hole LLM-85-02 Matnx color IS light gray (N7). 

HoriZontal fracture occurs at depth of 5 ft 10 in.: coated w1th ca11che 

Abundant quartz and san1dme crystals occ;ur throughout th1s un1t. 

Matnx color changes slightly to pmk1sh gray (5YR8/1 ), wh1ch may represent the 

contact between two flows that cooled as a smgle umt. 

Drilling becomes eas1er at depth of approximately 20ft. 

Matrix becomes slightly pinker, to grayish pink (5R8/2). 

High-angle (nearly 90 degrees) fractures extend from 30ft 8 in. to 31 It 2 in., from 

31 ft 8 in. to 32ft 8 in., from 35 to 37 It, and from 39.5 to 40ft. All four are heavily 

stained wtth llmomte. There appears to be a horizontal fracture lymg between the 

upper two high-angle fractures. Tuff becomes slightly welded. 

Pum1ce lap1ll1 are much larger, up to 1.25 in. 

Unll2a 

Matnx becomes darker-to pale red (5R6/2)-at depth of 42 to 43ft; tuff is only 

slightly welded. Occas1ona1 pum1ce lap1lli are greemsh (10Y4/2 to 10Y5/4). 

Pumice lapilli are generally smaller, but occastonal targe pumice laptlli are QUite 

flattened. Tuff IS moderately welded. 

Small h1gh-angle fracture occurs at depth of approximately 56 ft. 

Tuff is slightly welded. Pumice lapilli become more abundant. not very flattened, 

and are predominantly brown in color, but occastonal gray and green fragments 

were observed. 

Some relattvely large olive or greenish·Colored pum•ce lapilli are still present. 

Unit 1b 
Tuff is slightly welded. Matrix changes to a color between light gray (N7) and 

yellOWISh gray (5Y8/1), Pumice lapilli are much smaller and predominantly brown. 

Minor amounts of quartz and sanidine crystals are present. 

Drilling becomes very easy, 1nd1cat1ve of slighty welded tuff 

Quartz crystals become more abundant, but only traces of chatoyant samdine 

occur m pumtce laptlli. 

Brown pumice lapilli are abundant and very flattened. 

~--~------------~------~------------------------------------------
--------

Figure 2-10. Installation of Thermocouple Psychrometers and Pressure 

Transducers in Hole LLP-85-03 (Note: The five psychrometers 

in the upper 10 feet are located in a shallow boring 
adjacent to the main hole.) 
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Gr•phlc 
Log Oelcrlptlon 

Unll 2b: Tshlrege Member of the Bandelier Tuft 

Sod cons1stmg of weathered tuff extends from ground surface to 5 ft. and con tams 
scattered root matenal 

Matrix color is between very light gray (N8) and ltght gray IN71 Pumtce laptllt. 5 to 
10 mm m SIZe. are i1gnt gray. 

Tuff is moderately welded. Chatoyant samdme and quartz crystals are abundant 

Near-vert1cal. noncoated fracture(?). possibly open. extends from 21 ft 7 tn to 22ft 
1 tn 

Unit 2a 

Tuff appears fiss1le and slightly less welded; dnlling 1S eas1er. Matnx color 1s 
between !tght gray (N7) and very light browmsh gray (5YR7/1) Pumtce tapt!lt are 
larger (10 to 20 mm) and predomtnantly brown 

Matnx color darkens to medium-ltght gray (N6). 

Installation of Thermocouple Psychrometers in 
Hole LGP-85-07 
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3.0 SAMPLING AND DATA-COLLECTION PROCEDURES 

3.1 COLLECTION OF PORE-GAS SAMPLES 

3.1.1 Introduction 

These procedures were developed to collect samples of pore gas from boreholes 
located in Waste Disposal Areas G and L, Technical Area 54, Los Alamos 
National Laboratory, New Mexico. The samples are collected on either Tenax or 
charcoal-adsorption tubes. Notes on these procedures are presented at the end 
of the section (see Section 3.1.4). 

3.1.2 Equipment 

• DESAGA Gas Sampler [flow rate of 0.2 to 12 liters per minute (1pm)], Model 
GS-212 with Power Leads (TEKMAR Company, Cincinnati, Ohio) 

• Orbo-32 Large Charcoal Tubes (Supelco No. 2-0228) 

• Tenax Purge Trap Tubes (Supelco No. 2-0293) 

• Silicone Tubing, 3/16-Inch I.D., 5/16-Inch O.D. 

• Silicone Tubing, 3/32-Inch I.D., 5/32-Inch O.D. 

• Swagelok Adapters, 1/8 to 1/4 Inch (two needed) 

3.1.3 Procedures 

3.1.3.1 Preparation 

1. Connect the DESAGA gas sampler (see Figure 3-1) to a 12-Vdc automobile 
battery using the power leads. 

2. Connect the inlet of the pump to the desired sampling port using 3/16-inch
I.D. silicone tubing. 

3. Set the pump to continuous mode and maximum flow rate. Since the sampling 
intervals have a volume of approximately 50 liters, a total of 100 liters 
should be pumped from the sampling port to ensure subsequent collection of 
a representative sample. Once the purging process has been completed, 
disconnect the pump from the sampling port. 

4. Proceed to Section 3.1.3.2 if a Tenax tube is to be used, or to Section 
3.1.3.3 if a charcoal-adsorption tube is to be used. 
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1 Temperature display (with GS 312 only) 
2 Venting slits 

1 20 

3 Key for activating a temperature measurement (with GS 312 only) 
4 Digital volume counter and state indicator 
5 Key for starting and stopping a measurement cycle 
6 Preset switches for the gas volume 
7 Mode switch "Continuous" or "Preset" 
8 Main switch 
9 Socket for external control 
1 0 DC power connection 
11 DC fuse 
12 Power adapter GN 220/12 (with GS 312 only) 
13 Fine regulation valve for flow rate 
14 Inlet 
15 Absorber vessel 
16 Mounts for stand rod 
17 Lock for the absorber vessel 
18 Outlet 
19 Float-type flow meter 
20 Lock for cover 

Figure 3-1. Schematic of the DESAGA Gas Sampler 
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3.·1.3.2 Tenax Tube Sampling Procedure 

1. After completing the preparation steps, connect the inlet of the pump to 
the outlet of a Tenax purge trap sample tube using 3/16-inch-I.D. silicone 
tubing and a Swagelok adapter. The outlet of the tube is labeled "3% 
SP-2100." 

2. Set the pump to PRESET mode and select the desired sample volume. 

3. Set the pump to maximum flow rate (see Note 1). Turn on the pump and 
allow the flow rate to stabilize. 

4. Turn the pump off momentarily to reset the volume meter. 

5. Connect the inlet of the Tenax tube to the desired sampling port using 
silicone tubing and an adapter as before. Turn on the pump and continue 
pumping until the desired sample volume has been collected. 

6. Disconnect the Tenax tube from the pump and the sampling port. Cap and 
label the tube for submittal to the laboratory (see Notes 2 and 3). 

3.1.3.3 Charcoal Tube Sampling Procedure 

1. After completing the preparation steps, uniformly break the sealed ends of 
a charcoal tube. If the tube should crack in the center, discard it. 

2. Connect the inlet of the pump to the outlet of the charcoal tube using 
silicone tubing. The arrow on the tube indicates the correct airflow 
direction. 

3. Set the pump to PRESET mode and select the desired sample volume. 

4. Turn on the pump and set the flow rate to the desired value. 

5. Turn the pump off momentarily to reset the volume meter. 

6. Connect the inlet of the charcoal tube to the desired sampling port using 
silicone tubing. Turn on the pump and continue pumping until the desired 
sample volume has been collected. 

7. Disconnect the charcoal tube from the pump and the sampling port. Cap and 
label the tube for submittal to the laboratory (see Notes 2 and 3). 

3.1.4 Notes 

1. Tenax tubes significantly restrict the flow rate, so the pump must be set 
at its maximum rate. The sample volume should be at least 1 liter to 
minimize errors in volume measurement due to the low flow rate. 

2. The following information should be included on the label: 

• Well and Sampling-Port Identification 
• Date and Time of Sampling 
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S;mple Volume 
::low Rate 
'~emperature and Barometric Pressure at Time of Sampling (The volume 

:.isplayed by the pump meter is at ambient conditions. Temperature and 

'ressure measurements are therefore required in order to correct this 

-.rol ume to standard conditions.) 
.)ampler's Signature 

;, Tt sampling ports may eventually become clogged. As a preventive 

me ;ure, the parts should be periodically "blown out" with compressed 

n~ .:ogen. 

3.2 JLLECTION OF WATER-POTENTIAL DATA 

3.2 Introduction 

procedures were developed to collect water-potential data from boreholes 

"d in Waste Disposal Areas G and L, Technical Area 54, Los Alamos 

~al Laboratory, New Mexico. 

Equipment 

psychrometers installed in Holes LLP-85-03 and LGP-85-07 may be read using 

,utomated scanner. The scanner chosen for this study is the microprocessor

:rolled HP-115 Water Potential Data System manufactured by Wescor. The 

115 is a battery-powered scanning device, capable of determining water 

.ential using either the dew-point (hygrometric) or the wet-bulb (psychro

:ric) method. The equipment descriptions and operating procedures presented 

,rein were taken from the Instruction Manual for the HP-115 (Wescor, undated). 

1. maximum of 15 psychrometer leads can be plugged directly into the rear of 

the scanner, resulting in a 15-channel scanning capability. Measurements of 

temperature, zero offset, and psychrometer/hygrometer output are read from the 

psychrometer probes and automatically stored in memory for each scan. Time is 

also stored in memory at the beginning of each scanning cycle. A liquid 

crystal display (LCD) window located at the top of the instrument provides a 

means of monitoring the data-collecting operation. Data that have been stored 

in memory are then recovered via the RS-232C port located on the back panel of 

the instrument. Using this port, the memory contents may be transferred to a 

printer, a cassette, a telephone modem, or directly to a computer. 

An internal rechargeable battery allows the HP-115 to run unattended for up to 

60 days, or until the memory is filled. If desirable, an external battery can 

be connected to the rear panel of the instrument to permit longer periods of 

operation. The internal battery can be recharged from a wall socket by 

plugging the charging unit into the battery port located on the back of the 
instrument. 

Since the scanner's memory limits the length of uninterrupted operating time, 

an equation is used to predict the time required to fill the memory. The 

maximum operating time of the scanner is given as 

21 



T = 8112 X 24 

S(6C + 2) 

where T is the time in hours. S is the number of scans per day. and c is the 
number of channels used. Example: Scanning 15 channels every 12 hours would 
fill the memory in 1058 hours (44 days). 

3.2.3 Operating Procedure 

A key is used to turn on the psychrometer scanner. When the scanner is 
switched on. it is best to remove the key from the switch because all the data 
and programming commands are lost once the instrument is switched off. 

Based on conversations with the manufacturer. the scanning system works best 
in the psychrometric (wet-bulb) mode. Consequently. the operating procedure 
discussed herein focuses on the wet-bulb mode. 

Several parameters must be programmed into the scanner memory when preparing 
the scanner for extended field use. These parameters are entered using the 
MODE selection dials. the SET selection dials. and the ENTER button. The 
various MODE options are discussed individually below. 

1. MODE 00 - Time. Selection of Mode 00 by means of the MODE selection dial 
causes time to be displayed in hours and minutes from 0000 to 2400. To 
set time. dial in the correct time in hours and minutes on the SET dials. 
and press the ENTER button. Time may be synchronized to the second by 
turning on the system power synchronously with zero second of standard 
time prior to setting the hours and minutes as described above. 

2. MODE 01 - Start Time. The next selection mode is the start time (MODE 
01). used to preset the time when scanning is to begin. The start time 
can be any time from 0000 to 2400 hours. The desired time is selected on 
the SET dial and entered by pressing the ENTER button. 

3. MODE 02 - Delay Time. Rotating the MODE dial to 02 causes the delay time 
(seconds) to be displayed. Delay time is the interval between the time 
that the cooling current is terminated and the time at which the reading 
is taken. In the psychrometric (wet-bulb) mode of operation. this delay 
time will allow the sensor to settle on the psychrometric plateau before 
a reading is taken. A delay time of 3 to 5 seconds will generally be 
sufficient for the sensor to reach a plateau. The desired time is 
selected on the SET dial and entered by pressing the ENTER button. 

4. MODE 03 - Cooling Time. The cooling time is the length of time that a 
cooling current is passed through the psychrometer. The time interval 
selected must be long enough to permit water to condense on the thermo
couple in the wet-bulb mode. Generally a cooling time of up to 30 
seconds will be sufficient in the low-moisture ranges anticipated at Los 
Alamos. The cooling time is entered by means of the SET dials and the 
ENTER button. 
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MODES 04 and 05 - Cooling Coefficients. These modes refer to the cooling coefficients of the psychrometer probes. Since cooling coefficient settings are independent of the psychrometric (wet-bulb) mode of operation. they need not be set for the psychrometer probes at Los Alamos. 
MODE 06 - Number of Sensors. Rotating the MODE dial to 06 causes the number of sensors being scanned to be displayed. This number may be changed by rotating the two rightmost digits of the SET dial to the appropriate number of sensors and pressing the ENTER button. Assuming that 15 psychrometer probes are to be scanned, the number of sensors should be set to 15. 

MODE 07 - Scan Interval. Rotating the MODE dial to 07 causes the scan interval to be displayed. The scan interval is the elapsed time between successive scanning cycles. If the psychrometer probes are to be scanned twice daily, the scan interval (MODE 07) should be set to 1200 using the SET dial, and then the ENTER button should be pressed. 

MODE 08 - Wet-Bulb Run. Rotating the MODE dial to 08 causes the SET time to be displayed until the first scanning cycle is complete. The initial scanning cycle is begun by pressing ENTER while in MODE 08. This initiates a primary scan of all the channels, after which the liquid crystal display (LCD) window will go blank. The LCD window will remain blank until the time in the scanner equals the start time designated in MODE 01. At this point, the LCD window will display time for approximately 14 seconds, and a new scanning cycle will begin. 

During any scan, the temperature. offset, and wet-bulb readings will be displayed sequentially for each channel. All temperature readings are prefixed with a 4, followed by the value in tenths of a degree Celcius. Zero offset and wet-bulb readings, prefixed with a 5 and a 6, respectively, are displayed in tenths of microvolts. An example of the scanner readings is given below: 

Temperature: 
Zero Offset: 

Wet Bulb: 

= 20.5° Celcius 
1.0 microvolt 

= 15.5 microvolts 

4205 
5010 = 
6155 

9. MODE 13 - Data to RS-232C Port. Using Mode 13, data stored in the scanner's microprocessor may be transferred to a cassette tape while the scanner remains in the field. Wescor's CI-30 audio cassette interface is designed to interface the RS-232C port with the cassette recorder in this manner. The operating procedures for the CI-30 audio cassette interface are discussed below, and are based on the CI-30 Operating Manual (Wescor. 1982). 

The CI-30 is equipped with an audio cable (Q4-275) and an RS-232C cable. The audio cable is simply a cord with a 1/8-inch phone jack on both ends. The RS-232C cable contains one end labeled INPUT and the other end labeled OUTPUT. Pinouts for the INPUT and OUTPUT ends of the RS-232C cable and their respective connections to the sending and receiving devices are shown in Figures 3-2 and 3-3. Data transfer via the RS-232C port is accomplished in the manner described below. Steps a through d 

23 



RS-2'32C CABLE 

HP 115 Cl -30 

GROUND GROUND 
OUTPUT 3 3 2 2 INPUT 
GROUND 7 7 7 7 GROUND 

II INPUT 11 END "OUTPUT" END 

Figure 3-2. Schematic of the RS-232C Cable Connections Between 
the HP-115 and the CI-30 Interface 

RS-232C CABLE 

Cl-30 :o COMPUTER/PRINTER 

3 3 2 2 

7 7 7 7 

II INPUT 11 END 11 0UTPUT 11 END 

Figure 3-3. Schematic of the RS-232C Cable Connections Between 
the CI-30 Interface and the Computer/Printer 
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describe the transfer of data from the HP-115 scanner to the cassette recorder; Steps e through j·describe data transfer from the cassette recorder to any computer. 

a. Referring to Figure 3-2, connect the INPUT end of the RS-232C cable to the RS-232C port on the HP-115 scanner. Connect the OUTPUT end of the same cable to the RS-232C port on the CI-30 cassette interface. 
'~. Connect the audio cable (Q4-275) between the microphone jack on the CI-30 and the microphone jack on the cassette recorder. Advance the cassette tape until the clear leader is past the recording heads. 

f. 

g. 

h. 

Switch the HP-115 to Mode 13. Turn on the CI-30 interface. Start the cassette recorder in RECORD mode and allow 10 seconds to pass. Initiate data transmission at the HP-115 by pressing the ENTER switch for 1 full second. This will cause the LCD window on the HP-115 to display four ones, i.e •• 1111, indicating that data are being transmitted. 
The data will continue to be transmitted to the cassette tape recorder until the HP-115 displays real time. Data transmissions can take anywhere from a few seconds to several minutes depending on the volume of data stored in the microprocessor. Upon completion of data transmission, turn the CI-30 interface off, stop the cassette recorder, rewind the tape, and disconnect both cables. Then set the MODE switch on the HP-115 to 08 and press the ENTER button to begin storing new data. The CI-30 and the cassette recorder can now be taken to the computer to enter the data. 

The cable connections between the CI-30 and the computer are shown in Figure 3-3. Connect the INPUT end of the RS-232C cable to the RS-232C port on the CI-30. Connect the OUTPUT end to the RS-232C port on the computer. 

Start the cassette recorder in the PLAY mode. stop the recorder and connect the Q4-275 audio jack on the cassette recorder and the earphone 

When a high tone is heard, 
cable between the earphone 
jack on the CI-30. 

Prepare the computer to receive data. The parameters of the computer must match those of the sending device, i.e., the HP-115 scanner. Therefore, set the baud rate to 300, parity to none, and character length to 10 bits, which includes one start bit and one stop bit. 
Adjust the volume control on the cassette recorder to between two-thirds and three-fourths of full volume, and start the cassette recorder in the PLAY mode. Allow the recorder to run in PLAY mode for 2 seconds prior to starting the computer and turning on the CI-30. It is important that the CI-30 be turned on last to prevent garbling of the data. The data are now being transmitted from the cassette recorder to the computer. 

i. Upon completion of transmission, turn the CI-30 and the cassette recorder off and disconnect all cables. The wet-bulb and temperature data are now ready to be viewed at the computer terminal. 
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j.· If errors appear in the data, repeat the above procedure. One possible 
source of error is the cassette tape. The tapes should be new, 
unrecorded tapes, preferably demagnetized. The recording and playing 
heads of the cassette recorder should also be thoroughly cleaned. 

10. MODE 14 - Battery Percent Charge. Rotating the MODE dial to 14 causes 
the percent of battery charge to be displayed. In this and other operat
ing modes, the decimals in the LCD window will flash whenever the battery 
charge drops below 10 percent of full charge. 

3.3 COLLECTION OF PRESSURE MEASUREMENTS 

3.3.1 Introduction 

This procedure was developed to obtain pressure measurements from transducers 
installed in Hole LLP-85-03, located in Technical Area 54 at Los Alamos 
National Laboratory. 

3.3.2 Equipment 

The pressure-measurement system installed at Los Alamos consists of four 
electrical pressure transducers (cf. Figure 2-10) connected to an electro
piezo scanner recorder. The transducers use an absolute electrical pressure 
sensor with a strain-gauged, stainless steel diaphragm. A stainless steel 
disc filter permits direct burial of the transducers. The pressure range for 
the transducers is 0 to 25 pounds per square inch (psi) with a readability of 
0.01 percent of scale. 

The electro-piezo scanner recorder is a portable, battery-operated, ten
channel system for automatically recording transducer data. The date, time, 
and output from each of the transducers are recorded on an integral printer. 
The scanner records the output for a permanent record or can provide the 
output to an external device such as a computer, data terminal, paper punch, 
or magnetic tape recorder. The system can scan continuously or at variable 
scale intervals. The recorder can be completely sealed and left unattended to 
automatically record data at selected intervals. 

3.3.3 Monitoring Procedure 

The pressure-measurement system was installed in October 1985, and is 
presently collecting data. The major requirement for servicing the pressure
scanning system is periodic replacement of the printer paper. With the scan 
interval set at 1-hour periods, it is expected that the printer paper will 
need to be replaced once a month. 

In addition, the scanner should be checked periodically to ensure that the 
power supply and the transducer connections are intact. A simple check of the 
battery-test system will demonstrate whether the power supply is connected. 
If the symbol 0/C precedes a pressure reading on the printer paper, then the 
transducer connection is faulty. The transducer connector plug should be 
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.~oved from the scanner input p.ort, checked, cleaned, and reattached. The ;\·stem is then rechecked to ensure that a proper electrical connection has ~~en achieved. 

:;:e channel numbers corresponding to the four transducers are as follows: 

• CHOO - Surface Transducer 

• C'i!Ol - Transducer Buried at 26 Feet Below Ground Level 

• CII02 - Transducer Buried at 54 Feet Below Ground Level 

0 ~-'fi03 - Transducer Buried at 90 Feet Below Ground Level 

c:~.l.nnel 00 is the barometric pressure calibrated at sea level. 
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FOREWORD 

This study was initiated in response to a Compliance Order/Schedule (Docket 
Number 001007) issued by the State of New Mexico's Environmental Improvement 
Division under the authority of New Mexico's Hazardous Waste Management Act. 
The Order/Schedule, dated 7 May 1985, specifies a time line for obtaining 
certain geotechnical information regarding Waste Disposal Areas G and L in 
Technical Area 54, Los Alamos National Laboratory, New Mexico. This report 
addresses the informational requirements outlined in Paragraph 25, Tasks 1 
through S, of the Compliance Order/Schedule. The investigations described in 
this report were performed by personnel of Bendix Field Engineering Corpora
tion, Grand Junction, Colorado, Operations Office. 

The tasks requested by the State of New Mexico in Paragraph 25 of the 
Compliance Order/Schedule are addressed in the following sections of this 
report: 

Compliance Order Task and Brief Title 

1: Permeability Determinations 
2: Moisture Characteristic Curves 
3: Unsaturated Hydraulic 

Conductivity 
4: Infiltration and Redistribution 

of Water 
5: Pore-Gas-Sampling Installations 

Section in Report 

3.2.1, 3.2.2, 3.2.3 
3.1.3 

3.2.4 

3.1.1, 3.3.1. 4.0 
s.o 

The emphasis of the Compliance Order/Schedule is on the quantification of 
capillary or liquid-flow transport processes. However, moisture data pre
sented by Purtymun and Kennedy (1971) and Abeele and others (1981), as well as 
the moisture data presented in this report, indicate that movement by vapor 
phase is the major transport mechanism in the Bandelier Tuff in the study 
area. Thus, while much of the capillary-related information is useful, it can 
draw attention away from vapor transport. The reader is therefore asked to 
focus on relating the information presented in this report to vapor-transport 
processes. 

In addition to the authors cited on the title page, a number of other 
professionals of Bendix Field Engineering Corporation/Grand Junction 
Operations contributed significantly to this study and to preparation of this 
report. These individuals and their respective contributions are listed 
below. 

• 

• 

• • 

• 

Sue Rush who served as Project Manager and assisted in the drilling and the 
pore-gas-sampler installations. 

Nic Korte who served as Project Manager and assisted in the design and test 
of the pore-gas samplers. 

~ 

~eve Sturm who assisted in the drilling and the logging of core. 

Jeff Price who assisted in the hydrologic testing • 
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• Jack McCaslin who assisted in the drilling procurement as well as the 
drilling and the pore-gas-sampler installations. 

• Steve Donivan who assisted in the design and test of the pore-gas samplers. 

• Sandy Wagner who performed the field chemical monitoring and set np the 
analytical subcontract. 

• Sue Knutson and Dave Traub who performed the geophysical logging. 

• Rich Zinkl who provided the computer support. 

• Bonnie Edwardson who performed the editing and document coordination. 

The following personnel from Los Alamos National Laboratory also played a 
significant role in the completion of this study. 

• Micheline Devaurs was the principal technical contact, assisted in the 
planning and conduct of field activities, and wrote Section 4 of this 
report. 

• Dave Mcinroy assisted in several aspects of the field activities. 

• Bill Purtymun recommended the drilling technique and provided much useful 
insight with respect to logging the Bandelier Tuff. 
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EXECUTIVE SUMMARY 

The hydrologic characteristics of the vadose zone in Areas G and L, Technical 
Area 54, at Los Alamos National Laboratory are being investigated in response 
to a Compliance Order/Schedule (Docket Number 001007) issued to the Laboratory 
by the State of New Mexico's Environmental Improvement Division under the 
authority of New Mexico's Hazardous Waste Management Act. This report 
presents a preliminary assessment of the hydrologic system, specifically in 
response to Tasks 1 through 5, Paragraph 25, of the Compliance Order/ 
Schedule. Bendix Field Engineering Corporation/Grand Junction Operations 
conducted the work described in this report. 

The most significant conclusion resulting from this investigation is that 
vapor-phase transport is the predominant mechanism controlling the potential 
subsurface movement of contaminants in the study area. Evidence for this 
conclusion includes the low moisture content of the underlying rock and the 
high moisture-retention values observed in the moisture characteristic curves 
(Task 2 of the Compliance Order/Schedule). These results indicate that there 
is no interconnection or movement of liquid water in the interval of Bandelier 
Tuff examined in this study. 

Permeability measurements were required by Task 1 (field tests) and Task 3 
(laboratory tests) of the Compliance Order/Schedule. Field measurements were 
made using a vacuum-test method and by means of borehole injection with both 
air and water. Laboratory determinations were made using both the Klinkenberg 
Correction and the Dynamic methods. Agreement among the various methods was 
generally good, yielding an intrinsic permeability for the Bandelier Tuff in 
the range 10-• to 10-' cm2. 

Determination of the water distribution in the tuff was required by Task 4. 
Gravimetric results indicate a moisture content of 2 to 4 percent for the 
center portion of the profile, with generally higher contents in the lower 
portion of Unit lb. Preliminary data from the thermocouple psychrometers 
indicate that water potentials range from -1 to -15 bar, suggesting low mois
ture conditions in the tuff. Neutron-measurement tools used for acquiring 
moisture data were also installed in two holes in the study area. Although 
data acquired with the probe were not available at the time of this writing, 
it is feared that the tuff may be too dry for such measurements to be 
effective. 

The various field and laboratory activities conducted during this study permit 
an evaluation of the effects of porosity, pumice content, and degree of 
welding on the unsaturated transport processes. As expected, porosity and 
pumice content are highly correlated. The high porosity demonstrates that the 
tuff acts like a sponge: A quantity of water equal to approximately one
quarter of the rock volume is required to satisfy the capillary forces and 
permit the movement of water in the liquid phase. Permeability, on the other 
hand, is inversely proportional to porosity due to the significant amount of 
dead-end pore space which occurs in pumice. Finally, a high degree of welding 
apparently reduces the average radii of pores, the result being an increase in 
the capillary forces and the residual moisture content. 
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In partial fulfillment of the requirements of Task 5, installations for 
sampling pore gas in discrete subsurface zones were completed in certain 
holes. No data are yet available, but the rationale behind each sampling
port location is described in this report. 

Another major objective of this study was to evaluate the role of fractures as 
avenues of transport in the Bandelier Tuff. Results obtained thus far, 
however, are inconclusive. The permeability of fractured zones, for example, 
is not significantly greater than that of the surrounding rock, even though 
certain fractured zones exhibit a higher moisture content. It is anticipated 
that results of the pore-gas sampling and analysis will be of particular 
benefit to the definition of the role of fractures in the vadose zone. 
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1.1 PURPOSE AND SCOPE 

This report presents a preliminary assessment of the hydrologic processes 
that could contribute to transport of hazardous waste buried in the Bandelier 
Tuff at Los Alamos National Laboratory. New Mexico. More specifically, the 
study area encompasses Waste Disposal Areas G and L in Technical Area 54. The 
study was initiated in response to a Compliance Order/Schedule issued by the 
Environmental Improvement Division of the State of New Mexico. Included in 
the Order was a directive to obtain certain geotechnical information regarding 
the above-mentioned waste-disposal areas. The investigations described in 
this report were performed by Bendix Field Engineering Corporation/Grand 
Junction Operations (Bendix). Bendix is the operating contractor for the U.S. 
Department of Energy (DOE) Grand Junction, Colorado, Projects Office. 

The report is organized into seven sections. followed by five appendices. The 
emphasis throughout is on the transport processes in the unsaturated zone that 
control potential contaminant migration in the Bandelier Tuff. Immediately 
following this Introduction, Section 2 defines the geologic framework through 
which these processes occur in the study area. Section 3 presents a charac
terization of the vadose zone in terms of the driving forces of transport, 
namely, gradients such as temperature and pressure. These evaluations require 
a considerable amount of data regarding the vadose zone. including permeabil
ity and such general parameters as moisture content and porosity. Thus, the 
early subsections of Section 3 describe the field and laboratory measurements 
conducted to acquire these data, together with the necessary calculations. 

Sections 4 and 5 contain brief discussions of the neutron-moisture-measurement 
and pore-gas sampling-port installations, respectively; data and interpreta
tions will be presented in a subsequent report. A comprehensive summary of 
this preliminary assessment is presented in Section 6, followed by a bibliog
raphy of the references (Section 7) cited throughout the text and appendices. 
Appendices A through E contain much of the data acquired throughout the course 
of this study, including lithologic logs, petrographic data, and moisture 
characteristic and permeability curves. 

For this study, several experimental techniques were used to drill test holes 
and to measure important unsaturated flow parameters. In those cases, 
descriptions of the equipment, procedures, and assumptions associated with a 
specific test are included in the appropriate discussion. 

Analysis of the rock core was hampered by several problems. From the core 
obtained during drilling, representative samples of the Tshirege Member of the 
Bandelier Tuff were selected and sent to TerraTek Research Laboratory of Salt 
Lake City, Utah, for analysis. Approximately 15 percent of this core was 
either completely unconsolidated or so friable that special handling techni
ques and procedures had to be developed. Moreover, mercury injection was not 
feasible on the unconsolidated samples, requiring that alternative laboratory 
techniques be substituted for the measurement of capillary forces. As a 
result, it was not possible to quantify the pore-size distributions and the 
imbibition or wetting curves for the porous media in the study area. 

3 



1 . 2 TERMINOLOGY AND UNITS 

1.2.1 TERMINOLOGY 

The terms 'vadose zone' and 'unsaturated zone' are often used synonymously in 
the literature, even though there is a distinction between the two. The 
unsaturated zone is defined as a subsurface area above the water table in 
which the porous material contains both air and water, the latter under 
pressures that are less than those of the atmosphere. The vadose zone also 
refers to the subsurface area above the water table composed of partially 
saturated porous material. The distinction lies in the fact that the vadose 
zone can contain perched zones of water, and the water in these perched zones 
is under pressures greater than those of the atmosphere. For purposes of this 
study, the term vadose zone will be used when referring to the subsurface area 
above the water table, but the processes controlling contaminant migration in 
that zone will be referred to as the 'unsaturated transport processes.' 

Other potentially confusing terms used throughout the report include permea
bility, coefficient of permeability, hydraulic conductivity, and intrinsic 
permeability. Distinctions between these terms are summarized below. 

• Permeability, when used alone, refers to the movement of a fluid through 
the porous or fractured media. No quantification is intended to be asso
ciated with the term. 

• Hydraulic conductivity is the term used to quantify the permeability of the 
medium. It is dependent on the porous medium and the fluid, and must 
therefore be expressed in such a way that the fluid represented by the term 
is specified. The dimensions for hydraulic conductivity are length per 
unit time (L/t). The term coefficient of permeability is synonymous with 
hydraulic conductivity. 

• Intrinsic permeability is a function of only the medium and has dimensions 
of length squared (LZ). Expressing permeability in this way permits com
parison of permeability values obtained through different techniques using 
different fluids. (The relationship between hydraulic conductivity and 
intrinsic permeability is defined in Section 3.2.1.4.) 

Laboratory results express the hydraulic conductivity as a function of the 
moisture content (Section 3.2.4) in terms of effective permeability (in units 
of millidarcys). Permeability expressed in this manner is considered an 
intrinsic permeability. For example, the effective permeability for water is 
a measurement of the intrinsic permeability of the void space occupied by 
water, so the value is expressed in terms which are independent of the fluid. 

The terms capillary forces, capillary pressure, soil tension, and soil suction 
are used synonymously. For purposes of this report, capillary forces are 
quantified using the term water potential which is measured in pressure units 
of negative bars or negative pounds per square inch (psi). 

One other term used throughout the report requires clarification. As used 
herein, lapilli is defined in a manner consistent with the definition pre
sented by Ross and Smith (1961): Lapilli consist of either juvenile lava 
fragments, still plastic or liquid when ejected, or of broken rock of any sort 

4 

I I 



from the walls of the vent, or from the bedrock (country rock); in other 
words, they may be essential, accessory, or accidental ejecta. These authors 
state, however, that the term lapilli should be restricted to describing 
fragments in the size range 4 to 32 millimeters (mm); fragments of pyroclastic 
material larger than 32 mm are called blocks, whereas fragments smaller than 4 
mm are called coarse ash (Ross and Smith, 1961). For purposes of simplifica
tion in this report, the size restriction for lapilli was ignored. For 
example, the presence of 'accessory' or 'accidental' lithic fragments (e.g., 
basalt fragments) less than 4 mm in diameter is one of the distinguishing 
characteristics of Unit 1b; these fragments are referred to as lithic lapilli 
in this report. In addition, fragments of pyroclastic ejecta of pumice or 
rock in the size range 32 to 60 mm (the latter value being the approximate 
diameter of the rock core obtained during this study) are also referred to as 
lapilli in this report. 

1.2 .2 UNITS 

Inconsistencies in the unit systems used to express measurements occur 
throughout the report. Unfortunately, this inconsistency is unavoidable for 
the following reason. Several different types of instrument were used in the 
study, some of which display data in metric units (mks or cgs systems), while 
others are based on the British engineering system (fps system).* Conversion 
from one set of units to another is often cumbersome. For example, an instru
ment which measures pressure in the range 0 to 60 pounds per square inch 
(psi), with 0.2-psi increments, is described efficiently in British-system 
units. Conversion to the metric system results in an awkward description 
[i.e., 0 to 413.47 kilonewtons per square meter (kN/mZ) with 1.38-kN/m3 

increments]. Thus, for purposes of this report, both systems of units are 
given only when appropriate, in which cases the value in metric units is cited 
first, followed in parentheses by the equivalent value in British-engineering
system units. 

1.3 PREVIOUS WORK BY BENDIX 

This report is the third in a series of reports describing the preliminary 
hydrogeologic assessment of Waste Disposal Areas G and L in Technical Area 54, 
Los Alamos National Laboratory. The work has been performed by Bendix, in 
cooperation with the HSE-8 Environmental Surveillance Group at Los Alamos 
National Laboratory. The first report (Rush and Dexter, 1985) discusses the 
drilling and logging activities which were performed during the Summer of 
1985. The second report (Bendix Field Engineering Corporation, 1985b) des
cribes the procedures used for operating instruments installed at the site. 

*For metric-system units, mks = meter-kilogram-second and cgs = 
centimeter-gram-second. For British-system units, fps = foot-pound-second. 
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Section 2 

GEOLOGIC CHARACTERIZATION OF THE STUDY AREA 
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This description of the geologic characteristics of the Bandelier Tuff in the 
study area is divided into five subsections. The first describes regional and 
site geology. based on information contained in the literature and observa
tions of core obtained from holes drilled at the site (Rush and Dexter, 1985). 
This is followed by a discussion of the degree of welding observed in the tuff 
and the correlation of ash-flow units across the study area. Results of 
petrographic analyses of core samples from the drill holes and interpretations 
of the geophysical logs from the holes are summarized in Sections 2.3 and 2.4. 
respectively. The final subsection describes fractures observed in the core, 
since the presence of fractures can affect the nature and direction of waste 
transport in the tuff. 

2.1 REGIONAL AND SITE GEOLOGY 

The study area is located just east of the southeastern boundary of the 
Colorado Plateau (see Figure 2-1), on the eastern flank of the Jemez 
Mountains, also known as the Pajarito Plateau. The Jemez Mountains lie at the 
intersection of the volcanically active Jemez Lineament and the tectonically 
active Rio Grande rift. The Jemez Lineament is an alignment of Late Cenozoic 
volcanic fields; volcanism along the lineament has been continuous since 
Pliocene time (Goff and Bolivar, 1983). 

Waste Disposal Areas G and L, located within Technical Area 54 at Los Alamos 
National Laboratory, are situated on Mesita del Buey, which is part of the 
Pajarito Plateau (Figure 2-2). Mesita del Buey. a narrow, southeast-trending 
mesa approximately two miles long and one-quarter of a mile wide, is underlain 
by rhyolitic ash-flow and air-fall deposits of the Bandelier Tuff. The 
Bandelier Tuff is composed of two members: the lower Otowi Member, 1.4 million 
years old, and the upper Tshirege Member, 1.1 million years old (Bailey and 
others, 1969). The Otowi Member consists of basal, air-fall tuff overlain by 
nonwelded ash-flow deposits containing abundant lithic lapilli. The Tshirege 
Member, which overlies the Otowi, consists of basal, bedded, air-fall tuff 
overlain by nonwelded to welded ash-flow tuffs containing abundant pumice and 
lithic lapilli. The Otowi and Tshirege members are both over 100 feet (ft) 
thick under Mesita del Buey (Purtymun and Kennedy. 1971). All waste-disposal 
excavations in Technical Area 54 are located in the upper portion of the 
Tshirege Member of the Bandelier Tuff. 

The Tshirege Member can be subdivided into three units, two of which occur at 
Mesita del Buey (Units 1 and 2); the third unit, a nonwelded to moderately 
welded pumiceous tuff, is absent in the study area (Purtymun and Kennedy, 
1971). The first two units dip 2 to 3 degrees to the southeast and become 
thinner in the direction of dip, away from their source in the Valles Caldera. 
Each of the units consists of two subunits (a and b). which are described by 
Purtymun and Kennedy (1971). Their descriptions. together with characteris
tics observed in the actual core collected for this study, were used to 
distinguish between each of the subunits. Lithologic logs of Units 1a through 
2b, derived from drill holes in the study area, are presented in Appendix A; 
drill-hole locations are shown in Figure 2-3. 

The lowermost subunit of the Tshirege Member encountered during this study was 
Unit 1a, a nonwelded, light-orange to light-brown, rhyolitic, vitric-crystal, 
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ash-flow tuff. The maximum thickness of Unit la encountered in the Los Alamos 
drill holes was 26 ft; however, no drill hole penetrated the entire unit. At 
Mesita del Buey, Unit la consists of very uniform, nonwelded ash composed of 
brown glass shards and fine, flattened pumice lapilli, neither of which is 
devitrified. Also found in the ash are numerous but scattered lumps of light
tan pumice lapilli and latitic to rhyolitic lithic lapilli. 

The contact between Units la and lb is discerned in the core on the basis of 
the increased degree of welding and the presence of brown and gray pumice 
lapilli in Unit lb. Unit lb is a rhyolitic ash-flow tuff, ranging in color 
from light gray to pinkish gray near the top, and from pale red to moderate 
orange pink near the base. The lower portion of Unit lb contains distinctive, 
gold-colored, bipyramidal quartz crystals up to 4 millimeters (mm) in diameter 
and a bimodal distribution of latitic to rhyolitic lithic lapilli. The lithic 
lapilli are abundant in the size range 1 to 4 mm in diameter, and occur less 
commonly in the size range 15 to 60 mm. They decrease in size and abundance 
toward the top of Unit lb, where the occurrence of lithic lapilli is rare. 
The degree of welding in Unit lb generally varies from slightly welded at the 
base to moderately welded just above the base to slightly welded at the top. 
In four core holes where the entire section of Unit lb was penetrated, the 
total thickness varies from approximately 29 ft (on the southeast) to 52 ft 
(on the northwest). 

The contact between Units lb and 2a was difficult to identify precisely during 
coring operations. In certain cases, the contact can be estimated on the 
basis of either a subtle color change in a slightly welded portion of the 
core, or the presence of brown, gray, and olive-colored pumice lapilli in the 
basal portion of Unit 2a. These pumice lapilli are generally larger than the 
predominantly brown pumice lapilli found in the upper portion of Unit lb. In 
addition, the contact seems to occur in a zone where vapor-phase crystals of 
quartz and sanidine are small (less than 1 mm in diameter) and sparse. 
Microscopic criteria for distinguishing between these units are described in 
Section 2.3 of this report. 

Unit 2a consists of a lower ash flow and an upper ash fall (Purtymun and 
Kennedy, 1971), although no ash-fall unit was encountered during this study. 
The unit ranges in color from light pink to pale red to gray. It contains 
relatively large (5 to 30 mm) gray, brown, and olive-colored pumice lapilli, 
and varies from slightly to moderately welded. Unit 2a varies in thickness 
from greater than 54 ft in the northwesternmost drill hole (LLC-85-13) to 21 
ft in the southeasternmost drill hole (LGC-85-09). 

The contact between Units 2a and 2b is generally marked by a subtle color 
change within a slightly welded zone of tuff. Purtymun and Kennedy (1971) 
identify this contact on the basis of the occurrence of thin, lenticular 
deposits of reworked tuff. Although this zone of reworked tuff was not 
observed in core collected during this drilling program, the transition from 
Unit 2a to Unit 2b at Mesita del Buey appears to be marked by a decrease in 
the size and variety of pumice lapilli occurring in the basal portion of 
Unit 2b. 

Unit 2b forms the cap rock at Mesita del Buey and consists of brownish-gray, 
light-gray, and pinkish-gray, slightly to moderately welded, rhyolitic ash
flow tuff with light-gray and occasional brown pumice lapilli. In some areas 
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on the Pajarito Plateau. this subunit may contain up to eight distinct flow 
units. separated by sandy partings and pumice concentrations (Goff and 
Bolivar. 1983). Field descriptions. apparent density logs. and magnetic 
susceptibility logs obtained during this study indicate that. at Mesita del 
Buey. Unit 2b consists of at least two separate flows that cooled as a single 
unit, and is generally separated from Unit 2a by a lower zone of slightly 
welded tuff. The maximum and minimum thicknesses of Unit 2b encountered in 
the Los Alamos drill holes were 45 ft in the northwesternmost hole (LLC-85-13) 
and 28ft in the southeasternmost hole (LGC-85-09). 

2.2 WELDING AND CORRELATION OF ASH-FLOW UNITS AT MESITA DEL BUEY 

Welding of tuffaceous rocks at Mesita del Buey ranges from nonwelded to 
moderately welded. Although the degree of welding is gradational between 
these ranges. generalized definitions of each welding descriptor were formu
lated for use when describing rocks in the study area. These are summarized 
below: 

• Nonwelded- Completely disaggregated; little to no flattening of pumice 
lapilli observed. 

• Slightly Welded - Slightly coherent. but crumbles easily in the hand; 
occasional pumice lapilli are noticeably flattened. 

• Moderately Welded - Tuff crumbles with difficulty in the hand and 
occasionally must be struck with a hwmmer to break; flattening of most 
pumice lapilli to varying degrees is noticeable. 

Although the units are defined on the basis of individual or composite flows. 
general variations in welding within the units can be correlated across Mesita 
del Buey. A cross section showing these variations is presented in Figure 
2-4; the location of the cross section in the study area is shown in Figure 
2-3. Moderate welding is most consistently found in the lower portion of Unit 
1b near its contact with Unit la. and in the middle and upper portions of Unit 
2b. In general. the moderately welded portions of Unit 2a break or crumble in 
the hand more easily than the moderately welded portions of Units 1b and 2b. 
The welding characteristics of Unit 2a. however. are not consistent in a 
lateral sense. Also not laterally consistent are the slightly welded zones; 
in certain cases. the slightly welded zone more nearly approaches the defini
tion of moderately welded. whereas in other cases. the slightly welded zone is 
almost nonwelded. 

2.3 PETROGRAPHIC ANALYSES 

Twenty-seven samples were submitted for petrographic analyses. results of 
which were used to establish recognition criteria for the different units 
within the ash-flow tuffs. Of this total. 23 were core samples of tuff and 4 
were samples of lithic lapilli. The analyses were performed by the Bendix 
Petrology Laboratory in Grand Junction. Procedural details and the resulting 
petrographic reports are presented in Appendix B. 
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Overall, the results indicate that the Tshirege Member of the Bandelier Tuff 
at Mesita del Buey is a rhyolitic tuff containing varied amounts of lithics 
(rock fragments), vitrics (pumice fragments and glass), and crystals (vapor
phase products and phenocrysts). Results of point-count analysis for quartz 
and sanidine (Table 2-1) indicate that Unit lb generally contains less volume
percent sanidine (K-feldspar) than do Units 2a and 2b. Samples from Unit lb 
have an average quartz/sanidine (Q/K) ratio of 0.9, while average ratios in 
Units 2a and 2b are 0.6. In addition, it was found that tridymite is 
generally absent in samples from Unit lb. Units 1 and 2 are therefore 
compositionally distinct. 

Other significant recognition criteria are the microscopic characteristics of 
pumice lapilli. Pumice lapilli in Unit lb either are devitrified and display 
spherulitic textures with occasional vapor-phase mineralization by a radial
acicular zeolite, or consist of fresh glass; they also vary in shape from 
flattened to nonflattened in many samples. Pumice lapilli in Units 2a and 2b, 
on the other hand, are ubiquitously replaced by sanidine, tridymite, and 
occasionally a zeolite; in general, they are all at least partially flattened. 
Moreover, the average percentage of pumice lapilli (determined by point-count 
analysis of thin sections) is generally higher in Unit lb (21 percent) than in 
Unit 2a (16 percent) or Unit 2b (13 percent). Evidently, the less flattened, 
more abundant nature of the pumice lapilli in Unit lb is the primary reason 
for the fact that Unit 1b is less dense than Units 2a and 2b (see discussion 
of apparent density logs in Section 2.4.3). 

Several different 
downhole probes. 
the first interim 
ical logs for all 

2.4 INTERPRETATION OF GEOPHYSICAL LOGS 

types of geophysical log were obtained utilizing different 
Details regarding equipment and procedures were described in 
report (Rush and Dexter, 1985); a complete set of geophys
holes drilled during this study is included in that report. 

The following geophysical-logging data were generated during this study: 

• Natural Gamma, Epithermal Neutron (and derived moisture), and Vertical 
Deviation Logs 

• Spectral Gamma and Caliper Logs 

• Magnetic Susceptibility Logs 

• Gamma-Gamma (Apparent Density) Logs 

The caliper and vertical deviation logs were obtained prior to installation of 
instruments described in other parts of this report to determine sizes and 
types of downhole equipment that would be necessary to facilitate the instal
lations. The vertical deviation in the 18 drill holes at Los Alamos averages 
2.5 ft and ranges from 1 to 4 ft; in general, the diameters of the completed 
drill holes are between 7 and 8 inches. 

17 



Table 2-1. Volume-Percent Quartz and Sanidine Determined 
from Point-Count Analysis of Thin Sections 

Sample Hole Depth Volume-Percent 
Number Number (ft) Quartz Sanidine 

UNIT 1b 

MCG-628 LLM-85-01 101 5.4 11.9 
MCG-629 LLM-85-01 122 11.9 9.0 
MCG-632 LLM-85-02 74 9.7 10.3 
MCG-633 LLM-85-02 111 6.4 6.0 
MCG-636 LGM-85-06 100 6.3 9.7 
MCG-640 LGM-85-11 95 6.7 8.6 
MCG-649 LGC-85-09 48 12.0 9.7 
MCG-650 LGC-85-09 68 8.1 8.5 

AVERAGE VALUES __L1 _9.2 

UNIT 2a 

MCG-627 LLM-85-01 52 7.8 14.3 
MCG-631 LLM-85-02 64 10.4 15.1 
MCG-635 LGM-85-06 50 9.0 11.0 
MCG-648 LGC-85-09 35 8.0 17.0 

AVERAGE VALUES _L! 14.3 

UNIT 2b 

MCG-626 LUI-85-01 30 7.6 17.3 
MCG-630 LLM-85-02 37 5.7 12.5 
MCG-634 LGM-85-06 30 11.4 13.8 
MCG-638 LGM-85-11 5 7.1 13.2 
MCG-639 LGM-85-11 31 13.2 10.1 
MCG-643 LLC-85-13 42 6.2 18.4 
MCG-644 LLC-85-17 12 8.0 14.0 
MCG-646 LGC-85-09 10 8.4 13.6 
MCG-647 LGC-85-09 21 8.8 24.1 

AVERAGE VALUES ~ 15.2 

Discussions of the remaining types of geophysical log are presented in the 
paragraphs that follow. These discussions focus primarily on interpreting the 
logs with a view to identifying the vertical variations of lithologies present 
in each drill hole. In general, most of the logs tend to confirm the presence 
of previously established boundaries and contacts within the ash-flow tuffs. 
In certain cases, however, information obtained from the geophysical logs 
required that modifications be made to the lithologic logs acquired during the 
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drilling of the study-area holes. Original versions of the lithologic logs 
were presented in the first interim report (Rush and Dexter, 1985); the subse
quent modifications have been incorporated in the logs presented in this 
report (see Appendix A). 

2.4 .1 NATURAL GAMMA AND EPITIIERMAL NEUTRON MOISTIJRE LOGS 

The natural gamma probe counts the spectrum of gamma rays above approximately 
SO kiloelectronvolts (keV). In the 18 holes drilled, gross-gamma radiation 
ranges from 300 to 700 counts per second (cps). The epithermal neutron system 
consists of a neutron detector used in conjunction with a neutron source. 
Values from the logs range from 600 to 1600 cps. Logs from both of these 
systems show the vertical distribution of these total-count ranges; few of the 
vertical changes in total count correlate with a known boundary within the 
ash-flow tuff. Only in two holes (LGC-85-09 and LGC-85-10) were confirmations 
of previously drawn contacts possible. Figure 2-5 presents the epithermal 
neutron, natural gamma, and lithologic logs for Hole LGC-85-10. As can be 
seen, changes in total count with depth suggest confirmation of contacts and 
boundaries drawn on the adjacent lithologic log. However, since some of the 
obvious vertical changes in total count do not correspond with known physical 
changes, it is not possible to identify contacts on the basis of the 
epithermal neutron and natural gamma logs alone. 

Moisture logs were derived from the epithermal neutron data. These moisture 
logs have the same general shape as the moisture logs obtained by gravimetric 
methods (see Section 3.1.1). A comparison of the two methods is illustrated 
in Figure 2-6. In general, the values for moisture percent seen in the 
epithermal neutron log are higher than those seen in the gravimetric data. 
Although the epithermal neutron data are more detailed (data points were 
obtained every O.S ft whereas gravimetric samples were collected every 5 ft), 
it appears that the gravimetric data are more accurate. Uncertainties in the 
calculated (epithermal neutron) moisture content at each 0.5-ft interval are 
compounded by counting errors, errors associated with the calibration para
meters, and errors associated with the fact that no hole-size corrections were 
applied to the data. The percent uncertainty represented by these errors 
often exceeds the calculated moisture value. In this study, for example, 
these errors are estimated to be ±3.0 percent by volume (Marutzky, 1986). 

2.4 .2 SPECTRAL GAMMA LOGS 

The spectral gamma probe counts energy produced by potassium (K), uranium (U), 
and thorium (Th); total counts obtained in the field were converted to 
concentrations of Kin percent, and U and Thin parts per million (ppm). 

The Bandelier Tuff drilled during this study averages approximately 4 percent 
potassium, 5 to 10 ppm uranium, and 20 to 30 ppm thorium. As with the logs 
described in the previous subsection, the spectral gamma logs can, at best, 
only help to confirm the existence of previously drawn contacts and bound
aries. Since vertical changes in concentration are not consistent from one 
hole to another, the logs cannot be used to draw boundaries or modify previ
ously drawn contacts. 
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Figure 2-7 shows the spectral gamma and lithologic logs for Hole LGM-85-11. 
At first glance, there appears to be an inverse relationship between uranium 
and thorium. This is probably artificial and results from the use of a data
reduction program that strips away the energy contributions from uranium that 
overlap the energy window of thorium (and vice versa). At low concentrations 
of uranium and thorium, such as those displayed by the Bandelier Tuff in the 
study area, the stripping process results in apparent inverse relationships. 
As can be seen in Figure 2-7, however, this relationship is superseded by the 
simultaneous peaking of K, U, and Th at the boundary of Units 1b and 2a (61 
ft), which is marked by an increase in uranium (to 10 ppm) and thorium (to 30 
ppm). Similar increases in uranium and thorium at the contact of Units 1b and 
2a were noted on spectral gamma logs from other holes as well, suggesting 
gross chemical differences between Unit 1 and Unit 2. This confirms the same 
conclusion drawn from the petrographic data on the basis of quartz and sanidine 
contents. 

2.4 .3 MAGNETIC SUSCEPrmiLITY AND GAMMA-GAMMA (APPARENT DENSITY) LOGS 

The magnetic susceptibility (MS) and gamma-gamma (apparent density) logs 
proved to be the most valuable in terms of correlating physical and hydrologic 
properties in the study area. The MS probe is calibrated in micro-cgs* units 
and measures the degree to which the tuff is attracted to a magnet; essen
tially, this is an indirect measure of the iron content of the tuff. Because 
of considerable base-line drift due to temperature changes in the sensing 
coil of the probe, the shape of the curve, not the displayed values, is 
significant. The gwmma-gamma probe collects data in counts per second that 
are immediately converted to apparent density in grams per cubic centimeter 
(g/cm 3 ) using the calibration data obtained during installation of the logging 
system. The density of the ash-flow tuffs is a function of welding, amounts 
of lithic and pumice lapilli, water content, and degree and amount of vapor
phase crystallization and devitrification. 

Relationships between magnetic susceptibility, density, and lithology are 
shown schematically in Figures 2-8 through 2-10. For the most part, the MS 
logs show good correlations with contacts between individual ash flows, where
as the density logs show good correlations with boundaries based on welding 
characteristics. However, minute changes in magnetic susceptibility can 
delineate zones with different welding characteristics (see, for example, 
Figures 2-8 and A-9, Hole LGC-85-10, 83 to 97 ft), whereas minute changes in 
apparent density can delineate contacts between individual ash flows (Hole 
LGC-85-10 at a depth of 55ft). 

In some cases, the density log will indicate a contact between separate flows 
that is not visible on the MS log. For example, in Hole LGC-85-10 (Figure 2-
8), the contact between separate flows within Unit 2b is marked only by an 
increase in the amount of pumice lapilli and is therefore visible only on the 
density log (at 14ft), Concentrations of pumice lapilli are common at the 
tops, bottoms, and within ash-flow units. This feature is obvious on the 
density log in Figure 2-8; large negative peaks clearly demonstrate the 
increased concentration of pumice lapilli in the lower part of Unit 2a, from a 
depth of 50 to 54 ft. Another feature discernible on the density logs is the 

*Centimeter-gram-second. 
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general decrease in the density of Unit lb, which appears to be less dense on 
the whole than Units 2a or 2b. As noted earlier in the discussion of the 
petrologic data (Section 2.3), the decrease in the overall density of Unit 1b 
appears to be due to the fact that the pumice lapilli in the unit are more 
abundant and less flattened than those in Units 2b and 2a. 

Occasionally the ability of the density logs to indicate contacts between 
distinct units, on the basis of minute density changes, is hampered by the 
presence of fractures. In Hole LLM-85-02 (Figure 2-9), the near-vertical 
fracture that extends from 35 to 40 ft obscures the minute changes in density 
that might be visible on the log were it not for the presence of the fracture. 
Induration of the tuff near the fracture, together with open spaces along the 
fracture, appears to result in both negative and positive apparent density 
peaks. A relationship between fractures and apparent density can also be seen 
in Figure 2-10 (Hole LGM-85-11) from a depth of 14 to 20 ft; large negative 
peaks on the apparent density log at 14, 16, and 19 ft correspond to observed 
fractures in core from this hole at 15.5, 17.5, and 20 ft. The differences in 
depth are probably due to the size of the core (2.5-inch diameter) versus the 
size of the hole that was probed (7- to 8-inch diameter). A potential appli
cation of the apparent density logs is in the determination of the extent to 
which fractures are open. Areas where fractures were logged via examination 
of the core are not always obvious on the density logs; fractures that are 
wholly to partially filled would probably not be characterized by a signifi
cant decrease in density. 

The magnetic susceptibility log for Hole LGM-85-11 (Figure 2-10) indicates 
sharp boundaries which appear to define the gross differences between the four 
major subunits of the Tshirege Member; contacts between subunits at this 
location were refined based on this information. The MS log for Hole LLM-85-
02 (Figure 2-9), on the other hand, does not appear to define the contacts 
between major subunits; consequently, the log can only be used to confirm, 
rather than modify, the boundaries and contacts identified during drilling 
operations. 

In conclusion, it should be emphasized that care must be taken when inter
preting MS logs. Because of the common 'base-line drift' mentioned previously, 
apparent boundary changes in the form of an MS shift are possible. Therefore, 
the MS logs should not be used alone to identify contacts between ash-flow 
cooling units. 

2.5 FRACTURES 

Fractures in the Tshirege Member at Mesita del Buey are predominantly tension 
joints formed as a result of contraction during initial cooling of the flows. 
Horizontal fractures, for the most part observed near the surface, are 
probably postdepositional fractures related to near-surface unloading along 
flow-foliation due to erosion of formerly overlying ash-flow tuff; most of 
these are filled with caliche and root material. During this study, horizon
tal fractures--a total of 11--were observed only in Unit 2b. No fractures 
were observed in Unit 1a, which is composed of completely nonwelded tuff. 
(Note: The entire thickness of Unit 1a was not penetrated in this study.) 
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A summary of the number of fractures logged during the drilling program of 
this study is presented in Table 2-2. Although most of these fractures are 
nearly vertical (between 70 and 90 degrees), approximately 20 fractures in 
both Units 2a and 2b have a dip of about 45 degrees (see the lithologic logs 
in Appendix A). The greatest number of fractures occurs in Unit 2b; this ·' 
agrees with data collected by Purtymun and others (1978). These authors found 
that more than 70 percent of the fractures they logged in both Units 2b and 2a 
were filled with brown clay or caliche. Similarly, observations made during 
the drilling program for this study indicated that most of the fractures 
appeared to be partially to completely filled with either caliche, brown clay, 
or limonitic material. Samples of some of the filled fractures were submitted 
to the Bendix Petrology Laboratory for X-ray diffraction analysis. Both bulk 
fractions and clay-sized separates of the fracture coatings were analyzed. 
The results demonstrated that the bulk fractions had the same composition as 
the host samples. Clay-sized fractions consisted predominantly of smectite 
(montmorillonite), with moderate to minor amounts of illite/mica and 
kaolinite. 

Most of the fractures logged during this study occur in moderately welded 
zones within the tuffs. This is to be expected since these zones retained 
heat longer than the slightly welded zones. A feature observed in one frac
ture (cf. Figure 2-9, Hole LLM-85-02, 35 to 44 ft) deserves to be mentioned. 
This fracture displays an effect similar to surficial 'case-hardening,' as 
described by Abeele and others (1981, page 5); the tuff near the fracture is 
quite hard. but the tuff is only slightly welded less than 2 inches from the 
joint surface. This feature may signify preferential movement of water or 
water vapor along open fractures during recent times, or may be a result of 
devolatization of the tuff during cooling. The fact that the gravimetric 
moisture data indicate an increase in moisture along at least one fracture 
(see Figure 2-6) lends support to the former theory. 

Table 2-2. Number of Fractures Logged in the Los Alamos Drill Holes 

Unit of Tshirege Member 

Unit 2b 
Slightly Welded Zone 
Moderately Welded Zone 

Unit 2a 
Slightly Welded Zone 
Moderately Welded Zone 

Unit 1b 
Slightly Welded Zone 
Moderately Welded Zone 
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8 
39 

4 
24 

7 
3 



Section 3 

HYDROLOGIC CHARACTERIZATION OF THE VADOSE ZONE 
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This description of the hydrologic characteristics of the vadose zone in the 
study area is divided into three major subsections. Section 3.1 describes the 
general hydrologic characteristics of the tuff, including moisture content, 
which was determined gravimetrically; porosity, which was determined from 
helium-injection tests; and capillary force, determined from moisture 
characteristic curves. Permeability of the tuff is detailed in Section 3.2. 
Three field techniques were used to measure in-situ permeability, and two 
laboratory methods were used to measure permeability in core samples collected 
from the drill holes. Analyses of saturated and unsaturated hydraulic 
conductivity as a function of moisture content were also performed and are 
discussed in a separate subsection. A summary of all these permeability 
determinations concludes Section 3.2. Section 3.3 describes the gradient 
determinations, specifically measurements of temperature, water potential, and 
gas pressure, conducted to assess the driving forces of transport in the tuff. 

This section of the report provides the geotechnical information specified in 
Tasks 1 through 4 of Paragraph 25 of the Compliance Order/Schedule. The 
specific subsections that address these tasks are highlighted with an asterisk 
and the corresponding task identified. 

3.1 GENERAL CHARACTERISTICS 

3.1.1 GRAVIMETRIC MOISTURE CONTENT 

3.1.1.1 Purpose and Scope 

Gravimetric moisture determinations were conducted to obtain a direct measure
ment of the in-situ water content of the tuff and to quantify the vertical 
moisture distribution. The moisture content as a function of depth is 
important when compared with results of permeability tests, water-potential 
measurements, and laboratory hydrologic testing as part of the quantification 
of moisture movement in the vadose zone. 

This section describes the procedures for sample collection and moisture 
content calculations, and discusses the results of the gravimetric moisture
content determinations. Comparisons of the water-content results with other 
hydrologic measurements are presented in succeeding sections of this report 
(see Sections 3.1.3, 3.2.4, and 3.3.1). 

3.1.1.2 Procedures 

The specific procedure for the determination of gravimetric moisture consisted 
of the following steps. Core samples 1 ft in length were selected from the 
split-barrel sampler at 5-ft intervals and immediately placed in preweighed 
sample containers equipped with air-tight lids. The containers were weighed 
in the field and then delivered to the laboratory for drying. After drying 
for 24 hours at 105°C, the samples were reweighed to determine the moisture 
loss (Bendix Field Engineering Corporation, 1985a, 1985b). 

Although gravimetric moisture determinations are relatively easy to perform, a 
number of precautions are necessary. For example, a major concern associated 
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with the drilling was that the heat produced by the anger would drive water 
out of the srumples, resulting in inaccurate moisture-content measurements. 
Upon retrieval of the auger from the borehole, however, the temperature of the 
core barrel was observed to be cool. Apparently, the heat produced by the 
friction during drilling was minimal and confined to the outside of the auger, 
and therefore did not have a measurable effect on the moisture content in the 
core samples. Care was also taken to maintain the drying-oven temperature at 
105°C to ensure that no structural water would be evolved and included in the 
apparent moisture content. Finally, the balance used to weigh the samples had 
a readability of 0.01 grrum to ensure adequate accuracy for the low-moisture
content samples collected in this study. 

3.1.1.3 Calculations 

The rumount of water in soil or rock can be expressed in the following ways: 

• Water Content, Volume Fraction 

(1) 

• Water Content, Mass Basis 

(2) 

• Degree of Saturation 

(3) 

where 

vl = volume of liquid 
vt = total volume 
ml = mass of liquid 
ms = mass of solid 
vg = volum.e of the gas or air in the sample 

Equations (1) and (2) are combined in order to convert from the mass basis to 
the volume fraction, a quantity that is generally more useful in field studies 
(Marshall and Holmes, 1979): 

where 

pb = dry bulk density 
p1 = density of liquid 

( 4) 

Values for mass were determined gravimetrically (Section 3.1.1.2). Values for 
dry bulk density were obtained from the gamma-gamma (apparent density) 
geophysical logs after subtracting the moisture content. Values for the 
density of water at different temperatures are readily available in the 
literature, but for most applications, it is sufficiently accurate to use the 
value 103 kg/m3 (1.94 slugs/ft3). 
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3.1.1.4 Results and Discussion 

Gravimetric moisture determinations were performed in samples from five holes: 
LLM-85-01, LLM-85-02. LLM-85-05, LGM-85-06, and LGM-85-11 (see Figure 2-3 for 
drill-hole locations). The resulting volumetric moisture contents are plotted 
as a function of depth for all five holes in Figure 3-1. 

Four distinct characteristics are apparent upon examination of these data: 

• Low overall moisture content. 

• Varying depths of water infiltration. 

• Relatively high moisture content exhibited by the lower portion of Unit lb. 

• Higher moisture content observed in the vicinity of certain fractures. 

The low overall moisture content is demonstrated by the 2 to 4 percent average 
moisture for the central portion of the profile. At such a low moisture 
content, interconnection of pore water would be minimal and capillarity as a 
major transport mechanism would be negligible. As a result, it can be con
cluded that vapor transport would be the major mechanism for moisture movement 
in the tuff (see the discussion in Section 3.1.3.4). 

Infiltration depth depends on the specific area. Holes located in Area L, for 
example, show an increase in moisture content relative to depth of less than 
10 ft. In Area G. the corresponding depth is closer to 15 ft. This differ
ence in the depth of moisture penetration is unexplained at this time. 

All of the moisture data indicate an increase in moisture content in the lower 
portion of Unit lb. In Holes LGM-85-06 and -11, both of which fully 
penetrated Unit lb, the increased moisture content correlates exactly with the 
moderately welded tuff encountered in Unit lb (see lithologic logs in Appendix 
A). The degree of welding in the lower portion of Unit lb was the highest 
observed in this study, with the exception of the upper portion of Unit 2b. 
As the degree of welding increases, the porosity of the formation decreases 
(Ross and Smith, 1961). It would be expected that as the porosity decreases 
so would the average pore-size radius, the result being an increase in 
capillary forces which would retain moisture in the more welded intervals of 
the tuff. The higher pumice content could also have a direct effect on the 
moisture-retention properties of Unit lb. As welding increases, pumice clasts 
are flattened, both conditions resulting in a high concentration of gas tubes; 
these tnbes form ideal capillary tubes which appear to exhibit strong 
capillary forces. 

A higher moisture content is observed in samples located adjacent to certain 
fractures, indicating that some fractures do transport greater quantities of 
water vapor for absorption into the adjacent rock wall. Examples are the 
fractures located at 35 to 40 ft and 55 to 56 ft in Hole LLM-85-02, 
represented by the two moisture spikes at 38 and 55 ft, respectively (see 
Figure 3-1). Not all of the fractures exhibit this moisture anomaly, however, 
suggesting that not all of the fractures are open and available as avenues of 
transport for water vapor (see Section 2.5). 
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3.1.2 POROSITY 

3.1.2.1 Purpose and Scope 

This section presents the results of helium-injection tests performed on 20 
core samples for the purpose of measuring the porosity of the Bandelier Tuff. 
The laboratory work was performed by TerraTek Research Laboratory of Salt Lake 
City, Utah, at the direction of Bendix. The sample-preparation and 
laboratory-procedure sections that follow (3.1.2.2 and 3.1.2.3) are adapted 
from TerraTek's report (TerraTek Research Laboratory, 1985). 

3.1.2.2 Sample Preparation 

In order to obtain samples that were of the right size and shape for testing, 
it was necessary to plug the full diameter core material. This was done using 
air as the drill-bit coolant (to avoid any potentially adverse rock-fluid 
interaction). Plugging was done vertically due to the limited horizontal 
cross section of the core material. In all but one case (Sample MCG-616), 
attempts at sample plugging resulted in a partial disaggregation of the 
sample. 

The samples thus obtained were placed in protective sheathing (one-inch
diameter heat-shrink teflon tubing*), with stainless steel end screens used for 
support and prevention of grain loss, and to allow for gas or fluid flow in 
testing. The samples were then subjected to a confining stress equal to that 
found at their burial depth in order to compact the grains to an orientation 
similar to that experienced in the formation. This was done to ensure that 
any void space between the sheathing and the sample did not affect the pore 
volume of the sample. 

3.1.2.3 Procedure for Helium-Iniection Tests 

The samples were oven-dried prior to testing and placed under a slight over
burden pressure (approximately 100 psi) in a hydrostatic core holder. 
Porosity measurements consisted of injecting helium into the samples (50-psi 
charging or injection pressure), monitoring pressure/volume relationships, and 
calculating porosity values using Boyle's Law. 

3.1.2.4 Results and Discussion 

Table 3-1 presents the results for the porosity determinations. Porosity 
values range from approximately 39 to 74 percent. Using a classification 
scheme presented by Abeele and others (1981), the degree of welding based on 
the porosity would range from nonwelded to moderately welded. This classifi
cation agrees with field and petrographic observations. 

Since field determinations are very subjective, porosity appears to be a way 
of quantifying the degree of welding. The pumice content, however, must also 
be considered. The buoyancy of pumice in water is a consequence of its high 

*Diameter cited is after shrinking. 
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Table 3-1. Results of Porosity Determinations Using the Helium-Injection Method and Boyle's Law 

Hole Geologic Sample Depth Degree of Pumice Bulk Volume Pore Volume Porosity 
Number Unit Number (ft) Weldinga Content b (cm 3 ) (cm 3 ) (percent) 
-· - (percent) 

LGM-85-11 2b MCG-618 3 Moderately Welded 19 25.68 13.94 54.3 
LLM-85-02 2b lfCG-606 7 Moderately Welded 

__ c 25.62 10.62 41.5 
LLM-85-05 2b MCG-610 15 Moderately Welded __ c 24.96 13.14 52.6 
LLM-85-01 2b MCG-602 30 Moderately Welded 15 27.44 10.87 39.6 
LGM-85-11 2b MCG-619 30 Slightly Welded 13 24.61 12.67 51.5 
LLM-85-02 2b MCG-607 36 Moderately Welded 11 24.00 11.15 46.5 
LGM-85-06 2b MCG-614 29 Moderately Welded 7 25.31 10.76 42.5 
LLM-85-05 2b MCG-611 36 Slightly Welded __ c 24.08 17.72 73.6 
LLM-85-01 2a MCG-603 52 Slightly Welded 33 24.20 15.58 64.4 
LGM-85-06 2a MCG-615 51 Slightly Welded 14 25.73 10.34 40.2 

w LLM-85-02 2a MCG-608 67 Moderately Welded 6 24.69 10.69 43.3 
0\ 

LLM-85-05 2a/lb MCG-612 76 Slightly Welded 
__ c 

24.37 18.08 74.2 
LLM-85-01 lb MCG-604 101 Slightly Welded 27 26.76 16.62 62.1 
LGM-85-06 lb MCG-616 99 &fodera tely Welded 27 28.26 13.42 52.6 
LGM-85-11 lb MCG-620 94 Moderately Welded 17 26.08 16.76 64.3 
LLM-85-02 lb MCG-609 117 Moderately Welded 

__ c 
25.69 12.46 48.5 

LLM-85-05 lb MCG-613 123 Slightly Welded 
__ c 

26.23 17.20 65.6 
LLM-85-01 lb MCG-605 124 Moderately Welded 20 25.62 12.53 48.9 
LGM-85-11 la MCG-621 115 Nonwelded 

__ c 
24.16 14.51 60.1 

LGM-85-06 la MCG-617 115 Nonwelded 
__ c 26.32 14.82 56.3 

aBased on field observations. 
bThe percentage of pumice fragments in the sample was determined by thin-section analysis using the point-count 

method. 
cNot measured. 



porosity. As a result, a moderately welded sample could exhibit a relatively 
high porosity because of a high pumice content (e.g., compare Samples MCG-608 
and MOG-620 in Table 3-1). 

Ross and Smith (1961) demonstrate that porosity can be used to delineate 
degree of welding (Figure 3-2). However, it would be difficult to use 
porosity to classify the geologic units in the project area without greatly 
increasing the sampling frequency, because Units 2a and 2b are composed of 
more than one flow, each exhibiting significant variations in porosity and 
pumice content. 

Based on the laboratory results, there appears to be no relationship between 
porosity and permeability (see Section 3.2). The reason could be that, for 
similar degrees of welding, an increase in the pumice content results in an 
increase in the porosity. Since the pumice lapilli contain a significant 
amount of dead-end pores, however, there is no significant increase in the 
effective permeability. 

3.1.3 MOISTURE CHARACTERISTIC CURVES* 

3.1.3.1 Purpose and Scope 

A moisture characteristic curve is defined as the relationship between the 
capillary forces at varying degrees of saturation for a selected porous 
medium. This curve is particularly useful for the conversion of moisture data 
to capillary potential, and vice versa. This section of the report describes 
the procedure used to generate these curves, along with a discussion of the 

" test results. The testing was performed by TerraTek Research Laboratory, and 
the description of the test procedures (Section 3.1.3.3) was adapted from 
their report (TerraTek Research Laboratory, 1985). 

3.1.3.2 Sample Preparation 

(See Section 3.1.2.2.) 

3.1.3.3 Procedure for Centrifuge Tests 

Prior to testing, the samples were vacuum-saturated with tap water. Complete 
saturation was verified by comparison with previous saturation data and the 
helium-injection data. Testing consisted of loading the samples into 
specially designed centrifuge cups and spinning them at six incremental 
speeds. Speeds ranged from a low of 130 revolutions per minute (rpm) to a 
high of 680 rpm. A stroboscope was used to monitor the speed of the 
centrifuge until it was stable. The speeds were converted mathematically to 
capillary pressure, and saturations were determined using displacement data. 
The average .saturation derived from the displacement data was converted to a 
corrected wetting-fluid saturation value. 

*Response to Task 2, Paragraph 25, Compliance Order/Schedule. 
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3.1.3.4 Results and Discussion 

Moisture characteristic curves for 20 samples are presented in Appendix C. 
Only the drying curves were obtained because of the severe problems encoun
tered when attempting to obtain imbibition (wetting) curves. Due to the 
highly porous nature of the samples, water was imbibed to such an extent that 
capillary-pressure determinations were impossible. Since the samples were too 
friable for mercury injection, it was decided to suspend attempts at obtaining 
these data. 

After reviewing the moisture characteristic curves, the laboratory was 
requested to increase the centrifuge speed in order to evaluate lower water 
potentials (capillary pressures). Unfortunately, the samples disaggregated at 
these higher speeds. The laboratory was then requested to use the pressure
plate method to measure moisture characteristics, but those attempts were also 
unsuccessful due to sample disaggregation. 

The most interesting data discernible from the moisture characteristic curves 
(Appendix C) are the extremely high moisture-retention (9r) values, which 
range up to 80 percent. The moisture-retention value is important because it 
represents the point at which capillarity as a transport mechanism breaks 
down. Since all of the moisture-content measurements for the Bandelier Tuff 
are significantly below this value, vapor transport is clearly the major 
mechanism of water transport. 

The moisture characteristic data also demonstrate that only a minor amount of 
force is required to initiate the drainage of water from the saturated core 
sample, suggesting that the tuff has a low air-entry value. This information, 
coupled with the high residual moisture content, indicates that the tuff is 
characterized by a highly variable pore-size distribution. 

It is interesting to compare the results of this study with those of a study 
performed by Abeele (1984), who presents moisture characteristic curves for 
crushed Bandelier Tuff. Residual saturation <er> for the crushed tuff is 
approximately 0.2, as compared with an average of O.S for the solid rock cores. 
If it is assumed that both laboratory methods are reliable, then comparison of 
the unsaturated hydraulic properties of crushed versus natural tuff reveals a 
significant difference. One possible explanation is the destruction of the 
internal structure of the pumice lapilli in the crushed tuff. The gas tubes 
present in the pumice lapilli of uncrushed tuff are perfect little capillary 
tubes whose strong capillary forces retain significant amounts of water, 
resulting in higher er values. 

Knowledge of the average moisture-retention value enables one to calculate how 
much water must be supplied to the system in order for the capillary forces of 
the overlying tuff to be satisfied--a condition which must be met in order for 
recharge of liquid water to occur to the underlying groundwater system. Based 
on an average porosity of approximately SO percent (Table 3-1) and an average 
moisture-retention value of approximately SO percent (Appendix C), a recharge 
of 25 centimeters for each 1-meter thickness of tuff would be required to 
satisfy the capillary forces before recharge to the underlying groundwater 
system could occur. This scenario is quite unlikely in the study area due to 
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the large amount of water required and the fact that the potential evapotrans
piration rates in the Jemez Mountains area exceed the annual precipitation 
amount (Abeele and others, 1981). 

3.2 PERMEABILITY DETERMINATIONS 

3.2.1 BOREHOLE-INJECTION TESTS* 

3.2.1.1 Purpose and Scope 

Borehole-injection tests, or packer tests, were used to measure the in-situ 
permeability of different intervals in the Bandelier Tuff. The tests were 
performed in accord with procedures described by the U.S. Department of the 
Interior (1974) and the University of Missouri at Rolla (1981). Usually the 
tests are performed with water, but injection of water near the waste-disposal 
areas at Los Alamos was not allowed (see succeeding subsection on Background 
for further discussion). One hole, LLM-85-05, located between Areas G and L, 
was tested with both air and water in order to permit a comparison between the 
two fluids. 

Following the discussion on background, a detailed description of the field 
tests is presented, including equipment and procedures. The equations used to 
calculate hydraulic conductivity and intrinsic permeability are presented 
next, followed by a discussion of the results, including a comparison of the 
air and water values obtained for Hole LLM-85-05. 

3.2.1.2 Background 

Two methods are available to measure the in-situ saturated hydraulic conduc
tivity, Ks' of the tuff above the water table. These are borehole-infiltra
tion tests and borehole-injection tests. Borehole-infiltration tests require 
maintenance of a constant head of water in an open or cased borehole until the 
flow rate becomes steady. The method is described in papers by Stephens and 
Neuman (1982a, 1982b) and Stephens and others (1983). Borehole-injection 
tests involve installing packers in the borehole to isolate measurement inter
vals, followed by injection of air or water into the formation. 

Prior to initiation of the investigations described in this report, Los Alamos 
National Laboratory requested that water not be injected into boreholes in the 
vicinity of Areas G and L. Since the majority of the holes for this study are 
in or adjacent to these areas, borehole infiltration as a method for determin
ing in-situ permeabilities was eliminated. Instead, borehole injection was 
used to measure in-situ permeability in the study area, largely because 
packers can be used to isolate sections of the borehole for testing and 
because air can be used in place of water. However, the method, whether using 
air or water, is subject to a number of limitations and assumptions which 
warrant further discussion. 

*Response to Task 1, Paragraph 25, Compliance Order/Schedule. 
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First, it should be emphasized that the air-injectiou method is experimental 
and may permit only a qualitative characterization of subsurface pe~eabili
ties. Miller and others (1974), for example, used an air-injection technique 
to study the fracturing around a tunnel in volcanic rock and were able to 
conclude only that the permeability of the rock was either high or low. 
Therefore, before any quantitative interpretation can be made, air-injection 
results must be compared with results of laboratory and other field tests. 

Using air as an injection fluid for packer tests may require compensation or 
correction for these factors: gas compressibility, changes in the volume of 
the gas with respect to temperature, and variation in the atmospheric water
vapor content. To overcome potential problems related to these factors, 
certain assumptions were made and appropriate procedures were implemented. 

Compressive effects are minimal under steady-state conditions. Hence, the 
flow of air was kept at a constant rate and under low pressure during the 
injection step. In addition, boundary effects were disregarded because 
capillary action should have no impact on air flow. 

To permit compensation for temperature effects on the volume of gas, a probe 
was placed downhole just above the packer assembly. A description of the 
temperature probe and meter is presented in the Equipment subsection (Section 
3.2.1.3.1). 

Based on the results of a study by Loughborough (1966), who compared the 
permeability of concrete using air and water vapor versus dried air, the 
potential effects of varying amounts of water vapor were disregarded. 
Loughborough's results demonstrated an average difference in permeability of 
only S percent. It is expected that this difference would be even less in a 
more permeable medium such as the Bandelier Tuff, indicating that it is 
reasouable to assume no effect. 

Finally, in order to accurately calculate permeability for an air-injection 
test, values for the fluid injection pressure and flow rate must be known. 
Depending on the injection rate and the permeability of the formation, the 
resulting pressure can be very low. Equipment used to measure the low injec
tion flow rates and pressures are described in the Equipment subsection 
(Section 3.2.1.3.1). 

The use of water as an injection fluid also has certain limitations, specifi
cally for tests above the water table. The U.S. Department of Interior (1974) 
points out that water-injection tests are more accurate below the water table 
than above, since the describing equations assume that horizontal flow is 
inherent throughout the system. Another potential source of error associated 
with water-injection tests is that existing formulas for computing permeabil
ity disregard the effects of capillary flow in the vadose zone. Instead, the 
formulas are based on various approximations of the classical free surface 
theory, which assumes that flow takes place entirely within a saturated 
region, an approximation which could lead to significant errors as pointed out 
by Stephens and Neuman (1982a). 
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3.2.1.3 Description of Field Tests 

3.2.1.3.1 Equipment. Figures 3-3 and 3-4 illustrate the equipment used for 
the air- and water-injection tests, respectively. Although the two configura
tions differ somewhat, each has the same essential parts: flow meter, pressure 
gauge or gauges, conduit pipe, downhole temperature probe, and pneumatic 
packers. 

For the air-injection tests, a New Jersey Air Flow Meter was used to measure 
the volume of air injected into the formation. Since the quantity of air 
injected varied from hole to hole, two different meters with different flow 
ranges were used. One had a range of 0 to 40 cubic feet per minute (cfm) with 
1-cfm increments, while the other had a range of 50 to 300 cfm with 5-cfm 
increments. For the water-injection tests, a Neptune Water Meter with 
0.1-gallon increments replaced the New Jersey Air Flow Meter. 

For both the air- and water-injection tests, a Heise pressure gauge was used 
to measure the downhole, or back injection, pressure. The Heise gauge has a 
range of 0 to 60 psi with 0.2-psi increments, and is calibrated for atmospher
ic pressure at sea level (14.7 psi). Such a sensitive gauge was necessary to 
accurately measure the low pressures which resulted from the small volumes of 
fluid injected. 

Galvanized conduit pipe, 1-3/8 inches in diameter, was used to conduct fluid 
down the hole. Threaded sections and couplings were secured with Teflon tape 
to prevent leakage. 

The probe used to measure downhole fluid temperatures was located in a small 
chamber at the base of the conduit pipe, just above the pneumatic packers. 
Both the chambers and the section of pipe to which it was welded contained 
holes that permitted small amounts of air to flow between the two. The 
temperature probe was connected to a YSI Model 42SC Tele-thermometer located 
at the surface. The Tole-thermometer had a range of -40 to 150°C with incre
ments of l°C. 

Each 6-ft interval was isolated using a set of Tigre Tierra Model 610 Pneu
matic Packers. The 4-ft-long packers expand up to 10 inches in diameter and 
can be inflated to 470 psi. 

3.2.1.3.2 Procedure. The borehole-injection tests were conducted by isolat
ing 6-ft intervals in the uncased boreholes using the pneumatic packers. The 
packers were inflated to 200 psi to ensure a good seal. (Several tests were 
performed before this inflation pressure was determined.) A known quantity of 
air or water was injected until a measurable pressure was obtained on the 
Heise gauge. The pressure, flow rate, and temperature were then periodically 
recorded until all readings were constant with respect to time. The flow rate 
was then increased and the procedure repeated. Once the higher flow rate 
became constant, the process was repeated using the lower flow rate to check 
reproducibility. 
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To Air Compressor 

LEGEND 

Q) Heise® Pressure Gauge 
CD Pressure Gauge 
CD New Jersey® Air Flow Meter 
@ Packer Inflation Line 
® Ball Valve 
® Conduit Pipe, Ho-lnch Diameter 
(j) Tigre Tierra® Pneumatic Packers 
® Perforated Injection Conduit 

Nitrogen 

Figure 3-3. Air-Injection Apparatus Used for In-Situ Permeability Measurements 
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To Water Pump 

LEGEND 

CD Pressure By-Pass Valve 
0 Neptune® Water Flow Meter 

CD Ball Valve 
0 Heise® Pressure Gauge 
® Carbon Dioxide Injection Valve 
® Packer Inflation Line 
CD Conduit Pipe, 13fa-lnch Diameter 
® Tigre Tierra® Pneumatic Packers 

® Perforated Injection Conduit 

Figure 3-4. Water-Injection Apparatus Used for In-Situ Permeability 
Measurements 
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During the tests, the borehole was monitored for discharge of either air or 
water. If a discharge occurred, it was assumed that the packers were leaking 
and that the test was invalid. 

3.2.1.4 Calculations 

The rate at which a fluid can be injected into a geologic formation at a given 
pressure and through a known area is a function of the permeability of the 
formation. This relationship can be expressed in the following equation (U.S. 
Department of the Interior, 1974): 

K = (Q/2nSH) ln (S/r) 

where 

K = hydraulic conductivity (L/t) 
Q = injection rate (L3 /t) 
S = length of the test interval (L) 
H = differential head of the fluid (L) 
r = radius of the borehole (L) 

(5) 

Since the differential head is a combination of the height of the fluid column 
above the test interval and the pressure p at which the fluid is injected, p 
may be expressed as the height of the column of any fluid by the relationship 

H = p/y ( 6) 

where r is the specific weight of the fluid. 

Equation (5) is sufficient for the calculation of hydraulic conductivity when 
water is the injection fluid. However, modifications to Equation (5) are 
required when air is the injection fluid, because the specific weight of air 
is strongly dependent on the temperature and pressure. The specific weight of 
air can be determined from the equation of state for an ideal gas, 

where 

r = specific weight of the fluid (m/L~t~) 
g = gravitational acceleration (L/t~) 

absolute pressure (force/L~) Pa = 
R = 

T = a 

a gas constant 
absolute temperature in degrees Rankine or Kelvin 

( 7) 

For air, the value of R is 287 N-m/(kg)(°K) [1715 ft-lb/(slug)( 0 R)]. 
Substituting Equations (6) and (7) for the appropriate variables in Equation 
(5) yields 

K = (Qgpa/2nSpRTa> ln (S/r) ( 8) 

Since the flow rate of a gas through the New Jersey meter is also dependent on 
temperature and pressure, a combined correction factor, Cf, is required to 
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calculate the actual flow rate. Inserting the combined correction factor into 
Equation (8) yields the final equation for calculating the in-situ air-derived 
hydraulic conductivity, 

(9) 

In order to compare the hydraulic conductivity derived from air injection 
versus that derived from water injection, it is convenient to use the term 
intrinsic permeability, k. Intrinsic permeability is a function of only the 
medium, whereas hydraulic conductivity is a function of both the medium and 
the fluid. The term k is widely used in the petroleum industry where the 
existence of gas, oil, and water in multiphase flow systems makes the use of a 
fluid-free conductance parameter attractive. 

Intrinsic permeability and hydraulic conductivity can be related to one 
another by the equation (Nutting, 1930) 

where 

k = intrinsic permeability (LZ) 
K = hydraulic conductivity (L/t) 
~ = absolute viscosity of the fluid (F"t/LZ, where F = force) 
p =density of the fluid (m/L3 ) 

g = gravitational acceleration (Lftz) 

(10) 

Equation (10) will suffice for calculating k values from water-derived K 
values. However, modifications to Equation (10) are required for gas-derived 
conductivities because of the dependence of the density term on the pressure 
and temperature. Once again, the equation of state in the following form is 
used: 

(11) 

Equation (11) is substituted for p in Equation (10) to yield the relationship 
between k and K for a gas, 

(12) 

Comparing the intrinsic permeability values calculated from the air- and 
water-injection tests can aid in the evaluation of any bias inherent in the 
individual methods. 

3.2.1.5 Results and Discussion 

Hydraulic con~ictivit! 5 values derived from the air-injec!ion tes!f (Table 3-2) 
range from 10 to 10 centimeter per second (cm/s) [10 to 10 foot per 
second (ft/s)]. Conversions to intrinsic permeability indicate that the range 
of values is similar to those exhibited by a silty to clean sand (Freeze and 
Cherry, 1979). Based on field observations of the tuff, these permeability 
values appear to be reasonable. 
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Table 3-2. Hydraulic Conductivity Determined from Air-Injection Tests in Los Alamos Drill Holes 

Hole Geologic Test Interval 8 
Interval Description Fractures Hydraulic Conductivity (K) 

Number Unit ( ft) Present? 
cm/s x 10-• ft/s x 10- 1 

LLM-85-01 2b 9-15 Upper 2b, Moderately Welded No 1.2 4.1 
LLM-85-01 2b 30-36 Lower 2b, Moderately to Slightly Welded No 0.70 2.3 
LLM-85-02 2b 9-15 Upper 2b, Moderately Welded Yes 0.094 0.31 
LLM-85-02 2b 24-30 Middle 2b, Moderately Welded No 0.11 0.37 
LLM-85-05 2b 24-30 Mid-Lower 2b, Moderately Welded No 0.91 3.0 
LGM-85-11 2b 9-15 Upper 2b, Moderately Welded No 1.5 5.0 
LGM-85-11 2b 14-20 Middle 2b, Moderately Welded Yes 1.4 4.7 
LGM-85-11 2b/2a 35-41 Contact 2b/2a, Slightly Welded No 0.12 0.40 
LLM-85-01 2a Sl-57 Middle 2a, Slightly Welded No 0.33 1.1 

~ LLM-85-01 2a 72-78 Lower 2a, Slightly Welded Yes 0.14 0.45 
...:a LLM-85-02 2a 45.5-51.5 Upper 2a, Slightly Welded Yes 0.14 0.45 

LLM-85-02 2a 66.5-72.5 Mid-Lower 2a, Moderately Welded No 0.14 0.45 
LLM-85-05 2a 45-51 Upper 2a, Slightly Welded Yes 2.8 9.3 
LLM-85-05 2a 55-61 Middle 2a, Slightly Welded Yes 1.9 6.2 
LGM-85-06 2a 38-44 Upper 2a, Slightly Welded Yes 0.067 0.22 
LLM-85-05 2a/lb 75-81 Contact 2a/lb, Slightly Welded No 0.052 0.17 
LGM-85-11 2a/lb 56-62 Contact 2a/lb, Slightly Welded No 0.52 1.7 
LUf-85-01 lb 93-99 Mid-Upper lb, Slightly Welded No 0.082 0.27 
LLM-85-02 lb 87-93 Upper lb, Slightly Welded No 0.085 0.28 
LLM-85-05 lb 82-88 Upper lb, Slightly Welded No 0.061 0.20 
LGM-85-06 lb 60-66 Upper lb, Slightly Welded No 0.64 2.1 
LGM-85-06 lb 81-87 Middle lb, Slightly to Moderately Welded No 0.52 1.7 
LGM-85-11 la/1b 99-105 Contact 1a/lb, Slightly Welded No 0.030 0.098 
LGM-85-11 lb 77-83 Middle lb, Slightly to Moderately Welded No 0.23 0.77 
LGM-85-11 la 108-114 Upper la, Nonwelded No 0.088 0.2 

aDepth-below ground level. 



In general terms, the permeability of the tnff decreases with stratigraphic 
de~th· Unit 2b shO!f an average air-derived h!1raulic conducti!jty of 8.5 x 
10 cm/s (2.8 x !9 ft/s); Unit~~· 7.9 x 10 cm/s (2.6 x 10 _ft/s); 
Unit 1b, ~l3 x 10 cm/s (7.7 x 10 ft/s); and Unit 1a, 8.8 x 10 cm/s 
(2.9 x 10 ft/s), this last being the only measurement obtained for Unit la. 

The highest air-derived h!yraulic conducti!jty was determined for a fractured 
zone in Unit 2a [2.8 x 10 cm/s (9.3 x 10 ft/s)]. However, the average K 
value determined for fractured zones [9.4 x 10-

4 
cm/s (3.1 x 10-

5 
ft/s)] was 

only slightly greater than values determined from the majority of air-injec
tion tests in unfractured tuff. These results suggest that secondary fracture 
permeability does not appear to be significantly greater than the primary 
permeability of the tuff. 

Water-derived hydraulic conductivities, presented in Table 3-3, are in the 
same range as those reported by Abeele (1984) for crushed tuff, i.e., 
1.4 x 10-

4 
cm/s (4.6 x 10-' ft/s). These values, like those derived from the 

air-injection tests, generally decrease with depth. 

The reliability of the air-injection method is demonstrated by comparing the 
intrinsic permeability values calculated from both the air and water test for 
the same intervals (Table 3-4); results from the two lower zones in particular 
are in good agreement with one another. The largest discrepancy between the 
two methods is seen in the results for the interval 24 to 30 ft, where the 
value calculated from the water-injection test is an order of magnitude lower 
than the value calculated from the air-injection test. This water-injection 
test, however, was not performed in the same fashion as the others. Specifi
cally, carbon dioxide was not injected prior to the tests as it was for the 
lower intervals. The purpose of injecting carbon dioxide is to minimize the 
effects of trapped air in the formation. Thus, permeability values might be 
less for tests performed without carbon dioxide injection. It would appear 
that these results support the use of carbon dioxide for water-injection tests 
in the vadose zone, as recommended by Stephens and others (1983). 

Table 3-3. Hydraulic Conductivity Values Determined from 
Water-Injection Tests in Hole LLM-85-05 

Test Interval 
(ft)a 

10-16 
24-30b 
75-81 
82-88 

Hydraulic Conductivity (K) 
cm/s ft/s 

9 4 10
-4 

• X 
-3 1.0 X 10 
-4 6.4 X 10 

4 6 10
-4 

• X 

3.1 X 10-5 

3 10
-5 .3 X 

2.1 X 10- 5 

-5 1.5 X 10 

aDepth below ground level. 
binjection with carbon dioxide prior to water 

injection was not performed for this test interval. 
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Table 3-4. Comparison of Intrinsic Permeability Values Determined from 
Water-Injection and Air-Injection Tests in Hole LLM-85-05 

Test Interval Intrinsic Permeability (k) 
(ft)a Air-Injection Test Water-Injection Test 

cm2 ft 2 cm2 ft 2 

24-30b t.8 X to-' t.9 X to-10 t.3 x to-• t.4 X t0-11 
75-8t 1.5 X to-' 8.t X t0-12 8.4 x to-' 9.t X t0-12 
82-88 9.0 x to-' 9.7 X t0-12 6.0 x to-' 6.5 X t0-12 

aDepth below ground level. 
binjection with carbon dioxide prior to water injection was not 

performed for this test interval. 

3.2.2 VACUUM TESTS* 

3.2.2.t Purpose and Scope 

Vacuum tests were conducted in selected intervals of the Bandelier Tuff in 
order to obtain additional measurements of the in-situ permeability. These 
tests also involve sealing off the measurement interval using pneumatic 
packers and monitoring the changes in air pressure and flow rate after 
creating a pressure gradient. Unlike the air-injection tests, however, the 
pressure gradient is negative and is created by means of a vacuum pump. 
Detailed descriptions of the equipment and procedures, followed by discussions 
of the calculations and results, are presented in the succeeding paragraphs. 

3.2.2.2 Description of Field Tests 

3.2.2.2.t Equipment. The vacuum-testing apparatus used for this study (see 
Figure 3-5) was designed to isolate a specified interval in the drill hole, to 
evacuate air by means of pumping, and to measure the resultant pressure 
response, flow rate, and air temperature. Isolation of the t-meter-long (3.3 
ft) test interval was accomplished by means of pneumatic packers similar to 
those used in the injection tests. A vacuum hose attached to the packer 
conduit pipe extended upward to the ground surface and was connected to a two
way valve that isolated the drill hole from the rest of the vacuum-testing 
equipment. 

A capacitance manometer connected between the valve and the packers measured 
downhole pressure changes induced by pumping. The manometer was a tensioned
metal-diaphragm vacuum gauge having the capacity to measure pressure in the 
range of t x to-• torr to tOOO torr. (A torr is a unit of pressure equal to 
t333.22 microbars, or the pressure required to support a column of mercury 1 
millimeter high under standard conditions.) A pressure display module was 
connected to the manometer to provide direct readout of pressure in torr or 
millimeters. 

*Response to Task 1, Paragraph 25, Compliance Order/Schedule. 
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CD Vacuum Pump 

CD Cold Trap 

CD Temperature Probe 
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Figure 3-5. Vacuum-Testing Apparatus Used for In-Situ 
Permeability Measurements 
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The probe used to measure downhole air temperature was located in line with 
the system, in a small chamber welded to a section of pipe. Small holes 
connect the chamber and the pipe, allowing small amounts of air to flow 
between the two. The temperature probe was connected to a YSI Model 42SC 
Tete-thermometer, which has a range of -40 to 150°C with increments of 1°C. 

A linear mass flow meter was located adjacent to the temperature probe in 
order to measure the gas flow rate induced by pumping. The meter consisted of 
two platinum windings: One winding was an ambient temperature detector; the 
other was heated to a constant temperature above that of the ambient or 
surrounding gas. A measure of the power required to maintain this temperature 
difference is a measure of the heat transfer from the winding, which in turn 
is a measure of the quantity of gas flowing past the sensor. The range of the 
meter was 0 to 1000 liters per minute (lpm), with an accuracy of 2 percent of 
the reading over a 10-to-1 range plus an additional one-half percent at full 
scale. 

3.2.2.2.2 Procedure. Once a test interval had been selected, the pneumatic 
packers were lowered to the desired depth and inflated to isolate that 
particular section of the drill hole. The vacuum valve was closed, and the 
formation pressure prior to pumping was recorded in the field notebook. 

With the vacuum pump running, the valve was opened to start the test. 
Pressure readings versus time were recorded at 5-second intervals. Pumping of 
the test section was continued as long as was necessary under the specified 
conditions dictated by the medium and the dead volume of the equipment. 
Generally, pumping was terminated after achieving steady-state flow. For 
tests in the Bandelier Tuff, it was observed that quasi steady-state condi
tions were obtained prior to 1 minute of pumping. Therefore, for all tests, 
the interval was pumped for a period of 1 minute. The temperature was 
recorded during the pumping phase of the tests, and the flow rate was recorded 
just prior to the end of the pumping phase. 

After 1 minute of pumping, the vacuum valve was closed and the pressure 
buildup phase was begun. Pressure readings were once again recorded at 5-
second intervals nntil the system returned to the prepumping pressure, signi-' 
fying the end of the test. 

3.2.2.3 Calculations 

The vacuum-testing technique is based on methods used by the petroleum 
industry. In a paper presented by Horner (1951), the pressure buildup that 
results from closing gas wells is used to calculate the permeability of the 
subsurface formation. This method was modified by Jakubick (1983) for use in 
unsaturated materials by initiating the pressure buildup by means of vacuum 
pumping rather than by shutting-in the well. The equations used for the 
calculations in this study, however, were taken directly from Horner's paper, 
because Jakubick does not present the theory for his equations which are 
different from the original work by Horner. Moreover, Jakubick does not 
define the gas-constant term he used, nor does he maintain consistency in the 
units used in his equations. 

51 



Single-phase radial flow to a well completed in a reservoir, assumed to be 
homogeneous, horizontal, and of uniform thickness, may be expressed by the 
equation 

<a~p/ar~) + £(1/r)(ap/ar)] = (fc~/k)(ap/at) 

where 

p = reservoir pressure 

f = 
r = distance from the center line of the well 

formation porosity 
c 
~ 
k 
t 

= 
= 
= 
= 

fluid compressibility 
fluid viscosity 
intrinsic permeability of the formation 
time 

(13) 

Horner presents the so-called 'point solution' to Equation (13) which yields 

P = P0 + {(q~/4rrkh)Ei[-(r~f~c/4kt)]} 

where 

P0 = initial reservoir pressure 
q = a constant rate of production for the well 
h = length of the test interval 

Ei = the exponential integral 

(14) 

Considering a single well brought into production at t 0 , which subsequently 
produced at a constant rate q, the well pressure Pw at the time [(t 0 +~)/~] 
may be obtained by superimposing two solutions of the form of Equation (14). 
For small values of its argument, the Ei function may be approximated by a 
logarithmic function. The result is the basic buildup equation for a single 
well in an infinite reservoir, 

Pw = p0 - {(q~/4rrkh) ln [(t
0 

+qJ)/qJ]} (15) 

where lfJ is the time after close-in of the well. 

For analysis of the data, it is convenient to change the natural logarithm, 
ln. to the base ten logarithm, log10 • by the relationship 

ln x = (log10 x)(ln 10) 

which yields 

Pw = p0 - { [ (ln 10) q~/4rrkh] log [ ( t 
0 

+ lfJ) /~]} 

Analysis of the vacuum-test data using Equation (17) involves fitting a 
straight line through the data points. The slope of the line, m. from 
Equation (17) is defined as 

m = -[(ln 10)q~/4rrkh] 
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The next step in the analysis involves plotting the well-pressure (p ) data 
versus the log of [(t 0 +~)/~]and determining the slope of the resultant 
line. This graph is commonly referred to as a Horner plot. Once the slope of 
the line is determined, Equation (18) can be rearranged in terms of the 
intrinsic permeability as follows: 

k = -[(ln 10)q~/4nmh] = -[0.1832339(q~/mh)] (19) 

3.2.2.4 Results and Discussion 

Intrinsic permeabilities determined from vacuum tests in the Bandelier Tuff 
( ) 

-· _, 2. ( -11 -12. 2. Table 3-5 range from 10 to 10 em 10 to 10 ft ). The correla-
tion coefficients for the linear regression used to fit a straight line 
through the data points on the Horner plots indicate a good linear relation
ship for the data; the lowest coefficient is 0.92 (see Table 3-5). 

In general, the vacuum-test results, like those from the air-injection tests, 
indicate that permeability tends to decrease with depth. The lowest value, 
for example, was observed in the lower, moderately welded portion of Unit lb. 
Results of the three tests performed in fractured zones indicate that there is 
no significant difference in permeability between fractured versus unfractured 
zones. 

Table 3-6 compares intrinsic permeabilities derived from the air-injection 
tests versus the vacuum tests for similar intervals. The comparison demon
strates that the two methods yield results of the same order of magnitude. 
The vacuum-test results, however, are lower. A discussion of possible varia
tions in vacuum-test and air-injection methods is presented in Section 3.2.5. 

3.2.3 LABORATORY MEASUREMENTS* 

3.2.3.1 Purpose and Scope 

Laboratory measurements of permeability were also obtained on 20 core samples 
to provide a comparison with the field-test results. These determinations 
were conducted by TerraTek Research Laboratory using two procedures, one to 
measure permeability via gas injection and correction for gas slippage 
(Klinkenberg Correction Method) and the other to measure the gas-water relative 
permeability (Dynamic Method). The descriptions of these procedures are 
taken from TerraTek's report (TerraTek Research Laboratory, 1985). They are 
followed by a discussion of the laboratory results. A comparison of the 
laboratory and field data is presented in Section 3.2.5. 

3.2.3.2 Sample Preparation 

(See Section 3.1.2.2.) 

*Response to Task 1, Paragraph 25, Compliance Order/Schedule. 
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Table 3-5. Permeability Values Determined from Vacuum Tests in Los Alamos Drill Holes 

Hole 
Number 

LLM-85-01 
LUI-85-02 
LUI-85-02 
LLM-85-05 
LGM-85-06 
LGM-85-11 
LLM-85-01 
LLM-85-05 
LLM-85-05 
LLM-85-05 

VI LLM-85-06 
~ LLM-85-01 

LLM-85-01 
LLM-85-02 
LGM-85-06 
LGM-85-06 
LGM-85-11 
LGM-85-06 
LGM-85-11 
LLM-85-02 
LLM-85-06 

Geologic 
Unit 

2b 
2b 
2b 
2b 
2b 

2b/2a 
2a 
2a 
2a 
2a 
2a 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
la 
lb 
lb 

Test Interval& 
(ft) 

3Q-33.3 
10-13.3 
25-28.3 
15-18.3 
10-13.3 
35-38.3 
70-73.3 
40-43.3 
50-53.3 
60-63.3 
40-43.3 
80-83.3 
94-97.3 
87-90.3 
82-85.3 

100-103.3 
77-80.3 
60-63.3 

110-113.3 
87-90.3 
87-90.3 

Interval Description Correlationb Fractures 
Coefficient Present? 

Lower 2b, Moderately Welded 
Upper 2b, Moderately Welded 
Middle 2b, Moderately Welded 
Middle 2b, Moderately Welded 
Upper 2b, Moderately Welded 
Contact 2b/2a, Moderately Welded 
Lower 2a, Nonwelded 
Upper 2a, Slightly Welded 
Middle 2a, Slightly Welded 
Middle 2a, Moderately Welded 
Middle 2a, Moderately Welded 
Upper lb, Slightly Welded 
Upper lb, Slightly Welded 
Upper lb, Slightly Welded 
Middle lb, Slightly Welded 
Lower lb, Moderately Welded 
Middle lb, Slightly Welded 
Upper lb, Slightly Welded 
Upper la, Nonwelded 
Upper lb, Slightly Welded 
Mid-Lower 2b, Moderately Welded 

0.9409 
0. 9325 
0.9267 
0.9948 
0.9675 
o. 9779 
0.9799 
0.9196 
0.9812 
0.9882 
0.9895 
0.9946 
0.9959 
0.9966 
0.9931 
0.9932 
0.9851 
0.9903 
0.9963 
0.9966 
0.9609 

No 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Intrinsic Permeability (k) 

cm 1 x to-' 

39 
14 
22 
24 
38 

5.5 
43 
8.4 
8.6 
8.6 
2.4 
5.6 
3.5 
9.3 
1.0 
0.84 
8.2 
8.7 
2.7 
8.6 
2.4 

ft:l X 10-1:1 

42 
15 
24 
2.6 

41 
5.9 

46 
9.1 
9.3 
9.3 
2.6 
6.0 
3.8 

10 
1.1 
0.90 
8.8 
9.4 
2.9 
9.3 
2.6 

aDepth below ground level. 
bcorrelation coefficient for the linear regression used to fit a straight line through the data points on the Horner 

plots (see Section 3.2.2.3). 



Table 3-6. Comparison of Intrinsic Permeability Values Determined from 
Air-Injection and Vacuum Tests in Los Alamos Drill Boles 

Bole Test Interval (ft)a Intrinsic Permeabilitr (k) 

Number Air-Injection Vacuum Air-Injection Test Vacuum Test 
Test Test 

cm 2 X 10-' ft2 X 10-U cm 2 x to-' ft2 X 10-U 

LLM-85-01 30-36 30-33.3 130 140 39 42 
LLM-85-02 9-15 10-13.3 10 11 15 16 

Ul LLM-85-02 24-30 25-28.3 16 17 22 24 
Ul LGM-85-11 35-41 35-38.3 17 18 5.5 5.9 

LLM-85-01 72-78 70-73.3 19 21 43 46 
LLM-85-01 93-99 94-97.3 7.6 8.2 3.5 3.8 
LLM-85-02 87-93 87-90.3 3.3 9.5 9.3 10 
LGM-85-06 60-66 60-63.3 120 130 8.7 9.4 
LGM-85-06 81-87 82-85.3 84 90 1.0 1.1 
WM-85-11 99-105 100-103.3 3.3 3.6 0.84 0.90 
WM-85-11 77-83 77-80.3 32 35 8.2 8.8 
WM-85-11 108-114 110-113.3 7.2 7.8 2.7 2.9 

aDepth below ground level. 



3.2.3.3 Procedures 

3.2.3.3.1 Klinkenberg Correction Method. Following porosity determinations, 
gas permeability measurements were performed on the 20 samples. These 
measurements were corrected for gas slippage, i.e., movement of gas along a 
boundary, using the Klinkenberg Correction Method. The measurement technique 
consisted of applying a confining pressure of approximately 100 psi and a 
slight pore pressure, and maintaining an approximate pressure drop of 2 psi 
across the sample during testing. Nitrogen gas was injected into the samples 
at four mean pressures (4, 9, 14, and 19 psi), and the permeability was 
calculated for each of these pressures. A plot was made of permeability 
versus the reciprocal mean pressures, and the intercept of a best-fit line 
through these four points, with the permeability axis at zero reciprocal mean 
pressure (infinite mean pressure), yielded the gas permeability corrected for 
gas slippage (Klinkenberg Correction). 

3.2.3.3.2 Dynamic Method. Following completion of the gas permeability 
measurements, all 20 samples were subjected to gas-water relative permeability 
testing to determine intrinsic permeabilities (described in Section 3.2.3.4 
below) and effective permeabilities (described in Section 3.2.4.1). Testing 
was begun by vacuum-saturating the samples with tap water (density = 0.995 
g/cm 3 at room temperature). Complete saturation was verified by comparing 
these saturated-weight data with helium-injection data. Following saturation, 
each sample was placed in a hydrostatic core holder and subjected to a confin
ing pressure of approximately 100 psi. Testing consisted of displacing the 
water from the samples with humidified nitrogen. (The gas was humidified to 
prevent drying or dehydration.) Incremental production of gas and water was 
monitored against time and flow rate at a constant injection pressure. These 
production data were used to calculate the gas-water relative permeabilities 
according to Johnson, Bossler, and Naumann's (1959) extension of Welge's 
(1952) derivation of relative permeability. 

3.2.3.4 Results and Discussion 

The laboratory permeability results (Table 3-7) are relatively uniform and 
consistent between the two methods, except for Sample MCG-607. The Klinken
berg result for this sample is probably unreliable as evidenced by its low 
correlation coefficient (0.714) and its poor comparison with the Dynamic 
Method result. 

The results from both methods indicate only minor differences with depth or 
between geologic units. Klinkenberg permeabilities are approximately twice 
those determined by the Dynamic Method, but that is not considered significant 
for these types of measurement. More importantly, the average intrinsic 
permeability for both the Klinkenberg Correction Method and the Dynamic Method 
is 10-' cm 2 (10-11 ft2), a result that compares favorably with the field-test 
results. 
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Table 3-7. Intrinsic Permeability Values Determined from Laboratory Analysis of Core Samples 

Intrinsic Intrinsic 
Hole Geologic S.mple Depth of Interval Permeability/ Correlation Permeability/ 

Number Unit Number Sample Description Klinkenber~ Method Coefficientb Dvnamic Method 
(ft) a 

!lma & JJ!-' ua & l!l-u 11ma & l!l-' ua l 1!!-u 

LGM-85-11 2b MCG-618 3 Moderately Weldedc 6.2 6.7 0.989 5.5 5.9 LLM-85-02 2b MCG-606 7 Moderately Welded 6.6 7.1 0.745 4.5 4.9 LLM-85-05 2b MCG-610 15 Moderately Welded 6.5 7.0 0.893 5.7 6.2 LLM-85-01 2b MCG-602 30 Moderately Welded 2.7 2.9 0.958 1.1 1.2 
LGM-85-11 2b MCG-619 30 Moderately Welded 3.2 3.5 0.949 2.9 3.1 LLM-85-02 2b MCG-607 36 Moderately Welded 11.0 12.0 0.714 1.2 1.3 LGM-85-06 2b MCG-614 29 Moderately Welded 6.4 6.9 0.847 4.9 5.3 LLM-85-05 2b MCG-611 36 Slightly Welded 3.5 3.8 0.984 2.4 2.6 Ul LLM-85-01 2a MCG-603 52 Slightly Welded 4.1 4.4 0.969 2.7 2.9 -J 
LGM-85-06 2a MCG-615 51 Slightly Welded 2.5 2.7 0.954 0.86 0.93 LLM-85-02 2a MCG-608 67 Moderately Welded 2.0 2.2 0.958 1.0 1.1 LLM-85-05 1b MCG-612 76 Slightly Welded 2.1 2.3 0.944 1.3 1.4 LLM-85-01 1b MCG-604 101 Slightly Welded 3.0 3.2 0.939 2.6 2.8 LGM-85-06 1b MCG-616 99 Moderately Welded 18.0 19.0 0.917 13.0 14.0 LGM-85-11 1b MCG-620 94 Moderately Welded 4.4 4.7 0.958 1.1 1.2 LLM-85-02 1b MCG-609 117 Moderately Welded 3.3 3.6 0.973 1.7 1.8 LLM-85-05 1b MCG-613 123 Slightly Welded 4.2 4.5 0.902 1.6 1.7 LLM-85-01 1b MCG-605 124 Moderately Welded 6.0 6.5 0.850 2.3 2.5 LGM-85-11 1a MCG-621 115 Nonwelded 3.4 3.7 0.933 1.8 1.9 LGM-85-06 1a MCG-617 115 Nonwelded 1.4 1.5 0.970 0.93 1.0 

•Below ground level. 
bDetermined for Klinkenberg permeabilities. 
cweathered. 



3.2 .4 HYDRAULIC CONDUCTIVITY AS A FUNCTION OF MOISTURE CONTENT* 

3.2.4.1 Laboratory Tests 

As noted above, the Dynamic Method was also used to determine permeability as 
a function of moisture content for the 20 samples of Bandelier Tuff (see 
Section 3.2.3.3.2). These values, called effective permeabilities, are 
plotted as a function of total air saturation in the graphs presented in 
Appendix D. Since the abscissa corresponds to total air saturation, the 
maximum effective permeabilities for water depicted on the curves occur at an 
air saturation of 0.000, which is equivalent to a water saturation (Os) of 
1.000. Therefore, as the water saturation decreases, the effective permeabil
ity for water decreases, and the effective permeability for air increases. 

The effective permeability values for the rock-core samples from the Bandelier 
[ ( -10 -· :1 Tuff range from 86.1 to 1301 millidarcys 8.5 x 10 to 1.3 x 10 em ) or 

(9.1 x 10-
13 

to 1.4 x 10-
11 

ft
1
)]. Residual water saturation following gas 

injection ranged from 0.64 to 0.95. Since moisture contents in the study area 
are much lower than this range (generally less than 10 percent), the effective 
permeabilities determined using the Dynamic Method are not indicative of the 
permeabilities one would expect to observe at depth in Areas G and L. These 
data are therefore only applicable to the estimation of near-surface condi
tions following a heavy rainfall, when moisture contents might exceed residual 
water saturation. 

3.2.4.2 van Genuchten's Method 

3.2.4.2.1 Purpose and Scope. A model described by van Genuchten (1978) was 
used to calculate the unsaturated hydraulic conductivity functions for the 
Bandelier Tuff. Inputs to the model are the saturated hydraulic conductivi
ties and data from the moisture characteristic curves for the 20 core samples 
analyzed in the laboratory tests. The output function is a closed-form 
analytical expression that generates a plot of hydraulic conductivity versus 
moisture content and/or water potential. The output function is only valid 
over the moisture and water-potential ranges tested. 

3.2.4.2.2 Procedure. A model described by Mualem (1976) was used to predict 
unsaturated hydraulic conductivities from the moisture characteristic curves 
(Appendix C) and the saturated hydraulic conductivities. Mualem's derivation 
yields an integral formula for determining the unsaturated hydraulic conduc
tivity as a function of moisture content, which enables one to derive closed
form analytical expressions provided suitable equations for the moisture 
characteristic curves are available. The resulting conductivity expressions 
generally contain three independent, dimensionless parameters--a, n, and m-
which are calculated using the nonlinear least-squares curve-fitting program 
described by van Genuchten (1978). The information required to calculate 
these parameters consists of saturated hydraulic conductivities and data 
obtained from the moisture characteristic curves, namely, the saturated and 
residual soil-moisture contents (0~, and er• respectively) and the slope for 
the curve at midpoint [(es,+ er)/2J. 

*Response to Task 3. Paragr.aph 25, Compliance Order/ Schedule. 
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All of this information was assembled into a data base and used as input into 
van Genuchten's model, which generates values for a, n, and m. The model then 
inputs these values into Mualem's integral formulas and plots the following 
two functions: K(9) versus 9 (moisture content) and K(~) versus o/<water 
potential). The intrinsic permeabilities determined using the Klinkenberg 
Correction Method (Table 3-7) were then used to calculate water-saturated 
hydraulic conductivities for input to the model. (See Section 3.2.1.4 for 
conversion of intrinsic permeability to hydraulic conductivity.) These values 
were used largely because they more closely reflect the in-situ permeabilities 
for air and water in the study area. 

3.2.4.2.3 Results and Discussion. The modeling results are presented as 
graphs of unsaturated hydraulic conductivity versus volumetric moisture con
tent [K(9) versus 9] and of hydraulic conductivity versus water potential 
[K(~) versus~]. Representative outputs from the model for 7 of the 20 
samples are presented in Figures 3-6 through 3-9. 

Unfortunately, these results are of limited value because they are based on 
partial moisture characteristic curves which do not extend over the range of 
water potentials and moisture contents measured in the field. For example, 
the water-potential values of the curves extend roughly to -0.3 bar (-300 em 
of water), while those measured in the field range from -1 to -15 bar (see 
Section 3.3.1.3). Similarly, values for moisture content (9) range from 0.4 
to 0.6 on the curves, while those determined in the field are generally less 
than 0.1. As a consequence, the calculated unsaturated hydraulic conductivi
ties are also outside the range of the field values. 

Nevertheless, the calculated values can be used for near-surface infiltration 
studies when the moisture and water-potential ranges fall within those of the 
moisture characteristic curves. It should be noted, however, that these 
curves were obtained by drying the soil and therefore represent only the 
drying branch of the hysteresis loop. The drying branch has a higher moisture 
content for a given water potential than does the wetting branch; hence, a 
given soil is more retentive for drying than it is for wetting (Case and 
Welch, 1979). 

3.2.5 PERMEABILITY SUMMARY 

Table 3-8 compares the overall average intrinsic permeabilities of the 
geologic units as determined by the three methods used in this study, namely, 
in-situ borehole injection, in-situ vacuum testing, and laboratory testing of 
core samples. In contrast to the laboratory results, which show relative 
uniformity throughout the tuff, results of both field methods indicate a 
decrease in permeability with stratigraphic depth. This contrast is probably 
due in part to the fact that it was necessary to select the laboratory samples 
from those exhibiting the highest degree of consolidation; such samples would 
have lower permeabilities than the bulk formation from which they were taken. 
Furthermore, the laboratory tests measure a significantly smaller interval 
than that measured in the field. It was therefore concluded that the field
test results were the more reliable indicators of bulk permeabilities and that 
the permeabilities of the individual geologic units do indeed decrease with 
stratigraphic depth. 
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Table 3-8. Comparison of Average Intrinsic Permeability Values for the 
Major Geologic Units of the Bandelier Tuff in the Study Area 

Intrinsic Permeability 
Unit Air-Injection Test Vacuum Test Laboratory Analysis 

2b 93 100 23 25 5.7 6.2 
2a 62 67 13 14 2.8 3.0 
1b 26 28 5.7 6.2 5.7 6.2 
1a 7.2 8 7.8 8 2.7 8 2.9 8 2.4 2.6 

8 Intrinsic permeability for this unit is based on only one measurement. 

It should be noted that the lower average permeabilities determined by the 
vacuum test for Units 2b and 2a are probably due to the inability to perform 
the test in the more permeable portions of these units. A vacuum could not be 
established in the upper portions, so the test failed and no data were 
obtained. Thus, the average vacuum-test data do not include values for the 
most permeable zones in the units, resulting in average results which are 
biased low. 

Results from all of the determinations do not permit a conclusive assessment 
of the effect of fractures on permeability. The moisture-content data indi
cate that the potential exists for fractures to cause preferential water 
movement; however, the enhancement may be less than the sensitivity of the 
measurement techniques. It follows that a better assessment would require 
additional testing, using methods having greater sensitivity. Similarly, 
additional tests, also having greater sensitivity, would be needed in order to 
fully assess the effects on permeability of such other sour.ces of variation as 
pumice content. 

3.3 GRADIENT DETERMINATIONS 

3 • 3 .1 TEMPERATURE AND WATER-POTENTIAL MEASUREMENTS* 

3.3.1.1 Purpose and Scope 

Temperature and water-potential measurements were made at the site to assess 
the magnitude and direction of the thermal and water-potential gradients in 
the study area. Knowledge of the gradients is used to determine whether 
temperature and water potential play a significant role in the transport of 
contaminants to the water table. A description of the instruments used to 
acquire these data, together with information on calibration, installation, 
and data reduction, is presented below, and is followed by a discussion of the 
results. The results are presented in the form of graphs plotting temperature 
and water potential versus time and depth. 

*Response to Task 4, Paragraph 25, Compliance Order/Schedule. 
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3.3.1.2 Field Instrumentation 

3.3.1.2.1 Description of the Thermocouple Psvchrometers. Thermocouple 
psychrometers were used to obtain the water-potential measurements at Los 
Alamos because the low soil-water potential (less than -1 bar) precluded the 
use of tensiometers. The instruments actually measure voltage which is 
converted to soil-water potential by means of a calibration model (Brown and 
Bartos, 1982). Psychrometers are particularly convenient because they 
simultaneously measure temperature. 

The thermocouple psychrometers used in this study were Models PCT-55 and PST-
55 manufactured by Wescor, Inc., of Logan, Utah. The only difference between 
the two models is that the PST series is shielded with a stainless steel 
screen instead of a ceramic cup, and therefore has a faster response time. A 
diagram of a typical screen-shielded psychrometer is shown in Figure 3-10. 

Operation of the psychrometers is based on the Peltier effect, in which a 
thermocouple is cooled below the dew point by passing an electric current 
across a junction composed of two dissimilar metal conductors. After water 
has condensed on the cooling junction, the electric current is discontinued and 
the junction immediately begins to warm up. The rate of warming is rapid at 
first, and then slows down until the latent heat of vaporization is overcome, 
at which time water condensed on the junction evaporates. The point at which 
the warming rate is at a minimum is known as the psychrometer plateau. The 
electromotive force (emf) generated across the junction during the psychro
meter plateau is a measure of the relative humidity of the system (Spanner, 
1951). 

The relative humidity (P/P
0

) in soil is related to soil-water potential by the 
equation (Case and Welch, 1979) 

where 

(20) 

p = the density of water at temper!t~e T 
kB = Boltzman's constant (1.38 x 10 erg/°K) 

h f 1 1 ( • 1 3 X 10-:.& 3 
g) m = t e mass o a water mo ecu e approx1mate y 

P = the average vapor pressure in the soil 
P

0 
= the pressure of the water vapor above a surface of infinite radius 

of curvature 
~0 - 103 bars at 300°K 

3.3.1.2.2 Laboratory Calibration. Each psychrometer must be calibrated 
individually due to the variable thicknesses of the welded junction and wires 
used in fabrication. Saline solutions are convenient to use for calibration, 
since tables that relate salt concentrations and temperature to relative 
humidity are readily available (Lang, 1967). The ratio of microvoltage to 
theoretical water potential at a given temperature for a particular psychrom
eter provides the correction coefficient necessa'ry for determining actual 
water potential in rock and soil systems. 

In this study, reagent-grade sodium chloride was dissolved in deionized water 
to provide 0.5-, 1.0-, and 1.5-molal calibration solutions. Each psychrometer 
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was calibrated using all three molal concentrations, independently, in the 
following manner. One milliliter of solution was decanted into a sample 
chamber. A psychrometer was then sealed into the chamber to create a closed 
system with a known water potential (see Figure 3-11). The sealed chamber was 
then placed in a wooden rack and equilibrated for at least 12 hours. 
Following equilibration, the voltage output of the thermocouples was read in 
psychrometric (wet-bulb) mode using a Wescor HR33T Dewpoint Microvoltmeter. 
Each molal concentration (water potential) was read three times for tempera
ture and microvolts. These readings were then converted to water potential 
using the calibration model described below. 

3.3.1.2.3 Psvchrometer Calibration Model. The psychrometer calibration model 
developed by Brown and Bartos (1982) was used to accurately couvert psychrom
eter outputs to water potential. This model is far more versatile than hand
drawn calibration curves because it can convert water potentials from 0 to -80 
bar over a wide range of temperature and zero offset readings. Inputs to the 
model are temperature, cooling time, zero offset, psychrometer output in 
microvolts, and calibration coefficients, the last required for conversion of 
microvolts to water potential. The calibration coefficient B is defined as 

(21) 

where~WP is the sum of ~e water potentials (sodium chloride solutions) used 
during calibration and~WP is the sum of the water potentials estimated by the 
model. Calibration coefficients for each of the psychrometers installed in 
Holes LLP-85-03 and LGP-85-07 are presented in Tables 3-9 and 3-10, respec
tively. A listing of the Fortran V program for the model is reproduced as 
Appendix E. The output from the model is the water potential for the soil 
conditions as sensed by the psychrometer. 

3.3.1.2.4 Field Installation. A total of 38 thermocouple psychrometers were 
installed at the stndy area, 23 in Hole LLP-85-03 and 15 in Hole LGP-85-07. 
Completion diagrams are provided in Appendix A. Because of the presence of 
surface casing in Hole LLP-85-03, a shallow boring was drilled adjacent to the 
main hole and five psychrometers were installed in this second hole close to 
the ground surface (depicted in Appendix A as being in the same hole). 
Installation was accomplished by taping the psychrometers to a string of 
Schedule 40, 2-inch-I.D., polyvinylchloride (PVC) pipe and carefully lowering 
the string into the hole. The annulus surrounding the PVC pipe was then 
backfilled with auger cuttings from that drill hole. It was assumed that the 
density of this backfill was similar to the in-situ density of the tuff, and 
that the relative humidity of the backfill, as sensed by the psychrometers, 
would equilibrate with the relative humidity of the adjacent tuff. Installa
tion depths are included with the data presented in Tables 3-9 and 3-10 for 
Holes LLP-85-03 and LGP-85-07, respectively. 

3.3.1.3 Results and Discussion 

Psychrometer data were collected from Holes LLP-85-03 and LGP-85-07 over the 
period 22 October to 20 November 1985. The values for temperature and water 
potential were viewed in two ways, as plots of temperature or water potential 
versus time, and as plots of temperature or water potential versus depth. 
Selected plots of the former are presented in Figures 3-12 through 3-lS. Air 
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temperature versus time at Hole LLP-85-03 is plotted in Figure 3-16. Box 
plots of water potential and temperature versus depth for the entire time 
period are presented in Figures 3-17 through 3-20. Since the box plots 
present the data in quartiles, the outlying values represent minimum and 
maximum values. The boxes enclose the 25- and 75-percent values, and the 
vertical lines connecting the boxes intersect the median-temperature or water
potential values for the time period. 

The plot of air temperature versus time (Figure 3-16) demonstrates that a 
dramatic diurnal temperature variation exists at the site, and that the highs 
and lows generally decreased over this monitoring period. Plots of formation 
temperature versus time (Figures 3-13 and 3-15) for the psychrometers located 
within 15 ft of the ground surface demonstrate that the near-surface tempera
tures also decreased in response to the decrease in air temperature. Further
more, as expected, a phase lag is evident when comparing the decreasing 
temperatures measured by successively deeper psychrometers. 

Table 3-9. Installation Depths and Calibration Coefficients 
for Psychrometers in Hole LLP-85-03 

Model Serial Calibration Coefficient Installa Uon 
Number8 Number Scanner/Channel for Water-Potential Depth (ft) Model 

PCT-55 29414 Ill Surface 
PCT-55 29416b I/2 0.85 2.0 
PST-55 29474b I/3 0.84 4.0 
PST-55 29473b I/4 0.84 6.0 
PCT-55 29420b I/5 0.89 8.0 
PST-55 29469b I/6 0.84 10 
PCT-55 29418 I/7 0.81 13 
PST-55 29483 I/8 0.88 13 
PCT-55 29424 I/9 0.85 24 
PST-55 29479 I/10 0.87 24 
PCT-55 29406 I/11 0.90 41 
PST-55 29462 I/12 1.00 41 
PCT-55 29409 II/1 1.00 so 
PST-55 29475 II/2 0.94 so 
PCT-55 29405 II/3 0.85 56 
PST-55 29477 II/4 1.03 56 
PCT-55 29425 II/5 0.84 66 
PST-55 29455 II/6 0. 96 66 
PST-55 29481 II/7 0.89 76 
PCT-55 29422 II/8 0.94 76 
PST-55 29476 II/9 0.90 86 
PST-55 29458 II/10 1.00 96 
PCT-55 29427 II/11 1.00 96 

4The PCT series psychrometers are shielded with a ceramic cup, while the 
PST models are shielded with a stainless steel screen. 

bPsychrometers in the upper 10 ft are located in a shallow boring 
adjacent to the main hole. 
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Table 3-10. Installation Depths and Calibration Coefficients 
for Psychrometers in Hole LGP-85-07 

Model Serial Calibration Coefficient Instal !a tion 
Numbera Number Scanner/Channel for Water-Potential Depth (ft) 

Model 

PCT-55 29415 III/1 0.89 4.5 
PST-55 29459 III/2 0.89 6.5 
PCT-55 29410 III/3 0.85 8.5 
PST-55 29461 III/4 0. 91 10 
PCT-55 29411 III/5 0.91 12 
PST-55 29463 III/6 0. 86 14 
PCT-55 29417 III/7 0.84 17 
PST-55 29466 III/8 0.87 19 
PCT-55 29403 III/9 0.92 22 
PST-55 29467 III/10 0.92 27 
PCT-55 29407 III/11 1.00 32 
PST-55 29465 III/12 1.04 37 
PST-55 29464 III/13 0.95 42 
PCT-55 29404 III!i4 0.85 47 
PST-55 29468 III/15 0.89 52 

The PCT series psychrometers are shielded with a ceramic cup, while the 
PST models are shielded with a stainless steel screen. 
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The plots of temperature versus depth (Figures 3-18 and 3-20) reveal a 
temperature bulge that probably represents the heat stored in the ground due 
to Summer heating. The position of the bulge indicates that the median 
gradient in temperature for this monitoring period is downward from about 10 
to 20 ft and upward from about 10 ft. 

The plots of water potential versus time for given depths (Figures 3-12 and 
3-14) demonstrate that water potentials are subject to diurnal variations of 
about ±1 bar per day, and that there was little, if any, change in the average 
water potential during this monitoring period. Median water potentials range 
from approximately -0.5 bar to -8.7 bar in Hole LLP-85-03 (Figure 3-17) and 
from approximately -1.2 bar to -13.8 bar in Hole LGP-85-07 (Figure 3-19). 

The large range of maximum and minimum values observed during this monitoring 
period limit gradient estimations to those that can be measured between 
successive psychrometers, i.e., within a single depth interval. Accurate 
assessments of an overall gradient in the study area will most likely require 
longer equilibration and monitoring times. 

3.3.2 ATMOSPHERIC/ROCK-PORE PRESSURE MONITORING SYSTEM 

3.3.2.1 Purpose and Scope 

The purpose for installing the Atmospheric/Rock-Pore Pressure Monitoring 
System was to quantify the gas-pressure gradients in the Bandelier Tuff. 
Although these data were not required by the Compliance Order/Schedule, they 
can contribute significantly to the initial site assessment since differences 
in gas pressure can affect contaminant transport in the vapor phase. 

Equipment and system installation are described in the paragraphs that follow. 
The subsection entitled Results and Discussion presents only a preliminary 
interpretation of the data; a broader, more reliable assessment of gas
pressure gradients would most likely require acquisition of pressure readings 
over a period of at least 1 year. 

3.3.2.2 Equipment 

The pressure-measurement system installed at Los Alamos consists of four 
electrical pressure transducers connected to an electro-piezo scanner/ 
recorder. The transducers contain an absolute-electrical-pressure sensor 
equipped with a strain-gauged stainless steel diaphragm. A stainless steel 
disc filter permits direct burial of the transducers. Measurement capacity 
ranges from 0 to 25 pounds per square inch at sea level (psis), with a read
ability of 0.02 percent of scale. (Psis is calibrated in psi with zero being 
atmospheric pressure at sea level.) 

The electro-piezo scanner/recorder is a portable, battery-operated system that 
automatically records ten transducer channels. The dates, times, and outputs 
from each of the transducers are recorded on the integral printer. This 
versatile scanner/recorder can permanently record the transducer outputs, or 
can provide the outputs to an external device such as a computer, data 
terminal, paper punch, or magnetic tape recorder. The pressure-measurement 
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system can be programmed to scan continuously or to scan at variable 
intervals. In the case of the latter, the recorder can be sealed and left 
unattended and will still record data at the preselected intervals. 

3.3.2.3 Installation Design 

The completion diagram for the pressure-transducer instrumentation installed 
in Hole LLP-85-03 is presented in Appendix A. The four transducers were 
installed at the following depths: ground surface, 26 ft, 54 ft (near a 
fracture), and 90ft. The transducer located at ground surface measures the 
atmospheric pressure, while the buried transducers measure rock-pore gas 
pressures. 

3.3.2.4 Results and Discussion 

Pressure-measurement data were collected over the period 17 October through 15 
November 1985 (Figure 3-21), except for the 7 days from 6 through 12 November 
when the system was inadvertently shut down. As noted previously, these 
limited data permit only a preliminary interpretation at this time. 
Characteristics which are discernible in Figure 3-21 include the following: 

• Both the atmospheric and rock-pore pressures undergo daily fluctuations. 

• The rock-pore pressure at 54 ft is consistently higher than the surrounding 
pressures, potentially a result of the nearby fracture. 

• An increase in the atmospheric pressure for a period of several days is not 
reflected in the rock-pore pressures for the same period. 

A broader assessment of the gas-pressure gradients in the study area requires 
acquisition of additional data, particularly with regard to identifying 
potential sources of variation in the data other than actual pressure 
variations. 
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Figure 3-21. Results from the Pressure Transducers Installed in 
Hole LLP-85-03 (Note: The system was inadvertently 
shut down over the period 6-12 November 1985.) 
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Section 4 

NEUTRON MOISTURE MEASUREMENTS 

Note: This section responds to Task 4. Paragraph 25. of the Compliance 
Order/Schedule. The section was prepared by personnel of Los Alamos 
National Laboratory. 
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4.1 PURPOSE AND SCOPE 

The moisture content of the Bandelier Tuff is being measured with a neutron 
probe in order to characterize the infiltration and redistribution of water in 
the tuff. Use of the neutron probe for moisture monitoring was specifically 
requested by the State of New Mexico in Task 4, Paragraph 25, of the Compli
ance Order/Schedule. Although data acquired with the probe were not yet 
available at the time of this writing, it is possible that the method will be 
of little value at Los Alamos due to the low moisture content of the tuff (see 
gravimetric moisture results in Section 3.1.1). 

Two holes were identified for acquisition of biweekly neutron moisture readings, LLNr85-04 and LGN-85-08 (see Figure 2-3 for locations). Descrip
tions of the casing installations, probe calibration, and monitoring program 
are provided below. Data presentation and interpretation will be addressed in 
a subsequent report when data become available. 

4.2 CASING INSTALLATIONS 

The neutron access tubes, or casings, were constructed of cold drawn aluminum tubes, each 12 ft in length and having a wall thickness of 0.049 inch, an 
outside diameter of 2.5 inches, and an inside diameter of 2.402 inches. This 
inside diameter is approximately 0.25 inch larger than the outside diameter of the probe (1.865 inches), which prevents the probe from binding as it is 
maneuvered inside the casing. To further ensure free movement of the probe 
while it is being raised or lowered in the hole, the casing has no internal 
seams or obstructions. 

Prior to transport to the field, the 12-ft lengths of tubing were welded 
together to make 24-ft sections and the sections pressure-tested to ensure a 
watertight seal. A cap was welded to one end of each of two sections, these to be installed at the bottom of the two holes. In the field, the 24-ft 
sections were joined together using 'no-hub' couplings rather than welding. 
This was done because the tubing wall is so thin that a watertight weld would be nearly impossible to accomplish with portable welding equipment. A no-hub 
coupling is a watertight rubber coupling, held in place by a corrugated stain
less steel cover, on the ends of which are stainless steel hose clamps used 
for gripping the aluminum tubing. 

The casings were installed in the drill holes in the following manner. The 
section with the bottom cap was lowered into the hole and held in place with a 
pipe vise. A second 24-ft section was joined to the first with a no-hub 
coupling. Silicon sealant was applied wherever rubber was exposed to slow 
decomposition of the material underground. Once the two sections were 
coupled, they were lowered into the ground and again held in place with 'the 
pipe vise while a second no-hub coupling was installed to join the now 48-ft 
section of tubing to another 12- or 24-ft section. This process was repeated 
until the bottom of the hole was reached. Any tubing remaining above ground 
level was cut off. 

A diagram of the casing installation for Hole LLN-85-04 is presented in Figure 
4-1. The depth of the uncased hole was 108 ft, so the casing required four 
24-ft sections and one 12-ft section, joined together with four no-hub 
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couplings. Hole LGN-85-08 (Figure 4-2) had an uncased depth of SO ft, so the 
casing required two 24-ft sections and one 12-ft section, joined together with 
two no-hub couplings. 

4.3 CALIBRATION OF THE NEUTRON PROBE 

The neutron probe used at Los Alamos is a Campbell Pacific moisture gauge. 
Calibration of the instrument was accomplished by using it to measure moisture 
in five samples of Bandelier Tuff, each with a different but known moisture 
content. Instrument responses were recorded and used to generate a calibra
tion curve. 

The five samples of tuff consisted of three with varying moisture contents, 
one with no moisture, and one representing saturated conditions. The first 
three were prepared in the following manner. Crushed Bandelier Tuff was oven
dried at 250°C for 48 hours. A predetermined amount of dry tuff was then 
weighed and water added to it. The moistened tuff was packed in 15-cm lifts 
in a 55-gallon drum to achieve a bulk density of 1.5 g/cm 3

, which is the 
average bulk density of the consolidated Bandelier Tuff at Los Alamos. The 
amounts of water added to the lifts varied from one drum to another, such that 
the volumetric water content of each drum was different. Samples were 
collected from each lift in each drum and analyzed gravimetrically to deter
mine the moisture content and to ensure that the moisture content was constant 
throughout the entire drum. 

The fourth drum was prepared in the same way as the first three except that no 
water was added. The fifth drum was also prepared as described above, except 
that water was added not to the lifts, but into the bottom of the drum through 
a 3/8-inch Tygon tube until the tuff was saturated to the drum surface. 
Samples from these drums were also analyzed so that the moisture contents 
would be known. Following preparation, all five drums were sealed by placing 
plastic sheeting between the drum surface and the cover. Silicon sealant was 
then applied on the edges to prevent evaporation. 

Calibration measurements were taken by lowering the probe to the center of 
each drum and acquiring four 1-minute counts. These data and the known 
moisture contents were then subjected to a linear-regression analysis, which 
yields a calibration curve for the instrument. At the time of this writing, 
the calibration curve was not complete and is therefore not included in this 
report. 

4.4 MONITORING PROGRAM 

Biweekly neutron-moisture measurements were initiated in both drill holes on 
17 December 1985. The depths of the probe readings are shown in Figures 4-1 
and 4-2. The measurement depths in Hole LLN-85-04 correspond to the psychrom
eter-measurement depths in Hole LLP-85-03, while those in Hole LGN-85-08 
correspond to psychrometers in Hole LGP-85-07 (see Appendix A for completion 
diagrams of Holes LLP-85-03 and LGP-85-07). In certain cases, identical 
correspondence was not possible due to the presence of the welds and couplings 
in the neutron-probe holes. As noted previously, no data are available at 
this time. 
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Section 5 

PORE-GAS SAMPLING SYSTEM 

Note: This section responds to Task 5, Paragraph 25, of the Compliance 
Order/Schedule. 
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5.1 PURPOSE AND SCOPE 

Samples of pore gas from seven drill holes are being collected and analyzed in 
order to characterize the subsurface atmosphere in Areas G and L. The design 
and installation of the samplers are described in this section; included is a 
hole-by-hole description of the sampling-port locations and the rationale for 
choosing each location. At the time of this writing, laboratory analysis of 
the samples collected to date had not been completed. Data presentation and 
interpretation will therefore be addressed in a subsequent report. 

5.2 DESIGN 

The pore-gas sampling ports were constructed using low-pressure mobile-phase 
filters which were welded to standard 2-inch-I.D. galvanized pipe (Bendix 
Field Engineering Corporation, 198Sb). The filters consist of 2-micrometer, 
porous, stainless steel elements: uphole access is provided via connection to 
1/4-inch stainless steel tubing and stainless steel compression fittings. A 
diagram of a pore-gas sampling port is presented in Figure S-1. 

5.3 INSTALLATION 

A total of 23 sampling ports were installed in seven drill holes in the study 
area; installation procedures were described in the second report (Bendix 
Field Engineering Corporation, 198Sb). Installation diagrams are presented in 
Appendix A; drill-hole locations are shown in Figure 2-3. The following 
paragraphs describe the locations of the ports within each hole and the 
rationale for choosing these locations. 

• Hole LGC-85-09. Since this was the only pore-gas sampling hole that 
penetrated Unit la, two ports were installed in that unit, one in the 
relatively moist section (below 88 ft) and the other in the relatively dry 
section, just above 80 ft. The third port was installed at about 63 ft to 
coincide with a fracture present in Unit lb, and because the maximum waste
disposal depth in this area is approximately 60 ft. The fourth port was 
installed at 37 ft to coincide with fractures present in Unit 2a. 

• Hole LGC-85-10. The deepest sampling port was installed at 95 ft to coin
cide with a near-vertical fracture present in the more densely welded 
portion of Unit lb. The middle port was installed at about 53 ft to 
coincide with a fracture present in Unit 2a. The uppermost port was 
installed at 31 ft to coincide with a horizontal fracture and the Unit 
2a/Unit 2b contact. 

• Hole LLC-85-12. The deepest sampling port was installed at about 41 ft to 
coincide with a vertical fracture and the Unit 2a/Unit 2b contact. The 
middle port was installed at about 27 ft to sample the interval between 24 
and 29 ft. This interval lies within Unit 2b and consists of a light-
gray ash flow with numerous horizontal fractures. In addition, the Organic 
Vapor Meter (OVM) registered high readings [114 parts per million (ppm) 
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downhole] when the bottom of the auger string reached 24 ft, and again when 
the bottom of the string reached 29ft (160 ppm). The uppermost gas
sampling port was installed at about 6 ft to coincide with several 
fractures present from 5 ft to 8 ft. 

• Hole LLC-85-13. This is a 'background' hole located west of AreaL. Only 
Units 2a and 2b were penetrated in this hole. The deepest sampling port 
was installed at about 65 ft in a moderately welded portion of Unit 2a. The 
middle port was installed at about 43 ft to coincide with several fractures 
and the Unit 2a/Unit 2b contact. The uppermost port was installed at about 
21 ft to coincide with a near-vertical fracture present in Unit 2b. 

• Hole LLC-85-14. The deepest sampling port was installed at about 86 ft to 
coincide with a fracture zone extending from 84 to 89 ft within Unit lb. A 
relatively high OVM reading was recorded for this zone, which is separated 
from upper zones with high OVM readings by a zone of 'background' OVM 
readings. The second port was installed at about 46 ft to coincide with a 
nonfracture zone extending from 44 to 49 ft in Unit 2a where relatively 
high OVM readings were obtained. The third port was installed at about 31 
ft to coincide with the interval 28 to 34 ft because the contact between 
two physically different zones of Unit 2b is present at 32 ft and field OVM 
readings were higher when crossing this interval. The contact is defined 
primarily by the transition into slightly welded or more easily drilled 
ash-flow tuff. Fractures are also present just above this contact. The 
uppermost sampling port was installed at about 13 ft to coincide with a 
moderately welded, nonfracture zone within Unit 2b. This zone, extending 
from 12 to 14 ft, exhibited relatively high OVM readings. In addition, 
sampling in this zone would permit comparison with results from known 
fracture zones. 

• Hole LLC-85-15. The deepest port was installed at about 82 ft to sample 
pore gas in the interval 80 to 86 ft because a relatively high OVM reading 
was obtained near this interval. The other two sampling ports were 
installed at about 32 ft and 19 ft to coincide with the areas where the 
highest OVM readings were obtained in this hole. 

• Hole LLC-85-16. The deepest sampling port was installed near the bottom of 
this hole to coincide with areas exhibiting high OVM readings. These areas 
are separated from the zones of additional high readings by 75 ft of 
relatively low OVM readings. The other two ports were installed near 
ground surface to coincide with zones that are both fractured and displayed 
relatively high OVM readings. 
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Section 6 

CONCLUSIONS 
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The time constraints imposed on this study of Waste Disposal Areas G and L at 
Los Alamos permitted only a brief period for data acquisition and interpreta
tion. As a consequence, the assessment presented herein of the vadose zone 
underlying Mesita del Buey is for the short term only. Nevertheless, some 
conclusions can be drawn from the data obtained thus far, the most important 
being that the dominant mode of transport in the interval of the Bandelier 
Tuff examined for this study is by vapor phase. In other words, the low 
moisture content of the tuff and the high moisture-retention values observed 
in the moisture characteristic curves indicate that interconnection of liquid 
water, and therefore movement of water in the liquid phase, is nonexistent. 
Additional conclusions are discussed in the paragraphs that follow. 

• The geologic framework through which transport occurs can be characterized 
as a complex network of pumice and lithic clasts surrounded by a glass
shard/crystal matrix, with occasional fractures dissecting the porous 
media. Factors such as porosity, degree of welding, and pumice content 
have a direct effect on the unsaturated hydraulic characteristics. 

• Taken together, the high values for porosity and moisture retention (both 
average approximately 50 percent) indicate that the tuff behaves much like 
a sponge. A quantity of water equal to approximately one quarter of the 
rock volume is required to satisfy capillary forces before recharge to the 
underlying groundwater system can occur. Based on the normal precipitation 
and the high evapotranspiration rates in the study area, this scenario is 
unlikely. 

• Results from field and laboratory tests indicate that the overall range of 
intrinsic permeability for the Bandelier Tuff is 10-• to 10-' cm 2 (10-11 to 
0-12 • 

1 ft2). These values are cons1dered to represent moderate permeability. 

• Permeability and porosity are not directly related, probably because of the 
tuff's pumice content; highly porous pumice lapilli contain a significant 
amount of dead-end pore space which greatly reduces permeability. 

• The unsaturated hydraulic conductivities calculated using van Genuchten's 
model are of little value since the laboratory could only obtain moisture 
characteristic curves in the range 0 to -0.3 bar, with moisture contents 
(&) of about 0.4 to 0.6. The calculated unsaturated hydraulic conductivi
ties range from about 2 centimeters per day at saturation to about 1.0 x 
10-' centimeter per day at a water potential of -0.3 bar. In the field, 
however, water potentials range from -1 to -15 bar, and the moisture con
tents are below 0.1. Thus, the unsaturated hydraulic conductivities of the 
tuff in the field are actually much lower than the values calculated using 
van Genuchten's method. 

• Unit lb has a relatively higher degree of welding than the other units of 
Bandelier Tuff examined in this study. This higher degree of welding, 
coupled with the unit's high pumice content, results in strong capillary 
forces which are assumed to be responsible for the significant increase in 
moisture content in the lower portion of Unit lb. Increases in the degree 
of welding are believed to reduce the pore-size radii, resulting in an 
increase in the capillary forces. Similarly, because there is a high 
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pumice content. there is a correspondingly high concentration of gas tubes; 
these tubes form ideal capillary tubes which appear to exhibit strong 
capillary forces. 

• Test results indicate that permeability in and along fractures is very 
similar to the permeability of the surrounding porous media. Detection of 
the differences in the permeability. however. may be beyond the sensitivity 
of the testing methods. since several fracture zones show an increase in 
moisture content relative to the adjacent porous media. 

• In certain cases. the magnetic susceptibility logs can be useful for 
estimating or confirming lithologic contacts. The gamma-gamma (apparent 
density) logs are useful for determining the degree of welding and possibly 
the relative pumice content of the various ash-flow units. 

• Moisture characteristic curves for crushed tuff samples differ signifi
cantly from those obtained for core samples. As a consequence. interpreta
tions of in-situ hydrogeologic transport cannot be reliably based on 
hydraulic data for crushed tuff. 
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LI'IHOLOOIC LOOS AND INSTRUMENT COMPLETION DIAGRAMS 
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LITHOLOGIC LOGGING 

A lithologic log was prepared in accord with established field procedures for 
each of the 16 holes cored with the continuous sampling system (Bendix Field 
Engineering Corporation, 1985a, 1985b). These logs are presented in chrono
logical order by hole number as Figures A-2 through A-17. The colors used to 
describe the core matrices are taken from the Rock Color Chart of Goddard and 
others (1975); the code in parentheses following a color description corre
sponds to the chart. 

For those holes in which no instruments were installed, the lithologic logs 
also show the numbers and depth intervals of samples collected for subsequent 
field or laboratory analysis. Samples identified by the three-letter prefix 
MCG- followed solely by a three-digit number were collected for gravimetric 
analysis. Those MeG-numbered samples denoted by a single asterisk (•) were 
collected for petrologic analysis, and those denoted by a double asterisk (**) 
were collected for laboratory analysis of moisture characteristics. Samples 
identified with the number 85 followed by a decimal point and five additional 
digits were collected for EP-toxicity and volatile-organic analyses by Los 
Alamos National Laboratory; splits of these samples are identified by the 
addition of the letter A immediately following the sample number. 

For those holes in which instruments were installed (see discussion below), 
the columns on the lithologic logs originally used for sample identification 
have been replaced by instrument-completion diagrams. The reader is referred 
to the first report (Rush and Dexter, 1985) for information on sample numbers 
and intervals for those holes. It is important to note, however, that the 
lithologic data have been updated since publication of the first report. 
Consequently, the graphic log and description for a particular hole as they 
appeared in the first report may not match the information presented in this 
appendix. 

INSTRUMENT COMPLETIONS 

A total of 23 pore-gas sampling ports were installed in seven boreholes in the 
study area. Completion diagrams of the installations are presented in Figures 
A-8, A-9. and A-ll through A-15. 

A total of 38 thermocouple psychrometers were installed at the study area, 23 
in Hole LLP-85-03 and 15 in Hole LGP-85-07. Because of the presence of 
surface casing in Hole LLP-85-03. a shallow boring was drilled adjacent to the 
main hole and five psychrometers were installed in this second hole close to 
the ground surface (depicted in Figure A-4 as being in the same hole). 
Completion diagrams of the thermocouple-psychrometer installations are shown 
in Figures A-4 and A-7. 

Finally. four pressure transducers were installed in Hole LLP-85-03, although 
the one at ground surface is actually in the shallow adjacent boring described 
above. The completion diagram is shown in Figure A-4. 

Installation details were described in the second interim report (Bendix Field 
Engineering Corporation, 1985b). The legends for the instrument installations 
are presented in Figure A-1. 



LEGEND FOR PORE-GAS SAMPLING-PORT INSTALLATIONS 

Gravel (0.25-inch) Tuff Backfill from Unit 2b 

Gravel with Bentonite rn Tuff Cave-In Material 

~Bentonite ~ Sampling Port 

l\\\~\~\\\\\\\\\\1 Well Sand (approximate sieve size= 8) 

8-lnch Cemented Surface Casing 

0 Stainless Steel Tubing Exiting 
2-lnch-I.D. Galvanized Pipe, Showing Coupling 

LEGEND FOR PSYCHROMETER AND TRANSDUCER INSTALLATIONS 

Tuff Backfill 

i!iJ Bentonite 

~ Psychrometer 

""' Pressure Transducer 

2-lnch PVC Pipe (used to support psychrometers 
and transducers) 

Figure A-1. Legends for the Instrument Installations 
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Otpth Simple 
(lui) lnltrul 

10 

35 

40 

45 

50 

55 

60 

65 

70 

75 

60 

65 

90 

95 

100 

105 

110 

115 

120 

125 

MCG-476 

MCG-477 

MCG-478 

MCG-479 

MCG-460 

MCG-481 
MCG-626' 
MCG-602" 

MCG-462 

MCG-463 

MCG-464 

MCG-465 

MCG-627' 
MCG-603" 
MCG-486 

MCG-467 

MCG-468 

MCG-469 

MCG-490 

MCG-491 

MCG-492 

MCG-493 

MCG-495 

MCG-628' 
MCG-604" 

MCG-496 

MCG-497 

MCG-496 

MCG-499 

MCG-629' 
MCG-605" 

Grephlc 
log o .. crlpllon 

Unll 2b: Tthlrege Member of the Bandelier Tulf 
Tuff is moderately welded and matrix color is very light gray (N8). Pumice laptlli 
(pumice fragments) are light gray and range •n stze from 5 to 10 mm. Horizontal 
fractures are coated wHh caliche at depths of 5 ft 2 in. and 5 fl 7 in. The upper 3to 4 
fl are vary weathered. 

Chatoyant sanidlne crystals, up to 3 mm In size. are present throughout this unil. 

Color changes very slightly to pinkish gray (5YA8/1), representing contact 
between two flows that cooled as one unit; slightly tess coherent than above. 

Slightly more welded than above (moderately welded). 

Drtlllng becomes easier, representing contact with slightly welded base of 
Unit 2b. 

Unll2a 
Tuff is slightly welded Matrix color changes to grayish pink (SAS/2). Pumice lapilli 
are pale brown and grayish olive; compared wtth those in Untt 2b. they are larger 
(10 to 20 mm) and more abundant. 

Santdine and quartz crystals, less than 1 mm in size. are present. Slightly more 
welded than above (moderately welded). 

Slightly welded tuft. 

Matnx color changes to pinkish gray (5YR8/1). 

Nonwelded, very disaggregated ash-flow tulf, from 62 to 64ft. 

Tuff is slightly welded. Matrix color changes to light gray (N7). 

Abundant brown and occasional gray and green pumicelapilli, 10 to 20 mm in 
stze. 

Near-vertical fracture is coated with tron-colored clay (limonite?) 
Unll1b 
Tuft is slightly welded. Matrix grades to a color between pinkish gray (5YA8/1) 
and yellowish gray (5Y8/1). Pumice laptlli are predominantly brown and much 
smaller (5 to 10 mm) than those in Unit 2a. lithic lapilli, 1 to 2 mm in size, start to 
appear and become more abundant wtth depth. 

Minor chatoyant sanid1ne crystals are present. 

Matrix is lighter in color, nearly very light gray (N8). 

Gradually becoming more welded with depth. 

Color grades to grayish pink (5A8/2). 

Brown pumice lapilli are abundant. 

Matrix 1s browner, nearly pale red (5A6/2). and tulf is moderately welded. 

High-angle fracture extends from 120 to 124ft. 

Very large (up to 1 in.) lithiC lapilli, with sbundant small lithic lapilll. 

Figure A-2. Lithologic Log of Hole LLM-85-01 
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Oeplh Sample 
(lui) Interval 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

75 

80 

85 

90 

105 

110 

MCG-609" • 
MCG-524 

MCG-525 

Oeecrlpllon 

Unll 2b: T1hlrege Member of the Bandelier Tuff 

Tuff •s moderately welded, and matnx color ts very ltght gray (N8) Pumtce laptllt 
are ttght gray (N7). The upper 3 It are weathered. 

Horizontal fracture occurs at depth of 9.5 ft; no caliche on surface 
Color changes very slightly to pinkish gray (5YA811), which may matcate 
transttion to lower flow of Unit 2b. 
Honzontal fracture occurs at depth of 12.5 It; coated wHh caliche. 

Large rust·colorea fracture extends from 26ft 3m to 27 II 8 in ; whtte caliche ana 
roots are present 

Dnlltng becomes easter at approximately 33 ft, tuf11s only sltghtly welded 

Near-verttcal fracture extends from 35 to at least 40 It 6 in The fracture appears 
open and has an tron stam approxtmately 2/16tn w1de. Tull1s more Indurated close 
to the fracture, butts only slightly welded 

Unll2a 
Color changes to grayish pink (5A8/2). tuff is slightly welded Pum1ce lapllh-brown, 
gray, and green tn color-are larger than those tn Untt 2b. 

Fracture extends from 49ft 9 m to 51ft 10 in.; it is marked w1th an •ron-colored 
alteratton band that wtdens with depth, but occurs on only one stde of the fracture 
plane. Tuff becomtng more welded at depth. 

Fracture extends from 55ft 2 tn. to 56 fl 2 in.; It IS s1milar to. and may be 
conttnuous wtth, the abo¥e fracture. 

Turlts moderately welded. Pumtce laptlll are sl"tll brown. green. and gray 

Fracture extends from 73 to 73.5 11. 
Matrrx color changes to pinkish gray (5YA8/l); tulf ts slrghtly welded 

Very dtsaggregated ash, whtch may represent sltghlly welded lower ponron ol !hiS 
untt. 

Unit 1b 

Pumice laptlli are predomtnantly brown and much smaller than those tn the abO¥e 
units. Lrlhtc laprlli, ¥ery scattered and small, are present and become more 
abundant with depth Matrix grades to a color between pmktsh gray (5YA6/1) and 
yellOWISh gray (5Y6/1). Tuff ts slightly welded. 

Abcndant brown pumtce laprllt, larger fragments are nottceably flaHened. 
representtng the begrnntng of the trans1t10n to the moderately welded central zone 
of thts unit 

Quartz and feldspar tn matnx becom1ng more abundant. Quartz ts drsunclt¥ely 
honey-colored and btpyramtdal. 

Ortllmg becomes Slightly mnre dilhcull anci rock fragments are ¥ery ahundant 
Tulf is moderately welded. 

Same as abo¥e. except matnx color IS more orangrsh, nearly moderate orange 
ponk (5YA814) 

Figure A-3. Lithologic Log of Hole LLM-85-02 

A-7 



Depth 
(leetl 

I_,-...,' 

~:~~~:~ 
''-:.--- .... ,, 
t ... , , .... , 

5 

}Zl 
10 

_,,., ... , 

15 ~~~1-i 
tL~I~~; 

20 
~ 
~{~f,~ 

25 I';,':<;-,' 
~f'j/~,, 
,,:.C;_:., 

30 ,,'~-;'.. 

~~;:::;, 
,-~';'/ ... 'r 

~~::.=-~ 35 
l:~~~(~ 
~~-~;i; 

40 :t;!,' I_,_., 
~,-,'/-~' 
, .. ,-,,., 

45 ~:;t~~ 
.:,;~~~~ 

~~~S"~ 50 
~:~~~~ 
II\\\ 

,·:~~':~ 
55 

,, -, 
~~:;:~~ 

I{i~ 60 

.... , ... ,, 
:~:--,'~~ 

65 
I''-' I\ 

'7~~~:: 
i~:(~~ 

70 / '..!2-:. \ ... r.._,, ... _, ... , ... 

~~!:~ , .... - ... ,I 
75 ,,, ... 

~~~~?-~ 
,"- , ... t ... ,,, .... ,, _,,-

80 

~' 
' I,,.,. -' ... _,:;:,, 

85 :~;,~~~\ 
~7?-,::-

90 
\{~,:~i 
I "f'-... -, ,J, 

t::,\:~';-
]f~i~ 

95 
,, :, ,_ 
,,..Vf-!, 

100 

/.,./ I I 

~~~-.... .... _,, 
'I _.,.I 

8J:' pdf -
~:-' -, 

' I '-~\,'' ,-

~f~~ "-
~~~~ ~·.:: 
':'::',~' ... .. ~ .... ~:,, 

~ 

~ 
~t ~~")-~, I,_.,,, 

~~j 
r,...,, ..... , 

.... -,, ... -;; 
f~--~~.'t 

L~~~"[~~; 
,;:,r.-,r..:-

:.';~:.:,~ g: ,, 
-=-~-~:_,~ 
__ ,,, ....... '_-

\~~~~~ 
I,.."-\ 

- ,,, \1 ,, .... ,,... 
~·-,,:-..... 

),,,/.,'::_\~, 
~:~:'I \ .._ \ I 

~ /-

~/ -
::;;:;~~~ 
,, .. ,,-.J" 
,, ... v ... I 

~;; ,, _, 
I II ,";,, -=_, 

',-..... '-:.:~,' 

~~[f{~ 
~ .... '0~~~', 
~15!..'~ 

~? "' 

~ ,, 
\'~;\ ~,.\ 

;~~!.·=~ 
#if" -· 
~(~~'?: 

(.-I-. _ .. 1 .... 

/,~;~~~ 
/ l , .. -

~{' '•' --' 

Graphic 
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~1~1~i~ :::::::,~::::::::,;;::;,:~,:: :::~:,:::• om' (Nn. 

':, 1.:/'.:-~~-=,-~~~<'.- Abundant quartz and sanidine crystals occur throughout this unit. 

Matrix color changes slightly to pinkish gray (5YR811 ), which may represent the 
contact between two flows that cooled as a single unit. 

Drilling becomes easier at depth of approximately 20ft. 

Matrix becomes slightly pinker. to grayish pink (5R812). 
High-angle (nearly 90 degrees) fractures extend from 30ft 8 in. to 31 ft 2 in., from , , , _ ,, ,,_ , , - 31 ft 8 in. to 32 ft 8 in., from 35 to 37 ft, and from 39.5 to 40ft. All four are heavily ~-' ~~--' ; •.-~ .!, stained with limonite. There appears to be a horizontal fracture lying between the :--~.:- 0:~~ --- ':.~ ·~.~-, upper two high-angle fractures. Tuff becomes slightly welded. 

.1t~f)~ '"•'~ "'"'' om m""' '"'" "' <o < "'" 

>:~;>~ Unll2a 
~ ..... /~....-/~..-/1 Matrix becomes darker-to pale red (5R612)-at depth of 42 to 43ft; tuff is only /I'/ I'/ I' )'I slightly welded. Occasional pumice lapilli are greenish (10Y412 to 10Y514). ~~~//~//~ 
/I'/ I'/ I'/ 1 Pumice lapilli are generally smaller, but occasional large pumice lapilli are quite 1 ....-/I....-/ I....-/ I flattened. Tuff is moderately welded. ,,,,,,, 
~~-~~-~1-/l ,-/, ...... /, ...... /, 
/1'/f'/l')j 
~ ...... /~-/~ ...... -:...z 
/'1' /I Y I' /I 1 ....-/ 1 ~ 1 ....-/ 1 Small high-angle fracture occurs at depth of approximately 56 ft. ,,,,,,, 
11-~1-~1-\1 , ....... /, ...... /,-/ 
I'/ l'/1'' \ ...... \ ...... \ -\1 , ...... /,/,-/, Tuff is slightly welded. Pumice lapilli become more abundant, not very flattened, 

and are predominantly brown in color, but occasional gray and green fragments 
were observed. 1~/f'::./ t':::./ 1 

~ ..... /~ ..... /, ..... /, 
1'/ 1,)',,), 
~ ;;,~ ..... y~.,--/ ~--: Some relatively large olive or greenish-colored pumice lapilli are still present. 
I'::./ I~/ I~/ I 
~ ..... /~ ..... /~ ..... A--: 
1'::./ 1~./ 1'::./ I 
~ ..... /{ ..... /{ ..... /~ ..... 
/':~./ /~./ I"::_/ I 

\,..../~ ..... /~ ..... /~--: 
' ...>.....: ' ' \.o.....,..~L'-~ 

..... ~ ~ .). > A L r-
~ v ., .., '7 ... 

: :;~'"4"'..,.'(~~ 
~ '("' t" > ,.. ~ <. 

Unit 1b 
Tuff is slightly welded. Matrix changes to a color between light gray (N7) and 
yellowish gray (5Y811). Pumice lapilli are much smaller and predominantly brown. 

\ )o .., "" .., "' "'~ 

# " '("'"' ~~ "' ,) ,.. " Minor amounts of quartz and sanidine crystals are present. .~..,~<~,L.:>"' 
"'r~<r~'">~~ 

. ., C' .., "".), .... < 
.. '1.., <.., ., " ~ 

C' <., .., ., ., .J ~ .., 

<' , < • • • •. • • Drilling becomes very easy, indicative of sllghty welded tuff. ,~..~~).., ... >~,.~~ 

7
"' ~.., "',... "',.: ~ "-" ..\ Quartz crystals become more abundant. but only traces of chatoyant sanidine 

7 
A"" : "".., ,.. ~A ~.), occur in pumice lapilli. 

~~"~"r-"'r"' :"':A 
'" ... ~ ., : "~., 7.., 

Brown pumice lapilli are abundant and very flattened. 

Figure A-4. Installation of Thermocouple Psychrometers and Pressure 
Transducers in Hole LLP-85-03 (Note: The psychrometers 
in the upper 10 ft are located in a shallow boring 
adjacent to the main hole.) 
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Unit 2b: Tahtrege Member ol the Bandelier Tuff 

Tuff is moderately welded, and matrix color is between light gray (N7) and very 
light gray (N8). Pum1ce lapilh. 2 to 10 mm in size, are hght gray to medium 11ghl 
gray. Chatoyant sanidine crystals are 1 mm tn size. The upper 4 It are very 
weathered and contain abundant honzontal fractures w1th iron stains and root 
structures. 

Same as above, except rare lithic tap1lli up to 40 mm 1n s1ze are present 

Same as above, except clear quartz and chatoyant blue san1dine crystals, 1 to 2 
mm 1n stze. are abundant. 

Color changes to grayish pink (5A8/2) at depth of approximately 34ft. Ortll1ng 
becomes easier at depth ol 33 ft. representing contact wtlh lower flow and/or 
slightly welded portion ol Untl 2b Pumtce laptllt range 1n Stze from 2 to 10 mm. 

Unll21 

Matrtx color stdl graytsh ptnk (5A8/2); slightly welded tuff Pumtce lapllli are larger 
(5to 30 mm), but sttll predommantly gray. Quartz and santdtne crystals, tess than 1 
mm tn size. are present. 

Fracture extends from 48 to 48.4 11. 

Tuff is slightly welded. Pumice tapilli are same stze as above (5 to 30 mm). but 
olive or grean1sh-colored fragments are presenl. 

Small fracture, lilted to 1/6 in., extends lrom 54 to 555ft. 

Fracture occurs at depth of approxtmately 58 It; very broken-up core. 

Tuff is gradually becom.ng moderately welded at depth. 

MatniC color sttll graytsh p1nk (5R8/2) Pum1ce laptlll are larger (lO to 40 mm). but 
still predomtnantly brown with occastonal oltve or greenish-colored fragments. 

Tullts slightly welded. and matrix color lightens to nearly pinkish gray 
(5YA8/1) Cl'latoyant san1dine crystals are still present. 

Unll1b 

Tuff is slightly welded, and matrix color becomes lighter, between pinkish 
gray (5YR8/l) and yellowish gray (SYBil) Abundant quartz, but chatoyant santdine 
was not observed. Pumtce laptlll are brown and much more abundant than in Un1t 
2b 

Lith1c tap11ii, up to 2 mm in stze. are present in small amounts. Pumice lapilll are 
brown. but slightly larger (20 to 40 mm) than those tn upper intervals. Tuff is sltghlly 
welded. 

L•thic lap1lli are abundant, but still small (less than 2 mm). 

Tuff is moderately welded, and matrix color tS becom1ng more pinkish (5A812) 
whtch may represent contact with the more densely welded portion ol Un1t 1 b. Rock 
or ltthtc fragments are becomtng much larger. Pumtce lapitll are very large. Quartz 
crystals. dark- to honey-colored, are abundant. 

Scattered, large lithic laptlli. Large pum1ce laptlli are very llattened. 

Matnx cot or changes to pale red {10A612) 

Matrix color changes to pinktsh orange (nearly 10A7/6); sltghlly welded 
tower portion of Unit lb. 

Figure A-5. Lithologic Log of Hole LLM-85-05 
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Unit 2b: Tlhlrege Member of the Bandelier Tuff 

One foot of medium-brown so•l merges into light-gray (N7) ash-flow tuff, which IS 
moderately welded Pum1ce lap!lll, 2 to 10 mm in stze, are medtum light gray. 
Sanidine and quartz are abundant. Iron-stained fracture extends from 5 tl10 tn to 6 
ft 1 1n., and caliche-filled fracture from 6 rt 4 in. to 6 II 7 in. 
Caliche-filled fracture extends from 9 to 9.5 ft. 

Matrix color grades to very light gray (N8). Light-gray pum1ce tap1lll, 2 to 10 mm in 
stze, are present from ground surface to approKimately 8 lt. 

Malflx color IS between very light gray (N8) and t•ght brownish gray (5YA6/1) 

Near-vertical fracture 8.JCtends from 29 to 29.5 tt; tulf sllll appears moderately 
welded. 

Unll2a 
Tulf appears ftssile. but still moderately welded; drilling is slightly easier. No 
ObVIOus color change. Pumice laptlli are brown and gray, and larger (10 to 30 mm) 
than those 1n the upper u01t. 

Near-vertical fractures extend from 41 ft 4 in. to 42 II 2 in and from 43 to 43 5 It; 
the former appears to be open 

Matflx color 1s very light gray (N8) 

Tulf tS nonwelded. and pum1ce lap1lh are larger. 

Unit 1b 
Tuff is only slightly welded. Matn.JC becomes almosl white (N9) Pum•ce tap1111 are 
predom1nantry brown from 59 to 69 fl. 

Matnx darkens to light gray (N7). 

Matrix color changes to gray•sh pink (5A8/2) at depth of approximately 69ft 

Small lithiC laptlll, 1 to 2 mm in s•ze. are present in small amounts. 

L1thic tap11l1 are more abundant; brown pumice lapilli are larger 

Matrix color becomes pinker, to pate red (SAG/2), and tuff ts gradually becom1ng 
more welded. L1th1c lapilli Increase in s•ze. Bipyramidal quartz cryslats. gold to tan 
colored, arA abundant. 

Trans1t1on to moderately welded zone of Unit 1 b. Matnx color changes to graytsh 
orange ptnk (5YA712). 81pyram1dal quartz crystals are slill abundant and 1ncreas1ng 
in s•ze (up to 4 mm). 

Tuf11s moderately welded. and color changes to moderate orange pink (5YA8/4). 
Same as above, except tuff tS only slightly welded, representing the base of 
Un111b_ 

Unlth 
Completely nonwetded ash. moderate orange pink (5YA8/4) w1th scattered Jumps 

.., ..,~, .., " ,., of tan pum1ce tapilh. 
,.. '.J (' \ ~: 

., ~ ., ..1 " 

1\ ..1. ,.. v ') .... ..J 

r-"' -.4 \ .l t' ' 
.J. ~ ., v ., Completely nonwelded ash, with large (some greater than 2 1n ) pum1ce and rock 

r " ..J > .,.. 1ap1lli. 
"' .J "\ " ..... ,.. 

r- " < ~ > 
., t' ..., ..J " v 
" .J. ,.. v ) : 

r 

Figure A-6. Lithologic Log of Hole LGM-85-06 
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Figure A-7. 

Unit 2b: Tahlrege Member of the Bandelier Tuff 

Soil consisting of weathered tuff extends from ground surface to 5 ft, and contains 
scattered root material. 

Matrix color is between very light gray (NB) and light gray (N7). Pumice lapilli, 5 to 
10 mm in size, are light gray. 

Tuff is moderately welded. Chatoyant sanidine and quartz crystals are abundant. 

Near-vertical, noncoated fracture(?), possibly open, extends from 21 ft 7 in. to 22ft 
1 in. 

Unlt2a 

Tuff appears fissile and slightly less welded; drilling is easier. Matrix color is 
between light gray (N7) and very light brownish gray (5YR7/1). Pumice lapilli are 
larger (10 to 20 mm) and predominantly brown. 

Matrix color darkens to medium-light gray (N6) . 

Installation of Thermocouple Psychrometers in Hole LGP-85-07 

A-15 



Depth 
(feet) 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

as 

90 

95 

tOO 

lnelallallon 

Graphic 
Log Deecrlptlon 

Unll 2b: Tshlrege Member of the Bandelier Tuff 
The upper 5 ft are weathered and loose. and predominantly brown in color. 

Possible horizontal fracture occurs at depth of 6ft 10 in.; very slight discoloration 
to brown on the surface. Tuff is moderately welded. 

Matrix color is very light gray (N8). 

Fractures extend from 9 It 6 in. to 9 It 9 in. and from 10 It 1 in. to 10 It 4 in.; both 
appear to dip approximately 45 degrees and have slight brown coloring on the 
surfaces. 
Concentrations of larger pumice lapilli may represent the boundary between 
separate flows within this unit. 
Matrix color changes to pinkish gray (5YR8/1). 
Tuff appears slightly fissile, but is still moderately welded. 
Possible noncoated fracture extends from 19 It to 19 It 3 in. 

Slightly less welded than above. 

Matrix color becomes very slightly pinkish, with very small, brown pumice 
lapilli, probably indicating a transitional contact with Unit 2a. 

Unlt2a 
Matrix color is definitely pinkish. Sanidine and quartz are present. Approximately 
75% of the pumice lapilli are brown, 25% green (olive). 

Matrix color changes to light brownish gray (5YR6/1 ). 
Tuff is moderately welded. 
Near-vertical, iron-stained fracture extends from 35 It 4 in. to 36 It 4 in. 

Near-vertical. noncoated fracture extends from 40 It to 40 It 8 in. 
Slightly welded tuff. 
Unit 1b 
Matrix color changing to very light gray (N8) to almost white (N9) at depth of 43 to 
44ft; tuff is only slightly welded. Pumice lapilli are predominantly brown; occasional 
large pumice fragments appear flattened. Sanidine crystals are abundant. 

Matrix color changes to white (N9) at depth of 52 ft. 

Pumice lapilli are still brown, but becoming larger in the interval 59 to 63ft. Lithic 
lapilli are abundant, up to \1 in. in size at depth of 59 ft. Quartz crystals are honey
colored. Slightly welded tuff is grading to moderately welded unit below. 
Near-vertical fracture. slightly iron-stained, extends from 61 to 62ft. 

Drilling becomes more difficult, and tuff is moderately welded. Lithic lapilli are 
larger. This more welded material probably represents the central portion of the 
Unit tb cooling zone. Fresh glass shards were observed. 
Matrix color grades from pinkish gray (5YR8/t) to very pale orange (IOYRS/2) to 
light brown (5YR6/4). 
Tuff is slightly welded, and looks like the rest of Unit 1 b except the color is 
becoming very orange. Lithic lapilli are still very abundant, and quartz crystals are 
still honey-colored. 
Unl11a 
Completely nonwelded, orange-colored ash with large pumice 
lapilli. The latter are distinctively light brown or cream-colored. Only scattered lithic 

, ...., v .., ..l. lapUii were observed, one 1 in. in size and another 1/16 in. in size. 
~ , r- {\ v 

I"' .J !-
11

"',.. L Matrix color is moderate orange pink (5YR8/4). 

" " r"' ~ "".J "< 
~ (. ,... 1,.. .., 

"..J "'-J ~ < 
,.. " " ., v Same as above, except dampness observed at depth of approximately 88ft. "" ~ .., " ,... 

,... ." < r > 
.., r -, ..I " 

Same as above, except matrix color changes to light tan [approximately 5Y8/t 
(yellowish gray)) and green pumice lapilli are scattered throughout. 

Figure A-8. Installation of Pore-Gas Sampling Ports in Hole LGC-85-09 
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Unit 2b: Tshlrege Member of the Bandelier Tuff 
Weathered-tuff soil horizon extends to depth of 20 in. 
Tuff is moderately welded. and matrix color is light gray (N7) to very light gray 
(NS), with abundant light-gray pumice lapilli and quartz and sanidine crystals. 
Near-vertical fracture extends from 4 to 5 ft. 

Tuff is moderately welded. and matrix color is very light gray (NS). 

Transitional contact (?) with lower flow of Unit 2b. indicated by larger (10 to 20 
mm) pumice lapilli, some of which are slightly greenish, and larger sanidine 
crystals. 

Horizontal fracture occurs at depth of 31.5 ft. 
~6.,...,.,;.;~~ Unit 2a 

t.:..;;~•,.....•t • ...,.,,...., Tuff is moderately welded. Matrix color changes to light brownish gray (SYRS/1 ). 
Pumice lapilli are predominantly brown. though some are greenish-colored, and 
larger in size (up to 30 mm). Quartz and chatoyant sanidine crystals are less than 1 
mm in size. 

Matrix color darkens to brownish gray (5YR4/1 ). 

I?"'!•J..,..,..~,....,r;TI Matrix color lightens to light brownish gray (5YR6/1). 
Tuff is slightly welded. 
Near-vertical fracture extends from 52 to 53.5 ft. 
Pumice lapilli are larger. 

"""...,~..,.1,;..."'"'1 Unit 1b 

~........:..~~~~ 

Tuff is slightly welded. 
Matrix color changes to light gray (N7) and is less welded than in the interval 49 to 
54 ft. Pumice lapilli are smaller, and range from light brown to gray in color. 

Sparse, small lithic lapilli begin to appear. 

Drilling becoming more difficult with depth, indicating start of transition to 
moderately welded zone below; lithic lapilli still sparse and small. 

Matrix color becomes slightly pinkish, to pinkish gray (5YR8/1 ). Lithic lapilli are 
larger and more abundant. 

Tuff is moderately welded. and matrix color darkens to light brownish gray 
(SYRS/1). 

Dark- to honey-colored quartz crystals increase in size and abundance. 

Lithic lapilli, up to % in. in size, become more abundant. 

Matrix color changes to moderate orange pink (SYRS/4). 

Vertical fracture extends from 94.5 to 96ft. 

Tuff is slightly welded. Lithic lapilli up to 1 in. in size are common. 

Installation of Pore-Gas Sampling Ports in Hole LGC-85-10 
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Unll 2b: Tlhlrtgt Member of the B•ndeller Tuff 
Weathered-tuff so11 honzon extends to depth of 311 
Moderately welded tuff. 

Matnx: color ranges from very light gray (NB) to very light brown•sh gray (5YA7/l). With light-gray pum1ce laptlh. Near-vert•cal fractures extend from 5 to 6ft and from 6.5 1o 7.5 11. 

Quartz and chatoyant blue sanidlne crystals are present. 

lron-staJned. caliche-lilted fractures, dipptng approximately 45 degrees, occur at depths of 15.5 and 17 51t. 

lron-stamed fracture, dtpping approx•mately 45 degrees, occurs at depth ol 20ft 

Pumice lap•lli, 3 to 10 mm in size, are sttll light gray 

Unll2a 
TullIS moderately welded. and matnx color is very light gray (NB) with a slight pmktsl'l cast [nearly ptnkish gray (5YAB/1 )1. Pumtce laptlll are larger and predominantly brown, though some are greentsh-colored. Quartz and chatoyant santdine crystals are present 

Tuff is only slighlly welded. Pumice lap1111-some brown, some 
green-are very large. Sparse. small lithic 1ap1lli are present. 

Unl11b 
Tuff 1s slightly welded, and matrix ranges in color from very ltghl gray (NBI to almost whtte (N9). 

Fracture (?),dipping approximately 45 degrees, occurs at depth of 66 lt. 

Ltlhtc laptlli begin to appear. becoming larger and more abundant w1th depth 

Fractures, dipping approximately 45 degrees, occur at depths of 75.5 and 76.5 ft. 
Tulf is sl1ghtly more welded than above, and matrix color is ptnkish gray (5YA8/1 ). 

Tuff IS moderately welded. 

Quartz crystals are abundant and dtstincttvely honey- or tan-colored. 
Matrix color changes to moderate orange ptnk (SYA8/4) at depth of 93 lt. LtthtC laptllt becoming very large. up to 3 in. in s1ze. Pumtce laptlh are sttll small and brown. Quartz crystals are same as above. 
Pumtce laptlli increase in stze. and some are gold- to tan-colored (stmitar to those tn Untt 1a). 

Tuff ts only sltghliy welded. Lithic laptllt are tess abundant. but range up to 3 in tn stze. Quartz crystals are same as above. 
Unit 1a 

Completely non welded tuff, moderate orange ptnk (5YA6/4), wtlh scattered, large. golden-tan, pumtce lap1ll1 and ltthtc lap1tlt. 

Same as above . 

Figure A-10. Lithologic Log of Hole LGM-85-11 
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Unit 2b: Tshlrege Member of the Bandelier Tuff 
Soil consists of weathered tuff and some fill (tuff). 
Matrix is light gray (N7). with common quartz and chatoyant sanidine crystals. Iron-stained fractures, dipping 45 degrees, occur at depths of 5 ft. 6 It, and 6 It 8 in. Pumice lapilli are medium light gray, except for a very few which are light green. 

Same as above. 

Horizontal fractures occur at depths of 24 It 8 in., 25 It, 25 It 7 in., and 26ft. 

Pumice lapilli are gray and range from 2 to 10 mm in size. 

Tuff appears only slightly welded (from surface). possibly the result of weathering due to the hole's proximity to the edge of the mesa. 

Unll2a . 
Tuff is moderately welded and matrix color changes to pinkish gray (5YR8/1). Pumice lapilli are larger (10 to 20 mm) and predominantly brown. Vertical fracture, 
with roots, occurs at depth of 41 ft. 

Pumice lapilli are brown and greenish-colored. 

Matrix color darkens slightly, to nearly light brownish gray (5YR6/1 ). 

Fracture, dipping approximately 45 degrees, occurs at depth of 55.6 ft. Quartz crystals are dominant phenocrysts. 

Matrix color lightens, back to pinkish gray (5YR8/1 ). Lithic lapilli are small (1 to 2 mm) and very sparse. Minor amount of sanidine crystals. 

Sanidine and quartz crystals are abundant and present in equal amounts. 

Pumice lapilli-some brown, some green-are larger than above. 

Tuff is slightly to moderately welded. Matrix color is very light gray (N8). 
Unll1b 

Tuff is slightly to moderately welded, and matrix is becoming lighter. to a color between very light gray (N8) and white (N9). Pumrce lapilli range up to 30 mm in size. 

Sanidine and quartz crystals are present in approximately equal amounts. Quartz crystals are distinctively honey- or tan-colored. Pumrce lapilli range up to 40 mm in size. No lithic lapilli were observed. 

Installation of Pore-Gas Sampling Ports in Hole LLC-SS-12 
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Unit 2b: Tahlrege Member of the Bandelier Tuff 
Weathered-tuff soil horizon extends to depth of 10 in. 
Matrix is light gray (N7), and tuff is weathered to a depth of 4 ft. 

Tuff is moderately welded. 

Pumice lapilli are 5 to 10 mm in size, and slightly darker than light gray. 

Matrix is light brownish gray (5YR611), with common sanidine. Pumice lapilli are 
light gray and average 5 to 10 mm in size. 

Near-vertical, iron-stained fracture occurs at depth of 22.5 ft. 

Near-vertical, iron-stained fracture occurs at depth of 35 ft. 

Tuff is slightly welded. 
Pumice lapilli are larger (20 to 45 mm). 

Fractures, dipping approximately 45 degrees, occur at depths of 42, 42.5, and 47 ft. 

Unlt2a 

Matrix color is light brownish gray (5YR6/1). Quartz crystals are more abundant 
than in Unit 2b. Some brown pumice lapilli were observed. 

Core recovery is excellent; no breaks occurred in the three 5-ft sections from 49 to 
64ft. Tuff is slightly more than moderately welded. 

Some large (20 to 40 mm) pumice lapilli have rims altered (?) to brown color. 

Matrix color is same as above. Pumice lapilli-brown, gray, and a few green
average approximately 10 mm in size. Phenocrysts, averaging 3 mm in size, are 
predominantly sanidine with some quartz. 

Tuff is still moderately welded, but matrix color changes to grayish orange pink 
(5YR7/2). 

Sanidine crystals decrease in size. 

Same as above, except pumice lapilli average 10 mm in size, with some as large as 
50 mm. Sanidine crystals are small, and quartz was not observed. 

Matrix color changes to light gray (N7). Pumice lapilli are medium light gray and 
average 10 mm in size. 

Matrix color changes back to grayish orange pink (5YR7/2). Equal amounts of 
brown and gray pumice lapilli are present. 

Installation of Pore-Gas Sampling Ports in Hole LLC-85-13 
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Unit 2b: Tshlrege Member of the Bandelier Tuff 

Tuff is moderately welded, and matrix color is light brownish gray (5YR6/1). 
Horizontal fracture occurs at depth of 1.5 ft. Pumice lapilli are small and gray. 
Quartz and sanidine crystals are small and clear. 

Matrix color changes to very light gray (N8), which probably represents the 
contact with the lower flow of Unit 2b. 

Fractures, dipping approximately 45 degrees, occur at depths of 18ft 2 in. and 19 
It 3 in. 

Lithic lapilli are sparse and range up to 30 mm in size. 

Matrix color changes back to light brownish gray (5YR611) at depth of 26 ft. 
Fractures, dipping approximately 45 degrees, occur at depths of 25 and 28ft. 

Pumice lapilli-soma brown, some gray-range in size from 10 to 40 mm. 
Drilling becomes much easier at depth of 32ft, representing the contact with the 
slightly welded base of Unit 2b. Matrix color changes to grayish orange pink 
(5YR7/2). Fracture, dipping approximately 45 degrees. occurs at depth of 31ft. 

looo...:.J:8'.»,....""ol Unit 2a 

Tuft is slightly welded, and matrix color is light brownish gray (5YR6/1). 
Pumice lapilli-some brown, some green-range in size from 10 to 30 mm. 

Tuff is slightly welded. and matrix color changes to grayish pink (5R8/2). 
Lithic lapilli are sparse and average 5 to 10 mm in size. with some up to 40 mm. 
Pumice lapilli are same as above. 

Near-vertical fractures occur at depths of 49, 52, 53, 54, and 57 ft. This may be one 
fracture, observed entering and exiting the core. 

Tuff is moderately welded, and matnx changes to a color between grayish pink 
(5R8/2) and grayish orange pink (5YR7/2). Pumice lapilli are predominantly brown. 
and average 10 to 40 mm in size. Lithic lapilli are still sparse, but larger (20 to 40 
mm). 

Matrix color changes to grayish orange pink (5YR7/2): otherwise same as above 
except fewer lithic lapilli. 

Same as above, except lithic lapilli are more abundant. 

Same as above, except no lithic lapilli were observed. 
Tuff is slightly welded. Matrix color lightens to grayish pink (5R8/2). Pumice 
lapilli-brown and green-are larger (20 to 50 mm). Sanidine and quartz crystals 
are very small and clear. 

Unit 1b 

Tuff is slightly welded. Matrix color changes to light gray (N7). Brown pumice 
lapilli are smaller (10 to 25 mm). Lithic lapilli and quartz crystals are common. the 
latter ranging up to 3 mm in size. Near-vertical fractures occur at depths of 85, 88, 
and 89ft. 

Same as above, except quartz crystals are larger (4 mm) and more abundant. 

Figure A-13 . Installation of Pore-Gas Sampling Ports in Hole LLC-85-14 
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Unit 2b: Tshlrege Member of the Bandelier Tuff 

Soil layer extends to depth of approximately 4 in. Tuff is moderately welded, and 
matrix color is very light gray (NB) to grayish pink (5R8/2). Pumice lapilli are small 
and light gray. Clear quartz and sanidine crystals, less than 1 mm in size, are 
common. High-angle, iron-stained fractures, with caliche inti II, occur at depths oft 
and 511. 

Same as above. except matrix color changes to very light gray (NB). 

Same as above, except matrix color changes to light brownish gray (5YR6/1 ). 

Same as above, except pumice lapilli are larger (up to 10 mm). 

Tuff is moderately welded, and matrix color grades to grayish pink (5R8/2). 
Pumice lapilli-most gray, but some brown-range in size from 10 to 40 mm. 

Low-angle fracture occurs at depth of 31 It 10 in. 
Same as above, except tuff is slightly welded. 

Tuff is slightly welded, and matrix color still grayish pink (5R8/2). Pumice 
lapilli-most brown;but some green (olive)-range in size from approximately 10 to 
50mm. 

High-angle fracture occurs at depth ot47.5 ft. 

Tuff is moderately welded. and matrix color grades to pale red (5R6/2). 
Same as above, except matrix color changes to grayish pink (5R8/2). 
High-angle fracture occurs at depth of 51 It 6 in. Pumice lapilli become larger, 
some up to 60 mm. 

Matrix color grades back to grayish pink (5R6/2). Pumice lapilli become smaller, 
ranging in size from 5 to 15 mm. 

High-angle fracture occurs at depth ot67 ft. 

Same as above, except sparse lithic lapilli are present. 

High-angle fracture occurs at depth ol77 ft. 

Tuff is slightly to moderately welded. 

Tuff is slightly to moderately welded. Matrix color changes to pinkish gray 
(5YR8/1). Pumice lapilli are predominantly brown and range from 10 to 20 mm in 
size. Quartz crystals, up to 4 mm in size, are abundant. Lithic lapilli are more 
abundant than above, ranging in size from 5to 15 mm. 

Pumice lapilli increase in size to 30 mm. 

Same as above, except matrix color changes to very light gray (NB). 

Pumice lapilli increase in size to 50 mm. 

Installation of Pore-Gas Sampling Ports in Hole LLC-85-15 
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Un112b: Tahlrege Membtt olthe Bandelier Tufl 
Sotl and weathered tuft extend to depth of 16 in. 

Tuft is moderately welded. and matrix color is grayish pink (5A812). Pumice laptl!l 
are light gray and range up to 10 mm in stze. Quartz and samdme crystals range up 
to 4 mm in size. Near-vertical fractures occur at 3ft and from 6 to 7ft. 

Same as above 

Reworked ash (crossbedding) occurs at depth of 15ft 5 in. The material is orange 
and represents the contact between the upper and lower flows 1n Unit 2b. 

Still moderately welded. graytsh-pmk (5A8/2) tuff. 

H•gh-angte fracture. w1th ~ron alteration. occurs at depth of 25ft 10 in 

Tulf is still moderately welded. but matnx color changes to grayish orange pink 
(5YA712). 

Tuff is Slightly welded, and drilling becomes easter at depth of 34 ft. 
H1gh-angle fractures (one cont1nuous fracture?) occur at depths of 34, 36, and 37ft. 
Pum1ce tap1Ui are gray and brown, and range in size from 10 to 20 mm. Quartz and 
samdine crystals are less than 1 mm 10 size. 

Tuff IS slightly welded. and matrix color is light gray {N7). Pumice tapilli 
are brown, gray, and green. Sanid10e and quartz crystals are larger, up to 3 mm 
VertiCal fracture w1th Slit inti II extends from 41.5 to 456ft; tl was probably ftlled in 
wilh reworked ash pnor to deposition of Uri! 2b 

Tuff IS moderately welded, and matrix color changes to grayish ptnk (5A8/2), at 
depth of approximately 46ft. Pumice lap1lll are brown and green. 

Tuff is slightly less welded than above, and rare lithiC lapilli are present. 

Un/11b 
Tull IS slightly to moderately welded. Matrix color changes to light gray {N7) 
Pumice laptlli are predommantly brown and range in stze from 20 to 40 mm. Quartz 
and santdine crystals are still common Ltthic lap1lli are larger (up to 30 mm) and 
more abundant. 

High-angle fracture occurs at depth of 92.5 ft. 

Matnx color lightens to very light gray {N8). Pumtce lapilli are larger {up to 50 
mm). Ltlhtc laptlli are common. 

Figure A-15. Installation of Pore-Gas Sampling Ports 
in Hole LLC-85-16 
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Unit 2b: Tthlrege Member of the B•ndeller Tull 

Sotl and weathered lull extend to approxtmately 3 It 

TulliS moderately welded. and matnx color •s light gray (N7) Pumice lap1lh are 
gray and range an s1ze lrom 5 to tO mm. Quartz and samdme crystals, less than 1 
mm m s1ze, are abundanl. 

Same as above. Altered, htgh-angle fracture. w1th s11t mhll and roots, occurs at 
depth of 11 fl2m. 

Matnx color IS gray1sh pmk (5R8/2) and pumtce laptlh are larger (up to 30 mm), 
representtng transuton to lower flow of Un11 2b. Quarlz and samdine crystals same 
as above. 

Same as above, except sparse l1th1C laptlli are present and quartz and santdtne 
crystals tncrease tn stze to 3 mm. 

Htgh-angte fracture extends from 27 to 28.5 ft. 

Sligh!ly welded base of Umt 2b; dnlling becomes easter Pumice taptlli increase in stze 
to 50 mm. whtle quartz and santdtne crystals decrease tn SIZe to less than 1 mm. 

10--;...:.,.....,......,._, Unit 2• 
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Tuff tS shghtly welded MatrJ)( color tS pale red (5R6/2) Pumtce laptiH are brown 
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Tull1s moderately welded, matrtx color lightens to grayish pmk (5A6/2) at depth of 
approximately 45 It 

Same as above 

Same as above, except pumtce taptth are larger (up to 40 mm) and quartz and 
san1dtne crystals are smaller (less than 1 mm) Htgh-angte fracture occurs at depth 
ol61 It 

Same as above, except lull IS Slightly welded 

Same as above 

Unit 1b 
Tuff is slightly welded, and matm: color changes to light gray (N7) Lithic 
laptlh are present tn mmor amounts. rangmg 1n stze to 20 mm. Pumice laptll1-most 
brown. but some green-range up to 40 mm in size Quartz crystals are larger and 
honey·colored. 

Tuff is shghtly to moderately welded. and matnx color changes to grayish orange 
ptnk ( 10A8/2) Pum1ce tapilli are brown and range up to 50 mm m srze. Quartz and 
samdme crystals, ranging up to 2 mm 1n stze. are common. L!lhtc lapilli. ranging up 
to 50 mm tn srze. are also common . 

Turf becom1ng moderately welded. 
Same as above, except small (2 to 4 mm) llthrc laptlh are abundant. 

Matnx color changes to more intense grayish orange ptnk (5YR7/2). Quartz 
crystals are gold, btpyramtdal, and more abundant than above. Small (less than 1to 
2 mm) hthrc laptllt are very abundant, but those as large as 60 mm are sparse. 

Same as above. except matnx color changes to ltghl brown (5YA6/4) 

H1gh-angle fracture extends from 12210 12311 

Tuflts Slightly welded. and matnx color changes to moderate orange pink (5YA814) 
Pumtce laptltt are graytsh orange (stm1lar to those 1n Un•t Ia) and range up to 50 mm 
en stze Rest of matrt)( 11 s1m1lar to above 

Occastonal greentsh pumtce taptlli are present 

Unit h 

Completely nonwelded ash, moderate orange p1nk (5YA8/4) rn color Large 
graytsh-orange (10YA7i4) pumtce laptllt are abundant. Uthtc laptllt range up to 50 
mm 1n stze 

Figure A-16. Lithologic Log of Hole LLC-85-17 
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Figure A-17. 

Deecrlptlon 

Unit 2b: Tohlrege Member of the Bandelier Tuff 

Weathered tuff (fill?) extends to depth of 4ft. 

Tuff is moderately welded, and matrix color is light gray (N7). Pumice lapilli are 
gray and range from 5 to 10 mm in size. Quartz and sanidine crystals. up to 1 mm in 
size, are abundant. 

Low-angle fracture occurs at depth of 11 ft. 

Pumice lapilli are larger, which may indicate transition to lower flow of Unit 2b. 

Same as above, except quartz and sanadine crystals mcrease in size to 3 mm. 

Tuff is slightly to moderately welded. Matrix color changes to pale red (5R6/2) at 
depth of 33ft. Pumice lapilli are larger (10 to 20 mm), while quartz and sanidine 
crystals are smaller (less than 1 mm). High-angle fracture, with iron alteration, 
extends from 33 to 35 ft. 

Unit 2a 
Tuff is slightly to moderately welded. Matrix color is still pale red (5R6/2). Quartz 
crystals· are larger (up to 3 mm). Pumice lapilli change from gray to brown and 
green. 

Same as above, except quartz crystals decrease in size to less than 1 mm. 

Same as above, except sparse lithic lapilli, 5 to 10 mm in size, are present. 

No core was recovered for the interval 54 to 74ft. 

Same as above, but tuff is only sligntly welded. 

High-angle fracture extends from 78 to 79ft. 
Unit 1b 
Tuff is slightly welded. Matrix color changes to light gray (N7) at depth of 79 It, 
and to very light gray (N8) at depth of 84ft. Pumice lapilli are predominantly brown. 
Lithic lapilli are sparse. 

Same as above. 

Lithologic Log of Hole LLC-85-18 
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A total of 27 drill-core samples from the Tshirege Member of the Bandelier 
Tuff were submitted to the Bendix Petrology Laboratory for petrographic 
characterization. Nine samples were from Unit 2b, four from Unit 2a, eight 
from Unit 1b, two from Unit 1a, and four were lithic lapilli from various 
units. Analytical procedures and results are described below. 

The samples as received consisted of sections of S-cm-diameter drill core. 
From these samples, portions were removed using a core splitter for polished 
thin-section preparation. The samples were impregnated with blue-colored 
epoxy to emphasize the porosity in the thin sections.• Each thin section, 
with the exception of the nonwelded samples from Unit 1a, was subjected to 
point-count analysis (300 counts) to determine mineral and component 
abundance. Tuffaceous rocks were named according to the classification of 
Cook (1965). As shown in Figure B-1, the rocks from this study plot in the 
following fields: II (lithic-crystal tuff), III (lithic-vitric), IV (crystal
lithic), V (vitric-lithic), VII (crystal-vitric), and VIII (vitric-crystal). 

The optical identifications of major and minor minerals, especially devitrifi
cation products, were confirmed using X-ray diffraction (XRD). The clay-sized 
fractions were separated from fracture coatings in Samples MCG-629, -630, 
-643, -644, and -648. These clay-sized separates were smeared or sedimented 
onto glass slides and analyzed in four different states: air-dried, 
glycolated, heated to 330°C, and heated to SS0°C. 

The compositional modifiers to tuffaceous rock names are based on the bulk XRD 
data. These modifiers were assigned according to the classification of 
Streckeisen (1967). 

Petrographic descriptions of the samples are presented on the pages following 
Figure B-1. They are presented in consecutive order by sample number, 
although the drill-hole number, depth of the sample, and geologic unit are 
also identified near the top of the page. The volume percent of each mineral 
component is given, together with the petrographic description. Phenocrysts 
and groundmass are further subdivided into individual components, and these 
subcomponents are followed by a number in parentheses which indicates their 
volume percentage of the main component. The petrographic descriptions were 
taken from a report entitled Petrography of the Tshirege Member of the 
Bandelier Tuff. Mesita del Buey, Los Alamos County, New Mexico (Fukui, 1985). 

*There is considerable discrepancy between porosity measured in thin 
section and that determined by means of helium injection (cf. Section 3.1.2). 
The significantly lower porosity determined in thin section is due to the fact 
that most of the thin sections were cut parallel to the core axis (parallel to 
the direction of flattening), resulting in erroneous extrapolation based on 
the cross section of the gas tubes rather than on their true shape. 
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Figure B-1. Classification of Cook (1965) Used to Name Tuffaceous Rocks 
in This Study on the Basis of the Normalized Vitric 
(including pumice), Crystal, and Lithic Components Determined 
from the Modal Analysis 
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LANL VAPOR 'IRAN SPORT STUDY 
REQUEST NO.: 402553 
PR.OJEcr NO.: 61..0001000 

SAMPLE NO.: MCG-550 
DRILL BOLE LLM-85-17 
DRILL BOLE DEPTH (FT): 

UNIT 1B (LITHIC) 
118 

PHENOCRYST RATIO ( Q/K/P) : 1/6.67/0.33 DEGREE OF WELDING: Dense 
POROSITY (VOL~): 10 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAJm: Rhyolitic Vitric Tuff 

GENERAL DESCRIPTION IN THIN SECI"ION: Densely welded glass with lithophysae 
filled by sanidine, tridymite, opaques, and late-stage alpha quartz. A 
few fine- to medium-grained phenocrysts are present. 

MINERAL COMPONENT VOL. ~ 

Groundmass 60 

Vapor-Phase Minerals 28 

Sanidine (73) 

Tridymite (18) 

Alpha Quartz ( 5) 

Opaques ( 4) 

Pore Space 10 

Phenocrysts 2 

Sanidine ( 83) 

Alpha Quartz (13) 

Plagioclase (4) 

Opaques (tr) 

COMMENTS 

Densely welded glass with well-developed 
spherulitic devitrification. Glass is 
brown in part. 

Porous, microcrystalline linings of 
lithophysae. 

Fine grained, euhedral. Partially fills 
interiors of lithophysae. Wedge-shaped 
twins are common. 

Fine grained, anhedral. Late-stage 
filling of lithophysae. 

Fine grained, anhedral. Associated with 
sanidine stage of lithophysae filling. 
Magnetite/ilmenite altering to hematite. 

Associated with vapor-phase 
crystallites. 

Fine to medium grained, euhedral to 
anhedral. 

Fine to medium grained, anhedral to 
euhedral. Embayed grains are present. 

Fine to medium grained, subhedral. 

Fine grained, anhedral to subhedral. 
Magnetite intergrown with ilmenite. 
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LANL VAPOR 'IRANSPORT SWDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

POROSITY (VOL~): 1 

SAMPLE NO.: MCG-:601 
DRILL HOLE LLM-85-17 
DRILL HOLE DEPTH (FT): 

UNIT 1B (LITHIC) 
128 

OXIDATION STATE OF Fe-Ti OXIDES: C4 

ROCK NAME: Hornblende Basalt Porphyry 

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium-grained phenocrysts in a 
hyalopilitic groundmass. Glomeroporphyritic. 

MINERAL COMPONENT VOL. ~ 

Phenocrysts 32 

Plagioclase (61) 

Hornblende(?) (20) 

Biotite ( 7) 

Pyroxene ( 6) 

Opaques (5) 

Olivine (tr) 

Groundmass 68 

Plagioclase (94) 

Opaques ( 2) 

Glass (1.5) 

Pore Space (1.5) 

Biotite (1) 

COMMENTS 

Fine to medium grained, euhedral. 
Oscillatory zoning. Andesine. Embayed 
grains. 

Fine to medium grained, euhedral. 
Totally replaced by hematite and 
chlorite. 

Fine to medium grained, euhedral to 
subhedral. Partial replacement by 
hematite. 

Fine to medium grained, euhedral to 
subhedral. Hypersthene. Partial 
replacement by chlorite/serpentine. 

Fine grained, euhedral to subhedral. 
Magnetite with exsolved ilmenite; 
magnetite is oxidizing to hematite. 

Medium grained, anhedral. Totally 
oxidized to hypersthene and magnetite. 

Hyalopili tic. 

Felty laths. 

Magnetite oxidizing to hematite. 

Brown-colored. 

Microvugs in groundmass(?). 

Altered to chlorite and hematite. 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO.: 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL %) : 23 

SAMPLE NO. : MCG-626 
DRILL HOLE LUI-85-01 UNIT 2B 
DRILL HOLE DEPTH (Fl'): 30 

1/2.26/0 DEGREE OF WELDING: Slight to Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IHIN SECI'ION: Fine- to medium-grained phenocrysts 
(crystals) in a slightly to moderately welded glass groundmass. Intact 
glass bubble walls and Y-shaped shards are present. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Amphibole(?) 

Plagioclase 

Biotite 

Pore Space 

Lithic Fragments 

Zeolite 

VOL. % 

(66) 

(34) 

(64) 

(28) 

(5) 

(3) 

(tr) 

(tr) 

44 

27 

23 

5 

1 

COMMENTS 

Incipient axiolitic devitrification. 

Up to 2.59 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/3. 

Fine to medium grained, anhedral to 
subhedral. 

Fine to medium grained, anhedral to 
subhedral. 

Fine-grained, euhedral to subhedral. 
Ilmenite/magnetite altering to hematite. 

Fine grained, anhedral to subhedral. 
Lamprobolite, partially altered, with 
opaque rims. 

Fine to medium grained, anhedral. 
Accidental crystal. 

Fine grained, anhedral to subhedral. 

Up to 10.4 mm. Consisting of an 
andesite, a rock similar to the host, 
and a plagioclase-sanidine fragment. 

Very fine grained, euhedral. 
phase is probably analcime. 
pore space. 
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LANL VAPOR TRANSPORT SlUDY 
REQUEST NO.: 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO ( Q/K/P) : 
POROSITY (VOL%): 13 

SAMPLE NO. : MCG-627 
DRILL HOLE LLM-85-01 
DRILL HOLE DEPTH (FT): 

UNIT 2A 
52 

1/1.79/0 DEGREE OF WELDING: Slight to Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium-grained phenocrysts in a 
groundmass that exhibits slight to moderate welding. Pumice fragments 
are generally coarser than those in Sample MCG-626 and the quartz 
phenocrysts are more embayed. 

MINERAL COMPONENT 

Groundmass 

Pumice 

Glass 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Pore Space 

Lithic Fragments 

Unknown Component 

VOL. % 

62 

(53) 

(47) 

23 

(62) 

(34) 

(3) 

(1) 

13 

2 

tr 

COMMENTS 

Up to 13.9 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K): 1/3. Some fragments 
altering to clay. 

Incipient axiolitic devitrification. 

Fine to medium grained, subhedral to 
anhedral. 

Fine to medium grained, subhedral to 
euhedral. Some grains are embayed. 

Fine grained, euhedral to subhedral. 
Magnetite with exsolved ilmenite. 

Fine grained, anhedral to euhedral. 
Augite. 

Up to 2.64 mm. Includes crystal-vitric 
tuffs with clay replacing the glass; 
strongly welded. 

Rounded grain, 0.56 mm in longest axis, 
consisting of a thin rim of magnetite 
with randomly oriented clay (chlorite?) 
flakes and epidote or pyroxene grains. 
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LANL VAPOR TRANSPORT STUDY 
REQUEST NO.: 402553 
PROJECI' NO. : 610001000 

PHENOCRYST RATIO ( Q/K/P) : 
POROSITY (VOL~): 18 

SAMPLE NO. : MCG-628 
DRILL HOLE LLM-85-01 UNIT lB 
DRILL HOLE DEPTH (FT): 101 

1/2.25/0.06 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAME: Rhyolitic Vitric-Lithic Tuff 

GENERAL DESCRIPTION IN THIN SECI'ION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass with incipient axiolitic devitrification. 
This sample contains more lithic fragments than Sample MCG-626 (Unit 2b) 
or Sample MCG-627 (Unit 2a). 

:MINERAL COMPONENT VOL. ~ 

Groundmass 56 

Glass (51) 

Pumice (49) 

Phenocrysts 18 

Sanidine (66) 

Quartz (30) 

Plagioclase (2) 

Opaques ( 2) 

Pyroxene (tr) 

Pore Space 18 

Lithic Fragments 

(continued on next page} 

COMMENTS 

Incipient axiolitic devitrification. 
Intact bubble walls and Y-shaped shards 
are present. 

Up to 8.89 mm. Spherulitic devitrifica
tion (rather than replaced by sanidine 
and tridymite as in Samples MCG-626 and 
-627). Phenocryst ratio (Q/K) = 1/3.67. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Some grains are embayed. 

Medium grained, subhedral. Associated 
with pyroxene and magnetite-ilmenite. 
Zoned grain. 

Fine grained, anhedral to euhedral. 
Magnetite with exsolved ilmenite. 

Fine grained, anhedral. One grain is 
coated by celadonite. 

Up to 17.0 mm. Largest fragment is a 
thoroughly welded, crystal-vitric tuff. 
Other tuffs are altered to clay; 
basalts/andesites are present. 
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LANL VAPOR TRANSPORT STUDY 
REQUEST NO.: 402553 
PRO.TECI' NO.: 6L0001000 

MINERAL COMPONENT VOL. % 

Unknown Component tr 

SAMPLE NO.: MCG-628 (continued) 
DRILL HOLE LLM-85-01 UNIT 1B 
DRILL HOLE DEPTH (FT): 101 

COMMENTS 

Rounded grain, 0.62 mm in longest axis, 
consisting of clay (chlorite?) flakes in 
random orientation and magnetite with 
exsolved ilmenite. Magnetite is 
altering to hematite. Grain could be an 
altered mafic. 

B-10 



LANL VAPOR TRANSPORT S11JDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL~): 12 

S.UfPLE NO.: MCG-629 
DRILL HOLE LLM-85-01 
DRILL HOLE DEPTH (Fr) : 

UNIT 1B 
122 

1/0.75/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAME: Rhyolitic Vitric-Lithic Tuff 

GENERAL DESCRIPI'ION IN THIN SECTION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass. Most shards show incipient alteration to 
clay. This sample is similar to MCG-628 except for the lack of 
significant devitrification of glass shards. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Phenocryst 

Quartz 

Sanidine 

Opaques 

Pyroxene 

Pore Space 

Lithic Fragments 

VOL. 'Ill 

ss 

(63) 

(37) 

22 

(54) 

(41) 

( 5) 

(tr) 

12 

11 

COMMENTS 

Shards are a mottled-brown color; this 
may be incipient alteration to clay. 
Intact bubble walls and Y-shaped shards 
are present. 

Up to 10.0 mm. Spherulitic devitrifica
tion. Phenocryst ratio (Q/K) = 1/4.25. 
One pumice fragment contains a pyroxene 
phenocryst. 

Fine to medium grained, anhedral to 
euhedral. Most grains are embayed. 

Fine to medium grained, subhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 
Magnetite with exsolved ilmenite. 

Fine grained, anhedral to euhedral. 
Usually associated with opaques. 

Up to 5.70 mm. Several thoroughly 
welded vitric-crystal tuffs with 
spherulitic devitrification are present. 
Also present are andesitic crystal
vitric tuffs that are moderately welded. 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO.: 402553 
PROJ"ECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL %) : 16 

SAMPLE NO. : .&ICG-630 
DRILL HOLE LLM-85-02 
DRILL HOLE DEPTH (FT) : 

UNIT 2B 
37 

1/2.24/0.06 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAJm: Rhyolitic Vitric-Lithic Tuff 

GENERAL DESCRIPI'ION IN 'IHIN SECTION: Fine- to medillDl-grained phenocrysts in a 
moderately welded groundmass. Shards show incipient axiolitic 
devitrification and clay coatings. Pumice fragments are mostly replaced 
by sanidine and tridymite as in Samples MCG-626 and -627. 

MINERAL COMPONENT VOL. 4!1! 

Groundmass so 

Glass (77) 

PllDlice (23) 

Phenocrysts 19 

Sanidine (66) 

Quartz (30) 

Plagioclase ( 2) 

Opaques (2) 

Pyroxene (tr) 

Amphibole (tr) 

Zircon (tr) 

Pore Space 16 

Lithic Fragments 14 

(continued on next page) 

COMMENTS 

Incipient axiolitic devitrification; 
glass is coated by clay. Y-shaped 
shards are present. 

Up to 8.74 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/4. 

Fine to medium grained, anhedral to 
euhedral. Some grains are embayed. 

Fine to medium grained, anhedral to 
euhedral. Some grains are embayed. 

Fine grained, subhedral. 

Fine grained, anhedral to euhedral. 
Magnetite with exsolved ilmenite. 

Fine grained, anhedral to subhedral. 

Fine grained, anhedral. 

Fine grained, euhedral. 

Up to 15.8 mm. Several strongly welded, 
crystal-vitric tuffs with little or no 
devitrification of glass. 
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LANL VAPOR 'IRANSPORT SlUDY 
REQUEST NO. : 402SS3 
PROJ"ECT NO.: 6L0001000 

MINERAL COMPONENT VOL. tJ, 

Zeolite(?) tr 

Unknown Component tr 

SAMPLE NO.: MCG-630 (continued) 
DRILL HOLE LLM-SS-02 UNIT 2B 
DRILL HOLE DEPTH (FI'): 37 

COMMENTS 

Very fine grained. euhedral (radial 
acicular). Occupies pore space; too 
small for optical identification. 

Euhedral grain shape (pyroxene?). 
0.51 mm. at edge of thin section; 
consists of thin rim of magnetite and 
randomly oriented flakes of clay 
(chlorite?). 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

SAMPLE NO.: MCG-631 
DRILL HOLE LLM-85-02 
DRILL HOLE DEPTH (FT): 

UNIT 2A 
64 

PHENOCRYST RATIO ( Q/K/P) : 1/1.45/0 DEGREE OF WELDING: Moderate 
POROSITY (VOL cro) : 23 OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IHIN SECI'ION: 
moderately welded groundmass. 
sanidine and tridymite. 

MINERAL COMPONENT VOL. cro 

Groundmass 49 

Glass ( 76) 

Pumice (24) 

Phenocrysts 26 

Sanidine (58) 

Quartz (40) 

Opaques (1) 

Pyroxene ( 1) 

Plagioclase (tr) 

Amphibole (tr) 

Zircon (tr) 

Pore Space 23 

(continued on next page) 

Fine- to medium-grained phenocrysts in a 
Pumice fragments are mostly replaced by 

COMMENTS 

Incipient axiolitic devitrification. 
Intact bubble walls andY-shaped shards 
are present. 

Up to 7.26 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/4. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Same grains are embayed. 

Fine grained, anhedral to euhedral. 
Magnetite-ilmenite intergrowths 
(exsolution). 

Fine grained, subhedral to euhedral. 
Usually associated with opaques. 

Fine grained, euhedral. 

Fine grained, anhedral to euhedral. 

Very fine grained, euhedral. 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

MINERAL COMPONENT VOL. " 

Lithic Fragments 1 

Zeolite(?) 1 

SAMPLE NO.: MCG-631 (continued) 
DRILL HOLE LLM-85-02 UNIT 2A 
DRILL HOLE DEPTH (FI'): 64 

COMMENTS 

Largest grain was on a corner of the 
thin section; grain is larger than 
5.56 mm. Present are densely welded, 
partly devitrified vitric tuff; flow
banded rock; andesites; and other lithic 
types. 

Very fine grained, subhedral. Occurs in 
pore space. 

B-15 



LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

SAMPLE NO. : MCG-632 
DRILL HOLE LLM-85-02 
DRILL HOLE DEPTH ( FI') : 

UNIT 2A (1B) 
74 

PHENOCRYST RATIO (Q/K/P): 1/1.07/0 DEGREE OF WELDING: Moderate 
POROSITY (VOL %) : 21 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Lithic-Crystal Tuff 

GENERAL DESCRIPI'ION IN IHIN SECI'ION: 
moderately welded groundmass. 
MCG-628 and -629 (Unit 1b). 

MINERAL COMPONENT VOL. % 

Groundmass 38 

Glass (64) 

Pumice (36) 

Phenocrysts 21 

Sanidine (49) 

Quartz ( 46) 

Opaques ( 5) 

Plagioclase (tr) 

Pyroxene (tr) 

Amphibole (tr) 

Pore Space 21 

(continued on next page) 

Fine- to medium-grained phenocrysts in a 
Pumice fragments resemble those in Samples 

COMMENTS 

Incipient axiolitic devitrification. 
Intact bubble walls and Y-shaped shards 
are present. 

Up to 5.85 mm. Spherulitic devitrifica
tion. Phenocryst ratio (Q/K) = 1/3.83. 
Pyroxene phenocrysts are present. Some 
mineralization by tridymite or a 
zeolite. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Some grains are embayed. 

Fine grained, anhedral to euhedral. 
Intergrown magnetite, ilmenite, and 
hematite. 

Fine to medium grained, subhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 

Fine to medium grained, anhedral to 
euhedral. 
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LANL VAPOR TRANSPORT SnJDY 
REQUEST NO.: 402553 
PROJEcr NO.: 6L0001000 

MINERAL COMPONENT VOL. % 

Lithic Fragments 20 

Unknown Component tr 

SAMPLE NO.: MCG-632 (continued) 
DRILL HOLE LLM-85-02 UNIT 2A (1B) 
DRILL HOLE DEPI'H ( FT) : 7 4 

COMMENTS 

Up to 13.2 mm. Two large lithics frag
ments are strongly welded, crystal
vitric tuffs. Another large lithic is 
densely welded with totally devitrified 
glass. Andesites are also present. 

Euhedral to subhedral grain shape, 
0.54 mm, associated with sanidine and 
opaque grains in a glomerophenocryst. 
Grain has a thin, discontinuous rim of 
hematite with flakes of randomly 
oriented clay (chlorite?) and a grain of 
magnetite with exsolved ilmenite. 
Magnetite is altering to hematite. 
Grain also contains some remnant(?) 
pyroxene. 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO. : 402553 
PROJECI' NO. : 6L0001000 

PHENOCRYST RATIO (OJK/P): 
POROSITY (VOL %) : 16 

SAMPLE NO.: MCG-633 
DRILL HOLE LLM-85-02 
DRILL HOLE DEPTH (FT): 

UNIT 1B 
111 

1/0.95/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAME: Rhyolitic Lithic-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IHIN SECI'ION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass containing some brown glass. Large lithic 
fragments are present. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Lithic Fragments 

Pore Space 

Phenocrysts 

Quartz 

Sanidine 

Opaques 

Plagioclase 

Pyroxene 

VOL. % 

41 

(61) 

(39) 

30 

16 

13 

(49) 

( 46) 

( S) 

(tr) 

(tr) 

COMMENTS 

Incipient axiolitic devitrification. 
Mottled brown glass may indicate 
alteration to clay. Intact bubble walls 
and Y-shaped shards are present. 

Up to 9.11 mm. Spherulitic 
devitrification. Mineralization by a 
fibrous phase (zeolite?). Phenocryst 
ratio (O}K) = 3/1. 

Up to 29.3 mm. Two major types: 
strongly welded, crystal-vitric tuff 
partially altered to clay, and a densely 
welded, vitric-crystal tuff that is 
totally devitrified. 

Fine to medium grained, anhedral to 
euhedral. Resorption features are 
common. 

Fine to medium grained, anhedral to 
euhedral. Some embayments are present. 

Fine grained, anhedral to euhedral. 
Magnetite and ilmenite intergrowths. 

Fine grained, subhedral to euhedral. 
Zoned grains are present. 

Fine grained, anhedral. Associated with 
opaques. 
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LANL VAPOR TRANSPORT STUDY 
REQUEST NO.: 402553 
PROJECI NO. : 6L0001000 

SAMPLE NO. : MCG-634 
DRILL HOLE LLM-85-06 
DRILL HOLE DEPTH (Fr) : 

UNIT 2B 
30 

PHENOCRYST RATIO ( OJK/P) : 1/1.20/0 DEGREE OF WELDING: Moderate 
POROSITY (VOL IWJ): 25 OXIDATION STATE OF Fe-Ti OXIDES: C3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IliiN SECI'ION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass. Shards show axiolitic devitrification. 

MINERAL COMPONENT VOL. % 

Groundmass 45 

Glass ( 84) 

Pumice ( 16) 

Phenocrysts 26 

Sanidine (53) 

Quartz ( 44) 

Opaques (3) 

Plagioclase (tr) 

Biotite (tr) 

Pyroxene (tr) 

Amphibole (tr) 

Pore Space 25 

(continued on next page) 

COMMENTS 

Axiolitic devitrification. Intact 
bubble walls and Y-shaped shards are 
present. 

Up to 8.15 mm. Two types are present: 
fragments replaced by sanidine and 
tridymite with quartz phenocrysts 
(dominant type), and andesitic fragments 
with plagioclase and amphibole 
phenocrysts and mineralization by 
tridymite. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Embayments are present. 

Fine grained, anhedral to euhedral. 
Magnetite and ilmenite intergrowths. 

Fine grained, euhedral to subhedral. 
Zoned grains are present. 

Fine grained, anhedral. 

Fine grained, anhedral to subhedral. 

Fine grained, anhedral. 
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LANL VAPOR TRANSPORT S'llJDY 
REQUEST NO.: 402553 
PROJECI' NO. : 6L0001000 

MINERAL COMPONENT VOL. % 

Lithic Fragments 3 

Tridymite tr 

SAMPLE NO.: MCG-634 (continued) 
DRILL HOLE LLM-85-06 UNIT 2B 
DRILL HOLE DEPTH ( FT) : 3 0 

COMMENTS 

Up to 1.41 mm. Two types are present: 
densely welded, lithic tuff with 
spherulitic devitrification (see Samples 
MCG-550 and -645) and a strongly welded, 
vitric tuff which is devitrified. 

Occurs in pore spaces. Fine grained, 
euhedral. 
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LANL VAPOR TRANSPORT STUDY 
REQUEST NO.: 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL %) : 19 

SAMPLE NO.: MCG-635 
DRILL HOLE LUf-85-06 UNIT 2A 
DRILL HOLE DEPTH (FI'): 50 

1/1.22/0.07 DEGREE OF WELDING: Slight to Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3 

ROCK NAME: Rhyolitic Lithic-Crystal Tuff 

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium-grained phenocrysts in a 
slightly to moderately welded groundmass. 

MINERAL COMPONENT VOL. 'l'o 

Groundmass 36 

Glass (61) 

Pumice (39) 

Phenocrysts 22 

Sanidine (50) 

Quartz (41) 

Opaques (4. 5) 

Plagioclase (3) 

Pyroxene (1.5) 

Lithic Fragments 22 

Pore Space 19 

(continued on next page) 

COIDIENTS 

Incipient axiolitic devitrification. 
Intact bubble walls and Y-shaped shards 
are present. 

Up to 5.70 mm. Axiolitic 
devitrification and some replacement by 
sanidine and tridymite. Only quartz 
phenocrysts are present. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Resorption features are 
common. 

Fine grained, anhedral to euhedral. 
Magnetite and ilmenite intergrowths. 

Fine grained, subhedral to euhedral. 
Zoned grains are present. 

Fine grained, euhedral to subhedral. 
Associated with opaques. 

Up to 19.3 mm. Predominant type of 
lithic is a strongly welded, crystal
vitric tuff containing pumice fragments 
from Unit lb. Another type has a spongy 
lithology consisting of sanidine 
crystals. 
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LANL VAFOR TRANSPORT S1UDY 
REQUEST NO.: 402553 
PROJECI NO.: 6L0001000 

MINERAL COMPONENT VOL. % 

Tridymite 1 

Unknown Component tr 

SAl~LE NO.: MOG-635 (continued) 
DRILL HOLE LLM-85-06 UNIT 2A 
DRILL HOLE DEPTH (FT): SO 

COMMENTS 

Fine grained, euhedral. Occurs in 
pores. 

Rounded grains, 0.54 and 0.91 mm, 
consisting of a discontinuous rim of 
hematite and magnetite with exsolved 
ilmenite. Some rutile is associated 
with grains of magnetite; magnetite is 
altering to hematite. The interiors of 
these rounded grains contain randomly 
oriented clay (chlorite?) flakes and 
epidote or pyroxene. 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO.: 402553 
PROJ"ECT NO.: 6L0001000 

PHENOCRYST RATIO ( 0/K/P) : 
POROSITY (VOL .,) : 26 

SAMPLE NO.: MCG-636 
DRILL HOLE LLM-85-06 UNIT 1B 
DRILL HOLE DEPTH (Fl'): 99 

1/1.53/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C1-C2 

ROCK NAJm: Rhyolitic Vitric-Crystal Tuff 

GENERAL DESCRIPI'ION IN 1HIN SECTION: Fine- to medium-grained phenocrysts in a 
fresh-glass groundmass. Glass in pumice fragments is fresh and not 
devitrified. Some pumice fragments are flattened. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Plagioclase 

Lithic Fragments 

VOL • ., 

57 

(53) 

( 47) 

26 

17 

(57) 

(37) 

(4) 

( 2) 

(tr) 

tr 

COMMENTS 

Moderate welding, brown glass; not 
devitrified. Intact bubble walls and 
Y-shaped shards are present. 

Up to 5.93 mm. Some of the fragments 
are flattened. Glass is not 
devitrified. Phenocryst ratio (Q/K) for 
flattened pumice is 1/11; for non
flattened pumice, 1/1.25. Overall 
pumice phenocryst ratio is 1/3.20. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 
Magnetite, and magnetite with exsolved 
ilmenite. 

Fine grained, anhedral to euhedral. 

Fine grained, anhedral. 

Up to 1.42 mm. Hyalopilitic 
basalt/andesite. 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO.: 402553 
PROJEcr NO.: 6L0001000 

SAMPLE NO.: MCG-637 
DRILL HOLE LLM-85-06 
DRILL HOLE DEPTH (FT): 

UNIT 1A 
113 

PHENOCRYST RATIO: Not Determined DEGREE OF WELDING: Not Welded 
POROSITY (VOL%): Not Determined 
OXIDATION STATE OF Fe-Ti OXIDES: C3 (PlDDice) 

ROCK NAME: Rhyolitic Vitric-Crystal(?) Tuff 

GENERAL DESCRIPriON IN lHIN SECfiON: The sample was not welded and the thin
section preparer provided a section of the pumice fragments only. Grain 
mounts of the fine fraction were prepared in immersion oil and Canada 
balsam. Each of these mounts contains brown-glass shards and a large 
proportion of fine, flattened pumice fragments. The glass in the shards 
and fine pumice fragments is not devitrified. Phenocrysts of sanidine, 
quartz. zoned plagioclase, opaques, pyroxene, and amphibole are present 
in the fine fraction. The medium fraction was examined using a binocular 
microscope. This fraction consisted of quartz and sanidine phenocrysts, 
pumice fragments, and lithic fragments. The coarse pumice fragments are 
similar to those in Sample MCG-636; some of these are flattened. Compo
sitions of the coarse pumice fragments (based on phenocrysts) are rhyo
litic to andesitic. The largest plDDice fragment (26 mm) contains zoned 
plagioclase, euhedral lamprobolite, and anhedral pyroxene phenocrysts in 
a partially flattened pumice structure. Other pumice fragments range 
from not flattened to totally collapsed; glass is not devitrified. 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

PHFNOCRYST RATIO (Q/K/P): 
POROSITY (VOL %) : 22 

SAMPLE NO.: MCG-638 
DRILL HOLE LLM-85-11 
DRILL HOLE DEPTH (FT) : 

UNIT 2B 
5 

1/1.82/0 DEGREE OF WELDING: Slight to Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAJm: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium-grained phenocrysts in 
a groundmass exhibiting slight to moderate welding and axiolitic 
devitrification of glass. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Plagioclase 

Amphibole 

Lithic Fragments 

VOL. % 

(65) 

(35) 

(63) 

(34) 

(3) 

(tr) 

(tr) 

(tr) 

55 

22 

21 

2 

COMMENTs 

Axiolitic devitrification. 

Up to 2.52 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/2.25. Opaque and zircon 
phenocrysts are also present. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedr~l to 
euhedral. Some embayments are present. 

Fine grained, anhedral to euhedral. 
Magnetite, ilmenite, and hematite 
intergrowths. 

Fine grained, anhedral to euhedral. 
Associated with opaques. 

Fine grained, anhedral to subhedral. 
Zoned grains are present. 

Fine grained, anhedral. 

Up to 3.64 mm. Several types: strongly 
welded, vitric-crystal tuff, both 
devitrified and nondevitrified 
varieties; andesitic tuff, not 
devitrified; and hyalopilitic basalt. 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO.: 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO ( Q/K/P) : 
POROSITY (VOL .,) : 24 

SAMPLE NO.: MCG-639 
DRILL HOLE LLM-85-11 UNIT 2B 
DRILL HOLE DEPTH (Fr): 30 .S 

1/0.77/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C4 

ROCK NAME: Rhyolitic Crystal-Lithic Tuff 

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium-grained phenocrysts in a 
moderately welded, devitrified groundmass. 

)IINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Quartz 

Sanidine 

Opaques 

Pyroxene 

Plagioclase 

Amphibole 

Lithic Fragments 

VOL. % 

42 

(70) 

(30) 

24 

24 

(55) 

(42) 

(3) 

(tr) 

(tr) 

(tr) 

10 

COMMENTS 

Axiolitic devitrification. Intact 
bubble walls and Y-shaped shards are 
present. 

Up to 4.89 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/2. 

Fine to medium grained, anhedral to 
euhedral. Some embayments are present. 

Fine to medium grained, anhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 
Magnetite, ilmenite, and hematite 
intergrowths. 

Fine grained, subhedral to euhedral. 

Fine grained, euhedral. Zoned grains. 

Fine grained, subhedral. 

Up to 31.9 mm. Lenticular, strongly 
welded, crystal-vitric tuff with 
a:xiolitic devitrification and 
hyalopilitic basalts. 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO. : 402553 
PR.o.TECT NO.: 6L0001000 

PHENOCRYST RATIO ( Q/K/P) : 
POROSITY (VOL %) : 16 

WfPLE NO.: MCG-640 
DRILL HOLE LLM-85-11 UNIT 1B 
DRILL HOLE DEPTH (FT) : 95 

1/1.30/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAME: Rhyolitic Lithic-Vitric Tuff 

GENERAL DESCRIPIION IN 'IHIN SECTION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Lithic Fragments 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Amphibole 

VOL. % 

41 

(58) 

(42) 

27 

16 

16 

(54) 

(42) 

( 2) 

( 2) 

(tr) 

COMMENTS 

Not devitrified; some brown glass is 
present. 

Up to 8.52 mm. Three types of pumice 
are present: nonflattened pumice with 
spherulitic devitrification [phenocryst 
ratio (Q/K) = 1/3]; flattened pumice 
that is not devitrified; and nonflat
tened pumice of andesitic composition. 

Up to 14.8 mm. Three types are present: 
strongly welded, crystal-vitric tuff; 
densely welded, vitric-crystal tuff that 
is totally devitrified; and altered 
basalt. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Some embayments are present. 

Fine grained, anhedral to euhedral. 
Magnetite with exsolved ilmenite. 

Fine grained, anhedral to euhedral. 

Fine grained, subhedral. 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO.: 402553 
PROJECT NO. : 6L0001000 

SAMPLE NO. : MCG-6 41 
DRILL HOLE LUI-85-11 
DRILL HOLE DEPTH (Ff): 

UNIT 1A 
116 

PHENOCRYST RATIO: Not Determined DEGREE OF WELDING: Not Welded 
POROSITY (VOL%): Not Determined 
OXIDATION STATE OF Fe-Ti OXIDES: C2 (Pumice) 

ROCK NAME: Rhyolitic Vitric-Crystal(?) Tuff 

GENERAL DESCRIPriON IN miN SECTION: The sample was not welded and the thin
section preparer provided a section of the pumice fragments only. A 
grain mount of the fine fraction was prepared in Canada balsam. The fine 
fraction consists of glass shards, flattened pumice fragments, 
phenocrysts of quartz, sanidine, plagioclase, pyroxene, amphibole, and 
opaques. Goethite and goethite-stained material is present in the fine 
fraction. Glass is not devitrified in the shards and pumice fragments. 
The medium fraction was examined using a binocular microscope. This 
fraction consists of quartz, sanidine, opaque phenocrysts, and pumice 
(some flattened) and lithic fragments. The coarse pumice fragments have 
rhyolitic compositions based on the phenocrysts of sanidine, quartz, 
opaques, and (few) pyroxene. The pumice fragments vary from partially 
flattened to not flattened. Glass in the pumice fragments is not 
devi trified. 
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LANL VAFOR TRANSPORT S1UDY 
REQUEST NO.: 402553 
PRO.TEcr NO.: 6L0001000 

PHENOCRYST RATIO (Pl/Px): 4.57/1 
POROSITY (VOL Ill) : 5 

ROCK NAME: Basalt Porphyry 

SMfPLE NO.: MCG-642 
DRILL HOLE LLM-85-14 
DRILL HOLE DEPTH (FT): 

UNIT 2B (LITHIC) 
18 

DEGREE OF WELDING: Dense 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

GENERAL DESCRIPI'ION IN THIN SECfiON: Fine- to medium-grained phenocrysts in a 
hyalopilitic groundmass. 

Pore Space 5 

Fracture Filling tr 

COMMENTS 

Spherulitic devitrification. 

Very fine grained, euhedral to 
subhedral. 

Very fine grained. anhedral to euhedral. 
Magnetite, ilmenite, and hematite. 

Fine to medium grained, euhedral to 
anhedral. Spongy resorption textures. 

Fine to medium grained. euhedral to 
subhedral. Pigeonite. 

Fine grained. anhedral to euhedral. 
Magnetite, ilmenite, and hematite 
intergrowths. 

Microporosity (in the groundmass) around 
and within some plagioclase phenocrysts. 

Goethite. 
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LANL VAPOR tRANSPORT S1UDY 
. REQUEST NO.: 402553 

PROJECT NO. : 6L0001000 

PHENOCRYST RATIO ( QJK/P) : 
POROSITY (VOL~): 28 

SAMPLE NO.: MCG-643 
DRILL HOLE LLM-85-13 UNIT 2B 
DRILL HOLE DEPTH (Fr): 42 

1/3.06/0.17 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAME: Rhyolitic Crystal-Lithic Tuff 

GENERAL DESCRIPIION IN 'IHIN SECI'ION: Fine- to medium-grained phenocrysts in a 

moderately welded groundmass with axiolitic devitrification. Glass has 
coatings of clay. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Plagioclase 

Opaques 

Amphibole 

Pyroxene 

Lithic Fragments 

Tridymite 

VOL. ~ 

34 

( 81) 

(19) 

28 

27 

(68) 

(23) 

(4) 

(4) 

( 1) 

(tr) 

10 

1 

COMMENTS 

Axiolitic devitrification. Intact 
bubble walls and Y-shaped shards are 
present. Clay coatings are present. 

Up to 2.06 mm. Replaced/mineralized by 
sanidine and tridymite. No phenocrysts 
are present. 

Fine to medium grained. anhedral to 
subhedral. 

Fine to medium grained. anhedral to 
euhedral. Embayed grains are present. 

Fine to medium grained. subhedral to 
euhedral. 

Fine grained. anhedral to euhedral. 
Magnetite with exsolved ilmenite; one 
grain contains an inclusion of pyrite. 

Fine to medium grained. subhedral. 

Fine grained. subhedral to euhedral. 

Up to 11.1 mm. Andesitic crystal-vitric 
tuff. 

Very fine grained; occurs in pores. 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO ( Q/K/P) : 
POROSITY (VOL %) : 25 

SAMPLE NO. : MCG-644 
DRILL HOLE LUf-85-17 
DRILL HOLE DEPTH (Fr): 

UNIT 2B 
11 

1/1.75/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Crystal-Lithic Tuff 

GENERAL DESCRIPIION IN 'IHIN SECI'ION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass. Although this sample has a fracture 
containing smectite, no clay was observed in thin section. 

MINERAL COMPONENT 

Groundmass 

Glass 

PllDlice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Plagioclase 

Lithic Fragments 

Tridymite 

VOL. % 

41 

(71) 

(29) 

25 

23 

(61) 

(35) 

(3) 

( 1) 

(tr) 

10 

1 

COMMENTS 

Axiolitic devitrification is present. 

Up to 3.39 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/1. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
subhedral. Some grains are embayed. 

Fine grained, anhedral to euhedral. 
Ilmenite with exsolved magnetite; grains 
of rutile are present. 

Fine grained, subhedral to anhedral. 

Fine grained, euhedral. Zoned grains 
are present. 

Up to 12.7 mm. Several types: strongly 
welded, crystal-vitric tuff with fresh 
glass; densely welded, vitric-crystal 
tuff with coarse spherulitic devitrifi
cation; and a devitrified, andesitic/ 
latitic vitric tuff. 

Fine grained, euhedral. Occurs in pore 
spaces. 

B-31 



LANL VAPOR TRANSPORT STUDY 
REQUEST NO.: 402553 
PROJ"ECT NO.: 6L0001000 

SAMPLE NO. : MCG-645 
DRILL HOLE LLM-85-17 
DRILL HOLE DEPTH (Fr) : 

UNIT 1B (LimiC) 
109 

PHmfOCRYST RATIO ( QJK/P) : 1/4.33/0.67 DEGREE OF WELDING: Dense 
POROSITY (VOL IJI): 9 OllDATION STATE OF Fe-Ti OllDES: C3-C4 

ROCK NAME: Rhyolitic Vitric Tuff 

GENERAL DESCRIPI'ION IN miN SECI'ION: Densely welded glass with lithophysae 
filled by sanidine, tridymite, opaques, and late-stage alpha quartz. A 
few fine- to medium-grained phenocrysts are present. 

MINERAL COMPONENT VOL. IJI 

Groundmass 53 

Vapor Phase Minerals 33 

Sanidine (70) 

Tridymite (23) 

Alpha Quartz ( 4) 

Opaques (3) 

Pore Space 9 

Phenocrysts 5 

Sanidine (56) 

Alpha Quartz (44) 

Opaques (tr) 

Plagioclase (tr) 

COMMENTS 

Densely welded glass with well-developed 
spherulitic devitrification. Glass is 
brown in part. 

Porous, microcrystalline linings of 
1i thophysae. 

Fine grained, euhedral. Partially fills 
interiors of lithophysae. Wedge-shaped 
twins are common. 

Fine grained, anhedral to euhedral. 
Late-stage lining and filling of 
lithophysae. 

Fine grained, anhedral. Associated with 
sanidine stage of lithophysae filling. 
Magnetite/ilmenite altering to hematite. 

Associated with vapor-phase 
crystallites. 

Fine to medium grained, euhedral to 
subhedral. 

Fine grained, anhedral to euhedral. 
Embayed grains are present. 

Fine grained, euhedral. Magnetite 
intergrown with ilmenite. 

Fine grained, euhedral. 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO. :_ 402553 
PROJECT NO.: 6L0001000 

SAMPLE NO. : MCG-646 
DRILL BOLE LLM-85-09 
DRILL BOLE DEPTH (FT) : 

UNIT 2B 
10 

PHENOCRYST RATIO (Q/K/P): 1/1.64/0 DEGREE OF WELDING: Moderate 
POROSITY (VOL%): 21 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAJm: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium-grained phenocrysts in a 
moderately welded 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Phenocrysts 

Sanidine 

Quartz 

Pyroxene 

Opaques 

Plagioclase 

Allanite(?) 

Pore Space 

Lithic Fragments 

Tridymite 

groundmass 

VOL. % 

55 

(68) 

(32) 

22 

(62) 

(38) 

(tr) 

(tr) 

(tr) 

(tr) 

21 

2 

tr 

with axiolitic devitrification. 

COMMENTS 

Axiolitic devitrification. 

Up to 9.93 mm. Replaced/mineralized by 
sanidine and tridymite. 

Fine to medium grained, anhedral to 
enhedral. 

Fine to medium grained, anhedral to 
euhedral. Embayed grains are present. 

Fine grained, anhedral to subhedral. 

Fine grained, anhedral to euhedral. 
Magnetite, ilmenite, hematite, and 
rutile. 

Fine grained, euhedral. Zoned grain. 

Fine grained, euhedral. 

Up to 1.70 mm. Mostly basalts. 

Fine grained, euhedral. Occurs in pore 
spaces. 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO. : 402553 
PROTECT NO. : 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL IJI): 22 

SAMPLE NO.: MCG-647 
DRILL HOLE LLM-85-09 UNIT 2B 
DRll..L HOLE DEPTH (FI') : 20 

1/2.77/0.04 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPriON IN 111IN SECl'ION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass with axiolitic devitrification. 

MINERAL COMPONENT VOL. 'fo 

Groundmass 42 

Glass (69) 

Pumice (31) 

Phenocrysts 34 

Sanidine (71) 

Quartz (26) 

Opaques (2) 

Plagioclase (1) 

Pyroxene (tr) 

Pore Space 22 

Lithic Fragments 2 

Tridymite tr 

Unknown Component tr 

COMliENTS 

Axiolitic devitrification. 

Up to 10.37 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (QJK) = 1/1. 

Fine to medium grained. anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. 

Fine grained. anhedral to euhedral. 
Magnetite and ilmenite intergrowths. 

Fine to medium grained. subhedral to 
euhedral. Some grains are zoned. 

Fine grained. anhedral to subhedral. 

Up to 1.30 mm. Mostly basalts. 

Fine grained. euhedral to anhedral. 
Occurs in pore space. 

Rounded grain. 0.32 mm. consisting of a 
partial rim of hematite and randomly 
oriented flakes of clay (chlorite?). A 
grain of ilmenite with exsolved hematite 
is present as an inclusion. 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO.: 402553 
PROJECT NO. : 6L0001000 

PHENOCRYST RATIO ( Q/K/P) : 
POROSITY (VOL%): 26 

SAMPLE NO.: MCG-648 
DRILL HOLE LLM-85-09 
DRILL HOLE DEPTH (FT): 

UNIT 2A 
35 

1/2.17/0 DEGREE OF WELDING: Moderate 
OllDATION STATE OF Fe-Ti OllDES: C3-C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPTION IN THIN SECTION: Fino- to medium-grained phenocrysts in a 
moderately welded groundmass with axiolitic devitrification. Although this 
sample has a fracture containing smectite, no clay was observed in thin 
section. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Pyroxene 

Opaques 

Plagioclase 

Amphibole 

Lithic Fragments 

Tridymite 

VOL. % 

(70) 

(30) 

(68) 

(32) 

(tr) 

(tr) 

(tr) 

(tr) 

48 

26 

25 

tr 

tr 

(continued on next page) 

COMMENTS 

Axiolitic devitrification. 

Up to 4.70 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/1. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Embayed grains are present. 

Fine grained, euhedral to anhedral. 

Fino grained, subhedral to anhedral. 
Magnetite, ilmenite, and hematite. 

Medium grained, euhedral. Zoned grain. 

Fine grained, anhedral. 

Up to 1.67 mm. Mostly basalt/andesite. 

Fine grained, euhedral. Occurs in pore 
space. 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

MINERAL COMPONENT VOL. % 

Unknown Component tr 

SAliPLE NO.: MCG-648 (continued) 
DRILL HOLE LUf-85-09 UNIT 2A 
DRILL HOLE DEPTH (FI'): 35 

CO:&miENTS 

Two grains. One is rounded, 0.80 mm. 
with a thin rim of hematite and almost 
totally filled by sheaves of clay 
(chlorite?); inclusion of magnetite 
(altering to hematite) with exsolved 
ilmenite. The other is subhedral, 0.29 
mm, with a thin rim of hematite and 
sparse, randomly oriented flakes of clay 
(chlorite?). 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO.: 402553 
PR<>.TECI' NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL~): 21 

SAMPLE NO.: MCG-649 
DRILL HOLE LLM-85-09 
DRILL HOLE DEPTH (FT): 

UNIT 1B 
47 

1/0.81/0.03 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN THIN SECI'ION: Fine- to meditlm-grained phenocrysts in a 
groundmass containing glass that is not devitrified. Brown-colored glass 
is present in the groundmass and some pumice fragments. 

MINERAL COMPONFNf VOL. ~ 

Groundmass 54 

Glass (66) 

Pumice Fragments (34) 

Phenocrysts 23 

Quartz (52) 

Sanidine ( 42) 

Opaques ( 4) 

Plagioclase (2) 

Pyroxene (tr) 

Pore Space 21 

Lithic Fragments 2 

COMMENTS 

Not devitrified. Some brown glass. 

Up to 7.78 mm. Some flattened fragments 
and andesitic compositions (based on 
phenocrysts). Phenocryst ratio in 
rhyolitic fragments (Q/K) = 1/1.83. 

Fine to medium grained, anhedral to 
euhedral. Some grains are embayed. 

Fine to medium grained, anhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 
Magnetite and ilmenite intergrowths. 

Fine grained, subhedral. Zoned grain. 

Fine grained, anhedral to euhedral. 

Up to 0.97 mm. Several types: altered, 
flow-banded rock; altered, spherulit
ically devitrified rock; aphanitic 
rock; and hyalopilitic basalt. 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO. : 402553 
PR.o.TEcr NO.: 6L0001000 

PHENOCRYST RATIO (0/K/P): 
POROSITY (VOL IIJJ): 24 

SAMPLE NO. : MCG-650 
DRILL HOLE LLM-85-09 UNIT 1B 
DRILL HOLE DEPTH (Fr): 68 

1/1.04/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3 

ROCK NAME: Rhyolitic Vitric-Crystal Tuff 

GENERAL DESCRIPI'ION IN miN SECIION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass. Shards exhibit incipient axiolitic 
devitrification. Most pumice fragments have spherulitic devitrification. 

MINERAL COMPONENT VOL. '*' 

Groundmass 55 

Glass (54) 

Pumice Fragments (46) 

Pore Space 24 

Phenocrysts 18 

Sanidine (47) 

Quartz (45) 

Opaques ( 6) 

Pyroxene ( 2) 

Lithic Fragments 3 

COMMENTS 

Incipient axiolitic devitrification. 

Up to 6.74 mm. Most have spherulitic 
devitrification. Some are partially 
flattened. An andesitic composition 
(based on phenocrysts) is present. 
Phenocryst ratio (Q/K) in rhyolitic 
fragments is 1/1.33. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Resorption features are 
abundant. 

Fine grained, anhedral to euhedral. 
Ilmenite with exsolved magnetite. 

Fine grained, anhedral to euhedral. 
Most grains are associated with opaques; 
same grains are coated with celadonite. 

Up to 3.41 mm. Several types: altered 
basalt; hyalopilitic basalt; vitric tuff 
with spherulitic devitrification; 
granophyre; and an altered, flow-banded 
rock. 
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Appendix C 

MOISTURE CHARACTERISTIC CURVES 
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Table C-1. Data Used to Plot the Moisture Characteristic Curves 
{drying curves only) 

Hole Sample Depth Capillary Wetting Fluid 
Number Number {ft) Pressure Saturation 

(psi) {percent) 

LLM-85-01 MCG-602 30 0.510 91.6 
o. 906 86.4 
1.420 81.2 
2.055 76.1 
2.814 70.9 
3.701 65.8 

LLM-85-01 MCG-603 52 0.455 90.0 
0.823 84.7 
1.385 79.7 
2.230 74.9 
3.495 70.2 
5.403 65.8 

LLM-85-01 MCG-604 101 0.493 88.6 
0.955 82.1 
1. 738 76.6 
3.220 71.9 
6.555 67.8 

LLM-85-01 MCG-605 124 0.392 83.5 
0.620 76.9 

'"'" 0.955 70.5 
1.450 64.4 
2.189 58.5 
3.319 52.9 

LLM-85-02 MCG-606 7 0.392 88.6 
0.812 81.1 
1.450 73.9 
2.372 66.8 
3.663 60.0 
5.440 53.3 

LLM-85-02 MCG-607 36 0.097 92 .o 
0.181 87.3 
0.494 79.1 
0.799 75.8 
1.382 73.4 
2.975 71.8 

LLM-85-02 MCG-608 67 0.424 90.7 
0.681 86.6 
1.050 82.6 
1.573 78.7 
2.315 75.0 
3.375 71.5 
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Table C-:1 (continued). Data Used to Plot the Moisture Characteristic Curves 
(drying curves only) 

Hole Sample Depth Capillary Wetting Fluid 

Number Number (ft) Pressure Saturation 
(psi) (percent) 

LLM-85-02 MCG-609 117 0.252 94.2 
0.626 89.3 
1.135 84.2 
1.757 79.1 
2.474 73.9 
3.268 68.6 

LLM-85-05 MCG-610 15 0.174 90.0 
0.328 84.5 
0.563 79.1 
0.913 73.9 
1.429 68.9 
2.188 64.2 

LLM-85-05 MCG-611 36 0.259 96.1 
1.014 90.8 
1. 879 85.0 
2.715 78.5 
3.482 71.4 
4.171 63.7 

LLM-85-05 MCG-612 76 0.072 97.1 
0.344 94.0 
o. 800 90.9 
1.424 87.8 
2.198 84.6 
3.109 81.4 

LLM-85-05 MCG-613 123 0.166 85.1 
0.243 82.4 
0.382 79.7 
0.671 77.1 
1.426 74.6 
4.5 98 72.1 

LGM-85-06 MCG-614 29 0.446 83.2 
0.679 77.2 
1.020 71.4 
1.526 65.8 
2.295 60.5 
3.500 55.4 
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Table C-1 (continued}. Data Used to Plot the Moisture Characteristic Curves 
(drying curves only} 

Hole Sample Depth Capillary Wetting Fluid 

Number Number (ft} Pressure Saturation 
(psi} (percent) 

LGM-85-06 MCG-615 51 0.419 90.8 
0.650 86.9 
0.970 83.1 
1.411 79.5 
2.016 76.0 
2.850 72.6 

LGM-85-06 MCG-616 99 0.322 85.6 
0.403 85.4 
0.542 84.5 
0.818 84.3 
1.527 83.4 
4.825 82.2 

LGM-85-06 MCG-617 115 0.068 96.9 
0.309 92.3 
0. 810 87.8 
1. 716 83.6 
2.388 81.6 
3.259 79.6 

LGM-85-11 MCG-618 3 0.296 88.7 
0.594 81.9 
1.063 75.3 
1. 775 69.0 
2.841 62.9 
4.429 57.1 

LGM-85-11 MCG-619 30 0.491 90.5 
1.188 81.6 
2.040 72.3 
2.976 62.6 
3.950 52.5 
4.934 42.0 

LGM-85-11 MCG-620 94 0.161 93.3 
0.376 88.7 
0.734 84.2 
1.297 79.9 
2.163 75.8 
3.483 71.9 
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Table C-1 (continued). Data Used to Plot the Moisture Characteristic Curves 
(drying curves only) 

Hole Sample Depth Capillary Wetting Fluid 

Number Number (ft) Pressure Saturation 
(psi) (percent) 

LGM-85-11 MCG-621 115 0.270 92.3 
0.446 89.2 
0.727 86.3 
1.191 83.5 
1.991 80.9 
3. 463 78.5 
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Figure C-1. Moisture Characteristic Curve for Sample MCG-602, 
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Figure C-2. Moisture Characteristic Curve for Sample MCG-603, 
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Figure C-3. Moisture Characteristic Curve for Sample MCG-604, 
Hole LLM-85-01, Depth of 101 Feet 
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Figure C-4. Moisture Characteristic Curve for Sample MCG-605, 
Hole LLM-85-01, Depth of 124 Feet 
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Figure C-5. Moisture Characteristic Curve for Sample MCG-606, 
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Figure C-6. Moisture Characteristic Curve for Sample MCG-607, 
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Figure C-7. Moisture Characteristic Curve for Sample MCG-608, 
Hole LLM-85-02, Depth of 67 Feet 
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Figure C-8. Moisture Characteristic Curve for Sample MCG-609, 
Hole LLM-85-02, Depth of 117 Feet 
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Appendix D 

EFFECTIVE PERMEABILITY AS A FUNCTION OF SATURATION 

(saturation refers to total air saturation) 
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Figure D-7. Effective Permeability as a Function of Saturation for 
Sample MCG-608, Hole LUI-85-02, Depth of 67 Feet 

D-9 



-"C 
E -
>-
I-
H 
....J 
H 
CD 
<( 
IJ.J 
:.£ a: 
IJ.J 
Cl. 

IJ.J 
> 
H 
I-
u 
IJ.J 
LL.. 
LL.. 
IJ.J 

SAS 

10-t 

10~~--_. ____ ._ ____ ~ __ _. ____ ~--~~--_.----~----~--_. 
o.ooo 0.100 o.aoo o.3oo o ... oo o.eoo o.eoo o. 100 o.aoo o.soo 1.000 

TOTAL SATURATION 
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Figure D-9. Effective Permeability as a Function of Saturation for 
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Figure D-16. Effective Permeability as a Function of Saturation for 
Sample MCG-617, Hole LGM-85-06, Depth of 115 Feet 
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Figure D-17. Effective Permeability as a Function of Saturation for 
Sample MCG-618, Hole LGM-85-11, Depth of 3 Feet 
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Figure D-19. Effective Permeability as a Function of Saturation for 
Sample MCG-620, Hole LGM-85-11, Depth of 94 Feet 

D-21 



-~ 
E -
>-
1-
H 
....J 
H 
co 
< 
LW 
L 
a: 
LJJ 
Cl.. 

LW 
> 
H 
1-
u 
LJJ 
Ll.. 
Ll.. 
LJJ 

10°~ 

~ 
10°~ 

liAS 
~ 

10-s 

10 ... 

10-IUL __ _. ____ ~--~--

~ 
4 

1 

i 
~ 

j 
i 
I 
I 

0.000 0.100 0.200 o.3oo o.4oo o.5oo o.soo o.7oo o.aoo o.soo 1.ooo 

TOTAL SATURATION 
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Appendix E 

LISTING OF FORTRAN V PROGRAM FOR CONVERTING 
PSYCHROMETER MICROVOLTAGE OUTPUTS 

TO WATER POTENTIAL 

(modified from Brown and Bartos, 1982) 
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A 

PROGRAM H20POTU(INPUT,OUTPUT,TAPE5=INPUT,TAPE6=0UTPUT) 
C**** LIMITS OF APPLICATION 
C**** 14 < SEC < 61 
C**** -1 < TEMP, DEGREES CEL < 41 
C**** MV <= VIS*B*C 
C**** -61 < OMV < 61 

c 

REAL MV,MS,M15,IS,I15,LNS,LN15,NS,N15,MVS,MV15 
DATA SEC/15./ 
IF(SEC.GE.14 •• AND.SEC.LE.61.) GO TO 10 
WRITE(6,5) 

5 FORMAT(' COOLING TIME IS NOT WITHIN MODEL RANGE') 
STOP 

C**** READ INPUT DATA FOR FILE 

c 

10 READ(22 ,20 ,END=100) I ,DATE, TIME,B, TEMP,OMV ,MV ,DEPTH 
20 FORMAT(I4,A9,A7,F6.2,5F6.1) 

IF(TEMP.GE.-1. .AND. TEMP.LE.41.) GO TO 30 
WRITE(6,25) 

25 FORMAT(' PSYCHROMETER TEMPERA1URE IS NOT WITHIN MODEL RANGE') 
WP=-999.9 
GO TO 70 

30 IF(OMV.GE.-61 •• AND.OMV.LE.61.) GO TO 40 
WRITE(6,35) 

3 5 FORMAT( ' ZERO OFFSET IS NOT WITHIN MODEL RANGE' ) 
WP=-999.9 
GO TO 70 

40 IF(MV.GT.O.) GO TO 50 
WRITE(6,45) 

45 FORMAT(' MICROVOLT READING • LE. 0. ') 
WP=-999.9 
GO TO 70 

50 WPK=-22.5 
MS=2.5+EXP(-(ABS(((60.-SEC)/60.-1.)/.405)**3)) 
M15=2.5+EXP(-(ABS(((60.-15.)/60.-1.)/.405)**3)) 
IS=.45+.000333*SEC+1.9846E-19*SEC**10 
I15=.45+.000333*15.+1.9846E-19*15.**10 
RNS=EXP(-((1./(1.-IS))**MS)) 
RN15=EXP(-((1./(1.-I15))**M15)) 
DS=1.-RNS 
D15=1.-RN15 
X1AS=12.1-.003475*(60.-SEC)**1.63 
X1A15=12.1-.003475*(60.-15.)**1.63 
X1YS=39.2-.0004346*(60.-SEC)**2.45 
X1Y15=39.2-.0004346*(60.-15.)**2.45 
X2AS=88.-.0002579*(60.-SEC)**2.7 
X2A15=88.-.0002579*(60.-15.)**2.7 
X2YS=8.4+2.734E-07*(60.-SEC)**3.97 
X2Y15=8.4+2.734E-07*(60.-15.)**3.97 
LNS=EXP(-(ABS(((40.-TEMP)/40.-1.)/(1.-IS))**MS)) 
LN15=EXP(-(ABS(((40.-TEMP)/40.-1.)/(1.-I15))**M15)) 
NS=((LNS-RNS)/DS)*.185+1.18 
N15=((LN15-RN15)/D15)*.185+1.18 
UIS=X1AS+.017288*X1YS*TEMP**1.1 
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c 

UI15=X1A15+.017288*X1Y15*TEMP**1.1 
SPS=(X2AS-X2YS*.00017185*(40.-TEMP)**2.35)*(-1.) 
SP15=(X2A15-X2Y15*.00017185*(40.-TEMP)**2.35)*(-1.) 
MVS=(UIS-(UIS/(ABS(SPS)**NS))*(ABS(SPS-WPK)**NS)) 
MV15=(UI15-(UI15/(ABS(SP15)**N15))*(ABS(SP15-WPK)**N15)) 
ZOE=(.015*0MV+.001471*0MV*TEMP) 
C=(MVS+(MVS/MV15)*ZOE)/MVS 
R=UIS*C 
IF(MV.LE.R) GO TO 60 
WRITE(6,55) 

55 FORMAT(' MICROVOLT READING IS NOT WI1HIN MODEL RANGE') 
WP=-999.9 
GO TO 70 

60 WP=((((ABS(SPS)**NS)*(UIS*C-MV))/(UIS*C))**(1./NS)+SPS)*B 
WP=-WP 

70 WRITE(23 ,20) I ,DATE, TIME,B, TEMP,OMV ,MV ,DEPI'H, WP 
GO TO 10 

100 CONTINUE 
STOP 
END 
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FOREWORD 

This study was initiated in response to a Compliance Order/Schedule (Docket 
Number 001007) issued by the State of New Mexico's Environmental Improvement 
Division under the authority of New Mexico's Hazardous Waste Management Act. 
The Order/Schedule, dated ·7 May 1985, specifies a time line for obtaining 
certain geotechnical information regarding Waste Disposal Areas G and L in 
Technical Area 54, Los Alamos National Laboratory, New Mexico. This report 
addresses the informational requir.ements outlined in Paragraph 25, Tasks 1 
through s·, of the Compliance Orde~/ Schedule. Certain field investigations 
performed in the Summer and Fall 1986 were above and beyond the requirements 
of the Compliance/Order Schedule. The investigations on which this report are 
based were performed by personnel of Bendix Field ~ngineering Corporation 
(Bendix), the contractor for the U.S. Department of Energy Grand Junction 
Projects Office (DOE/GJPO) through 30 September 1986. This report was 
prepared by the same professionals, now employed by UNC Technical Services, 
Inc., the current contractor. 

The tasks requested by the State of New Mexico in Paragraph 25 of the 
Compliance Order/Schedule are addressed in the following sections of this 
report: 

Compliance Order Task and Brief Title 

1: Permeability Determinations 
2: Moisture Characteristic Curves 
3: Unsaturated Hydraulic 

Conductivity 
4: Infiltration and Redistribution 

of Water 
5: Pore-Ga~Sampling Installations 

Section in Report 

3.2.1, 3.2.2, 3.2.3 
3 .1.3 

3.2.4 

3.1.1, 3.3.1, 4.0 
s.o 

The emphasis of the Compliance Order/Schedule is on the quantification of 
capillary or liquid-flow transport processes. However, moisture data pre
sented by Purtymun and Kennedy (1971) and Abeele and others (1981), as well as 
the moisture data presented in this report, indicate that movement by vapor 
phase is the major transport mechanism in the Bandelier Tuff in the study 
area. Thus, while much of the capillary-related information is useful, it can 
draw attention away from vapor transport. The reader is therefore asked to 
focus on relating the information presented in this report to vapor-transport 
processes. 

In addition to the authors cited on the title page, a number of other 
contractor technical professionals at the Grand Junction Projects Office 
contributed significantly to this study and to preparation of this report. 
These individuals and their respective contributions are listed below. 

• Sue Rush served as Project Manager and assisted in the drilling and the 
pore-gas-sampler installations. 

• Nic Korte served as Project Manager and assisted in the design and test of 
the pore-gas samplers. 

• Steve Sturm assisted in the drilling and the logging of core. 
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• Jeff Price assisted in the hydrologic testing. 

• Jack McCaslin assisted in the drilling procurement as well as the drilling 
and the pore-gas-sampler installations. 

• Steve Donivan assisted in the design and test of the pore-gas samplers. 

• Sandy Wagner performed the field chemical monitoring and set up the 
analytical subcontract. 

• Sue Knutson, Dave Traub, and Joseph Krabacher performed the geophysical 
logging. 

• Rich Zinkl provided the computer support. 

• Bonnie Edwardson and Marilynne Gossett performed the editing and document 
coordination. 

• Kenneth Karp assisted with calibration and installation of psychrometers. 

The following personnel from Los Alamos National Laboratory also played a 
significant role in the completion of this study. 

• Micheline Devaurs was the principal technical contact, assisted in the 
planning and conduct of field activities, and wrote Section 4 of this 
report. 

• Dave Mcinroy assisted in several aspects of the field activities. 

• Bill Purtymun recommended the drilling technique and provided much useful 
insight with respect to logging the Bandelier Tuff. 
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EXECUTIVE SUMMARY 

The hydrologic characteristics of the vadose zone in Areas G and L, Technical 
Area 54, at Los Alamos National Laboratory were investigated in response to a 
Compliance Order/Schedule (Docket Number 001007) issued to the Laboratory by 
the State of New Mexico's Environmental Improvement Division under the 
authority of New Mexico's Hazardous Waste Management Act. This report 
summarizes an asse~sment of the hydrologic system, specifically in response to Tasks 1 through S, Paragraph 25, of the Compliance Order/Schedule. Vadose 
zone characterization work completed above and beyond the requirements of the 
Compliance Order/Schedule is also discussed herein. 

The most significant concl u'sion resulting from this investigation is that 
vapor-phase transport is the predominant mechanism controlling the potential 
subsurface movement of contaminants in the study area. Evidence for this conclusion includes the low moisture content of the underlying rock and the 
high moisture-retention values observed in the moisture characteristic curves 
(Task 2 of the Compliance Order/Schedule). These results indicate that there is no interconnection or movement of liquid water in the interval of Bandelier 
Tuff examined in this study. 

Permeability measurements were required by Task 1 (field tests) and Task 3 
(laboratory tests) of the Compliance Order/Schedule. Field measurements were 
made using a vacuum-test method and by means of borehole injection with both air and water. Laboratory determinations were made using both the Klinkenberg 
Correction and the Dynamic methods. Agreement among the various methods was 
generally good, yielding an intrinsic permeability for the Bandelier Tuff in 
the range to-• to to-' cm2. 

Determination of the water distribution in the tuff was required by Task 4. 
Gravimetric results indicate a moisture content of 2 to 4 percent for the 
center portion of the profile, with generally higher contents in the lower 
portion of Unit lb. Preliminary data from the thermocouple psychrometers 
indicate that water potentials range from -1 to -15 bar, suggesting low mois
ture conditions in the tuff. Neutron-measurement tools used for acquiring 
moisture data were also installed in two holes in the study area. Although 
data acquired with the probe were not available at the time of this writing, 
it is feared that the tuff may be too dry for such measurements to be 
effective. 

The various field and laboratory activities conducted during this study permit 
an evaluation of the effects of porosity, pumice content, and degree of 
welding on the unsaturated transport processes. As expected, porosity and 
pumice content are highly correlated. The high porosity demonstrates that the 
tuff acts like a sponge: A quantity of water equal to approximately one
quarter of the rock volume is required to satisfy the capillary forces and 
permit the movement of water in the liquid phase. Permeability, on the other 
hand, is inversely proportional to porosity due to the significant amount of dead-end pore space which occurs in pumice. Finally, a high degree of welding 
apparently reduces the average radii of pores, the result being an increase in 
the capillary forces and the residual moisture content. 
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' In partial fulfillment of the requirements of Task 5, installations fo~ 
sampling pore gas· in discrete subsurface zones were completed in certain 
holes. The rationale behind each sampling-port location is described in this 
report. Quarterly monitoring of the pore-gas samplers is being conducted by 
employees of the Laboratory; data from the monitoring were not available ·for 
this report. 

Another major objective of this study was to evaluate the role of fractures as 
avenues of transport in the Bandelier Tuff. Results obtained thus far, 
however, are inconclusive. Although predominant northeasterly trends were 
measured, a bias in the data resulted from sampling limitations imposed by 
available exposnres. The permeability of fractured zones, where fractures are 
filled, is not significantly greater than that of the surrounding rock. 
Certain fractured zones exhibit a higher moisture content and may be indica
tive of relatively open fractures. Petrex survey results indicate that ion 
counts of volatile organic compounds are not distributed uniformly in a radial 
pattern around the source. Instead, the distribution of volatile organic 
compounds is spatially variable, as if venting occurs in discrete zones whose 
fracture apertures and/or intensities may be locally elevated. Transport of 
contaminants from the source probably follows tortuous routes determined by a 
combination of fracture orientations and degree of dialation, and interconnec
tions of fractures related to the position of infill materials. It is antici
pated that results of the pore-gas sampling and analysis will be of particular 
benefit to the definition of the role of fractures in the vadose zone. In 
addition, more extensive Petrex surveys just under the rim of Mesita del Buey 
and in Area L may also better define the role of fractures relative to 
contaminant transport. 
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1 .1 PURPOSE AND SCOPE 

This report summarizes work conducted for Los Alamos National Laboratory 
(LANL) to assess the hydrologic processes that could contribute to transport 
of hazardous waste buried in the Bandelier Tuff at the LANL facility in New 
Mexico. More specifically, the study area encompasses Waste Disposal Areas G 
and L in Technical Area 54. The study was initiated in response to a Compli
ance Order/Schedule issued by the Environmental Improvement Division of the 
State of New Mexico. Included in the Order was a directive to obtain certain 
geotechnical information regarding the above-mentioned waste-disposal areas. 

Work conducted during FY-1986 for this project included drilling, logging, and 
installation of monitoring equipment in additional boreholes. Seven new holes 
were drilled and two existing holes (drilled during FY-1985) were deepened. 
Pore-gas samplers were installed in selected holes. Geophysical logs were run 
in the new holes and lithologic logs were prepared to show monitoring equip
ment installation points. A Petrex survey was conducted to measure relative 
ion counts of organic vapors in the soil. 

The FY-1986 work was conducted primarily to support preliminary conclusions 
based on results of earlier work. Consequently, this report has been prepared 
by amending and supplementing an earlier report by Kearl and others (1986). 
New material in this report includes a section on the Petrex survey, expansion 
of a section on pore-gas sampling, additional lithologic and geophysical logs, 
petrographic reports on FY-1986 samples, and a fence diagram showing the 
subsurface stratigraphy of Waste Area L. 

The report is organized into eight sections, followed by six appendices. The 
emphasis throughout is on the transport processes in the unsaturated zone that 
control 'potential contaminant migration in the Bandelier Tuff. Immediately 
following this Introduction, Section 2 defines the geologic framework through 
which these processes occur in the study area. Section 3 presents a charac
terization of the vadose zone in teDDs of the driving forces of transport, 
namely, gradients such as temperature and pressure. These evaluations require 
a considerable amount of data regarding the vadose zone, including permeabil
ity and such general parameters as moisture content and porosity. Thus, the 
early subsections of Section 3 describe the field and laboratory measurements 
conducted to acquire these data, together with the necessary calculations. 

Sections 4 and S contain discussions of the neutron-moisture-measurement and 
pore-gas sampling-port installations, respectively; Section 6 describes 
results of the Petrex survey. A comprehensive summary of results and conclu
sions is presented in Section 7, followed by a list of the references (Section 
8) cited throughout the text and appendices. Appendices A through F contain 
much of the data acquired throughout the course of this study, including 
lithologic logs, petrographic data, moisture characteristic and permeability 
curves, and geophysical logs. 

For this study, several experimental techniques were used to drill test holes 
and to measure important unsaturated flow parameters. In those cases, 
descriptions of the equipment, procedures, and assumptions associated with a 
specific test are included in the appropriate discussion. 
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Analysis of the rock core was hampered by several problems. From the core 
obtained during drilling, representative samples of the Tshirege Member of the 
Bandelier Tuff were selected and sent to TerraTek Research Laboratory of Salt 
Lake City, Utah, for analysis. Approximately 75 percent of this core was 
either completely unconsolidated or so friable that special handling techni
ques and procedures had to be developed. Moreover, mercury injection was not 
feasible on the unconsolidated samples, requiring that alternative laboratory 
techniques be substituted for the measurement of capillary forces. As a 
result, it was not possible to quantify the pore-size distributions and the 
imbibition or wetting curves for the porous media in'the study area. 

1 • 2 TERMINOLOGY AND UNITS 

1.2.1 TERMINOLOGY 

The terms 'vadose zone' and 'unsaturated zone' are often used synonymously in 
the literature, even though there is a distinction between the two. The 
unsaturated zone is defined as a subsurface area above the water table in 
which the porous material contains both air and water, the latter under 
pressures that are less than those of the atmosphere. The vadose zone also 
refers to the subsurface area above the water table composed of partially 
saturated porous material. The distinction lies in the fact that the vadose 
zone can contain perched zones of water, and the water in these perched zones 
is under pressures greater than those of the atmosphere. For purposes of this 
study, the term vadose zone will be used when referring to the subsurface area 
above the water table, but the processes controlling contaminant migration in 
that zone will be referred to as the 'unsaturated transport processes.' 

Other potentially confusing terms used throughout the report include permea
bility, coefficient of permeability, hydraulic conductivity, and intrinsic 
permeability. Distinctions between these terms are summarized below. 

• Permeability, when used alone, refers to the movement of a fluid through 
the porous or fractured media. No quantification is intended to be asso
ciated with the term. 

• Hydraulic conductivity is the term used to quantify the permeability of the 
medium. It is dependent on the porous medium and the fluid, and must 
therefore be expressed in such a way that the fluid represented by the term 
is specified. The dimensions for hydraulic conductivity are length per 
unit time (L/t). The term coefficient of permeability is synonymous with 
hydraulic conductivity. 

• Intrinsic permeability is a function of only the medium and has dimensions 
of length squared (L~). Expressing permeability in this way permits com
parison of permeability values obtained through different techniques using 
different fluids. (The relationship between hydraulic conductivity and 
intrinsic permeability is defined in Section 3.2.1.4.) 

Laboratory results express the hydraulic conductivity as a function of the 
moisture content (Section 3.2.4) in terms of effective permeability (in units 
of millidarcys). Permeability expressed in this manner is considered an 
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intrinsic permeability. For example, the effective permeability for water is 
a measurement of the intrinsic permeability of the void space occupied by 
water, so the value is expressed in terms which are independent of the fluid. 

The terms capillary forces, capillary pressure, s,oil tension, and soil suction 
are used synonymously. For purposes of this report, capillary forces are 
quantified using the term water potential which is measured in pressure units 
of negative bars or negative pounds per square inch (psi). 

The terms residual moisture content, residual saturation, and moisture reten
tion are also used synonymously. These terms refer to the undrainable 
quantity of water which remains in the sample even at increasingly higher 
capillary pressures. At these pressures, the water exists in discontinuous 
pockets or as thin films throughout the porous matrix. Vapor transport is the 
dominant transport mechanism below this range of saturation. 

One other texm used throughout the report requires clarification. As used 
herein, lapilli is defined in a manner consistent with the definition pre
sented by Ross and Smith (1961): Lapilli consist of either juvenile lava 
fragments, still plastic or liquid when ejected, or of broken rock of any sort 
from the walls of the vent, or from the bedrock (country rock); in other 
words, they may be essential, accessory, or accidental ejecta. These authors 
state, however, that the term lapilli should be restricted to describing 
fragments in the size range 4 to 32 millimeters (mm); fragments of pyroclastic 
material larger than 32 mm are called blocks, whereas fragments smaller than 4 
mm are called coarse ash (Ross and Smith, 1961). For purposes of simplifica
tion in this report, the size restriction for lapilli was ignored. For 
example, the presence of 'accessory' or 'accidental' lithic fragments (e.g., 
basalt fragments) less than 4 mm in diameter is one of the distinguishing 
characteristics of Unit lb; these fragments are referred to as lithic lapilli 
in this report. In addition, fragments of pyroclastic ejecta of pumice or 
rock in the size range 32 to 60 mm (the latter value being the approximate 
diameter of the rock core obtained during this study) are also referred to as 
lapilli in this report. 

1.2.2 UNITS 

Inconsistencies in the unit systems used to express measurements occur 
throughout the report. Unfortunately, this inconsistency is unavoidable for 
the following reason. Several different types of instrument were used in the 
study, some of which display data in metric units (mks or cgs systems), while 
others are based on the British engineering system (fps system).* Conversion 
from one set of units to another is often cumbersome. For example, an instru
ment which measures pressure in the range 0 to 60 pounds per square inch 
(psi), with 0.2-psi increments, is described efficiently in British-system 
units. Conversion to the metric system results in an awkward description 
[i.e., 0 to 413.47 kilonewtons per square meter (kN/m2 ) with 1.38-kN/m2 

increments]. Thus, for purposes of this report, both systems of units are 
given only when appropriate, in which cases the value in metric units is cited 

*For metric-system units, mks = meter-kilogram-second and cgs = 
centimeter-gram-second. For British-system units, fps = foot-pound-second. 
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first, followed in parentheses by the equivalent value in British-engineering
system units. 

1.3 PREVIOUS WORK 

This report draws heavily on three earlier reports prepared for Los Alamos 
National Laboratory by the GJPO contractor personnel based on work conducted 
prior to FY-1986. The first report (Rush and Dexter, 1985) describes and 
discusses. drilling and logging activities performed during the Summer of 1985. 
The second report (Bendix Field Engineering Corporation, 198Sb) describes the 
procedures used for operating monitoring instruments installed for assessment 
of the hydrogeologic conditions of Waste Disposal Areas G and L in Technical 
Area 54. The third report (Kearl and others, 1986) presents a preliminary 
assessment of the hydrologic system based on FY-1985 work. 
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This description of the geologic characteristics of the Bandelier Tuff in the 
study area is divided into five subsections. The first describes regional and 
site geology, based on information contained in the literature and observa
tions of core obtained from holes drilled at the site (Rush and Dexter, 1985). 
This is followed by a discussion of the degree of welding observed in the tuff 
and the correlation of ash-flow units across the study area. Results of 
petrographic analyses of core samples from the drill holes and interpretations 
of the geophysical logs from the holes are summarized in Sections 2.3 and 2.4, 
respectively. The final subsection describes fractures observed in the core, 
since the presence of fractures can affect the nature and direction of waste 
transport in the tuff. 

2.1 RFGIONAL AND SITE GEOLOOY 

The study area is located just east of the southeastern boundary of the 
Colorado Plateau (see Figure 2-1), on the eastern flank of the Jemez 
Mountains, also known as the Pajarito Plateau. The Jemez Mountains lie at the 
intersection of the volcanically active Jemez Lineament and the tectonically 
active Rio Grande rift. The Jemez Lineament is an alignment of Late Cenozoic 
volcanic fields; volcanism along the lineament has been continuous since 
Pliocene time (Goff and Bolivar, 1983). 

Waste Disposal Areas G and L, located within Technical Area 54 at Los Alamos 
National Laboratory, are situated on Mesita del Buey, which is part of the 
Pajarito Plateau (Figure 2-2). Mesita del Buey, a narrow, southeast-trending 
mesa approximately two miles long and one-quarter of a mile wide, is underlain 
by rhyolitic ash-flow and air-fall deposits of the Bandelier Tuff. The 
Bandelier Tuff is composed of two members: the lower Otowi Member, 1.4 million 
years old, and the upper Tshirege Member, 1.1 million years old (Bailey and 
others, 1969). The Otowi Member consists of basal, air-fall tuff overlain by 
nonwelded ash-flow deposits containing abundant lithic lapilli. The Tshirege 
Member, which overlies the Otowi, consists of basal, bedded, air-fall tuff 
overlain by nonwelded to welded ash-flow tuffs containing abundant pumice and 
lithic lapilli. The Otowi and Tshirege members are both over 100 feet (ft) 
thick under Mesita del Buey (Purtymun and Kennedy, 1971). All waste-disposal 
excavations in Technical Area 54 are located in the upper portion of the 
Tshirege Member of the Bandelier Tuff. 

The Tshirege Member can be subdivided into three units, two of which occur at 
Mesita del Buey (Units 1 and 2); the third unit, a nonwelded to moderately 
welded pumiceous tuff, is absent in the study area (Purtymun and Kennedy, 
1971). The first two units dip 2 to 3 degrees to the southeast and become 
thinner in the direction of dip, away from their source in the Valles Caldera. 
Each of the units consists of two subunits (a and b), which are described by 
Purtymun and Kennedy (1971). Their descriptions, together with characteris
tics observed in the field and in the core collected for this study, were used 
to distinguish between each of the subunits. Lithologic logs of Units la 
through 2b, derived from drill holes in the study area, are presented in 
Appendix A; drill-hole locations are shown in Figure 2-3. 

The lowermost subunit of the Tshirege Member encountered during this study was 
Unit la, a slightly welded to nonwelded, light-orange to light-brown, 
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rhyolitic, vitric-crystal ash-flow tuff. The maximum thickness of Unit la 
encountered in the Los Alamos drill holes was 64 ft; however, no drill hole 
penetrated the entire unit. At Mesita del Buey, Unit la consists of very 
uniform, nonwelded to slightly welded ash composed of brown glass shards and 
fine, flattened pumice lapilli, neither of which is devitrified. Also found 
in the ash are numerous but scattered lumps of light-tan pumice lapilli and 
latitic to rhyolitic lithic lapilli. In some of the deeper holes (1986 
series), the lower, more tannish colored and slightly welded portions of the 
unit are noticeably damp immediately upon retrieval from the core barrel. 

The contact between Units la and lb is discerned in the core on the basis of 
the increased degree of welding and the presence of brown and gray pumice lapilli in Unit lb. Unit lb is a rhyolitic ash-flow tuff, ranging in color 
from light gray to pinkish gray near the top, and from pale red to moderate 
orange pink near the base. The lower portion of Unit lb contains distinctive 
bipyramidal quartz crystals up to 4 millimeters (mm) in diameter and a bimodal 
distribution of latitic to rhyolitic lithic lapilli. The lithic lapilli are 
abundant in the size range 1 to 4 mm in diameter, and occur less commonly in 
the size range 15 to 60 mm. They decrease in size and abundance toward the 
top of Unit lb, where the occurrence of lithic lapilli is rare. The degree of 
welding in Unit lb generally varies from slightly welded at the base to 
moderately welded just above the base to slightly welded at the top. In 11 
core holes where the entire section of Unit lb was penetrated, the total 
thickness varies from approximately 29 ft (on the southeast) to 74 ft. 

The contact between Units lb and 2a was difficult to identify precisely during 
coring operations. In certain cases, the contact can be estimated on the 
basis of either a subtle color change in a slightly welded portion of the 
core, or the presence of brown, gray, and olive-colored pumice lapilli in the 
basal portion of Unit 2a. These pumice lapilli are generally larger than the 
predominantly brown pumice lapilli found in the upper portion of Unit lb. In 
addition, the contact seems to occur in a zone where vapor-phase crystals of 
quartz and sanidine are small (less than 1 mm in diameter) and sparse. 
Microscopic criteria for distinguishing between these units are described in 
Section 2.3 of this report. 

Unit 2a consists of a lower ash flow and an upper ash fall (Purtymun and 
Kennedy, 1971), although no ash-fall unit was encountered during this study. 
The unit ranges in color from light pink to pale red to gray. It contains 
relatively large (5 to 30 mm) gray-, brown-, and olive-colored pumice lapilli, 
and varies from slightly to moderately welded. Unit 2a varies in thickness 
from 67 ft in the northwest (Hole LLC-86-19) to 21 ft in the southeast (Hole 
LGC-85-09). 

The contact between Units 2a and 2b is generally marked by a subtle color 
change within a slightly welded zone of tuff. Purtymun and Kennedy (1971) 
identify this contact on the basis of the occurrence of thin, lenticular 
deposits of reworked tuff. This zone of reworked tuff was observed in core 
from Holes LLC-86-21 and LLC-86-22. The transition from Unit 2a to Unit 2b at 
Mesita del Buey appears to be marked by a decrease in the variety of pumice 
lapilli occurring in the basal portion of Unit 2b; pumice lapilli in Unit 2b 
are dominantly gray in color, whereas the pumice lapilli in Unit 2a are gray-, 
brown-, and olive-colored. The contact between the two units is most easily 
seen in the outcrop; in many places the lenticular deposits of reworked tuff, 
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occasionally cross-bedded, are readily observable. In general, Unit 2a 
contains a greater amount of pumice lapilli and bombs than Unit 2b, resulting 
in sloping erosional surfaces. However, basal portions of Unit 2b often 
display an increase in the amounts of pumice lapilli and blocks, which can 
obviously confuse the issue when trying to discern this contact in the core. 
In outcrop, these basal, pumice-rich portions of Unit 2b are often continuous 
with the vertical cliff-forming nature of the rest of Unit 2b, down to its 
contact with Unit 2a, even though it is generally only slightly welded. 

Unit 2b forms the cap rock at Mesita del Buey and consists of brownish-gray, 
light-gray, and pinkish-gray, slightly to moderately welded, rhyolitic ash
flow tuff with light-gray and occasional brown pumice lapilli. In some areas 
on the Pajarito Plateau, this subunit may contain up to eight distinct flow 
units, separated by sandy partings and pumice concentrations (Goff and 
Bolivar, 1983). Field descriptions, apparent density logs, and magnetic 
susceptibility logs obtained during this study indicate that, at Mesita del 
Buey, Unit 2b consists of several flows and is generally separated from Unit 
2a by a lower zone of slightly welded tuff. The maximum and minimum thick
nesses of Unit 2b encountered in the Los Alamos drill holes were 45 ft in the 
northwesternmost hole (LLC-85-13) and 28 ft in the southeasternmost hole 
(l.GC-85-09) • 

2 • 2 WELDING AND CORRELATION OF ASH-FLCM' UNITS AT MES IT A DEL BUEY 

Welding of tuffaceous rocks at Mesita del Buey ranges from nonwelded to 
moderately welded. A1 though the degree of welding is grada tiona! between 
these ranges, generalized definitions of each welding descriptor were formu
lated for use when describing rocks in the study area. These are summarized 
below: 

• Nonwelded - Completely disaggregated; little to no flattening of pumice 
lapilli observed. 

• Slightly Welded- Slightly coherent, but crumbles easily in the hand; 
occasional pumice lapilli are noticeably flattened. 

• Moderately Welded- Tuff crumbles with difficulty in the hand and 
occasionally must be struck with a hammer to break; flattening of most 
pumice lapilli to varying degrees is noticeable. 

A1 though the units are defined on the basis of individual or composite f1 ows, 
general variations in welding within the units can be correlated across Mesita 
del Buey. A cross section showing these variations is presented in Figure 
2-4; the location of the cross section in the study area is shown in Figure 
2-3. A general thinning of the ash-flow units can be seen on the cross 
section from northwest to southeast (away from the caldera). Moderate welding 
is most consistently found in the lower portion of Unit 1b near its contact 
with Unit la, and in the middle and upper portions of Unit 2b. In general, 
the moderately welded portions of Unit 2a break or crumble in the hand more 
easily than the moderately welded portions of Units lb and 2b. The welding 
characteristics of Unit 2a, however, are not consistent in a lateral sense. 
Also not laterally consistent are the slightly welded zones: in certain cases, 
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the slightly welded zone more nearly approaches the definition of moderately 
welded, whereas in other cases, the slightly welded zone is almost nonwelded. 

Holes were drilled during 1986 to 200-foot depths, and provided more detailed 
information about degree and continuity of welded zones. A fence or panel 
diagram, drawn on an isometric projection of a part of Mesita del Buey that 
includes Waste Disposal Area L, is presented in Figure 2-S. Because detailed 
records of recovery and rock quality designation (RQD) were kept during the 
1986 drilling program, the welding characteristics of each unit were deter
mined in greater detail than during the 1985 program. 

The rock quality designation is an indirect measure of the number of frac
tures, the amount of softening, or the alteration present in the rock mass as 
observed in the core. The measure is obtained by summing up those pieces of 
core which are relatively hard and sound that are 4 inches in length or 
longer. In the case of the Bandelier Tuff, this can yield a qualitative 
measure of the degree of welding in zones with little to no fracturing. The 
welding in Unit 2a is not laterally consistent; observation of RQD parameters 
show that a central zone of more welded tuff is present throughout the unit. 
This central, moderately welded portion of Unit 2a is slightly less coherent 
than moderately welded zones in Units 2b and lb. 

The RQD parameters also help delineate different zones within Unit 2b; these 
zones can be seen on the individual logs in Appendix A, but were not included 
on the fence diagram (see Figure 2-S) because they are apparently only local 
in extent. These zones, together with the presence of sandy partings and 
pumice concentrations, also indicate that Unit 2b consists of several 
different ash flows. However, the widespread slightly welded zone at the base 
of Unit 2b, together with approximate compositional homogeneity and the cliff
forming nature of the unit, suggest that the ash flows of Unit 2b essentially 
cooled as a single unit. The basal, slightly welded zone of Unit 2b can be 
seen on the fence diagram (see Figure 2-S). Also visible on the fence diagram 
are minor variations of unit thickness on a local scale, and the slightly 
welded zone present at depth in Unit la. 

2. 3 PE1ROGRAPHIC ANALYSES 

Thirty-eight samples were submitted for petrographic analyses, results of 
which were used to establish recognition criteria for the different units 
within the ash-flow tuffs. Of this total, 3 were outcrop samples of tuff, 27 
were core samples of tuff, and 8 were samples of lithic and pumice lapilli. 
The outcrop samples were collected 600 feet northeast of Hole LLC-86-20. 
The analyses were performed by the GJPO Petrology Laboratory. Procedural 
details and the resulting petrographic reports are presented in Appendix B. 

Overall, the results indicate that the Tshirege Member of the Bandelier Tuff 
at Mesita del Buey is a rhyolitic tuff containing varied amounts of lithics 
(rock fragments), vitrics (pumice fragments and glass), and crystals (vapor
phase products and phenocrysts). Results of point-count analysis for quartz 
and sanidine (Table 2-1) indicate that Unit lb generally contains less volume-_ .... _ .... ..,._ .. 

-- -.! ..:11 ~ /T7' ,. .. ... 
\.4-~.;,.j. -···-'i ~J:'.J.-...; ......... _ ....... ---- --. 

have an average quartz/sanidine (Q/K) ratio of 0.9, while average ratios in 
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Units 2a and 2b are 0.6. In addition, it was found that tridymite is 
generally absent in samples from Unit lb. Units 1 and 2 are therefore compo
sitionally distinct. 

Table 2-1. Volume-Percent Quartz and Sanidine Determined 
from Point-Count Analysis of Thin Sections 

Sample Hole Depth Volume-Percent 
Number Number (ft) Quartz Sanidine 

UNIT 1b 

MID-628 LLM-85-01 101 5.4 11.9 
MCG-629 LLM-85-01 122 11.9 9.0 
MID-632 LLM-85-02 74 9.7 10.3 
MCG-633 LLM-85-02 111 6.4 6.0 
MID-636 I..GM-85-06 100 6.3 9.7 
MCG-640 I..GM-85-11 95 6.7 8.6 
Mffi-649 I..GC-85-09 48 12.0 9.7 
MCG-650 I..GC-85-09 68 8.1 8.5 
MID-656 LLC-86-20 126 7.6 10.6 
MCG-658 LLC-86-20 119 8.0 11.0 

AVERAGE VALUES _b1. ..J!d 
UNIT 2a 

MID-627 LLM-85-01 52 7.8 14.3 
MCG-631 LLM-85-02 64 10.4 15.1 
MID-635 I..GM-85-06 so 9.0 11.0 
MCG-648 I..GC-85-09 35 8.0 17.0 
MID-661 Outcrop NAa 7.0 10.2 

AVERAGE VALUES ~ 13.5 

UNIT 2b 

MID-626 LLM-85-01 30 7.6 17.3 
MCG-630 LLM-85-02 37 5.1 12.5 
MID-634 I..GM-85-06 30 11.4 13.8 
MCG-638 l.GM-85-11 5 7.1 13.2 
MCG-639 l.GM-85-11 31 13.2 10.1 
MCG-643 LLC-85-13 42 6.2 18.4 
MID-644 LLC-85-17 12 8.0 14.0 
MCG-646 I..GC-85-09 10 8.4 13.6 
M00-647 I..GC-85-09 21 8.8 24.1 
MCG-659 Outcrop NAa 9.8 15.5 
M:ID-660 Outcrop NAa 12.9 13.2 

AVERAGE VALUES .L...Q 15.1 

aNA= Not Applicable. 
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Other significant recognition criteria are the microscopic characteristics of 
pumice lapilli. Pumice lapilli in Unit 1b either are devitrified and display 
spherulitic textures with occasional vapor-phase mineralization by a radial
acicular zeolite, or consist of fresh glass; they also vary in shape from 
flattened to nonflattened in many samples. Pumice lapilli in Units 2a and 2b, 
on the other hand, are ubiquitously replaced by sanidine, tridymite, and 
occasionally a zeolite; in general, they are all at least partially flattened. 
Moreover, the average percentage of pumice lapilli (determined by point-count 
analysis of thin sections) is generally higher in Unit 1b (21 percent) than in 
Unit 2a (16 percent) or Unit 2b (13 percent). Evidently, the less flattened, 
more abundant nature of the pumice lapilli in Unit 1b is the primary reason 
for the fact that Unit 1b is less dense than Units 2a and 2b (see discussion 
of apparent density logs in Section 2.4.3). 

2.4 INTERPRETATION OF GEOPHYSICAL LOGS 

Several different types of geophysical log were obtained utilizing different 
downhole probes. Details regarding equipment and procedures were described in 
the first interim report (Rush and Dexter, 1985); a complete set of geophys
ical logs for all holes drilled during the 1985 study is included in that 
report. Magnetic susceptibility and apparent density logs for holes drilled 
in 1986 are included in Appendix F. 

The following geophysical-logging data were generated for many of the 
drillholes during this study: 

• Natural Gamma, Epithermal Neutron (and derived moisture), and Vertical 
Deviation Logs 

• Spectral Gamma and Caliper Logs 

• Magnetic Susceptibility Logs 

• Gamma-Gamma (Apparent Density) Logs 

The caliper and vertical deviation logs were obtained prior to installation of 
instruments described in other parts of this report to determine sizes and 
types of downhole equipment that would be necessary to facilitate the instal
lations. The vertical deviation in the 18 drill holes at Los Alamos averages 
2.5 ft and ranges from 1 to 4 ft; in general, the diameters of the completed 
drill holes are between 7 and 8 inches. 

Discussions of the remaining types of geophysical log are presented in the 
paragraphs that follow. These discussions focus primarily on interpreting the 
logs with a view to identifying the vertical variations of lithologies present 
in each drill hole. In general, most of the logs tend to confirm the presence 
of previously established boundaries and contacts within the ash-flow tuffs. 
In certain cases, however, information obtained from the geophysical logs 
required that modifications be made to the lithologic logs acquired during the 
drilling of the study-area holes. Original versions of the lithologic logs 
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were presented in the first interim report (Rush and Dexter, 1985); the subse
quent modifications have been incorporated in the logs presented in this 
report (see Appendix A). 

2.4 .1 NAnTRAL GAMMA AND EPITHERMAL NEU'IRON IDIS'IURE LOOS 

The natural gamma probe counts the spectrum of gamma rays above approximately 
SO kiloelectronvolts (keV). In the 18 holes drilled, gross-grumma radiation 
ranges from 300 to 700 counts per second (cps). The epithermal neutron system 
consists of a neutron detector used in conjunction with a neutron source. 
Values from the logs range from 600 to 1600 cps. Logs from both of these 
systems show the vertical distribution of these total-count ranges; few of the 
vertical changes in total count correlate with a known boundary within the 
ash-flow tuff. Only in two holes (LGC-85-09 and LGC-85-10) were confirmations 
of previously drawn contacts possible. Figure 2-6 presents the epithermal 
neutron, natural gamma, and lithologic logs for Hole LGC-85-10. As can be 
seen, changes in total count with depth suggest confirmation of contacts and 
boundaries ·drawn on the adjacent 1 i thologic log. However, since some of the 
obvious vertical changes in total count do not correspond with known physical 
changes, it is not possible to identify contacts on the basis of the 
epithermal neutron and natural gamma logs alone. 

Moisture logs were derived fran the epithermal neutron data. These moisture 
logs have the same general shape as the moisture logs obtained by gravimetric 
methods (see Section 3.1.1). A comparison of the two methods is illustrated 
in Figure 2-7. In general, the values for moisture percent seen in the 
epithermal neutron log are higher than those seen in the gravimetric data. 
Although the epithermal neutron data are more detailed (data points were 
obtained every 0.5 ft whereas gravimetric samples were collected every S ft), 
it appears that the gravimetric data are more accurate. Uncertainties in the 
calculated (epithermal neutron) moisture content at each 0.5-ft interval are 
compounded by counting errors, errors associated with the calibration para
meters, and errors associated with the fact that no hole-size corrections were 
applied to the data. The percent uncertainty represented by these errors 
often exceeds the calculated moisture value. In this study, for example, 
these errors are estimated to be ±3.0 percent by volume (Marutzky, 1986). 

2.4 .2 SPEC'IRAL GAMMA LOGS 

The spectral gamma probe counts energy produced by potassium (K), uranium (U), 
and thorium (Th); total counts obtained in the field were converted to 
concentrations of Kin percent, and U and Thin parts per million (ppm). 

The Bandelier Tuff drilled during this study averages approximately 4 percent 
potassium, S to 10 ppm uranium, and 20 to 30 ppm thorium. As with the logs 
described in the previous subsection, the spectral gamma logs can, at best, 
only help to confirm the existence of previously drawn contacts and bound
aries. Since vertical changes in concentration are not consistent from one 
hole to another, the logs cannot be used to draw boundaries or modify previ
ously drawn contacts. 
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Figure 2-8 shows the spectral gamma and lithologic logs for Hole LGM-85-11. 
At first glance, there appears to be an inverse relationship between uranium 
and thorium. This is probably artificial and results from the use of a data
reduction program that strips away the energy contributions from uranium that 
overlap the energy window of thorium (and vice versa). At low concentrations 
of uranium and thorium, such as those displayed by the Bandelier Tuff in the 
study area, the stripping process results in apparent inverse relationships. 
As can be seen in Figure 2-8, however, this relationship is superseded by the 
simultaneous peaking of K, U, and Th at the boundary of Units 1b and 2a (61 
ft), which is marked by an increase in uranium (to 10 ppm) and thorium (to 30 
ppm). Similar increases in uranium and thorium at the contact of Units 1b and 
2a were noted on spectral gamma logs from other holes as well, suggesting 
gross chemical differences between Unit 1 and Unit 2. This confirms the same 
conclusion drawn from the petrographic data on the basis of quartz and 
sanidine contents. 

. 
2.4 .3 MAGNETIC SUSCEPI'miLITY AND GAMMA-GAMMA (APPARENT DENSITY) LOGS 

The magnetic susceptibility (MS) and gamma-gamma (apparent density) logs 
proved to be the most valuable in terms of correlating physical and hydrologic 
properties in the study area. The MS probe is calibrated in micro-cgs* units 
and measures the degree to which the tuff is attracted to a magnet; essen
tially, this is an indirect measure of the iron content of the tuff. Because 
of considerable base-line drift due to temperature changes in the sensing 
coil of the probe, the shape of the curve, not the displayed values, is 
significant. The gamma-gamma probe collects data in counts per second that 
are immediately converted to apparent density .in grams per cubic centimeter 
(g/cm 3 ) using ~he calibration data obtained during installation of the logging 
system. The density of the ash-flow tuffs is a function of welding, amounts 
of lithic and pumice lapilli, water content, and degree and amount of vapor
phase crystallization and devitrification. 

Relationships between magnetic susceptibility, density, and lithology are 
shown schematically in Figures 2-9 through 2-11. For the most part, the MS 
logs show good correlations with contacts between individual ash flows, where
as the density logs show good correlations with boundaries based on welding 
characteristics. However, minute changes in magnetic susceptibility can 
delineate zones with different welding characteristics (see, for example, 
Figures 2-9 and A-9, Hole LGC-85-10, 83 to 97 ft), whereas minute changes in 
apparent density can delineate contacts between individual ash flows (Hole 
LGC-85-10 at a depth of 55 ft). 

The MS and apparent density logs obtained from holes drilled Summer 1986 also 
correlate well with the lithologic logs. Since the 1986 holes penetrated the 
tuff at deeper levels, additional physical characteristics were substantiated. 
The moderately welded zone in Unit 1b was detected on the MS and apparent 
density logs. In Hole LLC-86-22, the core at a depth of 128 feet was notice
ably damp upon retrieval (see Figure A-21, Appendix A). Although the apparent 
density log (see Appendix F) does not delineate the moderately welded zone 
very well (see comment on Figure A-21 stating that this zone is not as well 
defined as in other holes), a relatively dense zone is depicted from 125 to 

*Centimeter-gram-second. 
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130 feet and defines the part of the zone with the highest moisture content. 
This 5-foot zone is in excellent agreement with the volumetric moisture data 
for this hole (see Figure 3-3, Hole LLC-86-22). The density log also indi
cates a gradual increase in density below a depth of 180 feet, where the Unit 
1a tuff becomes noticeably damp and slightly welded. The MS log for this hole 
does not delineate this moderately welded zone, but does yield a striking 
match to the contact of Units 1a and 1b that was logged at approximately 142 
feet during field operations; the MS log displays a large peak at a depth of 
142 feet. In addition, the contact between Units 2a and 2b is substantiated 
by a large MS shift at 38 feet; the Units 2a and 1b contact is documented by a 
magnetic susceptibility spike at 72 feet. A large shift in magnetic suscepti
bility at a depth of 23 feet matches the subtle color change depicted on the 
lithologic log and probably represents the 'multiple-flow' nature of Unit 2b. 
The MS shift at a depth of 210 feet is probably significant, but core was not 
obtained below 198 feet so the shift cannot be interpreted; the MS shift could 
represent a simple color change in Unit 1a or the base of Unit 1a. 

In some cases, the density log will indicate a contact between separate flows 
that is not visible on the MS log. For example, in Hole LGC-85-10 (Figure 
2-9), the contact between separate flows within Unit 2b is marked only by an 
increase in the amount of pumice lapilli and is therefore visible only on the 
density log (at 14 ft). Concentrations of pumice lapilli are common at the 
tops, bottoms, and within ash-flow units. This feature is obvious on the 
density log in Figure 2-9; large negative peaks clearly demonstrate the 
increased concentration of pumice lapilli in the lower part of Unit 2a, from a 
depth of 50 to 54 ft. Another feature discernible on the density logs is the 
general decrease in the density of Unit 1b, which appears to be less dense on 
the whole than Units 2a or 2b. As noted earlier in the discussion of the 
petrologic data (Section 2.3), the decrease in the overall density of Unit 1b 
appears to be due to the fact that the pumice lapilli in the unit are more 
abundant and less flattened than those in Units 2b and 2a. 

Occasionally the ability of the density logs to indicate contacts between 
distinct units, on the basis of minute density changes, is hampered by the 
presence of fractures. In Hole LLM-85-02 (Figure 2-10), the near-vertical 
fracture that extends from 35 to 40 ft obscures the minute changes in density 
that might be visible on the log were it not for the presence of the fracture. 
Induration of the tuff near the fracture, together with open spaces along the 
fracture, appears to result in both negative and positive apparent density 
peaks. A relationship between fractures and apparent density can also be seen 
in Figure 2-11 (Hole LGM-85-11) from a depth of 14 to 20 ft; large negative 
peaks on the apparent density log at 14, 16, and 19 ft correspond to observed 
fractures in core from this hole at 15.5, 17.5, and 20 ft. The differences in 
depth are probably due to the size of the core (2.5-inch diameter) versus the 
size of the hole that was probed (7- to 8-inch diameter). A potential appli
cation of the apparent density logs is in the determination of the extent to 
which fractures are open. Areas where fractures were logged via examination 
of the core are not always obvious on the density logs; fractures that are 
wholly to partially filled would probably not be characterized by a signifi
cant decrease in density. 

The magnetic susceptibility log for Hole LGM-85-11 (Figure 2-11) indicates 
sharp boundaries which appear to define the gross differences between the four 
major subunits of the Tshirege Member; contacts between subunits at this 
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location were refined based on this information. The MS log for Hole LL~85-
02 (Figure 2-10), on the other hand, does not appear to define the contacts 
between major subunits; consequently, the log can only be used to confirm, 
rather than modify, the boundaries and contacts identified during drilling 
operations. 

In conclusion, it should be emphasized that care must be taken when inter
preting MS logs. Because of the common 'base-line drift' mentioned previously, 
apparent boundary changes in the form of an MS shift are possible. Therefore, 
the MS logs should not be used alone to identify contacts between ash-flow 
cooling units. 

2.5 FRACTURES 

2.5.1 SUBSURFACE CHARACTERISTICS 

Fractures in the Tshirege Member at Mesita del Buey are predominantly tension 
joints formed as a result of contraction during initial cooling of the flows. 
Horizontal fractures, for the most part observed near the surface, are 
probably postdepositional fractures related to near-surface unloading along 
flow-foliation due to erosion of formerly overlying ash-flow tuff; most of 
these are filled with caliche and root material. During this study, horizon
tal fractures were observed only in Unit 2b. Only two fractures were observed 
in Unit 1a, which is composed of nonwelded to slightly welded tuff. (Note: 
The entire thickness of Unit 1a was not penetrated in this study.) 

A summary of the number of fractures logged during the drilling program of 
this study is presented in Table 2-2. Although most of these fractures are 
nearly vertical (between 70 and 90 degrees), many fractures in both Units 2a 
and 2b have an apparent dip of about 45 degrees (see the lithologic logs in 
Appendix A). The greatest number of fractures occurs in Unit 2b; this agrees 
with data collected by Purtymun and others (1978). These authors found that 
more than 70 percent of the fractures they logged in both Units 2b and 2a were 
filled with brown clay or caliche. Similarly, observations made during the 
drilling program for this study indicated that most of the fractures appeared 
to be partially to completely filled with either caliche, brown clay, or 
limonitic material. Samples of some of the filled fractures were submitted to 
the GJPO Petrology Laboratory for X-ray diffraction analysis. Both bulk 
fractions and clay-sized separates of the fracture coatings were analyzed. 
The results demonstrated that the bulk fractions had the same composition as 
the host samples. Clay-sized fractions consisted predominantly of smectite 
(montmorillonite), with moderate to minor amounts of illite/mica and 
kaolinite. 

Most of the fractures logged during this study occur in moderately welded 
zones within the tuffs. This is to be expected since these zones retained 
heat longer than the slightly welded zones. A feature observed in one frac
ture (cf. Figure 2-10, Hole LL~85-02, 35 to 44 ft) deserves to be mentioned. 
This fracture displays an effect similar to surficial 'case-hardening,' as 
described by Abeele and others (1981, page 5); the tuff near the fracture is 
quite hard, but the tuff is only slightly welded less than 2 inches from the 
joint surface. This feature may signify preferential movement of water or 
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Table 2-2. Number of Fractures Logged in the Los Alrunos Drill Holes 

Unit of Tshirege Member 

Unit 2b 
Slightly Welded Zone 
Moderately Welded Zone 

Unit 2a 
Slightly Welded Zone 
Moderately Welded Zone 

Unit lb 
Slightly Welded Zone 
Moderately Welded Zone 

Unit 1a 
Slightly Welded Zone 

Number of Fractures& 

22 
81 

7 
45 

13 
26 

2 

aFracture zones are excluded where numerous fractures are 
present. 

water vapor along open fractures during recent times, or may be a result of 
devolatization of the tuff during cooling. The fact that the gravimetric 
moisture data indicate an increase in moisture along several fractures (see 
Section 3.1.1) lends support to the former theory. 

2.5.2 SURFACE CHARACTERISTICS 

Because the distribution of fracture (joint) orientation may influence the 
anisotropy of the flow system associated with contruninants, a frequency
distribution study of joint orientations in Area L was conducted during the 
Summer of 1986. It was anticipated that results might further substantiate 
some of the apparent trends shown in part of the Petrex survey area (see 
Section 6). Joint orientations were measured using a Brunton compass and were 
plotted on a rose diagram (see Figure 2-12). Most of the 119 joints measured 
dip from 70 to 90 degrees. 

A predominant northeast trend in the fracture orientations is depicted on the 
rose diagram (see Figure 2-12). However, because of the trend of Mesita del 
Buey and the configuration of its outcrop, a bias in the data resulted from 
the sampling limitation imposed by available exposures. Specifically, because 
the mesa trends northwest-southeast, the majority of the exposed fractures 
will be those oriented in a northeasterly direction; fractures having other 
orientations would be difficult to detect given the trend of the available 
exposures. Purtymun and Kennedy (1970) and Rogers (1977) reported diverse 
orientations on the mesa on the basis of measurements taken from trenches and 
pits away from the mesa rim. Purtymun and Kennedy concluded that 40 percent 
of the 1078 joints they measured in Unit 2b fall into three ranges of 
orientation: N. 30°-50° W., N. 60°-80° W., and N. 40°-60° E. Only the latter 
range was substantiated by measurements obtained during this study. but the 
diversity of trends found by Purtymun and Kennedy may help explain a similar 
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Area L, Los Alamos National Laboratory (119 data points) 

diversity in trends indicated by results of the Petrex survey (see Section 6). 
Therefore, although prominent northeast-trending fractures are recognized, it 
cannot be definitely concluded that the northeast orientation is the preferred 
avenue for contaminant transport. 

The problem is further complicated by the fact that the physical nature of 
individual fractures may play an equally important, if not more important, 
role than the fracture orientation. As discussed previously, more than 70 
percent of the fractures observed in the boreholes during this study, and by 
Purtymun and Kennedy (1970), are filled and therefore do not provide preferen
tial pathways for contaminant migration. Fractures observed in freshly dug 
pits in Area G were noted by Rogers (1977) to range from tens of centimeters 
in width to tightly closed (or filled). According to Purtymun and Kennedy 
(1970), a single joint traced vertically through an ash flow may be closed in 
places and open in others, with openings ranging in width from 2 inches to 
less than 0.25 inch. COnsequently, it is unlikely that any simple pattern of 
contaminant transport pathways can be inferred from fracture orientations. 
Rather, transport from the contaminant source to the surface probably follows 
tortuous routes determined by a combination of fracture orientations and 
degree of dilation, and interconnections of fractures related to the position 
of infill materials. 

In summary, it appears that the mere occurrence of any 'preferred' fracture 
orientation is not sufficient to predict a simple, single direction of conta
minant transport in Area L because transport is complicated by other fracture 
orientations and the closing of some fractures by secondary materials. The 
best method for determining the extent and dominant direction (if any) of 
contaminant transportation would be close monitoring and interpretation of 
chemical results from downhole pore-gas samples, in conjunction with more 
extensive Petrex surveys just under the rim of Mesita del Buey and in Area L. 
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This description of the hydrologic characteristics of the vadose zone in the 
study area is divided into three major subsections. Section 3.1 describes the 
general hydrologic characteristics of the tuff, including moisture content, 
which was determined gravimetrically; porosity, which was determined from 
helium-injection tests; and capillary force, determined from moisture 
characteristic curves. Permeability of the tuff is detailed in Section 3.2. 
Three field techniques were used to measure in-situ permeability, and two 
laboratory methods were used to measure permeability in core samples collected 
from the drill holes. Analyses of saturated and unsaturated hydraulic 
conductivity as a function of moisture content were also performed and are 
discussed in a separate subsection. A summary of all these permeability 
determinations concludes Section 3.2. Section 3.3 describes the gradient 
determinations, specifically measurements of temperature, water potential, and 
gas pressure, conducted to assess the driving forces of transport in the tuff. 

This section of the report provides the geotechnical information specified in 
Tasks 1 through 4 of Paragraph 25 of the Compliance Order/Schedule. The 
specific subsections that address these tasks are highlighted with an asterisk 
and the corresponding task identified. 

3.1 GENERAL CHARACTERISTICS 

3 .1.1 GRAVIME1RIC .MOISWRE CONTENT 

3.1.1.1 Purpose and Scope 

Gravimetric moisture determinations were conducted to obtain a direct measure
ment of the in-situ water content of the tuff and to quantify the vertical 
moisture distribution. The moisture content as a function of depth is 
important when compared with results of permeability tests, water-potential 
measurements, and laboratory hydrologic testing as part of the quantification 
of moisture movement in the vadose zone. 

This section describes the procedures for sample collection and moisture 
content calculations, and discusses the results of the gravimetric moisture
content determinations. Comparisons of the water-content results with other 
hydrologic measurements are presented in succeeding sections of this report 
(see Sections 3.1.3, 3.2.4, and 3.3.1). 

3.1.1.2 Procedures 

The specific procedure for the determination of gravimetric moisture consisted 
of the following steps. Core samples 1 ft in length were selected from the 
split-barrel sampler at 5-ft intervals and immediately placed in preweighed 
sample containers equipped with air-tight lids. The containers were weighed 
in the field and then delivered to the laboratory for drying. After drying 
for 24 hours at 1050C, the samples were reweighed to determine the moisture 
loss (Bendix Field Engineering Corporation, 1985a, 1985b). 

Although gravimetric moisture determinations are relatively easy to perform, a 
number of precautions are necessary. For example, a major concern associated 
with the drilling was that the heat produced by the auger would drive water 
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out of the samples, resulting in inaccurate moisture-content measurements. 
Upon retrieval of the auger from the borehole, however, the temperature of the 
core barrel was observed to be cool. Apparently, the heat produced by the 
friction during drilling was minimal and confined to the outside of the auger, 
and therefore did not have a measurable effect on the moisture content in the 
core samples. Care was also taken to maintain the drying-oven temperature at 
105°C to ensure that no structural water would be evolved and included in the 
apparent moisture content. Finally, the balance used to weigh the samples had 
a readability of 0.01 gram to ensure adequate accuracy for the low-moisture
content samples collected in this study. 

3.1.1.3 Calculations 

The amount of water in soil or rock can be expressed in the following ways: 

• Water Content, Volume Fraction 

(1) 

• Water Content, Mass Basis 

(2) 

• Degree of Saturation 

(3) 

where 

vl = vollDile of 1 iquid 
Vt = total vollDile 
ml = mass of 1 iquid 
ms = mass of solid 
vg = vollDile of the gas or air in the sample 

Equations (1) and (2) are combined in order to convert from the mass basis to 
the volume fraction, a quantity that is generally more useful in field studies 
(Marshall and Holmes, 1979): 

where 

Pb = dry bulk density 
P1 = density of liquid 

( 4) 

Values for mass were determined gravimetrically (Section 3.1.1.2). Values for 
dry bulk density were obtained from the gamma-gamma (apparent density) 
geophysical logs after subtracting the moisture content. Values for the 
density of water at different temperatures are readily available in the 
literature, but for most applications, it is sufficiently accurate to use the 
value 103 kg/ma (1.94 slugs/ft 3). 
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3.1.1.4 Results and Discussion 

Gravimetric moisture determinations were performed in samples from 12 holes: 
LL~85-01, LL~85-02, LL~85-05, LG~85-06, LGM-85-11, LLC-86-19, 
LLC-86-20, LLC-86-21, LLC-86-22, LLC-86-23, LLC-86-24, and LLC-86-25 (see 
Figure 2-3 for drill-hole locations). The resulting volumetric moisture 
contents are plotted as a function of depth for all 12 holes in Figures 3-1, 
3-2, 3-3, 3-4, and 3-5. 

Four distinct characteristics are apparent upon examination of these data: 

• Low overall moisture content. 

• Varying depths of water infiltration. 

• Re~atively high moisture content exhibited by the lower portion of Unit lb. 

• Higher moisture content observed in the vicinity of certain fractures. 

The low overall moisture content is demonstrated by the 2 to 4 percent average 
moisture for the central portion of the profile, while the lower portion of 
the profile, specifically Unit la, averaged a moisture content of 4 to 10 
percent. At such low moisture contents, interconnection of pore water would 
be minimal and capillarity as a major transport mechanism would be negligible. 
As a result, it can be concluded that vapor transport would be the major 
mechanism for moisture movement in the tuff (see the discussion in Section 
3.1.3.4). 

Infiltration depth depends on the specific area. Holes located in Area L, for 
example, show an increase in moisture content relative to depth of less than 
10 ft. In Area G, the corresponding depth is closer to 15 ft. This differ
ence in the depth of moisture penetration is unexplained at this time. 

All of the moisture data indicate an increase in moisture content in the lower 
portion of Unit lb. In holes which fully penetrated Unit lb, the increased 
moisture content correlates exactly with the moderately welded tuff 
encountered in Unit lb (see lithologic logs in Appendix A). The degree of 
welding in the lower portion of Unit lb was the highest observed in this 
study, with the exception of the upper portion of Unit 2b. As the degree of 
welding increases, the porosity of the formation decreases (Ross and Smith, 
1961). It would be expected that as the porosity decreases so would the 
average pore-size radius, the result being an increase in capillary forces 
which would retain moisture in the more welded intervals of the tuff. The 
higher pumice content could also have a direct effect on the moisture
retention properties of Unit lb. As welding increases. pumice clasts are 
flattened, both conditions resulting in a high concentration of gas tubes; 
these tubes form ideal capillary tubes which appear to exhibit strong 
capillary forces. 

A higher moisture content is observed in samples located adjacent to certain 
fractures. indicating that some fractures do transport greater quantities of 
water vapor for absorption into the adjacent rock wall. Examples are the 
fractures located at 35 to 40 ft and 55 to 56 ft in Hole LLM-85-02, 
represented by the two moisture spikes at 38 and 55 ft. respectively (see 
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Figure 3-1). Not all of the fractures exhibit this moisture anomaly, however, 
suggesting that not all of the fractures are open and available as avenues of 
transport for water vapor (see Section 2.5). 

3.1.2 POROSITY 

3.1.2.1 Purpose and Scope 

This section presents the results of helium-injection tests performed on 20 
core samples for the purpose of measuring the porosity of the Bandelier Tuff. 
The laboratory work was performed by TerraTek Research Laboratory of Salt Lake 
City, Utah, at the direction of Bendix. The sample-preparation and 
laboratory-procedure sections that follow (3.1.2.2 and 3.1.2.3) are adapted 
from TerraTek's report (TerraTek Research Laboratory, 1985). 

3.1.2.2 Sgmple Preparation 

In order to obtain samples that were of the right size and shape for testing. 
it was necessary to plug the full diameter core material. This was done using 
air as the drill-bit coolant (to avoid any potentially adverse rock-fluid 
interaction). Plugging was done vertically due to the limited horizontal 
cross section of the core material. In all but one case (Sample MCG-616), 
attempts at sample plugging resulted in a partial disaggregation of the 
sample. 

The samples thus obtained were placed in protective sheathing (one-inch
diameter heat-shrink Teflon tubing*), with stainless steel end screens used for 
support and prevention of grain loss, and to allow for gas or fluid flow in 
testing. The samples were then subjected to a confining stress equal to that 
found at their burial depth in order to compact the grains to an orientation 
similar to that experienced in the formation. This was done to ensure that 
any void space between the sheathing and the sample did not affect the pore 
volume of the sample. 

3.1.2.3 Procedure for Helium-Iniection Tests 

The samples were oven-dried prior to testing and placed under a slight over
burden pressure (approximately 100 psi) in a hydrostatic core holder. 
Porosity measurements consisted of injecting helium into the samples (50-psi 
charging or injection pressure), monitoring pressure/volume relationships, and 
calculating porosity values using Boyle's Law. 

3.1.2.4 Results and Discussion 

Table 3-1 presents the results for the porosity determinations. Porosity 
values range from approximately 39 to 74 percent. Using a classification 
scheme presented by Abeele and others (1981), the degree of welding based on 
the porosity would range from nonwelded to moderately welded. This classifi
cation agrees with field and petrographic observations. 

*Diameter cited is after shrinking. 
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Table 3-1. Results of Porosity Determinations Using the Helium-Injection Method and Boyle's Law 

-------· 
Hole Geologic Sample Depth Degree of Pumice Bulk Volume Pore Volume Porosity 

Number Unit Number ( ft) Welding 8 Content b (cm 3 ) ( cm 3 ) (percent) 

-------
(percent) 

LGM-85-11 2b MCG-618 3 Moderately Welded 19 25.68 13.94 54.3 

LLM-85-02 2b MCG-606 7 Moderately Welded 
__ c 

25.62 10.62 41.5 

LLM-85-05 2b MCG-610 15 Moderately Welded __ c 24.96 13.14 52.6 

LLM-85-01 2b MCG-602 30 Moderately Welded 15 27.44 10.87 39.6 

LGM-85-11 2b MCG-619 30 Slightly Welded 13 24.61 12.67 51.5 

LLM-85-02 2b MCG-607 36 Moderately Welded 11 24.00 11.15 46.5 

LGM-85-06 2b MCG-614 29 Moderately Welded 7 25.31 10.76 42.5 

LLM-85-05 2b MCG-611 36 Slightly Welded --c 24.08 17.72 73.6 

LLM-85-01 2a MCG-603 52 Slightly Welded 33 24.20 15.58 64.4 

LGM-85-06 2a MCG-615 51 Slightly Welded 14 25.73 10.34 40.2 
.,.. LUf-85-02 2a MCG-608 67 Moderately Welded 6 24.69 10.69 43.3 
C\ 

LLM-85-05 2a/lb MCG-612 76 Slightly Welded 
__ c 

24.37 18.08 74.2 

LLM-85-01 1b MCG-604 101 Slightly Welded 27 26.76 16.62 62.1 

LGM-85-06 1b MCG-616 99 Moderately Welded 27 28.26 13.42 52.6 

LGM-85-11 1b MCG-620 94 Moderately Welded 17 26.08 16.76 64.3 

LLM-85-02 lb MCG-609 117 Moderately Welded 
__ c 

25.69 12.46 48.5 

LLM-85-05 lb MCG-613 123 Slightly Welded 
__ c 

26.23 17.20 65.6 

LLM-85-01 lb MCG-605 124 Moderately Welded 20 25.62 12.53 48.9 

LGM-85-11 la MCG-621 115 Nonwelded 
__ c 

24.16 14.51 60.1 

LGM-85-06 la MCG-617 115 Nonwelded 
__ c 26.32 14.82 56.3 

aBased on field--observations. 
bThe percentage of pumice fragments in the sample was determined by thin-section analysis using the point-count 

method. 
cNot measured. 



Since field determinations are very subjective, porosity appears to be a way 
of quantifying the degree of welding. The pumice content, however, must also 
be considered. The buoyancy of pumice in water is a consequence of its high 
porosity. As a result, a moderately welded sample could exhibit a relatively 
high porosity because of a high pumice content (e.g., compare Samples MOG-608 
and MCG-620 in Table 3-1). 

Ross and Smith (1961) demonstrate that porosity can be used to delineate 
degree of welding (Figure 3-6). However, it would be difficult to use 
porosity to classify the geologic units in the project area without greatly 
increasing the sampling frequency, because Units 2a and 2b are composed of 
more than one flow, each exhibiting significant variations in porosity and 
pumice content. 

Based on the laboratory results, there appears to be no relationship between 
porosity and pe~eability (see Section 3.2). The reason could be that, for 
similar degrees of welding, an increase in the pumice content results in an 
increase in the porosity. Since the pumice lapilli contain a significant 
amount of dead-end pores, however, there is no significant increase in the 
effective pe~eabili ty. 

3 .1.3 MOIS1URE CHARACI'ERISTIC CURVES* 

3.1.3.1 Purpose and Scope 

A moisture characteristic curve is defined as the relationship between the 
capillary forces at varying degrees of saturation for a selected porous 
medium. This curve is particularly useful for the conversion of moisture data 
to capillary potential, and vice versa. This section of the report describes 
the procedure used to generate these curves, along with a discussion of the 
test results. The testing was perfo~ed by TerraTek Research Laboratory, and 
the description of the test procedures (Section 3.1.3.3) was adapted from 
their report (TerraTek Research Laboratory, 1985). 

3.1.3.2 Sample Preparation 

(See Section 3.1.2.2.) 

3.1.3.3 Procedure for Centrifuge Tests 

Prior to testing, the samples were vacuum-saturated with tap water. Complete 
saturation was verified by comparison with previous saturation data and the 
helium-injection data. Testing consisted of loading the samples into 
specially designed centrifuge cups and spinning them at six incremental 
speeds. Speeds ranged from a low of 130 revolutions per minute (rpm) to a 
high of 680 rpm. A stroboscope was used to monitor the speed of the 
centrifuge until it was stable. The speeds were converted mathematically to 
capillary pressure, and saturations were determined using displacement data. 
The average saturation derived from the displacement data was converted to a 
corrected wetting-fluid saturation value. 

*Response to Task 2, Paragraph 25, Compliance Order/Schedule. 
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3.1.3.4 Results and Discussion 

Moisture characteristic curves for 20 samples are presented in Appendix C. 
Only the drying curves were obtained because of the severe problems encoun
tered when attempting to obtain imbibition (wetting) curves. Due to the 
highly porous nature of the samples, water was imbibed to such an extent that 
capillary-pressure determinations were impossible. Since the samples were too 
friable for mercury injection, it was decided to suspend attempts at obtaining 
these data. 

After reviewing the moisture characteristic curves, the laboratory was 
requested to increase the centrifuge speed in order to evaluate lower water 
potentials (capillary pressures). Unfortunately, the samples disaggregated at 
these higher speeds. The laboratory was then requested to use the pressure
plate method to measure moisture characteristics, but those attempts were also 
unsuccessful due to sample disaggregation. 

The most interesting data discernible from the moisture characteristic curves 
(Appendix C) are the extremely high moisture-retention (9r) values, which 
range up to 80 percent. The moisture-retention value is important because it 
represents the point at which capillarity as a transport mechanism breaks 
down. Since all of the moisture-content measurements for the Bandelier Tuff 
are significantly below this value, vapor transport is clearly the major 
mechanism of water transport. 

The moisture characteristic data also demonstrate that only a minor amount of 
force is required to initiate the drainage of water from the saturated core 
sample, suggesting that the tuff has a low air-entry value. This information, 
coupled with the high residual moisture content, indicates that the tuff is 
characterized by a highly variable pore-size distribution. 

It is interesting to compare the results of this study with those of a study 
performed by Abeele (1984), who presents moisture characteristic curves for 
crushed Bandelier Tuff. Residual saturation (9r) for the crushed tuff is 
approximately 0.2, as compared with an average of O.S for the solid rock cores. 
If it is assumed that both laboratory methods are reliable, then comparison of 
the unsaturated hydraulic properties of crushed versus natural tuff reveals a 
significant difference. One possible explanation is the destruction of the 
internal structure of the pumice lapilli in the crushed tuff. The gas tubes 
present in the pumice lapilli of uncrushed tuff are perfect little capillary 
tubes whose strong capillary forces retain significant amounts of water, 
resulting in higher 9r values. 

Knowledge of the average moisture-retention value enables one to calculate how 
much water must be supplied to the system in order for the capillary forces of 
the overlying tuff to be satisfied--a condition which must be met in order for 
recharge of liquid water to occur to the underlying groundwater system. Based 
on an average porosity of approximately SO percent (Table 3-1) and an average 
moisture-retention value of approximately SO percent (Appendix C), a recharge 
of 2S centimeters for each 1-meter thickness of tuff would be required to 
satisfy the capillary forces before recharge to the underlying groundwater 
system could occur. This scenario is quite unlikely in the study area due to 
the large amount of water required and the fact that the potential evapotrans-
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piration rates in the Jemez Mountains area exceed the annual precipitation 
amount (Abeele and others, 1981). 

3.2 PERMEABILITY DETERMINATIONS 

3.2 .1 BOREIHLE-INTECIIOO TESTS* 

3.2.1.1 Purpose and Scope 

Borehole-injection tests, or packer tests, were used to measure the in-situ 
pe~eability of different intervals in the Bandelier Tuff. The tests were 
performed in accord with procedures described by the U.S. Department of the 
Interior (1974) and the University of Missouri at Rolla (1981). Usually the 
tests are performed with water. but injection of water near the waste-disposal 
areas at Los A1 amos was not all owed (see succeeding subsection on Background 
for further discussion). One hole, LL~85-05, located between Areas G and L, 
was tested with both air and water in order to pe~it a comparison between the 
two fluids. 

Following the discussion on background, a detailed description of the field 
tests is presented, including equipment and procedures. The equations used to 
calculate hydraulic conductivity and intrinsic permeability are presented 
next, followed by a discussion of the results. including a comparison of the 
air and water values obtained for Hole LL.M-85-05. 

3.2.1.2 Background 

TWo methods are available to measure the in-situ saturated hydraulic conduc
tivity. Ks• of the tuff above the water table. These are borehole-infiltra
tion tests and borehole-injection tests. Borehole-infiltration tests require 
maintenance of a constant head of water in an open or cased borehole until the 
flow rate becomes steady. The method is described in papers by Stephens and 
Neuman (1982a, 1982b) and Stephens and others (1983). Borehole-injection 
tests involve installing packers in the borehole to isolate measurement inter
vals. followed by injection of air or water into the formation. 

Prior to initiation of the investigations described in this report, Los Alamos 
National Laboratory requested that water not be injected into boreholes in the 
vicinity of Areas G and L. Since the majority of the holes for this study are 
in or adjacent to these areas. borehole infiltration as a method for dete~in
ing in-situ permeabilities was eliminated. Instead. borehole injection was 
used to measure in-situ permeability in the study area. largely because 
packers can be used to isolate sections of the borehole for testing and 
because air can be used in place of water. However, the method. whether using 
air or water. is subject to a number of limitations and assumptions which. 
warrant further discussion. 

*Response to Task 1, Paragraph 25, Compliance Order/Schedule. 
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First, it should be emphasized that the air-injection method is experimental 
and may permit only a qualitative characterization of subsurface permeab i1 i
ties. Miller and others (1974), for example, used an air-injection technique 
to study the fracturing around a tunnel in volcanic rock and were able to 
conclude only that the permeability of the rock was either high or low. 
Therefore, before any quantitative interpretation can be made. air-injection 
results must be compared with results of laboratory and other field tests. 

Using air as an injection fluid for packer tests may require compensation or 
correction for these factors: gas compressibility, changes in the volume of 
the gas with respect to temperature, and variation in the atmospheric water
vapor content. To overcome potential problems related to these factors, 
certain assumptions were made and appropriate procedures were implemented. 

Compressive effects are minimal under steady-state conditions. Hence, the 
flow of air was kept at a constant rate and under low pressure during the 
injection step. In addition, boundary effects were disregarded because 
capillary action should have no impact on air flow. 

To permit compensation for temperature effects on the volume of gas, a probe 
was placed downhole just above the packer assembly. A description of the 
temperature probe and meter is presented in the Equipment subsection (Section 
3.2.1.3.1). 

Based on the results of a study by Loughborough (1966), who compared the 
permeability of concrete using air and water vapor versus dried air, the 
potential effects of varying amounts of water vapor were disregarded. 
Loughborough's results demonstrated an average difference in permeability of 
only S percent. It is expected that this difference would be even less in a 
more permeable medium such as the Bandelier Tuff, indicating that it is 

\, reasonable to assume no effect. 

Finally, in order to accurately calculate permeability for an air-injection 
test. values for the fluid injection pressure and flow rate must be known. 
Depending on the injection rate and the permeability of the formation, the 
resulting pressure can be very low. Equipment used to measure the law injec
tion flow rates and pressures are described in the Equipment subsection 
(Section 3.2.1.3.1). 

The use of water as an injection fluid also has certain limitations, specifi
cally for tests above the water table. The U.S. Department of Interior (1974) 
points out that water-injection tests are more accurate below the water table 
than above, since the describing equations assume that horizontal flow is 
inherent throughout the system. Another potential source of error associated 
with water-injection tests is that existing formulas for computing permeabil
ity disregard the effects of capillary flow in the vadose zone. Instead, the 
formulas are based on various approximations of the classical free surface 
theory, which assumes that flow takes place entirely within a saturated 
region, an approximation which could lead to significant errors as pointed out 
by Stephens and Neuman (1982a). 
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3.2.1.3 Description of Field Tests 

3.2.1.3.1 Equipment. Figures 3-7 and 3-8 illustrate the equipment used for 
the air- and water-i~ection tests, respectively. Although the two configura
tions differ somewhat, each has the same essential parts: flow meter, pressure 
gauge or gauges, conduit pipe, downhole temperature probe, and pneumatic 
packers. 

For the air-injection tests, a New Jersey Air Flow Meter was used to measure 
the volume of air injected into the formation. Since the quantity of air 
injected varied from hole to hole, two different meters with different flow 
ranges were used. One had a range of 0 to 40 cubic feet per minute (cfm) with 
1-cfm increments, while the other had a range of 50 to 300 cfm with 5-cfm 
increments. For the water-i~ection tests, a Neptune Water Meter with 
0.1-gallon increments replaced the New Jersey Air Flow Meter. 

For both the air- and water-injection tests, a Heise pressure gauge was used 
to measure the downhole, or back injection, pressure. The Heise gauge has a 
range of 0 to 60 psi with 0.2-psi increments, and is calibrated for atmospher
ic pressure at sea level (14.7 psi). Such a sensitive gauge was necessary to 
accurately measure the low pressures which resulted from the small volumes of 
f1 uid injected. 

Galvanized conduit pipe, 1-3/8 inches in diameter, was used to conduct fluid 
down the hole. Threaded sections and couplings were secured with Teflon tape 
to prevent leakage. 

The probe used to measure downhole fluid temperatures was located in a small 
chamber at the base of the conduit pipe, just above the pneuma tic packers. 
Both the chambers and the sect ion of pipe to which it was welded contained 
holes that permitted small amounts of air to flow between the two. The 
temperature probe was connected to a YSI Model 42SC Tele-thermometer located 
at the surface. The Tele-thermometer had a range of -40 to 150°C with incre
ments of 1oc. 

Each 6-ft interval was isolated using a set of Tigre Tierra Model 610 Pneu
matic Packers. The 4-ft-long packers expand up to 10 inches in diameter and 
can be inflated to 470 psi. 

3.2.1.3.2 Procedure. The borehole-injection tests were conducted by isolat
ing 6-ft intervals in the uncased boreholes using the pneumatic packers. The 
packers were inflated to 200 psi to ensure a good seal. (Several tests were 
performed before this inflation pressure was determined.) A known quantity of 
air or water was injected until a measurable pressure was obtained on the 
Heise gauge. The pressure, flow rate, and temperature were then periodically 
recorded until all readings were constant with respect to time. The flow rate 
was then increased and the procedure repeated. Once the higher flow rate 
became constant, the process was repeated using the lower flow rate to check 
reproducibility. 
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To Air Compressor 

LEGEND 

CD Heise® Pressure Gauge 
CD Pressure Gauge 
G) New Jersey® Air Flow Meter 
0 Packer Inflation Line 
CD Ball Valve 
® Conduit Pipe, 1'l1s-lnch Diameter 
0 Tigre Tierra® Pneumatic Packers 
® Perforated Injection Conduit 

Figure 3-7. Air-Injection Apparatus Used for In-Situ Permeability Measurements 
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LEGEND 

CD Pressure By-Pass Valve 
Q) Neptune® Water Flow Meter 
CD Ball Valve 
0 Heise® Pressure Gauge 
® Carbon Dioxide Injection Valve 
® Packer Inflation Line 
Q) Conduit Pipe, He-Inch Diameter 
® Tigre Tierra® Pneumatic Packers 
® Perforated Injection Conduit 

Dioxide 

Figure 3-8. Water-Injection Apparatus Used for In-Situ Permeability 
Measurements 
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During the tests, the borehole was monitored for discharge of either air or 
water. If a discharge occurred, it was assumed that the packers were leaking 
and that the test was invalid. 

3.2.1.4 Calculations 

The rate at which a fluid can be injected into a geologic formation at a given 
pressure and through a known area is a function of the permeability of the 
formation. This relationship can be expressed in the following equation (U.S. 
Department of the Interior, 1974): 

K = ( Qf 2nSH) ln ( S/ r) 

where 

K = hydraulic conductivity (L/t) 
Q = injection rate (LJ /t) 
S = length of the test interval (L) 
H = differential head of the fluid (L) 
r = radius of the borehole (L) 

( 5) 

Since the differential head is a combination of the height of the fluid column 
above the test interval and the pressure p at which the fluid is injected, p 
may be expressed as the height of the column of any fluid by the relationship 

H = p/r ( 6) 

where r is the specific weight of the fluid. 

Equation (5) is sufficient for the calculation of hydraulic conductivity when 
water is the injection fluid. However, modifications to Equation (S) are 
required when air is the injection fluid, because the specific weight of air 
is strongly dependent on the temperature and pressure. The specific weight of 
air can be determined from the equation of state for an ideal gas, 

where 

r = 
g = 

pl: 
T = a 

specific weight of the fluid (m/L2·t 3 ) 

gravitational acceleration (L/t 3 ) 

absolute pressure (force /L") 
a gas constant 
absolute temperature in degrees Rankine or Kelvin 

(7) 

For air, the value of R is 287 N-m/(kg)(OK) [1715 ft-lb/(slug)( 0 R)]. 
Substituting Equations (6) and (7) for the appropriate variables in Equation 
( 5) yields 

K = (Qgpa/2nSpRTa) ln (S/r) ( 8) 

Since the flow rate of a gas through the New Jersey meter is also dependent on 
temperature and pressure, a combined correction factor, Cf• is required to 
calculate the actual flow rate. Inserting the combined correction factor into 
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Equation (8) yields the final equation for calculating the in-situ air-derived 
hydraulic conductivity, 

K = (QCfgPa12nSpRTa) ln (S/r) (9) 

In order to compare the hydraulic conductivity derived from air injection 
versus that derived from water injection, it is convenient to use the term 
intrinsic permeability, k. Intrinsic permeability is a function of only the 
medium, whereas hydraulic conductivity is a function of both the medium and 
the fluid. The term k is widely used in the petroleum industry where the 
existence of gas, oil, and water in multiphase flow systems makes the use of a 
fluid-free conductance parameter attractive. 

Intrinsic permeability and hydraulic conductivity can be related to one 
another by the equation (Nutting, 1930) 

where 

k = intrinsic permeability (L~) 
K = hydraulic conductivity (L/t) 
~ = absolute viscosity of the fluid (F•t/L~. where F = force) 
p =density of the fluid (m/L1 ) 

g = gravitational acceleration (L/t~) 

(10) 

Equation (10) will suffice for calculating k values from water-derived K 
values. However, modifications to Equation {10) are required for gas-derived 
conductivities because of the dependence of the density term on the pressure 
and temperature. Once again, the equation of state in the following form is 
used: 

(11) 

Equation {11) is substituted for p in Equation {10) to yield the relationship 
between k and K for a gas, 

{12) 

Comparing the intrinsic permeability values calculated from the air- and 
water-injection tests can aid in the evaluation of any bias inherent in the 
individual methods. 

3.2.1.5 Resylts and Discussion 

Hydraulic conductivity values derived from the air-injection tests (Table 3-2) 
range from 10-1 to 10-s centimeter per second (cm/s) [10-s to 10-' foot per 
second {ft/s)]. Conversions to intrinsic permeability indicate that the range 
of values is similar to those exhibited by a silty to clean sand (Freeze and 
Cherry, 1979). Based on field observations of the tuff, these permeability 
values appear to be reasonable. 
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Table 3-2. Hydraulic Conductivity Determined from Air-Injection Tests in Los Alamos Drill Holes 

Hole Geologic Test Interval 8 
Interval Description Fractures Hydraulic Conductivity (K) 

Number Unit ( ft) Present? 
cm/s I to-• ftil l[ 10 -• 

LLM--85-01 2b 9-15 Upper 2b, Moderately Welded No 1.2 4.1 
LLM-85-01 2b 30-36 Lower 2b, Moderately to Slightly Welded No 0.70 2.3 
LLM-85-02 2b 9-15 Upper 2b, Moderately Welded Yes 0.094 0.31 
LLM-85-02 2b 24-30 Middle 2b, Moderately Welded No 0.11 0.37 
LLM-85-05 2b 24-30 Mid-Lower 2b, Moderately Welded No 0.91 3.0 
LGM-85-11 2b 9-15 Upper 2b, Moderately Welded No 1.5 5.0 
LGM-85-11 2b 14-20 Middle 2b, Moderately Welded Yes 1.4 4.7 
LGM-85-11 2b/2a 35-41 Contact 2b/2a, Slightly Welded No 0.12 0.40 
LLM-85-01 2a 51-57 Middle 2a, Slightly Welded No 0.33 1.1 

Ul LLM-85-01 2a 72-78 Lower 2a, Slightly Welded Yes 0.14 0.45 ...;j LLM-85-02 2a 45.5-51.5 Upper 2a, Slightly Welded Yes 0.14 0.45 
LLM-85-02 2a 66.5-12.5 Mid-Lower 2a, Moderately Welded No 0.14 0.45 
LUI-85-05 2a 45-51 Upper 2a, Slightly Welded Yes 2.8 9.3 
LLM-85-05 2a 55-61 Middle 2a, Slightly Welded Yes 1.9 6.2 
LGM-85-06 2a 38-44 Upper 2a, Slightly Welded Yes 0.067 0.22 
LLM-85-05 2a/lb 75-81 Contact 2a/lb, Slightly Welded No 0.052 0.17 
LGM-85-11 2a/lb 56-62 Contact 2a/lb, Slightly Welded No 0.52 1.7 
LUI-85-01 lb 93-99 Mid-Upper lb, Slightly Welded No 0.082 0.27 
LLM-85-02 lb 87-93 Upper lb, Slightly Welded No 0.085 0.28 
LLM-85-05 lb 82-88 Upper lb, Slightly Welded No 0.061 0.20 
LGM-85-06 lb 60-66 Upper lb, Slightly Welded No 0.64 2.1 
WM-85-06 lb 81-87 Middle lb, Slightly to Moderately Welded No 0.52 1.7 
LGM-85-11 la/lb 99-105 Contact la/lb, Slightly Welded No 0.030 0.098 
LGM-85-11 lb 77-83 Middle lb, Slightly to Moderately Welded No 0.23 0.77 
LGM-85-11 la 108-114 Upper la, Nonwelded No 0.088 0.2 

aD--;pth below ground level. 
·- ------



In general terms, the permeability of the tuff decreases with stratigraphic 
depth. Unit 2b shows an average air-derived hydraulic conductivity of 8.5 x 
10-4 cm/s (2.8 x 10-s ft/s); Unit 2a, 7.9 x 10-4 cm/s (2.6 x to-s ft/s); 
Unit tb, 2.3 x to-• cm/s (7.7 x to-' ft/s); and Unit ta, 8.8 x to-s cm/s 
(2.9 x to-' ft/s), this last being the only measurement obtained for Unit ta. 

The highest air-derived hydraulic conductivity was determined for a fractured 
zone in Unit 2a [2.8 x t0-3 cm/s (9.3 x to-s ft/s)]. However, the average K 
value determined for fractured zones [9.4 x to-• cm/s (3.1 x to-s ft/s)] was 
only slightly greater than values determined from the majority of air-injec
tion tests in onfractured tuff. These results suggest that secondary fracture 
permeability does not appear to be significantly greater than the primary 
permeability of the tuff. 

Water-derived hydraulic conductivities, presented in Table 3-3, are in the 
same range as those reported by Abeele (1984) for crushed tuff, i.e., 
1.4 x 10-4 cm/s (4.6 x to-' ·ft/s). These values, like those derived from the 
air-injection tests, generally decrease with depth. 

The reliability of the air-injection method is demonstrated by comparing the 
intrinsic permeability values calculated from both the air and water test for 
the same intervals (Table 3-4); results from the two lower zones in particular 
are in good agreement with one another. The largest discrepancy between the 
two methods is seen in the results for the interval 24 to 30 ft, where the 
value calculated from the water-injection test is an order of magnitude lower 
than the value calculated from the air-injection test. This water-injection 
test, however, was not performed in the same fashion as the others. Specifi
cally, carbon dioxide was not injected prior to the tests as it was for the 
lower intervals. The purpose of injecting carbon dioxide is to minimize the 
effects of trapped air in the formation. Thus, permeability values might be 
less for tests performed without carbon dioxide injection. It would appear 
that these results support the use of carbon dioxide for water-injection tests 
in the vadose zone, as recommended by Stephens and others (t983). 

Table 3-3. Hydraulic Conductivity Values Determined from 
Water-Injection Tests in Hole LL~85-0S 

Test Interval 
(ft)a 

lo-16 
24-30b 
75-81 
82-88 

Hydraulic Conductivity (K) 
cm/s ft/s 

9.4 x 1o-• 
1.0 x to-3 

6.4 x 1o-• 
4.6 x to-• 

3.1 x lo-s 
3.3 X 10-S 
2.1 x lo-s 
t.S x lo- 5 

Depth below ground level. 
binj ection with carbon dioxide prior to water 

injection was not performed for this test interval. 
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Table 3-4. 

Test Interval 
(ft)a 

24-30b 
75-81 
82-88 

Comparison of Intrinsic Permeability Values Determined from 
Water-Injection and Air-Injection Tests in Hole LLM-85-05 

Intrinsic Permeability (k) 
Air-Injection Test Water-Injection Test 
em~ ftZ em~ fP 

1.8 X 10- 7 

1.s x lo-' 
9.o x lo-' 

1.9 X lo-10 

8.1 X 10-U 
9.7 X 10-12 

1.3 x to-• 
8.4 X 10-' 
6.0 x to-' 

1.4 X 10-11 

9.1 X 10-U 
6.5 X 10-U 

aDepth below ground level. 
binjection with carbon dioxide prior to water injection was not 

performed for this test interval. 

3.2.2 VACUUM TESTS* 

3.2.2.1 Purpose and Scope 

Vacuum tests were conducted in selected intervals of the Bandelier Tuff in 
order to obtain additional measurements of the in-situ permeability. These 
tests also involve sealing off the measurement interval using pneumatic 
packers and monitoring the changes in air pressure and flow rate after 
creating a pressure gradient. Unlike the air-injection tests, however, the 
pressure gradient is negative and is created by means of a vacuum pump. 
Detailed descriptions of the equipment and procedures, followed by discussions 
of the calculations and results, are presented in the succeeding paragraphs. 

3.2.2.2 Description of Field Tests 

3.2.2.2.1 Equipment. The vacuum-testing apparatus used for this study (see 
Figure 3-9) was designed to isolate a specified interval in the drill hole, to 
evacuate air by means of pumping, and to measure the resultant pressure 
response, flow rate, and air temperature. Isolation of the 1-meter-long (3.3 
ft) test interval was accomplished by means of pneumatic packers similar to 
those used in the i~ection tests. A vacuum hose attached to the packer 
conduit pipe extended upward to the ground surface and was connected to a two
way valve that isolated the drill hole fran the rest of the vacuum-testing 
equipment. 

A capacitance manometer connected between the valve and the packers measured 
downhole pressure changes induced by pumping. The manometer was a tensioned
metal-diaphragm vacuum gauge having the capacity to measure pressure in the 
range of 1 x 10-4 torr to 1000 torr. (A torr is a unit of pressure equal to 
1333.22 microbars, or the pressure required to support a column of mercury 1 
millimeter high under standard conditions.) A pressure display module was 
connected to the mananeter to provide direct readout of pressure in torr or 
millimeters. 

*Response to Task 1, Paragraph 25, Compliance Order/Schedule. 
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G) Temperature Probe 
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® Perforated Conduit 

693.5 

Figure 3-9. Vacuum-Testing Apparatus Used for In-Situ 
Permeability Measurements 
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The probe used to measure downhole air temperature was located in line with 
the system, in a small chamber welded to a section of pipe. Small holes 
connect the chamber and the pipe, allowing small amounts of air to flow 
between the two. The temperature probe was connected to a YSI Model 42SC 
Tete-thermometer, which has a range of -40 to 1S0°C with increments of 1°C. 

A linear mass flow meter was located adjacent to the temperature probe in 
order to measure the gas flow rate induced by pumping. The meter consisted of 
two platinum windings: One winding was an ambient temperature detector; the 
other was heated to a constant temperature above that of the ambient or 
surrounding gas. A measure of the power required to maintain this temperature 
difference is a measure of the heat transfer from the winding, which in turn 
is a measure of the quantity of gas flowing past the sensor. The range of the 
meter was 0 to 1000 liters per minute (lpm), with an accuracy of 2 percent of 
the reading over a 1o-to-l range plus an additional one-half percent at full 
scale. 

3.2.2.2.2 Procedure. Once a test interval had been selected, the pneumatic 
packers were lowered to the desired depth and inflated to isolate that 
particular section of the drill hole. The vacuum valve was closed, and the 
formation pressure prior to pumping was recorded in the field notebook. 

With the vacuum pump running, the valve was opened to start the test. 
Pressure readings versus time were recorded at S-second intervals. Pumping of 
the test section was continued as long as was necessary under the specified 
conditions dictated by the medium and the dead volume of the equipment. 
Generally, pumping was terminated after achieving steady-state flow. For 
tests in the Bandelier Tuff, it was observed that quasi steady-state condi
tions were obtained prior to 1 minute of pumping. Therefore, for all tests, 
the interval was pumped for a period of 1 minute. The temperature was 
recorded during the pumping phase of the tests, and the flow rate was recorded 
just prior to the end of the pumping phase. 

After 1 minute of pumping, the vacuum valve was closed and the pressure 
buildup phase was begun. Pressure readings were once again recorded at S
second intervals until the system returned to the prepumping pressure, signi
fYing the end of the test. 

3.2.2.3 Calculations 

The vacuum-testing technique is based on methods used by the petroleum 
industry. In a paper presented by Horner (1951), the pressure buildup that 
results from closing gas wells is used to calculate the permeability of the 
subsurface formation. This method was modified by Jakubick (1983) for use in 
unsaturated materials by initiating the pressure buildup by means of vacuum 
pumping rather than by shutting-in the well. The equations used for the 
calculations in this study, however, were taken directly from Horner's paper, 
because Jakubick does not present the theory for his equations which are 
different from the original work by Horner. Moreover, Jakubick does not 
define the gas-constant term he used, nor does he maintain consistency in the 
units used in his equations. 
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Single-phase radial flow to a well completed in a reservoir, assumed to be 
homogeneous, horizontal, and of uniform thickness, may be expressed by the 
equation 

ca:r.p/ar:r.) + £ (1/r) (ap/ar)J = < fc11/k) (ap/at> 

where 

p = reservoir pressure 
r = distance from the center line of the well 
f = formation porosity 
c = fluid compressibility 
11 = f1 uid viscosity 
k = intrinsic permeability of the formation 
t = time 

(13) 

Horner presents the so-called 'point solution' to Equation (13) which yields 

where 

P0 = initial reservoir pressure 
q = a constant rate of production for the well 
h = length of the test interval 

Ei = the exponential integral 

(14) 

Considering a single well brought into production at t 0 , which subsequently 
produced at a constant rate q, the well pressure Pw at the time [ (t 0 + qJ) /q>] 
may be obtained by superimposing two solutions of the form of Equation (14). 
For small values of its argument, the Ei function may be approximated by a 
logarithmic function. The result is the basic buildup equation for a single 
well in an infinite reservoir, 

Pw = Po - { (qJ.L/4nkh) ln [(t 0 + q>) /q>l} (15) 

where is the time after close-in of the well. 

For analysis of the data, it is convenient to change the natural logarithm. 
ln, to the base ten logarithm, log10, by the relationship 

ln x = (log1o x)(ln 10) 

which yields 

Pw =Po- {[(ln 10)qJ.L/4nkh] log [(t 0 +q>)/q>lJ 

Analysis of the vacuumrtest data using Equation (17) involves fitting a 
straight line through the data points. The slope of the line, m, from 
Equation (17) is defined as 

m = -[(ln 10)qJ.L/4nkh] 
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The next step in the analysis involves plotting the well-pressure (Pw) data 
versus the log of [(t 0 +q>)/q>] and determining the slope of the resultant 
line. This graph is commonly referred to as a Horner plot. Once the slope of 
the line is determined, Equation (18) can be rearranged in terms of the 
intrinsic pemeability as follows: 

k = -[(ln 10)qJ.L/4nmh] = -[0.1832339(qJ.1/mh)] (19) 

3.2.2.4 Results and Discussion 

Intrinsic permeabilities determined from vacuum tests in the Bandelier Tuff 
(Table 3-5) range from 10-• to to-' cm 2 (10-11 to 10-12 ft 2

). The correla
tion coefficients for the linear regression used to fit a straight line 
through the data points on the Horner plots indicate a good linear relation
ship for the data; the lowest coefficient is 0.92 (see Table 3-S). 

In general, the vacuum-test results, like those from the air-injection tests, 
indicate that pemeability tends to decrease with depth. The lowest value, 
for example, was observed in the lower, moderately welded portion of Unit lb. 
Results of the three tests perfomed in fractured zones indicate that there is 
no significant difference in permeability between fractured versus unfractured 
zones. 

Table 3-6 compares intrinsic permeabilities derived from the air-injection 
tests versus the vacuum tests for similar intervals. The comparison demon
strates that the two methods yield results of the same order of magnitude. 
The vacuumrtest results, however, are lower. A discussion of possible varia
tions in vacuum-test and air-injection methods is presented in Section 3.2.5. 

3 • 2 • 3 LABORATORY MEASURE!IE'NTS • 

3.2.3.1 Purpose and Sqope 

Laboratory measurements of permeability were also obtained on 20 core samples 
to provide a comparison with the field-test results. These determinations 
were conducted by TerraTek Research Laboratory using two procedures, one to 
measure pemeability via gas injection and correction for gas slippage 
(Klinkenberg Correction Method) and the other to measure the gas-water relative 
pemeability (Dynamic Method). The descriptions of these procedures are 
taken from TerraTek's report (TerraTek Research Laboratory, 1985). They are 
followed by a discussion of the laboratory results. A comparison of the 
laboratory and field data is presented in Section 3.2.5. 

3.2.3.2 Sample Preparation 

(See Section 3.1.2.2.) 

*Response to Task 1, Paragraph 25, Compliance Order/Schedule. 
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Table 3-5. Permeability Values Determined from Vacuum Tests in Los Alamos Drill Holes 

Hole Geologic Test Interval 8 
Interval Description Correlationb Fractures Intrinsic Permeability (k) 

Number Unit (ft) Coefficient Present? 
em:& x 10-' -1:1 

ft 2 ][ 10 

LLM-85-01 2b 3Q-33.3 Lower 2b, Moderately Welded 0.9409 No 39 42 
LLM-85-02 2b 10-13.3 Upper 2b, Moderately Welded 0. 9325 Yes 14 15 
LUI-85-02 2b 25-28.3 Middle 2b, Moderately Welded 0.9267 Yes 22 24 
LLM-85-05 2b 15-18.3 Middle 2b, Moderately Welded 0.9948 No 24 2.6 
LGM-85-06 2b 10-13.3 Upper 2b, Moderately Welded 0.9675 No 38 41 
LGM-85-11 2b/2a 35-38.3 Contact 2b/2a, Moderately Welded 0. 9779 No 5.5 5.9 
LLM-85-01 2a 70-73.3 Lower 2a, Nonwelded 0.9799 No 43 46 
LLM-85-05 2a 40-43.3 Upper 2a, Slightly Welded 0.9196 No 8.4 9.1 
LLM-85-05 2a 50-53.3 Middle 2a, Slightly Welded 0.9812 No 8.6 9.3 
LLM-85-05 2a 60-63.3 Middle 2a, Moderately Welded 0.9882 No 8.6 9.3 

0\ LLM-85-06 2a 40-43.3 Middle 2a, Moderately Welded 0.9895 Yes 2.4 2.6 
~ LLM-85-01 lb 80-83.3 Upper lb, Slightly Welded 0.9946 No 5.6 6.0 

LLM-85-01 lb 94-97.3 Upper lb, Slightly Welded 0.9959 No 3.5 3.8 
LLM-85-02 lb 87-90.3 Upper lb, Slightly Welded 0.9966 No 9.3 10 
LGM-85-06 lb 82-85.3 Middle lb, Slightly Welded 0.9931 No 1.0 1.1 
LGM-85-06 lb 100-103.3 Lower lb, Moderately Welded 0.9932 No 0.84 0.90 
LGM-85-11 lb 77-80.3 Middle lb, Slightly Welded 0.9851 No 8.2 8.8 
LGM-85-06 lb 60-63.3 Upper lb, Slightly Welded 0.9903 No 8.7 9.4 
LGM-85-11 la 110-113.3 Upper la, Nonwelded 0.9963 No 2.7 2.9 
LLM-85-02 lb 87-90.3 Upper lb, Slightly Welded 0.9966 No 8.6 9.3 
LLM-85-06 lb 87-90.3 Mid-Lower 2b, Moderately Welded 0.9609 No 2.4 2.6 

8 Depth below ground level. 
bcorrelation coefficient for the linear regression used to fit a straight line through the data points on the Horner 

plots (see Section 3.2.2.3). 



Table 3-6. Comparison of Intrinsic Permeability Values Determined from 
Air-Injection and Vacnum Tests in Los Alamos Drill Holes 

Hole Test Interval (ft) 8 Intrinsic Permeabiliti (k) 
Number Air-Injection Vacuum Air-Injection Test Vacuum Test 

Test Test 
cmz x to-' ftZ X 10-U cmz x 10-' ftZ X 10-U 

LLM-85-01 30-36 30-33.3 130 140 39 42 
LUf-85-02 9-15 10-13.3 10 11 15 16 

0\ LLM-85-02 24-30 25-28.3 16 17 22 24 
01 LG)f-85-11 35-41 35-38.3 17 18 5.5 5.9 

LUf-85-01 72-78 70-73.3 19 21 43 46 
LUf-85-01 93-99 94-97.3 7.6 8.2 3.5 3.8 
LLM-85-02 87-93 87-90.3 3.3 9.5 9.3 10 
LGM-85-06 60-66 60-63.3 120 130 8.7 9.4 
LGM-85-06 81-87 82-85.3 84 90 1.0 1.1 
I..GM-85-11 99-105 100-103.3 3.3 3.6 0.84 0.90 
LGM-85-11 77-83 77-80.3 32 35 8.2 8.8 
l.G.M-85-11 108-114 110-113.3 7.2 7.8 2.7 2.9 

8 Depth below ground level. 



3.2.3.3 Procedures 

3.2.3.3.1 Klinkenberg Correction Method. Following porosity determinations, 
gas permeability measurements were performed on the 20 samples. These 
measurements were corrected for gas slippage, i.e., movement of gas along a 
boundary, using the Klinkenberg Correction Method. The measurement technique 
consisted of applying a confining pressure of approximately 100 psi and a 
slight pore pressure, and maintaining an approximate pressure drop of 2 psi 
across the sample during testing. Nitrogen gas was injected into the samples 
at four mean pressures {4, 9, 14, and 19 psi), and the permeability was 
calculated for each of these pressures. A plot was made of permeability 
versus the reciprocal mean pressures, and the intercept of a best-fit line 
through these four points, with the permeability axis at zero reciprocal mean 
pressure (infinite mean pressure), yielded the gas permeability corrected for 
gas slippage (Klinkenberg Correction). 

3.2.3.3.2 Dynamic Method. Following completion of the gas permeability 
measurements, all 20 samples were subjected to gas-water relative permeability 
testing to determine intrinsic permeabilities (described in Section 3.2.3.4 
below) and effective permeabilities (described in Section 3.2.4.1). Testing 
was begun by vacuum-saturating the samples with tap water (density= 0.995 
g/cm3 at room temperature). Complete saturation was verified by comparing 
these saturated-weight data with helium-injection data. Following saturation, 
each sample was placed in a hydrostatic core holder and subjected to a confin
ing pressure of approximately 100 psi. Testing consisted of displacing the 
water from the samples with humidified nitrogen. (The gas was humidified to 
prevent drying or dehydration.) Incremental production of gas and water was 
monitored against time and flow rate at a constant injection pressure. These 
production data were used to calculate the gas-water relative permeabilities 
according to Johnson, Bossler, and Naumann's (1959) extension of Welge's 
(1952) derivation of relative permeability. 

3.2.3.4 Resu1ts and Discussion 

The laboratory permeability results (Table 3-7) are relatively uniform and 
consistent between the two methods, except for Sample MCG-607. The Klinken
berg result for this sample is probably unreliable as evidenced by its 1 ow 
correlation coefficient (0.714) and its poor comparison with the Dynamic 
Method result. 

The results from both methods indicate only minor differences with depth or 
between geologic units. Klinkenberg permeabilities are approximately twice 
those determined by the Dynamic Method, but that is not considered significant 
for these types of measurement. More importantly, the average intrinsic 
permeability for both the Klinkenberg Correction Method and the Dynamic Method 
is 10-' cm 3 (10-11 fta), a result that compares favorably with the field-test 
results. 
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Table 3-7. Intrinsic Permeability Values Determined from Laboratory Analysis of Core Samples 

Intrinsic Intrinsic 
Hole Geologic s.ample Depth of Interval Permeability I Correlation Permeability/ 

Number Unit Number Sample Description Klinkenberg Method Coefficientb Dvnamic MdhDd 
(ft) a 

11111 2 I 10-' ua l 10-12 !11112 I 10-' ft2 X }Q-12 

LGM-85-11 2b MCG-618 3 Moderately Weldedc 6.2 6.7 0.989 5.5 5.9 
LLM-85-02 2b MCG-606 7 Moderately Welded 6.6 7.1 0.745 4.5 4.9 
LLM-85-05 2b MCG-610 15 Moderately Welded 6.5 7.0 0.893 5.1 6.2 
LLM-85-01 2b MCG-602 30 Moderately Welded 2.7 2.9 0.958 1.1 1.2 
LGM-85-11 2b MCG-619 30 Moderately Welded 3.2 3.5 0.949 2.9 3.1 
LLM-85-02 2b MCG-607 36 Moderately Welded 11.0 12.0 0.714 1.2 1.3 
LGM-85-06 2b MCG-614 29 Moderately Welded 6.4 6.9 0.847 4.9 5.3 
LLM-85-05 2b MCG-611 36 Slightly Welded 3.5 3.8 0.984 2.4 2.6 0\ LLM-85-01 2a MCG-603 52 Slightly Welded 4.1 4.4 0.969 2.7 2.9 ...:a 
LGM-85-06 2a MCG-615 51 Slightly Welded 2.5 2.7 0.954 0.86 0.93 
LLM-85-02 2a MCG-608 67 Moderately Welded 2.0 2.2 0.958 1.0 1.1 
LLM-85-05 1b MCG-612 76 Slightly Welded 2.1 2.3 0.944 1.3 1.4 
LLM-85-01 1b MCG-604 101 Slightly Welded 3.0 3.2 0.939 2.6 2.8 
LGM-85-06 1b MCG-616 99 Moderately Welded 18.0 19.0 0.917 13.0 14.0 
LGM-85-11 1b MCG-620 94 Moderately Welded 4.4 4.7 0.958 1.1 1.2 
LLM-85-02 1b MCG-609 117 Moderately Welded 3.3 3.6 0.973 1.1 1.8 
LLM-85-05 1b MCG-613 123 Slightly Welded 4.2 4.5 0.902 1.6 1.7 
LLM-85-01 lb MCG-605 124 Moderately Welded 6.0 6.5 0.850 2.3 2.5 
LGM-85-11 1a MCG-621 115 Nonwelded 3.4 3.7 0.933 1.8 1.9 
LGM-85-06 1a MCG-617 115 Nonwelded 1.4 1.5 0.970 0.93 1.0 

8 Below ground level. 
bDetermined for Klinkenberg permeabilities. 
cweathered. 



3 .2 .4 HYDRAULIC CONDUCI'IVITY AS A FUNCI'I~ OF HHS1lJRE CONTENT* 

3.2.4.1 Laboratory Tests 

As noted above, the Dynamic Method was also used to determine permeability as 
a function of moisture content for the 20 samples of Bandelier Tuff (see 
Section 3.2.3.3.2). These values, called effective permeabilities, are 
plotted as a function of total air saturation in the graphs presented in 
Appendix D. Since the abscissa corresponds to total air saturation, the 
maximum effective permeabilities for water depicted on the curves occur at an 
air saturation of 0.000, which is equivalent to a water saturation (9s) of 
1.000. Therefore, as the water saturation decreases, the effective permeabil
ity for water decreases, and the effective permeability for air increases. 

The effective permeability values for the rock-core samples from the Bandelier 
Tuff range from 86.1 to 1301 millidarcys [(8.5 x lo-10 to 1.3 x to-• cm 2

) or 
(9.1 x 10-13 to 1.4 x 10-11 ft 2

)]. Residual water saturation following gas 
injection ranged from 0.64 to 0.95. Since moisture contents in the study area 
are much lower than this range (generally less than 10 percent), the effective 
permeabilities determined using the Dynamic Method are not indicative of the 
permeabilities one would expect to observe at depth in Areas G and L. These 
data are therefore only applicable to the estimation of near-surface condi
tions following a heavy rainfall, when moisture contents might exceed residual 
water saturation. 

3.2.4.2 van Genucht§n's Method 

3.2.4.2.1 Purpose and Scope. A model described by van Genuchten (1978) was 
used to calculate the unsaturated hydraulic conductivity functions for the 
Bandelier Tuff. Inputs to the model are the saturated hydraulic conductivi
ties and data from the moisture characteristic curves for the 20 core samples 
analyzed in the laboratory tests. The output function is a closed-form 
analytical expression that generates a plot of hydraulic conductivity versus 
moisture content and/or water potential. The output function is only valid 
over the moisture and water-potential ranges tested. 

3.2.4.2.2 Procedure. A model described by Mualem (1976) was used to predict 
unsaturated hydraulic conductivities from the moisture characteristic curves 
(Appendix C) and the saturated hydraulic conductivities. Mualem's derivation 
yields an integral formula for determining the unsaturated hydraulic conduc
tivity as a function of moisture content, which enables one to derive closed
form analytical expressions provided suitable equations for the moisture 
characteristic curves are available. The resulting conductivity expressions 
generally contain three independent, dimensionless parameters--a, n, and m-
which are calculated using the nonlinear least-squares curve-fitting program 
described by van Genuchten (1978). The information required to calculate 
these parameters consists of saturated hydraulic conductivities and data 
obtained from the moisture characteristic curves, namely, the saturated and 
residual soil-moisture contents (es' and er• respectively) and the slope for 
the curve at midpoint [(9s' + er)/2]. 

*Response to Task 3, Paragraph 25, Compliance Order/Schedule. 
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All of this information was assembled into a data base and used as input into 
van Genuchten' s model, which generates values for a, n, and m. The model then 
inputs these values into Mualem's integral formulas and plots the following 
two functions: K(9) versus 9 (moisture content) and K(~) versus l/J<water 
potential). The intrinsic permeabilities determined using the Klinkenberg 
Correction !~thod (Table 3-7) were then used to calculate water-saturated 
hydraulic conductivities for input to the model. (See Section 3.2.1.4 for 
conversion of intrinsic permeability to hydraulic conductivity.) These values 
were used largely because they more closely reflect the in-situ permeabilities 
for air and water in the study area. 

3.2.4.2.3 Results and Discussion. The modeling results are presented as 
graphs of unsaturated hydraulic conductivity versus volumetric moisture con
tent [K(9) versus 9] and of hydraulic conductivity versus water potential 
[K(i/J) versusljJ1. Representative outputs from the model for 7 of the 20 
samples are presented in Figures 3-10 through 3-13. 

Unfortunately, these results are of limited value because they are based on 
partial moisture characteristic curves which do not extend over the range of 
water potentials and moisture contents measured in the field. For example, 
the water-potential values of the curves extend roughly to -0.3 bar (-300 em 
of water), while those measured in the field range from -1 to -15 bar (see 
Section 3.3.1.3). Similarly, values for moisture content (9) range from 0.4 
to 0.6 on the curves, while those determined in the field are generally less 
than 0.1. As a consequence, the calculated unsaturated hydraulic conductivi
ties are also outside the range of the field values. 

Nevertheless, the calculated values can be used for near-surface infiltration 
studies when the moisture and water-potential ranges fall within those of the 
moisture characteristic curves. It should be noted, however, that these 
curves were obtained by drying the soil and therefore represent only the 
drying branch of the hysteresis loop. The drying branch has a higher moisture 
content for a given water potential than does the wetting branch; hence, a 
given soil is more retentive for drying than it is for wetting (Case and 
Welch, 1979). 

3.2 .S PERMEABll.ITY SUMMARY 

Table 3-8 compares the overall average intrinsic permeabilities of the 
geologic units as determined by the three methods used in this study, namely, 
in-situ borehole injection, in-situ vacuum testing, and laboratory testing of 
core samples. In contrast to the laboratory results, which show relative 
uniformity throughout the tuff, results of both field methods indicate a 
decrease in permeability with stratigraphic depth. This contrast is probably 
due in part to the fact that it was necessary to select the laboratory samples 
fran those exhibiting the highest degree of consolidation; such samples would 
have lower permeabilities than the bulk formation from which they were taken. 
Furthermore, the laboratory tests measure a significantly smaller interval 
than that measured in the field. It was therefore concluded that the field
test results were the more reliable indicators of bulk permeabilities and that 
the permeabilities of the individual geologic units do indeed decrease with 
stratigraphic depth. 
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Figure 3-10. Unsaturated Hydraulic Conductivities as Functions of :Moisture 
Content and Water Potential for Samples MCG-603 and MCG-604 

70 

' II 



10.00 

1.0000 

n 0.1000 
-,:, 
....... 
E 
(.J 0.0100 u 

C£ 
~ 0,0010 

MCG-607 
0.0001 I LLM-85-02 

Depth of 36 Ft 

0.00001 
0.32 0.36 0:40 0:44 

8 Ccm3/cm3J 

0010 

0.0010 
n 
~ 
E 
(.J 

u 0.0001 ,...... 
CD 
~ 

0.00001 
MCG-613 
LLM-85-05 
Depth of 123 F t 

0.000001 
0:46 0.50 Q54 0.58 

8 [cm3/cm3J 

n 
~ 
E 
u u 

::§:. 
"SZ 

n 
~ 
E 
(.J 

u 

~ 
~ 

10.00 

lOOOO 

0.1000 

0.0100 

0.0010 

0.0001 

0.00001 
-1.0 

QOIO 

00010 

0.0001 

0.00001 

0.000001 
-to.o 

-1o.o 

MCG-607 
LLM-85-02 
Depth of 36 Ft 

-1oo.o -1ooo.o 

ljl Ccm.J 

MCG-613 
LLM-85-05 
Depth of 123 Ft 

-1ooo -1000.0 

ljl Ccm.J 

Figure 3-11. Unsaturated Hydraulic Conductivities as Functions of Moisture 
Content and Water Potential for Samples MCG-607 and MCG-613 
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Figure 3-12. Unsaturated Hydraulic Conductivities as Functions of Moisture 
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Table 3-8. Comparison of Average Intrinsic Permeability Values for the 
Major Geologic Units of the Bandelier Tuff in the Study Area 

Intrin!ic Permeability 
Unit Air-Injection Test Vacuum Test Laboratory Analysis 

cmax 1o-• ft 2 X 10-U cm 2 x 10-' ft2 X 10-12 om 2 x 10-' ft2 X 10-U 

2b 93 100 23 25 5.7 6.2 
2a 62 67 13 14 2.8 3.0 
1b 26 28 5.7 6.2 5.7 6.2 
1a 7.2 8 7.8 8 2. 7 8 2.9 8 2.4 2.6 

8 Intrinsic permeability for this unit is based on only one measurement. 

It should be noted that the lower average permeabilities determined by the 
vacuum test for Units 2b and 2a are probably due to the inability to perform 
the test in the more permeable portions of these units. A vacuum could not be 
established in the upper portions, so the test failed and no data were 
obtained. Thus, the average vacuum-test data do not include values for the 
most permeable zones in the units, resulting in average results which are 
biased low. 

Results from all of the determinations do not permit a conclusive assessment 
of the effect of fractures on permeability. The moisture-content data indi
cate that the potential exists for fractures to cause preferential water 
movement; however, the enhancement may be less than the sensitivity of the 
measurement techniques. It follows that a better assessment would require 
additional testing, using methods having greater sensitivity. Similarly, 
additional tests, also having greater sensitivity, would be needed in order to 
fully assess the effects on permeability of such other sources of variation as 
pumice content. 

3.3 GRADIENT DETERMINATIONS 

3 .3 .1 TEMPERATIJRE AND WATER-POTENTIAL MEASUREMENTS* 

3.3.1.1 Purpose and Scope 

Temperature and water-potential measurements were made at the site to assess 
the magnitude and direction of the thermal and water-potential gradients in 
the study area. Knowledge of the gradients is used to determine whether 
temperature and water potential play a significant role in the transport of 
contaminants to the water table. A description of the instruments used to 
acquire these data, together with information on calibration, installation, 
and data reduction, is presented below, and is followed by a discussion of the 
results. The results are presented in the form of graphs plotting temperature 
and water potential versus time and depth. 

*Response to Task 4, Paragraph 25, Compliance Order/Schedule. 
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3.3.1.2 Field Instrumentation 

3.3.1.2.1 Description of the Thermocouple Psvchrometers. Thermocouple 
psychrometers were used to obtain the water-potential measurements at Los 
Alamos because the low soil-water potential (less than -1 bar) precluded the 
use of tensiometers. The instruments actually measure voltage which is 
converted to soil-water potential by means of a calibration model (Brown and 
Bartos, 1982). Psychrometers are particularly convenient because they 
simultaneously measure temperature. 

The thermocouple psychrometers used in this study were Models PCT-SS and PST-
55 manufactured by Wescor, Inc., of Logan, Utah. The only difference between 
the two models is that the PST series is shielded with a stainless steel 
screen instead of a ceramic cup, and therefore has a faster response time. A 
diagram of a typical screen-shielded psychrometer is shown in Figure 3-14. 

Operation of the psychrometers is based on the Peltier effect, in which a 
thermocouple is cooled below the dew point by passing an electric current 
across a junction composed of two dissimilar metal conductors. After water 
has condensed on the cooling junction, the electric current is discontinued and 
the junction immediately begins to warm up. The rate of warming is rapid at 
first, and then slows down until the latent heat of vaporization is overcome, 
at which time water condensed on the junction evaporates. The point at which 
the warming rate is at a minimum is known as the psychrometric plateau. The 
electromotive force (emf) generated across the junction during the psychro
metric plateau is a measure of the relative humidity of the system (Spanner, 
1951). 

The relative humidity (P/P
0

) in soil is related to soil-water potential by the 
equation (Case and Welch, 1979) 

where 

p = the density of water at temperature T 
kB = Boltzman's constant (1.38 x 10-

16 
erg/°K) 

m = the mass of a water molecule (approximately 3 x 10-23 g) 
P = the average vapor pressure in the soil 

(20) 

p
0 

= the pressure of the water vapor above a surface of infinite radius 
of curvature 

~0 103 bars at 3000K 

3.3.1.2.2 Laboratorv Calibration. Each psychrometer must be calibrated 
individually due to the variable thicknesses of the welded junction and wires 
used in fabrication. Saline solutions are convenient to use for calibration, 
since tables that relate salt concentrations and temperature to relative 
humidity are readily available (Lang, 1967). The ratio of microvoltage to 
theoretical water potential at a given temperature for a particular psychrom
eter provides the correction coefficient necessary for determining actual 
water potential in rock and soil systems. 

In this study, reagent-grade sodium chloride was dissolved in deionized water 
to provide calibration solutions ranging in strength from 0.1 to 1.0 molal. 
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Figure 3-14. Sketch of the Single-Junction Stainless Steel Screen-Shielded 
Ther.mocouple Psychrometer (from Brown and Collins, 1980) 
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Each psychrometer was calibrated using at least three molal concentrations, independently, in the following manner. One milliliter of solution was 
decanted into a sample chamber. A psychrometer was then sealed into the 
chamber to create a closed system with a known water potential (see Figure 
3-15). The sealed chamber was then placed in a wooden rack and equilibrated 
for at least 24 hours. Following equilibration, the voltage output of the 
thermocouples was read in psychrometric (wet-bulb) mode using either a Wescor 
HR33T Dewpoint Microvol tmeter or a Wescor HP-115 Microprocessor-Controlled 
Data Collection System. Each molal concentration (water potential) was read a 
minimum of three times for temperature and microvolts. These readings were 
then converted to water potential using the calibration model described below. 

3.3.1.2.3 Psvchrometer Calibration Model. The psychrometer calibration model 
developed by Brown and Bartos (1982) was used to accurately convert psychrom
eter outputs to water potential. This model is far more versatile than hand
drawn calibration curves because it can convert water potentials from -1 to 
-80 bar over a wide range of temperature and zero offset readings. Inputs to 
the model are temperature, cooling time, zero offset, psychrometer output in 
microvolts, and calibration coefficients, the last required for conversion of 
microvolts to water potential. The calibration coefficient B is defined as 

l:B = LWP/L\& (21) 

where LWP is the sum of the actual water potentials (sodium chloride solu
tions) used during calibration, andl:WP' is the sum of the water potentials 
estimated by the model. Calibration coefficients for each of the psychrome
ters installed in Holes LLP-85-03 and LGP-85-07 are presented in Tables 3-9 
and 3-10, respectively. A listing of the Fortran V program for the model is 
reproduced as Appendix E. The output from the model is the water potential 
for the soil conditions as sensed by the psychrometer. 

3.3.1.2.4 Field Installation. On 22 October 1985, a total of 38 thermocouple 
psychrometers were installed at the study area, 23 in Hole LLP-85-03 and 15 in 
Hole LGP-85-07. Completion diagrams are provided in Appendix A. Because of 
the presence of surface casing in Hole LLP-85-03, a shallow boring was drilled 
adjacent to the main hole and five psychrometers were installed in this second 
hole close to the ground surface (depicted in Appendix A as being in the same 
hole). Installation was accomplished by taping the psychrometers to a string 
of Schedule 40, 2-inch-I.D., polyvinylchloride (PVC) pipe and carefully lower
ing the string into the hole. The annulus surrounding the PVC pipe was then 
backfilled with auger cuttings from that drill hole. It was assumed that the 
density of this backfill was similar to the in-situ density of the tuff, and 
that the relative humidity of the backfill, as sensed by the psychrometers, 
would equilibrate with the relative humidity of the adjacent tuff. Installa
tion depths are included with the data presented in Tables 3-9 and 3-10, for 
Holes LLP-85-03 and LGP-85-07, respectively. 

3.3.1.3 R§sults and Discussion 

Psychrometer data were collected for Holes LLP-85-03 and LGP-85-07 over the 
period 22 October to 20 November 1985. The values for temperature and water 
potential were viewed in two ways, as plots of temperature or water potential 
versus time, and as plots of temperature or water potential versus depth. 
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Table 3-9. Installation Depths and Calibration Coefficients 
for Psychrometers in Hole LLP-85-03 

Model Serial Calibration Coefficient Installation 
Number• Number Scanner/Channel for Water-Potential Depth ( ft) Model 

PCT-SS 29414 I/1 Surface PCT-55 29416b 1/2 0. 85 2.0 
PST-55 29474b 1/3• 0.84 4.0 
PST-55 29473b I/4 0.84 6.0 
PCT-55 29420b I/5 0.89 8.0 
PST-55 29469b 1/6 0.84 10 
PCT-55 29418 I/7 0.81 13 
PST-55 29483 1/8 0.88 13 
PCT-55 29424 1/9 0.85 24 
PST-55 29479 I/10 o. 87 24 
PCT-55 29406 I/11 0.90 41 
PST-55 29462 I/12 1.00 41 
PCT-55 29409 II/1 1.00 so 
PST-55 29475 II/2 0.94 so 
PCT-55 29405 11/3 0.85 56 
PST-55 29477 II/4 1.03 56 
PCT-55 29425 II/5 0.84 66 
PST-55 29455 II/6 0.96 66 
PST-55 29481 II/7 0.89 76 
PCT-55 29422 II/8 0.94 76 
PST-55 29476 II/9 0.90 86 
PST-55 29458 II/10 1.00 96 
PCT-55 29427 II/11 1.00 96 

8The PCT series psychrometers are shielded with a ceramic cup, while the 
PST mgdel s are shielded with a stainless steel screen. 

Psychrometers in the upper 10 ft are located in a shallow boring 
adjacent to the main hole. 
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Model 
Number8 

PCT-55 
PST-55 
PCT-55 
PST-55 
PCT-55 
PST-55 
PC!'-55 
PST-55 
PC!'-55 
PST-55 
PCT-55 
PST-55 
PST-55 
PCT-55 
PST-55 

Table 3-10. Installation Depths and Calibration Coefficients 
for Psychraneters in Hole LGP-85-07 

Serial 
Number 

29415 
29459 
29410 
29461 
29411 
29463 
29417 
29466 
29403 
29467 
29407 
29465 
29464 
29404 
29468 

Scanner/Channel 

III/1 
III/2 
III/3 
III/4 
III/5 
III/6 
III/7 
III/8 
III/9 
III/10 
III/11 
III/12 
III/13 
III/14 
III/15 

Calibration Coefficient 
for Water-Potential 

Model 

0.89 
0.89 
0.85 
0.91 
0.91 
0.86 
0.84 
o. 87 
0.92 
0.92 
1.00 
1.04 
0.95 
0. 85 
0.89 

Installation 
Depth ( ft) 

4.5 
6.5 
8.5 

10 
12 
14 
17 
19 
22 
27 
32 
37 
42 
47 
52 

8The PC!' series psychrometers are shielded with a ceramic cup, while the 
PST models are shielded with a stainless steel screen. 

Selected plots of the former are presented in Figures 3-16 through 3-19. Air 
temperature versus time at Hole LLP-85-03 is plotted in Figure 3-20. Box 
plots of water potential and temperature versus depth for the entire time 
period are presented in Figures 3-21 through 3-24. Since the box plots 
present the data in quartiles, the outlying values represent minimum and 
maximum values. The boxes enclose the 25- and 75-percent values, and the 
vertical lines connecting the boxes intersect the median-temperature or water
potential values for the time period. 

The plot of air temperature versus time (Figure 3-20) demonstrates that a 
dramatic diurnal temperature variation exists at the site, and that the highs 
and lows generally decreased over this monitoring period. Plots of formation 
temperature versus time (Figures 3-17 and 3-19) for the psychrometers located 
within 15 ft of the ground surface demonstrate that the near-surface tempera
tures also decreased in response to the decrease in air temperature. Further
more, as expected, a phase lag is evident when comparing the decreasing 
temperatures measured by successively deeper psychrometers. 

The plots of temperature versus depth (Figures 3-22 and 3-24) reveal a 
temperature bulge that probably represents the heat stored in the ground due 
to Summer heating. The position of the bulge indicates that the median 
gradient in temperature for this monitoring period is downward from about 10 
to 20 ft and upward from about 10 ft. 

The plots of water potential versus time for given depths (Figures 3-16 and 
3-18) demonstrate that water potentials are subject to diurnal variations of 
about ±1 bar per day, and that there was little, if any, change in the average 
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water potential during this monitoring period. Median water potentials range 
from approximately -o.s bar to -8.7 bar in Hole LLP-85-03 (Figure 3-21) and 
from approximately -1.2 bar to -13.8 bar in Hole LGP-85-07 (Figure 3-23). 

The large range of maximum and minimum values observed during this monitoring 
period limit gradient estimations to those that can be measured between 
successive psychrometers, i.e., within a single depth interval. Accurate 
assessments of an overall gradient in the study area will most likely require 
longer equilibration and monitoring times. 

3.3.2 ATMOSPHERIC/ROCK-PORE PRESSURE MONITORING SYSTEM 

3.3.2.1 Purpose and Scope 

The purpose for installing the Atmospheric/Rock-Pore Pressure Monitoring 
~stem was to quantify the gas-pressure gradients in the Bandelier Tuff. 
Although these data were not required by the Compliance Order/Schedule, they 
can contribute significantly to the initial site assessment since differences 
in gas pressure can affect contaminant transport in the vapor phase. 

Equipment and system installation are described in the paragraphs that follow. 
The subsection entitled Results and Discussion presents only a preliminary 
interpretation of the data.: a broader, more reliable assessment of gas
pressure gradients would most likely require acquisition of pressure readings 
over a period of at least 1 year. 

3.3.2.2 Equipment 

The pressure-measurement system installed at Los Alamos consists of four 
electrical pressure transducers connected to an electro-piezo scanner/ 
recorder. The transducers contain an absolute-electrical-pressure sensor 
equipped with a strain-gauged stainless steel diaphragm. A stainless steel 
disc filter permits direct burial of the transducers. Measurement capacity 
ranges from 0 to 25 pounds per square inch at sea level (psis), with a read
ability of 0.02 percent of scale. (Psis is calibrated in psi with zero being 
atmospheric pressure at sea level.) 

The electro-piezo scanner/recorder is a portable, battery-operated system that 
automatically records ten transducer channels. The dates, times, and outputs 
from each of the transducers are recorded on the integral printer. This 
versatile scanner/recorder can permanently record the transducer outputs, or 
can provide the outputs to an external device such as a computer, data 
terminal, paper punch, or magnetic tape recorder. The pressure-measurement 
system can be programmed to scan continuously or to scan at variable 
intervals. In the case of the latter, the recorder can be sealed and 1 eft 
unattended and will still record data at the preselected intervals. 

3.3.2.3 Installation DesiBn 

The completion diagram for the pressure-transducer instrumentation installed 
in Hole LLP-85-03 is presented in Appendix A. The four transducers were 
installed at the following depths: ground surface, 26 ft, 54 ft (near a 
fracture), and 90 ft. The transducer located at ground surface measures the 
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atmospheric pressure, while the buried transducers measure rock-pore gas 
pressures. 

3.3.2.4 Results and Discussion 

Pressure-measurement data were collected over the period 17 October through 15 November 1985 (Figure 3-25), except for the 7 days from 6 through 12 November 
when the system was inadvertently shut down. As noted previously, these 
limited data permit only a preliminary interpretation at this time. 
Characteristics which are discernible in Figure 3-25 include the following: 

• Both the atmospheric and rock-pore pressures undergo daily fluctuations. 

• The rock-pore pressure at 54 ft is consistently higher than the surrounding 
pressures, potentially a result of the nearby fracture. 

• An increase in the atmospheric pressure for a period of several days is not 
reflected in the rock-pore pressures for the same period. 

A broader assessment of the gas-pressure gradients in the study area requires 
acquisition of additional data, particularly with regard to identifying potential sources of variation in the data other than actual pressure 
variations. 
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Figure 3-25. Results from the Pressure Transducers Installed in 
Hole LLP-85-03 (Note: The system was inadvertently 
shut down over the period 6-12 November 1985.) 
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Section 4 

NEU'IRON MOIS1URE MEASURE~fENTS 

Note: This section responds to Task 4, Paragraph 2S, of the Compliance 
Order/Schedule. The section was prepared by personnel of Los A1 amos 
National Laboratory. 
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4 .1 PURroSE AND SCOPE 

The moisture content of the Bandelier Tuff is being measured with a neutron 
probe in order to characterize the infiltration and redistribution of water in 
the tuff. Use of the neutron probe for moisture monitoring was specifically 
requested by the State of New Mexico in Task 4, Paragraph 25, of the Compli
ance Order/Schedule. Although data acquired with the probe were not yet 
available at the time of this writing, it is possible that the method will be 
of little value at Los Alamos due to the low moisture content of the tuff (see 
gravimetric moisture results in Section 3.1.1). 

Two holes were identified for acquisition of biweekly neutron moisture 
readings, LLN-85-04 and LGN-85-08 (see Figure 2-3 for locations). Descrip
tions of the casing installations, probe calibration, and monitoring program 
are provided below. Data presentation and interpretation will be addressed in 
a subsequent report when data become available. 

4.2 CASIID INSTALLATIONS 

The neutron access tubes, or casings, were constructed of cold drawn aluminum 
tubes, each 12 ft in length and having a wall thickness of 0.049 inch, an 
outside diameter of 2.5 inches, and an inside diameter of 2.402 inches. This 
inside diameter is approximately 0.25 inch larger than the outside diameter of 
the probe (1.865 inches), which prevents the probe from binding as it is 
mane~ered inside the casing. To further ensure free movement of the probe 
while it is being raised or lowered in the hole, the casing has no internal 
seams or obstructions. 

Prior to transport to the field, the 12-ft lengths of tubing were welded 
together to make 24-ft sections and the sections pressure-tested to ensure a 
watertight seal. A cap was welded to one end of each of two sections, these 
to be installed at the bottom of the two holes. In the field, the 24-ft 
sections were joined together using 'no-hub' couplings rather than welding. 
This was done because the tubing wall is so thin that a watertight weld would 
be nearly impossible to accomplish with portable welding equipment. A no-hub 
coupling is a watertight rubber coupling, held in place by a corrugated stain
less steel cover, on the ends of which are stainless steel hose clamps used 
for gripping the aluminum tubing. 

The casings were installed in the drill holes in the following manner. The 
section with the bottom cap was lowered into the hole and held in place with a 
pipe vise. A second 24-ft section was joined to the first with a no-hub 
coupling. Silicon sealant was applied wherever rubber was exposed to slow 
decomposition of the material underground. Once the two sections were 
coupled, they were lowered into the ground and again held in place with the 
pipe vise while a second no-hub coupling was installed to join the now 48-ft 
section of tubing to another 12- or 24-ft section. This process was repeated 
until the bottom of the hole was reached. Any tubing remaining above ground 
1 evel was cut off. 

A diagram of the casing installation for Hole LLN-85-04 is presented in Figure 
4-1. The depth of the uncased hole was 108 ft, so the casing required four 
24-ft sections and one 12-ft section, joined together with four no-hub 
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--Cap {108ft) 

Figure 4-1. Casing Installation and Depths of Neutron Probe Measurements 
in Hole LLN-85-04 
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couplings. Hole LG~SS-08 (Figure 4-2) had an uncased depth of SO ft, so the 
casing required two 24-ft sections and one 12-ft section, joined together with 
two no-hub couplings. 

4.3 CALmRATION OF THE NEU1RON PROBE 

The neutron probe used at Los Alamos is a Campbell Pacific moisture gauge. 
Calibration of the instrument was ac~omplished by using it to measure moisture 
in five samples of Bandelier Tuff, each with a different but known moisture 
content. Instrument responses were recorded and used to generate a calibra
tion curve. 

The five samples of tuff consisted of three with varying moisture contents, 
one with no moisture, and one representing saturated conditions. The first 
three were prepared in the following manner. Crushed Bandelier Tuff was oven
dried at 2500C for 48 hours. A predetermined amount of dry tuff was then 
weighed and water added to it. The moistened tuff was packed in 15-cm lifts 
in a 55-gallon drum to achieve a bulk density of 1.5 g/cm 3

, which is the 
average bulk density of the consolidated Bandelier Tuff at Los Alamos. The 
amounts of water added to the lifts varied from one drum to another, such that 
the volumetric water content of each drum was different. Samples were 
collected from each lift in each drum and analyzed gravimetrically to deter
mine the moisture content and to ensure that the moisture content was constant 
throughout the entire drum. 

The fourth drum was prepared in the same way as the first three except that no 
water was added. The fifth drum was also prepared as described above, except 
that water was added not to the lifts, but into the bottom of the drum through 
a 3/8-inch Tygon tube until the tuff was saturated to the drum surface. 
Samples from these drums were also analyzed so that the moisture contents 
would be known. Following preparation, all five drums were sealed by placing 
plastic sheeting between the drum surface and the cover. Silicon sealant was 
then applied on the edges to prevent evaporation. 

Calibration measurements were taken by lowering the probe to the center of 
each drum and acquiring four 1-minute counts. These data and the known 
moisture contents were then subjected to a linear-regression analysis, which 
yields a calibration curve for the instrument. At the time of this writing, 
the calibration curve was not complete and is therefore not included in this 
report. 

4 .4 IDNITORING PROORAM 

Biweekly neutron-moisture measurements were initiated in both drill holes on 
17 December 1985. The depths of the probe readings are shown in Figures 4-1 
and 4-2. The measurement depths in Hole LL~8S-04 correspond to the psychrom
eter-measurement depths in Hole LLP-85-03. while those in Hole LG~85-08 
correspond to psychrometers in Hole LGP-85-07 (see Appendix A for completion 
diagrams of Holes LLP-85-03 and I..GP-85-07). In certain cases, identical 
correspondence was not possible due to the presence of the welds and couplings 
in the neutron-probe holes. As noted previously. no data are available at 
this time. 
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Figure 4-2. Casing Installation and Depths of Neutron Probe Measurements 
in Role LGN-85-08 
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Section S 

PORE-GAS SAMPLIID SYSTEM 

Note: This section responds to Task s. Paragraph 25. of the Compliance 
Order/Schedule. 
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5 .1 PURPOSE AND SCOPE 

Samples of pore gas from 14 drill holes are being collected and analyzed in 
order to characterize the subsurface atmosphere in Areas G and L. The design 
and installation of the samplers are described in this section; included is a 
hole-by-hole description of the sampling-port locations and the rationale for 
choosing each location. At the time of this writing, laboratory analysis of 
the samples collected to date were not available. Data presentation and 
interpretation will therefore not be addressed in th.is report. 

5.2 DESIGN 

Two pore-gas sampling port designs were implemented for this study. The first 
design was utilized during the installations completed during Summer 1985, 
while the second design was used during the installation completed during Fall 
1986. During Summer 1985, the pore-gas sampling ports were constructed using 
low-pressure mobile-phase filters which were welded to standard 2-inch-I.D. 
galvanized pipe (Bendix Field Engineering Corporation, 198Sb). The filters 
consist of 2-micrometer, porous, stainless steel elements; uphole access is 
provided via connection to 1/4-inch stainless steel tubing and stainless steel 
compression fittings. A diagram of a pore-gas sampling port is presented in 
Figure S-1. During Summer 1986, the pore-gas samplers were simply assembled 
by connecting the mobile-phase filters to 1/4-inch stainless steel tubing with 
stainless steel compression fittings. No elbows were used. Consequently. the 
sampling port and line assembly were built for installation without the gal
vanized pipe used in Summer 1985. 

5.3 INSTALLATION 

In Summer 1986, 70 pore-gas sampling ports were installed in seven 200-ft-deep 
boreholes. The borehole locations were cited based upon the Petrex Survey 
(Section 6) results. As requested by Los Alamos National Laboratory, the 
sampling ports were installed at 20-ft intervals to a depth of 200 ft. A 
total of 10 sampling ports were placed into each hole. Installation diagrams 
are presented in Appendix A; drill hole locations are shown in Figure 2-3. In 
Summer 1985, a total of 23 sampling ports were installed in seven drill holes 
in the study area; installation procedures were described in the second report 
(Bendix Field Engineering Corporation, 198Sb). Installation diagrams are 
presented in Appendix A: drill-hole locations are shown in Figure 2-3. The 
following paragraphs describe the locations of the ports within each hole and 
the rationale for choosing these locations. 

• Hole LGC-85-09. Since this was the only pore-gas sampling hole that 
penetrated Unit 1 a, two ports were installed in that unit, one in the 
relatively moist section (below 88 ft) and the other in the relatively dry 
section, just above 80 ft. The third port was installed at about 63 ft to 
coincide with a fracture present in Unit lb, and because the maximum waste
disposal depth in this area is approximately 60 ft. The fourth port was 
installed at 37 ft to coincide with fractures present in Unit 2a. 

• Hole LGC-85-10. The deepest sampling port was installed at 95 ft to coin
cide with a near-vertical fracture present in the more densely welded 
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portion of Unit lb. The middle port was installed at about 53 ft to 
coincide with a fracture present in Unit 2a. The uppermost port was 
installed at 31 ft to coincide with a horizontal fracture and the Unit 
2a/Unit 2b contact. 

• Hole LLC-85-12. The deepest sampling port was installed at about 41 ft to 
coincide with a vertical fracture and the Unit 2a/Unit 2b contact. The 
middle port was installed at about 27 ft to sample the interval between 24 
and 29 ft. This interval lies within Unit 2b and consists of a light-
gray ash flow with numerous horizontal fractures. In addition. the Organic 
Vapor Meter (OVM) registered high readings [114 parts per million (ppm) 
downhole] when the bottom of the auger string reached 24 ft. and again when 
the bottom of the string reached 29 ft (160 ppm). The uppexmost gas
sampling port was installed at about 6 ft to coincide with several 
fractures present from S ft to 8 ft. 

• Hole LLC-85-13. This is a 'background' hole located west of AreaL. Only 
Units 2a and 2b were penetrated in this hole. The deepest sampling port 
was installed at about 65 ft in a moderately welded portion of Unit 2a. The 
middle port was installed at about 43 ft to coincide with several fractures 
and the Unit 2a/Unit 2b contact. The uppermost port was installed at about 
21 ft to coincide with a near-vertical fracture present in Unit 2b. 

• Hole LLC-85-14. The deepest sampling port was installed at about 86 ft to 
coincide with a fracture zone extending from 84 to 89 ft within Unit lb. A 
relatively high OVM reading was recorded for this zone. which is separated 
from upper zones with high OVM readings by a zone of 'background' OVM 
readings. The second port was installed at about 46 ft to coincide with a 
nonfracture zone extending from 44 to 49 ft in Unit 2a where relatively 
high OVM readings were obtained. The third port was installed at about 31 
ft to coincide with the interval 28 to 34 ft because the contact between 
two physically different zones of Unit 2b is present at 32 ft and field OVM 
readings were higher when crossing this interval. The contact is defined 
primarily by the transition into slightly welded or more easily drilled 
ash-flow tuff. Fractures are also present just above this contact. The 
uppermost sampling port was installed at about 13 ft to coincide with a 
moderately welded. nonfracture zone within Unit 2b. This zone. extending 
from 12 to 14 ft. exhibited relatively high OVM readings. In addition. 
sampling in this zone would pexmit comparison with results from known 
fracture zones. 

• Hole LLC-85-15. The deepest port was installed at about 82 ft to sample 
pore gas in the interval 80 to 86 ft because a relatively high OVM reading 
was obtained near this interval. The other two sampling ports were 
installed at about 32 ft and 19 ft to coincide with the areas where the 
highest OVM readings were obtained in this hole. 

• Hole LLC-85-16. The deepest sampling port was installed near the bottom of 
this hole to coincide with areas exhibiting high OVM readings. These areas 
are separated from the zones of additional high readings by 75 ft of rela
tively low OVM readings. The other two ports were installed near ground 
surface to coincide with zones that are both fractured and displayed rela
tively high OVM readings. 
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PED.EX SURVEY 
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6.1 PURPOSE AND SCOPE 

A Petrex survey, utilizing the K-V Fingerprint Technique, was conducted at 
Waste Disposal Area L as a screening tool to guide the placement of additional 
pore-gas sampling wells. The survey was also used to qualitatively define the 
extent of migration of volatile organic compounds away from waste-disposal 
shafts and trenches. The K-V Fingerprint Technique, marketed by Petrex, 
Golden, Colorado, permits passive or static gas sampling and analysis of the 
soil to identify organic compounds and determine the relative number of ions 
sorbed onto the sampling element per unit time. The ion counts per unit time 
represent a relative flux of ions venting to the ground surface. The volatile 
organic compounds studied were trichloroethylene (TCE), tetrachloroethylene 
(PCE), benzene, and toluene. 

6.2 SAMPLING AND ANALYSIS 

The sampling device used in the Petrex survey consists of a 0.02-inch-diameter 
by 4-inch-long wire filament, which is coated with a monolayer of charcoal and 
inserted in a glass tube. The tube is then placed in a 12- to 14-inch deep 
hole and covered with soil. The sampling tube remains in the ground for a 
sufficient period to expose the filament, and is then removed. For this 
investigation, a period of 10 days was used. The volatile organic compounds 
sorbed onto the charcoal filament from the soil atmosphere are purged in a 
pyrolyzer, using the filament as a heat source. The volatilized compounds are 
then passed to a mass spectrometer for analysis. 

A total of 101 samplers were installed at a 30-foot grid in and around Waste 
Disposal Area L. The sampler spacing was selected to be broad enough to 
provide information on the lateral extent of the plume and narrow enough to 
contour the ion-count data. The designated spacing interval of the samplers 
was also chosen to be close enough to determine the orientation of any plumes. 

Natural background measurements were also performed to provide a perspective 
from which to analyze the sampling results. The natural background was deter
mined by placing an array of five samplers at 3Q-foot intervals along a 
northerly projection away from background Hole LLC-SS-13 (see Figure 2-3). 
The background samplers were removed from the soil 10 days after emplacement. 

6.3 RESULTS 

Four maps were constructed to show the relative vapor ion counts emanating 
from Waste Disposal AreaL. Figures 6-1 through 6-4 show results of the 
Petrex survey for the organic compounds trichloroethylene, tetrachloro
ethylene, benzene, and toluene, respectively. 

The toluene ion counts were the highest of the compounds surveyed. Toluene 
ion counts exceed 60,000 at a number of locations, and more than 90,000 at one 
location at the east-central margin of the survey grid. The counts for 
benzene were the next highest, although they were much lower than the counts 
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for toluene. 
ion counts. 

Trichloroethylene and tetrachloroethylene had the lowest total 

The trichloroethylene and tetrachloroethylene data presented in Figures 6-1 
and 6-2, respectively, were normalized by dividing the specific ion counts by 
the total ion counts less atmospheric compounds. The benezene and toluene ion 
counts are non-normalized and represent total uncorrected specific ion counts. 
The ion counts for a specific compound are not absolute and, therefore, should 
not be used to compare individual compounds as a means of determining relative 
abundances of the compounds present. The ion counts of a particular compound, 
however, may be used to show the relative flux distribution of specific ions. 

Background ion counts for benzene and toluene ranged from 0 to 1,078 and 0 to 
27,998, respectively. The background values are quite high when compared to 
the ion counts taken at Waste Disposal Area L. The gases given off by plant 
roots in the soil zone are suspected of having a chemical structure similar to 
benzene and toluene; the plant-root gases overprint and likely predominate 
over the counts observed at Area L. Since the range in background counts is 
so high for benzene and toluene, it is likely that even a wider range of 
background counts could be expected if more than five samplers were used to 
survey the background. The existing five-sample array of background counts 
is, therefore, insufficient to characterize the background accurately because 
the maximum observed counts could be well below the probable maximum back
ground value. Furthermore, analytical results of core samples collected 
during the drilling phase of the project have not indicated that benzene or 
toluene were even present in the pore-gas fraction of the rock (Rocky Mountain 
Analytical' Laboratory, 1986). The benzene and toluene maps (see Figures 6-3 
and 6-4), consequently, are not recommended for use in delineating the vapor
phase contamination at Area L. 

Background ion counts for trichloroethylene and tetrachloroethylene were found 
to be very low to nonexistent. As a result, the ion counts shown in Figures 
6-1 and 6-2 more accurately reflect the relative flux of these vapors emanat
ing from Area L. Trichloroethylene and tetrachloroethylene would, therefore, 
be good compounds to define the extent of migration away from the waste
disposal shafts and trenches. 

From the distribution of the ion-count data observed in Figures 6-1 through 
6-2, there is no readily apparent single trend in the data at any location 
surveyed. There are locally high ion-count locations, which may simply 
indicate proximity to waste trenches and pits. The distribution of ion 
counts, however, is not concentric around the source. Locally contoured areas 
with high ion counts, some of which are linear trends, may indicate areas 
where the fracture intensity or the fracture aperture is relatively large. 
Where the trends do exist, it may indicate preferential movement through open 
joints, which would be more effective in transmitting organic vapors than the 
intervening blocks of tuff. 
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It should be noted that the lateral extent of the ion-count plume could not be 
defined conclusively because substantial ion counts were detected at the 
margins of the sample area. It can be assumed that these elevated ion counts 
extend beyond the limits of the present survey. Consequently, additional 
pore-gas sampling holes were located beyond the limits of the existing Petrex 
grid to aid in defining the extent of the organic vapor contamination plume. 
No analytical data on the newly installed, pore-gas monitoring ports were 
available at the time of this report. 
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CONCLUSIONS 
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The time constraints imposed on this study of Waste Disposal Areas G and L at 
Los Alamos permitted only a brief period for data acquisition and interpreta
tion. As a consequence, the assessment presented herein of the vadose zone 
underlying Mesita del Buey is for the short term only. Nevertheless, some 
conclusions can be drawn from the data obtained thus far, the most important 
being that the dominant mode of transport in the interval of the Bandelier 
Tuff examined for this study is by vapor phase. In other words, the low 
moisture content of the tuff and the high moisture-retention values observed 
in the moisture characteristic curves indicate that interconnection of liquid 
water, and therefore movement of water in the liquid phase, is nonexistent. 
Additional conclusions are discussed in the paragraphs that follow. 

• The geologic framework through which transport occurs can be characterized 
as a complex network of pumice and lithic clasts surrounded by a glass
shard/crystal matrix, with occasional fractures dissecting the porous 
media. Factors such as porosity, degree of welding, and pumice content 
have a direct effect on the unsaturated hydraulic characteristics. 

• Taken together, the high values for porosity and moisture retention (both 
average approximately 50 percent) indicate that the tuff behaves much like 
a sponge. A quantity of water equal to approximately one quarter of the 
rock volume is required to satisfy capillary forces before recharge to the 
underlying groundwater system can occur. Based on the normal precipitation 
and the high evapotranspiration rates in the study area, this scenario is 
unlikely. 

• Results from field and laboratory tests indicate that the overall range of 
intrinsic permeability for the Bandelier Tuff is to-• to to-' cm3 (10-11 to 
10-13 ftz). These values are considered to represent moderate permeability. 

• Permeability and porosity are not directly related, probably because of the 
tuff's pumice content; highly porous pumice lapilli contain a significant 
amount of dead-end pore space which greatly reduces permeability. 

• The unsaturated hydraulic conductivities calculated using van Genuchten's 
model are of little value since the laboratory could only obtain moisture 
characteristic curves in the range 0 to -0.3 bar, with moisture contents 
(9) of about 0.4 to 0.6. The calculated unsaturated hydraulic conductivi
ties range from about 2 centimeters per day at saturation to about 1.0 x 
to-' centimeter per day at a water potential of -0.3 bar. In the field. 
however, water potentials range from -1 to -15 bar, and the moisture con
tents are below 0.1. Thus, the unsaturated hydraulic conductivities of the 
tuff in the field are actually much lower than the values calculated using 
van Genuchten's method. 

• Unit lb has a relatively higher degree of welding than the other units of 
Bandelier Tuff examined in this study. This higher degree of welding, 
coupled with the unit's high pumice content, results in strong capillary 
forces which are assumed to be responsible for the significant increase in 
moisture content in the lower portion of Unit lb. Increases in the degree 
of welding are believed to reduce the pore-size radii, resulting in an 
increase in the capillary forces. Similarly, because there is a high 

117 



pumice content, there is a correspondingly high concentration of gas tubes; 
these tubes form ideal capillary tubes which appear to exhibit strong 
capillary forces. 

• Test results indicate that permeability in and along fractures is very 
similar to the permeability of the surrounding porous media. Detection of 
the differences in the permeability, however, may be beyond the sensitivity 
of the testing methods, since several fracture zones show an increase in 
moisture content relative to the adjacent porous media. 

• In certain cases, the magnetic susceptibility logs can be useful for 
estimating or confirming lithologic contacts. The gamma-gamma (apparent 
density) logs are useful for determining the degree of welding and possibly 
the relative pumice content of the various ash-flow units. 

• Moisture characteristic curves for crushed tuff samples differ signifi
cantly from those obtained for core samples. As a consequence, interpreta
tions of in-situ hydrogeologic transport cannot be reliably based on 
hydraulic data for crushed tuff. 

• Petrex survey results indicate that organic-vapor ion-count contours are 
not distributed concentrically surrounding the contaminant source at Area 
L. Venting of organic vapors may occur in discrete zones where fracture 
apertures and/or intensities are locally elevated. 

• A dominant northeast trend of fractures was determined by measuring joints 
on Mesita del Buey; however, a bias in the data resulted from sampling 
limitations imposed by available exposures. Occurrence of 'preferred' 
fracture orientation is not a sufficient single criteria for predicting 
direction of contaminant migration; transport from a contaminant source to 
the surface probably follows tortuous routes determined by a combination of 
fracture orientations and degree of dilation, and interconnections of 
fractures related to the position of infill materials. 

• The best method for determining the extent and direction of contaminant 
transportation would be close monitoring and interpretation of analytical 
results from pore-gas samples, together with more extensive Petrex surveys 
just under the rim of Mesita del Buey and in Waste Disposal Area L. 
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LITHOLOGIC LOGGING 

A lithologic log was prepared in accord with established field procedures for 
each of the 23 holes cored with the continuous sampling system (Bendix Field 
Engineering Corporation, 1985a, 1985b). These logs are presented in chrono
logical order by hole number as Figures A-2 through A-24. The colors used to 
describe the core matrices are taken from the Rock Color Chart of Goddard and 
others (1975) and the MunsellTM Soil Color Chart, Macbeth Division of 
Kollmorgen Corporation, Baltimore, Maryland (1975); the code in parentheses 
following a color description corresponds to the charts. 

For most of the holes, the lithologic logs also show the numbers and depth 
intervals of samples collected for subsequent field or laboratory analysis. 
Samples identified by the three-letter prefix MCG- followed solely by a 
three-digit number were collected for gravimetric analysis. Those MeG
numbered samples denoted by a single asterisk (*) were collected for petro
logic analysis, and those denoted by a double asterisk (**) were collected 
for laboratory analysis of moisture characteristics. Samples identified 
with the number 85 followed by a decimal point and five additional digits were 
collected for EP-toxicity and volatile-organic analyses by Los Alamos National 
Laboratory for drilling conducted during Summer 1985. Splits of these samples 
are identified by the addition of the letter A immediately following the 
sample number. Samples identified with the prefix RS were collected for 
volatile-organic analyses by Rocky Mountain Analytical Laboratory, Arvada, 
Colorado. Results of these analyses were presented to Los Alamos National 
Laboratory 7 October 1986. 

Lithologic logs for holes drilled during 1986 (designated with an '86' in the 
log number) and Holes LL~85-01 and LL~85-02 have a specific installation 
column for instrument-completion diagrams (except LLC-86-25). The litholo
gic logs for the remainder of the holes in which instruments were installed 
show instrument-completion diagrams in the column originally used for sample 
identification. The reader is referred to the first report (Rush and Dexter, 
1985) for information on sample numbers and intervals for those holes. It is 
important to note, however, that the lithologic data have been updated since 
publication of the first report. Consequently, the graphic log and descrip
tion for a particular hole as they appeared in the first report may not match 
the information presented in this appendix. 

INSTRUMENT COMPLETIONS 

A total of 93 pore-gas sampling ports were installed in 14 boreholes in the 
study area. Completion diagrams of the installations are presented in Figures 
A-2, A-3, A-8, A-9, A-11 through A-15, and A-19 through A-23. 

A total of 38 thermocouple psychrometers were installed at the study area, 23 
in Hole LLP-85-03 and 15 in Hole LGP-85-07. Because of the presence of 
surface casing in Hole LLP-85-03, a shallow boring was drilled adjacent to the 
main hole and five psychrometers were installed in this second hole close to 
the ground surface (depicted in Figure A-4 as being in the same hole). 
Completion diagrams of the thermocouple-psychrometer installations are shown 
in Figures A-4 and A-7. Four pressure transducers were installed in 
Hole LLP-85-03, although the one at ground surface is actually in the shallow 
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adjacent boring described above. The completion diagram is shown in Figure 
A-4. 

Installation details were described in the second interim report (Bendix Field 
Engineering Corporation, 198Sb). The legends for the instrument installations 
are presented in Figure A-1. 

LEGEND FOR PORE-GAS SAMPLING-PORT INSTALLATIONS 

Gravel (0.25-inch) Tuff Backfill 

Gravel with Bentonite rn Tuff Cave-In Material 

iW Bentonite --- Sampling Port 

• 
Well Sand (approximate sieve size= 8) . 

8-lnch Cemented Surface Casing 

Stainless Steel Tubing Exiting 
2-lnch-I.D. Galvanized Pipe, Showing Coupling 

LEGEND FOR PSYCHROMETER AND TRANSDUCER INSTALLATIONS 

Tuff Backfill 

0 Bentonite 

---.. Psychrometer 

' Pressure Transducer 

m ' 
' -

2-lnch PVC Pipe (used to support psychrometers 
and transducers) 

Figure A-1. Legends for the Instrument Installations 
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II 

Depth Sample 
(leet) Interval 

Sample 
Number 

Rock 
Oual1ty 

Oesignalion/ 
Recovery (%) 

Installation GraphiC 
Log 

Figure A-2. 

Descnpt1on 

Unit 2b: Tahlrege Member ol the Bandelier Tuff 
Tuff is moderately welded and matrix color is very light gray (N8). Pumice lapilli (pum1ce 
fragments) are light gray and range in size from 5 to 10 mm. Honzontal fractures are 
coated with caliche at depths or 5 It 2 in and 5 It 7 in. The upper 3 to 4 It are very 
weathered. 

Chatoyant sanidine crystals, up to 3 mm in size. are present throughout this unit 

Color changes very slightly to pinkish gray (5YA8/1), representing contact between two 
!lows that cooled as one unit; slightly less coherent than above. 

Slightly more welded than above (moderately welded). 

Drilling becomes easier, representing contact with slightly welded base or Unit 2b. 

Unit 2a 
Tuff is slightly welded. Matrix color changes to grayish pink (5A8/2). Pumice lapilli are 
pale brown and grayish olive; compared with those in Unit 2b. they are larger (10 to 20 
mm) and more abundant. 
Sanidine and quartz crystals, less than 1 mm in size, are present. Slightly more welded 
than above (moderately welded). 
Slightly welded tuff. 

'Matrix color changes to pinkish gray (5YA8/1). 

Nonwelded. very disaggregated ash-flow tuff, from 62 to 64 lt. 

Tuff is slightly welded. Matrix color changes to light gray (N7). 

Abundant brown and occasional gray and green pumice lapilli, 10 to 20 mm in size. 

Near-vertical fracture is coated with ~ron-colored clay (limonite?). 

Unit 1b 
Tuff is slightly welded. Matrix grades to a color between pinkish gray (5YA8/1) and 
yellowish gray (5Y8/1). Pumice lapilli are predominantly brown and much smaller (5to 
10 mm) than those in Unit 2a. Lithic lapilll, 1 to 2 mm in size. start to appear and become 
more abundant with depth. 
Minor chatoyant sanidine crystals are present. 

Matrix is lighter in color, nearly very light gray (NS)·. 

Gradually becoming more welded with depth. 

Color grades to grayish pink (5A8/2). 

Brown pumice lapilli are abundant. 

Matrix is browner, nearly pale red (5R6/2). and tuff is moderately welded. 

High-angle fracture extends from 120 to 124 lt. 

Very large (up to 1 in.) lithic lapilli, w1th abundant small lithic lapilli. 

Undifferentiated tuff below 125ft. 

Lithologic Log of Hole LLM-85-01 
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Rock 
Quality 
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Recovery {%) 

InstallatiOn Graphic 
Log 

Figure A-3. 

· DescriptiOn 

Unit 2b: Tshlrege Member of the Bandelier Tuff 

Tuff is moderately welded, and matrix color is very light gray (N8). Pumice lapilli are 
light gray (N7). The upper 3 It are weathered. 
Horizontal fracture occurs at depth of 9.5 It; no caliche on surface. 
Color changes very slightly to pinkish gray (5YR8/1 ), which may indicate transition to 
lower flow of Unit 2b. 
Horizontal fracture occurs at depth of 12.5 It; coated with caliche. 

Large rust-colored fracture extends from 26ft 3 in. to 27ft 8 in.; white caliche and roots 
are present. 

Drilling becomes easier at approximately 33 It; tuff is only slightly welded. 

Near-vertical fracture extends from 35 to at least 40ft 6 in. The fracture appears open 
and has an iron stain approximately 2/16 in. wide. Tuff is more indurated close to the 
fracture, but is only slightly welded. 

Unll2a 
Color changes to grayish pink (5R8/2); tuff is slightly welded. Pumice lapilli-brown, 
gray, and green in color-are larger than those in Unit 2b. 

Fracture extends from 49 It 9 in. to 51 It 10 in.; it is marked with an iron-colored 
alteration band that widens with depth, but occur~ on only one side of the fracture plane. 
Tuff becoming more welded at depth. 

Fracture extends from 55 It 2 in. to 56 It 2 in.; it is similar to, and may be continuous with, 
the above fracture. 

Tuff is moderately welded. Pumice lapilli are still brown, green, and gray. 

Fracture extends from 73 to 73.5 ft. 
Matrix color changes to pinkish gray (5YR8/1 ); tuff is slightly welded. 

Very disaggregated ash, which may represent slightly welded lower portion of this unit. 
Unlt1b 

Pumice lapilli are predominantly brown and much smaller than those in the above units. 
Lithic lapilli, very scattered and small, are present and become more abundant with 
depth. Matrix grades to a color between pinkish gray (5YR8/1) and yellowish gray 
(5Y8/1 ). Tuff is slightly welded. 

Abundant brown pumice lapilli; larger fragments are noticeably flattened, representing 
the beginning of the transition to the moderately welded central zone of this unit. 

Quartz and feldspar in matrix becoming more abundant. Quartz is distinctively honey
colored and bipyramidal. 

Drilling becomes slightly more difficult and rock fragments are very abundant. Tuff is 
moderately welded. 

Same as above, except matrix color is more orang ish, nearly moderate orange pink 
(5YR8/4). 

Undifferentiated tuff below 125ft. 

Lithologic Log of Hole LLM-85-02 
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Figure A-4. 

Groplltc 
Log Doocrtptlon 

~ :-> ';; ','-:>:'):\!:1 Unit 2b: T1hlrege Member of the Bandellar Tuff 
1 1-.,;-• 1/" 1" I ;"1'1 

1 ~:~ ... ~~~~~~~~7~~..:;,-; Tuff Is more friable than that in Hole LLM-85-02. Matrix color is light gray (N7}. 
... ,~1'; ~'.,I~-,-:...:,: ... ;-:~ 
-~c·~!~i'- Horizontal fracture occurs at depth of 5 It 10 in.; coated with caliche. 

~-,,--,:, :.~J!j'/ ... .f,~ - '"-1 .... t.,. .... ',,_ ,, _ .... , ...,,,, "" -- ," 
,~,':/.:.::::(;,',,~Abundant quartz and sanidine crystals occur throughout this unit. /~1::; 1- ~'\ ,_1 ,-,;~~-;I 
~i~~~; Matrix color changes slightly to pmkish gray (5YR8/1 ), which may represent the 

contact between two flows that cooled as a single unit. 

Drilling becomes easier at depth of approximately 20 ft. 

- ,_, . _. Matrix becomes slightly pinker, to grayish pink (5R8/2). 
~,~-:; •:•:;~:';' High-angle (nearly 90 degrees) fractures extend from 30 It 8 in. to 31 It 2 in., from , , , , _ ,, ,,_ , ~- 31 It 8 in. to 32 It 8 in., from 35 to 37 It, and from 39.5 to 40ft. All four are heavily 
~~ ;:_,~r' ~ _ ;,/-\-:!,{ 1 stained with limonite. There appears to be a horizontal fracture lying between the 
~ ... ~~! ... ~~-l;_~:,~-S'~~ upper two high-angle fractures. Tuff becomes slightly welded. 
'\',1(_1 (',-,!_ ~~ ::;:~.!: .. -~- 1 (-'"...1 --,.:~,'~~S)"-;-- Pumice lapilli are much larger. up to 1.25 in. 

~I~~;Ji~~~. ,-,- ,_._, Unll2a 
,,_//~/,_/ 
,'.( ~'.( ~' / ~ Matrix becomes darker-to pale red (SRS/2)-at depth of 42 to 43 It; tuff is only 
\ 1_ \ 1-\ I:::/ 1 slightly ~elded. Occasional pumice lapilli are greenish (10Y4/2 to 10YS/4). ,,../,<,.../ ............. /~ 
\'~\'~\I~/ 1 Pumice lapilli are generally smaller, but occasional large pumice lapilli are quite 
,".( , .... .( , .... / ~ flattened. Tuff is moderately welded. 
/f /f /f,/f' 
.·~...-/Z .... /~ .... -;,, .. 
/f,/f,/f'), 
.\_.../\...-/\...-/\ 
l>' '' ' ' , .. 1 ~ -/\ '.J:i ~- \ IJ Small high-angle fracture occurs at depth of approximately 56 ft. 
' ' :1', /, .. 
'1'/f,/l,/f 
~,)z..,/~-~~-
'1'/ 1,/ ,,/f 
~//~/~-~~ .. 
'1'/f,/f,/f 

Tuff is slightly welded. Pumice lapilli become more abundant, not very flattened, 
and are predominantly brown in color, but occasional gray and green fragments 
were observed. ~//~..,)~,',\ .. 

"1~/j':.../t~), 
~----/~ .... 'y~...- /.), ~ Some relatively large olive or greenish-colored pumice lapilli are still present. 
,,::_/,~//~.// 
~----/~----/~----A-
't~/,~/,~/' 
IZ"{~',/Z" /~-
.. , ....... /f,/f~/1 
'----/z----/~----/1,.. 
~~ 
"' t" "' > . ..,"' ..- ~ > 1\ L I'" 

• .lo ..... 'T 1\,. -.1 

' ..... (.. <r ',... 
~ L. .J, <. ..& ..., ..t 

.). ~ t'" > ,.. .., < 

Unlt1b 
Tuff is slightly welded. Matrix changes to a color between light gray (N7) and 
yellowish gray (5Y8/1). Pumice lapilli are much smaller and predominantly brown. 

\)..., ..... ~ &. """" 

-,,.... ,_' "..., ..,~ " : r :1 Minor amounts of quartz and sanidine crystals are present. .., < ,. ~"' > 
'/l.~..,"'<~:l"'>..t: 
• .., '(' .., 1,. ~ ..... ..: 

... .., .... "-.., ",... 1-

~ < "' .., ., -.1 ~ .., " 

.- ..,,.. ": ~.o.., > ... ~,..J ~ .:.i Drilling becomes very easy. indicative of slighty welded tuff. 
7 t" > "' > "' > 

.. ,'" .., .., '"'-,.." " , "'~ Quartz crystals bec~me more abundant. but only traces of chatoyant sanidine "' >.., ".J,J..J"'- ~ occur in pumicelaptlli. 
7 L (""' .lo 
~ ..... ,.. ... .., > "t" 

..,., > "' t",...:. ("' "" 
'- "'..,j, 1/ ".., 

Brown pumice lapilli are abundant and very flattened. 

Installation of Thermocouple Psychrometers and Pressure 
Transducers in Hole LLP-85-03 (Note: The psychrometers 
;n ~nP "~"-~ 1n ~~ o~~ 1n~a+oA ~- ~1, .... 1 , ......... , ~~-:--

adjacent to the main hole.) 
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Figure A-5. 

Detcrlptlon 

Tuff is moderately welded, and matrix color is between light gray (N7) and very 
light gray (N8). Pumice lapilli, 2 to 10 mm in size, are light gray to medium light 
gray. Chatoyant sanidine crystals are 1 mm in size. The upper 4 ft are very 
weathered and contain abundant horizontal fractures with iron stains and root 
structures. 

Same as above, except rare lithic lapilli up to 40 mm in size are present. 

Same as above, except clear quartz and chatoyant blue sanidine crystals, 1 to 2 
mm in size, are abundant. 

Color changes to grayish pink (5R8/2) at depth of approximately 34 ft. Drilling 
becomes easier at depth of 33 ft, representing contact with lower flow and/or 
slightly welded portion of Unit 2b. Pumice lapilli range in size from 2 to 10 mm. 

Unit 2a 

Matrix color still grayish pink (5R8/2); slightly welded tuff. Pumice lapilli are larger 
(5 to 30 mm). but still predominantly gray. Quartz and sanidine crystals, less than 1 
mm in size, are present. 

Fracture extends from 48 to 48.4 ft. 

Tuff is slightly welded. Pumice lapilli are same size as above (5 to 30 mm), but 
olive or greenish-colored fragments are present. 

Small fracture, filled to 1/6 in., extends from 54 to 55.5 ft. 

Fractur~ occurs at depth of approximately 58 It; very broken-up core. 

Tuff is gradually becoming moderately welded at depth. 

Matrix color still grayish pink (5R8/2). Pumice lapilli are larger (10 to 40 mm). but 
still predominantly brown with occasional olive or greenish-colored fragments. 

Tuff is slightly welded, and matrix color lightens to nearly pinkish gray 
(5YR8/1 ). Chatoyant sanidine crystals are still present. 

Unit 1b 

Tuff is slightly welded, and matrix color becomes lighter, between pinkish 
gray (5YR8/1) and yellowish gray (5Y8/1 ). Abundant quartz, but chatoyant sanidine 
was not observed. Pumice lapilli are brown and much more abundant than in Unit 
2b. 

Lithic lapilli, up to 2 mm in size, are present in small amounts. Pumice lapilli are 
brown, but slightly larger (20 to 40 mm) than those in upper intervals. Tuff is slightly 
welded. 

Lithic lapilli are abundant, but still small (less than 2 mm). 

Tuff is moderately welded, and matrix color is becoming more pinkish (5R8/2) 
which may represent contact with the more densely welded portion of Unit 1 b. Rock 
or lithic fragments are becoming much larger. Pumice lapilli are very large. Quartz 
crystals, dark- to honey-colored, are abundant. 

Scattered, large lithic lapilli. Large pumice lapilli are very flattened. 

Matrix color changes to pale red (10R6/2). 

Matrix color changes to pinkish orange (nearly 10R7/6); slightly welded 
lower portion of Unit 1 b. 

Lithologic Log of Hole LLM-85-05 
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Figure A-6. 

Oeacrlptlon 

One foot of medium-brown soil merges into light-gray (N7) ash-flow tuff, which is 
moderately welded. Pumice lapilli, 2 to 10 mm in size, are medium light gray. 
Sanidine and quartz are abundant. Iron-stained fracture extends from 5 It 10 in. to 6 
It 1 in., and caliche-filled fracture from 6 It 4 in. to 6 It 7 in. · 

Caliche-filled fracture extends from 9 to 9.5 ft. 

Matrix color grades to very light gray (N8). Light-gray pumice lapilli, 2 to 10 mm in 
size, are present from ground surface to approximately 8ft. 

Matrix color is between very light gray (N8) and light brownish gray (5YR6/1 ). 

Near-vertical fracture extends from 29 to 29.5 It; tuff still appears moderately 
welded. 

Unit 2a 
Tuff appears fissile, but still moderately welded; drilling is slightly easier. No 
obvious color change. Pumice lapilli are·brown and gray, and larger (10 to 30 mm) 
than those in the upper unit. 

Near-vertical fractures extend from 41 It 4 in. to 42 It 2 in. and from 43 to 43.5 It; 
the former appears to be open. 

Matrix color is very light gray (N8). 

Tuff is nonwelded, and pumice lapilli are larger. 

Unit 1b 
Tuff is only slightly welded. Matrix becomes almost white (N9). Pumice lapilli are 
predominantly brown from 59 to 69 ft. 

Matrix darkens to light gray (N7). 

Matrix color changes to grayish pink (5R8/2) at depth of approximately 69ft. 

Small lithic lapilli, 1 to 2 mm in size, are present in small amounts. 

Lithic lapilli are more abundant; brown pumice lapilli are larger. 

Matrix color becomes pinker, to pale red (5R6/2), and tuff is gradually becoming 
more welded. Lithic lapilli increase in size. Bipyramidal quartz crystals, gold to tan 
colored, are abundant. 

Transition to moderately welded zone of Unit 1 b. Matrix color changes to grayish 
orange pink (5YR7 /2). Bipyramidal quartz crystals are still abundant and increasing 
in size (up to 4 mm). 

Tuff is moderately welded, and color changes to moderate orange pink (5YR8/4). 

Same as above, except tuff is only slightly welded, representing the base of 
Unit 1b. 

Unit 1a 
Completely nonwelded ash, moderate orange pink (5YR8/4), with scattered lumps 
of tan pumice lapilli. 

Completely nonwelded ash, with large (some greater than 2 in.) pumice and rock 
lapilli. 

Lithologic Log of Hole LGM-SS-06 
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Unit 2b: Tshlrege Member of the Bandelier Tuff 

Soil cons1sting of weathered tuff extends from ground surface to 5 ft, and contains 
scattered root material. 

Matrix color is between very light gray (N8) and light gray (N7). Pumice lapilli, 5 to 
10 mm in size, are light gray. 

Tuff is moderately welded. Chatoyant sanidine and quartz crystals are abundant. 

Near-vertical, noncoated fracture(?), possibly open. extends from 21 ft 7 in. to 22 It 
1 in. 

Unlt2a 

Tuft appears fissile and slightly less welded; drilling is easier. Matrix color is 
between light gray (N7) and very light brownish gray (5YR7/1 ). Pumice lapilli are 
larger (10 to 20 mm) and predominantly brown . 

Matrix color darkens to medium-light gray (N6). 

lnstallat1on or ihermocouple Psycnrometers 1n nor~ uur-oj-oJ 
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Graphic 
Log Description 

Unll2b: Tshlrega Member of the Bandelier Tuff 
The upper 5 tt are weathered and loose. and predominantly brown in color. 

Possible horizontal fracture occurs at depth of 6 It 10 in.; very slight discoloration 
to brown on the surface. Tuff.is moderately welded. 

Matrix color is very tight gray (NS). 

Fractures extend from 9ft 6 in. to 9 It 9 in. and from 10ft 1 in. to 10 It 4 in.; both 
appear to dip approximately 45 degrees and have slight brown coloring on the 
surfaces. 
Concentrations of larger pumice tapilli may represent the boundary between 
separate flows within this unit. 
Matrix color changes to pinkish gray (5YA811). 
Tuff appears slightly fissile, but is still moderately welded. 
Possible noncoated fracture extends f•om 19 It to 19 It 3 in. 

Slightly less welded than above. 

t.'' _, 1 '..!..:.! "~ Matrix color becomes very slightly pinkish, with very small, brown pumice 
-.,~ ' tapilli, probably indicating a transitional contact with Unit 2a. 

Unlt2a 
Matrix color is definitely pinkish. Sanidine and quartz are present. Approximately 
75% of the pumice tapilli are brown, 25% green (olive). 

Matrix color changes to light brownish gray (5YA6/1 ). 
Tuff is moderately welded. 
Near-vertical, iron-stained fracture extends from 35 It 4 in. to 36 It 4 in. 

Near-vertical, noncoated fracture extends from 40 It to 40 It 8 in. 
Slightly welded tuff. 
Unit 1b 
Matrix color changing to very tight gray (NS) to almost white (N9) at depth of 43 to 
44 It; tuff is only slightly welded. Pumice lapilli are predominantly brown; occasional 
large pumice fragments appear flattened. Sanidine crystals are abundant. 

Matrix color changes to white (N9) at depth of 52 ft. 

Pumice lapilli are still brown, but becoming larger in the interval 59 to 63ft. Lithic 
lapilli are abundant, up to 'h in. in size at depth of 59 ft. Quartz crystals are honey
colored. Slightly welded tuff is grading to moderately welded unit below. 
Near-vertical fracture, slightly iron-stained, extends from 61 to 62 ft. 

Drilling becomes more difficult, and tuff is moderately welded. Lithic lapilli are 
larger. This more welded material probably represents the central portion of the 
Unit 1 b cooling zone. Fresh glass shards were observed. 
Matrix color grades from pinkish gray (5YR8i1) to very pate orange (1 OYRS/2) to 
light brown (5YR6/4). 
Tuff is slightly welded, and looks like the rest of Unit 1 b except the color is 
becoming very orange. Lithic lapilli are still very abundant. and quartz crystals are 
still honey-colored. 
Unit 1a 
Completely nonwelded, orange-colored ash with large pumice 
lapilli. The latter are distinctively light brown or cream-colored. Only scattered lithic 
lapilli were observed, one 1 in. in size and another 1/16 in. in size. 

Matrix color is moderate orange pink (5YR8/4). 

Same as above, except dampness observed at depth of approximately 88 ft. 

Same as above, except matrix color changes to 11ght tan [approximately 5Y8/1 
(yellowish gray)] and green pumice lapilli are scattered throughout. 

Figure A-8. Installation of Pore-Gas Sampling Ports in Hole LGC-85-09 
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F'i gure A-9. 

Graphic 
Log DucrlpUon 

Unit 2b: Tshlrege Member of the Bandelier Tuff 
Weathered-tuff soil horizon extends to depth of 20 in. 
Tuff is moderately welded, and matrix color is light gray (N7) to very light gray 
(N8), with abundant light-gray pumice lapilli and quartz and sanidine crystals. 
Near-vertical fracture extends from 4 to 5 ft. 

Tuff is moderately welded, and matrix color is very light gray (N8). 

Transitional contact(?) with lower flow of Unit 2b, indicated by larger (10 to 20 
mm) pumice lapilli, some of which are slightly greenish, and larger sanidine 
crystals. 

~ Horizontal fracture occurs at depth of 31.5 ft. 
· Unll2a 

Tuft is moderately welded. Matrix color changes to light brownish gray (5YR6/1 ). 
Pumice lapilli are predominantly brown, though some "are greenish-colored, and 
larger in size (up to 30 mm). Quartz and chatoyant sanidine crystals are less than 1 
mm in size. 

.• Matrix color darkens to brownish gray (5YR4/1 ). 

~:~"~'~~~~ Matrix color lightens to light brownish gray (5YR6/1). 
Tuff is slightly welded. 
Near-vertical fracture extends from 52 to 53.5 ft. 
Pumice lapilli are larger. 

~· ""'",P~ Unit 1b 

j> ¥ a -: .... < " ... I 

Tuft is slightly welded. 
Matrix color changes to light gray (N7) and is less welded than in the interval 49 to 
54 ft. Pumice lapilli are smaller, and range from light brown to gray in color. 

Sparse, small lithic lapilli begin to appear. 

Drilling becoming more difficult with depth, indicating start of transition to 
moderately welded zone below; lithic lapilli still sparse and small. 

Matrix color becomes slightly pinkish, to pinkish gray (5YR8/1 ). Lithic lapilli are 
larger and more abundant. 

Tuft is moderately welded, and matrix color darkens to light brownish gray 
(5YR6/1 ). 

Dark- to honey-colored quartz crystals increase in size and abundance. 

Lithic lapilli, up to •;, in. in size. become more abundant. 

Matrix color changes to moderate orange pink (5YR8/4). 

Vertical fracture extends from 94.5 to 96 ft. 

Tuft is slightly welded. Lithic lapilli up to 1 in. in size are common. 

Installation of Pore-Gas Sampling Ports in Hole LGC-85-10 
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Figure A-10. 

Deacrlpllon 

Unit 2b: Tshlrege Member of the Bandelier Tuff 
Weathered-tuff soil horizon extends to depth of 3ft. 
Moderately welded tuff. 

Matrix color ranges from very light gray (N8) to very light brownish gray (5YR7/1). 
with light-gray pumice lapilli. Near-vertical fractures extend from 5 to 6 It and from 
6.5 to 7.5 ft. 

Quartz and chatoyant blue sanidine crystals are present. 

Iron-stained, caliche-filled fractures, dipping approximately 45 degrees, occur at 
depths of 15.5 and 17.5 ft. 

Iron-stained fracture, dipping approximately 45 degrees, occurs at depth of 20ft. 

Pumice lapilli, 3 to 10 mm in size, are still light gray. 

Unit 2a 
Tuff is moderately welded, and matrix color is very light gray (N8) with a slight 
pinkish cast [nearly pinkish gray (5YR8/1)]. Pumice lapilli are larger and predom
inantly brown, though some are greenish-colored. Quartz and chatoyant sanidine 
crystals are present. 

Tuff is only slightly welded. Pumice lapilli-some brown, some 
green-are very large. Sparse, small lithic lapilli are present. 

Unit 1b 
Tuff is slightly welded, and matrix ranges in color from very light gray (N8) 
to almost white (N9). 
Fracture (?).dipping approximately 45 degrees, occurs at depth of 66ft. 

Lithic lapilli begin to appear, becoming larger and more abundant with depth. 

Fractures, dipping approximately 45 degrees, occur at depths of 75.5 and 76.5 ft. 
Tuff is slightly more welded than above, and matrix color is pinkish gray (5YR8/1 ). 

Tuff is moderately welded. 

Quartz crystals are abundant and distinctively honey- or tan-colored. 

Matrix color changes to moderate orange pink (5YR8/4) at depth of 93ft. Lithic 
lapilli becoming very large, up to 3 in. in size. Pumice lapilli are still small and brown. 
Quartz crystals are same as above. 
Pumice lapilli increase in size, and some are gold- to tan-colored (similar to those 
in Unit 1a). 

Tuff is only slightly welded. Lithic lapilli are less abundant, but range up to 3 in. 
in size. Quartz crystals are same as above. 
Unit 1a 

Completely nonwelded tuff, moderate orange pink (5YR8/4), with scattered, 
large, golden-tan, pumice lapilli and lithic lapilli. 

Same as above. 
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De•crlptlon 

Unit 2b: Tshlrege Member of the Bandelier Tuff 

Soil consists of weathered tuft and some fill (tuff). 
Matrix is light gray (N7), with common quartz and chatoyant sanidine crystals. 
Iron-stained fractures, dipping 45 degrees, occur at depths of 5 It, 6 It, and 6 It 8 in. 
Pumice lapilli are medium light gray, except for a very few which are light green. 

Same as above. 

Horizontal fractures occur at depths of 24 It 8 in., 25ft. 25 It 7 in., and 26ft. 

Pumice lapilli are gray and range from 2 to 10 mm in size. 

Tuff appears only slightly welded (from surface), possibly the result of weathering 
due to the hole's proximity to the edge of the mesa. 

Unlt2a 
Tuff is moderately welded and matrix color changes to pinkish gray (5YR8/1 ). 
Pumice lapilli are larger (10 to 20 mm) and predominantly brown. Vertical fracture, 
with roots, occurs at depth of 41 ft. 

Pumice lapilli are brown and greenish-colored. 

Matrix color darkens slightly, to nearly light brownish gray (5YR6/1). 

Fracture, dipping approximately 45 degrees, occurs at depth of 55.6 It Quartz 
crystals are dominant phenocrysts. 

Matrix color lightens, back to pinkish gray (5YR8/1). Lithic lapilli are small (1 to 2 
mm) and very sparse. Minor amount of sanidine crystals. 

Sanidine and quartz crystals are abundant and present in equal amounts. 

Pumice lapilli-some brown, some green-are larger than above. 

Tuff is slightly to moderately welded. Matrix color is very light gray (N8). 
Unlt1b 

Tuff is slightly to moderately welded, and matnx is becoming lighter. to a color between 
very light gray (N8) and white (N9). Pumice lapilli range up to 30 mm in size. 

Sanidine and quartz crystals are present'" approximately equal amounts. Quartz 
crystals are distinctively honey- or tan-colored. Pum•ce lapilli range up to 40 mm in 
size. No lithic lapilli were observed. 
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Figure A-12. 

Graphic 
Log Oetcrtptlon 

Unit 2b: Tohlrege Member of the Bandelier Tuff 
Weathered-tuff soil horizon extends to depth of 10 in. 
Matrix 1s light gray (N7), and tuff is weathered to a depth of 4ft. 

Tuff is moderately welded. 

Pumice lapilli are 5 to 10 mm in size, and slightly darker than light gray. 

Matrix is light brownish gray (SYAS/1), with common sanidine. Pumice lapilli are 
light gray and average 5 to 10 mm in size. 

Near-vertical, iron-stained fracture occurs at depth of 22.5 ft. 

Near-vertical. iron-stained fracture occurs at depth of 35 ft. 
Tuff is slightly welded. 
Pumice lapilli are larger (20 to 45 mm). 

Fractures, dipping approximately 45 degrees, occur at depths of 42, 42.5, and 47 ft. 

Unlt2a 

Matrix color is light brownish gray (5YR6/1 ). Quartz crystals are more abundant 
than in Unit 2b. Some brown pumice lapilli were observed. 

Core recovery is excellent; no breaks occurred in the three 5-ft sections frnm 49 to 
64 ft. Tuff is slightly more than moderately welded. 

Some large (20 to 40 mm) pumice lapilli have rims altered(?) to brown color. 

Matrix color is same as above. Pumice lapilli-brown, gray, and a few green
average approximately 10 mm in size. Phenocrysts, averaging 3 mm in size, are 
predominantly sanidine with some quartz. 

Tuff is still moderately welded, but matrix color changes to grayish orange pink 
(5YA7/2). 

Sanidine crystals decrease in s1ze. 

Same as above. except pumice lapilli average 10 mm in s1ze. w1th some as large as 
50 mm. Sanidine crystals are small, and quartz was not observed. 

Matrix color changes to light gray (N7). Pumice lapilli are medium light gray and 
average 10 mm 1n size. 

Matnx color changes back to grayish orange pmk (5YA7/2). Equal amounts of 
brown and gray pum1ce lapilli are present. 
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Graphic 
L09 Description 

Unit 2b: Tshlrege Member of the Bandelier Tuff 

Tuff is moderately welded, and matnx color :slight brownish gray (5YR6/1). 
Horizontal fracture occurs at depth of 1.5 ft. Pum1ce lapilli are small and gray. 
Quartz and sanidine crystals are small and clear. 

Matrix color changes to very light gray (N8), which probably represents the 
contact with the lower flow of Unit 2b. 

Fractures, dipping approximately 45 degrees. occur at depths of 18 It 2 in. and 19 
ft 3 in. 

_, Lithic lapilli are sparse and range up to 30 mm in size. 

Matrix color changes back to light brownish gray (5YR6/1) at depth of 26ft. 
Fractures. dipping approximately 45 degrees, occur at depths of 25 and 28ft. 

Pumice lapilli-some brown, some gray-range in size from 10 to 40 mm. 
Drilling becomes much easier at depth ol 32 ft. representing the contact w1th the 
slightly welded base of Unit 2b. Matrix color changes to grayish orange pink 
(5YR7/2). Fracture, dipping approximately 45 degrees, occurs at depth of 31 ft. 

Unlt2a 

Tuff is slightly welded, and matrix color is light brownish gray (5YR6/1). 
Pumice lapilli-some brown. some green-range in size from 10 to 30 mm. 

Tuff is slightly welded, and matrix color changes to grayish pink (5R8/2). 
Lithic lapilli are sparse and average 5 to 10 mm in size. with some up to 40 mm. 
Pumice lapilli are same as above. 

Near-vertical fractures occur at depths of 49, 52. 53, 54, and 57 ft. This may be one 
fracture. observed entering and exiting the core. 

Tuff is moderately welded, and matrix changes to a color between grayish pink 
(5R8/2) and grayish orange pink (5YR7 /2). Pumice lapilli are predominantly brown. 
and average 10 to 40 mm in size. Lithic lapilli are still sparse. but larger (20 to 40 
mm). 

Matrix color changes to grayish orange pink (5YR7 /2); otherwise same as above 
except fewer lithic lapilli. 

Same as above. except lithic lapilli are more abundant. 

Same as above. except no lithic lapilli were observed. 
Tuff is slightly welded. Matrix color lightens to grayish pink (5R8/2). Pumice 
lapilli-brown and green-are larger (20 to 50 mm). Sanidine and quartz crystals 
are very small and clear. 

Unlt1b 

Tuff is slightly we!ded. Matrix color cnanges to light gray (N7). Brown pumice 
1ap1lli are smaller (10 to 25 mm). Lithic lapilli and quartz crystals are common. the 
latter ranging up to 3 mm in size. Near-vertical fractures occur at depths of 85. 88. 
and 89ft. 

Same as above. except quartz crystals are larger (4 mm) and more abundant. 
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Grophlc 
Log Deacrlptlon 

-• Unit 2b: Tshlrege Member of the Bandelier Tuff 

Soil layer extends to depth of approximately 4 in. Tuff is moderately welded, and 
matrix color is very light gray (N8) to grayish pink (5R8/2). Pumice lapilli are small 
and light gray. Clear quartz and sanidine crystals, less than 1 mm in size. are 
common. High-angle, iron-stained fractures, with caliche infill. occur at depths of 1 
and 5 ft. 

Same as above. except matrix color changes to very light gray (N8). 

Same as above, except matrix color changes to light brownish gray (5YR6/1 ). 

"Same as above, except pumice lapilli are larger (up to 10 mm). 

Tuff is moderately welded, and matrix color grades to grayish pink (5R8/2). 
Pumice lapilli-most gray, but some brown-range in size from 10 to 40 mm. 

Low-angle fracture occurs at depth of 31 It 10 in. 
Same as above, except tuff is slightly welded. 

Unit 2e 

Tuff is slightly welded, and matrix color still grayish pink (5R8/2). Pumice 
lapilli-most brown,"bul some green (olive)-range in size from approximately 10 to 
50mm. 

High-angle fracture occurs at depth of 47.5 ft. 

Tuff is moderately welded, and matrix color grades to pale red (5R6/2). 
Same as above, except matrix color changes to grayish pink (5R8/2). 
High-angle fracture occurs at depth of 51 It 6 in. Pumice lapilli become larger, 
some up to 60 mm. 

Matrix color grades back to grayish pink (5R6/2). Pumice lapilli become smaller, 
ranging in size from 5 to 15 mm. 

High-angle fracture occurs at depth of 67ft. 
Same as above, except sparse lithic lapilli are present. 

High-angle fracture occurs at depth of 77ft. 

Tuff is slightly to moderately welded. 

Unit 1b 

Tuff is slightly to moderately welded. Matrix color changes to pinkish gray 
(5YR8/1). Pumice lapilli are predominantly brown and range from 10 to 20 mm in 
size. Quartz crystals. up to 4 mm tn size, are abundant. Lithic lapilli are more 
abundant than above. ranging in size from 5 to 15 mm. 

Pumice lapilli increase in size to 30 mm. 

Same as above, except matrix color changes to very light gray (N8). 

Pumice lapilli increase in size to 50 mm. 

Installation of Pore~Gas Sampling Ports in Hole LLC-85-15 

A-24 

, 



:r 
N 
(JI 

Depth 
(I eel), 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

Installation 

Figure A-15. 

Graphic 
Log Description 

Unit 2b: Tshlrege Member of lhe Bandelier Tuff 
Soil and weathered tuff extend to depth of 16 in. 

Tuff is moderately welded, and matrix color is grayish pink (5R8/2). Pumice lapilli 
are light gray and range up to 10 mm in size. Quartz and sanidine crystals range up 
to 4 mm in size. Near-vertical fractures occur at 3 It and from 6 to 7ft. 

Same as above. 

Reworked ash (crossbedding) occurs at depth of 15 It 5 in. The material is orange 
and represents the contact between the upper and lower flows in Unit 2b. 

Still moderately welded, grayish-pink (5R8/2) tuff. 

High-angle fracture, with iron alteration, occurs at depth of 25 It 10 in. 

Tuff is still moderately welded, but matrix color changes to grayish orange pink 
(5YR7 /2). 

Tuff is slightly welded, and drilling becomes easier at depth of 34ft. 
High-angle fractures (one continuous fracture?) occur at depths of 34, 36, and 37ft. 
Pumice lapilli are gray and brown, and range in size from 10 to 20 mm. Quartz and 
sanidine crystals are less than 1 mm in size. 

Unit 2a 

Tuff is slightly welded, and matrix color is light gray (N7). Pumice lapilli 
are brown, gray, and green. Sanidine and quartz crystals are larger, up to 3 mm. 
Vertical fracture with silt infill extends from 41.5 to 45.6 It; it was probably filled in 
with reworked ash prior to deposition of Uf"lit 2b. 

Tuff is moderately welded, and matrix color changes to grayish pink (5R8/2). at 
depth of approximately 46ft. Pumice lapilli are brown and green. 

Tuff is slightly less welded than above, and rare lithic lapilli are present. 

Unit 1 b 
c Tuff is slightly to moderately welded. Matrix color changes to light gray (N7). 

~ I,.. ..1 "' 
v ,. \,.-.) .... "' < '
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Pumice Japilli are predominantly brown and range in size from 20 to 40 mm. Quartz 
and sanidine crystals are still common. Lithic lapilli are larger (up to 30 mm) and 
more abundant. 

High-angle fracture occurs at depth of 92.5 ft. 

Matrix color lightens to very light gray (N8). Pumice lapilli are larger (up to 50 
mm). Lithic lapilli are common. 
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Figure A-16. 

De•crlptlon 

Unit 2b: Tshlrege Member of the Bandelier Tuff 

Soil and weathered tuff extend to approxlmately 3ft. 

Tuff is moderately welded, and matrix color is light gray (N7). Pumice lapilli are 
gray and range in size from 5 to 10 mm. Quartz and sanidine crystals, less than 1 
mm in size, are abundant. 

Same as above. Altered, high-angle fracture, with silt infill and roots, occurs at 
depth of 11 It 2 in. 

Matrix color is grayish pink (5R8/2) and pumice lapilli are larger (up to 30 mm). 
representing transition to lower flow of Unit 2b. Quartz and sanidine crystals same 
as above. 

Same as above, except sparse lithic lapilli are present and quartz and sanidine 
crystals increase in size to 3 mm. 

High-angle fracture extends from 27 to 28.5 ft. 

Slightly welded base of Unit 2b; drilling becomes easier. Pumice lapilli increase in size 
to 50 mm, while quartz and sanidine crystals decrease in size to less than 1 mm. 

Unit 2a 
Tuff is slightly welded. Matrix color is pale red (5R6/2). Pumice lapilli are brown 
and green, and range in size from 10 to 30 mm. Quartz and sanidine crystals range 
up to 2 mm in size. 

Tuff is moderately welded; matrix color lightens to grayish pink (5R8/2) at depth of 
approximately 45ft. 

Same as above. 

Same as above, except pumice lapilli are larger (up to 40 mm) and quartz and 
sanidine crystals are smaller (less than 1 mm). High-angle fracture occurs at depth 
of 61ft. 

Same as above, except tuff is slightly welded. 

Same as above. 

Unit 1 b 
Tuff is slightly welded, and matrix color changes to light gray (N7). Lithic 
lapilli are present in minor amounts, ranging in size to 20 mm. Pumice lapilli-most 
brown, but some green-range up to 40 mm in size. Quartz crystals are larger and 
honey-colored. 

Tuff is slightly to moderately welded, and matrix color changes to grayish orange 
pink (10R8/2). Pumice lapilli are brown and range up to 50 mm in size. Quartz and 
sanidine crystals, ranging u·p to 2 mm in size, are common. Lithic lapilli, ranging up 
to 50 mm in size, are also common. 

Tuff becoming moderately welded. 
Same as above, except small (2 to 4 mm) lithic lapilli are abundant. 

Matrix color changes to more intense grayish orange pink (5YR7/2). Quartz 
crystals are gold, bipyramidal, and more abundant than above. Small (less than 1 to 
2 mm) lithic lapilli are very abundant, but those as large as 60 mm are sparse. 

Same as above, except matrix color changes to light brown (5YR6/4). 

High-angle fracture extends from 122 to 123ft. 

Tuff is slightly welded, and matrix color changes to moderate orange pink (5YR8/4). 
Pumice lapilli are grayish orange (similar to those in Unit 1a) and range up to 50 mm 
in size. Rest of matrix is similar to above. 

Occasional greenish pumice lapilli are present. 

Unit 1a 

Completely nonwelded ash, moderate orange pink (5YR8/4) in color. Large 
grayish-orange (10YR7/4) pumice lapilli are abundant. Lithic lapilli range up to 50 
mm in size. 
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Deacrtptlon 

Unit 2b: Tahlrege Member ollha Bandelier Tuff 

Weathered tuff (fill?) extends to depth of 4 ft. 

Tuff is moderately welded. and matrix color is light gray (N7). Pumice lapilli are 
gray and range from 5 to 10 mm in size. Quartz and sanidine crystals, up to 1 mm in 
size, are abundant. 

Low-angle fracture occurs at depth of 11 ft. 

Pumice lapilli are larger, which may indicate transition to lower flow of Unit 2b . 

Same as above, except quartz and sanadine crystals mcrease in size to 3 mm. 

Tuff is slightly to moderately welded. Matrix color changes to pale red (5R6/2) at 
depth of 33ft. Pumice lapilli are larger (10 to 20 mm), while quartz and sanidine 
crystals are smaller (less than 1 mm). High-angle fracture, with iron alteration. 
extends from 33 to 35 ft. 

Unlt2a 
Tuff is slightly to moderately welded. Matrix color is still pale red (5R6/2). Quartz 
crystals· are larger (up to 3 mm). Pumice lapilli change from gray to brown and 
green. 

Same as above, except quartz crystals decrease in size to tess than 1 mm. 

Same as above, except sparse lithic lapilli, 5 to 10 mm in size, are present. 

No core was recovered for the interval 64 to 74 ft. 

Same as above, but tuff is only slightly welded. 

High-angle fracture extends from 78 to 79 ft. 
Unit 1b 
Tuff is slightly welded. Matrix color changes to light gray (N7) at depth of 79ft, 
and to very light gray (N8) at depth of 84ft. Pumice lapilli are predominantly brown. 
Lithic lapilli are sparse. 

Same as above. 
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Figure A-18. 

Descnption 

Unit 2b: Tshlrege Member of the Bandelier Tull 
Soil horizon extends to about 10 in. in depth. Matrix is light gray (N7). Pumice lapilli are 
light gray to gray and have iron-stained alteration rims. Tuff is moderately welded. 

Near horizontal iron-stained fracture at depth of 10ft. Abundant phenocrysts of quartz 
(3-5 mm) and san1dine (1-3 mm). 

Matrix color changes to grayish orange pink (5YR 7/2). Scattered lithic lapilli up to 10 
mm are present. 

Color as above; tuff is slightly welded. 

Pumice lapilli slightly darker than above (5YR 6/1) and are occasionally flattened. 
Scattered lithic lapilli up to 30 mm are present. 
Tuff becomes moderately welded. Near-vertical fractures with iron-staining are present 
at depths of 23 and 25 ft. 
Tuff becoming slightly welded. 
Small, 1- to 2-mm spots of rust colloration are present. 

Unit 2a 

Tuff appears fissile and is nearly non-welded. Matrix color is still grayish orange pink 
(5YR 7/2). Tuff still contains abundant spots of local iron-staining. 

Tuff is slightly welded. Pumice lapilli appear slightly larger than above, and some are 
greenish-gray in color. 

Vertical fracture with only minor iron-staining from a depth of 50 to 53 ft. 

Tuff is more coherent than above, but still only slightly welded. Scattered pumice lapilli 
are up to 30 mm in size but most average around 3-4 mm. 

As above; tuff is slightly welded. 

Lithic lapilli around 2 mm in size begin to appear. Pumice lapilli are mostly gray and 
display alteration rinds of rust-color. 

Tuff becomes moderately welded. 

Occasional lithic fragments up to 30 mm. Matrix color becoming grayer (5YR 7/1 ). Iron 
rust-spots (1 to 2 mm) are still common. Pumice lapilli appear slightly flattened. 

Tuff becomes slightly welded. Pumice lap1lli average 6 to 8 mm, are not flattened, and 
are about 70% gray and 30% greenish-colored. Trace of 1- to 2-mm sanidine is present. 

Rare lithic lapilli are up to 30 mm in size. Matrix color between pinkish gray and pinkish 
white (5YR 7/2 to 5YR 8/2). 

Unit 1b 

Matrix color is pinkish white (5YR 8/2). Tuff is slightly welded. Brown-colored pumice 
lapilli predominate Minor amounts of quartz and sanidtne are present. 

Matrix color is white (5YR 8/1 ). 

Pumice lapilli are dominantly brown in color. Lithic lapilli from less than 1 to 5 mm 
becoming abundant. 

Scattered white colored pumice lapilli are present. Quartz phenocrysts (many obviously 
bipyramidal) are becoming more abundant. Minor sanidine phenocrysts are present; 
these are not chatoyant, but can be identified on the basis of striated crystal faces. 

Golden color of quartz phenocrysts is due to iron staining of the tuff immediately 
surrounding the quartz. 

Matrix color darkening slightly to pinkish white (5YR 8/2). Lithic lapilli becoming larger, 
up to 35 mm, but most fall into size range of 1-5 mm. 

Transition to moderately welded portion of Unit 1 b. 

Matrix color changes to orange (5YR 7/4). Tuff feels damp to the touch immediately 
upon retrieval. 

Care must be struck with a hammer to break and is moderately welded. 
Probable vertical fracture present from 152 to 153ft. 

Tuff becomes slightly welded. 

Unit 1a 
Tuff is non-welded. Lithic lapilli predominantly from 2-5 mm in size with some up to 30 
to 60 mm. Quartz phenocrysts, similar to above units, increase in number. Matrix color 
as above. Pumice lapilli are a distinctive tan color. Scattered reddish-yellow (5YR 6/6) 
pumice lapilli. 

Matrix color changes to a tannish color (7.5YR 7/4) at 169.5 ft. 

Occasional tan pumice lapilli up to 45 mm. 

Color changes to pink (5YR 7/3). 

Tuff becomes slightly welded at 194ft. 

Lithologic Log of Hole LLC-86-19 
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Figure A-19. 

. Description 

Unit 2b: Tahlrege Member ol the Bandelier Tull 
Matrix is light gray (N7). Tullis moderately welded. Pumice lapilli are light gray in color. 

Tull is less welded than above. Fractures, dipping approximately 45", are present at 
depths of 12, 13, 16.5, 20. 21, 23, 24.5, 25.5, and 26.5 ft. Iron staining is present along 
fractures between 20 and 30ft. 

Unll2a 
Matrix color changes to pinkish gray (5YR 7/2) at 29ft. Bedding about 1 in. thick marks 
the boundary between the two units in this hole. Tullis slightly less welded than above. 
Pumice lapilli are much larger than Unit 2b. Tullis moderately welded. 

Pumice lapilli are abundant and occasionally up to 35 mm in size; colors of brown, 
brownish-gray, gray, and greenish are present. 
Tullis slightly less welded than above. 

Unit 1b 
Color changes to pinkish white (5YR 8/2). Pumice lapilli are dominantly brown. Lithic 
lapilli (1-3 mm) begin to appear in small amounts. 

Matrix color changes to white (5YR 8/1) at about 74ft. 

Tullis only slightly welded. 

Lithic lapilli (1-3 mm) becoming more abundant. 

Tull grading to moderately welded. 

Color is still white, but begins changing to pinkish gray (5YR 7/2). 

Color changes to orange-pink (5YR 8/4). 

Color grading to 5YR 7/6. 

Occasional tan-colored pumice lapilli, characteristic of those in Unit 1 a, are present. 

Color is more orange in areas. 

Tull becomes slightly welded. 

Unll1a 
Tullis non-welded at 139 It, upper part of Unit 1a is very slightly welded. 

Color is closest to grayish orange-pink (5YR 712). 

Tullis very slightly welded. 

Color is more tannish. 

As above. 
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Figure A-20. 

Description 

Unit 2b: Tshlrege Member of the Bandelier Tuff 
Matrix color is pinkish white (SYR 8/2). Tuff is moderately welded. Htgh-angle lracture(s) 
are present at 6 and 8 It depths, both with caliche in fill. 

Color grades to white (5YR 8/1 ). 

Pumice lapilli are gray, visibly flattened, and average from 2-6 mm in size. 

Tuff is slightly less welded than above. but still moderately welded. 

Matrix color as above. 

Tuff is moderately welded. Lithic fragments, lew up to 10 mm, most 2-4 mm, are present. 
High-angle fracture(s) are present at 33 and 34 It depths. Pumice lapilli becoming larger 
(some greater than 2 in. diameter) and more abundant at a depth of 30ft. 

Tuff grades into slightly welded base. Pumice lapilli are smaller and mostly flattened. 

Unll2a 
Reworked tuff zone from 41 to 41.1311 marks boundary between two units. Matrix color 
still white, but closer to 7.5YR N 8/1. Pumice lapilli become larger, many up to 20 mm, 
and are slightly flattened. Slightly welded upper portion of unit grades to moderately 
welded at approximately 49 It depth. 

Pumice lapilli dominantly gray in color. 

Tuff becomes slightly welded. 

Unit 1b 
Contact marked by vivid color change to pinkish gray (SYR 7/2) at 73.2 ft. Pumice lapilli 
are dominantly brown in color. Very small (1 to 2 mm) lithic lapilli are present but sparse. 
Fracture (45°) with no infill at around 79ft. Quartz phenocrysts are rare and mostly< 1 
mm. Lithic lapilli still sparse but up to 4 mm. 

Fracture(s) present at 85, 87, and 88 It, none with infill, all around 45°. 

Matrix color changes gradually to pinkish white (5YR 8/2). 

Lithic lapilli range in size up to 7 mm. Quartz phenocrysts become more abundant. 
Matrix color is closer to white (5YR 8/1). 

Pumice lapilli are larger. Lithic lapilli are more abundant and range up to 15 mm in size. 

Pumice lapilli are smaller and range from 5 to 20 mm. Lithic lapilli are dominantly from 
1-3 mm in size; few range up to 10 mm. Matrix color changes to pinkish white (SYR 8/2). 
Tuff becomes moderately welded at a depth of 114ft. 

Tuff is highly fractured from 120 to 133 It, but is still moderately welded. Fractures have 
no infill. 

Color changes to pinkish orange (5YR 7/4) at 133ft. Fractures, dipping at 45°, are 
present at 134.5 and 138ft. 

Tannish pumice lapilli typical of Unit 1a begin appearing. Fracture(s) present at 140 and 
141 It, dipping around 45°. 

Tuff becomes slightly welded at around 145ft. 

Unll1a 
Tuff grades from slightly welded to nonwelded at 154ft. Lithic lapilli are smaller and less 
abundant. Abundant tannish pumice lapilli are present. 

Matrix color gradually changing to pinkish gray (5YR 7/2) at around 163ft. 

Pumice lapilli are abundant and range in size from 5-25 mm. Lithic lapilli are scattered 
and ranqe in size up to 5 mm. 

As above. 
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Unit 2b: Tshlrege Member of the Bandelier Tull 
Tullis moderately welded. Matrix color is light gray (5YR 7/1 ). Pumice lapilli are 
dominantly gray with occasional dark brown and range up to 10 mm in size. Quartz and 
sanidine are abundant and range up to 4 mm in size. 

Fractures are abundant in this hole; zone from 10 to 11.6ft consists moslly of horizontal, 
weathered, and iron-stained fractures with intersecting high-angle fractures. 

Color changes to pinkish gray (5YR 6/2). Fracture zone at 23.5 to 24 II. 

Fractures (high-angle) are abundant from 25 to 28 II. Pumice lapilli increase in size. 

Pumice lapilli, some up to 60 mm, are a variety of colors. 

Unit 2a 
Very thin (< 1 in.) horizontal zone with rusty-colored silt (reworked ash?) and roots marks 
the contact. The horizontal zone is present at a depth of 38 ft. Tull is only very slighlly 
welded. Quartz and sanidine phenocrysts are very minor and moslly < 1 mm in size. 

Tull becoming slighlly more welded than above. Fracture is present (45•) at 51.8 II. 
Pumice lapilli increase in size, up to 50 mm. Tull becoming moderately welded . 

.Thin zone of increased pumice lapilli at 55.5 to 58.5 ft. 

Quartz and sanidine phenocrysts are sparse and range in size from 1 to 3 mm. Lithic 
lapilli are rare. 

Phenocrysts not vlsible. Tull is slighlly welded at base. 
Unit 1b 
Matrix color becoming lighter. 

Pumice lapilli are dominanlly brown with scattered greenish lapilli present. Matrix color 
is pinkish gray (5YR 7 /2). 

Matrix color is light gray (5YR 7/1 ). Lithic lapilli are rare but range up to 30 mm in size. 

Color of matrix now closer to white (5YR 8/1). 

Lithic lapilli become more abundant, as well as quartz phenocrysts. Zone from 104 to 
107 ft is moderately welded. 

Color changing to pinkish gray (5YR 7 /2). 

Moderately welded zone, not as well defined as in other holes, begins at around 114ft. 

Color changing to pinkish orange (5YR 7/4). 

Core samples feel moist immediately upon retrieval, at around 128ft. 

Unit 1a 
Matrix color closest to reddish yellow (5YA 7 /6). Tullis nonwelded. Abundant tannish 
pumice lapilli. Lithic lapilli are abundant and up to 40 mm in size. 

Lithic lapilli with native copper, about 60 mm in size. 

Matrix color becoming lighter, to pink (5YR 7/4). 

Color changes to pinkish gray (5YA 7/2). 

Pumice and lithic lapilli decrease in number. 

Tullis slighlly damp upon retrieval, and dries to a white color (5YR 8/1 ). 

Figure A-21. Lithologic Log of Hole LLC-86-22 
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Figure A-22. 

Description 

Unit 2b: Tshlrege Member ol the Bandelier Tuff 
Tuff is moderately welded, matrix color is light gray (N7). Pumice lapilli is light gray, 
non-altered. Quartz and sanidine phenocrysts are 2·3 mm in size. 45° fractures at 4. 5, 
6'12, and 9 It with iron infill and roots. 

Fractures at depths of 13, 16'12, and 18'/, It with iron inlill and roots. 
Fractured zone from 18'12-25 ft. 

60° fractures at depths of 28, 33, and ~1 •;, ft. 

Tuff is moderately welded, matrix is light gray (N7). Pumice lapilli is gray and slightly 
flattened. Quartz phenocrysts to 3 mm in size. 

Tuff becoming slightly less welded. 

Unit 2a 
Tuff is moderately welded, matrix color changes to 5YA 7/3 at 45 lt. Pumice lapilli is 
red/brown and not altered. Bimodal sizes, 2-3 mm and 10-30 mm. Quartz phenocrysts 
to 2 mm. 

Tuff is moderately welded, matrix color is pink (5YR 7/3). Pumice lapilli predominantly 
reddish brown, 2-3 mm in size, rare gray lapilli 5-8 mm. 

Tuff is slightly welded. Matrix color changes to 10YR 7/1 (light gray). Pumice lapilli 
predominantly brown, 5-20 mm in size, a lew gray pumice lapilli to 5 mm. Lithic lapilli 
rare, 2-10 mm. 

Unit 1b 

Split barrel accidentally dropped down hole, resuliing in a 15 It interval ollost core, from 
83.5-98.5 ft. 

Tuff moderately welded. matrix color (white) 5YR 8/1. Pumice lapilli increase in size to 
5-50 mm, (brown). Quartz phenocrysts are common and 2-4 mm in size. Lithic lapilli 
more common. 

Matrix color more pink (5YR 8/2). Vertical fracture from 111 to 118'12 It with altered 
clay infill. 

Olive pumice lapilli appear. Quartz phenocrysts common, bipyramidal, and golden. 
Tuff moderately welded, matrix color change to 5YR 8/4 at 127 ft. 
Lith1c lapilli of 2-10 mm in size are common, a few up to 60 mm. 

Tannish pumice lapilli, characteristic of Unit 1 a, begin to appear. 

Matrix more orange (5YR 7/4). 

Tuff slightly welded. Pumice predominantly tannish in color. 

Unit 1a 
Tuff nonwelded at 145ft. 
Pumice lapilli, tannish 10-40 mm in size. Lithic lapilli rare. Matrix color now typical of 
Unit 1 a (5YR 7/6). 

Lithic lapilli increase in number: size up to 50 mm. 

Matrix color less orange to 5YR 7/4. Pumice lapilli increase in size, 40-60 mm. Tuff is 
non-welded. 

Tuff matrix gradually becoming more gray to 5YR 7/3. 
Lithic lapilli rare, 5-10 mm in size. 

Pumice lapilli are dominantly gray with large quartz transparent phenocrysts up •o 4 mm. 
Matrix color 5YR 8/2. 
Tuff is slightly welded. Moisture apparent. Lithic lapilli 5-10 mm in size. 
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Figure .A.-23. 

Description 

Unit 2b: Tahlrege Member of the Bandelier Tull 
Tuff is moderately welded, matrix color is light gray (5YR 7/1). Horizontal fractures at 5 
and 7 It, both with iron staining. 60° fracture at 7'12 ft, with iron staining. 

Pumice lapilli, from 5-10 mm in size, gray in color. Quartz phenocrysts< 1 mm. 
Chatoyant sanidine < 1 mm. Horizontal fractures at 14'/, It with iron staining. 

Two parallel vertical fractures from 20'1' to 25ft. 

75° fracture at 27ft. Pumice lapilli increase in size to 20 mm. 

Vertical fracture from 31 to 34ft with 10 mm thick clay infiiL Organic odors noted. 

60° fractures at 36, 40, and 43 ft. 

Tuff is slightly welded. Metric color changes to 5YR 6/2 at 44 It (pinkish gray). 

Unit 2a 
Pumice lapilli, red and brown, abundant, 10-30 mm in size. 60° fracture at 47 It with 
iron stainings. · 

Vertical fracture at 52'12 It with clay in fill and roots. 
Tullis moderately welded. 
Vertical fracture at 58'1' ft. 
Pumice lapilli, gray, 10-40 mm in size. 
65° fracture at 60ft. 

Tuff is less welded, still moderate. Matrix less pink, color to 7.5YR 7/1. Pumice lapilli 
slightly flattened and brown. 

Tuff is' now slightly welded. Lithic lapilli rare, 5-10 mm in size. 

Unit 1b 
Matrix color more orange to 5YR 7/2. 

Vertical fracture from 87'12-88 ft. Highly-fractured zone from 88 to 89ft. 

Tuff is slightly welded. Matrix becomes white (5YR 8/1 ). 

Tuff becomes moderately welded. Pumice lapilli are dominantly brown, to 60 mm in size, 
with some olive-colored pumice lapilli. Lithic lapilli are common, 5-15 mm in size. Quartz 
and sanidine phenocrysts are more abundant. 

Abrupt matrix color change at 127 ftto pinkish orange (5YR 8/4). 

Quartz phenocrys1s are euhedral and bipyramidaL 

Pumice lapilli are tannish and flattened; 10-40 mm in size. Vertical fracture at 138'12-140 
ft. Lithic lapilli common, 10-30 mm in size. 
Tuff becomes slightly welded. 

Unit Ia 
Tuff is nonwelded at a depth of 44 ft. Lithic lapilli are rare. Matrix color is reddish yellow 
(5YR 7/8). 

Matrix color not as bright and is closer to 5YR 7/6 (still reddish yellow). 

Pumice lapilli are tannish in color and range in size from 10-30 mm. 

Matrix more tan to 5YR 7/4 (pink). Lithic lapilli increase in number and range in size 
from 5-20 mm. 

Matrix color is pink (5YR 8/3). 

Tuff becomes slightly welded. Lithic lapilli are still common. 
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Figure A-24. 

Descnptlon 

Unit 2b: Tshlrege Member of the Bandelier Tutt 
Moderately welded tuff Malnx color is light gray (5YR 711). Pum1ce lap1ll1 are gray and 
range in s1ze from 5-10 mm Quarlz and san1d1ne phenocrysts are VISible but are less 
than 1 mm rn srze . 

Fracture. d1pp1ng around 45°. al depth of 107ft. Matnx changes color to p1nk1Sh wh1te 
(5YR 8/2) at 13ft. 

Quarlz phenocrysls are up to 4 mm in s1ze 
Htgh angle fractures are presenl at deplhs of 20. 21. 22.5 It; ~ron s1a1n1ng IS present 
on surface. 
Fracture zone from 23 to 26 It; organic vapor odors were detected Matnx color IS gray 
(5YR 6/1) Ouarlz and sanidine cryslals are abundant. 

I ' 

Tuff IS still moderalely welded. Fractures dipping aboul 45° are presenl al deplhs of 
30.5, 33. 34. and 35 It; organic vapor odors are slronger than above. 
Unll2a 
Maim is pmkish gray (5YR 7/2). Tuff is slighlly less welded lhan above 

Fractures were noled at 50 and 55 It depths, both dipping aboul 45° 

Quartz and sanidine are abundant and are up to 2mm in size 

Pumice lapilli becoming larger. up lo 30 mm. 

Malrix color is lighl gray (5YR 7/1 ). Phenocrysts are not visible. 
Fraclures are presenl al 65.7 and 66.6 ft. 
Tuff is slightly welded. 

Unll 1b 
Malnx color changes lo pinkish white (5YR 8/2). Tuff is slighlly welded. Lilhic lapilli up 
lo 2 mm were noled. Ouarlz phenocrysts are less lhan 1 mm in size. Pumice lapilli are 
mostly brown in color. 

Malrix color closer lo while (5YR 8/1 ). 

Lilhic lapilli mcrease in size (up lo 30 mm). 

Pumice lapilli range 1n size from 10 to 30 mm 

Rig shuldown because of strong organic vapors in breathing zone. 

Matnx color as above. Ouarlz phenocrysts becoming more abundanl and range in size 
up lo 3 mm. Pum1ce lapitli range in size from 10-20 mm. Lithic Ia pi III more prominent: 
some up to 20 mm in size. High angle fractures are present al depths of 105, 106, 107, 
and 112.5 ft. 

Tuff becomes moderalely welded. 

Malrix color is pinkish orange (5YR 8/4). Fraclures are present al deplhs of 122. 127. and 
127 5 ft. with a dip of approximalely 45° 

Malnx color darkens to reddish yellow (5YR 7/6). 

Tann1sh pum1ce lap1lli such as those common in Uni11a begin to appear at around 130ft. 

Tuff becomes slightly welded 

Unll 1a 
Malrix color as above only mottled up to 5YR 7/8 in spols. Tuff IS non welded. 

Large lannish pumice lapilli are common. few up to <60 mm 1n size. 

Matrix color changes to pinktsh gray (5YR 7/2) at 161 fl 

Malrix color closer to 5YR 7/3. Tannish pumice lapilli appear slighlly flatlened 

Matrix color is pink (5YR 7/2) . 

Tuff becomes slighlly welded. Pumice lapilli (lhe 1yp1ca11annish color) are exlremety 
flattened. 

High-angle fractures are present al deplhs of 191 and 192 ft. 

Malrix color changes to pinkish gray 

Lithologic Log of Hole LLC-86-25 
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Appendix B comprises two sections to reflect work completed during two fiscal 
years; each section addresses the analysis of petrographic samples from a 
particular set of drill-hole and outcrop samples. Section B.1 contains 
results of samples obtained from Holes LLM-85-01, -02, -06, -09, -11, -13, 
-14, and -17, which were cored as part of the Fiscal Year (FY) 1985 fieldwork. 
Sample numbers corresponding to this suite of samples are MCG-550, -601, and 
-626 through -650 (a total of 27 samples). Section B.2 consists of results of 
samples from Holes LLC-86-19 and LLC-86-20, cored during the FY 1986 field 
season, and from outcrops on the study site (also obtained during FY 1986). 
Sample numbers corresponding to these samples are MCG-651 through -661 (a 
total of 11 samples). 
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B.1 FISCAL YEAR 1985 FIELDWORK 

A total of 27 drill-core samples from the Tshirege Member of the Bandelier 
Tuff were submitted to the GJPO Petrology Laboratory for petrographic charac
terization. Nine samples were from Unit 2b. four from Unit 2a. eight from 
Unit lb. two from Unit 1a. and four were lithic lapilli from various units. 
Analytical procedures and results are described below. 

The samples as received consisted of sections of S-cm-diameter drill core. 
From these samples. portions were removed using a core splitter for polished 
thin-section preparation. The samples were impregnated with blue-colored 
epoxy to emphasize the porosity in the thin sections. • Each thin section, 
with the exception of the nonwelded samples from Unit 1a. was subjected to 
point-count analysis (300 counts) to determine mineral and component 
abundance. Tuffaceous rocks were named according to the classification of 
Cook (1965). As shown in Figure B-1. the rocks from this study plot in the 
following fields: II (lithic-crystal tuff), III (lithic-vitric). IV (crystal
lithic). V (vitric-lithic). VII (crystal-vitric). and VIII (vitric-crystal). 

The optical identifications of major and minor minerals. especially devitrifi
cation products. were confirmed using X-ray diffraction (XRD). The clay-sized 
fractions were separated from fracture coatings in Samples MCG-629. -630. 
-643. -644. and -648. These clay-sized separates were smeared or sedimented 
onto glass slides and analyzed in four different states: air-dried. 
glycolated. heated to 330oc. and heated to 550°C. 

The compositional modifiers to tuffaceous rock names are based on the bulk XRD 
data. These modifiers were assigned according to the classification of 
Streckeisen (1967). 

Petrographic descriptions of the samples are presented on the pages following 
Figure B-1. They are presented in consecutive order by sample number. 
although the drill-hole number. depth of the sample. and geologic unit are 
also identified near the top of the page. The volume percent of each mineral 
component is given. together with the petrographic description. Phenocrysts 
and groundmass are further subdivided into individual components. and these 
subcomponents are followed by a number in parentheses which indicates their 
volume percentage of the main component. The petrographic descriptions were 
taken from a report entitled Petrography of the Tshirege Member of the 
Bandelier Tuff. Mesita del Buey. Los Alamos County. New Mexico (Fukui. 1985). 

*There is considerable discrepancy between porosity measured in thin 
section and that determined by means of helium injection (cf. Section 3.1.2). 
The significantly lower porosity determined in thin section is due to the fact 
that most of the thin sections were cut parallel to the core axis (parallel to 
the direction of flattening). resulting in erroneous extrapolation based on 
the cross section of the gas tubes rather than on their true shape. 



LITHIC 

LEGEND 
0 Unit 2b 

0 Unit 2a 

~ Unit lb 

I 

CRYSTAL VITRIC 

Figure B-1. Classification of Cook (1965) Used to Name Tuffaceous Rocks 
in This Study on the Basis of the Normalized Vitric 
(including pumice), Crystal, and Lithic Components Determined 
from the Modal Analysis 

B-6 

I II 



LANL VAPOR TRANSPORT STUDY 
REQUEST NO. : 402553 
PRQTECT NO. : 6L0001000 

SAMPLE NO.: MCG-550 
DRILL HOLE LL~85-17 
DRILL HOLE DEPTH (Fl'): 

UNIT 1B (LI'IHIC) 
118 

mENOCRYST RATIO (Q/K/P): 1/6.67/0.33 DEGREE OF WELDING: Dense 
POROSITY (VOL ~): 10 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Vitric Tuff 

GENERAL DESCRIPI'ION IN miN SECIION: Densely welded glass with lithophysae 
filled by sanidine, tridymite, opaques, and late-stage alpha quartz. A 
few fine- to medium-grained phenocrysts are present • 

.. 
MINERAL COMPONENT 

Groundmass 

Vapor-Phase Minerals 

Sanidine 

Tridymite 

Alpha Quartz 

Opaques 

Pore Space 

Phenocrysts 

Sanidine 

Alpha Quartz 

P1 agiocl ase 

Opaques 

VOL. ~ 

60 

28 

(73) 

(18) 

( 5) 

( 4) 

10 

2 

(83) 

( 13) 

(4) 

( tr) 

COMMENTS 

Densely welded glass with well-developed 
spherulitic devitrification. Glass is 
brown in part. 

Porous, microcrystalline linings of 
1i thophysae. 

Fine grained, euhedral. Partially fills 
interiors of lithophysae. Wedge-shaped 
twins are common. 

Fine grained, anhedral. Late-stage 
filling of lithophysae. 

Fine grained, anhedral. Associated with 
sanidine stage of lithophysae filling. 
Magnetite/ilmenite altering to hematite. 

Associated with vapor-phase 
crystallites. 

Fine to medium grained, euhedral to 
anhedral. 

Fine to medium grained, anhedral to 
euhedral. Embayed grains are present. 

Fine to medium grained, subhedral. 

Fine grained, anhedral to subhedral. 
Magnetite intergrown with ilmenite. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 402SS3 
PROTECT NO.: 6L0001000 

POROSITY (VOL ') : 1 

SAMPLE NO. : MCG-601 
DRILL HOLE LLM-85-17 
DRILL HOLE DEPTH (Fl'): 

UNIT 1B (LITHIC) 
128 

OXIDATION STATE OF Fe-Ti OXIDES: C4 

ROCK NAME: Hornblende Basalt Porphyry 

GENERAL DESCRIPriON IN '1BIN SECTION: Fine- to medium-grained phenocrysts in a 
hyalopilitic groundmass. Glomeroporphyritic. 

MINERAL COMPONENT VOL. ' 

Phenocrysts 32 

Plagioclase (61) 

Hornblende (?) (20) 

Biotite (7) 

Pyroxene ( 6) 

Opaques (S) 

01 ivine ( tr) 

Groundmass 68 

Plagioclase (94) 

Opaques ( 2) 

Glass (l.S) 

Pore Space (l.S) 

Biotite (1) 

COMMENTS 

Fine to medium grained, euhedral. 
Oscillatory zoning. Andesine. Embayed 
grains. 

Fine to medium grained, euhedral. 
Totally replaced by hematite and 
chlorite. 

Fine to medium grained, euhedral to 
subhedral. Partial replacement by 
hematite. 

Fine to medium grained, euhedral to 
subhedral. Hypersthene. Partial 
replacement by chlorite/serpentine. 

Fine grained, euhedral to subhedral. 
Magnetite with exsolved ilmenite; 
magnetite is oxidizing to hematite. 

Medium grained, anhedral. Totally 
oxidized to hypersthene and magnetite. 

Hyalopili tic. 

Felty laths. 

Magnetite oxidizing to hematite. 

Brown-colored. 

Microvugs in groundmass(?). 

Altered to chlorite and hematite. 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO. : 402SS3 
PROTECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL -.,): 23 

SAMPLE NO.: MCG-626 
DRILL HOLE LLM-SS-01 
DRILL H<LE DEPI'H (Fr): 

UNIT 2B 
30 

1/2.26/0 DEGREE OF WELDING: Slight to Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IHIN SECIION: Fine- to medium-grained phenocrysts 
(crystals) in a slightly to moderately welded glass groundmass. Intact 
glass bubble walls andY-shaped shards are present. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Amphibole(?) 

Plagioclase 

Biotite 

Pore Space 

Lithic Fragments 

Zeolite 

VOL. -., 

44 

(66) 

(34) 

27 

(64) 

(28) 

(S) 

(3) 

( tr) 

(tr) 

23 

s 

1 

COMMENTS 

Incipient axiolitic devitrification. 

Up to 2.59 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/3. 

Fine to medium grained. anhedral to 
subhedral. 

Fine to medium grained. anhedral to 
subhedral. 

Fine-grained. euhedral to subhedral. 
Ilmenite/magnetite altering to hematite. 

Fine grained. anhedral to subhedral. 
Lamprobolite. partially altered. with 
opaque rims. 

Fine to medium grained. anhedral. 
Accidental crystal. 

Fine grained. anhedral to subhedral. 

Up to 10.4 mm. Consisting of an 
andesite. a rock similar to the host. 
and a plagioclase-sanidine fragment. 

Very fine grained. euhedral. 
phase is probably analcime. 
pore space. 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO.: 402553 
PROJECT NO. : 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL CWI): 13 

SAMPLE NO. : MCG-627 
DRILL HOLE LLM-85-01 
DRILL HOLE DEPTH (FI') : 

UNIT 2A 
52 

1/1.79/0 DEGREE OF WELDING: Slight to Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IHIN SECI'ION: Fine- to medium-grained phenocrysts in a 
groundmass that exhibits slight to moderate welding. Pumice fragments 
are generally coarser than those in Sample MCG-626 and the quartz 
phenocrysts are more embayed. 

MINERAL COMPONENT 

Groundmass 

Pumice 

Glass 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Pore Space 

Lithic Fragments 

U~known Component 

VOL. CWt 

62 

(53) 

(47) 

23 

(62) 

(34) 

(3) 

( 1) 

13 

2 

tr 

COMMENTS 

Up to 13.9 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K): 1/3. Some fragments 
altering to clay. 

Incipient axiolitic devitrification. 

Fine to medium grained, subhedral to 
anhedral. 

Fine to medium grained, subhedral to 
euhedral. Some grains are embayed. 

Fine grained, euhedral to subhedral. 
Magnetite with exsolved ilmenite. 

Fine grained, anhedral to euhedral. 
Augite. 

Up to 2.64 mm. Includes crystal-vitric 
tuffs with clay replacing the glass; 
strongly welded. 

Rounded grain, 0.56 mm in longest axis, 
consisting of a thin rim of magnetite 
with randomly oriented clay (chlorite?) 
flakes and epidote or pyroxene grains. 
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LANL VAPOR 'IR.ANSPORT SlUDY 
REQUEST NO. : 402553 
PROTECT NO.: 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL '*'>: 18 

SAMPLE NO. : MCG-628 
DRILL HOLE LLM-85-01 
DRILL H<LE DEPTH (Fr): 

UNIT lB 
101 

1/2.25/0.06 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAME: Rhyolitic Vitric-Lithic Tuff 

GENERAL DESCRIPI'ION IN miN SECTION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass with incipient axiolitic devitrification. 
This sample contains more lithic fragments than Sample MOG-626 (Unit 2b) 
or Sample MCG-627 (Unit 2a). 

MINERAL COMPONENT VOL. '*' 
Groundmass 56 

Glass (51) 

Pumice (49) 

Phenocrysts 18 

Sanidine (66) 

Quartz ( 30) 

P1 agiocl ase (2) 

Opaques ( 2) 

Pyroxene (tr) 

Pore Space 18 

Lithic Fragments 8 

(continued on next page) 

COMMENTS 

Incipient axiolitic devitrification. 
Intact bubble walls andY-shaped shards 
are present. 

Up to 8.89 mm. Spherulitic devitrifica
tion (rather than replaced by sanidine 
and tridymite as in Samples MCG-626 and 
-627). Phenocryst ratio (Q/K) = 1/3.67. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Some grains are embayed. 

Medium grained, subhedral. Associated 
with pyroxene and magnetite-ilmenite. 
Zoned grain. 

Fine grained, anhedral to euhedral. 
Magnetite with exsolved ilmenite. 

Fine grained, anhedral. One grain is 
coated by celadonite. 

Up to 17.0 mm. Largest fragment is a 
thoroughly welded, crystal-vitric tuff. 
Other tuffs are altered to clay; 
basalts/andesites are present. 

B-11 



LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 402553 
PROTECT NO. : 6L0001000 

MINERAL COMPONENT VOL. lll 

Unknown Component tr 

SAMPLE NO.: MCG-628 (continned) 
DRILL HOLE LLM-85-01 UNIT 1B 
DRILL HOLE DEPI'H (Fl'): 101 

COMMENTS 

Rounded grain, 0.62 mm in longest axis, 
consisting of clay (chlorite?) flakes in 
random orientation and magnetite with 
exsolved ilmenite. Magnetite is 
altering to hematite. Grain could be an 
altered mafic. 
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LANL VAPOR 1RANSPORT S'IUDY 
REQUEST NO. : 402553 
PRQJECT NO. : 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL "): 12 

SAMPLE NO. : MCG-629 
DRILL HOLE LLM-85-01 
DRILL HOLE DEPI'H (Fr) : 

UNIT 1B 
122 

1/0.75/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAME: Rhyolitic Vitric-Lithic Tuff 

GFNERAL DESCRIPriON IN miN SECTION: Fine- to medi'I]Dl-grained phenocrysts in a 
moderately welded groundmass. Most shards show incipient alteration to 
clay. This sample is similar to MCG-628 except for the lack of signifi
cant devitrification of glass shards. 

MINERAL COMPONFNT 

Groundmass 

Glass 

Pumice 

Phenocryst 

Quartz 

Sanidine 

Opaques 

Pyroxene 

Pore Space 

Lithic Fragments 

VOL • ., 

ss 

(63) 

(37) 

22 

(54) 

(41) 

( 5) 

(tr) 

12 

11 

COMMENTS 

Shards are a mottled-brown color; this 
may be incipient alteration to clay. 
Intact bubble walls and Y-shaped shards 
are pre sent. 

Up to 10.0 mm. Spherulitic devitrifica
tion. Phenocryst ratio (Q/K) = 1/4.25. 
One pumice fragment contains a pyroxene 
phenocryst. 

Fine to medium grained, anhedral to 
euhedral. Most grains are embayed. 

Fine to medium grained, subhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 
Magnetite with exsolved ilmenite. 

Fine grained, anhedral to euhedral. 
Usually associated with opaques. 

Up to 5.70 mm. Several thoroughly 
welded vitric-crystal tuffs with 
spherulitic devitrification are present. 
Also present are andesitic crystal
vitric tuffs that are moderately welded. 
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LANL VAPOR 'm.ANSPORT S'IUDY 
REQUEST NO.: 402553 
PROTECT NO. : 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL %) : 16 

SAMPLE NO.: MCG-630 
DRILL HOLE LLM-85-02 
DRILL HOC.E DEPTH (Fl'): 

UNIT 2B 
37 

1/2.24/0.06 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAME: Rhyolitic Vitric-Lithic Tuff 

GENERAL DESCRIPI'ION IN miN SECTION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass. Shards show incipient axiolitic devitrifi
cation and clay coatings. Pumice fragments are mostly replaced by sani
dine and tridymite as in Samples MCG-626 and -627. 

MINERAL COMPONENT VOL. % 

Groundmass so 

Glass (77) 

Pumice ( 23) 

Phenocrysts 19 

Sanidine (66) 

Quartz (30) 

Plagioclase (2) 

Opaques (2) 

Pyroxene (tr) 

Amphibole (tr) 

Zircon (tr) 

Pore Space 16 

Lithic Fragments 14 

(continued on next page) 

COMMENTS 

Incipient axiolitic devitrification; 
glass is coated by clay. Y-shaped 
shards are present. 

Up to 8.74 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/4. 

Fine to medium grained. anhedral to 
euhedral. Some grains are embayed. 

Fine to medium grained. anhedral _to 
euhedral. Some grains are embayed. 

Fine grained. subhedral. 

Fine grained, anhedral to euhedral. 
Magnetite with exsolved ilmenite. 

Fine grained. anhedral to subhedral. 

Fine grained. anhedral. 

Fine grained. euhedral. 

Up to 15.8 mm. Several strongly welded. 
crystal-vitric tuffs with little or no 
devitrification of glass. 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO. : 402553 
PRO.TECT NO.: 6L0001000 

MINERAL COMPONENT VOL. " 

Zeolite(?) tr 

Unknown Component tr 

SAMPLE NO.: MCG-630 (continued) 
DRILL HOLE LU~85-02 UNIT 2B 
DRILL H<LE DEPI'II (FI'): 37 

COMMENTS 

Very fine grained. euhedral (radial 
acicular). Occupies pore space; too 
small for optical identification. 

Euhedral grain shape (pyroxene?). 
0.51 mm. at edge of thin section: 
consists of thin rim of magnetite and 
randomly oriented flakes of clay 
(chlorite?). 
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LANL VAPOR 'IRANSPORT SlUDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

SAMPLE NO. : MCG-631 
DRILL HOLE LLM-85-02 
DRILL HOLE DEPTH (Fl'): 

UNIT 2A 
64 

PHENOCRYST RATIO (Q/K/P): 1/1.45/0 DEGREE OF WELDING: Moderate 
POROSITY (VOL '*'): 23 OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPriON IN miN SECfiON: 
moderately welded groundmass. 
sanidine and tridymite. 

MINERAL COMPONENT VOL. '*' 

Groundmass 49 

Glass (76) 

Pumice (24) 

Phenocrysts 26 

Sanidine (58) 

Quartz (40) 

Opaques ( 1) 

Pyroxene ( 1) 

Plagioclase (tr) 

Amphibole (tr) 

Zircon ( tr) 

Pore Space 23 

(continued on next page) 

Fine- to medium-grained phenocrysts in a 
Pumice fragments are mostly replaced by 

COMMENTS 

Incipient axiolitic devitrification. 
Intact bubble walls andY-shaped shards 
are pre sent. 

Up to 7.26 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/4. 

Fine to medium grained. anhedral to 
euhedral. 

Fine to medium grained. anhedral to 
euhedral. Some grains are embayed. 

Fine grained. anhedral to euhedral. 
Magnetite-ilmenite intergrowths 
(exsolution). 

Fine grained. subhedral to euhedral. 
Usually associated with opaques. 

Fine grained. euhedral. 

Fine grained. anhedral to euhedral. 

Very fine grained. euhedral. 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO. : 402553 
PRQJEC! NO. : 6L0001000 

MINERAL COMPONENT VOL. " 

Lithic Fragments 1 

Zeolite(?) 1 

SAMPLE NO.: MCG-631 (continued) 
DRn.L HOLE LU~85-02 UNIT 2A 
DRn.L HOLE DEPI'H (FT): 64 

COMMENTS 

Largest grain was on a corner of the 
thin section; grain is larger than 
5.56 mm. Present are densely welded, 
partly devitrified vitric tuff; flow
banded rock; andesites; and other lithic 
types. 

Very fine grained, subhedral. Occurs in 
pore space. 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

SAMPLE NO.: MCG-632 
DRILL HOLE LLM-85-02 
DRILL HOLE DEPrH (Fr): 

UNIT 2A (1B) 
74 

PHENOCRYST RATIO (Q/K/P): 1/1.07/0 DEGREE OF WELDING: Moderate 
POROSITY (VOL .,) : 21 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Lithic-Crystal Tuff 

GENERAL DESCRIPI'ION IN miN SECIION: 
moderately welded groundmass. 
MCG-628 and -629 (Unit 1b). 

MINERAL COMPONENT VOL • ., 

Groundmass 38 

Glass (64) 

Pumice (36) 

Phenocrysts 21 

Sanidine (49) 

Quartz (46) 

Opaques (5) 

Plagioclase ( tr) 

Pyroxene ( tr) 

Amphibole (tr) 

Pore Space 21 

(continued on next page) 

Fine- to medium-grained phenocrysts in a 
Pumice fragments resemble those in Samples 

COMMENTS 

Incipient axiolitic devitrification. 
Intact bubble walls andY-shaped shards 
are present. 

Up to S.8S mm. Spherulitic devitrifica
tion. Phenocryst ratio (QJK) = 1/3.83. 
Pyroxene phenocrysts are pre sent. Some 
mineralization by tridymite or a 
zeolite. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Some grains are embayed. 

Fine grained, anhedral to euhedral. 
Intergrown magnetite, ilmenite, and 
hematite. 

Fine to medium grained, subhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 

Fine to medium grained, anhedral to 
euhedral. 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO.: 402SS3 
PRQJECT NO. : 6L0001000 

MINERAL COMPONENT VOL. 4!1! 

Lithic Fragments 20 

Unknown Component tr 

SAMPLE NO.: MCG-632 (continued) 
DRILL HOLE LLM-85-02 UNIT 2A (1B) 
DRILL HOLE DEPm (FT): 74 

COMMENTS 

Up to 13.2 mm. Two large lithics frag
ments are strongly welded. crystal
vitric tuffs. Another large lithic is 
densely welded with totally devitrified 
glass. Andesites are also present. 

Euhedral to subhedral grain shape. 
0.54 mm. associated with sanidine and 
opaque grains in a glomerophenocryst. 
Grain has a thin. discontinuous rim of 
hematite with flakes of randomly 
oriented clay (chlorite?) and a grain of 
magnetite with exsolved ilmenite. 
Magnetite is altering to hematite. 
Grain also contains some remnant(?) 
pyroxene. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 402SS3 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL «Wt): 16 

SAMPLE NO. : MCG-633 
DRILL HOLE LLM-SS-02 
DRILL HOLE DEPTH (Fr): 

UNIT 1B 
111 

1/0.95/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2-c3 

ROCK NAME: Rhyolitic Lithic-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IHIN SECTION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass containing some brown glass. Large lithic 
fragments are present. 

MINERAL COMPONENT VOL. tWt 

Groundmass 41 

Glass (61) 

Pumice (3 9) 

Lithic Fragments 30 

Pore Space 16 

Phenocrysts 13 

Quartz (49) 

Sanidine ( 46) 

Opaques ( S) 

Plagioclase (tr) 

Pyroxene (tr) 

COMMENTS 

Incipient axiolitic 
Mottled brown glass 
alteration to clay. 
and Y-shaped shards 

dev i tr if ica ti on. 
may indicate 

Intact bubble walls 
are pre sent. 

Up to 9.11 mm. Spherulitic 
devitrification. Mineralization by a 
fibrous phase (zeolite?). Phenocryst 
ratio (Q/K) = 3/1. 

Up to 29.3 mm. Two major types: 
strongly welded, crystal-vitric tuff 
partially altered to clay, and a densely 
welded, vitric-crystal tuff that is 
totally devitrified. 

Fine to medium grained, anhedral to 
euhedral. Resorption features are 
common. 

Fine to medium grained, anhedral to 
euhedral. Some embayments are present. 

Fine grained, anhedral to euhedral. 
Magnetite and ilmenite intergrowths. 

Fine grained, subhedral to euhedral. 
Zoned grains are present. 

Fine grained, anhedral. Associated with 
opaques. 
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LANL VAPOR 'IRANSPORT SlUDY 
REQUEST NO. : 402S53 
PROTECT NO.: 6L0001000 

SAMPLE NO. : MCG-634 
DRILL HOLE LL~SS-06 
DRILL HOLE DEP111 (FT): 

UNIT 2B 
30 

PHENOCRYST RATIO (QJK/P): 1/1.20/0 DEGREE OF WELDING: Moderate 
POROSITY (VOL %) : 25 OXIDATION STATE OF Fe-Ti OXIDES: C3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'I(!{ IN 1HIN SECI'I(!{: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass. Shards show axiolitic devitrification. 

MINERAL COMPONENT VOL. % 

Groundmass 45 

Glass (84) 

Pumice (16) 

Phenocrysts 26 

Sanidine (S3) 

Quartz (44) 

Opaques (3) 

P1 agi ocl ase (tr) 

Biotite ( tr) 

Pyroxene (tr) 

Amphibole (tr) 

Pore Space 25 

(continued on next page) 

COMMENTS 

Axiolitic devitrification. Intact 
bubble walls andY-shaped shards are 
present. 

Up to 8.15 mm. Two types are present: 
fragments replaced by sanidine and 
tridymite with quartz phenocrysts 
(dominant type), and andesitic fragments 
with plagioclase and amphibole 
phenocrysts and mineral.ization by 
tridymite. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Embayments are present. 

Fine grained, anhedral to euhedral. 
Magnetite and ilmenite intergrowths. 

Fine grained, euhedral to subhedral. 
Zoned grains are pre sent. 

Fine grained, anhedral. 

Fine grained, anhedral to subhedral. 

Fine grained, anhedral. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 402553 
PR.QTECT NO.: 6L0001000 

MINERAL COMPONENT VOL. ~ 

Lithic Fragments 3 

Tridymite tr 

SAMPLE NO.: MCG-634 (continued) 
DRILL HOLE LLM-85-06 UNIT 2B 
DRILL H<LE DEPTH (Fl'): 30 

COMMENTS 

Up to 1.41 mm. Two types are present: 
densely welded, lithic tuff with 
spherulitic devitrification (see Samples 
MCG-550 and -645) and a strongly welded, 
vitric tuff which is devitrified. 

Occurs in pore spaces. Fine grained, 
euhedral. 
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LANL VAPOR 'IRANSPORT SlUDY 
REQUEST NO.: 402553 
PROTECT NO. : 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL '->: 19 

SAMPLE NO.: MCG-635 
DRILL HOLE LL~85-06 
DRILL H<LE DEPTH (FT): 

UNIT 2A 
so 

1/1.22/0.07 DEGREE OF WELDING: Slight to Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3 

ROCK NAME: Rhyolitic Lithic-Crystal Tuff 

GENERAL DESCR.IPIION IN 1HIN SECI'ION: Fine- to medium-grained phenocrysts in a 
slightly to moderately welded groundmass. 

MINERAL COMPONENT VOL. '-

Groundmass 36 

Glass (61) 

Pumice (39) 

Phenocrysts 22 

Sanidine (50) 

Quartz (41) 

Opaques (4. 5) 

Plagioclase (3) 

Pyroxene (1. S) 

Lithic Fragments 22 

Pore Space 19 

(continued on next page) 

COMMENTS 

Incipient axiolitic devitrification. 
Intact bubble walls andY-shaped shards 
are present. 

Up to 5.70 mm. Axiolitic 
devitrification and some replacement by 
sanidine and tridymite. Only quartz 
phenocrysts are present. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Resorption features are 
common. 

Fine grained, anhedral to euhedral. 
Magnetite and ilmenite intergrowths. 

Fine grained, subhedral to euhedral. 
Zoned grains are present. 

Fine grained, euhedral to subhedral. 
Associated with opaques. 

Up to 19.3 mm. Predominant type of 
lithic is a strongly welded, crystal
vitric tuff containing pumice fragments 
from Unit lb. Another type has a spongy 
lithology consisting of sanidine 
crystals. 
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LANL VAPOR 1RANSPORT STUDY 
RmUEST NO.: 
PROTECT NO. : 

402553 
6L0001000 

MINERAL COMPONENT 

Tridymite 

Unknown Component 

VOL. ~ 

1 

tr 

SAMPLE NO.: MCG-635 (continued) 
DRILL HOLE LU~SS-06 UNIT 2A 
DRILL HOLE DEPI'H (Fl'): SO 

COMMENTS 

Fine grained. euhedral. Occurs in 
pores. 

Rounded grains. 0.54 and 0.91 mm. 
consisting of a discontinuous rim of 
hematite and magnetite with exsolved 
ilmenite. Some rutile is associated 
with grains of magnetite; magnetite is 
altering to hematite. The interiors of 
these rounded grains contain randomly 
oriented clay (chlorite?) flakes and 
epidote or pyroxene. 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO. : 402553 
PRQJECI' NO. : 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL ~): 26 

SAMPLE NO. : MCG-636 
DRILL HOLE LLM-85-06 
DRILL H<I.E DEPIH (FT): 

UNIT 1B 
99 

1/1.53/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C1-C2 

ROCK NAME: Rhyolitic Vitric-Crystal Tuff 

GENERAL DESCRIPI'ION IN miN SECI'ION: Fine- to medium-grained phenocrysts in a 
fresh-glass groundmass. Glass in pumice fragments is fresh and not 
devi trified. Some pumice fragments are flattened. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Plagioclase 

Lithic Fragments 

VOL. ~ 

51 

(53) 

( 47) 

26 

17 

(57) 

(37) 

(4) 

( 2) 

(tr) 

tr 

COMMENTS 

Moderate welding, brown glass; not 
devitrified. Intact bubble walls and 
Y-shaped shards are present. 

Up to 5.93 mm. Some of the fragments 
are flattened. Glass is not 
devitrified. Phenocryst ratio (Q/K) for 
flattened pumice is 1/11; for non
flattened pumice, 1/1.25. Overall 
pumice phenocryst ratio is 1/3.20. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 
Magnetite, and magnetite with exsolved 
ilmenite. 

Fine grained, anhedral to euhedral. 

Fine grained, anhedral. 

Up to 1.42 mm. Hyalopilitic 
basalt/andesite. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 402553 
PRQTECT NO. : 6L0001000 

SAliPLE NO. : MCG-6 37 
DRILL HOLE LL~85-06 
DRILL HOLE DEPTH (Fl'): 

UNIT lA 
113 

PHENOCRYST RATIO: Not Determined DEGREE OF WELDING: Not Welded 
POROSITY (VOL "): Not Determined 
OXIDATION STATE OF Fe-Ti OXIDES : C3 (Pumice ) 

ROCK NAME: Rhyolitic Vitric-Crystal(?) Tuff 

GENERAL DESCRIPI'ION IN miN SECI'ION: The sample was not welded and the thin
section preparer provided a section of the pumice fragments only. Grain 
mounts of the fine fraction were prepared in immersion oil and Canada 
balsam. Each of these mounts contains brown-glass shards and a large 
proportion of fine. flattened pumice fragments. The glass in the shards 
and fine pumice fragments is not devitrified. Phenocrysts of sanidine. 
quartz. zoned plagioclase. opaques. pyroxene. and amphibole are present 
in the fine fraction. The medium fraction was examined using a binocular 
microscope. This fraction consiste~ of quartz and sanidine phenocrysts. 
pumice fragments. and lithic fragments. The coarse pumice fragments are 
similar to those in Sample MCG-636; some of these are flattened. Compo
sitions of the coarse pumice fragments (based on phenocrysts) are rhyo
litic to andesitic. The largest pumice fragment (26 mm) contains zoned 
plagioclase. euhedral lamprobolite. and anhedral pyroxene phenocrysts in 
a partially flattened pumice structure. Other pumice fragments range 
from not flattened to totally collapsed; glass is not devitrified. 
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LANL VAPOR 'IRANSPORT STUDY 
ROOUEST NO. : 402553 
PROTECT NO. : 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL "): 22 

SAMPLE NO.: MCG-638 
DRILL HOLE LLM-85-11 
DRJLL HOLE DEPI'H (Fr): 

UNIT 2B 
5 

1/1.82/0 DEGREE OF WELDING: Slight to Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN lHIN SECTION: Fine- to medium-grained phenocrysts in a 
groundmass exhibiting slight to moderate welding and axiolitic devitrifi
cation of glass. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Plagioclase 

Amphibole 

Lithic Fragments 

VOL. " 

(65) 

(35) 

(63) 

(34) 

(3) 

(tr) 

(tr) 

( tr) 

55 

22 

21 

2 

COMMENTS 

Axiolitic devitrification. 

Up to 2.52 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/2.25. Opaque and zircon 
phenocrysts are also present. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Some embayments are present. 

Fine grained, anhedral to euhedral. 
Magnetite, ilmenite, and hematite 
intergrowths. 

Fine grained, anhedral to euhedral. 
Associated with opaques. 

Fine grained, anhedral to subhedral. 
Zoned grains are present. 

Fine grained, anhedral. 

Up to 3.64 mm. Several types: strongly 
welded, vitric-crystal tuff, both 
devitrified and nondevitrified 
varieties; andesitic tuff, not 
devitrified: and hyalopilitic basalt. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 402553 
PRQTECT NO.: 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL '*'): 24 

SAMPLE NO.: MCG-639 
DRILL HOLE LLM-85-11 
DRILL HOLE DEPrH (Fl'): 

UNIT 2B 
30.5 

1/0.77/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C4 

ROCK NAME: Rhyolitic Crystal-Lithic Tuff 

GENERAL DESCRIPI'ION IN 'lliiN SECIION: Fine- to medium-grained phenocrysts in a 
moderately welded, devitrified groundmass. 

MINERAL COMPONENT VOL. crt 

Groundmass 42 

Glass (70) 

Pumice (30) 

Pore Space 24 

Phenocrysts 24 

Quartz (55) 

Sanidine (42) 

Opaques (3) 

Pyroxene ( tr) 

P1 agiocl ase (tr) 

Amphibole ( tr) 

Lithic Fragments 10 

COMMENTS 

Axiolitic devitrification. Intact 
bubble walls andY-shaped shards are 
present. 

Up to 4.89 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/2. 

Fine to medium grained, anhedral to 
euhedral. Some embayments are present. 

Fine to medium grained, anhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 
Magnetite, ilmenite, and hematite 
intergrowths. 

Fine grained, subhedral to euhedral. 

Fine grained, euhedral. Zoned grains. 

Fine grained, subhedral. 

Up to 31.9 mm. Lenticular, strongly 
welded, crystal-vitric tuff with 
axiolitic devitrification and 
hyalopilitic basalts. 
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LANL VAPOR 1RANSPORT SIUDY 
REQUEST NO. : 402SS3 
PRQTECT NO. : 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL 'It): 16 

SAMPLE NO. : MCG-6 40 
DRILL HOLE LL~SS-11 
DRILL HOLE DEPI'H (Fr): 

UNIT 1B 
9S 

1/1.30/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAME: Rhyolitic Lithic-Vitric Tuff 

GENERAL DESCRIPI'ION IN miN SECI'ION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Lithic Fragments 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Amphibole 

VOL. 'It 

41 

(S8) 

(42) 

27 

16 

16 

(S4) 

(42) 

(2) 

(2) 

( tr) 

COMMENTS 

Not devitrified: some brown glass is 
present. 

Up to 8.S2 mm. Three types of pumice 
are present: nonflattened pumice with 
spherulitic devitrification [phenocryst 
ratio (Q/K) = 1/3]; flattened pumice 
that is not devitrified; and nonflat
tened pumice of andesitic composition. 

Up to 14.8 mm. Three types are present: 
strongly welded, crystal-vitric tuff: 
densely welded, vitric-crystal tuff that 
is totally devitrified: and altered 
basalt. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Some embayments are present. 

Fine grained, anhedral to euhedral. 
Magnetite with exsolved ilmenite. 

Fine grained, anhedral to euhedral. 

Fine grained, subhedral. 
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LANL VAPOR 'IRANSPORT SlUDY 
REQUEST NO. : 402SS3 
PRQJECI' NO.: 6L0001000 

SAMPLE NO.: MCG-641 
DRILL HOLE LL~SS-11 
DRILL HOLE DEPTH (FT): 

UNIT 1A 
116 

PHENOCRYST RATIO: Not Determined DEGREE OF WB.DING: Not Welded 
POROSITY (VOL .,) : Not Determined 
OXIDATION STATE OF Fe-Ti OXIDES: C2 (Pumice) 

ROCK NAME: Rhyolitic Vitric-Crystal(?) Tuff 

GENERAL DESCRIPI'ION IN miN SECl'ION: The sample was not welded and the thin
section preparer provided a section of the pumice fragments only. A 
grain mount of the fine fraction was prepared in Canada balsam. The fine 
fraction consists of glass shards, flattened pumice fragments, pheno
crysts of quartz, sanidine, plagioclase, pyroxene, amphibole, and 
opaques. Goethite and goethite-stained material is present in the fine 
fraction. Glass is not devitrified in the shards and pumice fragments. 
The medium fraction was examined using a binocular microscope. This 
fraction consists of quartz, sanidine, opaque phenocrysts, and pumice 
(some flattened) and lithic fragments. The coarse pumice fragments have 
rhyolitic compositions based on the phenocrysts of sanidine, quartz, 
opaques, and (few) pyroxene. The pumice fragments vary from partially 
flattened to not flattened. Glass in the pumice fragments is not 
devitrified. 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO.: 402SS3 
PROTECT NO. : 6L0001000 

PHENOCRYST RATIO (Pl/Px): 4.57/1 
POROSITY (VOL "): S 

ROCK NAME: Basalt Porphyry 

SAMPLE NO.: MCG-642 
DRILL HOLE LL~8S-14 
DRILL H<LE DEPI'H (Fr): 

UNIT 2B ( LI1HIC) 
18 

DEGREE OF Wm..DING: Dense 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

GENERAL DESCRIPI'ION IN miN SEcriON: Fine- to medium-grained phenocrysts in a 
hyalopili tic groundmass. 

MINERAL COMPONENT VOL. 

Groundmass 

Glass (S6) 

Plagioclase 
Laths (41) 

Opaques (3) 

Phenocrysts 

Plagioclase (77) 

Pyroxene (17) 

Opaques (6) 

Pore Space 

Fracture Filling 

" 
67 

28 

s 

tr 

COMMENTS 

Spherulitic devitrification. 

Very fine grained, euhedral to 
subhedral. 

Very fine grained, anhedral to euhedral. 
Magnetite, ilmenite, and hematite. 

Fine to medium grained, euhedral to 
anhedral. Spongy resorption textures. 

Fine to medium grained, euhedral to 
subhedral. Pigeonite. 

Fine grained, anhedral to euhedral. 
Magnetite, ilmenite, and hematite 
intergrowths. 

Microporosity (in the groundmass) around 
and within some plagioclase phenocrysts. 

Goethite. 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO. : 402553 
PROTECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL "): 28 

SAMPLE NO.: MCG-643 
DRILL HOLE LLM-85-13 
DRILL H<LE DEPTH (Ff): 

UNIT 2B 
42 

1/3.06/0.17 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAME: Rhyolitic Crystal-Lithic Tuff 

GENERAL DESCRIPI'I~ IN miN SECI'ION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass with axiolitic devitrification. Glass has 
coatings of clay. 

MINERAL COMPONENT 

Groundmass 

Glass 

PllDlice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

P1 agiocl ase 

Opaques 

Amphibole 

Pyroxene 

Lithic Fragments 

Tridymite 

VOL. " 

34 

(81) 

(19) 

28 

27 

(68) 

(23) 

(4) 

(4) 

( 1) 

(tr) 

10 

1 

COMMENTS 

Axiolitic devitrification. Intact 
bubble walls andY-shaped shards are 
present. Clay coatings are present. 

Up to 2.06 mm. Replaced/mineralized by 
sanidine and tridymite. No phenocrysts 
are pre sent. 

Fine to medillDl grained, anhedral to 
subhedral. 

Fine to medium grained, anhedral to 
euhedral. Fmbayed grains are pre sent. 

Fine to medillDl grained, subhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 
Magnetite with exsolved ilmenite; one 
grain contains an inclusion of pyrite. 

Fine to medium grained, subhedral. 

Fine grained, subhedral to euhedral. 

Up to 11.1 mm. Andesitic crystal-vitric 
tuff. 

Very fine grained; occurs in pores. 

B-32 



LANL VAPOR 'lltANSPORT S'IDDY 
REQUEST NO. : 402553 
PRQJECT NO. : 6L0001000 

PHENOCRYST RATIO ( Q/K/P) : 
POROSI'IY (VOL \\): 25 

SAMPLE NO. : MCG-644 
DRn.L HOLE LLM-85-17 UNIT 2B 
DRn.L H<LE DEPI'H (Ff): 11 

1/1.75/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Crystal-Lithic Tuff 

GENERAL DFSCRIPI'I<N IN 'IBIN SECI'I<N: Fine- to modi um-grained phenocrysts in a 
moderately welded groundmass. Although this sample has a fracture 
containing smectite. no clay was observed in thin section. 

MINERAL OOMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Pl agi ocl ase 

Lithic Fragments 

Tridymite 

VOL. \\ 

(71) 

(29) 

(61) 

(35) 

(3) 

( 1) 

(tr) 

41 

2S 

23 

10 

1 

COMMENTS 

Axiolitic devitrification is present. 

Up to 3.39 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/1. 

Fine to medium grained. anhedral to 
euhedral. 

Fine to medium grained. anhedral to 
subhedral. Some grains are embayed. 

Fine grained. anhedral to euhedral. 
Ilmenite with exsolved magnetite; grains 
of rutile are present. 

Fine grained. subhedral to anhedral. 

Fine grained. euhedral. Zoned grains 
are pre sent. 

Up to 12.7 mm. Several types: strongly 
welded. crystal-vitric tuff with fresh 
glass: densely welded. vitric-crystal 
tuff with coarse spherulitic devitrifi
cation: and a devitrified. andesitic/ 
latitic vitric tuff. 

Fine grained. euhedral. Occurs in pore 
spaces. 
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LANL VAPOR 'IRANSPORT SlUDY 
REQUEST NO. : 402553 
PROTECT NO. : 6L0001000 

SAMPLE NO. : MCG-645 
DRILL HOLE LLM-85-17 
DRILL HOLE DEPI'H (Fl'): 

UNIT 1B (LTIHIC) 
109 

PHENOCRYST RATIO (Q}K/P): 1/4.33/0.67 DEGREE OF WELDING: Dense 
POROSITY (VOL "): 9 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Vitric Tuff 

GENERAL DESCRIPfiON IN miN SECIION: Densely welded glass with lithophysae 
filled by sanidine, tridymite, opaques, and late-stage alpha quartz. A 
few fine- to medium-grained phenocrysts are present. 

MINERAL COMPONENT 

Groundmass 

Vapor Phase Minerals 

Sanidine 

Tridymite 

Alpha Quartz 

Opaques 

Pore Space 

Phenocrysts 

Sanidine 

Alpha Quartz 

Opaques 

Plagioclase 

VOL. " 

53 

33 

(70) 

(23) 

(4) 

(3) 

9 

s 

(56) 

(44) 

(tr) 

( tr) 

COM)ffiNTS 

Densely welded glass with well-developed 
spherulitic devitrification. Glass is 
brown in part. 

Porous, microcrystalline linings of 
li thophysae. 

Fine grained, euhedral. Partially fills 
interiors of lithophysae. Wedge-shaped 
twins are common. 

Fine grained, anhedral to euhedral. 
Late-stage lining and filling of 
li thophysae. 

Fine grained, anhedral. Associated with 
sanidine stage of li thophy sae filling. 
Magnetite/ilmenite altering to hematite. 

Associated with vapor-phase 
crystallites. 

Fine to medium grained, euhedral to 
subhedral. 

Fine grained, anhedral to euhedral. 
Embayed grains are present. 

Fine grained, euhedral. Magnetite 
intergrown with ilmenite. 

Fine grained, euhedral. 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL~): 21 

SAMPLE NO.: MCG-646 
DRILL HOLE LLM-85-09 
DRILL H<LE DEPI'H (Fr): 

UNIT 2B 
10 

1/1.64/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPriON IN 'IHIN SECfiON: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass with axiolitic devitrification. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Phenocrysts 

Sanidine 

Quartz 

Pyroxene 

Opaques 

Plagioclase 

Allanite(?) 

Pore Space 

Lithic Fragments 

Tridymite 

VOL. 1ft! 

ss 

(68) 

(32) 

22 

(62) 

(38) 

(tr) 

( tr) 

(tr) 

( tr) 

21 

2 

tr 

COMMENTS 

Axiolitic devitrification. 

Up to 9.93 mm. Replaced/mineralized by 
sanidine and tridymite. 

Fine to medium grained. anhedral to 
euhedral. 

Fine to medium grained. anhedral to 
euhedral. Fmbayed grains are present. 

Fine grained. anhedral to subhedral. 

Fine grained. anhedral to euhedral. 
Magnetite. ilmenite. hematite. and 
rutile. 

Fine grained. euhedral. Zoned grain. 

Fine grained. euhedral. 

Up to 1.70 mm. Mostly basalts. 

Fine grained. euhedral. Occurs in pore 
spaces. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 402553 
PRQTECT NO. : 6L0001000 

SAMPLE NO.: MCG-647 
DRILL HOLE LLM-85-09 
DRILL HOLE DEPI'H (Fl'): 

UNIT 2B 
20 

PHENOCRYST RATIO (Q/K/P): 1/2.77/0.04 DEGREE OF WELDING: Moderate 
POROSITY (VOL 'WI): 22 OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'I<Ii IN 'IHIN SECIION: Fine- to mediUJD-grained phenocrysts in a 
moderately welded groundmass with axiolitic devitrification. 

MINERAL COMPONENT VOL. 'WI COMMENTS 

Groundmass 42 

Glass (69) Axiolitic devitrification. 

Pumice (31) Up to 10.37 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/1. 

Phenocrysts 34 

Sanidine (71) Fine to medium grained, anhedral to 
euhedral. 

Quartz ( 26) Fine to medium grained, anhedral to 
euhedral. 

Opaques (2) Fine grained, anhedral to euhedral. 
Magnetite and ilmenite intergrowths. 

Plagioclase (1) Fine to medium grained, subhedral to 
euhedral. Some grains are zoned. 

Pyroxene (tr) Fine grained, anhedral to subhedr al • 

Pore Space 22 

Lithic Fragments 2 Up to 1.30 mm. Mostly basalts. 

Tridymite tr Fine grained, euhedral to anhedral. 
Occurs in pore space. 

Unknown Component tr Rounded grain, 0.32 mm, consisting of a 
partial rim of hematite and randomly 
oriented flakes of clay {chlorite?). A 
grain of ilmenite with exsolved hematite 
is present as an inclusion. 
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LANL VAPOR 'tRANSPORT S1UDY 
REQUEST NO. : 402553 
PRQTECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL .,) : 26 

SAMPLE NO. : MCG-64 8 
DRILL HOLE LL~8S-09 
DRILL H<LE DEPTH (Fr): 

UNIT 2A 
35 

1/2.17/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPriON IN miN SECIION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass with axiolitic devitrification. Although 
this sample has a fracture containing smectite. no clay was observed in thin section. 

MINERAL COMPONENT VOL • ., 

Groundmass 48 

Glass (70) 

Pumice (30) 

Pore Space 26 

Phenocrysts 25 

Sanidine (68) 

Quartz ( 32) 

Pyroxene (tr) 

Opaques ( tr) 

Plagioclase (tr) 

Amphibole (tr) 

Lithic Fragments tr 

Tridymite tr 

(continued on next page) 

COMMENTS 

Axiolitic devitrification. 

Up to 4.70 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst 
ratio (Q/K) = 1/1. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Fmbayed grains are pre sent. 

Fine grained, euhedral to anhedral. 

Fine grained, subhedral to anhedral. 
Magnetite, ilmenite, and hematite. 

Medium grained, euhedral. Zoned grain. 

Fine grained, anhedral. 

Up to 1.67 mm. Mostly basalt/andesite. 

Fine grained, euhedral. Occurs in pore 
space. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO.: 402553 
PROTEcr NO.: 6L0001000 

MINERAL COMPONENT VOL. CW. 

Unknown Component tr 

SAMPLE NO.: MCG-648 (continued) 
DRILL HOLE LU~-85-09 UNIT 2A 
DRILL H<LE DEPTH (Fl'): 35 

COMMENTS 

Two grains. One is rounded, 0.80 mm, 
with a thin rim of hematite and almost 
totally filled by sheaves of clay 
(chlorite?); inclusion of magnetite 
(altering to hematite) with exsolved 
ilmenite. The other is subhedral, 0.29 
mm, with a thin rim of hematite and 
sparse, randomly oriented flakes of clay 
(chlorite?). 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO. : 402553 
PRQJECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL%): 21 

SAMPLE NO. : MCG-649 
DRILL HOLE LL~85-09 
DRILL HOLE DEPI'II (FI'): 

UNIT 1B 
47 

1/0.81/0.03 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2-c3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN miN SECI'ION: Fine- to medium-grained phenocrysts in a 
groundmass containing glass that is not devitrified. Brown-colored glass is present in the groundmass and some pumice fragments. 

MINERAL COMPONENT VOL. % 

Groundmass 54 

Glass (66) 

Pumice Fragments (34) 

Phenocrysts 23 

Quartz (52) 

Sanidine (42) 

Opaques (4) 

Plagioclase (2) 

Pyroxene ( tr) 

Pore Space 21 

Lithic Fragments 2 

COMMENTS 

Not devitrified. Some brown glass. 

Up to 7.78 mm. Some flattened fragments 
and andesitic compositions (based on 
phenocrysts). Phenocryst ratio in 
rhyolitic fragments (Q/K) = 1/1.83. 

Fine to medium grained, anhedral to 
euhedral. Some grains are embayed. 

Fine to medium grained, anhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 
Magnetite and ilmenite intergrowths. 

Fine grained, subhedral. Zoned grain. 

Fine grained, anhedral to euhedral. 

Up to 0.97 mm. Several types: altered, 
flow-banded rock; altered, spherulit
ically devitrified rock; aphanitic 
rock; and hyalopilitic basalt. 
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LANL VAPOR 1RANSPORT S1UDY 
REQUEST NO. : 402553 
PRQTECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL %) : 24 

SAMPLE NO. : MCG-6 SO 
DRILL HOLE LLM-85-09 
DRILL H<LE DEPI'H (Fl'): 

UNIT lB 
68 

1/1.04/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3 

ROCK NAME: Rhyolitic Vitric-Crystal Tuff 

GENERAL DESCRIPIIOO IN 'IHIN SECIIOO: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass. Shards exhibit incipient axiolitic devit
rification. Most pumice fragments have spherulitic devitrification. 

MINERAL COMPONENT V<L. % 

Groundmass ss 

Glass (54) 

Pumice Fragments (46) 

Pore Space 24 

Phenocrysts 18 

Sanidine (47) 

Quartz (45) 

Opaques ( 6) 

Pyroxene ( 2) 

Lithic Fragments 3 

COMMENTS 

Incipient axiolitic devitrification. 

Up to 6.74 mm. Most have spherulitic 
devitrification. Some are partially 
flattened. An andesitic composition 
(based on phenocrysts) is present. 
Phenocryst ratio (Q/K) in rhyolitic 
fragments is 1/1.33. 

Fine to medium grained, anhedral to 
euhedral. 

Fine to medium grained, anhedral to 
euhedral. Resorption features are 
abundant. 

Fine grained, anhedral to euhedral. 
Ilmenite with exsolved magnetite. 

Fine grained, anhedral to euhedral. 
Most grains are associated with opaques; 
some grains are coated with celadonite. 

Up to 3 .41 mm. Several types: altered 
basalt; hyalopilitic basalt; vitric tuff 
with spherulitic devitrification; 
granophyre; and an altered, flow-banded 
rock. 
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B. 2 FISCAL YEAR 19 86 FIELDWORK 

A total of 11 drill-core and outcrop samples from the Tshirege Member of the 
Bandelier Tuff were submitted to the GJPO Petrology Laboratory for petro
graphic characterization. There were two samples each from Unit la, Unit lb, 
and Unit 2b; one sample from Unit 2a; and four lithic lapilli and pumice 
fragments from Unit la. 

The samples as received consisted of sections of S-cm-diameter drill core and irregular samples from outcrops. From these samples, portions were removed 
using a core splitter for polished-thin-section preparation. The samples were 
impregnated with blue-colored epoxy to emphasize the porosity in the thin sections.• Each thin section was subjected to point-count analysis (300 
counts) to determine mineral and component abundance. Tuffaceous rocks were 
named according to the classification of Cook (1965). As shown in Figure B-2, 
the rocks from this study plot in the following fields: VII (crystal-vitric 
tuff) and VIII (vitric-crystal). 

The optical identifications of major and minor minerals. especially devitrifi
cation products, were confirmed using X-ray diffraction (XRD). The composi
tional modifiers to tuffaceous rock names are based on bulk XRD data. These 
modifiers were assigned according to the classification of Streckeisen (1967). 

Petrographic descriptions of these samples are presented on the pages follow
ing Figure B-2. They are presented in consecutive order by sample number, 
although the drill-hole number, depth of the sample, and geologic unit are 
also identified near the top of the page. The volume percent of each mineral component is given, together with the petrographic description. Phenocrysts 
and groundmass are further subdivided into individual components, and these 
subcomponents are followed by a number in parentheses which indicates their 
volume percentage of the main component. The petrographic descriptions were 
taken from a report entitled Petrography of the Tshirege Member of the 
Bandelier Tuff. Mesita del Buey. Los Alamos County. New Mexico: Second Report (Fukui, 1986). 

*There is considerable discrepancy between porosity measured in thin 
section and that determined by means of helium injection (see Section 3.1.2). 
The significantly lower porosity determined in thin section is due to the fact 
that most of the thin sections were cut parallel to the core axis (parallel to 
the direction of flattening), resulting in erroneous extrapolation based on 
the cross section of the gas tubes rather than on their true shape. 
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Figure B-2. Classification of Cook (1965) Used to Name Tuffaceous Rocks in 
This Study on the Basis of the Normalized Vitric (including 
pumice), Crystal, and Lithic Components Determined From the 
Modal Analysis. 
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LANL VAPOR 'IRANSPORT SlUDY 
REQUEST NO. : 403353 
PRQTEcr NO.: 6L0001000 

SAMPLE NO.: MCG-651 
DRILL HOLE LLC-86-19 
DRILL H«X.E DEPTH (Fr): 

UNIT 1a (Lithic) 
190 

BANDELmR 'lUFF PHENOCRYST-RATIO (QJK/P): 1/7.3/5.5 
DEGREE OF WFLDINJ: Strong POROSITY (VOL. %) : 1 
OXIDATION STATE OF Fe-Ti OXIDES: C7 

ROCK NAME: Altered Crystal-Vitric Tuff 

GENERAL DESCRIPl'ION IN miN SECI'ION: Lithic fragment with feldspar pheno
crysts replaced by analcime(?). 

MINERAL COMPONENT 

Groundmass 

Glass 

Opaques 

Phenocrysts 

Plagioclase 

K-feldspar 

Biotite 

Pyroxene(?) 

Opaques 

Lithics (?) 

Vug 

Pore Space 

V<L. % 

62 

(93) 

( 7) 

35 

(44) 

(33) 

(13) 

( 9) 

(tr) 

3 

2 

1 

COMMENTS 

Glass appears partially altered to clay 
that is iron stained. The glass is not 
devitrified. Shard structure is 
preserved. 

Hematite. 

Pseudomorphic replacement by analcime. 
Compositional-zoning structure is 
preserved. 

Pseudamorphic replacement by analcime. 

Totally altered to chlorite and 
hematite. 

Altered to serpentine(?) and hematite. 

Altered to pseudobrookite and hematite. 

A1 tered. 

Vugs are lined by opal and filled by 
chalcedony. 
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LANL VAPOR 'IRANSPORT STUDY 
REQUEST NO.: 403353 
PROJECT NO.: 6L0001000 

SAMPLE NO. : MCG-652 
DRILL HOLE LLC-86-19 
DRILL HOLE DEPTH (Ff): 

UNIT 1a (Lithic) 
175 

BANDELmR 'lUFF PHENOCRYST-RATIO (QJK/P): Unknown 
DEGREE OF WFLDIID: Strong POROSITY (VOL. %) : 22 
OXIDATION STATE OF Fe-Ti OXIDES: C7 

ROCK NAME: Altered, Crystal-Vitric Tuff 

GENERAL DESCRIPriON IN miN SECTION: 
are replaced by clay minerals. 
and lithic fragments. 

MINERAL OOMPONENT VOL. ' 

Groundmass 67 

Glass (91) 

Pumice Fragments (9) 

Pore Space 22 

Phenocrysts 6 

Feldspars(?) (68) 

Opaques (32) 

Lithic Fragments(?) 5 

Groundmass is silicified. Phenocrysts 
Vague features in the rock may be pumice 

COMMENTS 

Replaced by quartz and clay minerals. 

Up to 5.45 mm. Replaced by silica. 
Texturally, these resemble the pumice in 
Units 2a and 2b. 

Totally replaced by clay. 

Totally replaced by p seudobrooki te and 
hematite. 

Vague textural features. 
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LANL VAPOR lRANSPORT STUDY 
REQUEST NO. : 403353 
PRQTECI NO. : 6L0001000 

SAMPLE NO. : MCG-6 53 
DRILL HOLE LLC-86-19 
DRILL H<LE DEPTH (Fr): 

UNIT 1a (Lithic) 
162 

BANDELmR 'lUFF PHENOCRYST-RATIO (Q/K/P): 1/3.4/0 
DEGREE OF WFLDim: Strong POROSITY (VOL. %) : 13 
OXIDATION STATE OF Fe-Ti OXIDES: C4 

ROCK NAME: Rhyolitic Vitric Tuff 

GENERAL DESCRIPriON IN 'IHIN SECIION: Fine- to medium-grained phenocrysts in a 
strongly welded groundmass with axiolitic and spherulitic devitrification 
and vapor-phase mineralization. 

MINERAL COMPONENT 

Groundmass 

Pore Space 

Vapor-Phase Minerals 

Sanidine 

Tridymite 

Alpha Quartz 

Phenocrysts 

Sanidine 

Opaques 

Alpha Quartz 

Pyroxene 

VOL. % 

73 

13 

9 

(53) 

(29) 

(18) 

5 

(63) 

(31) 

( 6) 

(tr) 

COM~TS 

Strongly welded glass with axiolitic 
and spherulitic devitrification. 

Fills vugs. 

Ilmenite, magnetite, and hematite. 

Augite. Rimmed by goethite. 
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LANL VAPOR 'IRANSPORT SlUDY 
REQUEST NO.: 403353 
PRQJECT NO.: 6L0001000 

SAMPLE NO. : MCG-654 
DRILL HOLE LLC-86-20 
DRILL H<LE DEPTH (Fr): 

UNIT 1a 
148 

BANDELmR 'lUFF PHENOCRYST-RATIO (QJK/P): NA 
DEGREE OF WELDIID: Slight POROSITY (VOL. %) : 46 
OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAME: Andesitic Pumice Fragment 

GENERAL DESCRIPI'ION IN 'IHIN SECTION: Sample is a pumice fragment: fine- to 
medium-grained phenocrysts in fresh glass. The pumice is not flattened. 

MINERAL COMPONENT 

Pore Space 

Phenocrysts 

P1 agi ocl a se 

Amphibole 

Opaques 

Groundmass (Pumice) 

VOL. % 

(76) 

( 23) 

( 1) 

46 

36 

18 

COMMENTS 

Medium-grained phenocrysts exhibit 
normal zoning: finer grains do not 
appear to be zoned. Fresh. 

Basal tic hornblende (1 amproboli te) • 

Magnetite and ilmenite. 

Fresh, colorless glass. 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO.: 403353 
PRQTEC! NO.: 6L0001000 

SAMPLE NO.: MCG-655 
DRILL HOLE LLC-86-20 
DRILL H<LE DEPTH (Fl'): 

UNIT 1a 
176 

BANDELmR 'lUFF PHENOCRYST-RATIO (Q/K/P): 1/1.4/0.06 
DEGREE OF WE'LDDG: Slight POROSITY (VOL. "): 33 
OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAME: Rhyolitic Vitric-Crystal Tuff 

GENERAL DESCRIPI'ION IN miN SECI'ION: Fine-to medium-grained phenocrysts in a 
slightly welded. fresh-glass groundmass. Glass in pumice fragments is 
also fresh. Some pumice fragments are flattened. 

MINERAL COMPONENT VOL • ., 

Groundmass 49 

Pumice Fragments (59) 

Glass (41) 

Pore Space 33 

Phenocrysts 12 

Sanidine (49) 

Quartz (49) 

Opaques ( 2) 

Pyroxene (tr) 

Amphibole (tr) 

Lithic Fragments 6 

COMMENTS 

Up to 6.73 mm. Fresh glass. Some 
fragments are totally flattened. The 
only phenocrysts in the fragments are 
sanidine. amphibole. and opaques. 

Fresh. Y-shaped shards are present. 

Embayed grains are common. 

Magnetite and ilmenite. 

Augite. 

Lamprobol i te. 

Up 2.56 mm. Mostly basaltic tuffs. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 403353 
PROTECT NO.: 6L0001000 

SAMPLE NO.: MCG-656 
DRILL HOLE LLC-86-20 
DRILL HOCE DEPI'H (FT): 

UNIT 1b 
126 

BANDELmR lUFF PHENOCRYST-RATIO (Q/K/P): 1/2/0.01 
DEGREE OF WELDIN;: Slight POROSITY (VOL ... ) : 38 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPriON IN miN SECI'ION: Fine- to medium-grained phenocrysts in a 
slightly welded. fresh-glass groundmass. Glass in pumice fragments is 
also fresh. Some pumice fragments are flattened. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Plagioclase 

Amphibole 

Lithic Fragments 

VOL ... 

(66) 

( 46) 

(56) 

(40) 

( 4) 

(tr) 

( tr) 

(tr) 

41 

38 

19 

2 

COM.MmTS 

Fresh; brown-colored. 

Up to 5.45 mm. Some pumice fragments 
are totally flattened. Phenocryst ratio 
in pumice is two sanidine for every 
quartz. 

Many grains are embayed. 

Ilmenite. magnetite. and hematite. 

Augite. 

Lamprobolite. 

Up to 3.45 mm. Altered and fresh 
hyalopilitic basalts; altered lithic
vitric tuff with abundant basaltic 
material; altered. thoroughly welded. 
spherulitically devitrified. vitric tuff; 
and silicified vitric tuff. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 403353 
PRQTECT NO. : 6L0001000 

SAMPLE NO. : MCG-6 57 
DRILL HOLE LLC-86-20 
DRILL H<LE DEPrH (Fl'): 

UNIT 1a 
134 

BANDELmR 'lUFF PHENOCRYST-RATIO (QJK/P): 1/1.3/0.1 (In Pumice Fragments) 
DEGREE OF WELDINl: Slight POROSITY (VOL. %) : 53 
OXIDATION STATE OF Fe-Ti OXIDES : C3-C4 

ROCK NAME: Rhyolitic Vitric-Crystal Tuff 

GFNERAL DESCRIPriON IN miN SECI'ION: Fine- to medium-grained phenocrysts in a 
groundmass consisting mainly of fresh-glass, pumice fragments. Many 
pumice fragments are partially flattened. 

MINERAL COMPONFNT VOL. crt 

Pore Space 53 

Groundmass 40 

Pumice Fragments (85) 

Glass 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

(15) 

(50) 

(36) 

(14) 

( tr) 

7 

COMMENTS 

Up to 34 mm. Many pumice fragments are 
partially flattened. Glass is fresh. 
Some brown-colored glass. 

Fresh; brown colored. Y-shaped shards 
and intact bubble walls indicate slight 
welding. 

Mainly in pumice fragments. 

Ilmenite, magnetite, and hematite. 

Augite. 

B-49 



LANL VAPOR 'm.ANSPORT SnJDY 
REQUEST NO. : 403353 
PRQTECT NO.: 6L0001000 

SAMPLE NO.: MCG-658 
DRILL HOLE LLC-86-20 
DRILL H<LE DEPI'H (Fr): 

UNIT 1b 
119 

BANDELmR nJFF PHENOCRYST-RATIO (QJK/P): 1/1.5/0.01 
POROSITY (VOL. "): DEGREE OF WELDING: Slight to Moderate 

OXIDATION STATE OF Fe-Ti OXIDES: C4 
21 

ROCK NAME: Rhyolitic Vitric-Crystal Tuff 

GENERAL DESCRIPriON IN miN SECTION: Fine- to medium-grained phenocrysts in a 
slightly to moderately welded, fresh-glass groundmass. Some pumice 
fragments are flattened. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Plagioclase 

Pyroxene 

Lithic Fragments 

VOL. " 

55 

(75) 

(25) 

21 

20 

(55) 

(40) 

(3) 

( 2) 

(tr) 

4 

COMMENTS 

Mostly fresh, incipient alteration to 
clay. Minor amounts of brown-colored 
glass are present. 

Up to 7.73 mm. Same fragments are 
flattened. Phenocryst ratio is 1:1 
quartz to sanidine. 

Magnetite, ilmenite, rutile, and 
hematite. 

Augite 

Up to 2.88 mm. Altered hyalopilitic 
basalts and vitric tuffs; a vitric tuff 
with spherulitic devitrification; and a 
fresh, porous, basaltic crystal-vitric 
tuff. 
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LANL VAPOR 'IRANSPORT SlUDY 
REQUEST NO. : 403353 
PROJECT NO. : 6L0001000 

SAMPLE NO.: .MCG-659 
OUTCROP SAMPLE 
UNIT 2b 

BANDELmR lUFF PHENOCRYST-RATIO (Q/K/P): 1/2.5/0.01 
DEGREE OF WELDim: Slight POROSITY (VOL. 'Wt): 34 
OXIDATION STATE OF Fe-Ti OXIDES : C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPriON IN 'IBIN SECTION: Fine- to medium-grained phenocrysts in a 
slightly welded groundmass. Shards show axiolitic devitrification. 
Pumice fragments are replaced by sanidine and tridymite • 

.MINERAL COMPONENT VOL. 'Wt 

Groundmass 38 

Glass (67) 

Pumice Fragments (33) 

Pore Space 34 

Phenocrysts 26 

Sanidine (60) 

Quartz ( 38) 

Opaques ( 2) 

Pyroxene ( tr) 

P1 agiocl ase (tr) 

Lithic Fragments 2 

COMMENTS 

Axiolitic devitrification. Y-shaped 
shards are pre sent. 

Up to 2.58 mm. Replaced/mineralized by 
sanidine and tridymite. Phenocryst ratio 
(Q/K) = 1/2.5. 

Some grains are embayed. 

Ilmenite. magnetite. rutile. and 
hematite. 

One zoned grain. 

Up to 2.61 mm. Basalts. 
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LANL VAPOR 'tRANSPORT S1UDY 
REQUEST NO.: 403353 
PRQJECT NO. : 6L0001000 

SAMPLE NO. : MCG-660 
OUTCROP SAMPLE 
UNIT 2b 

BANDELmR 'lUFF PHENOCRYST-RATIO (Q/K/P): 1/2.5/0.04 
DEGREE OF WELDIW: Slight POROSITY (VOL ... ) : 43 
OXIDATION STATE OF Fe-Ti OXIDES : C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN miN SECIION: Fine- to medium-grained phenocrysts in a 
slightly welded groundmass. Shards show axiolitic devitrification. 
Pumice fragments are replaced by sanidine and tridymite. 

MINERAL COMPONENT 

Pore Space 

Groundmass 

Glass 

Pumice 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

VOL ... 

(69) 

(31) 

(47) 

(46) 

( 5) 

43 

29 

28 

Plagioclase (1} 

Amphibole (1) 

Pyroxene ( tr} 

Lithic Fragments tr 

COMMENTS 

Axiolitic devitrification. 

Up to 6.15 mm. Replaced/mineralized by 
sanidine and tridymite. Some pumice 
fragments contain a fibrous zeolite, 
others have amphibole, pyroxene, and 
zoned-plagioclase phenocrysts. One 
pumice fragment had a phenocryst ratio 
(Q/K) = 1/1.5. . 

May have oriented overgrowths of 
sanidine; this may be vapor-phase 
mineralization. 

Ilmenite, magnetite, rutile, and 
hematite. 

Lam.probol ite. 

Augite. 

Up to 1.45 mm. Altered tuff and 
grains consisting of pyroxene and 
opaques, possibly from a basalt. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO.: 403353 
PROTECT NO. : 6L0001000 

SAMPLE NO. : MCG-661 
OOTCROP SAMPLE 
UNIT 2a 

BANDELIER lUFF PHENOCRYST-RATIO (QJK/P): 1/3 .2/0.0S 
DEGREE OF WELDIN;: Slight POROSITY (VOL. %) : 44 
OXIDATION STATE OF Fe-Ti OXIDES: C4 

ROCK NAME: Rhyolitic Crystal Vitric Tuff 

GENERAL DESCRIPriON IN miN SECIION: Fine- to medium-grained phenocrysts in a 
slightly welded groundmass. Shards show axiolitic devitrification. 
Pumice fragments are replaced by sanidine and tridymite. 

MINERAL COMPONENT VOL. ~ 

Pore Space 44 

Groundmass 31 

Glass (59) 

Pumice Fragments (41) 

Phenocrysts 25 

Sanidine (41) 

Quartz (28) 

Opaques (14) 

Plagioclase (3) 

Amphibole (tr) 

Biotite ( tr) 

Pyroxene (tr) 

Lithic Fragment tr 

COM.MI?NTS 

Axiolitic devitrification. Y-shaped 
shards and intact bubble-walls. 

Up to 4.03 mm. Replaced/mineralized by 
sanidine and tridymite. Some pumice 
fragments are andesitic (plagioclase and 
amphibole phenocrysts); the other pumice 
only contain quartz phenocrysts. 

Same sanidine phenocrysts have been 
partially dissolved (intragranular 
porosity). 

Ilmenite, magnetite, rutile, and 
hematite. • 

Zoned grains. 

Lamprobolite. 

Augite. 

The lithic is a silicified tuff and 
measures 1.82 mm. 
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Appendix C 

MOISTURE CHARACTERISTIC CURVES 
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Table C-1. Data Used to Plot the Moisture Characteristic Curves 
(drying curves only) 

Hole Sample Depth Capillary Wetting Fluid 
Number Number (ft) Pressure Saturation 

(psi) (percent) 

LLM-85-01 MCG-602 30 0.510 91.6 
0.906 86.4 
1.420 81.2 
2.055 76.1 
2.814 70.9 
3.701 65.8 

LLM-85-01 MCG-603 52 0.455 90.0 
0.823 84.7 
1.385 79.7 
2.230 74.9 
3.495 70.2 
5.403 65.8 

LLM-85-01 MCG-604 101 0.493 88.6 
0.955 82.1 
1. 738 76.6 
3.220 71.9 
6.555 67.8 

LLM-85-01 MCG-605 124 0.392 83.5 
0.620 76.9 
0.955 70.5 
1.450 64.4 
2.189 58.5 
3.319 52.9 

LLM-85-02 MCG-606 7 0.392 88.6 
0.812 81.1 
1.450 73.9 
2.372 66.8 
3.663 60.0 
5.440 53.3 

LLM-85-02 MCG-607 36 0.097 92.0 
0.181 87.3 
0.494 79.1 
0.799 75.8 
1.3 82 73.4 
2.975 71.8 

LLM-85-02 MCG-608 67 0.424 90.7 
0.681 86.6 
1.050 82.6 
1.573 78.7 
2.315 75.0 
3.375 71.5 
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Table C-1 (continued). Data Used to Plot the Moisture Characteristic Curves 
(drying curves only) 

Hole Sample Depth Capillary Wetting Fluid 

Number Number (ft) Pressure Saturation 
(psi) (percent) 

LLftf-85-02 MCG-609 117 0.252 94.2 
0.626 89.3 
1.135 84.2 
1.757 79.1 
2.474 73.9 
3.268 68.6 

LLM-85-05 MCG-610 15 0.174 90.0 
0.328 84.5 
0.563 79.1 
0.913 73.9 
1.429 68.9 
2.188 64.2 

LLftf-85-05 MCG-611 36 0.259 96.1 
1.014 90.8 
1. 879 85.0 
2.715 78.5 
3.482 71.4 
4.171 63.7 

LLM-85-05 MCG-612 76 0.072 97.1 
0.344 94.0 
o. 800 90.9 
1.424 87.8 
2.198 84.6 
3.109 81.4 

LLM-85-05 MCG-613 123 0.166 85.1 
0.243 82.4 
0.382 79.7 
0.671 77.1 
1.426 74.6 
4.598 72.1 

LGM-85-06 MCG-614 29 0.446 83.2 
0.679 77.2 
1.020 71.4 
1.526 65.8 
2.295 60.5 
3.500 55.4 
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Table C-1 (continued). Data Used to Plot the Moisture Characteristic Curves 
(drying curves only) 

Hole Sample Depth Capillary Wetting Fluid 
Number Number (ft) Pressure Saturation 

(psi) (percent) 

LGM-85-06 MCG-615 51 0.419 90.8 
0.650 86.9 
0.970 83.1 
1.411 79.5 
2.016 76.0 
2.850 72.6 

LGM-85-06 MCG-616 99 0.322 85.6 
0.403 85.4 
0.542 84.5 
0.818 84.3 
1.527 83.4 
4.825 82.2 

LGM-85-06 MCG-617 115 0.068 96.9 
0.309 92.3 
o. 810 87.8 
1. 716 83.6 
2.388 81.6 
3.259 79.6 

LGM-85-11 MCG-618 3 0.296 88.7 
0.594 81.9 
1.063 75.3 
1. 775 69.0 
2.841 62.9 
4.429 57.1 

LGM-85-11 MCG-619 30 0.491 90.5 
1.188 81.6 
2.040 72.3 
2.976 62.6 
3.950 52.5 
4.934 42.0 

LGM-85-11 MCG-620 94 0.161 93.3 
0.376 88.7 
0.734 84.2 
1.297 79.9 
2.163 75.8 
3.483 71.9 
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Table C-1 (continued}. Data Used to Plot the Moisture Characteristic Curves 
(drying curves only) 

Hole Sample Depth Capillary Wetting Fluid 

Number Number ( ft) Pressure Saturation 
(psi} (percent) 

LGM-85-11 MCG-621 115 0.270 92.3 
0.446 89.2 
0.727 86.3 
1.191 83.5 
1.991 80.9 
3 0 463 78.5 

C-6 

' II 



-·r-f 
en 
a. ...__. 

Ll.J a: 
::J 
C/) 
C/) 
Ll.J a: 
0... 

>-a: 
< 
_J 
_J 
H 
0... 
<t 
u 

3.!500 

3.000 

2.!500 

2.000 

1. !500 

1.000 

0.!500 

70.0 7!5.0 ao.o 815.0 90.0 915.0 

WETTING FLUID SATURATION (%) 

Figure C-1. Moisture Characteristic Curve for Sample MCG-602, 
Hole LUI-85-01, Depth of 30 Feet 

C-7 

100.0 



-·r-1 
U) 

c. -
w 
a: 
:::J 
UJ 
UJ 
w 
a: 
Q.. 

>-a: 
< 
_J 
_J 
H 
a. 
<( 

u 

e.oo 

4.00 

3.00 

2.00 

1.00 

70.0 7e.o ao.o 8!5.0 90.0 se.o 

WETTING FLUID SATURATION (%) 

Figure C-2. Moisture Characteristic Curve for Sample MCG-603, 
Hole LLM-85-01, Depth of 52 Feet 

C-8 

100.0 



-·P""f 

en 
a -

l.W a: 
:::::J 
c.n 
c.n 
l.W a: 
0... 

>-a: 
< 
....J 
....J 
H 
0... 
< 
u 

7. 00 r------r-----r------r------r-----.., 

6.00 

!5.00 f. -

4.00 

3.00 

2.00 

1.00 . 

0.00 ~-------~------~------~------~-----~ 0.0 20.0 40.0 60.0 ao.o 

WETTING FLUID SATURATION (%) 

Figure C-3. Moisture Characteristic Curve for Sample MCG-604, 
Hole LLM-85-01, Depth of 101 Feet 

C-9 

100.0 



-·~ 
U) 

a -
w 
a: 
:::J 
U1 
U1 
w 
a: 
CL 

>-
a: 
<X: 
_j 
_j 
H 
CL 
<X: 
u 

2.eoo 

2.000 

1.eoo 

1.000 

WETTING FLUID SATURATION (%) 

Figure C-4. Moisture Characteristic Curve for Sample MCG-605, 
Hole LLM-85-01, Depth of 124 Feet 

C-10 

I II 



-·~ 
CJ) 

a. -
w 
a: 
::::J 
CJ) 
CJ) 
w 
a: 
a.. 

>-a: 
<X: 
_J 
_J 
H 
a.. 
<X: 
u 

4.00 

3.00 

2.00 

WETTING FLUID SATURATION (%) 

Figure C-5. Moisture Characteristic Curve for Sample MCG-606, 
Hole LLM-85-02. Depth of 7 Feet 

C-11 



.......... 
·r-1 
U) 

c. -
w 
a: 
::J 
U1 
U1 
w 
a: 
Q_ 

>-a: 
<! 
_j 
_j 
H 
Q_ 
<x: 
u 

2.500 

2.000 

1.500 

1.000 

0.500 

75.0 80.0 85.0 90.0 95.0 

WETTING FLUID SATURATION (%) 

Figure C-6. Moisture Characteristic Curve for Sample MCG-607, 
Hole LLM-85-02, Depth of 36 Feet 

C-12 

100.0 



- ." 

3.000 

- 2.!500 
·r-1 
rn 
a -

L1..J 
a: 2.000 :::::) 
en 
en 
w a: 
0.. 

>- 1.!500 a: 
<t 
_J 
_J 
H 
0.. 
<t 
u 1.000 

0.!500 

ao.o ae.o 90.0 9!5.0 100.0 

WETTING FLUID SATURATION (%) 

Figure C-7. Moisture Characteristic Curve for Sample ltiCG-608. 
Hole LLM-85-02, Depth of 67 Feet 

C-13 



-·r-f 
Ul 
c. -
w 
a: 
:::J 
U) 
U) 
w 
a: 
0.. 

>-a: 
<t: 
_J 
_J 
H 
0.. 
<t: 
u 

3.000 

2.!500 

2.000 

1.!500 

1.000 

0.500 

70.0 75.0 80.0 85.0 90.0 95.0 

WETTING FLUID SATURATION (%) 

Figure C-8. Moisture Characteristic Curve for Sample MCG-609, 
Hole LLM-85-02, Depth of 117 Feet 

C-14 

' II 

100.0 



-·~ 
en 
a. ........ 

lJ.J 
0: 
:::::::> 
C/) 
C/) 
lJ.J 
0: 
0... 

>-a: 
<( 
_J 
_J 
1-i 
0... 
<( 
u 

2.000 

1.500 

1.000 

0.500 

ao.o 8!5.0 90.0 9!5.0 100.0 

WETTING FLUID SATURATION (%) 

Figure C-9. Uoisture Characteristic Curve for Sample MCG-610, 
Hole LLM-85-05. Depth of 15 Feet 

C-15 



' II 

4.000 

3.!!100 

-·l""'f 
U) 

3.000 c. -
UJ 
a: 
::::J 2.!!100 CJ) 
CJ) 
UJ 
a: 
0... 

>-
2.000 

a: 
<( 
_J 
_J 
H 1.!!100 a.. 
<t 
u 

1.000 

o.eoo 

0.000 ~----._----~----~----~----~----~----~----~ eo.o ee.o 70.0 80.0 se.o 90.0 9!5.0 iOO.O 

WETTING FLUID SATURATION (%) 

Figure C-10. Moisture Characteristic Curve for Sample MCG-611. 
Hole LLM-85-0S. Depth of 36 Feet 

C-16 



-·r-i 
en 
a. -

IJ..J 
a: 
::J 
CfJ 
CfJ 
IJ..J 
a: 
0.. 

>-a: 
< 
.....J 
.....J 
H 
0.. 
< u 

2.!500 

2.000 

1.!500 

1.000 

WETTING FLUID SATURATION (%) 

Figure C-11. Moisture Characteristic Curve for Sample MCG-612 1 

Hole LUI-85-05 I Depth of 76 Feet 

C-17 



-.,.... 
en 
a. -
w 
a: 
::J 
en 
en 
w 
a: 
0... 

>-a: 
<( 
_j 
_j 
H 
0... 
<( 

u 

4.500 

4.000 

3.!500 

3.000 

2.!500 

2.000 

1.!500 

1.000 

0.!500 

7!5.0 80.0 8!5.0 90.0 9!5.0 

WETTING FLUID SATURATION (%) 

Figure C-12. ~foisture Characteristic Curve for Sample MCG-613, 
Hole LLM-85-05, Depth of 123 Feet 

C-18 

' II 

100.0 



4.000 ~---r----~--~----~----~---r----~--~----~--~ 

3.500 

3.000 j 
-·1'"'1 

en 
Cl. .._ 

2.!500 
w 
a: 
:::J 
U1 
CJ) 
w 2.000 a: 
0.. 

>-
a: 
<t 
_J 1.!500 
_J 
H 
0.. 
<t 
u 

1.000 

0.!500 

0.000 ~--~----~--~----~----~--~----~--~----~--~ !5o. o ee. o so. o se. o 10. o 75. o eo. o ae. o 90. o se. o 100. o 

WETTING FLUID SATURATION (%) 

Figure C-13. Moisture Characteristic Curve for Sample MCG-614. 
Hole LGM-85-06. Depth of 29 Feet 

C-19 



-·l""'t 
en 
c. -
w 
a: 
::J 
tJ1 
tJ1 
w 
a: 
a.. 

>-
a: 
<l: 
_J 
_J 
H 
a.. 
<l: 
(_) 

a.eoo 

2.000 

1.eoo 

1.000 

o.eoo 

7ei.O ao.o ae.o 90.0 9!5.0 

WETTING FLUID SATURATION (%) 

Figure C-14. Moisture Characteristic Curve for Sample MCG-615, 
Hole LG~~SS-06, Depth of 51 Feet 

C-20 

' II 

100.0 



I I 

-·l""'i 
en 
a. -
w 
a: 
:::J 
C.f) 
C.f) 
w 
a: 
CL 

>-a: 
<X: 
_J 
_J 
H 
CL 
<X: 
u 

~.000 r---~-----r----,---~~--~~--~-----r----~----

4.!500 -

4.000 

3.!500 ~ 

3.000 ~ 

2.!500 ~ 

2.000 r-

1.!500 - -

1.000 ~ 

0.!500 -

0. 000 ~--::-l ___ _.... __ ..J_ __ .:==============:::t::=-_j 82.0 84.0 88.0 88.0 90.0 92.0 94.0 98.0 98.0 100.0 

WETTING FLUID SATURATION (%) 

Figure C-15. Moisture Characteristic Curve for Sample MCG-616, 
Hole LGM-85-06, Depth of 99 Feet 

C-21 



-·r-i 
CJ) 

Cl. -
IJ.J 
a: 
::J 
CJ1 
CJ1 w 
a: 
0... 

>-a: 
<l: 
_j 
_j 
H 
0... 
< u 

3.000 

2.!500 

2.000 

1. !500 

1.000 

0.!500 

ao.o 85.0 90.0 95.0 

WETTING FLUID SATURATION (%) 

Figure C-16. ~loisture Characteristic Curve for Sample MCG-617, 
Hole LGM-85-06, Depth of 115 Feet 

C-22 

' II 

100.0 



-·rl 
(f) 

c. -
LW a: 
::J 
Cf) 
Cf) 
LW a: 
0.. 

>-a: 
< 
_J 
_J 
H 
0.. 
<t: 
u 

3.!500 

3.000 

2.!500 

2.000 

1. !500 

1.000 

WETTING FLUID SATURATION (%) 
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Appendix D 

EFFECTIVE PERMEABILITY AS A FUNCTION OF SATURATION 

(saturation refers to total air saturation) 
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Figure D-9. Effective Permeability as a Function of Saturation for 
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Appendix E 

LISTING OF FORTRAN V PROGRAM FOR CONVERTING 
PSYCHROMETER MICROVOLTAGE OUTPUTS 

TO WATER POTENTIAL 

(modified from Brown and Bartos. 1982) 
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PROGRAM H20POTU(INPUT,OUTPUT,TAPE5=INPUT,TAPE6=0UTPUT) 
C**** LIMITS OF APPLICATION 
C**** 14 < SEC < 61 
C**** -1 < TEMP, DEGREES CEL < 41 
C**** MV <= VIS*B*C 
C**** -61 < OMV < 61 

c 

REAL MV,MS,M15,IS,I15,LNS,LN15,NS,N15,MVS,MV15 
DATA SEC/15./ 
IF(SEC.GE.14 •. AND.SEC.LE.61.) GO TO 10 
WRITE(6,5) 

5 FORMAT(' COOLING TIME IS NOT WITHIN MODEL RANGE') 
STOP 

C**** READ INPUT DATA FOR FILE 

c 

10 READ(22,20,END=100) I,DATE,TIME,B,TEMP,OMV,MV,DEPTH 
20 FORMAT(I4,A9,A7,F6.2,5F6.1) 

IF (TEMP. GE. -1. . AND. TEMP. LE. 41.) GO TO 3 0 
WRITE(6,25) 

25 FORMAT( ' PSYCHROMETER TEMPERA1URE IS NOT WITHIN MODEL RANGE' ) 
WP=-999:9 
GO TO 70 

30 IF(OMV.GE.-61 •. AND.OMV.LE.61.) GO TO 40 
WRITE(6,35) 

3 5 FORMAT( ' ZERO OFFSET IS NOT WITHIN MODEL RANGE' ) 
WP=-999.9 
GO TO 70 

40 IF(MV.GT.O.) GO TO 50 
WRITE(6,45) 

45 FOIUfAT(' MICROVOLT READING • LE. 0. ') 
WP=-999.9 
GO TO 70 

50 WPK=-22 .5 
MS=2.5+EXP(-(ABS(((60.-SEC)/60.-1.)/.405)**3)) 
M15=2.5+EXP(-(ABS(((60.-15.)/60.-1.)/.405)**3)) 
IS=.45+.000333*SEC+1.9846E-19*SEC**10 
I15=.45+.000333*15.+1.9846E-19*15.**10 
RNS=EXP(-((1./(1.-IS))**MS)) 
RN15=EXP(-((1./(1.-I15))**M15)) 
DS=l.-RNS 
D15=1.-RN15 
X1AS=12.1-.003475*(60.-SEC)**1.63 
X1A15=12.1-.003475*(60.-15.)**1.63 
X1YS=39.2-.0004346*(60.-SEC)**2.45 
X1Y15=39.2-.0004346*(60.-15.)**2.45 
X2AS=88.-.0002579*(60.-SEC)**2.7 
X2A15=88.-.0002579*(60.-15.)**2.7 
X2YS=8.4+2.734E-07*(60.-SEC)**3.97 
X2Y15=8.4+2.734E-07*(60.-15.)**3.97 
LNS=EXP(-(ABS(((40.-TEMP)/40.-1.)/(1.-IS))**MS)) 
LN15=EXP(-(ABS(((40.-TEMP)/40.-1.)/(1.-I15))**M15)) 
NS=((LNS-RNS)/DS)*.185+1.18 
N15=((LN15-RN15)/D15)*.185+1.18 
UIS=X1AS+.017288*X1YS*TEMP**1.1 
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c 

UI15=X1A15+.017288*X1Y15*TEMP**1.1 
SPS=(X2AS-X2YS*.00017185*(40.-TEMP)**2.35)*(-1.) 
SP15=(X2A15-X2Y15*.0001718S*(40.-TEMP)**2.35)*(-1.) 
~WS=(UIS-(UIS/(ABS(SPS)**NS))*(ABS(SPS-WPK)**NS)) 

MV1S=(UI15-(UI15/(ABS(SP15)**N15))*(ABS(SP15-WPK)**N15)) 
ZOE=(.015*0MV+.001471*0MV*TEMP) 
C=(MVS+(MVS/MV15)*ZOE)/MVS 
R=UIS*C 
IF(MV.LE.R) GO TO 60 
WRITE(6,5S) 

55 FORMAT(' MICROVOLT READING IS NOT WITHIN MODEL RANGE') 
WP=-999.9 
GO TO 70 

60 WP=((((A8S(SPS)**NS)*(UIS*C-MV))/(UIS*C))**(1./NS)+SPS)*B 
WP=-WP 

70 WRITE( 23 ,20) I ,DATE, TIME,B, TEMP,OMV ,MV ,DEPI'H, WP 
GO TO 10 

100 CONTINUE 
STOP 
END 
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Appendix F 

GEOPHYSICAL LOGS 
(in attached envelope) 
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SITE GEOLOGY AND HYDROLOGY OF TECHNICAL AREA 16, AREA P 

by 

Fred Brown, William Purtymun, Alan Stoker, and Alice Barr 

ABSTRACT 

Two distinct units of the Quaternary Upper Bandelier Tuff were encountered 
during a geological investigation of Technical Area 16, Area P, at los Alamos Na
tional laboratory, los Alamos, New Mexico. Unit 3, the uppermost unit encoun
tered, consists of four distinct ashflows, and is characterized by a high degree of 
welding and low-moisture content. Unit 2, the lowermost unit encountered, is 
densely welded, and noticeably impeded drilling oparations. The Water Canyon 
Fault Zone, which lies approximately 500ft to the east of Area P, exhibits 10 to 15 
ft of displacement in the subsurface with little surface expression apparent. No 
evidence for the existence of groundwater was detected. 

I. INTRODUCTION 

Technical Area 16, Area P (r A-16, Area P), at 
Los Alamos National Laboratory (LANL) has been 
used since the 1950s as an industrial landfill, and is 
regulated under the New Mexico Environmental Im
provement Division's Hazardous Waste Manage
ment Regulations due to barium residues in excess 
of the Extraction Procedure (EP) toxicity limits. 
LANL desires to permanently close the landfill, and 
in an effort to address closure and postclosure re
quirements required by RCRA (Resource Conserva
tion and Recovery Act), a geological site investiga
tion was conducted by the LANL Environmental 
Surveillance Group (HSE-8) during the summer of 
1987. 

II. REGIONAL GEOLOGY 

The regional geology of Los Alamos has been 
previously reported in detail (i.e., Smith and Bailey, 
1966; Purtymun, 1974; Gardner and Goff, 1986). In 
summary, Los Alamos National Laboratory is lo
cated on the eastern flank of the Jemez Mountains, 
an area dominated by volcanic deposits associated 
with the formation and collapse of the Valle and 
Toledo Calderas. Eruptive activity culminated with 
the deposition of a large volume (about 400 km3) of 
Quaternary Bandelier Tuff, a rhyolitic tuff ranging in 
thickness from 30 to 1000 ft. The Bandelier Tuff is 
composed of a series of ashfall and ashflow tuffs 
unconformably resting on Chino Mesa Basalt and 
Puye Conglomerate of the Santa Fe Group. Depth 
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to the main aquifer in the vicinity of Area P is about 

1230 ft (Purtymun, 1984) (Fig. 1). 

Deposits of Bandelier Tuff form broad plateaus 

that encircle the Jemez Mountains and dip gently 

away from the Valle Caldera. The plateau on the 

eastern side of the Jemez Mountains, the Pajarito 

Plateau, consists of a series of east to southeast 

trending mesas separated by deeply incised 

canyons. The Bandelier Tuff itself consists of upper 

(Tshirege) and lower (Otowi) members, each con

taining a prominent ashfall bed at the base. Gener

ally, the upper (Tshirege) member is the more 

densely welded of the two, and welding tends to in

crease with proximity to caldera sources (Bailey et 

al., 1969; Gardner et al., 1986). 

Four fault zones have been recognized in the 

Pajarito Plateau: Pajarito, Water Canyon, Guaje Mt., 

and Rendija Canyon Fault Zones (Dransfield and 

Gardner, 1985). The Water Canyon Fault Zone, 

which extends through T A-16, trends roughly north 

to northeast with about 30 to 100 ft of down-to-the

east displacement. Approximately 10 to 15 ft of dis

placement can be seen in the subsurface adjacent 

to Area P, with little or no surface expression ap

parent. 

Ill. GEOLOGY OF AREA P 

Area P lies near the eastern margin of the Je

mez Mountains, in the saddle of a short east-west 

trending mesa. The Water Canyon Fault Zone cuts 

through the tuff approximately 500ft to the east. To 

the north, the Canon de Valle has cut through the 

fault scarp, draining an area on the west of the 

Sierra de los Valles flanks. To the south is a small 

unnamed canyon containing intermittent discharge 

from local outfalls. The main technical centers of 

TA-16 are located west of Area P (Fig. 2). 

The mesa is capped by approximately 800 ft of 

Bandelier Tuff (Purtymun, 1968). Five distinct units, 

composed of groups of ashflows, have been recog

nized in the Tshirege Member of the Bandelier Tuff 

(Griggs, 1964; Smith and Bailey, 1966), of which two 

units were encountered during drilling operations at 

Area P (Brown, 1987). In addition, scattered out

crops of El Cajete Pumice occur in the area. 

2 

In order to establish the shallow subsurface 

geology of Area P, a series of 17 boreholes 

(numbered P-O through P-16) was drilled in the 

summer of 1987. Drilling was done with a CME-55 

rotary drilling rig and 4-inch conventional auger. 

Continuous auger cuttings were retrieved for litho

logic logging and moisture analysis, and one set of 

continuous core was recovered using 6-inch hollow 

stem auger and split-spoon core barrels. 

Borehole logging of lithology was done on the 

basis of four characteristics: (1) color (Goddard et 

al., 1984), (2) degree of welding, (3) shape and 

abundance of pumice lapilli, and (4) distribution of 

lithic fragments. Four distinct types of welding were 

recognized during drilling operations: 

1. Nonwelded: high porosity, low cohesion of 

glassy fragments and crumbly texture. In core 

samples, this can be recognized by disaggre

gation and little or no flattening of pumice 

lapilli. 

2. Moderately welded: less porosity, moderate 

cohesion, brittle texture, and slight deformation 

of glassy fragments. In core samples, this tex

ture crumbles easily in the hand and contains 

some noticeably flattened pumice lapilli. 

3. Welded: low porosity, good cohesion, brittle 

texture, and noticeable deformation of glassy 

fragments. This texture normally requires a 

hammer to break, and the majority of pumice 

fragments are noticeably flattened. 

4. Densely welded: texture noticeably impedes 

or halts drilling, with little or no penetration; 

poor core recovery. 

Two major lithologic units have been recog

nized at Area P (person. comm., W. Purtymun, 

1987). Unit 3, the uppermost unit encountered dur

ing drilling operations, consists of four individual 

ashflows that appear to have cooled contempora

neously, forming a single compound unit. These 

ashflows are herein designated as Subunits 3a, 3b, 
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3c, and 3d (bottom to top). Unit 3 rests con
formably above Unit 2, the lowermost unit encoun
tered. In general, the Bandelier Tuff dips 2 to 5° to
wards the east; in the vicinity of Area P dip is negli
gible, and the units are essentially horizontal and of 
uniform thickness. 

Subunit 3a consists of a welded 
dark yellowish brown tuff, with rare 
pumice lapilli (slightly flattened), 
and abundant pebble-sized red 
porphyritic quartz latite and grey 
rhyolite lithic fragments. The ratio 
of quartz latite to rhyolite increases 
towards the base of the subunit. 
The contact between Subunit 3a 
and Unit 2 tends to be densely 
welded. East of the Water Canyon 
Fault this unit appears to be non
welded. 

Subunit 3b consists of a welded 
pale yellowish brown tuff, with 
common grey and red pumice 
lapilli, (noticeably flattened), and 
rare pebble-sized rhyolite lithic 
fragments. This unit weathers to a 
dark brown, and contains abundant 
clayey pumice lapilli to the north
west. 

Subunit 3c consists of a moderately 
welded brownish grey to yellowish 
brown tuff, with common grey 
pumice lapilli (noticeably flattened), 
and rare pebble-sized rhyolite lithic 
fragments. Clay-filled vertical frac
tures are common throughout this 
subunit. The contact between 3c 
and 3d tends to be densely welded. 

Subunit 3d outcrops along the 
higher rim of the saddle, and con
sists of a moderately welded yel
lowish brown tuff, with rare pebble
sized rhyolite lithic fragments and 
common grey pumice lapilli. Sub-

unit 3d is overlain by scattered de
posits of El Cajete Pumice. 

Locally, Unit 2 consists of a welded to densely 
welded tuff, light grey to pinkish grey in color, with 
common pumice lapilli and pebble-sized rhyolite 
fragments. Due to dense welding, the drill bit was 
only able fo penetrate the upper 5 to 10 ft of Unit 2 
(Fig. 3). 

IV. IN SITU MOISTURE CONTENT 

Hydrologic characteristics of tuff depend pri
marily on the degree of welding, with porosity and 
hydraulic conductivity decreasing as the degree of 
welding increases. At Los Alamos, saturated hy
draulic conductivity for a moderately welded tuff 
ranges from 0.1 to 1. 7 ftjday, and for a welded tuff 
ranges from 0.009 to 0.26 ftjday (Abeele et al., 
1981). Samples of tuff recovered during drilling op
erations at Area P were not saturated. 

Gravimetric moisture determinations were 
conducted to obtain a direct measurement of in situ 
water content of the tuff. Samples were taken from 
drill cuttings every 5 or 1 0 ft, and moisture determi
nations were made by weighing samples immedi
ately after collection and after oven-drying 24 hrs at 
105°C. 

Although gravimetric moisture determinations 
are relatively easy to perform, care must be taken to 
ensure that the heat produced by drilling does not 
bias the samples collected. In the few cases where 
drill cuttings were noticeably warm to the touch, or 
water vapor was noticed coming from the borehole, 
samples were not collected for analysis. Care was 
also taken to maintain the drying oven at 1 05°C to 
ensure that no structural water was driven off. 

Table I provides a summary of gravimetric data 
collected for Unit 3, and indicates a low overall 
moisture content for Area P. Although a range of 
1.9 to 24.7% is considered low, this value slightly ex
ceeds the gravimetric moisture content determined 
for technical areas further to the east [5-11% for T A-
33 (Abrahams, 1963), 2-20% for TA-54 (Kearl et al., 
1986)]. This higher range may be due to increased 
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Figure 3. Geologic cross sections through Area P. Section lines are shown in Figure 2. 

rainfall at T A-16, the result of orographic effects 

caused by the adjacent Jemez Mountains. 

The energy relationship with moisture content 

for the Tshirege Member of the Bandelier Tuff was 

derived for volumetric moisture content by Abra

hams (1963). Volumetric values can be converted 

to gravimetric values by dividing volumetric values 

by the average bulk density of the tuff. Repeated 

6 

neutron and gamma probe calibration runs have 

established an average bulk density for the Tshirege 

Member of 1.4 gjcm3. In addition, the density of 10 

random samples was obtained after drying by 

weighing crushed tuff of a known volume. Average 

density for the 1 0 samples was 1.4 7 g/ cm3, with a 

standard deviation of 0.12. 



c 

c 

Table I. Average Gravimetric Moisture Content. STD = Standard Deviation 

Subunit Mean(%) 

3d 5.2 

3c 6.1 

3b 5.7 

3a 3.8 

Total Unit 5.8 

TA-16, Area P, lies in the vadose zone of the 
Bandelier Tuff, a zone defined by Everett et al. 
(1984) as existing beneath the topsoil and above the 
water table, in which moisture in pore spaces coex
ists with air or in which geological materials are un
saturated. Based on the results of Abrahams 
(1963), saturation of the Tshirege Member of the 
Bandelier Tuff, and thus groundwater, occurs when 
gravimetric moisture content is about 29%. When 
moisture content is below 7%, there is no move
ment of water; between 7 to 21% moisture is re
distributed by diffusion; between 21 to 29% 
moisture distribution is by gravity and capillarity, 
and above 29% movement is by gravity drainage 
(Fig. 4). Table I suggests that the primary mecha
nism for moisture distribution at Area P is diffusion. 

In summary, the shallow geology of TA-16, 
Area P, consists of two distinct units. The upper 
Unit 3 consists of four ashflows that appear to form 
a single compound unit. The lower Unit 2, a sepa
rate compound unit, is densely welded in the vicinity 
of Area P, and noticeably impeded drilling opera
tions. There is no evidence of groundwater at Area 
P. The results of this investigation will be incorpo
rated in the LANL landfill closure plan for Area P. 

STD Range(%) 

3.6 2.2-17.7 

3.5 1.9-24.7 

2.1 2.3-11.4 

1.4 2.3-5.8 

3.0 1.9-24.7 
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Figure 4. Energy relationship with moisture content 
of Bandelier Tuff (modified from Abrahams, 1963). 
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FOREWORD 

Suggestions on How to Read this Report 

This report addresses both the lay person and the scientist. Each reader may have limited or compre
hensive interest in this report. We have tried to make it accessible to all without compromising its scientific in
tegrity. Following are directions advising each audience on how best to use this document. 

1. Lay Person with Limited Interest. Read Part I, the Executive Summary, which describes the Laboratory's 
environmental monitoring operations and summarizes environmental data for this year. Emphasis is on the 
significance of findings and environmental regulatory compliance. A glossary is in the back. 

2. Lay Person with Comprehensive Interest. Follow directions for the "Lay Person with Limited Interest" 
given above. Also, summaries of each section of the report are in boldface type and precede the technical text. 
Read summaries of those sections that interest you. Further details are in the text following each summary. 
Appendix A (Standards for Environmental Contaminants) and Appendix F (Description of Technical Areas and 
Their Associated Programs) may also be helpful. 

3. Scientists with Limited Interest. Read Part I, the Executive Summary, to determine the parts of the Labo
ratory's environmental program that interest you. You may then read summaries and technical details of these 
parts in the body of the report. Detailed data tables are in Appendix G. 

4. Scientists with Comprehensive Interest. Read Part I. the Executive Summary, which describes the Labo
ratory's environmental programs and summarizes environmental data for this year. Read the boldface sum
maries that head each major subdivision of this report. Further details are in the text and appendixes. 

For further information about this report, contact the Los Alamos National Laboratory's Environmental 
Surveillance Group (HSE-8): 

Environmental Surveillance Group (HSE-8) 
Los Alamos National Laboratory 
P. 0. Box 1663 
Los Alamos, New Mexico--87545 
Attn: Dr. Lars F. Soholt 
Mail Stop K490 
Commercial Telephone: (505) 667-5021 
Federal Telephone System: 843-5021 
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ENVIRONMENTAL SURVEILLANCE AT 

LOS ALAMOS DURING 1987 

by 

ENVIRONMENTAL SURVEILLANCE GROUP 

ABSTRACT 

This report describes the environmental surveillance program conducted by Los 
Alamos National Laboratory during 1987. Routine monitoring for r.1diation and radioactive 
or chemical materials is conducted on the Laboratory site as well as in the surrounding re
gion. Monitoring results are used to determine compliance with appropriate standards and 
to permit early identification of potentially undesirable trends. Results and interpretation of 
data for 1987 cover: external penetrating radiation; quantities of airborne emissions and 
liquid emuents; concentrations of chemicals and radionuclides in ambient air, surface and 
ground waters, municipal water supply, soils and sediments, and foodstuffs; and environ
mental compliance. Comparisons with appropriate standards, regulations, and background 
levels provide the basis for concluding that environmental effects from Laboratory opera
tions are insignificant and do not pose a threat to the public, Laboratory employees, or the 
environmenL 
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I. EXECUTIVE SUMMARY 

A. Monitoring Operations 

The Laboratory maintains an ongoing en
vironmental surveillance program as required by US 
Department of Energy (DOE) Orders 5480.1A 
("Environmental Protection, Safety, and Health Protec
tion Programs,• August 1981) and 5484.1 
("Environmental Protection, Safety, and Health Protec
tion Information Reporting Requirements, • February 
1981). The surveillance program maintains routine 
monitoring for radiation, radioactive materials, and 
chemical substances on the Laboratory site and in the 
surrounding region. These activities document com
pliance with appropriate standards, identify trends, pro
vide information for the public, and contribute to gen
eral environmental knowledge. More detailed, supple
mental environmental studies are carried out to deter
mine the extent of the potential problems, to provide 
the basis for any remedial actions, and to provide fur
ther information on surrounding environments. The 
monitoring program also supports the Laboratory's pol· 
icy to protect the public, employees, and environment 
from harm that could be caused by Laboratory activities 
and to reduce environmental impacts to the greatest 
degree practicable. Environmental monitoring in
formation complements data on specific releases, such 
as those from radioactive liquid-waste treatment plants 
and stacks at nuclear research facilities. 

Monitoring and sampling locations for various types 
of measurements are organized into three groups: (1) 
Regional stations are located within the five counties 
surrounding Los Alamos County (Fig. 1) at distances 
up to 80 km (.50 mi) from the Laboratory. They provide 
a basis for determining conditions beyond the range of 
potential influence from normal Laboratory operations. 
(2) Perimeter stations are located within about 4 km 
(2.5 mi) of the Laboratory boundary, and many are in 
residential and community areas. They document con
ditions in areas regularly occupied by the public and 
potentially affected by Laboratory operations. (3) On· 
site stations are within the Laboratory boundary, and 
most are in areas accessible only to employees during 
normal working hours. They document environmental 
conditions at the Laboratory where the public has lim-, 
ited access. 

Samples of air particulates and gases, waters, soils, 
sediments, and foodstuffs are routinely collected at 
these stations for subsequent analyses (Table 1). Ex-

2 

temal penetrating radiation from cosmic, terrestrial, 
and Laboratory sources is also measured. 

Additional samples are collected and analyzed to 
gain information about particular events, such as major 
surface run-off events, nonroutine releases, or special 
studies. More than 2S 000 analyses for chemical and 
radiochemical constituents were carried out for envi
ronmental surveillance during 1987. Resulting data 
were used for dose calculations, for comparisons with 
standards and background levels, and for interpretation 
of the relative risks associated with Laboratory opera
tions. 

B. Estimated Doses and Risks l"rom Radiation 
Exposure 

1. Radiation Doses. Estimated individual radiation 
doses to the public attributable to Laboratory opera
tions are compared with applicable standards in this re
port. Doses are expressed as a percentage of DOE's 
Radiation Protection Standard (RPS). The RPS is for 
doses from exposures excluding contributions from nat
ural background, fallout, and radioactive consumer 
products. Estimated doses are those believed to be 
potential doses to individuals under realistic conditions 
of exposure. 

Historically, estimated doses from Laboratory oper
ations have been less than 7% of the 500 mrem/yr 
standard that was in effect prior to 1985 (Fig. 2). These 
doses have principally resulted from external radiation 
from the Laboratory's airborne releases. In 1985, DOE 
issued interim guidelines that lowered its RPS to 100 
mrem/yr (effective dose equivalent) from all exposure 
pathways. In addition, exposure via the air pathway is 
further limited to 2S mrem/yr (whole body) in ac
cordance with requirements of the US Environmental 
Protection Agency (EPA) (Appendix A). In 1987 the 
estimated maximum individual dose was 6.1 mrcm, 
24% of the EPA's 25-mrem standard. This dose re
sulted mostly from external radiation from short-lived· 
airborne emissions from a linear particle accelerator, 
the Los Alamos Meson Physics Facility (lAMP F). 

Another perspective is gained by comparing these 
estimated doses with the estimated whole-body dose 
attributable to background radiation. The highest esti
mated dose caused from Laboratory operations was 
about 2% of the 327 mrem received from background 
radioactivity in Los Alamos during 1987. 
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Fig. 1. Regional location of Los Alamos. 

z. Risk Estimates. Estimates of the added risk of 
cancer were calculated to provide a perspective for 

comparing the significance of radiation exoosures. In
cremental cancer risk to residents of Los ·.iamos town
site due to 1987 Laboratory operations was estimated to 
be 1 chance in 50 000 000 (Table 2). This risk is 
<0.5% of the 1 chance in 31 000 cancer risk from natu
ral background radiation and the 1 chance in 190 000 
risk from medical radiation. 

The Laboratory's potential contribution to cancer 
risk is small when compared with overall cancer risks. 
The overall lifetime risk in the United States of con
tracting some form of cancer is 1 chance in 4. The life
time risk of cancer mortality is 1 chance in 5. 
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Table 1. Number of Sampling Locations 

Typing of Monitoring 

External radiation 
Air 
Surface and ground waters• 
Soils and sediments 
Foodstuffs 

Regional 

4 
3 
6 

16 
10 

Perimeter 

12 
II 
32 
16 
8 

Onsite 

139 
12 
37 
34 
11 

•An additional 22 stations for the water supply and 33 special surface and ground water 

stations related to the Fenton Hill Geothermal Program were also sampled and analyzed as 

part of the monitoring program. 
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Fig. 2. Summary of estimated maximum individual and Laboratory 
boundary doses (excluding contributions from cosmic, terrestrial, 
and medical diagnostic sources) from Laboratory operations. 

C. External Penetrating Radiation 

Levels of external penetrating radiation (including X 
and gamma rays and charged particle contributions 
from cosmic, terrestrial, and manmade sources) in the 
Los Alamos area are monitored with thermolu
minescent dosimeters (TLDs) at 1471ocations. 

4 

The TLD network monitoring radiation from air
borne activation products released by the l.AMPF mea
sured about 12.± 5 mrem/yr (excludes background ra
diation from cosmic and terrestrial sources). This mea
sured external radiation level was used to calculate 
radiation dose by taking into account shielding by 
buildings and self-shielding by the body. The value 
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Table 2. ·Added Individual Lifetime Cancer Mortality Risks 
Attributable to 1987 Radiation Exposure 

Exposure Source 

Average exposure from Laboratory 
Operations 
Los Alamos Townsite 
White Rock Area 

Natural Radiation 
Cosmic, Terrestrial, Self -Irradiation 
and Radon Exposurea 
Los Alamos and White Rock 

Medical X-Rays (Diagnostic Procedures) 
Average Whole Body Exposure 

Incremental 
Effective Dose 
Equivalent 

(mrem) 
Used in 

Risk Estimate 

0.21 
0.17 

53 

Added Risk (Chance) 
to an Individual 

of Cancer Mortality 

1 in 50 000 000 
1 in 60 000 000 

1 in 31 ooob 

in 190 000 

a An effective dose equivalent of 200 mrem was used to estimate the risk from inhaling 
222Rn and its transformation products. 
bThe risks from natural radiation from non-radon sources were estimated to be I 
chance in 79,000 in Los Alamos and in White Rock. The risk of lung cancer from 
radon exposure was estimated to be I chance in 50,000 for both locations. Risk 
estimates are derived from ICRP Publication 26 and NCRP Report 93. 

measured in 1987 is lower than the measured 18 .± 2 
mrem/yr obtained in 1986 (Fig. 2), The difference is 
probably caused by variation in weather patterns be
tween the two years rather than differences in I.AMPF 
operations, because the estimate of airborne activity 
emitted from LAMPF increased in 1987 (Table 3). 

Radiation levels (including natural background ra
diation from cosmic and terrestrial sources) are also 
measured at regional, perimeter, and on-site locations 
in the Environmental TLD Network. Some measure
ments at on-site stations were above background levels, 
as expected, reflecting ongoing research activities at or · 
historical releases from Laboratory facilities. 

D. Air Monitoring 

Airborne radioactive emissions were monitored at 
87 release points at the Laboratory. Total airborne 

5 

26 sampling stations. Measurements of radioactivity in 
the air are compared with concentration guides based 
upon DOE's RPS. These guides are concentrations of 
radioactivity in air breathed continuously throughout 
the year that result in effective doses equal to DOE's 
RPS of 100 mrem/yr for off-site areas (Derived Con
centration Guides for Uncontrolled Areas) and to the 
occupational RPS (see Appendix A) for on-site areas 
(Concentration Guides for Controlled Areas). Here
after they are called gliides for on-site and off-site ar
eas. 

Only the on-site tritium air concentrations showed 
any measurable impact due tb Laboratory operations. 
Annual average concentrations of tritium remained 
<0.1% of DOE's guides at all stations and posed no 
environmental or health problems in 1987. Annual av
erage concentrations of longer-lived radionuclides in air 
were also <0.1% of the guides during 1987. 
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Table 3. Comparison of I986 and I987 Radioactive Releases 
from the Laboratory 

Airborn~ Emi~~iQn~ 
A~tivit~ R~l~ll~~d 

Ratio 

Rlldignuclid~ Units 19a~ 19a1 1987; 198~ 

3H Ci 10 700 3 I80 0.3 
32p ]..!Ci 70 48 0.7 
'41Ar Ci 276 232 0.8 
1311 ].JCi 38 0 0 
Uranium ].JCi 847 I 080 1.3 

Plutonium ].JCi 207 73 0.4 

Gaseous Mixed Ci 112 000 150 000 1.3 

Activation 
Products 

Mixed Fission ]..!Ci 2 570 I 290 0.5 

Products 
Particulate/Vapor Ci 0.1 0.2 2.0 

Activation 
Products 

Total Ci 122 976 153 412 1.2 

Ligyid Efftu~nt~ 
A~tivit~ Re1~!l~~d (m~il Ratio 

Rad iQn u~lid~ 198~ 1987 1987: 198~ 

3H 89 710 110 000 1.2 
89,90Sr 9.9 65 6.6 
137Cs 18 8.1 0.4 
234u 2.4 1.6 0.7 
238,239,240pu 5.1 4.6 0.9 
241Am 3.2 3.6 1.1 

Other 166.7 610.5 0.5 

Total 90 915.3 1 ,o 693.4 1.2 
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E. Water, Soil, and Sediment Monitoring 

Liquid effluents containing low levels of radioactiv
ity were routinely released from one waste treatment 
plant and one sanitary sewage lagoon system. Concen
trations at all discharge points were well below the 
DOE's concentration guides for on-site areas. The 
dominant change was an increase in tritium discharge 
from T A-50's radioactive liquid-waste treatment facility 
due to increased concentrations in the released waters 
(Table 3). 

Surface and ground waters are monitored to detect 
potential dispersion of radionuclides from Laboratory 
operations. Only the surface and shallow ground wa
ters in on-site liquid effluent release areas contained ra
dioactivity in concentrations that are above natural ter
restrial and worldwide fallout levels. These concentra
tions are minute fractions ( < 0.1%) of DOE's guides for 
on-site areas. These on-site waters are not a source of 
industrial, agricultural, or municipal water supplies. 
The radiochemical quality of water from regional, 
perimeter, and on-site areas that have received no di
rect discharge showed no significant effects from 
Laboratory releases. 

The potable water: supply met all applicable EPA 
radiochemical and chemical standards. Lack of a 
hydrologic connection to the deep aquifer was con
firmed by lack of radioactive or chemical contamination 
in municipal water supply sources. 

Measurements of radioactivity in samples of soils 
and sediments provide data on less direct pathways of 
exposure. These measurements are useful for 
understanding hydrological transport of radioactivity in 
intermittent stream channels near low-level radioactive 
waste management areas. On-site areas within Pueblo, 
Los Alamos, and Mortandad canyons all had concen
trations of radioactivity on sediments at levels slightly 
higher than attributable to natural terrestrial sources or 
worldwide fallout. The low levels of cesium, plutonium, 
and strontium in Mortandad Canyon are due to liquid 
effluents from a waste treatment plant. No above
background radioactivity on sediments or in water has 
been measured in locations beyond the Laboratory 
boundary in Mortandad Canyon. However, small 
amounts of radioactivity on sediments in Pueblo 
Canyon (from pre-1964 effluents) and Los Alamos 
Canyon (from 1952 to current treated effluents) have 
been transported to the Rio Grande. Theoretical esti
mates, confirmed by measurements, show the in
cremental effect on Rio Grande sediments is in-
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·significant when compared with background concentra
tions in soils and sediments. 

Environmental monitoring is done at 1 active and 11 
inactive waste management areas at the Laboratory. 
The general public is excluded from these controlled
access sites. Surface run-off has transported some low
level contamination from the active disposal area and 
several of the inactive areas into controlled-access 
canyons. Leachate extracts (following EPA guidelines) 
from the surface contamination indicate the presence of 
no constituents in excess of EPA criteria for hazardous 
waste determination. 

F. Foodstuffs Monitoring 

Most fruit, vegetable, fish, bee, and honey samples 
from regional and perimeter locations showed no ra
dioactivity distinguishable from that attributable to nat
ural sources or worldwide fallout. Some produce sam
ples from on-site locations had slightly elevated tritium 
concentrations at levels ~2% of DOE's guides for tri
tium in water (there are no concentration guides for 
produce). 

G. Unplanned Releases 

During 1987, there were two unplanned releases of 
radioactive or hazardous materials. Both involved re
lease of tritium. The quantities of tritium released were 
small and resulted in radiation doses that were fractions 
of the Radiation Protection Standard. 

1. March 18 Tritium Release at the Van de GraalT 
Facility at TA-3. On March 18, 1987, 375 Ci of tritium 
(as elemental tritium gas) were released from the Van 
de Graaff facility at TA-3. Air samples collected from 
four downwind air samplers were within normal ranges 
for tritium at these locations. All measured concentra
tions were <0.1% of the DOE's Derived Concentration 
Guide for tritium in off-site areas. Calculations from 
meteorological modeling estimated a dose to the maxi
mum exposed individual of 0.003 mrem to the lung, 
<0.1% of the EPA's air emission standard of 75 
mrem/yr (any organ) to a member of the public. 

2. December 11-12 Tritium Release at TA-33. Ap
proximately 165 Ci of elemental tritium gas were inad
vertently released from TA-33 on December 11-12, 
1987. Air samples were collected at five downwind lo
cations. All measured air concentrations were found to 
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be within their normal range and <0.1% of the DOE's 
Derived Concentration Guide for tritium. The highest 
estimated dose to a member of the public was 0.001 
mrem to the lung, <0.1% of the 75 mrem/yr EPA air 
emission standard. 

H. Environmental Compliance Activities 

1. Resource Conservation and Recovery AcL The 
Resource Conservation and Recovery Act (RCRA) 
regulates hazardous wastes from generation to ultimate 
disposal. The EPA has transferred full authority (with 
the exception of the Hazardous and Solid Waste 
Amendment of 1984) for administering RCRA to New 
Mexico's Environmental Improvement Division (EID). 
In 1987, the Laboratory had numerous interactions with 
EID and prepared documentation to comply with 
RCRA requirements. The Laboratory has revised 
RCRA Parts A and B permit applications, originally 
submitted in 1985. The latest revisions were submitted 
November 1987. 

2. Cleaa Water Ad. Regulations under the Clean 
Water Act set water quality standards and effluent lim
itations. The two primary programs at the Laboratory 
to comply with the Clean Water Act are the National 
Pollutant Discharge Elimination System (NPDES) and 
the Spill Prevention Control and Countermeasure 
(SPCC) programs. 

The NPDES requires permits for nonradioactive 
constituents at all point source discharges. A single 
NPDES permit for the Laboratory authorizes liquid ef
fluent discharges from 98 industrial outfalls and 10 san
itary sewage treatment outfalls; the permit expires in 
March 199L The Laboratory was in compliance with 
the NPDES permit in about 96% and 99% of the analy
ses done on samples collected for compliance monitor
ing at sanitary and industrial waste discharges, respec
tively. ChronicaUy noncompliant discharges are being 
upgraded under an EPA/DOE Federal Facility Com
pliance Agreement. 

Another NPDES permit authorizes liquid effluent 
discharge from the Fenton Hill Geothermal Project. 
The permit for a single outfall was issued to regulate 
the discharge of mineral-laden water from the recycle 
loop of the geothermal weDs. 

The SPCC program provides for cleanup of spills 
and requires preparation of a SPCC Plan. The Labo
ratory has many elements that are required in a SPCC 
plan and has assembled a Laboratory-wide formal 
SPCC Plan that was adopted and implemented in 1987. 
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3. National Environmental Policy AcL The- Labo
ratory Environmental Review Committee reviews envi
ronmental documentation required by National Envi
ronmental Policy Act legislation as weD as identifies 
other environmental items of concern to the Labora
tory. An Environmental Evaluations Coordinator helps 
prepare required DOE documentation and identify 
other items requiring committee attention. Documen
tation usually consists of Action Description Memo
randums (brief environmental evaluations) or Envi
ronmental Assessments (more detailed evaluations). 
During 1987, the committee approved 20 Action De
scription Memorandums and 1 Environmental Assess
ment and forwarded ·this documentation to DOE. 

4. Cleaa Air Ad. During 1987, the Laboratory's 
operations remained in compliance with all federal and 
state air quality regulations. State regulations are re
quired to be as stringent as federal regulations, and 
many state standards are more stringent. Over 180 as
bestos removal jobs involved the disposal of 270 m3 

(9500 ft~ of asbestos. AU beryllium shops met emis
sions performance requirements. The Laboratory ap
plied to EPA for approval to construct the Independent 
Management Activity facility: This program wiD emit 
depleted uranium similar to other dynamic testing pro
jects at the Laboratory. Approval was obtained from 
EPA in January, 1988. 

S. Safe Drinking Water Ad. Municipal and indus
trial water supply for the Laboratory and community is 
from 16 deep weDs and 1 gallery (collection system fed 
by springs). The weDs range in depth from 265 to 942 
m (869 to 3090 ft). The chemical quality of the water 
easily met EPA's National Interim Primary Drinking 
Water Standards (40 CFR 141) in 1987. 

6. Federal Insecticide, Fungicide, and Rodenticide 
AcL The Federal Insecticide, Fungicide, and Rodenti
cide Act (FIFRA) requires registration of all pesticides, 
restricts use of certain pesticides, recommends stan
dards for pesticide applicators, and regulates disposal 
and transportation of pesticides. The Laboratory 
stores, uses, and discards pesticides in compliance with 
this act. 

7. Archaeological and Historical Protection. The 
Laboratory's Environmental Evaluation Coordination 
and Quality Assurance programs provide protection as 
mandated by law for the hundreds of archaeological 
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and historical resources located on Laboratory land. 
Pursuant to federal regulations implementing Section 
106 of the National Historic Preservation Act of 1966, 
as amended, clearance for construction where no re
source will be affected and mitigation of unavoidable 
adverse effects from Laboratory activity is determined 
in consultation with New Mexico's State Historical 
Preservation Office. During 1987, archaeologists per
formed 28 cultural resource surveys, monitored 7 pro
jects, fenced 1 site, and undertook adverse impact miti
gation at 2 sites. 

8. Threatened/Endangered Species and Flood· 
plains/Wetlands Protection. The DOE and Labora
tory must comply with the Endangered Species Act of 
1973, as amended, and with Executive orders 11988, 
Floodplain Management, and 11990, Protection of 
Wetlands Environmental Review Requirements. Three 
Floodplains/Wetlands notifications were prepared for 
publication in the Federal Register. Laboratory biolo
gists surveyed 17 proposed construction sites for poten
tial impact. They identified no endangered or rare 
species at these sites. 

9. Comprehensive E.nvironmental Response, Com· 
pensa!ion, and UabilitY Act. The Comprehensive En
vironmental Response, Compensation, and Liability Act 
( CERCIA) of 1980 mandated cleanup of toxic and haz
ardous contaminants at closed and abandoned haz
ardous waste sites. The Superfund Amendments and 
Reauthorization Act (SARA) of 1986 extensively 
amended CERClA. Laboratory compliance activities 
at hazardous waste sites are part of DOE's Al
buquerque Operations Office's Comprehensive 
Environmental Restoration Program (CERP). The 
program is evaluating all areas at the Laboratory for 
possible contamination. 
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· 10. Toxic: Substances Control Act. The Toxic Sub
stances Control Act (TSCA) regulates the manufacture, 
processing, distribution, use, storage, and labeling of 
chemical substances, including polychlorinated 
biphenyls (PCBs). The Laboratory has EPA autho
rization to dispose of PCB wastes at its chemical waste 
landfill (AreaL) and burn PCB contaminated wastes at 
its Controlled Air Incinerator (99.9999% combustion 
efficiency). The Laboratory is in compliance with 
EPA's permit conditions for authorizing on-site disposal 
of PCB contaminated wastes. 

ll. Emergency Planning and Community Right-to
Know Act. Title III of SARA, also known as the Emer
gency Planning and Community Right-to-Know Act 
(EPCRA), is the centerpiece of federal policy on 
chemical disaster prevention and response. In response 
to this legislation, the state of New Mexico has estab
lished an Emergency Response Commission (ERC) 
within the State Police Department's Hazardous Mate
rials Emergency Response Division; the commission 
has designated Los Alamos County as the local Emer
gency Planning District, and the Laboratory's Emer
gency Management Office will continue to develop and 
coordinate a comprehensive laboratory-wide, all.haz
ards emerge.ncy response plan that is compatible with 
the county's overall plan. 

The Industrial Hygiene (HSE-5) and Environmental 
Surveillance (HSE-8) groups provided a preliminary list 
of 137 chemical substances used on-site to the Emer
gency Management Office. In addition, individual Ma
terials Safety Data Sheets for each of these 137 chemi
cals have also been provided to the Emergency Man
agement Office to facilitate county planning. 
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II. INTRODUCTION TO THE LOS ALAMOS AREA 

A. Geographic Setting 

Los Alamos National Laboratory and the associ
ated residential areas of Los Alamos and White Rock 
are located in Los Alamos County, northcentral New 
Mexico, approximately 100 km (60 mi) NNE of Albu
querque and 40 km (25 mi) NW of Santa Fe (Fig. 1). 
The 111 km2 ( 43 mi2) Laboratory site and adjacent 
communities are situated on Pajarito Plateau. The 
plateau consists of a series of fmger-like mesas sepa
rated by deep eastwest oriented canyons cut by inter
mittent streams (Fig. 3). Mesa tops range in elevation 
from approximately 2400 m (7800 ft) on the flank of 
the Jemez Mountains to about 1800 m (6200 ft) at 
their eastern termination above the Rio Grande valley. 

All Los Alamos County and vicinity locations 
referenced in this report are identified by the Labora
tory Cartesian coordinate system, which is based upon 
US Customary units of measurement. This system is 
standard throughout the Laboratory, but is inde
pendent of the US Geological Survey and New Mexico 
State Survey coordinate systems. The major coordi
nate markers shown on the maps are at 3 km (10 000 
ft) intervals, and for the purpose of this report, loca
tions are reported to the nearest 0.03 km (100 ft). 

The DOE controls the area within the Laboratory 
boundary and has the option to completely restrict ac· 
cess. This control can be instituted if necessary. 

B. Land Use 

Most Laboratory and community developments 
are confined to mesa tops (see the inside front cover). 
The surrounding land is largely undeveloped with 
large tracts of land north, west, and south of the Labo
ratory site held by the Santa Fe National Forest, Bu
reau of Land Management, Bandelier National Mon
ument, General Services Administration, and Los 
Alamos County (see the inside back cover). The San 
Ildefonso Pueblo borders the Laboratory to the east 

Laboratory land is used for building sites, test ar
eas, waste disposal locations, roads, and utility rights
of-way (Fig. 4 and Appendix F). However,· these ac
count for only a small fraction of the total land area. 
Most land provides isolation for security and safety 
and is a reserve for future structure locations. The 
Long Range Site Development Plan (Engineering 
1982) assures adequate planning for the best possible 
future uses of available Laboratory lands. 

/ 
N 

Pajarito Plateau 

Sangre de Cristo Mountains 

"" Fig. 3. Topography of the Los Alamos area. 
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Fig. 4. Technical areas (TAs) of Los Alamos National Laboratory in relation 
to surrounding landholdings. 

Limited access by the public is allowed in certain 
areas of the Laboratory reservation. An area north of 
Ancho Canyon between the Rio Grande and State 
Road 4 is open to hikers, rafters, and hunters, but 
woodcutting and vehicles are prohibited. Portions of 
Mortandad and Pueblo canyons are also open to the 
public. An archaeological site (Otowi Tract) north
west of State Road 4, near the White Rock Y, is 
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open to the public subject to restrictions of cultural re
source protection regulations. 

C. Geology-Hydrology 

Most of the fmger-lilce mesas in the Laboratory 
area are found in Bandelier Tuff (Fig. 5). Ashfall, 
ashfall pumke, and rhyolite tuff form the surface of 
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Fig. 5. Conceptual illustration of geologic-hydrologic relationships in Los Alamos area. 

Pajarito Plateau. The tuff ranges from nonwelded to 
welded and is in excess of 300m (1000 ft) thick in the 
western part of the plateau and thins to about 80 m 
(260 ft) eastward above the Rio Grande. It is de
posited as the result of a major eruption of a volcano 
in the Jemez Mountains about 1.1 to 1.4 million years 
ago. 

The tuffs overlap onto older volcanics of the 
Tschicoma Formation, which form the Jemez Moun
tains. They are underlain by the conglomerate of the 
Puye Formation (Fig. 5) in the central and eastern 
edge along the Rio Grande. Chino Mesa basalts (Fig. 
5) interfinger with the conglomerate along the river. 
These formations overlay the sediments of the 
Tesuque Formation (Fig. 5), which extends across the 
Rio Grande valley and is in excess of 1000 m (3300 ft) 
thick. 

Los Alamos area surface water is primarily in in
termittent streams. Springs on flanks of the Jemez 
Mountains supply base flow into upper reaches of 
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some canyons, but the amount is insufficient to main
tain surface flows across the Laboratory site before it 
is depleted by evaporation, transpiration, and inliltra
tion. Run-off from heavy thunderstorms or heavy 
snowmelt reaches the Rio Grande several times a year 
in some drainages. Effluents from sanitary sewage, 
industrial waste treatment plants, and cooling tower 
blowdown are released to some canyons at rates suffi
cient to maintain surface flows for about 1.5 km ( 1 
mi). 

Ground water occurs in three modes in the Los 
Alamos area: (1) water in shallow allu .. ium in 
canyons, (2) perched water (a ground water body 
above an impermeable layer that is separated from the 
underlying main body of ground water by an unsatu
rated zone), and (3) the main aquifer of the Los 
Alamos area (Fig. 5). 

Intermittent stream flows in canyons of the plateau 
have deposited alluvium that ranges from less than 
1 m (3 ft) to as much as 30 m (100 ft) in thickness. 
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The atluvium is quite permeable, in contrast to the 
underlying volcanic tuff and sediments. Intermittent 
run-off in canyons infiltrates the alluvium until its 
downward movement is impeded by the less 
permeable tuff and volcanic sediment This results in 
a shallow alluvial ground water body that moves 
downgradient in the alluvium. As water in the 
alluvium moves downgradient, it is depleted by 
evapotranspiration and movement into underlying 
volcanics (Purtymun 1977). 

Perched water occurs in comglomerate and basalts 
beneath the alluvium in a limited area about 40 m 
(120 ft) in the mid-reach of Pueblo Canyon and in a 
second area about 50 to 70 m (150 to 200ft) beneath 
the surface in lower Pueblo and Los Alamos canyons 
near their confluence. The second area is mainly in 
basalts (Fig. 5) and has one discharge point at Basalt 
Springs in Los Alamos Canyon. 

The main aquifer of the Los Alamos area is the 
only aquifer in the area capable of serving as a munici
pal water supply. The surface of the aquifer rises 
westward from the Rio Grande within the Tesuque 
Formation into the lower part of the Puye Formation 
beneath the central and western part of the plateau. 
Depth of the aquifer decreases from 360 m (1200 ft) 
along the western margin of the plateau to about 180 
m (600 ft) at the eastern margin. The main aquifer is 
isolated from alluvial and perched waters by about 110 
to 190 m (350 to 620 ft) of dry tuff and volcanic sedi
ments. Thus, there is little hydrologic connection or 
potential for recharge to the main aquifer from allu
vial or perched water. 

Water in the main aquifer is under water table 
conditions in the western and central part of the 
plateau and under artesian conditions in the eastern 
part and along the Rio Grande (Purtymun 1974B). 
The major recharge to the main aquifer is from the 
intermountain basin of the Valles Caldera in the Je
mez Mountains west of Los Alamos. The water table 
in the caldera is near land surface. The underlying 
lake sediment and volcanics are highly permeable and 
recharge the aquifer through Tschicoma Formation 
interflow breccias (rock consisting of sharp fragments 
embedded in a fine-grained matrix) and the Tesuque 
Formation. The Rio Grande receives ground water 
discharge from springs fed by the main aquifer. The 
18.4 km (11.5 mi) reach of the river in White Rock 
Canyon between Otowi Bridge and the mouth of Rito 
de Frijoles receives an estimated 5.3 to 6.8 x 1<f m3 

( 4300 to 5500 acre-feet) annually from the aquifer. 

1-t 

D. Climatology 

Los Alamos has a semiarid, temperate mountain 
climate. Average, annual precipitation is nearly 45 em 
(18 in). Precipitation was heavy during 1987, totalling 
60 em (23.6 in.). It was the third consecutive year with 
precipitation at least 130% of normal. Forty per cent 
of the annual precipitation normally occurs during 
July and August due to thundershowers. Officially, at 
TA-59, rainfall was normal during the summer of 
1987. However, other areas in Los Alamos were be
low normal for the summer. Winter precipitation falls 
primarily as snow, with accumulations of about 130 em 
(51 in.) annually. Record snowfalls in January and 
February and heavy snow in December of 1987 helped 
produce a record annual snowfall of 453 em (178 in.). 

Summers are generally sunny with moderate warm 
days and cool nights. Maximum temperatures are 
usually below 32°C (90°F). Brief afternoon and 
evening thundershowers are common, especially in 
July and August. High altitude, light winds, clear 
skies, and dry atmosphere allow night temperatures to 
drop below lSOC (5~ after even the warmest day. 
Winter temperatures typically range from about -9 to -
4°C (15 to 2S'F) during the night and from -11 to 
10°C (30 to 50~ during the day. Occasionally, tem
peratures drop to near -18°C (0°F) or below. Many 
winter days are clear with light winds, so strong sun
shine can make conditions quite comfortable even 
when air temperatures are cold. 

Snowstorms with accumulations exceeding 10 em 
( 4 in.) are common in Los Alamos. Some storms can 
be associated with strong winds, frigid air, and danger
ous wind chills. Several severe storms occurred during 
the year. One storm dumped 122 em (48 in.) officially 
with up to 152 em (60 in.) along the mountains during 
January 15-17, 1987. It was the heaviest snowfall on 
record in Los Alamos for one storm. Another severe 
storm dropped nearly 66 em (26 in.) of snow during 
February 18-19. 

Surface winds in Los Alamos often vary dramati
cally with time-of-day and with location because of 
complex terrain. With light, large-scale winds and 
clear skies, a distinct daily wind cycle often exists: a 
light southeasterly to southerly upslope wind during 
the day and a light westerly to northwesterly drainage 
wind during the night. However, several miles. to the 
east toward the edge of Pajarito Plateau, near the Rio 
Grande Valley, a different daily wind cycle is common: 
a moderate southwesterly up-valley wind during the 
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day and either a light northwesterly to northerly 
drainage wind or moderate southwesterly wind at 
night. On the whole, the predominant winds are 
southerly to northwesterly over western Los Alamos 
County and southwesterly and northeasterly toward 
the Rio Grande Valley. The year 1987 followed nor
mal patterns in wind. 

Historically, no tornadoes have been reported to 
have touched down in Los Alamos County. Numerous 
funnel clouds were reported near Santa Fe on August 
24-25, 1987. Strong dust devils can produce winds up 
to 35 m/sec (75 mph) at isolated spots in the county, 
especially at lower elevations. Strong winds with gusts 
exceeding 27 mjsec (60 mph) are common and wide
spread during the spring. Lightning is very common 
over Pajarito Plateau. There are 58 thunderstorm 
days during an average year, with most occurring 
during the summer. Lightning protection is an impor
tant design factor for most facilities at the Laboratory. 
Hail damage can also occur. Hailstones with diame
ters up to 0.64 em (0.25 in.) are common, whereas 1.3-
cm (0.5-in.) diameter hailstones are rare. 

Atmospheric mixing or dispersion characteristics 
affect the transport of contaminants released into the 
air. Good mixing conditions result in greater dilution 
of released contaminants. Under poorer mixing 
conditions, the potential increases for exposure to 
higher concentrations of released contaminants. 

Frequent clear skies and light winds promote good 
daytime atmospheric dispersion at Los Alamos. Com
plex terrain and forested vegetation also enhance 
vertical and horizontal mixing of the atmosphere and 
contaminants released into the air. During the night, 
light winds and clear skies favor the formation of tem
perature inversions, restricting vertical atmospheric 
dispersion. Air flow channeling by terrain features 
also reduces nighttime dispersion. Poor atmospheric 
dispersion conditions frequently exist in canyon bot
toms. The frequency of atmospheric stability, an es
timate of the dispersion capability of the atmosphere, 
is approximately 40% unstable (good mixing), 35% 
neutral (fair mixing), and 25% stable (poor mixing) on 
the mesa tops of the Los Alamos area. 

E. Population Distribution 

Los Alamos County has an estimated 1987 pop
ulation of approximately 18 370 (based on the 1980 
census adjusted for 1987). Two residential and related 
commercial areas exist in the county (Fig. 4). The Los 
Alamos townsite, the original area of development 
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(and now including residential areas known as the 
Eastern Area, the Western Area, North Community, 
Barranca Mesa, and North Mesa), has an estimated 
population of 11 480. The White Rock area (including 
the residential areas of White Rock, La Senda, and 
Pajarito Acres) has about 6820 residents. About one
third of those employed in Los Alamos commute from 
other counties. Population estimates for 1987 place 
about 193 000 people within an 80 km (50 mi) radius 
of Los Alamos (Table 4). 

F. Programs at Los AJamos National 
Laboratory 

The Laboratory is administered by the University 
of California for the Department of Energy. The 
Laboratory's environmental program, conducted by 
the Environmental Surveillance Group, is part of a 
continuing investigation and documentation program. 

Since its inception in 1943, the Laboratory's pri· 
mary mission has been nuclear weapons research and 
development. Programs include weapons develop
ment, magnetic and inertial fusion, nuclear fission, nu
clear safeguards and security, and laser isotope sepa
ration. There is also basic research in the areas of 
physics, chemistry, and engineering that supports such 
programs. Research on peaceful uses of nuclear en
ergy has included space applications, power reactor 
programs, radiobiology, and medicine. Major re
search programs in elementary particle physics are 
carried out at the Laboratory's linear proton acceler
ator. Other programs include applied photochemistry, 
astrophysics, earth sciences, energy resources, nuclear 
fuel safeguards, lasers, computer sciences, solar en
ergy, geothermal energy, biomedical and environ
mental research, and nuclear waste management re
search. Appendix F summarizes activities at the Lab
oratory's 32 active Technical Areas (T As). 

In August 1m, the Laboratory site, encompassing 
111 km2 (43 mi2), was dedicated as a National Envi
ronmental Research Park. The ultimate goal of pro
grams associated with this regional facility is to 
encourage environmental research that will contribute 
understanding of how people can best live in balance 
with nature while enjoying the benefits of technology. 
Park resources are available to individuals and organi
zations outside of the Laboratory to facilitate self-sup
ported research on these subjects deemed compatible 
with the Laboratory programmatic mission (DOE 
1979). 
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Table 4. 1987 Population Within 80 km of Los Alamosa,b 

Direction 1-2 ..1:.:!_ 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
s 
ssw 
sw 
WSW 
w 
WNW 
NW 
NNW 

I 448 
528 
583 

75 

6 820 

6 595 
I 737 

584 

554 
311 

I 745 1 533 
23 500 

50 
20 

20-JQ 

531 
14 798 
2 443 
I 030 

263 

267 
686 

264 

30-40 

1 114 
1 697 

990 
2 592 

626 
20 829 
48 152 

383 
516 
169 
264 
263 

40-60 

1 761 
1 104 
1 164 

I 062 
2 198 
3 911 
5 720 
6 917 
3 490 
2 137 

138 

I 410 
62 

60-80 

360 
216 

3 730 
2 216 
I 455 
I 470 

7 
85 

28 115 

174 
Ill 

2 587 

61 

a-rhis distribution represents the resident, nonworkforcc population with respect to the Los 

Alamos Meson Physics Facility's stack at T A-53. A slightly different distribution for Los 

Alamos County townsites was used to model releases from the T A-2 stack, which is located 

closer to Los Alamos. 
~otal population within 80 km of Los Alamos is 192 649. 

A Fmal Environmental Impact Statement (DOE 

1979) that assesses potential cumulative environmen

tal impacts associated with current, known future, and 

continuing activities at. the Laboratory was completed 
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in 1979. The report provides environmental input for 

decisions regarding continuing activities at the 

Laboratory. It also provides more detailed informa

tion on the environment of the Los Alamos area. 

-
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Ill. RADIATION DOSES 

Some incremental radiation doses-above those received from natural background, re· 
suspended fallout, and medical and dental diagnostic procedures-are received by Los 
Alamos County residents as a result of Laboratory operations. The largest estimated dose at 
an occupied location was about 6 mrem to the whole body or 24% of EPA's air emission stan· 
dard of 25 mrem/yr. This dose estimate is principally due to airborne radiation from the 
linear particle accelerator at the Los Alamos Meson Physics Facility. The effective dose 
equivalent to the maximum exposed individual from all pathways was also approximately 6 
mrem. This is 6% of the DOE Radiation Protection Standard of 100 mrem/yr. 

No significant exposure pathways are believed to exist for radioactivity released in treated 
liquid waste discharges. Most released radionuclides are retained in alluvial sediments 
within Laboratory boundaries. A small fraction is transported otT-site in stream channel 
sediments during heavy run-ofT. Radionuclide concentrations in these sediments, however, 
are only slightly above background levels. Other minor pathways include direct radiation 
and foodstuffs. 

The cumulative effective dose equivalent attributable to Laboratory operations received 
by the population living within 80 km (50 mi) of the Laboratory was conservatively estimated 
to be 3.5 person-rem during 1987. This is < 0.01% of the 61 000 person-rem cumulative ef· 
fective dose equivalent received by the same population from natural radiation sources and 
0.03% of the 10 000 person-rem cumulative effective dose equivalent received from diagnostic 
medical procedures. About 90% of this dose, 3.0 person-rem, was received by persons living 
in Los Alamos County. This dose is 0.05% or the 6000 person-rem received by the population 
of Los Alamos County from background radiation and 0.3% of the 970 person-rem from di· 
agnostic medical and dental procedures. 

In 1987, the average, added risk of cancer mortality to Los Alamos townsite residents was 
1 chance in SO 000 000 due to radiation from this year's Laboratory operations; this is much 
less than 1 chance in 31 000 from background radiation. The EPA has estimated average 
lifetime risk for overall cancer incidence as 1 chance in .a and for cancer mortality as 1 
chance in 5. 

A. Background 

The impact of environmental releases of ra· 
dioactivity is evaluated by estimating doses received by 
the public from exposure to these releases. These 
doses are then compared with applicable standards 
and with doses from background radiation and medi
cal and dental radiation. 

The DOE's Radiation Protection Standard (RPS) 
limits the effective dose equivalent to 100 mrem/yr for 
all pathways of exposure (DOE 1985). The effective 
dose equivalent is the hypothetical whole-body dose 
that carries the same risk of cancer or genetic disor· 
ders as a given dose to a particular organ (see Glos
sary). Using this dose, which was introduced by the 
International Commission on Radiological Protection 
(ICRP 1977), allows direct comparison of exposures to 
different organs. 
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In accordance with federal EPA regulations ( ..;o 
CFR 61), whole-body doses received via the air path
way only are limited to 25 mrem/yr and individual or
gan doses are limited to 75 mrem/yr via this pathway. 
The principal pathway of exposure at Los Alamos has 
been via release of radionuclides into the air resulting 
in external radiation doses to the whole body. Other 
pathways contribute flnite but negligible doses. De
tailed discussion of standards is presented in Appendix 
A. 

The exposure pathways considered for the Los 
Alamos area are atmospheric transport of airborne ra
dioactive emissions, hydrologic transport of treated 
liquid effluents, food chains, and direct exposure to 
external penetrating radiation. Exposure to radioac
tive materials or radiation in the environment was 
determined by direct measurements of airborne and 
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waterborne contaminants, of contaminants in food
stuffs, and of external penetrating radiation. 
Theoretical dose calculations based on atmospheric 
dispersion modeling were made for other airborne 
emissions present at levels too low for measurement. 

Doses were calculated from measured or derived 
exposures using models based on the recommenda
tions of the International Commission of Radiological 
Protection (Appendix D). These doses are summa
rized in Table 5 for the most important exposure cate
gories, as defmed in DOE Order 5484.1 (DOE 1981) 
as: 

1. Maximum Boundary Dose, or "Fence-Post" Dose 
Rate: Maximum dose at the Laboratory bound
ary where the highest dose rate occurs. This 
dose does not take into account shielding or 
occupancy and does not require that an in
dividual actually receive this dose. 

2. Ma:dmum Individual Dose: Maximum dose to 
an individual in the off-site location where the 
highest dose rate occurs and where there is a 
person present. It includes corrections for 
shielding (for example, for being inside a build
ing) and occupancy (what fraction of the year 
the person is in the area). 

3. Average Dose: Average doses to residents of 
Los Alamos and White Rock. 

4. H-1tole-Body Cumulative Dose: The whole-body 
cumulative dose for the population within an 
80-km (50-mi) radius of the Laboratory. The 
cumulative effective dose equivalent for the 80 
km area is also given in accordance with the 
DOE Radiation Protection Standard (DOE 
1985). 

The maximum boundary and the individual doses over 
the past 9 years are summarized in Fig. 2. Over 95% 
of each of these doses resulted from airborne emis
sions of activation products from the Los Alamos Me
son Physics Facility (l.AMPF). 

The effective dose equivalent is taken to be the 
same as the whole-body dose equivalent for whole
body external radiation. The effective dose equivalent 
for internal radiation is the weighed sum of the doses 
to individual organs (see Glossary). 

All internal radiation doses (via inhalation or in
gestion) are 50-year dose commitments (Appendix D). 
This is the total dose received from intake of a 
radionuclide for 50 years following intake. 

In addition to compliance with dose standards, 
which defme an upper limit for doses to the public, 
there is a concurrent commitment to maintain radia-
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tion exposure to individuals and population groups to 
levels as low as reasonably achievable (ALARA). This 
policy is followed at the Laboratory by applying strict 
controls on airborne emissions, liquid effluents, and 
operations to minimize doses to the public and to limit 
releases of radioactive materials to the environment. 
Ambient monitoring described in this report docu
ments the effectiveness of these controls. 

B. Estimate or Radiation Doses 

1. Doses from Natural Background Radiation 
and Medical and Dental Radiation. Effective dose 
equivalents from natural background and from medi
cal and dental uses of radiation are estimated to pro
vide a comparison with doses resulting from Labo
ratory operations. Doses from global fallout are only 
a small fraction of these doses ( < 1%) and are not 
considered further here. Exposure to natural back
ground radiation results principally in whole-body 
doses and in localized doses to the lung and other or
gans. For convenience, these doses are divided into 
those resulting from exposure to radon and its decay 
products that mainly affect the lung, and those from 
nonradon sources that mainly affect the whole body. 

Estimates of background radiation are based on a 
recent comprehensive report by the National Council 
on Radiation Protection and Measurements (NCRP 
1987). This document contains some minor differ
ences from a 1975 NCRP report that had been used in 
previous environmental surveillance reports. These 
differences include using 20% (instead of 10%) shield
ing by structures for cosmic radiation and 30% 
(instead of 20%) self-shielding by the body for terres
trial radiation. The 1987 NCRP document also gives 
an effective dose equivalent for radon exposure. 
These changes were incorporated into this report to 
obtain the most current estimates of background 
radiation. This resulted in some small differences 
from the procedure used in previous reports for de
termining background doses. 

Whole-body external dose is incurred from expo
sure to cosmic rays, external terrestrial radiation from 
naturally occurring radioactivity in the earth's surface 
and from global fallout. Effective dose equivalents 
from internal radiation are due to radionuclides de
posited in the body through inhalation or ingestion. 

Nonradon effective dose equivalents from back
ground radiation vary each year depending on factors 
such as snow cover and the solar cycle (Sec. IV). Esti· 
mates of background from nonradon · sources are 

--
--
---
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Table 5. Summary of Annual, Effective Dose Equivalents Due to 1987 Laboratory Operations 

Average Dose to Cumulative Dose to 

Maxinun Dose at Maxinun Dose to Nearb~ Residents Population Within 80 km 

Laboratory Boundary8 an lndividualb Los Alamos White Rock of the Laboratory 

Dose 12 ! 5 mrem 6.1 mrem 0.21 mrem 0.17 mrem 3.5 person-rem 

Location Boundary N. of TA-53 Residence N. of Los Alamos White Rock Area within 80 km of· 

TA-53 laboratory 

DOE Radiation Protection Standard -- too mrem 100 mrem 100 mrem 

X of Radiation Protection Standard -- 6X 0.2X 0.2X 

Background 327 mrem 327 mrem 327 mrem 327 mrem 61 000 person-rem 

X of Background 4X 2X 0.06X 0.05X 0.006X 

aMaxinun boundary dose is the dose to a hypothetical individual at the Laboratory boundary where the highest dose rate occurs with no correction 

for shielding. It assumes that the hypothetical individual is at the Laboratory boundary continuously (24 hours a day, 365 days a year). 

bMaxinun individual dose is the dose to an individual at or outside the Laboratory where the highest dose rate occurs and where there is a 

person. It talees into account occupancy (the fraction of time a person is actually at that location), self-shielding, and shielding by 

buildings. 
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based on measured external radiation background lev

els of 102 mrem (Los Alamos) and 106 mrem (White 

Rock) due to irradiation from charged particles, X 

rays, and gamma rays. These uncorrected, measured 

doses were adjusted for shielding by reducing the 

cosmic ray component (60 mrem at Los Alamos, 52 

mrem at White Rock) by 20% to allow for shielding 

by structures, and the terrestrial component ( 42 mrem 

at Los Alamos and 54 mrem at White Rock) by 30% 
to allow for self-shielding by the body (NCRP 1987). 

To these estimates, based on measurements, were 

added 10 mrem at Los Alamos and 8 mrem at White 

Rock from neutron cosmic radiation (20% shielding 

assumed) and 40 mrem from internal radiation 

(NCRP 1987). The estimated whole-body dose from 

background, nonradon radiation is U7 mrem at Los 
Alamos and White Rock. 

In addition to these nonradon doses, a second 

component of back~und radiation is dose to the lung 

from inhalation of Rn and its decay products. The 
222Rn is produced by decay of ~a, a member of the 

uranium series, which is naturally present in the con

struction materials in a building and in its underlying 

soil. The effective dose equivalent from exposure to 

background 222Rn and its decay products is taken to 

be 200 mrem/year (NCRP 1987). This back8round · 

estimate may be revised if a nationwide study of back

ground levels of 222Rn and its decay products in 

homes is undertaken as recommended by the NCRP 

(1984A, 1987). 
The total effective dose equivalent to residents at 

Los Alamos and White Rock is 327 mrem/yr (Table 

5), or 127 mrem/yr from nonradon sources and 200 
mrem/yr from radon. 

The use of medical and dental radiation in the 

United States accounts for · an annual average, per 

capita, effective dose equivalent of 53 mrem (NCRP 

1987). This estimate includes doses from both X rays 

and radiopharmaccuticals. 

l. Dose to lndlvtduals rrom External Penetrating 

Radiation rrom Airborne Emissions. The thermolu· 

minescent dosimeter network at the Laboratory 

boundary north of I.AMPF indicated a 12.4 mrem in

crement above cosmic and terrestrial background ra

diation during 1987 (Sec. IV). This increment is at

tributed to emission of air activation products from 

l.AMPF. Based on 30% shielding from being inside 

buildings (NRC 1977), 30% self-shielding (NCRP 

1987), and 100% occupancy, this 12.4 mrem increment 

translates to an estimated 6.1 mrem whole-body dose 
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to an individual living along State Road 4 north of 

l.AMPF (Table G-1). The 6.1 mrem is 24% of EPA's 

air emission standard of 25 mrem/yr for a member of 

the public (Appendix A). This location north of 

l.AMPF has been the area where the highest bound

ary and individual doses have been measured since the 

dosimeter monitoring began. 
Because these doses are from external penetrating 

radiation, all whole-body doses reported in this section 

are numerically equal to effective dose equivalents. 

Consequently, the doses are not only less than EPA's 

air emission standard of 25 mrem/yr (whole body), 

but also less than DOE's Radiation Protection Stan· 

dard of 100 mrem/yr (effective dose equivalent). 

A maximum on-site dose to a member of the pub

lic from external penetrating radiation from all Labo

ratory airborne emissions was estimated using a Gaus

sian dispersion meteorological model (Slade 1968). 

The estimated maximum on-site dose was 0.001 mrem 

(whole body) for 1987. This is <0.005% of the EPA's 

25 mrem air emission standard for protection of a 

member of the public (Appendix A). This dose was 

calculated (using credible worst-case conditions) for a 

person spending 4 hours at the Laboratory's science 

museum, an area readily accessible to the public. 

Average dose to residents in Los Alamos townsite 

attributable to Laboratory operations was 0.21 mrem 

to the whole body. The corresponding dose to White 

Rock residents was 0.17 mrem to the whole body. The 

doses are 0.8% and 0.7%, respectively, of EPA's 25 

mrem air emission standard. They were estimated us

ing an air dispersion model. measured stack releases 

(Table G-2), and 1987 meteorological data. These 

doses were dominated by external radiation from air

borne releases at l.AMPF. 

3. Doses to Individuals rrom Inhalation of Air· 

borne Emissions. The maximum individual doses at

tributable to inhalation of airborne emissions are sum

marized in Table G-1 and are below the EPA air 

emission standards for whole-body doses, 25 mrem/yr, 

and the limit for organ doses, 75 mrem/yr (Appendix 

A). 
Exposure to airborne 3H (as tritiated water vapor), 

uranium, 238Pu, 239.240pu, and 241Am were determined 

by measurement (Sec. V). Correction for background 

was made assuming that natural radioactivity and 

worldwide fallout were represented by data from the 

three regional sampling stations at Espanola, Po-: 

joaque, and Santa Fe. Doses were calculated using 

the procedures described in Appendix D. 

-
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The inhalation dose that was the highest per
centage of the EPA's air emission standard was 0.11 
mrem to the bone surface; this is 0.1% of the 75 
mrem/yr standard for dose to any organ from the air 
pathway. 

Emissions of air activation products from lAMPF 
resulted in negligible inhalation exposures. 

All other atmospheric releases of radioactivity 
(Table G-2) were evaluated by theoretical calcula
tions. All potential doses from these other releases 
were less than the smallest ones presented in this sec
tion and were thus considered insignificant. 

4. Modeled Doses from Airborne Emissions. For 
compliance with 40 CFR Part 6~ Subpart H, the fed
eral EPA requires that radiation doses be determined 
with the computer code AIRDOS-EPA (EPA 1985A). 
The AIRDOS-EPA code was run with 1987 mete
orology data and radioactive emissions data given in 
Table G-2. As expected, over 98% of the maximum 
individual dose resulted from external exposure to the 
air activation products from lAMPF. The maximum 
individual whole-body dose as determined by AIR
DOS-EPA was 10.9 mrem corrected to include 
shielding due to buildings (30% reduction). This dose, 
which would occur in the area just north of IAMPF, is 
44% of the EPA's air emission standard of 25 
mrem/yr (whole body). 

The maximum organ dose was calculated by AIR
DOS-EPA to be 12.8 mrem to the lung, or 17% of 
EPA's air emission standard of 75 mrem/yr to any or
gan. This dose would also occur in the area just north 
of lAMPF. Of the 12.8 mrem, approximately 95% is 
due to external penetrating radiation from lAMPF air 
emissions and 5% from other Laboratory emissions. 

5. Doses from Direct Penetrating Radiation. No 
direct penetrating radiation from Laboratory oper
ations was detected by TLD monitoring in off-site ar
eas. The only off-site TLD measurements showing 
any effect from Laboratory operations were those 
taken north of LAMPF. These were due to airborne 
emissions and are discussed above. On-site TLD 
measurements of external penetrating radiation re
flected Laboratory operations and do not represent 
potential exposure to the public except in the vicinity 
of TA-18 on Pajarito Road. Members of the public 
using the DOE-controlled road passing by TA-18 
would likely receive no more than 2 mrem/yr of direct 
gamma and neutron radiation, which is 2% of the 
DOE's 100 mrem/yr standard for protection from ex-
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posure by all pathways (Appendix A). This value was 
based on 1987 field measurements of gamma plus 
neutron dose rates using thermoluminescent dosime
ters. 

The on-site thermoluminescent dosimeter station 
(Station 24, Fig. 6) near the northeastern Laboratory 
boundary recorded an above-background dose of 
about 70 mrem. This reflects direct radiation from a 
localized accumulation of 137 Cs on sediments trans
ported from treated effluent released from T A-21 
prior to 1964. No one resides near this location. 

6. Doses to Individuals from Treated Liquid Ef· 
fluents. Treated, liquid effluents do not flow beyond 
the Laboratory boundary but are retained in alluvium 
of the receiving canyons (Sec. VI). These treated ef
fluents are monitored at their point of discharge and 
their behavior in the alluvium of the canyons below 
outfalls has been studied (Hakanson 1976A, 19768, 
and Purtymun 1971, 1974A). 

Small quantities of radioactive contaminants trans
ported during periods of heavy run-off have been mea
sured in canyon sediments beyond the Laboratory 
boundary in Los Alamos Canyon. Calculations made 
with radiological data from Acid, Pueblo, and Los. 
Alamos canyons (ESG 1981) indicate a minor expo
sure pathway (eating liver from a steer that drinks 
water from and grazes in lower Los Alamos Canyon) 
to man from these canyon sediments. This pathway 
could potentially result in a maximum 50-year dose 
commitment of 0.0013 mrem to bone. 

7. Doses to Individuals from Ingestion or Food· 
stuffs. Data from sampling of produce, fish, and 
honey during 1987 (Section VII) were used to estimate 
doses received from eating these foodstuffs. All calcu
lated effective dose equivalents are 0.1% or less of the 
DOE's 100 mrem/yr standard (Appendix A). 

Fruit and veff.etable samples were analr.zed for six 
radionuclides ( H, 137Cs, total uranium, 238Pu, and 
239•2~0Pu). Maximum committed effective dose equiv
alent that would result from ingesting one quarter of 
an annual consumption of fruits and vegetables (160 
kg) from the off-site locations was 0.07 mrem. This 
dose is 0.07% of the DOE's Radiation Protection 
Standards for protecting members of the public 
(Appendix A). 

Ingestion of produce collected on-site is not a 
significant exposure pathway because of the small 
amount of edible materi~ low radionuclide 
concentrations, and limited access to these foodstuffs. 
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Fig. 6. Thermoluminescent dosimeter (TLD) locations on or near the Laboratory site. 

Fish s~les were anal13.ed for 90Sr, 137Cs, natural 
uranium, Pu, and 239·"""Pu. Radionuclide con
centrations in flSh from Cochiti Reservoir, the sam

pling location downstream from the Laboratory, are 
compared with concentrations in flSh taken from up
stream. The maximum effective dose equivalent to an 
individual eating 21 kg of flSh from Cochiti Reservoir 

is 0.03 mrem, which is 0.03% of DOE's 100 mrem 
standard (DOE 1985). Maximum organ dose is 0.3 
mrem to bone surface. 
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Trace amounts of radionuclides were found in 

honey. The maximum effective dose equivalent one 
would get from eating 5 kg of this honey, if it were 
made available for consumption, would be 0.02 mrem, 
which is 0.02% of DOE's 100 mrem standard. 

8. Cumulative Effective Dose Equivalents. The 
1987 population cumulative effective dose equivalents 
attributable to Laboratory operations to persons living 
within 80 km (50 mi) of the Laboratory was calculated 
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to be 3.5 person-rem. This dose is <0.01% of the 61 
000 person-rem exposure from natural background 
radiation and 0.03% of the 10 000 person-rem ex
posure from medical radiation (Table 6). The 1987 
population whole-body dose equivalent is also 3.5 per
son-rem. This is because the dose is dominated by 
external whole-body radiation from lAMPF emis
sions. Whole-body doses received from external 
radiation equal total effective doses. 

The population dose from Laboratory operations 
was calculated from measured radionuclide emission 
rates (Table G-2), atmospheric modeling using mea
sured meteorological data for 1987, and population 
data based on the 1980 Bureau of Census count ad
justed to 1987 (Table 4 and Appendix D). 

The population dose from natural background 
radiation was calculated using the background radia
tion levels given above. The dose to the 80-km popu
lation from medical and dental radiation was cal
culated using a mean annual dose of 53 mrem per 
capita. The population distribution in Table 4 was 
used in both these calculations to obtain the total pop
ulation dose. 

Also shown in Table 6 is the population effective 
dose equivalent in Los Alamos County from Labora
tory operations, natural background radiation, and 
medical and dental radiation. Approximately 90% of 
the total population dose from Laboratory operations 
is to Los Alamos County residents. This dose is 
0.05% of the population effective dose equivalent 
from background and 0.3% of the population dose 
from medical and dental radiation, respectively. 

Population centers outside of Los Alamos County 
are farther away, so dis~ersion, dilutio~ and decay in 
transit (particularly for 1c, 13N, 140, 1 0, and ·HAr) 
reduce their dose to less than 10% of the total. The 
population dose to residents outside of Los Alamos 
County and within 80 km (50 mi) of the Laboratory is 
0.001% of the dose from natural background radiation 
and 0.004% of the dose from medical and dental 
radiation. 

C. Risk to an Individual from Laboratory 
Releases 

1. Estimating Risk. Risk estimates of possible 
health effects from radiation doses to the public 

Table 6. Estimated Population Effective Dose 
Equivalents (person-rem) During 1987 

Exposure Mechanism 

Total Due to Laboratory Releases 

Natural Background 
Non-Radon 
Radon 

Total Due to Natural Sources 
of Radiation 

Diagnostic Medical Exposure 
[-53 mrem/yr per person (NCRP 1987)] 

Los Alamos County 
(18 400 persons) 

2300 
llQ.Q. 

6000 

970 

80-km Region 
(193 000 persons)a 

3.5 

22 000 
39 000 

61 000 

10 000 

alncludes doses reported for Los Alamos County. 
bCalculations are based on thermoluminescent dosimeter measurements. They include a 30% 
reduction in cosmic radiation from shielding by structures and a 30% reduction in tcrrestial 
radiation from self -shielding by the body. 
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resulting from Laboratory operations have been made 
to provide perspective in interpreting these radiation 
doses. These calculations, however, may overestimate 
actual risk for low-LET (linear energy transfer) radia
tion. The National Council on Radiation Protection 
and Measurements (NCRP 1975A) has warned "risk 
estimates for radiogenic cancers at low doses and low 
dose rates derived on the basis of linear (proportional) 
extrapolation from the rising portions of the dose inci
dence curve at high doses and high dose rates ... cannot 
be expected to provide realistic estimates of the actual 
risks from low level. low-LET radiation, and have such 
a high probability of overestimating the actual risk as 
to be of only marginal value, if any, for purposes of 
realistic risk-benefit evaluation." 

Low-LET radiation, which includes gamma rays, is 
the principal type of environmental radiation resulting 
from Laboratory operations. Estimated doses from 
high-LET radiation, such as neutron or alpha particle 
radiation, are less than 3% of estimated low-LET 
radiation doses. Consequently, risk estimates in this 
report may overestimate the true risks. 

The International Commission on Radiological 
Protection (ICRP 1977) estimated that the total risk of 
cancer mortality from uniform, whole-body radiation 
for individuals is 0.0001 per rem, that is, there is 1 
chance in 10 000 that an individual exposed to 1000 
mrem (1 rem) of whole-body radiation would develop 
a fatal cancer during his lifetime due to that exposure. 
This same risk factor applies to the risk of cancer 
mortality per rem of effective dose equivalent. In 
developing risk estimates, the International Commis
sion on Radiological Protection has warned "radiation 
risk estimates should be used only with great caution 
and with explicit recognition of the possibility that the 
actual risk at low doses may be lower than that im
plied by a deliberately cautious assumption of 
proportionality" (ICRP 1977). 

Z. Risk from Natural Background Radiation and 
Medical and Dental Radiation. During 1987, persons 
living in Los Alamos and White Rock received an 
average effective dose equivalent of 127 mrem of non
radon (principally to the whole body) radiation from 
natural sources (including cosmic, terrestrial. and self
irradiation sources with allowances for shielding and 
cosmic neutron exposure). Thus the added cancer 
mortality risk attributable to natural, whole-body 
radiation in 1987 was 1 chance in 79 000 in Los 
Alamos and White Rock (Table 2). 
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Natural background radiation also includes ex
posure to the lung from 222Rn and its decay products 
(see above), in addition to exposure to whole body ra
diation. This exposure to the lung also carries a 
chance of cancer mortality due to natural radiation 
sources that was not included in the estimate for 
whole body radiation. For the background effective 
dose equivalent of 200 mrem/yr, the added risk due to 
exposure to natural 222Rn and its decay products is 1 
chance in 50 000. 

The total cancer mortality risk from natural back
ground radiation is 1 chance in 31 000 for Los Alamos 
and White Rock. The additional risk of cancer 
mortality from exposure to medical and dental radia
tions is 1 chance in 190 000. 

3. Risk from Laboratory Operations. The risks 
calculated above from natural background radiation 
and medical and dental radiation can be compared 
with the incremental risk due to radiation from Labo
ratory operations. The average doses to individuals in 
Los Alamos and White Rock because of 1987 Labo
ratory activities were 0.21 mrem and 0.17 mrem, 
respectively. These doses are estimated to add life
time risks of about 1 chance in 50 000 000 in Los. 
Alamos and White Rock to an individual's risk of can
cer mortality (Table 2). These risks are <0.1% of the 
risk attributed to exposure to natural background ra
diation or to medical and dental radiation. 

For Americans the average lifetime risk is a 1 in 4 
chance of contracting a cancer and a 1 in S chance of 
dying of cancer (EPA 1979A). The Los Alamos incre· 
mental dose attributable to Laboratory operations is 
equivalent to the additional exposure from cosmic rays 
a person would get from flying in a commercial jet air
craft for 57 min. 

The exposure from Laboratory operations to Los 
Alamos County residents is well within variations in 
exposure to these people from natural cosmic and 
terrestrial sources and global fallout. For example, 
amount of snow cover and position in the solar 
sunspot cycle can account for a 10 mrem variation 
from year to year. Energy conservation measures, 
such as sealing and insulating houses and installing 
passive solar systems, are likely to contribute more to 
the total risk to Los Alamos County residents than 
Laboratory operations because of increased 222Rn 
levels inside homes. 
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IV. MEASUREMENT OF EXTERNAL PENETRATING RADIATION 

Levels of external penetrating radiation--including X and gamma rays and charged parti· 

de contributions from cosmic, terrestrial, and manmade sources--are monitored in the Los 

Alamos area with thermoluminescent dosimeters. Measurements for regional locations 

showed a statistically discernible decrease in radiation levels for 1987. The only boundary or 
perimeter measurements showing an effect attributable to laboratory operations were those 
from dosimeters located north of the Los Alamos Meson Physics Facility (a linear particle 
accelerator). They showed an above-background radiation measurement of about 12 .± S 
mrem in 1987. This is a decrease from the 1986 measurement of 18 .± 3 mrem, although not 

statistically significanL Some on-site measurements were above background levels, as ex· 
pected, reflecting research activities and waste management operations at the Laboratory. 

A. Background 

Natural external penetrating radiation comes from 
terrestrial and cosmic sources. The natural terrestrial 
component results from decay of 40K and of radioac
tive nuclides in the decay chains of 232-rb, 235U, and 
238U. Natural terrestrial radiation in the Los Alamos 
area is highly variable with time and location. During 
any year, external radiation levels can vary l5 to 25% 
at any location because of changes in soil moisture 
and snow cover (NCRP 1975B). There is also spatial 
variation because of different soil and rock types in 
the area (ESG 1978). 

The cosmic source of natural ionizing radiation in
creases with elevation because of reduced shielding by 
the atmosphere. At sea !eve~ it produces measure
ments between 25 and 30 mrem/yr. Los Alamos, with 
a mean elevation of about 2.2 km (1.4 mi), receives 
about 60 mrem/yr from the cosmic component. 
However, the regional locations range in elevation 
from about 1.7 km (1.1 mi) at Espanola to 2.7 km (1.7 
mi) at Fenton Hill, resulting in a corresponding range 
between 45 and 90 mrem/yr for the cosmic compo
nent. The cosmic component can vary about .±5% 
because of solar modulations (NCRP 1975B). 

Fluctuations in natural background ionizing ra
diation make it difficult to detect an increase in radia
tion levels from manmade sources. This is especially 
true when the size of the increase is small relative to 
the magnitude of natural fluctuations. Therefore, in 
order to measure contributions to external radiation 
from operation of the Los Alamos Meson Physics Fa
cility (lAMPF), arrays of 48 thermoluminescent 
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dosimeters (TLDs) each have been deployed ncar 
lAMPF and in background areas. 

Levels of external penetrating radiation--including 
X and gamma rays and charged particle contributions 
from cosmic, terrestri~ and manmade sources--in the 
Los Alamos area are measured with TLDs deployed 
in three independent networks. These networks are 
used to measure radiation levels at: ( 1) the Labo
ratory and regional areas, (2) the Laboratory bound
ary north 4>f lAMPF, and (3) · low-level radioactive 
waste management areas. 

B. Environmental TLD Network 

The environmental network consists of 40 stations 
divided into three groups. The regional group consists 
of four locations, 28 to 44 km (17 to 27 mi) from the 
Laboratory boundary in the neighboring communities 
of Espanola, Pojoaque, and Santa Fe as well as the 
Fenton Hill Site 30 km (19 mi) west of Los Alamos. 
The off-site perimeter group consists of 12 stations 
within 4 km (2.5 mi) of the boundary. Within the 
Laboratory bQundary, 24 locations comprise the on
site group (Fig. 6). Details of methodology for this 
network are found in Appendix B. 

Annual averages for the groups were significantly 
lower in 1987 than 1986 (p < 0.05, 2-way analysis of 
variance) (Fig. 7). Regional and perimeter stations 
showed no statistically discernible increase in radia
tion levels attributable to Laboratory operations 
(Table G-3). Annual measurements at off-site sta
tions ranged from 70 to 124 mrem. 
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Fig. 7. Thermoluminesccnt dosimeter (TLD) measurements (includes contributions from 

cosmic, terrestrial, and Laboratory radiation sources). 

Some comparisons provide a useful perspective for 
evaluating these measurements. For instance, the 
average person in the United States receives about 53 
mrem/yr for medical diagnostic procedures (NCRP 
1987). The DOE's RPS is 100 mrem/yr, effective dose 
received from all pathways, and the dose received via 

air is restricted by EPA's standard of 25 mrem/yr 
(whole body) (Appendix A). These values are in addi
tion to normal background, consumer products, and 
medical sources. The standards apply to locations of 
maximum probable exposure to an individual in an 
off-site, uncontrolled area. 

C. Los Alamos Mesoo Pbysics Facility 
(LAMPF) TLD Network 

This network monitors external radiation from air
borne activation products (gases, particles, and va
pors) released by I.AMPF, TA-53. The prevailing 
winds are from the south and southwest (Sec. II). 
Twelve TLD sites are located downwind at the Labo
ratory boundary north of I.AMPF along 800 m (0.5 

mi) of canyon rim. Twelve background TLD sites are 
about 9 km (5.5 mi) from the facility along a canyon 
rim near the southern boundary of the Laboratory 
(Fig. 6). This background location is not influenced by 
any Laboratory external radiation sources. 
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The TLDs at- the 24 sites are changed each cal~ 
endar quarter· or sooner, if I.AMPFs operating sched· 
ule dictates (start-up or shut-down of the accelerator 
for extended periods midway in a calendar quarter). 
The radiation measurement (above background) for 
this network was about 12 .± 5 mrem for 1987. This 
value is obtained by subtracting the annual mea

surement at the background sites from the annual 
measurement at the Laboratory's boundary north of 
I.AMPF (Appendix B). This year's measurement is 

about two-thirds of the value measured in 1986 (Fig. 
2) even though estimated emissions from LAMPF in
creased in 1987 {Table 3). 

D. TLD Network for Low-Level Radioactive 
Waste Management Areas 

This network of 92 locations monitors radiation 
levels at 1 active and 11 inactive low-level radioactive 
waste management areas. These waste management 
areas are controlled-access areas and are not acces
sible to the general public. Active and inactive waste 

areas are monitored for external penetrating radiation 
with arrays of TLDs (Table 7). Averages at all sites 
but· Area X were higher than average perimeter val
ues. However, the ranges at most sites largely over
lapped the range of values found at perimeter and 
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regional stations (Tables 7 and G-3). The extremes at 
Area G, the active radioactive waste area, and Area T, 
an inactive waste area, have been noted in previous 

years. These are the results of past and present ra
dioactive waste management activities. 

Area 

A 
B 
c 
E 
F .. 
G 
T 
u 
v 
w 
X 

AB 

Table 7. Doses (mrem) Measured by TLDs at 
On-site Waste Areas During 1987 

Number 
of TLDs Mean Minimum 

5 118 112 
14 118 107 
10 116 104 
4 119 113 
4 108 102 

27 132 Ill 
7 133 109 
4 115 112 
4 117 Ill 
2 II 0 107 
1 91 

10 106 96 

27 

Maximum 

121 
126 
149 
125 
Ill 
174 
198 
119 
122 
113 

114 
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V. AIR MONITORING 

Airborne radioactive emissions were released from 87 points at the Laboratory 
during 1987. The largest airborne release was 150 000 Ci of short-lived (2 to 20 
minute half-lives) air activation products from the Los Alamos Meson Physics Fa· 
cility (LAMPF). Ambient air is routinely sampled at several locations on-site, along 
the Laboratory perimeter, and in distant areas which serve as regional background 
stations. Concentrations or airborne tritium, uranium, plutonium, americium, and 
gross beta activity are measured. The highest measured and annual average activity 
concentrations or these radioactive materials were much less than 0.1% of levels that 
exceed DOE's Radiation Protection Standards. Nonradiological airborne emissions 
from the Laboratory remained below federal and state limits. 

A. Radionuclldes in Ambient Air 

1. Background. The ambient air sampling net
work for radioactivity consists of 26 continuously op
erating stations (see Appendix B for a complete de
scription of sampling procedures). The regional 
monitoring stations, 28 to 44 km (18 to 28 mi) from 
the Laboratory, are located at Espanola, Pojoaque, 
and Santa Fe (Fig. 8). The results from these stations 
are used as reference points for determining regional 
background levels of airborne radioactivity. The 11 
perimeter stations are within 4 km (2.5 mi) of the 
Laboratory boundary; 12 stations are located within 
the Laboratory boundary (Fig. 8, Table G-4). 

Natural fallout radioactivity levels in air fluctuate 
and affect measurements made by the Laboratory's air 
sampling program. Worldwide background airborne 
radioactivity is largely composed of fallout from past 
above-ground nuclear weapon tests, natural radionu
clides from the transformation products of thorium 
and uranium attached to dust particles, and materials 
resulting from interactions with cosmic radiation (e.g., 
tritiated water vapor produced by interactions of cos
mic radiation and stable water). Background, air
borne radioactivity concentrations are summarized in 
Table G-5. 

Particulate matter in the atmosphere is primarily 
caused by resuspension of soil which is dependent 
upon meteorological conditions. Windy, dry days can 
increase soil res us pension, whereas precipitation (rain 
or snow) can wash out particulate matter from the 
atmosphere. Consequently, there are often large daily 
and seasonal fluctuations in airborne radioactivity 
concentrations caused by changing meteorological 
conditions. 
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2. Airborne Emissions. Radioactive airborne 
emissions are discharged at the Laboratory from 87 
stacks. These emissions consist primarily of filtered 
exhausts from gloveboxes, experimental facilities, 
operational facilities (such as liquid waste treatment 
plants), a nuclear research reactor, and a linear parti
cle accelerator at LAMPF. The emissions receive ap
propriate treatment prior to discharge, such as filtra
tion for particulates as well as catalytic conversion and 
adsorption for activation gases. Quantities of airborne 
radioactivity released depend on the nature of ongoing 
research activities and vary significantly from year to 
year (Figs. 9-11). 

During 1987, as in previous years, the most sig
nificant releases were from LAMPF (Fig. 11 and 
Table G-2). The amount released for the year was 150 
000 Ci of air activation products (gases, particulates, 
and vapors). These emissions were about 30% above 
1986 amounts. The principal airborne activation 
products (half-lives in parentheses) were 11c (20 min), 
3N (10 min), 140 (71 sec), 150 (123 sec), and ·H Ar 
~1.83 h). Over 95% of the radioactivity was from 11 C, 
3N, 140, and 150. However, the radioactivity from 

these radionuclides declines rapidly because of the 
short half-lives. 

Airborne tritium emissions decreased by 70% from 
10 700 Ci in 1986 to 3180 Ci in 1987 (Table 3). This 
was principally due to decreases in tritium releases 
from facilities at TA-3, TA-33, and TA-·H. 

In addition to releases from facilities, some de
pleted uranium (uranium consisting primarily of ~38 U) 
is dispersed by experiments that use conventional high 
explosives. About 98 kg (220 lb) of depleted uranium 
was used in such experiments in 1987 (Table G-6). 
This mass contains about 46 mCi of radioacti•ity. 
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Fig. 8. Air sampler locations on or near the Laboratory site. 

Most of the debris from these experiments is de
posited on the ground in the vicinity of the fuing sites. 
Limited experimental data indicate that about 10% of 
the depleted uranium becomes airborne. Dispersion 
calculations indicate that resulting airborne concentra
tions are in the same range as attributable to the natu
ral abundance of uranium resuspended in dust parti
cles originating from the earth's crust. This is con
firmed by monitoring of airborne uranium concentra
tions (see below). 
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3. Gross Beta Radioactivity. GrosS beta analyses 
help in evaluating general radiological air quality. Fig
ure 12 shows gross beta concentrations at a regional 
sampling location (Espanola}, about 30 km (20 mi) 
from the Laboratory, and at an on-site sampling loca
tion (TA-59). 

4. Tritium. In 1987, the regional mean ( 4.1 x 
10"12 f-lCi/mL) and the perimeter annual mean (11.0 x 
10"12 IJ.Ci/mL) were slightly but statistically 
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Fig. 9. Summary of tritium releases (airborne emissions and liquid effluents). 
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Fig. 10. Summary of plutonium releases (airborne emissions and liquid effluents). 

31 



(11 

u 
::l 

1::J 
0 
1.... 

0... 
c.-._ 
O"' 
'B2 
> X 

'Do <---
9! 
;:; 
0 

.Q 
1.... 

<i' 

'0 -

9-

8 -

o-

5-

4-

3 -

2-

1-

0-

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL SURVEILLANCE 1987 

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

Year 

Fig. 11. Airborne activation product emissions (principally 11c, 10c, 13N, 16N, Ho, 
15

o, 
41Ar) from the Los Alamos Meson Physics Facility (TA-53). 
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Fig. 12. Atmospheric gross beta activity at a regional (background) station 
and an on-site station during 1987. 
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signiflcantly lower than the on-site annual mean (21.7 
x 10"12 1-1Ci/mL) (Table G-7). This reflects the slight 
impact of Laboratory operations. The TA-21 (Station 
15) and TA-54 (Station 22) annual means of 51.8 x 
10"12 and 32.3 x 10"12 1-1Ci/mL. respectively, were the 
two highest means measured in 1987. Both of these 
stations arc located within the Laboratory boundary 
near areas where tritium is disposed of or used in 
operations. These tritium concentrations arc < 0.1% 
of the concentration guide for tritium in air based on 
DOE's RPS for Controlled Areas (Appendix A). 

S. Plutonium and Americium. Of the 101 air sam
ple analyses performed in 1987 for 238pu, only three 
were above the minimum detectable limit of 2 x 10"18 

1-1Ci/mL. The highest concentration occurred at TA-
54 (6.3 _t 1.4 x 10"18 1-1Ci/mL) and represents <0.1% 
of the DOE's Derived Concentration Guide for 238Pu 
in off-site are~2 x 10"12 1-1Ci/mL (Appendix A). The 
results of the Pu analyses are not tabulated in this 
report because of the large number of results below 
the minimum detectable activity. 

The 1987 annual means for 239~ concen
trations in air for the regional (0.7 x 10"18 1-1Ci/mL~ 
perimeter (0.9 x 10"181-1Ci/mL), and on-site (1.8 x 10" 8 

1-1Ci/mL) stations were all <0.1% of concentration 
guides. · 

Measured concentrations of 241Am were also 
< 0.1% of the concentration guides for Controlled and 
Uncontrolled Areas (Appendix A). 

The detailed results are in Tables G-8 and G-9. 

6. Uranium. Because uranium is a naturally oc
curring radionuclide in soil, it is found in airborne soil 
particles that have been resuspended by wind or me
chanical forces (for example, vehicles or construction 
activity). As a result, uranium concentrations in air 
are heavily dependent on the immediate environment 
of the air sampling station. Those stations with rela
tively higher annual ave~agcs or maximums arc in 
dusty areas, where a higher filter dust loading ac
counts for collection of more natural uranium from 
resuspended soil particles. 

The 1987 means were: regional, 74 pg/m3; 

perimeter, 33 pg/m3; and on-site, 31 pg/m3 (Table G-
10). All measured annual means were less than 0.1% 
of the concentration guides for uranium in off-site and 
on-site areas (Appendix A). No effects attributable to 
Laboratory operations were observed. 
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B. Nonradioactive Chemicals in Ambient Air 

l. Air Quality 

a. Bandelier National Atmospheric Deposition 
Program Station. The Laboratory operates a wet 
deposition station located at the Bandelier National 
Monument. The station is part of the National Atmo
spheric Deposition Program Network. The sampling 
results are presented in Section IX. 

b. Particulate Air Quality Measurements. Mea
surements of total suspended particulates (TSP) in 
Los Alamos and White Rock and applicable state and 
federal standards are reported in Table 8. The 
measurements are made once every 6 days at a site on 
West Road in Los Alamos and at the sewage treat
ment plant in White Rock by the NMEID. The 24-
hour average standards are not to be exceeded more 
than once per year. There is both a primary and a 
secondary standard for TSP. The primary standard is 
to protect human health and the secondary standard is 
to protect general welfare, such as the prevention of 
soiling and material damage. The state 24-hour stan
dard is as stringent as the federal secondary standard. 

The state and federal ambient air quality standards 
were met in both Los Alamos and White Rock. The 
seasonally averaged TSP concentrations are shown in 
Table 9. 

2. Beryllium Operations. Beryllium machining 
operations are located in shop 4 at TA-3-39, in shop 
13 at TA-3-102, and the beryllium shop at TA-35-213. 
Beryllium machining takes place intermittently, a few 
days per year. A new beryllium processing facility lo
cated at TA-3-141 began operation in 1987. Exhaust 
air from each of these operations passes through air 
pollution control equipment before exiting from a 
stack. A baghouse type filter is used to control emis
sions from shop 4. The other operations use HEP A 
filters to control emissions. The air pollution control 
systems have >99.9% particulate removal efficiencies. 

3. Steam Plants and Power Plant. Fuel con
sumption and emissions estimates for the three steam 
plants and the TA-3 power plant are reported in Table 
G-12. The NOx emissions from the TA-3 power plant 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table 8. Particulate Air Quality 4-tgjm3) 

Federal and State 
Ambient Air Oualitv Standards Measurements 

Tyoe Concentration Los Alamos White Rock 

24-hour a veragea 
Statec 
Federal 

Primary 
Secondary 

7-day averaged 

30-day averaged 

Annual Geometric Mean 
Primary 
Secondary 

150 

260 
150 

110 

90 

75 
60 

23.8 29.7 

aNot to be exceeded more than once per year. 
bSecond highest 
cHighest. 
dNew Mexico state standard only. 

Table 9. Particulate Air Quality, Seasonal Averages (j.J.g/m3
) 

Los Alamos 
White Rock 

Winter 

22.5 
19.6 

were estimated based upon boiler exhaust gas mea
surements. Exhaust gas measurements indicated that 
SO levels exhaust gases were below minimum de-

x 
tectable levels. Emission factors from EPA were used 
in making the other emission estimates (EPA 1984). 
The change in emissions from 1986 to 1987 reflects 
the change in fuel consumption. The Western Area 
steam plant. used as a standby plant, was operated 
only one month during 1987. 

Spring 

26.4 
34.7 

Summer 

24.0 
29.0 

17.8 
45.9 

4. Motor Vehicle Emissions. Estimates of air pol
lutant emissions associated with the operation of the 
motor vehicle fleet are reported in Table 10. Emis
sions increased due to increases in mileage and fuel 
use. Direct emissions from the vehicles as well as 
emissions caused by evaporative losses from fuel stor
age tanks were estimated. Hydrocarbons. carbon 
monoxide, nitrogen oxides, sulfur oxides, and particu
late emissions were estimated based upon motor 
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Table 10. Estimate of Air Pollutant Emissions Associated With the 
Operation of the Vehicle Fleet (metric tons) 

lncremen-
tal 

~ ...l.2ll.. %Change 

Fuel Storage Evaporative Losses 4.8 6.7 39.8 
Hydrocarbons 10.4 12.4 18.9 
Carbon Monoxide 120.2 133.6 11.2 
Nitrogen Oxides 11.9 13.3 11.4 
Sulfur Oxides 1.4 1.8 30.6 
Particulates 

Exhaust 0.6 0.8 32.7 
Tire Wear 1.3 1.7 30.1 

Table 11. Asphalt Plant Particulate Emissions 

Production 
Year (tons/yer) 

1986 6 980 
1987 8 083 

vehicle class, age, and the vehicle miles traveled (EPA 
1981, EPA 1984). Fuel storage evaporative losses 
were estimated based upon the fuel usage. 

5. Asphalt PlanL Annual production figures and 
estimates of particulate emissions from the asphalt 
concrete plant are found in Table 11. The particulate 
emissions from the plant are low, but have increased 
from 1986 to 1987 because of an increase in produc
tion. There has been a substantial decrease in pro
duction since 1985 because of the purchase of the as
phalt from outside vendors. A multicydone and a wet 
scrubber are used to dean the exhaust gas stream be
fore it is released into the atmosphere. The particu
late emission estimate was based upon stack testing 
data (Kramer 1977) and production data. 

Incremen-
tal 

Emissions %Change 
Clb/year) from 1986 

35 

232 
269 15.8 

6. Burning and Detonation of Explosives. During 
1987, a total of 18 400 kg (20 tons) of high-explosive 
wastes were disposed of by open burning at the TA-16 
burn ground. Estimates of emissions resulting from 
this burning are reported in Table 12. The emissions 
were 7.7% lower than those for 1986. These estimates 
were made by using data from experimental work car
ried out by Mason and Hanger - Silas Co., Inc. 
(MHSM 1976). 

Dynamic experiments emploving conventional ex
plosives are routinely conducted in certain test areas 
at the Laboratory. In some experiments these explo
sives contain toxic metals including uranium, beryl
lium, and lead. Through November 1987, uranium 
emissions had decreased 51.3%, lead emissions 
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Table 12. Estimated Air Pollutant Emissions from the 
Open Burning of Waste Explosives (kg) 

Pollutant 

Oxides of Nitrogen 
Particulates 
Carbon Monoxide 
Hydrocarbons 

decreased 26.9%, and beryllium emissions decreased 

4.8% from 1986 levels. 
Estimat~ of average concentrations of these toxic 

metals downwind from the detonations are reported in 

Table G-6. Applicable standards are also presented in 

this table. Estimated concentrations were < 0.01% of 

applicable standards. These estimates are based upon 

information concerning the proportion of material 

aerosolized provided from limited field experiments 

involving aircraft sampling and the amounts of toxic 

metals used in the experiments through November 

1987. 

7. Lead Pourinc Facility. Pan Am World Services 

operates a lead pouring facility for producing lead 

castings that is located at TA-3-38. Approximately 11 

700 kg (25 800 lb) of lead were estimated to have 
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1986 .!.211 

602.1 555.1 
358.9 331.2 
155.5 143.5 

2.0 1.8 

been poured during 1987. The estimated 1987 annual 

lead emissions from this facility were 5.1 kg (11.2 lb); 

maximum quarterly emissions were 1.8 kg (3.9 lb). 

The emission estimates were based upon the amounts 

of lead poured and an EPA emission factor for lead 

casting operations (EPA 1984). 
Both federal and state ambient air quality stan

dards for lead arc 1.5 gjm3 averaged over a calendar 

quarter. Air dispersion procedures recommended by 

the EPA (EPA 1m, 1986) were used to estimate the 

maximum quarterly average lead concentrations 

caused by emissions from the lead pouring facility. 

These procedures provide conservative concentration 

estimates. The maximum quarterly concentration for 

1987 was estimated to be 0.11 ~m3, 7% of the stan

dard. 
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VI. WATER, SOILS, AND SEDIMENTS MONITORING 

Surface and ground waters, soils, and sediments were sampled and analyzed to monitor 
dlspersioa of radionuclides and chemic:als from Laboratory operations. Radionuclide and 
chemic:al concentrations of water from areas where there has been no direct release of 
treated emuents evidenc:ed no observable effects due to Laboratory operations. The chemlc:al 
quality of surface waters from areas with no emuent release varied with seasonal Ouctua
tieas. Water Ia oa-site areas where treated emueat bas beea released coataiaed ra
dioauclides below DOE's coacentratioa guides. The quality of water In these release areas 
reflected some Impact of Laboratory operations, but these waters are coaOned within the 
Laboratory and are not a source of muaicipal, Industrial, or agricultural water supply. 

Most regional and perlme~ soil aod sedlmeot statioas coatalned radioactivity at or aear 
background levels. Concentratioas that did nceed background were low and not considered 
slpilkant. Sediments from areas where treated discharges have been released coataiaed 
radioaudldes In e:xc:esa of backgrouad. Coaceatratioas of plutoDium Ia sediments from re
gioaal reservoirs on the Rio Chama and Rio Grande reOected worldwide fallout. 

A. Emueat Quality 

In the past, treated liquid effiuents containing low 
levels of radioactivity have been released from the 
Central Liquid Waste Treatment Plant (TA-50), a 
smaller plant serving laboratories at TA-21, and a san
itary sewage lagoon System serving LAMPF (TA-53) 

~ 

I 

(Tables 3, G-12, G-13, and F'tgS. 9, 10, and 13). In 
1987, there were no releases from TA-21. 

Radionuclidc concentrations in treated effiuents 
from the larger radioactive liquid waste-treatment 
plant (TA-50) were well below DOE's concentration 
guides for on-site areas (Table G-12). The total activ
ity released in 1987 (ca. 110 Ci) was 120% of that 

C3 .... <:J ~~.t:l7Cs 

1d~,---,--r--,--,---,--,--,---,--,--,--,--, 
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

Year 

Fig. 13. Summary of strontium ·and cesium liquid effiuent releases. 
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released in 1986 (ca. 91 Ci) (Table 3). Release of 89Sr 
increased six-fold because of additional processing of 
I.AMPF isotopes at the TA-48 hot cells. Effluents 
from T A-50 are discharged into the normally dry 
stream channel in Mortandad Canyon, where surface 
flow has not passed beyond the Laboratory's boundary 
since before the plant began operation in 1963. 

Concentrations found in the TA-53lagoon effluent 
in 1987 were higher than in 1986 for some radionu
clides and lower for others (Table G-13). The source 
of the radioactivity was activated nuclides in water 
from the beam-stop cooling systems. The volume dis
charged from the lagoons decreased slightly in 1987. 
There was no discharge after April 8, 1987. All ra
dionuclide concentrations were well below DOE's 
concentration guides for on-site areas (Table G-13). 
The discharge from the lagoons sinks into the allu
vium of Los Alamos Canyon within the Laboratory's 
boundary. 

B. Radiochemical and Chemical Quality of Surface 
and Ground Waten 

1. Background. Surface and ground waters from 
regional, perimeter, and on-site stations are mon
itored to provide routine surveillance of Laboratory 
operations (F'tgS. 14 and 15, Table G-14). If a sample 
from a particular station was not taken this year, it was 
because the station was dry or a water pump was bro
ken. Concentrations of radionuclides in water sam
ples are compared with guides derived from DOE's 
Radiation Protection Standard (RPS) (Appendix A). 
Concentration guides do not account for concentrating 
mechanisms that may exist in environmental media. 
Consequently, other media such as sediments, soils, 
and foodstuffs are also monitored (see subsequent 
sections). 

Routine chemical analyses of water samples have 
been carried out for many constituents over a number 
of years. Although surface and shallow ground waters 
are not a source of municipal or industrial water sup
ply, results of these analyses arc compared with EPA · 
drinking water standards as these arc the most re
strictive related to water use. 

2. Regional Stations. Regional surface water 
samples were collected within 75 km ( 47 mi) of the 
Laboratory from 6 stations on the Rio Grande, Rio 
Chama, and Jemez River (Fig. 14). The six sampling 
stations were located at U.S. Geological Survey Gag
ing Stations. These waters provided baseline data for 
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• MONITORING STATIONS 

Fig. 14. Regional surface water, sediment, and soil 
sampling locations. 

radiochemical and chemical analyses in areas beyond 
the Laboratory boundary. Stations on the Rio Grande 
were: Embudo, Otowi, Cochiti, and Bernalillo. The 
Rio Grande at Otowi, just east of Los Alamos, has a 
drainage area of 37 000 km2 (14 300 mi2) in southern 
Colorado and northern New Mexico. Discharge for 
the period of record (1895-1905, 1909-1986) has 
ranged from a minimum of 1.7 m3 /sec (60 ft3 /sec) in 
1902 to 691 m3 /sec (24 400 ttl /sec) in 1920. The dis
charge for water year 1986 (October 1985 to Septem
ber 1986) ranged from U m3 /sec ~ 408 ft3 /sec) in 
September to 220 m3 /sec (7900 ft /sec) in June 
(USGS 1987). 

The Rio Chama is tributary to the Rio Grande up
stream from Los Alamos (F'tg. 14). At Chamita on the 
Rio Chama, the drainage area above the station is 
8143 km2 (3143 mi2) in northern New Mexico with a 
small area in southern Colorado. Since 1971, some 
flow has resulted from transmountain diversion water 
from the San Juan Drainage. Row at the gage is govc 
erned by release from several reservoirs. Discharge at 
Chamita during water year 1986 ranged from 1.8 
m3 /sec (65 ft3 /sec) in December to 98 m3 /sec (3460 
ft3 /sec) in May. 

The station at Jemez on the Jemez River drains an 
area of the Jemez Mountains west of Los Alamos. 
The Fenton Hill Hot Dry Rock Geothermal Facility 
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Fig. 15. Surface and ground water sampling locations on and near the Laboratory site. 

(TA-57) is located within this drain~e. The drainage 
area is small, about 1220 km2 (471 mi ). During water 
year 1986, discharge ranged from 0.34 m3jS« (12 
ft3 /sec) in February to s4 m3 /sec (1900 ft /sec) in 
July. The river is tributary to the Rio Grande down
stream from Los Alamos. 

Surface waters from the Rio Grande, Rio Chama. 
and Jemez River are used for irrigation of crops in the 
valleys both upstream and downstream from Los 
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Alamos. Water from these rivers is part of recre
ational areas on state and federal lands. 

a. Radiochemical Analyses. Surface water 
samples from regional stations were colleded in 
February and September 1987. Cesium, plutonium, 
tritium, and total uranium activity levels in these wa
ters were low (Tables 13 and G-15). Samples col
lected downgradient from the Laboratory showed no 



Table 13. Maxin.n Concentrations of Radioactivity in Surface and Ground Waters from Off-site and On-site Stations 

Nl.llber of 137Cs 238Pu 239,240Pu 3H Total U 

Stations a (10-9 fJ.Ci/ml) (10-9 fJ.Ci/ml) (10-9 fJ.Ci/ml) (10-6 fJ.Ci/ml) (jJ.Q/L) 

Analytical Limits of Detection 40 0.009 0.03 0.7 1.0 

Off-site Stations (Uncontrolled Areas) 

Derived Concentration Guide 3000 400 300 2000 800 mr 

<DCG) for Uncontrolled Areas b ~~ 

Regional 6 1200 (414) 0.011 (0.012) 0.025 (0.014) 0.2 (0.3) 3.0 (1.0) ii Perimeter 
Adjacent 6 98 (62) 0.036 (0.016) 0.037 (0.041) 0.4 (0.3) 12.5 (1.3) zen-

);!~ 
White Rock 20 149 (71) 0.027 (0.015) 0.009 (0.006) 13 (1.0) 22 (2.4) r-i 

~ ~6 

Off-site Station Group Summary: ~~ 
Maxin.n Concentration 1200 0.036 0.037 13 22 -~ 
Maxin.n Concentration as X 40 <1 <1 <1 3 ~~ 

DCG for Uncontrolled Areas m .... 
-o 
~ ~ 

On-site Stations (Controlled Areas) 

Concentration Guide (CG) for 400 000 100 000 100 000 100 000 60 000 

Controlled Areasb 

Noneffluent Areas 
Groundwater (Main Aquifer) 7 136 (63) 0.035 (0.037) 0.022 (0.016) 0.5 (0.3) 0.0 (0.1) 

Surface Water 3 44 (55) 0.010 (0.023) 0.006 (0.018) 0.6 (0.3) 7.0 (1.0) 

Pajarito Canyon 3 111 (68) 0.035 (0.016) 0.015(0.015) 0.7 (0.3) 1.0 ( 1.0) 
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Effluent Areas 
Acid-Pueblo Canyon 
DP-Los Alamos Canyon 
Sandia Canyon 
Mortandad Canyon 

On-site Group Summary: 
Maximum Concentration 
Maximum Concentration as X 

CG for Controlled Areas 

I ' I I 

N~r of 
Statlons8 

8 
8 
3 
7 

r 1 I i f I I 1 I I 

Table 13 (cont) 

137Cs 238Pu 

(10 "9 p.C i /mL) (10-9 p.Ci/nt.) 

167 (71) 0.010 (0.015) 
188 (86) 0.028 (0.015) 
135 (58) 0.002 (0.004) 
213 (84) 30.0 (3.00) 

213 30.0 
<1 <1 

I ) ~ ·~ I I 
I ' 

239,240Pu 3H 

(10-9 p.Ci/nt.) (1o"6 1lci/nt.) 

2.38 (0.126) 1.4 (0.4) 
0.124 (0.024) 19 (2.0) 
0.012 (0.032) 0.8 (0.3) 
90.0 (5.00) 12000 (1000) 

90.0 12000 
<1 1 

I "' 

Total U 
~/L) 

1.0 ( 1.0) 

1.8 (0.1) 
5.7 (0.6) 

5.7 
<1 

I l 
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effect from the Laboratory's operation. Results from 
1987 exhibited no significant differences from 1986. 
Maximum concentrations of radioactivity in regional 
surface water samples were well below DOE's concen
tration guides for off-site areas. 

b. Chemical Analyses. Surface water samples 
from regional stations were collected in February 
1987. Maximum concentrations in regional water 
samples were well below drinking water standards 
(Tables 14 and G-16). There were some variations 
from previous years' results. These fluctuations result 
from chemical changes that occur with variations in 
discharges at the sampling stations. This is normal 
and no inference can be made that the water quality at 
these stations is deteriorating. 

3. Perimeter Statioos. Perimeter stations within 
4 km (2.5 mi) of Los Alamos included surface water 
stations at Los Alamos Reservoir, Guaje Canyon, 
Frijoles Canyon, and three springS (La Mesita, Indian, 
and Sacred springs). Other perimeter stations were in 
White Rock Canyon along the Rio Grande just east of 
the Laboratory. Included in this group were stations 
at 23 springs, 3 streams, and a sanitary effluent release 
(F'tg. 15 and Table Gc14). _ 

Los Alamos Reservoir in upper Los Alamos 
Canyoo on the flanks of the mountains, west of Los 
Alamos, bas a capacity of 51 000 m3 (41 acre-ft) and a 
drainage area of 16.6 km2 (6.4 mi2) above the intake. 
The reservoir is used for storage and recreation. 
Water flows by gravity through about 10.2 km (6.4 mi) 
of water lines for irrigation of lawns and shrubs at the 
Laboratory's Health Research Laboratory (TA-43), 
the Los Alamos High Schoo~ and University of New 
Mexico's Los Alamos Branch. 

The station in Guaje Canyon is below Guaje 
Reservoir. Guaje Reservoir in upper Guajc Canyon 
has a capacity of 0.9 x 1ol m3 (0.7 acrc-ft) and a 
drainage area aboYC the intake of about 14.5 km2 (5.6 
mi2). The reservoir is used for diversion rather than 
storage as flow in the canyon is maintained by peren
nial springs. Water flows by gravity through 9.0 km 
(5.6 mi) of water lines for irrigation of lawns and 
shrubs at Los Alamos Middle School and Guaje Pines 
Cemetery. The stream and reservoir are also used for 
recreation. 

The water lines from Guaje and Los Alamos reser
voirs are not a part of the municipal or industrial wa
ter supply at Los Alamos. They are owned by DOE 
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and oper:ated by Pan Am World Services. Diversion 
for irrigation is usually from May through October. 

Surface flow in Frijoles Canyon was sampled at 
Bandelier National Monument Headquarters. Flow in 
the canyon is from spring discharge in the upper reach 
of the canyon. Flow decreases as the stream crosses 
Pajarito Plateau because of seepage and evapotran
spiration losses. The drainage area above the monu
ment headquarters is about 45 km2 (17 mi2) 

(Purtymun 1980A). 
La Mesita Spring is east of the Rio Grande, 

whereas Indian and Sacred springs arc west of the 
river in lower Los Alamos Canyon. These springs dis
charge from faults in the siltstones and sandstones of 
the Tesuque Formation and from small seep areas. 
Total discharge at each spring is probably less than 1 
L/sec (0.3 gal/sec). 

Perimeter stations in White Rock Canyon are 
composed of four groups of springs. The springs dis
charge from the main aquifer. Three groups (Group 
I, II, and III) have similar, aquifer-related. chemical 
quality. Water from these springs is from the main 
aquifer beneath the Pajarito Plateau (Purtymun 
1980B). Chemical quality of Spring 3B (Group lV) 
reflects local conditions in the aquifer discharging 
through a fault in volcanics. 

Part of the heavy run-off in the Rio Grande in 1987 
was stored in Cochiti Reservoir. In October, when the 
springs were sampled. seven springs were below the 
reservoir level and could not be sampled. 

Three streams that flow to the Rio Grande were 
also sampled. Streams in Pajarito and Ancho canyons 
are fed from Group I springs. The stream in Frijoles 
Canyon at the Rio Grande is fed by a spring on the 
flanks of the mountains west of Pajarito Plateau and 
flows through Bandelier National Monument to the 
Rio Grande. 

Treated sanitary effluent from the community of 
White Rock was also sampled in Mortandad Canyon 
at its confluence with the Rio Grande. 

Detailed results of radiochemical and chemical 
analyses of samples collected from the perimeter sta
tions are shown in Tables G-17 through G-22. 

a. Radiochemical Analyses. Cesium, pluto
nium, tritium, and total uranium activity for samples 
collected at perimeter stations were low and weU be
low DOE's concentration guides for off-site areas 
(Table 13). 
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Table 14. Maximum Chemical Concentrations in Surface and Ground Waters 

NU!tler 
of !!ill 

Stations Cl F N03 (as N) TDS pH 
-- ---

EPA Drinking Water Standard8 -- 250 2.0 10 500 6.5-8.5 

Off-site Stations 
Regional Stations 6 47 0.8 <1 174 8.3 

Perimeter Stations 
Adjacent 6 32 0.5 2 208 8.1 mr 
White Rock Canyon 20 43 1.5 12 467 8.6 ~~ 

D)lo 

Summary: Off-site Stations 2~ 
~0 

Maximum Concentration .47 1.5 12 208 8.6 !!fen 
Maximum Concentration as 19 75 120 42 101 ~~ 

.a. Per Cent of Standard 
r-t 

~ ~5 
~~ 

On-site Stations 
mr 
-I): 

Noneffluent Areas ~m 
zO 

Ground Water 7 32 0.5 7 253 8.4 0~ 

Surface Water 3 36 9.3 <1 188 
m-t 

7.8 ~ 0 
:£ D 

Pajarito Canyon 3 73 0.6 0.4 462 7.5 .... < 

Effluent Release Areas 
Acid-Pueblo Canyon 8 86 0.9 6.0 343 8.0 

DP-Los Alamos Canyon 8 101 2.5 1.4 306 8.1 

Sandia Canyon 3 159 1.0 1.8 1129 7.9 

Mortandad Canyon 7 39 3.9 118 1011 9.9 

Summary: On-site Stations 
Maximum Concentration 159 9.3 118 1129 9.9 

Maximum Concentration as 80 465 1180 225 116 

Per Cent of Standard 
................................ 

8EPA (1976, 19798). 
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b. Chemical Alu#Yses. Maximum chemical 
concentrations in samples from the perimeter stations 
were within drinking water standards except for ni
trate (as N) in waters (sanitary effluent) from Mor
tandad Canyon at the Rio Grande (Tables 15 and G-
20). The effluent also exceeded secondary standards 
for copper, iron, and pH at the Rio Grande (Table G-
21). Table G-22 presents miscellaneous data for 
chemical quality of water in White Rock Canyon. 
Concentrations in water samples from the 16 springs 
and 3 streams in White Rock Canyon were also within 
drinking water standards. 

4. Oa-slte Stadou. On-site sampling stations 
are grouped as those that. arc not located in effluent 
release areas and those that arc located in areas re
ceiving or that haYC received treated industrial efflu
ents (Ftg.15, Table G-14). 

a. Noneffluent Release Areas. On-site, 
noncffluent sampling stations consist of seven deep 
test weDs, three swface water sources, and three new, 
shallow observation wells. The deep test wells are 
completed into the main aquifer. 

Test Wells 1 and 2 arc in the lower and middle 
reaches of Pueblo Canyon. Depth5 to the top of the 
main aquifer are 181 to 231 m (594 and 758 ft), 
respectively. Test Well 3 is in the midreach of Los 
Alamos Canyon with a depth of 228m (748ft) to the 
top of the main aquifer. These wells are in canyons 
that have received (Pueblo Canyon) or are now re
ceiving (Los Alamos Canyon) industrial effluents. 
Test Wells DT-5A, DT-9, and DT-10 are at the south
ern edge of the laboratory. Depths to the top of the 
main aquifer are 359, 306, and 332m (1180, 1006, and 
1090 ft), respectively. Test Well 8 is in the midreach 
of Mortandad Canyon, an area that receives industrial 
effluents. The top of the aquifer here lies at about 295 
m (968 ft) below the swface. These test wells arc 
constructed to seal out all water above the main 
aquifer. The wells monitor any possible effects that 
the Laboratory's operation may have on water quality 
in the main aquifer. 

Swface water samples arc collected in Canada del 
Buey and Pajarito and Water canyons downstream 
from technical areas to monitor the quality of run-off 
from these sites. 

Three shallow observation wells were drilled in 
1985 and cased through the alluvium (thickness about 
4 m (12ft]) in Pajarito Canyon (F~g. 15 and Table G-
14). Water in the alluvium is perched on the underly-

ing tuff and is recharged through storm run-off. The 
observation wells were constructed to determine if 
technical areas in the canyon or adjacent mesas were 
affecting the quality of shallow ground water (Tables 
13, 14, and G-23). 

Radiochemical concentrations from surface and 
ground water sources showed no effects of laboratory 
operations (Tables 13, G-23, and G-24). Concentra
tions of tritium, cesium, and plutonium were at or be
low limits of detection. Concentrations of all radionu
clides were well below DOE's concentration guides for 
on-site areas. 

Chemical quality of ground water from the test 
wells into the main aquifer reflected local conditions 
of the aquifer around the well. Quality of surface wa
ter and of observation wells in Pajarito Canyon varied 
slightly. The effect, if any, was small, probably as the 
result of seasonal fluctuations. Maximum concentra
tions of fiYC chemical constituents in the on-site sur
face and ground water samples were within drinking 
water standards. except for fluoride (9.3 mg/L) in 
water from Canada del Buey (Tables 14, G-25, and G-
26). 

b. On-site Effluent Release Areas. On-site 
effluent release areas are canyons that receive or have 
received treated industrial or Sanitary effluents. These 
include DP-Los Alamos, Sandia, and Mortandad 
canyons. Also included is Acid-Pueblo Canyon, which 
is a former release area for industrial effluents. Acid
Pueblo Canyon received untreated and treated indus
trial effluents, which contained residual radionuclides 
from 1944 to 1964 (ESG 1981). The canyon also re
ceives treated sanitary effluents from the Los Alamos 
County treatment plants in the upper and middle 
reaches of Pueblo Canyon. Sanitary effluents form 
some perennial flow in the canyon, but do not reach 
State Road 4. 

Water occurs seasonally in the alluvium dependent 
on the volume of surface flow from sanitary effluents 
and storm run-off. Hamilton Bend Springs discharges 
from alluvium in the lower reach of Pueblo Canyon 
and is dry part of the year. The primary sampling sta
tions are surface water stations at Acid Weir, Pueblo 
1, Pueblo 2, and Pueblo 3 (Table G-14). Other sam
pling stations arc Test Well T-2A [drilled to a depth of 
40.5 m (133 ft)], which penetrates the alluvium and 
Bandelier Tuff and is completed into the Puye con
glomerate. Aquifer tests indicated the perched 
aquifer is of limited extent. Water level measure
ments over a period of time indicate that the perched 
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Location 

Water Canyon at SR-4 

Pajarito Canyon at SR-4 

Los Alamos Canyon at SR-4 

t; Pueblo Canyon at SR-4 

Los Alamos Canyon at Otowi 

Rio Grande at Otowi 

Backgr~ 

ax + 2s from Table G-35. 
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Table 15. Average Plutonil.111 Concentrations in Snowmelt R~·off 
in Canyons Draining the Laboratory 

Solution Suspended Sediments 

NIR>er 238Pu 239,240Pu 238Pu 239,240Pu 

of Analyses (10-9 1-lCi/ml) (10"9 ,....Ci/ml) (pCi/g) (pCi/g) --
8 0.004 (0.011) 0.005 (0.017) 0.056 (0.118) 0.115 (0.268) 

14 -o.002 (0.016) 0.013 (0.037) 0.068 (0.138) 0.128 (0.242) 

14 0.006 (0.026) 0.015 (0.015) 0.093 (0.093) 1.96 (1.01) 

7 -o.002 (0.016) 0.007 (0.010) 0.016 (0.016) 2.86 (2.38) 

11 0.004 (0.022) 0.007 (0.009) 0.216 (0.561) 0.827 (0.829) 

-o.016 (0.011) -o.024 (0.014) 0.001 (0.004) 0.001 (0.002) 

0.030 0.026 0.135 0.830 
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aquifer is hydrologica11y connected to the stream in 
Pueblo Canyon. 

Perched water in the basaltic rocks is sampled 
from Test WeD ~ in lower Pueblo Canyon, and 
Basalt Springs, further eastward in lower Los Alamos 
Canyon. Recharge to the perched aquifer in the 
basalt occurs near Hamilton Bend Springs. Travel 
time from the recharge area near Hamilton Bend 
Spring to Test WeD 1A is estimated to be 1 to 2 
months with another 2 to 3 months to reach Basalt 
Springs. 

DP-Los Alamos Canyon has received treated 
industrial effluents. which contain some radionuclides 
and some sanitary effluents from treatment plants at 
TA-2L Treated industrial effluents have been re
leased into the canyon since 1952. During 1987, there 
were no liquid discharges from TA-21. In the upper 
reaches of Los Alamos Canyon (above Station l.A0-
1), there are occasional releases of cooling water from 
the research reactor at TA-2. Los Alamos Canyon 
also receives discharge from the lagoons at l.AMPF 
(TA-53). On the flanks of the mountains, Los Alamos 
Reservoir impounds run-off from snowmelt and rain
faD. Stream flow from this impoundment into the 
canyon is intermittent, dependent on precipitation to 
cause run-off to reach the laboratory boundary at 
State Road 4. 

Inflltration of treated effluents and natural run-off 
maintains a shallow body of water in the alluvium of 
Los Alamos Canyon. Water levels are highest in late 
spring from snowmek run-off and late summer from 
thundershowers. Water levels decline during the 
winter and early summer as storm run-off is at a 
minimum. Sampling stations consist of two surface 
water stations in DP Canyon and six observation wells 
completed into alluvium (about 66 m [20ft) thick) in 
Los Alamos Canyon (Table G-14). 

Sandia Canyon has a small drainage area that 
heads on Pajarito Plateau in TA-3. The canyon re
ceives cooling tower blowdown from the TA-3 power 
plant and treated sanitary effluents from TA-3. 
Treated effluents from a sanitary treatment plant form 
a perennial stream in a short reach of the upper 
canyon. Only during heavy summer thundershowers 
in the drainage area does stream flow reach the 
Laboratory boundary at State Road 4. Two moni
toring wells in the lower canyon just west of State 
Road 4 indicated no perched water in the alluvium in 
this area. There are three surface water sampling 
stations in the reach of the canyon that contains 
perennial flow (Table G-14). 
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Mortandad Canyon has a small drainage area that 
heads in TA-3. Industrial liquid wastes containing ra
dionuclides are collected and processed at the Indus
trial Waste Treatment Plant at TA-50. After treat
ment that removes most of the radioactivity, the efflu
ents are released into Mortandad Canyon. Velocity of 
water movement in the perched aquifer ranges from 
18 m/day (59 ft/day) in the upper reach to about 2 
m/day (7 ft/day) in the lower reach (Purtymun 1974C, 
1983). The top of the main aquifer is about 290 m 
(950ft) below the perched aquifer. Hydrologic studies 
in the canyon began in 1960. Since that time, there 
has been no surface flow beyond the Laboratory's 
boundary because the small drainage area in the up
per part of the canyon results in limited run-off and a 
thick section of unsaturated alluvium in the lower 
canyon allows rapid inftltratioo and storage of run-off 
when it does occur. Monitoring stations in the canyon 
are one surface water station (Gaging Station 1, GS-1) 
and six observation wells completed into the shallow 
alluvial aquifer. At times, wells in the lower reach of 
the canyon are dry. 

Acid-Pueblo (Table G-27), DP-Los Alamos (Table 
G-28), Mortandad (Table G-29), and Sandia (Table 
G-30) canyons all contained surface and shallow 
ground waters with measurable amounts of radioac
tivity. Radioactivity is weD below DOE's concentra
tion guides for on-site areas (Table 13). Radionuciide 
concentrations from treated effluents decreased 
dowagradient in the canyon due to dilution and ad
sorption of radionuclides on alluvial sediments. Sur
face and shallow ground waters in these canyons are 
not a source of municipal, industrial, or agricultural 
supply. Only during periods of heavy precipitation or 
snowmek would waters from Acid-Pueblo, DP-Los 
Alamos, or Sandia canyons extend beyond Laboratory 
boundaries and reach the Rio Grande. In Mortandad 
Canyon there has been no surface run-off to the Labo
ratory's boundary since hydrologic: studies were initi
ated in 1960. This was 3 years before the treatment 
plant at TA-50 began releasing treated effluents into 
the canyon (Purtymun 1983). 

Relatively high concentrations of chlorides, ni
trates, fluorides, and total dissolved solids have re
sulted from effluents released into some of the 
canyons (Tables G-31 through G-34). Relatively high 
fluoride and nitrate concentrations were found in wa
ters from Mortandad Canyon, which receives the 
largest volume of industrial effluents (Purtymun 1977). 
Though the concentrations of some chemical con
stituents in the waters of these canyons were high 
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when compared with drinking water standards (Table 
14), these on-site waters arc not a soutce of municipal, 
industrial, or agricultural supply. 

Maximum chemical concentrations occurred in wa
ter samples taken near treated effluent outfalls (Table 
G-31 through G-34). Chemical quality of the water 
improved downgradient from the outfalls. Surface 
flows in Acid-Pueblo and DP-Los Alamos canyons 
reach the Rio Grande only during spring snowmelt or 
heavy summer thunderstorms. There has been no sur
face run-off to Laboratory boundaries recorded in 
Mortandad Canyon since 1960, when observations be
gan. 

5. Traasport ol RadJoaudides in Surface Run· 
Ofl'. The major transport of radionuclides from 
canyons that have received treated, low-level ra
dioactive effluents is by surface run-off. Radionu
clides in the effluents may become adsorbed or at
tached to sediment particles in the stream channels. 
Concentrations of radioactivity in the alluvium is high
est near the treated effluent outfall and decreases in 
concentration downgradient in the canyon as the 
sediments and radionuclides are transported and dis
persed by other treated industrial effluents, sanitary 
effluents, and surface ·run-off. 

Surface run-off occurs in two modes. Spring 
snowmelt run-off occurs over a long period of time 
(days) at a low discharge rate and sediment load. 
Summer run-off from thunderstorms occurs over a 
short period of time (hours) at a high discharge rate 
and sediment load. During 1987, no summer run-off 
samples were coUectcd. 

Spring snowmelt samples of run-off from 13 sta
tions (F~g. 16) were analyzed for radionuclides in so
lution and suspended sediments. Radioactivity in so
lution is defmed as the filtrate passing through a 0.45 

1-1-m pore-size filter, whereas radioactivity in suspended 
sediments is defined as a residue on the filter. For 
background samg~ the solution was analyzed for ~. 
137Cs, total U, """Tu, 239~ and gross gamma, 
whereas suspended sediments were analyzed for 238Pu 
and 239~. Only plutonium was analyzed in sam
ples from the other stations. 

Background values are presented in Table G-35. 
Plutonium levels at the six sampling stations were be· 
low background (Tables 15 and G-36). Suspended 
sediments coUected in Los Alamos Canyon at SR-4 
contained 238Pu above background levels; 239.240pu in 
sediments from Los Alamos and Pueblo Canyon at 
SR-4 were above background. Los Alamos Canyon 
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and Pueblo Canyon west of SR-4 have received 
treated effluents containing plutonium. The pluto
nium in the suspended sediments in these canyons are 
dispersed and diluted by storm run-off before reaching 
the Rio Grande. The plutonium in suspended sedi
ments from Los Alamos Canyon was below back
ground in the Rio Grande (Table 15). 

In lower Mortandad Canyon just below WeU 
MC0-7 (F~g. 15 and Table G-14), three sediment 
traps were constructed. The upper part of the canyon 
receives treated, low-level radioactive effluents from 
the treatment plant at TA-50. A run-off event into the 
upper sediment trap in June was sampled for radionu
clides. Transuranics in solution and in suspended sed
iments was above background indicating run-off 
transport from the upper canyon (Table G-37). 

C. Radioadivity In Soils and Sediments 

1. Background Levels ol Radioactivity In Soils 
and Sediments. Samples were routinely coUected and 
analyzed for radionuclides from regional stations from 
1974 through 1985 (Purtymun 1987A). They were 
used to establish background levels of 137 Cs, ~ 
239~ 90sr, total U, ~. and gross gamma ra· 
dioactivity in soils and sediments (Table 16). Average 

· concentrations plus twice the standard deviation were 
used to establish the upper limits of the background 
concentrations. The number of analyses used to es
tablish ba~ound levels ranged from 29 (90Sr) to 76 
~Pu, 239~) for soils and 36 (90Sr) to 113 (238Pu, 
~) for sediments. Samples were collected from 

5 regional soil stations and 10 regional sediments sta· 
tions. Background concentrations may be exceeded 
slightly by 1987 surveillance results due to changes in 
instrument background or a modification of analytical 
procedures. See Appendix B for desaiption of meth· 
ods for coUection of soil and sediment samples. 

l. Regional Soils and Sediments. Regional soil 
and sediment samples were collected in the same gen
eral locations as the regional water samples (Fig. 14). 
Additional regional sediment samples were collected 
along the Rio Grande from Otowi Bridge to Cochiti 
Reservoir. The locations are listed in Table G-38 and 
the detailed results of radiochemical analyses of the 
regional soils and sediments are in Table G-39. 

In 1987, soil and sediment samples were collected 
from seven stations and analyzed for six types of ra
dioactivity (Table 16). Radioactivity ranged within 
background as reported by Purtymun (1987A). 
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Fig. 16. Locations of surface run-off sampling stations at the Laboratory. 

3. Perimeter Soil and Sediments. Six perimeter 

soil stations were sampled within 4 km (2.5 mi) of the 

Laboratory. Seventeen sediment stations near the 

Laboratory boundary and in intermittent streams that 

cross the Pajarito Plateau were also sampled (Figs. 17 

and 18). The perimeter soil and sediment sampling 

stations are listed in Table G-38 and detailed ana

lytical restJits are found in Table G-40 .. 
Analyses of the perimeter soil samples indicated 

that background concentrations were slightly exceeded 
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in 1987 for ~ (one sample), 239~ (one sam

ple), and 137Cs (one sample). Uranium and gross 

gamma levels result from naturally occurring radiation 

in soil and sediments (Table 16). 
Analyses of sediments from the 17 perimeter sta

tions indicated that concentrations of most radionu

clides were below background levels with the excep

tion of total uranium, which exceeded background in 

one sample (Table 16). 
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Table 16. Maximum Concentrations of Radioactivity in Soila and Sedimenta fro. 

Analytical Limits of Detection 

lli! 
Background (1974·1986)a 
Regional Stations 
Perimeter Stations 
On-site Stations 

Sediments 
Background (1974·1986)a 
Regional Stationab 
Perimeter Stationa 
On-site Station, Effluent 

Release Areas 
Acid-Pueblo Canyon 
DP·Los Alamos Canyon 
Mortandad Canyon 

Regional, Peri.eter, and On·aite Stations 

Nlllber of 3" 

Stations (10.6 jJ.Ci/llll..) 

0.7 

7.2 
7 13 
6 2.8 (O)c 

10 10 (1) 

13 
7 0.7 

17 0.5 (0) 

6 ---
11 ---
7 ---

137cs 

(pCi/g) 

0.1 

1.09 
0.60 
1.3 ( 1) 
0.79 (0) 

0.44 
0.38 
0.39 (0) 

0.27 (0) 
10.7 (6) 
38 (3) 

ax + 2s of a I'Uitler of backgreuld analyses for soils and bed sediments (Purt)'IIU'I 1987). 

bRegional backgreuld 1987. 
cNumber in parentheses indicates number of stations exceeding background concentrations. 

Total U 
(jill/g) 

0.03 

3.4 
5.4 
5.3 (5) 
4.6 (7) 

4.4 
8.5 
3.2 (0) 

3.4 (0) 
5.0 (1) 
4.8 (1) 

I 1 I I J ( 1 

mr 
~g 
:ll)> 

0~ 
z ~ 
~0 
~en 
-tz 
)> )> 
r-t 
~6 
~~ mr 
-~ ~0 
~~ m-t 
~o 

~~ 



Table 16 (cont) 

Nl.ll'ber of 238Pu 239,240Pu Gross G11111118 

Stations (pCi/g) (pCi/11) (COlXIts/min/g) 

Analytical Limits of Detection -- 0.003 0.002 0.1 

Soil 
;;dground (1974-1986)8 -- 0.005 0.025 6.6 

Regional Stations b 7 0.002 0.016 6.4 mr 

Perimeter Stations 6 0.029 (1) 0.026 (1) 9.0 (4) ~0 _en 

On-site Stations 10 0.005 (0) 0.038 (1) 7.5 (3) 
:D)> 
0~ 
z~ s:::o 

Sediments ~en 

Background (1974-1986)a 
-i z 

-- 0.006 0.023 7.9 l>)> r-. 
Vt Regional Stationsb 7 0.001 0.007 3.8 ~5 0 

Perimeter Stations 17 0.002 (0) 0.006 (0) 2.5 (0) ~~ mr 
On-site Station, Effluent -~ 

Release Areas ~~ 
Acid-Pueblo Canyon 6 0.026 (1) 0.612 (3) 0.8 (0) ~~ m_. 

DP·Los Alamos Canyon 11 0.196 (8) 0.615 (10) 5.8 (0) - 0 

Mortandad Canyon 7 7.59 (2) 30.7 (2) 54 (2) ~ ~ 

.......................................... 

ax+ 2s of a nl.ll'ber of background analyses for soils and bed sediments (Purtymun 1987). 

bRegional background 1987. 
cNI.II'ber in parentheses indicates nl.ll'ber of stations exceeding background concentrations. 

• j • j 
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Fig. 17.- Soil sampling on an near the Laboratory site. 

4. On-site Soils and Sediments. On-site soil 
samples were collected from 10 stations within the 
Laboratory boundaries. On-site sediments were col
lected from 24 stations within areas that have received 
treated liquid effluent (Table G-38, Figs. 17 and 18). 

The maximum 137Cs and ~concentrations in 
the 10 soil samples were below regional background 
levels (Tables 16, G-41, and G-42). The concentra
tions of 239.240pu at two stations (near TA-55, Pluto-
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nium Facility} were above background (Tables 16 and 
G-42). The 3H concentrations from soil at two sta
tions (one near TA-33, Tritium Facility) were above 
background. The uranium background concentration 
was exceeded at seven stations, and gross gamma 
background activity was exceeded at three stations. 
Uranium and gross gamma are low and do not reflect 
contamination from Laboratory operations but rather 
variation in natural radioactivity in the soil minerals. 
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F'tg. 18. Sediment sampling locations on and near the Laboratory site. 

Three canyons received or are receiving treated, 
low-level radioactive effluents: Acid-Pueblo, DP-Los 
Alamos, and Mortandad canyons. The concentrations 
of radionuclides in these canyons exceeded regional 
background levels (Table 16). The concentrations in 
sediments of Pueblo and DP-Los Alamos canyons de
crease downgradient as the radionuclides are dis
persed and mixed with uncontaminated sediments 
(Tables G-41 and G-42). The concentrations in Mor
tandad also decrease downgradient in the canyon; 
however, the concentrations at the Laboratory bound
ary do not indicate any transport to this point or be-
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yond. The radionuclides in these canyons are derived 
{rom low-level radioactive effluents released from the 
treatment plants. The concentrations are low and 
pose no health or environmental problems. 

S. Sediments in Regional Reservoin. Reservoir 
sediments were collected from three stations in 
Abiquiu Reservoir on the Rio Chama and three 
stations in Cochiti Reservoir on the Rio Grande south 

of Los Alamos g!S:. 19). The samples were analyzed 
for 238Pu and ~ using 1 kg (2 lb, dry weight) 

samples (100 times the usual mass used for analyses) 
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F"tg. 19. Special regional sediment sampling locations. 

of regular sediments. These large samples increase 
the sensitivity of the plutonium analyses, which "ts 
necessary to effectively evaluate background plu
tonium concentrations in fallout from atmospheric 
tests. 

Average 238Pu concentrations ranged from 0.00003 
pCi/g to 0.00135 pC"t/g; 239~ concentrations were 
slightly higher, ranging from 0.00020 pCi/g to 0.02910 
pCi/g (Table 17). The distribution of plutonium was 
similar to samples collected in previous years (1979, 
1982, 1984, 1985, and 1986). Analyses of the current 
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and previous years' data revealed significantly higher 
levels (p<O.OS) of plutonium in Cochiti than in 
Abiquiu reservoir. Sediments in Cochiti reservoirs 
contained a higher fraction of fmer particles and or
ganic materials than sediments from Abiquiu. These 
features enhance the capacity of the sediment to ad
sorb plutonium and other metal ions. The difference 
does not appear to be attributable to Laboratory op
erations. The ratios of 239~ to 238Pu in the Co
chiti sediments do not differ significantly from the ra
tio characteristic of worldwide fallout, about the same 
as found in sediment at Abiquiu Reservoir. The plu
tonium concentrations in sediments from the two 
reservoirs are low, within the range of worldwide fall
out and arc not a health or environmental concern. 

6. Transport In Sediments and Run-QIT from an 
Active Waste Management Area (Area TA-54). Ra
dionuclides transported by surface run-off have an 
affmity for attachment to sediment particles by ion ex
change or adsorption. Thus, radionuclides in surface 
run-off tend to concentrate in sediments. Nine sam
pling stations were established in 1982 outside the 
perimeter fence at Area G (TA-54) to monitor possi
ble transport of radionuclides by storm run-off from 
the waste storage and disposal area (F"tg. 20). The 
samples collected in September 1987 for ra
diochemical analyses were lost, and another set col
lected in February 1988 will be reported with 1988 
monitoring data. 

AU surface run-off from Area L "ts into Canada del 
Buey. Sediment samples were analyzed for a number 
of inorganics (Table G-43). Eight constituents have 
EPA criteria set for toxic concentrations. The inor
ganics analyzed for EPA's Extraction Procedure (EP) 
toxicity criteria were well below criteria concentrations 
and below limits of detection. The other five were at 
or below limits of detection. The pH was slightly al
kaline, ranging from 7.0 to 8.0. 



Table 17. Redioc:he~~ic:el ANalyses of Sedillflf'lts tr011 Reservoirs on the Rio Ch ... end Rio Grende8 

Retio of 

137Cs Totel U 90sr 238Pu 239,240Pu 239,240Pu 

Reservoir (pCI/g) ~/g) (pCI/g) (pCI/g) (pCI/g) to 238Pu 

Rio Ch8!1111 
Abiquiu Reservoir 

Upper 0.10 (0.08) ].] (0.3) 0.00 (0.10) 0.00009 (0.00002) 0.00020 (0.00011) 

Middle 0.21 (0.09) ].1 (0.4) -i).03 (0.10) 0.00020 (0.00004) 0.00502 (0.00026) mr 
Lower 0.35 (0.11) ].6 (0.4) -i).10 (0.20) 0.00024 (0.00003) 0.00602 (0.00026) .. ~ ~. 

:D )>o 

i (S) 0.22 (0.13) 3.6 (0.25) -i).04 (0.5) 0.00018 (0.00008) 0.00375 (0.00311) 21 os;: 
z!!: ;c:o 

Rio Grande 
~(/) 
-i z 
)>o )>o 

V\ Cochiti Reservoir r-. 
"- Upper 0.26 (0.11) 3.8 (0.4) 0.07 (0.05) 0.00003 (0.00001) 0.00256 (0.00011) -- ~6 

~z 
Middle 0.15 (0.09) 3.8 (0.4) 0.03 (0.06) 0.00110 (0.00006) 0.02970 (0.00107) -- m'f:. 

Lower 0.51 (0.12) ].8 (0.4) 0.08 (0.09) 0.00135 (0.00010) 0.02020 (0.00089) -- ~~ 
X (S) 0.31 (0.18) ].8 (0.0) 0.06 (0.03) 0.00083 (0.00070) 0.01749 (0.01377) 21 0~ m_. 

-o 
~ ~ 

l J ,i I j l j i j l J ! j l I i I • :1 i J l ' l J. ' I l j l I ' .. ' ' ~ ' 



-
-

--
--
-
--

-
-
-
--
----
---

\ 
\ 
...... I 

- ... ""'··."'-.. .. 

SCALE 
50 0 lOOm 
I I;" I . 

-FENCE 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

AREA G 
TA-54 

- ... _INTERMITTENT STREAM 

A SEDIMENT STATION 

-~ 
/I 

8 

-~ 

F"tg. 20. Surface water gaging station in Area G (TA-54) and sediment sampling stations adjacent to Area G. 
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VII. FOODSTUFFS MONITORING 

Most produce, fish, and honey samples collected near the Laboratory showed no 

influence from Laboratory operations. Some on-site samples contained slightly elevated 

levels or tritium and uranium. Concentrations or radionuclides In foodstuffs contributed 

only a minute fraction or the Laboratory's contribution to Individual and population doses 
received by the public. 

A. Background 

Produce, garden soil. fJSb, and honey have been 
routinely sampled to monitor for potential radioactiv
ity from Laboratory operations. Produce and honey 
collected in the Espanola Valley and f1Sh collected at 
Abiquiu Reservoir are not affected by Laboratory 
operations (F"tg. 21). These regional sampling loca
tions are upstream from the confluence of the Rio 
Grande and intermittent streams that cross the Labo
ratory. They are also sufficiently distant from the 
Laboratory as to be unaffected by airborne emissions 
(Sec. V). Consequently, these regional areas are 

•Heron Res. 

• El Vado 

LOS ALAMOS 
LABORATORY 

0 

PAJARITO ~ 
ACRES 

km 

~ PRODUCE SAMPLING LOCATION 

• FISH SAMPLING LOCATION 

30 

F"tg. 21. F"1Sh and produce sampling locations. 
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used as background sampling locations for the food
stuffs sampling program. 

·s. Produce 

Data in Table G-44 summarize £roduce sam~ re
sults for ~ (in tissue water), Sr, 137es, Pu, 
239·240pg, and total uranium. Sampling and prepara
tion methods arc described in ~pendix B. 

Concentrations of 137 Cs, Pu, and 239.240-pu in 
produce from regional, perimeter, and on-site sam
pling locations were statistically indistinguishable 
(one-way analysis of variance at the 95% confidence 
level). Significantly higher levels of ~ 90Sr, and ura
nium were found in on-site produce than in produce 
froni some other sites. 

Elevated radionuclide levels in on-site samples are 
probably the result of Laboratory operations. How
ever, on-site produce is not a regular component of 
the diet of either Laboratory employees or the general 
public. The Laboratory contributions to doses re
ceived in produce consumption pose no threat to the 
health and safety of the general public (Sec. III). 

C. Fish 

rtSh were sampled in two reservoirs (Fig. 21). 
Abiquiu Reservoir is upstream from the Laboratory 
on the Rio Chama and serves as a background sam
pling location. Cochiti Reservoir could potentially be 
affected by Laboratory effluents because it is down
stream from the Laboratory on the Rio Grande. 
Sampling procedures are described in Appendix B. 
Edible tissue was radiochemi~ analyzed within fish 
species for 90Sr, 137 Cs, 238Pu, .240-pu, and total ura
nium. 

Results for ftSh are presented in Table G-45. For 
137cs, 238Pu, and 239J40Pu, no differences were appar
ent (two-factor analysis of variance, 95% confidence 
level) between the upstream and downstream samples. 
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Thus, significantly higher concentrations of plutonium 
in Cochiti sediments (Table 17) were not reflected in 
the food chain. In some previous years, higher levels 
of 137 Cs had been observed in fish upstream. As in 
previous years, uranium levels within species exhibited 
distinct patterns. Body burdens in bottom-feeding 
catfiSh tended to be higher than those found in crap
pie. Uranium levels were significantly higher in Co-
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chiti flsh, although the difference remain~d low ( 6 
fJ. g/g). Levels of 90Sr in crappie were significantly 
higher in upstream samples, reflecting increased 
global fallout at higher elevations. 

The data indicate that Laboratory operations do 
not result in significant doses received by the general 
public consuming fish from Cochiti Reservoir (Sec. 
ill). 

A SAMPLING LOCATION 

E500 E600 

F"tg. 22. Locations of beehives. 
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VIII. ENVIRONMENTAL COMPLIANCE 

In accordance with the policy or the Department or Energy, the Laboratory complies with 

federal and state environmental requirements. These requirements address handling, 

transport, release, and disposal or hazardous materials as wen as protection or ecological, 

archaeological, historical, atmospheric, and aquatic resources. The Laboratory is currently 

applying for federal and state permits for operating hazardous waste storage areas as well as 

renewing a permit for discharge or liquid emuents. The Laboratory was in compliance with 

treated liquid discharge permit limits in 96% and 99% or monitoring analyses from sanitary 

and industrial emuent outfalls, respectively. Sanitary waste treatment facilities are currently 

being upgraded to improve compliance. All airborne releases were weU within regulatory 

limits during 1987. A total of 180 asbestos removal jobs were carried out during the year, 

and appropriate notification was provided to state regulators. Concentrations or con

stituents in the drinking water distribution system remained within federal water supply 

standards, although a few constituents exceeded limits at the wellhead. The Laboratory car

ried out two mitigation actions at cultural sites. During 1987, 21 documents were prepared 

to ensure environmental compliance by new Laboratory activities. 

A. Resource Conservation and Recovery Act 
(RCRA) 

1. Background. The Resource Conservation and 
Recovery Act (RCRA) (as amended by the Haz
ardous and Solid Waste Amendments of 1984 
[HSWA)) mandates a comprehensive program to reg
ulate hazardous wastes from generation to ultimate 
disposal. Major emphasis of the amendments is to re
duce hazardous waste volume and toxicity and to 
minimize land disposal of hazardous waste. Major re
quirements under HSWA that impact waste handling 

at the Laboratory are presented in Table 18. 
The EPA has granted New Mexico interim RCRA 

authorization transferring regulatory control of haz
ardous wastes to the state's Environmental Im
provement Division (NMEID). State authority for 
hazardous waste regulation is the New Mexico State· 
Hazardous Waste Act and Hazardous Waste Man
agement Regulation (HWMR). However, NMEID 
has not yet obtained authorization for implementing 
all of the 1984 RCRA amendments. 

The Laboratory produces a wide variety of haz
ardous wastes. Small volumes of all chemicals listed 
under 40 CFR 261.33 could occur at the Laboratory as 
a result of ongoing research. Process wastes are 
generated from ongoing manufacturing operations 
that support research, such as liquid wastes from cir-
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cuit board preparation and lithium hydride scrap from 
metal machining. Although they occur in larger vol
umes than discarded laboratory chemicals, process 
wastes are few in number, well defmed, and not 
acutely toxic. High-explosive wastes include small 
pieces of explosives and contaminated sludges that are 
thermally treated on-site. 

2. Permit Application. The Los Alamos Area Of
fice of DOE has submitted both Part A and Part B ap
plications under RCRA and the New Mexico Haz
ardous Waste Act for the Laboratory (Table 19). In 
response to changes in waste handling, comments 
from NMEID, and changes in regulations, DOE sub
mitted revised applications in November 1987. 

Landftlling of hazardous wastes was discontinued 
in 1985, and existing landfills will be closed under in
terim authority after the NMEID approves closure 
plans. Storage facilities holding wastes for less than 90 
days need not obtain a Part B permit. All facilities 
listed in Table G-49 as having interim status, but not 
included in the Part B application, must be closed be
fore the application is approved. 

3. Area P Landfill aod Lagooos. The Area P 
landfill and surface impoundment are located in a re
mote area of the northeastern section of TA-16, adja

. cent to burning pads. The landfill was used from the 
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Table 18. Major Regulatory Requirements of the Hazardous and 
Solid Waste Amendments of 1984 Impacting Waste Management 

at Los Alamos National Laboratory 

The Hazardous and Solid Waste Amendments of 1984: 

o prohibit placement of bulk liquids, containerized liquid hazardous waste, or free 

bulk or free liquids, even with adsorbents, in landfills. 

o prohibit landfill disposal of certain waste and require that the EPA review all 

listed wastes to determine their suitability for land disposal. 

o establish minimum technology requirements for landfills to include double liners 

and leak detection. 

o require EPA to establish minimum technology requirements for underground tanks. 

o require that generators of manifested wastes certify that they have minimized the 

volume and toxicity of wastes to the degree economically feasible. 

o require that the operators of landfills or surface impoundments certify that a 

ground water monitoring program is in place or a waiver demonstrated by 

November 8, 1985, with failure to do so resulting in loss of interim status on 

November 23, 1985. 

o require that federal installations submit an inventory of hazardous waste facilities 

by January 31,1986. 

o require the preparation by August 8, 1985, of a health assessment for landfills and 

surface impoundments seeking a Part B permit. 

early 1950s until about 1982 to dispose of high-explo
sive (HE) contaminated materials. The surface 
impoundment received filtered liquid extract from HE 
contaminated wastewater associated with activities at 
Buildings 401 and 406. Both sites received soluble 
barium nitrate in excess of EPA's criteria for defining 
toxic: materials and are considered to contain haz
ardous wastes under RCRA. Neither site was in
cluded in the Laboratory's original or updated RCRA 
permit applications. The Laboratory chose to sepa
rately close each of these sites under 40 CFR 265 in
terim status standards. Appropriate closure and post
closure plans were submitted to New Mexico's EID in 
1985, and both plans are awaiting final approval. 

A modified landfill closure and post-closure plan 
was prepared for submittal to the NMEID in late 
1987. Modifications were necessary because the land-
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fill will eventually be subject to permitted standards 
under 40 CFR 264 once the NMEID issues the Labo
ratory its RCRA permit. Furthermore, HSE-8 desired 
to establish a 30-year post-closure ground water mon
itoring plan that would be consistent with regard to 
monitoring parameters and would fulfill requirements 
under both interim and permitted standards. To this 
end, HSE-8 personnel constructed nine ground water 
monitoring wells and five neutron moisture access 
monitoring wells. To date no recoverable amounts of 
ground water have been observed; average unsatu
rated gravimetric borehole moisture contents range 
from 2% to 24%. Based on these and other hydroge
ologic data, a ground water monitoring waiver was re
quested from the NMEID in December 1987. If this 
waiver is eventually approved, then the 30-year, 
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Table 19. Enviromental Permits Under ~ich the Laboratory Operated in 1987 

Type Permitted Activity 

RCRA Hazardous Hazardous Waste Handling 
Waste Facility 

PCB Dispoaal of PCBS 

PCB Oil Incineration of PCB Oils 

NPDES-Los Alamos Discharge of Industrial 
and Sanitary Liquid Effluents 

NPDES-Fenton Hill Discharge of Industrial 
and Sanitary Liquid Effluents 

Ground Water Discharge Discharge to Ground Water 
Plan-Fenton Hill 

NESHAPS Construction and Operation of 
Four Berylliua facilities 

Open Burning Burning at TA-16-412 

8 New Mexico Enviromental Improvement Division. 
bus Enviromental Protection Agency. 
cRenewal pending. 
dNew Mexico Oil Conservation Division. 

Jssue Date 

Revised Application 
Submitted November 1987 

JI.M'le 5' 1980 

May 21, 1984 

Modified Permit 
May 29, 1987 

October 15, 1983c 

June 5, 1985 

December 26, 1985 and 
March 19, 1986 

May 26, 1987 

Expiration 
llate 

March 1, 1991 

June 1990 

Hay 26, 1988 

' J 
i I i I 1 

Adninistering 
Agency 

NHEIDa 

EPAb 

EPA 
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~~ 
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EPA z ~ 
~0 
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NHOCDd e§ 

li~ 
m-t 
~o 

NHEID ~~ 

NHEID 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

post-closure ground water monitoring requirements at 

the landfill will be terminated. 
Closure and post-closure plans for the lagoon did 

not require modification because all of the im

poundment's wastewater was completely removed in 

1987 and shipped off-site for fmal treatment and dis
posal. In addition, the lagoon's synthetic membrane 

underliner was completely removed along with all con

taminated subbase soils. This "clean" closure ap

proach dictates interim status standards be followed 

rather than permitted standards since it occurred prior 

to the issuance of a RCRA permit. Furthermore, this 

lagoon closure plan does not require the typical 30-

year, post-closure care requirements for in situ clo

sure. The same process could not be used for the 

landfill because explosion hazards preclude landfill ex

cavations. 

4. Other RCRA Activities. Areas L and G are lo

cated at TA-54 on Mesita del Buey and have been 

used for disposal of hazardous wastes and are subject 

to RCRA regulation. A ground water monitoring 

waiver application for both Area L and Area G has 

been submitted to the NMEID. Vadose zone 

(partially saturated zone above the water table) mon

itoring beneath· the landfills and perched water moni

toring in the adjacent canyons is being conducted to 

support this application (Sec:. IX). Quarterly reports 

of the pore gas sampling and perched water analysis 

have been submitted to the NMEID. 
Table G-49 lists several storage areas and one 

thermal treatment area currently under interim status 

but for which a Part B permit is not being sought 

Area TA-3-102, used to store drummed lithium hy

dride scrap, will be closed under interim authority in 

1988 and reopened as a < 90-day storage area. Areas 

T A-22-24 and T A-40-2 are magazines used for storage 

of high-explosive wastes. These will be closed to 

waste storage in 1988 and replaced by other satellite 

storage units. The TA-40 scrap detonation pit used 

for destroying scrap high explosives has been closed to 

waste detonation. All scrap generated will be handled 

at other detonation sites included in the Part B 

application. Closure plans for these facilities have 

been submitted to NMEID. 
A controlled air incinerator with interim status for 

treating hazardous wa.;te is located at TA-.50-37. A 

trial burn was conducted in October 1986. The raw 

data were submitted to the NMEID in December 

1986 and a fmal report for the test burn was submitted 

on March 5, 1987. These data and report will support 

62 

the laboratory's application for a hazardous waste 

permit for this facility. 
An inventory of underground storage tanks (UST) 

was submitted to the NMEID on May 5, 1986, in 

accordance with the Hazardous and Solid Waste 

Amendments. A revised inventory has been com

pleted. Some tanks have been removed and others 

added including one at the Life Sciences Division's fa

cility at Kirtland Air Force Base. A total of 104 tanks 

are now identified for the underground storage of 

regulated substances under Subtitle I of RCRA. Nine 

unused USTs were removed during 1987 and disposed 

of along with any contaminated soil. 
In July 1987, EPA/NMEID conducted a joint haz

ardous waste compliance inspection (Table G-50). Vi

olations were noted and a notice of violations will be 

issued in January 1988. Corrective actions will have to 

take place addressing these violations. The EPA was 

the lead agency for this inspection. 

B. Cleaa Water Ad 

1. Laboratory Uquid Waste Discharge Permits. 

The primary goal of the Clean Water Act (33 U,S.C. 

446 et seq.) is to restore and maintain the chemical, 

physical, and biological integrity of the natiqn's waters. 

The act established the National Pollutant Discharge 

Elimination System (NPDES) that requires permitting 

all point-source effluent discharges to the nation's wa

ters. The permit establishes specific chemical, physi

cal, and biological criteria that an effluent must meet 

prior to discharge. The DOE has two NPDES per

mits, one for Laboratory facilities in Los Alamos and 

one for the Fenton Hill Geothermal Project facility, 

located 50 km (30 mi) west of Los Alamos in the Je

mez Mountains (Table 19). Both permits are issued 

and enforced by EPA's Region VI, Dallas, Texas. 

However, through a federal/state agreement and 

grant, NMEID performs compliance monitoring and 

reporting as agents for EPA. 
The NPDES permit in effect for the Laboratory in 

1987 (NM0028355) was reissued May 29, 1987, and 

will expire on March 1, 1991. As of December 31, 

1987, the permit regulates 98 industrial outfalls and 10 

sanitary outfalls (Table G-51). Each outfall represents 

a sampling station for permit compliance monitoring. 

The Laboratory forwarded three NPDES permit 

modification requests to DOE for transmittal to EPA 

during 1987. The flJ'st requesteq addition of two new 

outfalls: outfall No. 128, which discharges effluent 

from a printed circuit board discharge at TA-22-91; 
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and outfall No. 129, which discharges effluent from 
boiler blowdown at TA-21-357. The second modifica
tion request addressed elimination of 22 outfalls that 
are no longer discharging; reactivation of outfall No. 
fXJ7 at the TA-16 steam plant; combination of outfalls 
at three locations within the Laboratory; correction of 
outfall desaiptions at four locations; and addition of 
three new outfalls (outfall No. 130 discharges effluent 
from a cooling tower located at TA-11-30, outfall No. 
131 discharges effluent from once-through cooling 
water at TA-48-1, and outfall No. 132 discharges 
photographic waste effluent from TA 35-87. The third 
request contained information regarding 16 new 
wastewater outfalls consisting of eleven noncontact 
cooling water discharges, four treated cooling water 
discharges, and one sanitary wastewater discharge. 
The modification request also contained information 
about modifying six existing outfalls and eliminating 
two existing outfalls because wastewater has been 
diverted to other permitted outfalls. 

Weekly sampling results are tabulated in a Dis
charge Monitoring Report (DMR) and submitted 
through DOE to EPA and NMEID on a monthly ba
sis. Deviations from NPDES permit limits are ex
plained separately to EPA and NMEID with the 
monthly submittal (Tables G-52 through G-54). Dur
ing 1987, 96.3% and 98.7% of monitoring analyses 
complied with NPDES limits at sanitary and industrial 
outfalls, respectively (Ftg. 23). 

2. Federal Facility Compliance Agreement. On 
July 18, 1986, the Federal Facility Compliance Agree
ment (FFCA) between DOE's Los Alamos Area Of
fice (LAAO) and EPA became effective. The FFCA 
contains interim effluent limitations and a schedule of 

~STIC WASTE Disa-tAROES 
U VIOLATIQ\8 IN all SNfl ES 

JICINoooo<XMit.lNCIK 
3.7. 

compliance for several outfalls and outfall categories 
that had experienced frequent noncompliance with the 
NPDES permit limitations (Tables G-55 and G-56). 
Throughout 1987, required FFCA quarterly progress 
reports indicated that the Laboratory was well ahead 
of schedule in meeting fmal compliance milestones, 
with the exception of corrective actions on outfall 06S 
(TA-41). The completion of these corrections was 
delayed until November due to contract negotiations. 
At the end of December 1987, completion of only one 
project was needed to meet the FFCA schedule of 
compD:ance. · 

3. Cleaa Water Ad Audits. The EPA conducted 
one audit under the Clean Water Act in 1987 (Table 
20). An EPA Compliance Evaluation Inspection 
(CEI) was conducted on April 23, 1987. The CEI re
port received from EPA indicated that the permit 
deficiencies previously noted during the CEI had been 
corrected, and that the permittee was in compliance 
with permit requirements. The report stated that, 
"overall, this is a well run, well managed facility." 

4. Admiaistrative Order. On August 6, 1987, 
EPA's Region VI issued an Administrative Order 
(AO) to DOE regarding NPDES Permit NM0028355. 
The AO was based on self-monitoring reports sub
mitted by the Laboratory that identified a number of 
individual parameter violations occurring at outfalls 
during 1986 and 1987, as well as alleged reporting vi
olations. DOE responded to the AO in a submittal to 
EPA dated September 3, 1987. 

S. Fentoa Hill Geothermal Project NPDES Per-
mit. The NPDES permit for the Fenton Hill 

IN:XJSTRIAL WASTE Disa-fAAGES 
12 VIOLATICJIB IN ~0 8N4=I!..E!I 

CCMIUANCK 
•• 7. 

Ftg. 23. 1987 Summary of Clean Water Act Compliance, NPDES Permit NM0028353 
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Table 20. Environmental Appraisals Conducted at the Laboratory in 1987 

Day 

January 28-29 

January 27-31 

January 27-29 

March 30-
April 17 

Purpose 

Hazardous Waste Management 
Inspection 

Review of Environmental 
Monitoring Program 

Reconnaissance Survey of 
Zia Motor Pool 

Environmental SurveY. 

Performing Agency 

New Mexico's Environmental 
Improvement Division (EID) and U.S. 
Environmental Protection Agency (EPA) 

Albuquerque Operations Office 
U.S. Department of Energy 
(ALO/DOE) 

Laboratory's Environmental Surveillance 
Group, HSE-8 

DOE Headquarters 

April 23 NPDES Compliance Evaluation 
Inspection - Main Technical Area 

EPA 

May 1 Inspection of Air Pollution 
Compliance 

EPA and EID 

June 19 Compliance Inspection Federal 
Facility Compliance Agreement 

EPA 

June 24 Groundwater Discharge Plan 
Inspection - Fenton Hill 

OCD 

August 11 NPDES Compliance Evaluation 
Inspection - Fenton Hill 

EID 

October 27 Evaluation of RCRA Permit EID 

November 9 NPDES Site Inspection - Fenton 
Hill 

EID and OCD 

Geothermal Project was issued to regulate the dis
charge of mineral-laden water from the recycle loop of 
the geothermal wells (Table 19). NPDES permit 
NM0028576 was issued October 15, 1979, with an 
expiration date of June 30, 1983. Although the Labo
ratory applied for permit renewal more than 180 days 
prior to the expiration date, until April1987 EPA Re
gion VI had not acted upon the application. The ex
isting permit has been administratively continued until 
supplanted by a new permit. 

On April15, 1987, EPA requested an updated ap
plication for the permit in order to reflect present con
ditions at the site, and DOE submitted an application 
package on May 20. Subsequently, EPA issued a pro
posed permit for comment and state certification 
(pursuant to Section 401, 33 U.S.C. 466 et seq.). The 
proposed permit included effluent monitoring and 
reporting requirements for flow, pH, and phenols. 

Because proposed NPDES permits are subject to 
state review and certification, a meeting was held with 
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the NMEID and New Mexico Oil Conservation Divi
sion (NMOCD) to discuss the proposed permit and 
the environmental concerns of the state agencies. 
Subsequent to the meeting, a site inspection was held 
at Fenton Hill on November 9, 1987, to review the dis
charge location(s), inspect treatment systems, sample 
the wastewater, and survey the drainage system af
fected by the discharge. In December an information 
package containing a description of all water and 
wastewater piping and storage at the site was mailed 
by DOE/l.AAO to the state agencies. State certifica
tion was granted by NMEID on January 8, 1988, with 
no additional state-imposed permit conditions. Is
suance of the final NPDES permit is anticipated dur

ing the ftrst quarter of 1988. 
The original Fenton Hill NPDES permit regulates 

a single outfall. The daily monitoring requirements 
for the outfall during discharge include: arsenic, 
boron. cadmium, fluoride, lithium, pH, and flow. 
Concentrations for each of these parameters are to be 
reported. However, only the parameter pH has a 
limit, i.e., it must be within the range of 6.0 to 9.0 
standard units. 

The proposed Fenton Hill NPDES permit also will 
regulate the same single outfall. The daily monitoring 
requirements for the outfall during discharge will in
clude: flow, pH, and phenols. 

On August 11, 1987 the NMEID conducted a CEI 
at the Fenton Hill Geothermal Site. The results of the 
inspection were transmitted to DOE/l.AAO on 
September 11, 1987. The inspection report indicated 
some deficiencies in flow measurement, pH monitor
ing, and analytical reporting, and record-keeping. All 
deficiencies were corrected. 

A discharge plan for the Fenton Hill Geothermal 
Project was submitted to the NMOCD in June 1984 
and approved in June 1985 (Table 19). The discharge 
plan approval is for a period of 5 years. The discharge 
pi.lll approval letter states that there will be no routine 
monitoring or reporting requirements other than 
those mentioned above. 

On April 27, 1987, DOE/LAAO submitted to 
NMOCD a request to modify the ground water dis
charge plan (GW-31) by using chemical tracers in 
various experiments conducted to evaluate the 
geothermal reservoir. In order to fully evaluate the 
discharge plan modification. NMOCD conducted a 
site inspection at Fenton Hill on June 24, 1987. After 
considering all of the information available to them, 
NMOCD approved the discharge plan modification on 
September 8, 1987. 

65 

6. Spill Prevention Control and Countermeasure 
(SPCC) Plan. During 1987 technical and admin
istrative reviews of the Laboratory's Spill Prevention 
Control and Countermeasure (SPCC) Plan were com
pleted. The SPCC Plan was distributed to the Senior 
Management Group and to divisional environmental 
coordinators during October 1987. The plan was ac
companied by a VHS video cassette that included a 
15-minute overview of the plan, as well as two short 
videos on safe drum handling and polychlorinated 
biphenyls (PCBs) at the Laboratory, topics related to 
the SPCC plan. . 

The SPCC plan addresses facilities improvements 
(e.g., dikes, berms, or other secondary spill con
tainment measures), operational procedures, and 
mechanisms for reporting of hazardous substances 
and oil spills to the appropriate managerial and regu
latory authorities. The plan complements existing 
Administrative Requirements in the Laboratory's 
Health and Safety Manual for accidental oil and 
chemical spills and environmental protection. Its goal 
is to minimize off-site oil and hazardous chemical dis
charges and to provide a spill response system. 

7. Sanitary Wastewater Systems Consolidation. 
Many of the existing sanitary wastewater treatment fa
cilities at the Laboratory are over 30 years old and do 
not consistently meet NPDES permit requirements. 
The cost of operation of these facilities has increased 
over the years due to maintenance and replacement of 
old equipment and other factors. In 1985, the Labora
tory initiated the Sanitary Wastewater Systems 

Consolidation (SWSC) project to replace most of 
these facilities and to provide an area-wide wastewater 

treatment system. 
The proposed SWSC project will be designed to 

meet current and anticipated future discharge require

ments and reduce operation and maintenance costs. 
The new wastewater treatment plant will be located 
near TA-46 and will utilize the extended aeration pro
cess. The proposed plant will include preliminary 
treatment works, flow equalization basins, an oxida
tion ditch, a secondary clarifier and facilities for dis
infection of effluent. Effluent from the plant will be 
reused for cooling water at the T A-3 power plant and 
for other nonpotable uses. Excess effluent will be dis
charged to Canada del Buey under a new NPDES 
permit. Upon completion. the proposed SWSC pro
ject will replace 8 wastewater treatment plants and 32 
septic tank systems currently maintained by the Labo

ratory. 
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During 1987, the fmal design criteria for the SWSC 
project were approved, and construction is scheduled 
to be completed in 1992. When complete, the SWSC 
project will eliminate noncomplying discharges. The 
project will reduce operation and maintenance costs 
associated with the existing treatment plants and sep
tic tank systems. Also, the number of discharge points 
requiring sampling, analyses and reporting will be re
duced. 

8. Interim Improvements at TA-3 Sanitary 
Wastewater Treatment Plant. The TA-3 Wastewater 
Treatment Plant is presently the largest sanitary 
wastewater facility at the Laboratory and frovides 
treatment for about 1.15 x lff liter· (0.3 x 10 gal.) of 
wastewater per day. The TA·3· plant is a trickling ftl. 
ter plant with two parallel train.s of treatment units. 
Effluent from the plant exceeds biochemical oxygen 
demand (BOD) standards at times during the winter 
months. During cold periods, biological activity in the 
trickling filters is reduced and removal of dissolved or
ganic matter from the wastewater declines. Installa
tion of a steam injection system was selected from 
several alternatives considered to improve BOD re
moval at the plant. No discharge violations for BOD 
have occurred since completion of the system. Addi
tional testing is being conducted in order to fmc-tune 
the temperature setting and to determine the opti
mum amount of steam for meeting permit require
ments. 

In addition to the steam injection system, a new 
chlorination system was installed at the plant to pre
vent occasional violations of the fecal coliform limit. 
Since installation of this system, no violations of fecal 
coliform requirements have occurred. 

9. Interim Improvements At Other Sanitary 
Wastewater Treatment Plants. The wastewater treat
ment facilities serving TA-18 include two lined la
goons that are operated in parallel Effluent from 
these lagoons has contained total suspended solids in 
excess of NPD ES limits. A conceptual design was 
completed for the construction of two sand ftlters to 
be located below the lagoons for removal of sus
pended solids. The old wastewater treatment facilities 
that served TA-41 were replaced by a high-pressure 
system, which now carries wastewater to the TA-3 
plant. This new pumping system has eliminated all ef
fluent discharges at TA-41. 

10. Septic Tank System Survey And Registration. 
During 1987, a survey of all septic tank systems at the 
Laboratory found a total of 61 systems receiving 
<2,000 gal./day .that required registration under New 
Mexico's Uquid Waste Disposal Regulations. Each 
septic tank system was registered with the Health, 
Safety, and Environment Section of Los Alamos 
County. In addition, a manual for selecting on-site 
wastewater disposal systems was completed. The 
manual provides Laboratory design engineers and 
project reviewers with information on the alternatives 
available for treatment and disposal of sanitary 
wastewater and on meeting state regulations when 
connection to the central collection system is not pos
sible. 

11. Treatment or Chemical Oxygen Demands at 
TA-16. The industrial wastewater at TA-16 originates 
from explosives processing and includes several or
ganic wastes. Effluent from industrial outfall No. 055 
at TA-16 has exceeded the chemical oxygen demand 
(COD) NPDES limit of 1.50 mg/L In order to con
sistently meet COD permit limitations, a new treat
ment unit was combined with the existing facilities in 
1987. 

The new treatment unit includes two activated car-· 
bon tanks designed to reduce organics contributing to 
COD. Preliminary results indicate that adsorption by 
activated carbon is selective and that some organics 
remain in the effluent. Additional testing is needed to 
determine the most effective types of activated carbon 
or other fllter media available for the organics pre
sent. 

C. National Environmental Policy Ad (NEPA) 

The National Environmental Policy Act of 1969 
(NEPA) requires that proposed federal actions be 
evaluated for their potential environmental impacts. 
The DOE's compliance with NEPA generally takes 
the form of an Action Description Memorandum 
(ADM). The ADM provides a brief description of the 
proposed action and serves as a basis for determining 
the required level of any further NEPA documenta
tion. Further documentation is carried out at the re
quest of DOE and may consist of either an Environ
mental Assessment (EA) or an Environmental Impact 
Statement (EIS). The Laboratory Environmental 
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Review Committee (LERC) reviews NEPA 
documentation. A Laboratory Environmental Evalu
ation Coordinator assists project personnel to prepare 
the appropriate documentation and present it to the 
committee. 

The LERC approved 18 ADMs, 2 revised ADMs, 
and 1 EA in 1987 (Table G-57). The Laboratory insti
tuted a new procedure for identifying project environ
mental, health. and safety requirements which has re
duced the volume of paperwork required for NEPA 
documentation. 

D. Clean Air Ad 

1. Federal Regulations 

a. National Emissions Standards for HQZIU'dous 
Air Pollutants ( NESHAPS ). This regulation sets re
porting, emissions contro~ disposal, stack testing, and 
other requirements for specified operations involving 
hazardous air pollutants. New Mexico's EID has 
responsibility for administering these regulations. 
Laboratory operations that arc regulated by NE

SHAPS include radionclidc handling, asbestos dis
posal and removal, and beryllium machining 

The EPA has promulgated regulations for control 
of airborne radionuclide releases from DOE facilities 
(.W CFR 61, Subpart H). Since 1985, DOE and its 
contractors have been subject to EPA's radionuclide 
air emissions limits for exposure of the general public 
via the air pathway (DOE 1985). Laboratory opera
tions are in compliance with these standards (Sec. III). 
Further discussion is presented in Appendix A. Dur
ing 1987, the DOE and the Laboratory submitted an 

application to construct facilities for the Independent 

Management Activity program. as required under 40 
CFR 61, Subpart A. This application was approved by 
EPA in January 1988. 

Notification, emissions control, and disposal re
quirements for operations involving the removal of fri
able asbestos are specified under the NESHAPS regu
lations. The NMEID requires asbestos disposal certi
fication forms be filled out and sent to them for each 
large asbestos removal job and an annual one for all 
small renovation jobs. Four certification forms, in
cluding the annual notification for the small disposal 
jobs, were sent to NMEID. Nearly 270 m3 (9500 ft~ 
of asbestos contaminated wastes were disposed at TA-
54 in 1987. 

During 1987, 180 asbestos jobs involved the re
moval of 2080 m (6825 ft) of asbestos materials on 

67 

pipe and 96 m2 (1032 ft2) on other facility compo
nents. Six notifications of asbestos removal were sent 
to NMEID in 1987, including the notification for small 
removal jobs. N'mety-seven percent of the asbestos re
moved, including 53.5% of the length of asbestos re
moved from pipe, involved small renovation jobs that 
required no job-specific notification to the state. 

The NESHAPS includes notification, emission 
limit, and stack performance testing requirements for 
beryllium machine shops. A modification to an exist
ing permit was issued by NMEID during 1987 for one 
processing operation {Table 19). 

b. NatiOIUIJ Ambient Air Quality Standards. 
Federal and state Ambient Air Quality Standards are 
shown in Table 21. Based upon available monitoring 
data and modeling, Laboratory emissions have not ex
ceeded federal or state standards (Sec. V). Pollutants 
emitted by Laboratory sources include: sulfur dioxide, 
particulates, carbon monoxide, nitrogen dioxide, lead, 
beryllium, heavy metals, and nonmethane hydrocar
bons. Laboratory sources that emit these pollutants 
include beryllium machining and processing, the TA-3 

power plant, the steam plants, the motor vehicle fleet, 
the asphalt plant, the lead pouring facility, the burning 
and detonation of high explosives, and the burning of 
potentially high-explosive contaminated wastes (Sec. 

V). 
A new federal particulate standard (the PM10 stan

dard) for particles less than 10 miaons in diameter 
went into effect this year. 

c. Prevention of Significant Deterioration (PSD). 

The PSO regulations have stringent requirements 

(preconstruction review, permitting, best available 

control technology for emissions, air quality in
crements not to be exceeded, visibility protection 
requirements and air quality monitoring) for the con
struction of any new major stationary source or major 
modification located near a Class I Area, such as Ban
delier National Monup1ent's Wilderness Area. To 
date, the DOE and Laboratory have not been subject 
toPSD. 

d. New Source Performance Standards ( NSPS ). 
The NSPS applies to 72 source categories. Its provi
sions include emission standards, notification, and 

emission testing procedures and reporting and emis
sion monitoring requirements. The DOE and Labo
ratory have not been subject to NSPS. A proposed 
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Table 21. National and New Mexico Ambient Air Quality Standards .. 
- AYeraging New F~!h~r!!l .. Pollutant Time Units Mexico Primary Secondary 

,. Sulfur Dioxide Annual ppm 0.02 0.03 - Arithmetic 
Mean 

"* 24 houra ppm 0.10 0.14 - 3 houra ppm 0.5 -- Total Suspended Annual g/m3 60 75 60 

Particulates Geometric - Mean 

- 30 days f-1g/m3 90 - 7 days f-Lg/m3 110 - f.lg/m 3 24 houra 150 260 150 - f.l8/m
3 

PMlO 
c Annual 50 50 50 - Arithmetic 

Mean -.. 24 hour f.l8/m
3 150 150 150 

1!11111 Carbon Monoxide 8 houra ppm 8.7 9 

- 1 houra ppm 13.1 35 - Ozone 1 hourb ppm 0.06 0.12 0.12 - Nitrogen Dioxide Annual ppm 0.05 0.053 0.053 - Arithmetic 
Mean - 24 houra - ppm 0.10 

- Lead Calendar f-L8/m
3 1.5 1.5 1.5 

Quarter - Beryllium 30 days f-L&/m3 0.01 -... 
... 
~---
1111 
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Table 21 (coot) 

Averaging New Feg~rgl 

Pollutant Time Units Mexico Primary Secondary 

Asbestos 30 days 1J.g/m3 0.01 

Heavy Metals 30 days IJ.g/ms 10 
(Total Combined) 

Non-Methane 3 hour ppm 0.19 
Hydrocarbons 

aMaximum concentration not to be exceeded more than once per year. 

h-rhe standard is attained when the expected number of days per calendar year with 

maximum hourly average concentrations above the limit is equal to or less than one. 

cPM10 covers particles less than 10 microns in diameter. 

solid-waste-fired-boiler would easily meet NSPS limits 

for incinerators. 

2. State Regulations 

a. New Mexico Air Quality Control Regulation 

(NMAQCR) 301. Under this regulation, open burning 
of explosive materials is permitted where transport to 

other facilities may be dangerous. The DOE and 
Laboratory are permitted to bum waste explosives and 
explosive-contaminated wastes. Burning of waste ex
plosives is done at the TA-16 bum ground, whereas 
burning of potentially high-explosive contaminated 
wastes is done at the TA-16 open incinerator. 

The open incinerator is in the process of being re
placed by an enclosed incinerator, with two-stage com
bustion. Complete combustion would occur within the 
two-stage incinerator, and an open burning permit is 
not required. An air pollution review of the planned 
incinerator estimated ambient air pollutant concentra
tions that were not of concern. The estimated emis
sions were too low to require either a permit or regis
tration. 

b. NMAQCR 501. The NMAQCR 501 sets 
emission standards according to process rate and re-
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quires the control of fugitive emissions from asphalt 

processing equipment. The asphalt concrete plant op
erated by Pan Am World Services is subject to this 
regulation. This plant is old, subject to leaking, and is 
inspected annually. During the annual inspection, 
leaks causing fugitive emissions were discovered and 
repaired. 

The asphalt plant meets the stack emission stan
dard for particulates as specified in this regulation. 
The plant, which has a 75 000 kgjb (75 ton/h) capac
ity, is required to meet an emission limit of 16 kg (35 

lb) particulates per hour. A stack test of the asphalt 
plant in 19n indicated an average emission rate of 0.8 
kg/h (1.8 lb/h) and a maximum rate of 1.0 kg/h (2.2 
lb/h) over 3 tests (Kramer 1m). Although the plant 
is old and not required to meet NSPS stack-emission 
limits for asphalt plants, it meets these standards 
(Kramer 1977). 

c. NMAQCR 604. The NMAQCR 604 re

quires gas burning equipment built prior to January 
10, 1973, to meet an emission standard for NO of 0.3 
lb/106 Btu when natural gas consumption exceeds 1012 

Btu/yr/unit. The TA-3 power plant's boilers have the 
potential to operate at heat inputs that exceed the 1012 

Btu/yr /unit but have not operated beyond this limit. 
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Thus, these boilers have not been subject to this regu
lation. The T A-3 power plant meets the emission 
standard, although it is not required to do so. The 
emission standard is equivalent to a flue gas con
centration of 248 ppm. The TA-3 boilers meet the 
standard with measured flue gas concentrations of 15 
to 22 ppm. 

d. NMAQCR 702 The NMAQCR 7Cf2 re
quires the permitting of any new or modified source if 
it exceeds a given emissions rate and is not addressed 
by other regulations. When new Laboratory emission 
sources or modifi~tions to existing sources are 
planned, an air pollution regulatory compliance review 
is carried out. This review evaluates the steps to be 
followed to comply with state and federal air pollution 
regulations. As part of the permitting process. 
NMEID reviews new or modified sources for compli
ance with all state and federal air pollution regula
tions. Under this regulation, the NMEID issued the 
modification to the permit for the beryllium process
ing operation at TA-3-141. 

Group HSE-8 is assisting Facilities Engineering 
(ENG) Division in obtaining an air quality construc
tion permit for a steam production facility consisting 
of two solid-waste-frred boilers (SWFB) and two gas
frred auxiliary boilers. This facility is proposed to re
place the TA-16 steam plant. The facility will burn 
county and Laboratory refuse as well as natural gas 
and generate steam for TA-16. The permit applica
tion has been submitted and has been ruled complete 
by the NMEID. Meteorological air-dispersion mod
eling of emitted substances has demonstrated that im
pact on the local air quality, including impacts at the 
Bandelier Wilderness Area. will be negligible. 

The NMEID has proposed amendments to this 
regulation that would require the permitting of an ad
ditional 600-700 substances. The NMEID has called 
this new class of substances "toxic air pollutants." If 
adopted, the proposed amendments would have a ma
jor impact on Laboratory operations and would be ex
pensive to comply with. The Laboratory has hundreds 
of laboratories and shops that use these substances. 
Reconstruction of existing facilities and the construc
tion of new facilities would be impacted by the pro
posed amendments. 

e. Other Regulations. The NMEID proposed 
new regulations requiring one-time registration of all 
sources that have emissions of toxic air pollutants that 
exceed specified levels. The New Mexico En-
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vironmental Improvement Board (NMEIB) adopted 
these regulations on June 12, 1987, and they went into 
effect on September 17, 1987. The Laboratory is re
quired to comply with these regulations by September 
17, 1988. The Laboratory, with the assistance of a 
subcontractor, has completed a survey to obtain the 
necessary information and is in the process of using 
this information to develop an emission inventory for 
all of the Laboratory sources. A computerized data 
base system is being developed to process the large 
amount of information that has been collected. The 
data base will also be used to meet future permitting 
and internal requirements. 

E. Safe Drink.IJII Water Act (Municipal and 
Industrial Water Supplies) 

1. Background. The federal Safe Drinking Water 
Act (42 U.S.C. 300f et seq.), as amended, requires the 
adoption of national drinking water regulations as part 
of the effort to protect the quality of drinking water in 
the United States. The U.S. Environmental Protection 
Agency (EPA) is responsible for the administration of 
the act and has promulgated National Interim Primary 
Drinking Water regulations. Although EPA is desig
nated by law as the administrator of the Act, assign
ment of responsibilities to a state is permitted, and 
primacy for administration and enforcement of federal 
drinking water regulations has been approved for New 
Mexico. 

The state of New Mexico administers and enforces 
the drinking water requirements through regulations 
adopted by New Mexico's EIB and implemented by 
NMEID. During 1987, reports on trihalomethane, ra
diological, microbiological, and inorganic chemical 
concentrations in the Laboratory's water supply were 
prepared for the NMEID pursuant to NMEIB reg
ulations. Municipal and industrial water supplies for 
the Laboratory and community easily met the regula
tions. 

The main aquifer is the only aquifer in the area ca
pable of municipal and industrial water supply (Sec. 
II). Water for the Laboratory and community is sup
plied from 17 deep wells in 3 well fields and 1 gallery. 
The well fields are on Pajarito Plateau and in canyons 
east of the Laboratory (Ftg. 24). The gallery is west of 
the Laboratory on the flanks of the mountains. Pro
duction from the wells and gallery for 1987 was 6.1 x 
109 L (1.6 X 109 gal). 

The Los Alamos well field is composed of five pro
ducing wells and one standby well. Well LA-6 is on 
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Fig. 24. Locations of reservoirs, well fields, supply wells, and gallery water supply 

standby status, to be used only in case of emergency. 
Water from Well I.A-6 contains excessive amounts of 
natural arsenic (up to 0.200 mg/L) that cannot be re
duced to acceptable limits by mixing in the distribution 
system (Purtymun 1977). Well I.A-4 was down for re
pairs and was not sampled. Wells in the field range in 
depth from 265 to 600 m (870 to 2000 ft). Movement 
of water in the upper 411 m (1350 ft) of the main 
aquifer in this area ·is eastward at about 6 m/yr (20 
ft/yr) (Purtymun 1984). 
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The Guaje well field is composed of seven pro
ducing wells. During 1987, Well G-3 was down for re
pairs and was not sampled. Wells in the field range in 
depth from 463 to 610 m {1520 to 2000 ft). Movement 
in water in the upper 430 m (1410 ft) of the aquifer is 
southeastward at about 11 m/yr (36 ft/yr) (Purtymun 
1984). 

The Pajarito well field is composed of five wells 
that range in depth from 701 to 942 m (2300 to .3090 
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ft). Movement of water in the upper 535 m (1750 ft) 
of the aquifer is eastward at 29 m/yr (85 ft/yr). 

The Water Canyon gallery collects spring dis
charge from a perched water zone in the volcanics on 
the flanks of the mountains west of Los Alamos and 
Pajarito Plateau (Fig. 24). The canyon supplies a 
small but important part of the production with use of 
little energy. 

Water for drinking and industrial use is also ob
tained from a well at the Laboratory's experimental 
geothermal site (Fenton Hill, TA-57) about 45 km (28 
mi) west of Los Alamos. The well is about 133 m 
( 436 ft) deep completed in volcanics. D~ 1987, the 
well produced about 20 x 106 L (5.4 x 106 gal). The 
TA-57 water is not a part of the Los Alamos supply. 

All water comprising the municipal and industrial 
supply is pumped from wells, piped through trans
mission lines, and lifted by booster pumps into reser
voirs for distribution to the community and Labora
tory. Water from the gallery flows by gravity through 
a microftlter station and is pumped into one of the 
reservoirs for distribution. All supply water is chlori
nated prior to entering the distnbution system. 

Water in the distribution systems was sampled at 
five community and Laboratory .locations (frre sta
tions), Bandelier National Monument. and Fenton 
Hill (Fig. 24, Table G-14). Although federal and state 
standards (Appendix A) require analyses every 3 
years, the Laboratory performs the analyses annually. 

2. Radioactivity in Municipal and Industrial Wa· 
ter Supply. The maximum radioactivity concentra
tions found in the supply (wells and gallery) and distri· 
bution (including Fenton Hill) systems are in compli
ance with the EPA's National Interim Primary Drink
ing Water Standards (Tables 22, G-58, and G-59). 

3. Chemical Quality or Munic:ipal and Industrial 
Water Supply. Water from most wells and the distri
bution systems complied with EPA's primary and sec
ondary standards (Tables 23 and G-60 through G-62). 
The concentration of fluoride from Well LA-1B was 
above primary standards (Table G-60). This is consis
tent with previous years. Mixing in the distribution 
system reduced concentrations to acceptable levels 
(Table 23). The concentration of lead from Well PM-
5 also exceeded the primary standard (Table G-60). 
Well PM-5 was resampled and lead ( <0.001 mg/L) 
was well below the primary standard. 

The quality of water from the wells varied with lo
cal conditions within the same aquifer (Tables G-60 
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through G-62). Water quality depends on well depth, 
lithology of aquifer adjacent to well, and yield from 
beds within the aquifer. 

F. Federallnsec:ticide, Fungic:ide, and Roden· 
ticideAct 

The Federal Insecticide, Fungicide, and Roden
ticide Act (FIFRA) requires registration of all pesti
cides, restricts use of certain pesticides, recommends 
standards for pesticide applicators, and regulates dis
posal and transportation of pesticides. A pesticide is 
defmed <U! any substance intended to prevent. destroy, 
repe~ or mitigate pests. The Laboratory stores, uses, 
and discards pesticides in compliance with the provi
sions of FIFRA. A Laboratory pest control pc}licy was 
established in June 1984 to establish procedures and 
identify suitable pesticides for control of plant and ani
mal pests. Anything outside the scope of the policy 
must be approved by the Pest Control Oversight Com
mittee. No unusual events associated with compliance 
occurred during 1987. 

G. Archaeologic:al and Historical Protection 

Laboratory lands contain about 900 known ar
chaeological and historical sites. Protection of cultural 
resources is mandated by numerous laws and regula
tions, including the National Historic Preservation Act 
of 1966, as implemented by 36 CFR Part 800 Protec
tion of Historic and Cultural Properties, and the New 
Mexico Cultural Properties Act of 1969, as amended. 
The Laboratory's Environmental Evaluation Coordi
nator oversees management and protection of cultural 
resources. 

Laboratory archaeologists survey project sites in 
advance of construction to determine the presence or 
absence of cultural resources. During 1987, the Labo
ratory conducted 28 cultural resource surveys, moni
tored construction at 7 sites, had permanent protective 
fencing erected at 1 site, and undertook adverse im
pact mitigation at 2 sites. During surveys of one pro
ject in Mortandad Canyon, archaeologists discovered a 
pit house site that indicates earlier prehistoric occu
pation of the area than heretofore thought. 

The DOE granted an Archaeological Resource 
Protection Act permit to the Museum of New Mexico, 
Laboratory of Anthropology, for archaeological test
ing at the White Roc:k Y Intersection, site of a pro
posed new highway interchange. 



Table 22. Maximum Concentrations of Radioactivity in Municipal Water Supply, Well and Distribution System 

Nl.llber of 3H 137Cs Total U 238Pu 

Stations (10_6 .f.!Ci/IIL) (10-9 f.!Ci/IN.) (f.ill/l) (10-9 f.!Ci/ml) 
---

Analytical Limit& of Detection -- 0.7 40 1.0 0.009 

Maximum Contamination level (MCL)a -- 20 200 1800b 15 

wells 16 0.3 (0.7) 42 (48) 6.0 (1.0) 0.011 (0.009) mr 
<ZX>c (21X) (<1X) (<1X) ~~ 

Distribution Syste. (los Alamos) 6 2.1 (0.7) 71 (42) 2.0 (1.0) 0.012 (0.012) u (11X> (36X) (<1X) (<1X) 
);!~ 

-.1 '-t 
1,.1 Distribution System (Fenton Hill) 1 0.1 (0.3) 113 (50) 1.0 (1.0) 0.000 (0.010) ~5 

(<1X) (57X) (<1X) (<1X> ~~ 
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Table 22 (COOt) 

Nunber of 239,240Pu Gross Alpha 
Stations (10.9 ~Ci/mL) (10"9 tJCi/1111..) 

Analytical Limits of Detection 0.03 3 

Maximum Contamination Level (MCL)a 15 15d 

Wells 16 0.044 (0.007) -5.0 (2.0) 
(<1lO . (<1l) 

Distribution System (Los Alamos) 6 0.037 (0.017) 2.4 (0.9) 
(<1X) (16l) 

Distribution System· (fenton Hill) (1.004 (0.004) -o.2 (0.8) 
(<1X) (<1l) 

aEPA (1976). 
bLevel recOIIIIIended by International C011111ission on Radiological Protection. 
cPercentage of EPA's MCL is shown in parentheses. 
dEnvironaental Protection Agency'• Maxi.ua Cont .. inant Level (MCL) for gross alpha is 15 x 1o·9 ~Ci/mL. 
EPA's liait of 5 x 10"9 Ci/1111.., isotopic analysia to deteraine radium content Is required. 

Gross Beta 
(10"9 ~Ci/mL) 

3 

3.2 (0.5) 

42 (4.0) 

6.1 (0.8) 

Gross Ganma 
(COU'lts/mi n/L) 

50 

-40 (100) 

500 (90) 

350 (90) 

However, if gross alpha results exceed 
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Table 23. Maximum Chemical Concentrations in Water Supply and Distribution Systems 

(results in mg/L) 

Inorganic 
Chemical 

Contaminant 

Primary• 
Ag 
As 
Ba 
Cd 
Cr 
F 
Hg 
N0

3
(N) 

Pb 
Se 

Secondaryb 
Cl 
Cu 
Fe 
Mn 
so._ 
Zn 
TDS 
pH 

•EPA ( 1976). 
bEP A (19798). 

Standards 

0.05 
0.05 
LO 
0.01 
0.05 
2.0 
0.002 

10 
0.05 
0.01 

250 
1.0 
0.3 
0.05 

250 
5.0 

500 
6.5 - 8.5 

Well 
and 

Gallery 

<0.001 
0.044 
0.084 

<0.0005 
0.022 
3.2 
0.0003 

<1 
0.092 

<0.002 

17 
0.266 
0.095 
0.009 

. 39 

0.250 
430 

8.6 

Pursuant to federal regulations implementing Sec

tion 106 of the National Historic Preservation Act of 

1966, as amended, clearance for construction and miti

gation of unavoidable adverse impact to cultural re

sources is determined in consultation with the New 

Mexico State Historic Preservation Office (SHPO) 

and, if necessary, with the Advisory Council on His

toric Preservation. The SHPO was consulted con

cerning potential impact to surveyed project areas. 

The SHPO and Advisory Council approved sta

bilization and restoration work on the historic_ Pond 

Cabin at TA-18. The Laboratory completed work on 

this project during 1987. The cabin- will be nominated 

for inclusion on the State Register of Cultural Proper

ties. Surveys of prehistoric Indian cavates along the 

south slope of Mesita del Buey using volunteer Labo-

Suooly Distribution 

75 

Per Cent 
of 

Standard 

<2 
88 

8 
<5 
44 

160 
15 

<10 
184 
<20 

7 
27 
32 
18 
16 
5 

86 
101 

Los Alamos Per Cent 

Bandelier of 
T A-57 Standard 

<0.001 <2 
0.017 34 
0.107 11 

<0.0005 <5 
0.011 22 
1.0 50 

<0.0002 10 
<1 <10 

0.031 62 
<0.002 <20 

45 18 
0.024 2 
0.110 37 

<0.001 <2 
10 4 

0.096 <2 
276 55 

8.4 99 

ratory staff supervised by Laboratory archaeologists 

were completed, and a report was submitted to the 

Laboratory. Analysis of archaeological and botanical 

data recovered from the Romero Cabin homesteading 

site was completed and draft reports prepared. 

The DOE and the Museum of New Mexico es

tablished a curatorial Programmatic Memorandum of 

Agreement (PMOA). Archaeological and historical 

artifacts from Laboratory projects will be curated pro

fessionally at the Museum's Laboratory of Anthropol

ogy. A draft procedural PMOA among DOE, SHPO, 

and the Advisory Council for Historic Preservation 

was prepared and is under DOE review. The PMOA 

will streamline Section 106 consultation requirements 

of the National Historic Preservation Act of 1966. 
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H. Threatened/Endangered Species and Flood· 
plains fW etlands Protection 

The DOE and Laboratory must comply with the 
Endangered Species Act of 1973, as amended, and 
with Executive orders 11988, Floodplain Management, 
and 11990, Protection of Wetlands Environmental Re
view Requirements. Three Floodplain/Wetland 
notifications were prepared for publication in the 
Federal Register: Live Firing Range Extension, 
Sandia Canyon; Pulsed Power Assembly Building, TA-
39, Ancho Canyon; and White Rock Y Interchange, 
Pueblo and Los Alamos canyons. Laboratory biolo
gists surveyed 17 proposed construction sites for po
tential impact. They identified no endangered or rare 
animal or plant species at these sites. 

A draft management plan for the endangered 
peregrine falcon was prepared and is under review. 
Computer mapping and analysis of raptor aeries and 
prey habitat in Los Alamos and Water canyons were 
initiated. 

I. Comprehensive Environmental Response, 
Compensation, and Liability Ad 
(CERCLA) 

The Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) of 1980 
and Superfund Amendments and Reauthorization Act 
(SARA) of 1986 mandate cleanup of toxic and haz
ardous contaminants at closed and abandoned haz
ardous waste sites. The CERCLA/SARA-related ac
tion at hazardous waste sites at the Laboratory are be
ing addressed under the DOE Albuquerque Opera
tions Office's Environmental Restoration (ER) Pro
gram. 

J. Toxic Substances Control Ad (TSCA) 

The TSCA (15 U.S.C. et seq.) establishes a list of 
toxic chemicals for which the manufacture, use, stor
age, handling, and disposal arc regulated. This is ac
complished by requiring premanufacturing notification 
for new chemicals, testing of new or existing chemicals 
suspected of presenting unreasonable risk to human 
health or the environment, and control of chemicals 
found to pose an unreasonable risk. 

Part 761 of TSCA contains the regulations appli
. cable to polychlorinated biphenyls (PCBs). This part 
applies to all persons who manufacture, process, dis
tribute in commerce, use, or dispose of PCBs or PCB 
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items. Substances that are regulated by this rule in
clude, but are not limited to, dielectric fluids, contami
nated solvents, oils, waste oils, heat transfer fluids, hy
draulic fluids, paints, sludges, slurries, dredge spoils, 
soils, and materials contaminated as a result of spills. 
Most of the provisions of the regulations apply to 
PCBs only if they are present in concentrations above 
a specified level. For example, the regulations re
garding storage and disposal of PCBs generally apply 
to materials at PCB concentrations of 50 parts per 
million (ppm) and above. At the Laboratory, materi
als with > 500 ppm PCBs are transported off-site for 
disposaL 

During 1987, the Laboratory continued to inven
tory and mark PCB articles such as transformers and 
capacitors. The Laboratory's inventory of in-service 
PCB transformers > 500 ppm, PCB transformers >50 
but <500 ppm, and PCB capacitors includes 136, 137, 
and 2,m units, respectively, as of July 1, 1987. Visual 
inspection of PCB transformers was conducted at least 
quarterly during 1987, and inspection records main
tained pursuant to regulations. An annual report sum
marizing PCB disposal. transportation, storage, and 
in-service use for the time period July 1, 1986, through 
June 30, 1987, is available pursuant to federal regula
tion. During .September 1987, HSE-8 prepared a 15-
minute video fdm summarizing PCB use and reg
ulation at the Laboratory. The video fdm will be used 
as a training aid to acquaint Laboratory personnel 
with PCBs and familiarize them with the federal reg
ulations governing their use and disposal. 

The Laboratory has EPA approval (Region VI) to 
dispose of PCB-contaminated articles, oils, and ma
terials in the chemical waste landfill located at TA-54, 
Area G (Table 19). The approval requires semiannual 
reporting to EPA regarding the type and weight of 
PCB articles disposed of. and monitoring information 
regarding chemical quality of storm water run-off and 
natural springs in the area. The cumulative weights of 
specific types of PCB articles which were disposed at 
TA-54 during 1987 are listed in Table 24. 

K. Emergency Planning and Community Right-to
Know Act 

Title III of SARA, also known as the Emergency 
Planning and Community Right-to-Know Act 
(EPCRA), became effective on May 17, 1987. The 
EPCRA is the centerpiece of federal policy on chemi
cal disaster prevention and response. The act is in
tended to encourage and support emergency planning 
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Table 24. Quantities (kg) of PCB Contaminated Articles 
Discarded at T A-54 in 1987• 

PCB Artlde(sl Shaft Cll Shaft Cll l.i.t..l! Pit 32 

Transformer Carcases 907 522 

Absorbed PCB Oil 
(<500 ppm) 

Rags/Dirt 
(drummed) 

Empty Drums 
Asphalt/ dirt 9 616 1 361 

(noncontainerized) 
Capacitors 
Generators 
Power Supply 
PCB C1eaneUp Drum 722 41 

PCB Contaminated 175 2 359 

Equipment 
Mise 

Total 722 10 523 216 4 242 

Grand Total 15 703 

----------
a PCB article and oils that contain 2:,500 ppm PCB are shipped out-of -state for disposal. 

efforts at state and local levels. Its implementation 

provides the public: and local governments with infor· 

mation concerning potential toxic and chemic:al haz
ards present in their communities. The act is orga

nized into three subtitles; the Laboratory will only be 

directly affected by Subtitle B, which provides the 

mechanism for community awareness of hazardous 

chemic:als present in a given facility. However, it has 

voluntarily taken an active role in coordinating local 

community emergency response planning activities 

under Subtitle A. 
The Laboratory is required to report its hazardous 

chemic:al substance inventory and safety handling pro

cedures to the newly-created Los Alamos District 

Emergency Planning Commission, the state Emer

gency Response Commission, and the Los Alamos 

County Fire Department. The Laboratory's Emer

gency Management Office (EMO) coordinates all re

porting, planning, and response efforts with the pre

existing Los Alamos County Office of Emergency Pre-
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paredness, which acts as the district emergency plan

ning group. Groups HSE-5 and HSE-8 provided a 

preliminary list of 137 on-site chemic:al substances that 

are on either the EPA's Chemic:al Emergency Pre

paredness Program ( CEPP) list of 369 chemic:als that 

are considered to be extremely hazardous ( 40 CFR 

355, Appendices A and B) or on the list of 717 haz

ardous substances that arc subject to CERCI.A re

portable quantity provisions (40 CFR 302, Table 

302.4). In addition, individual Materials Safety Data 

Sheets (MSDS) for each of these substances have 

been provided to the EMO. These sheets, which were 

organized according to health and physic:al hazards, 

were originally developed in response to the Oc

cupational Health and Safety Administration's 

(OSHA) Hazard Communication Standard (29 CFR 

1910.1200). They arc designed to inform individuals 

of specific chemic:al dangers and methods to avoid 

potential hazards. 
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In order for a listed chemical substance to qualify 
for EPCRA reporting requirements, the Laboratory 
must have a combined total amount of that chemical 
substance in excess of either its threshold planning 
quantity or its reportable quantity. For those chemical 
substances with no established reportable quantities, 
the Laboratory must have at least 0.45 kg (1lb) of that 
substance before it qualifies for reporting require
ments. Once a given listed chemical substance has 
been determined to be reportable, future annual re· 
porting requirements dictate that the Laboratory must 
disclose individual building storage locations and the 
average annual quantity on-hand at each location 
where that substance is located. Once reported, this 
information becomes public property. These re
quirements may conflict with national security guide
lines enforced by DOE and may require future DOE 
reporting directives if conflicting requirements are to 
be fully satisfied. 

L DOE Headquarters' Eoviroomental Survey 

The DOE Headquarters conducted an environ
mental survey of the Laboratory during March 30 
through April17, 1987. The PUlJ)OSC of the survey was 
to provide a no-fault identification, inventory, prioriti
zation, and review of environmental issues and prac
tices at the Laboratory. Similar surveys have been 
conducted at other DOE facilities, and evaluation of 
findings from all the surveys will lead to a DOE-wide 
prioritization of environmental problems (due in Oc
tober 1989). 

Fmdings of the survey were separated into four 
categories based upon potential for environmental im
pact: 

Category I: Fmding addresses situations 
that pose an immediate threat to employ
ees, public, or environment. Immediate ac
tion required. 

Category II: Fmding addresses situations 
that cannot wait for action to be taken until 
the fmal report of the survey is published in 
approximately 3 years. The Laboratory 
should start new programs or continue 
existing programs, as appropriate, to ad
dress this fmding before the 3-year period 
expires. 
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Category ill:. Fmding addresses situations 
that hold a "potential" for contamination 
from existing operations. The Laboratory is 
encouraged to continue existing programs 
or start new programs to address this fmd
ing as appropriate. 

Category IV: Fmding is an observation 
only. 

The fmdings were further subdivided into eight 
topical areas (Table 25). The majority (87%) of the 
findings were in categories III and IV. Most (63%) 
addressed hazardous materials handling and storage. 

A preliminary report that will list the fmdings at 
Los Alamos from the survey will be published by 
DOE in March 1988. The DOE Survey Team will 
conduct environmental sampling at the Laboratory in 
the summer of 1988 and results of this sampling may 
affect the findings. 

The Laboratory has drafted an implementation 
plan based on the tentative findings and has started to 
implement appropriate remedial actions. 

M. Health, Safety, and Environmental Appraisal of 
Laboratory Operations aod Facilities 

Laboratory policy requires line management to es
tablish an effective health, safety, and environmental 
(HSE) protection program. These programs must be 
appraised periodically to evaluate their effectiveness. 
The HSE Division began an appraisal program in 
November 1987, and over the next three years will 
perform operational and facility appraisals of the HSE 
programs of all Divisions. Appraisal teams are com
prised of one representative each from the Safety 
(HSE-3), Industrial Hygiene (HSE-5), Waste 
Management (HSE-7), and Environmental Surveil
lance (HSE-8) groups. The responsibility of HSE-8 is 
to determine the effectiveness of divisional and facili
ties programs for ensuring compliance with applicable 
Laboratory policy, DOE orders and guidelines, federal 
and state regulations, and prudent management prac
tices for protection of the environment and the gen
eral public. 

Group HSE-8's appraisal includes evaluations of 
air emissions, liquid effluents, toxic substances use, 
waste management practices, and archaeologi
cal/cultural resources protection as applicable. The 
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Table 25. Tentative Findings. by Topical Area aod Category 

from the DOE Headquarters' Environmental Suney of 

Los Alamos National Laboratory 1987 

Topical Area 

Air 
Surface Water 
Ground Water 
Active Waste Disposal Areas 
Chemical Handling 
Hazardous Materials 
Inactive Waste Disposal Areas 
Quality Assurance 

Group also evaluates whether the operation or facility 

is in accord with applicable environmental documenta

tion such as an EIS, EA, ADM. or completed HSE 

Preliminary Project Questionnaire. The Group takes 

the opportunity during the appraisal to inform opera

tions and facilities of potential environmental prob

lems and of the availability of support from the Group 

for addressing these problems. 
The HSE programs of Life Sciences and Facilities 

Engineering divisions were appraised in the last 

quarter of 1987. 

N. Engineeriq Quality Assu.ruce 

The Laboratory has a Quality Assurance program 

(Facilities 1983) for engineering. construction, modifi

cation, installation, and maintenance of DOE fa

cilities. The purpose of the program is to minimize 
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Cal~&sux 
I II Ill IV 

0 0 0 2 
0 2 3 3 
0 0 1 2 
0 I 5 1 

0 1 5 2 
0 I 2 l 
0 0 5 0 
0 0 l 0 

the chance of deficiencies in construction; to improve 

the cost effectiveness of facility design, construction, 

and operation; and to protect the environment. A 

major goal of engineering quality assurance is to en

sure <?perational compliance with all applicable envi

ronmental regulations. The quality assurance pro

gram is implemented from inception of design through 

completion of construction by a project team ap

proach. The project team consists of individuals from 

the DOE's program division, the DOE's Albuquerque 

Operations, and Los Alamos Area Offices, the 

Laboratory's operating group(s), the Laboratory's Fa

cility Engineering Division, design contractor, inspec

tion organization, and construction contractor. Each 

proposed project is reviewed by personnel from the 

Environmental Surveillance Group (HSE-8) to ensure 

environmental integrity is maintained. 

-
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IX. ENVIRONMENTAL SUPPORT ACfiVITIES 

In addition to envii'Oillbental surveillance and compliance activities, the Laboratory carried 

out a number of related environmental activities. Selected studies are briefly described below. 

Many of these are oogoina and provide lnformatioa for surveillance and compliance activities 

at the Laboratory. 

A. Meteorological Monitor'ina (Brent Bcftftn, 

Jean Dewart, William Olsen, 1-U Chen, 
and Margaret Salazar) 

1. Weather Summary. Los Alamos received heavy 

precipitation for the third consecutive year, with 60 em 
(23.6 in.) of water equivalent falling during 1987. 

Much of the precipitation was from record snowfall in 

January and February and from heavy rainfall in May 

and June. Snowfall totaled a record 453 em (178.4 in.) 

for the year, over 3.5 times normal. Record snow feU 

in both January and February, including a record 122 

em (48 in.) from one storm during January. Heavy 

rains feU during May and loca1Jy (TA-59) during June. 

Temperatures were quite warm during October. Arc
tic air and several storms gave Los Alamos a cold De· 

cember with near-record snowfall The year as a 

whole had slightly cooler than normal temperatures. 

The annual summary is shown in F'tg. 2S and other 

data are shown in Table G-63 through G-66. 

A stormy pattern became established over the 

southwestern United States during January. One 

storm dropped nearly 2S em (10 in.) on Los Alamos 
during the 7-8th and the record snowfall from one 

storm feU during the 15-17th. Even larger accumula

tions of 152-178 em (60-70 in.) were reported in north

ern Los Alamos. The storm closed tbc Laboratory and 

the townsite. The locally large snowfall resulted from 

a stationary storm in Arizona forc:iDg relatively warm 

air northward over the Pajarito Plateau and an arctic: 

air mass. Only several inches fell in the Rio Grande 

Valley and Santa Fe. The snowfall helped give Los 

Alamos its snowiest month on record of nearly 165 em 
(65 in.), exceeding the old record by nearly 61 em (2 

ft). Also, the 102 em (40 in.) of snow on the ground on 

the 16th and 17th set a record. After 5 em (2 in.) of 

snowfall two days later, temperatures rose dra

matically, reaching u.t>c (54~ on the 27th. Except 

for another 10 em (4 in.) of snow on January 31st, 

temperatures remained warm through the middle of 

February, with the snow cover shrinking to 2.5 em (1 

in.) by the 14th. The stormy pattern returned, 
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however, with a 11.4 em (4.5 in.) snowfall on the 16th. 

Then, an intense storm dropped nearly 68 em (27 in.) 

of snow during the 18-20th. including 51 em (20 in.) on 

the 19th. This snowfall became the largest for Febru

ary on record. A week later, another storm dropped 

43 em (17 in.) of snow during the 24-26th. Some of the 

snow was accompanied by thunder and lightning. The 

total snow of 1.23 em (48.5 in.) was the largest on 

record for February and second only to the previous 

month for all months. In addition, this month became 

the wettest February on record with 7.1 em (2.78 in.) 

of water equivalent precipitation. 
W'mter weather moderated during March, with 

near-normal weather. Except for a storm that dropped 

30 em (12 in.) of wet snow on April 4-5th, warm 

weather prevailed during April Frequent thunder-. 

showers produced 7.2 em (2.83 in.) of rain during May, 

nearly 2-1/2 times the normal. One thunderstorm 

produced up to 7.6 em (3 in.) of hail on the 23rd. 

The summer began with a downpour at TA-59 on 

June 7th. A local thunderstorm dropped 5.5 em (2.16 

in.) of rain, with 5.4 em (2.11 in.) falling in two hours. 

The two hour rainfall represented a near 50 year rain

fall Very little or no rain feU at other sites. Rainfall 

was sca.ot in July with 3.5 em (1.37 in.), less than half of 

normal. Rainfall was normal during August with 10.9 

em ( 4.29 in.). Thunderstorms produced a funnel cloud 

on the 24th and numerous funnel clouds on the 25th 

near Santa Fe. 
Near-normal weather conditions prevailed during 

September. A strong high-pressure system centered 

over the Western United States gave Los Alamos a 
warm and dry October. High temperatures for the 

month averaged (19.1°C) (66.4~, nearly 2°C (4~ 

above normal. Rainfall was light at 1.2 em (0.49 in.), 

less than one-third of normal. Near-record snows fell 

during December, with a total of over 91 em (36 in.). 

The biggest snowfall of 48 em (19 in.) on the 24-25th 

gave Los Alamos its whitest Christmas on record, with 

41 em (16 in.) of snow on the ground. The year ended 

with 453 em (178.4 in.) of snow, exceeding the previous 

record of 1K/ em (112.8 in.) set in 1984. 
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1987 WEATHER SU\1~1ARY. LOS ALAMOS, NM (EL. 7380 ft) 
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Ftg. 25. Summary of 1987 weather in Los Alamos (data from Occupational Health 

Laboratory, OHL, TA-59. 

2. Wind Roses. The 1987 surface wind speed and 
direction measured from three sites at Los Alamos are 
plotted in wind roses for day, night, and total hours 
(Figs. 26 through 28). A wind rose is a circle with lines 
extending from the center representing the direction 
from which the wind blows. The length of each line is 
proportional to the frequency of the wind speed inter
val from that particular direction. Each direction is 
one of 16 primary compass points (N, NNE, etc.) and 
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is centered on a 22.5 sedor of the circle. The fre
quency of the calm winds, defined as those having 
speeds less than 0.5 m/s (1.1 mph), is given in the cir
cle's center. Day and night are defined by the times of 
sunrise and sunset. 

The wind roses represent winds at TA-50 (2216 m 
above sea level or MSL. [7019 ft]), East Gate (2140 m 
MSL [7019 ft]), and Area-G (2039 m MSL [6688 ft]). 
Surface winds were measured at a height of about 
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Fig. 26. Daytime wind roses at Laboratory stations during 1987. 
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Fig. 27. Nighttime wind roses at Laboratory stations during 1987. 
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Fig. 28. Cumulative wind roses at Laboratory stations in 19H7. 
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11 m (36 ft) at the three sites and an upper level wind 
rose is shown for the 91 m (300 ft) level at TA-50. 
Data recovery exceeded 96% at all sites. 

Surface winds at Los Alamos are generally light 
with the average speed of nearly 3 m/s (7 mph). Wind 
speeds greater than 5 m/s (11 mph) occurred with fre
quencies ranging from 10% at TA-50 to 21% at East 
Gate. Many of the strong winds occurred during the 
spring. Over 40% of surface winds at all sites were 
less than 2.5 m/s (5.5 mph). The average wind speed 
increases to over 4 m/s (9 mph) at 91 m (300 ft). 
Wind speeds greater than S m/s (11 mph) occurred 
34% of the time while speeds less than 2.5 m/s (5.5 
mph) occurred 29% of the time at the higher leveL 

Distribution of winds varies with site, height above 
ground, and time of day primarily because of the ter
rain features found at Los Alamos. On days with sun
shine and light large-scale winds, a deep, thermally 
driven upslope wind develops over the Pajarito 
Plateau. Note the high frequency of SE through S 
winds during the day at TA-50 (both levels) and East 
Gate (Fig. 26). Upslope winds are generally light, less 
than 2.5 m/s (5.5 mph). Winds become more SSW 
and S at Area G (i.e., at lower elevatiQns). The winds 
here are more affected by the Rio Grande Valley than 
the plateau. Channeling of regional-scale winds by the 
valley contributes to the high frequency of SSW and 
NNE or NE winds. In addition, a thermally driven up
valley wind probably causes some of the SSW winds 
under 2.5 m/s (5.5 mph) at Area G. 

Winds display a reversal during the night. A shal
low drainage wind often forms and flows down the 
plateau on clear nights with light, large-scale winds. 
These winds are generally less than 2.5 m/s (5.5 mph). 
Surface wind peaks from the NW through Ware evi
dent at T A-50, whereas the drainage wind at Area G is 
evenly distributed from the WNW through the N. 
Downslope winds are much less frequent at East Gate. 
TheTA-50 wind rose at 91 m (300ft) shows dramati
cally different winds from those at the surface, with 
valley-channeled winds dominating. A high frequency 
of winds are up-valley (SW and SSW) and down-valley 
(N through NE). Note that less frequent channeled 
winds also occur at the lower sites, East Gate and Area 
G, during the night. 

3. Precipitation Summary. Precipitation in Los 
Alamos County was heavy during 1987, with as much 
as 61 em (24 in.) falling in the North Community and 
at TA-59. Figure 29 shows analyses of rainfall for the 
summer season (June-August) and the entire year. 
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Monthly precipitation totals are presented in Table G-
64. Record January and February and near-record 
December snowfalls helped to push 1987 precipitation 
to about 30% above normal at the western sites near 
the Jemez Mountains. Summer rainfall was generally 
below normal. The maximum area of summer rainfall 
included TA-59. A thunderstorm dumped 5 em (2 in.) 
of rain locally at TA-59 during a single day in June. 
Precipitation was generally the highest in the north
western part of the area, near the mountains and 
where the highest terrain is. Precipitation decreased 
with decreasing elevation and distance from moun
tains. 

B. Eovironmental Restoration (ER) Program . 
(Kenneth Rea, Robert Vocke, 
Roger Ferenbaugb, Robert Gonzales, 
Marjorie Martz·Emersoo, Betty Perkins, 
and Alan Stoker) 

The DOE facilities operate under a policy of full 
compliance with applicable environmental regulations. 
The DOE's Albuquerque Operations Office (AL) 
Environmental Restoration (ER) Program is being 
implemented to help fulfill that commitment at instal
lations within the AL complex, including facilities in 
California, Colorado, Florida, Missouri, New Mexico. 
Ohio, and Texas. The program assists DOE in setting 
environmental priorities and in justifying funding 
enhancements of existing programs or remedial 
actions. Implementation of the ER Program is being 
accomplished through the combined efforts of the AL 
complex. The Laboratory is providing programmatic 
guidance/management and technical support to AL 
for ER implementation. 

The program is designed to identify, assess, and 
correct existing or potential environmental concerns. 
The scope includes the review of major environmental 
regulations, with emphasis on CERCLA/SARA and 
RCRA. The program includes evaluation of man
agement practices for hazardous substances. 
Additionally, assessment of pollutioo control of and 
monitoring programs for hazardous substances em
phasizes both adequate understanding of environ
mental pathways and regulatory compliance. Imple
mentation of the ER Program is intended to help fulfill 
DOE's obligations for federal facilities under the 
EPA's CERCLA/SARA. The program was initially 
implemented in five phases (i.e., Installation Assess
ment, Remedial Investigation, Feasibility Study, Re
medial Action, and Compliance and Verification). 
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During 1987, the Phase I reports for Pinellas, San
dia National Laboratories-Livermore and Los Alamos 
National Laboratory were released to the EPA and 
appropriate states. The Phase I reports for the other 
major AL installations were released in 1986. 

Remedial investigation plan (RIP) development 
and remedial investigations proceeded at all eight AL 
installations during 1987. The installation generic 
monitoring plans (IGMPs) that have been prepared 
for each DOE/ AL installation are being tiered to the 
DOE/ AL CERP generic monitoring plan (CGMP), 
which was prepared during 1986. Remedial investiga
tion plans that will be prepared for each AL installa
tion will be tiered to the appropriate IGMP. 

The draft Phase I report for Los Alamos was re
leased to the state of New Mexico and the EPA during 
October 1987. The Laboratory's IGMP will be ready 
for internal review during early 1988. Several site-spe
cific RIPs will be prepared for the Laboratory during 
1988. 

Remedial investigations at Los Alamos during 1987 
consisted of the White Rock Y and the Potrillo 
Canyon studies. Reconnaissance geophysics studies 
were also conducted at TA-21. Additionally, substan
tial information was acquired for preparing site-spe· 
cific RIPs at TA-21, TA-33, and TA-49. 

C. Vadose Zone Characterization at Areas Land G 
(Alice Barr, Anthony Griegs, and 
David Mcinroy) 

The Resource Conservation and Recovery Act 
(RCRA) requires that hazardous waste disposal facili
ties such as the Laboratory either (1) perform ground 
water monitoring, or (2) obtain a waiver of ground wa
ter monitoring requirements, provided there is a low 
potential for migration of hazardous waste or con
stituents from the disposal areas to water supply welJs 
via the uppermost aquifer. A vadose zone (unsat
urated zone above the main aquifer) characterization 
program was initiated to substantiate the Laboratory's 
request for a ground water monitoring waiver. 

At Areas Land G (TA-54), the uppermost aquifer 
is approximately 300 m (1000 ft) below the surface. 
The zone above the aquifer (the vadose zone) was 
studied to characteriZe its hydrogeology and evaluate 
the potential for contaminant migration. Data were 
collected to determine intrinsic permeability, moisture 
characteristic curves, unsaturated hydraulic conductiv
ity, pore gas distribution, and actual contaminant pres
ence in the vadose zone. Several conclusions were 
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reached from this study, including the following: (1) 
the dominant mechanism of subsurface transport is 
through vapor phase migration--aqueous transport of 
contaminants is highly unlikely; (2) perched water is 
confmed to the alluvium in the adjacent canyon and 
does not extend beneath the mesa or connect hydrauli
cally to the main aquifer; (3) some metal contamina
tion exists at shallow depths in AreaL; (4) organic va
por contamination exists in Areas L and G; (5) no 
contamination was evident in the perched canyon wa
ter; and ( 6) vertical cooling fractures are present in the 
disposal areas but their ability to transport contami
nants and water has not been determined. A fmal re
port presenting these fmdings and the data collected 
was submitted to the NMEID's Hazardous Waste Pro
gram on March 31, 1987. 

The analytical results of this study indicated the 
presence of organic vapor contamination at depths up 
to 30 m (100 ft). As a result, the Laboratory has initi· 
ated a program to determine the vertical and horizon
tal extent of this contamination and appropriate 
remediation, if deemed necessary. The program con
sists of four phases: (1) an initial experimental effort 
to determine the most effective method for monitoring 
hole completion and sampliitg; (2) an expanded sam
pling and analytical program to delineate the extent of 
contamination; (3) interpretation of results and pro
posal of any necessary remedial action; and (4) the 
remediation itself. 

The ftrst phase is now in progress. Four different 
(1 existing, 3 new) borehole completions have been 
sampled. Initial analytical results indicate the new 
sampling technique is more effective in determining a 
concentration gradient. Also, the three new comple
tion methods surpass the existing borehole in sensitiv
ity, ease of installation and cost. Additional sampling 
will be performed to substantiate these fmdings before 
proceeding to the second phase. 

D. Remedial Investigations at the Proposed White 
RockY Interchange (Lars Sobolt, Rldlard 
Romero Eddie Lujan, Jolua Salazar and 
Thomas Buhl) 

The state of New Mexico is proposing to construct 
an interchange to improve the intersection of State 
Road 4 (SR 4) and the Main Hill Road (Alternate 
SR 4) into the Los Alamos townsite. The DOE in
tends to grant an easement to the state for construc
tion and maintenance of the interchange on DOE
managed lands. The easement area would include 
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parts of Los Alamos and Lower Pueblo canyons that 
are known to have residual radioactivity at levels above 
background. This residual radioactivity is the result of 
liquid discharges from TA-2, TA-21, and TA-45. As 
part of DOE's ER Program, the Environmental 
Surveillance Group (HSE-8) carried out an in
vestigation to determine if the lands were suitable for 
release to the state without remedial action to lower 
levels of residual radioactivity. The results of this re
medial investigation indicate that the lands in Los 
Alamos and Lower Pueblo canyons are suitable for 
construction of the White Rock Y interchange without 
need for remedial action. 

Above-background, residual radioactivity in Los 
Alamos Canyon is dominated by cesium-137 (up to 50 
pCi/g) and strontium-90 (up to 13 pCi/g). Uranium 
and transuranics are also present at above-background 
levels, but activity concentrations are lower. These ra
dionuclides have deposited in the alluvial accumulation 
of sediment where the canyon's stream intersects State 
Road 4. Within Lower Pueblo Canyon, plutonium-239 
is the dominant residual radionuclide (up to 15 pCi/ g), 
and uranium is also present at above-background lev
els. These radionuclides have deposited where the 
canyon's stream widens, upstream from its confluence 
with Los Alamos Canyon. 

Transport pathways analyses were carried out using 
conservative scenarios to determine if the levels of 
residual radioactivity indicated that remedial action 
was necessary prior to granting an easement to the 
state. The two scenarios that were considered were: 

- Construction activity in Los Alamos and 
Lower Pueblo canyons; and 

- Removal of soil material for use in a 
home garden. 

Potential pathways of exposure within the construction 
scenario include worker inhalation of dust suspended 
during earth-moving activities and direct exposure to 
gamma radiation from residual cesium-137. Within 
the home garden scenario, it was assumed that mate
rial was removed from the construction site for use as 
garden soil. Potential pathways for exposure of a 
home gardener include direct gamma radiation from 
cesium-137, inhalation of dust suspended during gar
dening activities, ingestion of produce grown in the 
garden, and ingestion of water from a nearby well 
which has received radionuclides leached from garden 
soils. 

For residual radioactivity in Los Alamos Canyon, 
the pathways analyses resulted in a calculated commit-
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ment of 9 mrem/yr effective dose equivalent within the 
construction scenario and 29 mrem/yr effective dose 
equivalent within the home-garden scenario. For 
residual radioactivity in Lower Pueblo Canyon, the 
pathways analyses resulted in a calculated commitment 
of 4 mrem/yr effective dose equivalent within the 
construction scenario and 9 mrem/yr effective dose 
equivalent within the home-garden scenario. All of 
these doses are less than the 100 mrem/yr effective 
dose equivalent commitment that serves as DOE's ra
diation protection standard for protection of the gen
eral public. Maximum concentrations of airborne ra
dionuclides during construction would be less than 
15% of DOE's limits for exposure of the general pub
lic. 

E. Environmental Monitoring at the Fenton 
Hill Site [William Purtymun, Roger Ferenbaugh, 
(HSE-9), Max Maes and Mary Williams (HSE-9) I 

The Laboratory is currently evaluating the feasi
bility of extracting thermal energy from the hot dry 
rock geothermal reservoir at the Fenton Hill 
Geothermal Site (TA-57). The site is located about 45 
km (28 mi) west of Los Alamos on the southern edge 
of the Valles Caldera. The hot dry rock energy con
cept involves drilling two deep holes, connecting these 
holes by hydraulic fracturing, and bringing thermal en
ergy to the surface by circulating water through the 
system. Environmental monitoring is performed adja
cent to the site to assess any impacts from the 
geothermal operations. 

The chemical quality of surface and ground waters 
in the vicinity of TA-57 (Fig. 30) has been determined 
for use in geohydrologic and environmental studies. 
These water quality studies began before construction 
and testing of the hot dry rock system (Purtymun 
1974D). The most recent samples were collected in 
November 1987. 

Surface water stations (13 on the Jemez River, the 
Rio Guadalupe, and their tributaries) are divided into 
four general groups based on the predominate ions 
and TDS (Table 26). The predominate ions are (1) 
sodium and chloride, (2) calcium and bicarbonate, (3) 
calcium and sulfate, and (4) sodium and bicarbonate. 
Ground water stations (five mineral and hot springs, 
one well, and five springs) are also grouped according 
to predominate ions. These ions are (1) sodium and 
chloride, (2) calcium and bicarbonate, and (3) sodium 
and bicarbonate (Table 26). 
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F'tg. 30. Sampling statioos for surface and ground water near the Fenton Hill Site (TA-57). 

There were no significant changes in the chemical 

quality of surface and ground water at the individual 

statioos from previous years (Purtymun 1988A). 

F. Distribution or Radlonuclides in Channel 
Alluvium or Mortandad Canyon [Donald 

VanEtten, WUllam Purtymun, Max Maes, 
and Richard Peters (HSE-9)] 

Trace amounts of radionuclides remaining in ef

fluent are released from the treatment plant at TA-50 
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into the adjacent Mortandad Canyon (Table G-12). 

The effluent recharges a shallow body of ground water 

in the alluvium. The radionuclides in the effluent are 

adsorbed or bound to the sediments in the channe~ re

ducing the amount found in the water of the shallow 

aquifer. This shallow aquifer is of limited extent and 

lies within the Laboratory boundary. 
The sediments and radionuclides in the stream 

channel alluvium are subject to transport by additional 

releases of effluent or by storm run-off. The small 

drainage area of the canyon and the ability of the thick 
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Table 26. Quality of Surface and Groundwater• at Fenton Hill Geothermal Site 
(concentrations in mg/L) 

Noveatler 

Surface llater ~roundwater 

!!! .£!_ !Q1 !!! .£!_ !Q1 Sodiua Chloride Sodiua Chloride 
Redondo Creek (U) 10 15 126 Loc. JF·1 (Hot Spr) 460 1000 1940 
Jemez River (R) 75 91 436 Loc. JF·5 (Hot Spr) 960 2300 3830 
Jemez River (S) 85 132 388 

Na HC~ TDS Ca HC~ TDS - -
Calcium Bicarbonate 

San Antonio Creek (N) 16 62 141 Calcium Bicarbonate mr 
Rio Cebolla (T) 10 88 118 FH·1 (Supply Well) 48 117 280 ~~ 
Rio Guadalupe (Q) 15 110 228 Loc. 39 (Spr) 13 41 52 ~~ Lake Fork 1 (Lf·1) 10 54 132 
Lake Fork 2 (LF·2) 17 71 168 !Pen 
Lake Fork 3 (LF·3) 13 50 220 ~~ \0 Lake Fork 4 (Lf·4) 15 n 284 ~5 .... 

~~ Ca so, TDS Na HC~ TDS -~ - - - ~0 Calch.m Sulfate Sodium Bicarbonate 0~ 
Sulphur Creek (V) 52 305 456 JS·2, 3 (Spr) 17 80 160 

m-i 
- 0 

Sulphur Creek (f) 28 66 150 JS·4, 5 (Spr) 17 n 154 ~ ~ 
Loc. 4 (Spr) 16 55 92 
Loc. 31 (Spr) 11 62 110 
RV·2 (Hot Spr) 22 45 114 
RV·4 (Hot Spr) 52 123 168 
RV·5 (Hot Spr) 20 83 78 

Na HC~ TDS 

Sodium Bicarbonate 
Jemez River (J) 16 59 104 

................................... 

8 See Fig. 30 tor sampling locations. One sample taken at each location. 
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section of unsaturated alluvium to store the run-off has 
prevented transport to the Laboratory boundary. To 
confine the surface run-off and contaminants within 
the Laboratory, there has been a series of sediment 
traps installed in the canyon since early 1970. The 
traps range from gravel-filled galleries to stilling basins 
that contain suspended solids as well as bed sediment 
(alluvium). 

A storm on June 7, 1987, produced a record 50-
year, 2-hr rainfall of 5.5 em (216 in.). The rainfall re
sulted in the largest run-off event in Mortandad 
Canyon since hydrologic studies began in 1960. The 
peak discharge in the upper canyon at g~ station 
GS-1 was estimated to be 4.5 m3 /s (160 ft3 /s [cfs]). 
Two other large run-off events occurred in August 
1968 (3.2 m3 js (115 cfs]) and November 1987 (29 
m3 /s (102 cfs}). The peak discharge at the sediment 
traps of the June 1987 event was about 3 m3 /s (100 
cfs). The run-off filled the two sediment traps and 
overflowed into the third. The estimated volume of 
run-off was 3.500 m3 (930 000 gaL). 

A set of sediment samples were collected in the 
canyon on June 16 and analyzed for transuranics and 
gamma emitting radionuclidcs (rtg. 31). The con
centrations of plutonium and americium above the ef
fluent outfall from TA-50 (stations 1, 2, and A) were 
background (Table 27). The ~ concentrations be
tween gaging station GS-1 to station 7 just above the 
sediment trap ranged from 3.3 to 11.7 pCi/g, and the 
239~ in the same reach of canyon ranged from U.2 

GS-1 

to 39.3 pCi/g. The 241Am for this same sampling area 
ranged from 11.72 to 33.81 pCi/g. The largest concen
trations of transuranics in sediments were in sediment 
trap 1 with 18 pCi/g of 238Pu, 58.9 pCi/g of 239.240pu, 
and 79.50 pCi/g of 241 Am. The concentrations de
creased in trap 2 and decreased further in trap 3. All 
of the bed sediments and most of the suspended sedi
ments were retained in trap 1, resulting in higher 
concentrations here than in traps 2 and 3. 

Gamma-emitting radionuclidcs followed the same 
trends as transuranics (Table 28). The concentrations 
above the effiuent outfall were background. The high
est concentrations were for 137Cs with a range from 
15.3 to 629 pCi/g in the channel above the tra8.s and 
96.7 Jf:.i/g in trap 1. Trace amounts of 134Cs, 5 

•
60Co, 

and Se were found in the channel sediment samples 
with the highest concentrations in the sediment traps. 

The sediments from traps 1 and 2 were analyzed 
using EPA's toxic characteristic leach procedure 
(TCLP) to identify hazardous wastes. Analyses were 
carried out for pesticides (8 compounds), extractable 
organics (15 compounds), volatile organics (18 com
pounds), and metal (8 elements). None of these were 
detected. 

Previous run-off events have not been contained in 
the area of the sediment traps. The analyses of sedi
ments below the traps indicated that run-off events had 
carried radionuclidcs to station 10. Below station 10 
and still within the Laboratory, the concentrations of 
radionuclides were at or below background. The 
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Fig. 31. Sediment sampling stations in Mortandad Canyon. 
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Table 27. Transuranics in Mortandad Canyon 
Channel AlluYium, June 16, 1987• 

238p0 
239,240pg 241Am 

Station (pCi/g) (pCi/g) (pCi/g) 

Ef[ly~nl Can}:gn 
1 0.012 (0.007) 0.024 (0.011) -0.008 (0.002) 
2 0.011 (0.006) 0.033 (0.0 11) 0.130 (0.050) 
T A-50 Outfall 0.712 (0.058) 1.81 (0.107) 0.970 (0.050) 

Mgrlandad CID!Qn 
A 0.005 (0.009) 0.033 (0.010) 0.02 (0.002) 
GS-1 3.91 (0.330) 16.2 (1.20) 11.72 (0.14) 
3 7.69 (0.580) 17.6 ( 1.30) 16.79 (0.17) 
GS-2 7.00 (0.560) 24.6 ( 1.80) 31.96 (0.24) 
4 7.27 (0.550) 26.2 ( 1.80) 33.81 (0.24) 
4.2 1 L7 (0.070) 39.3 (2.30) 22.08 (0.20) 
4.5 4.69 (0.37) 18.9 ( 1.30) 19.85 (0.20) 
4.8 4.26 (0.390) 18.1 ( 1.40) 28.76 (0.22) 
5 7.11 (0.690) 29.7 (2.20) 20.51 (0.19) 
GS-3 4.67 (0.450) 20.1 ( 1.60) 22.60 (0.19) 
5.5 5.67 (0.430) 24.5 ( 1.60) 27.71 (0.22) 
6 6.29 (0.610) 16.2 (1.40) 14.60 (0.16) 
7 3.30 (0.171) 12.2 (0.519) 16.53 (0.17) 
Sediment Trap 1 18.2 ( 1.30) 58.9 (3.90) 79.50 . (0.40) 
Sediment Trap 2 9.71 (0.750) 35.8 (2.60) 51.42 (0.31) 
Sediment Trap 3 2.06 (0.126) 7.06 (0.329) 10.11 (0.13) 
3 2.13 (0.24) 7.17 (0.64) 12.53 (0.15) 
8.2 0.105 (0.018) 0.399 (0.037) 0.56 (0.03) 
10 0.09 (0.02) 0.33 (0.04) 0.31 (0.03) 
II 0.095 (0.024) 0.330 (0.042) 0.01 (0.002) 
12 -0.025 (0.017) 0.010 (0.012) 0.1 (0.0 1) 
13 -0.010 (0.011) 0.089 (0.020) 0.8 (0.002) 

------------
•Location of sediment stations shown on Fig. 31; counting uncertainty in parentheses. 

maintenance of the sediment traps is essential to con
tain residual radioactivity within the Laboratory 
boundaries. 

G. Underground Storage Tanks (James White, Alice 
Barr, David Mcinroy, and Steven McUn) 

Subtitle I of the Hazardous and Solid Waste 
Amendments to the Resource Conservation and Re
covery Act has broadened the scope of underground 
tank regulations. Previously, only Subtitle C of RCRA 
regulated those underground tanks that contained haz-
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ardous waste. Subtitle I now brings underground tanks 
that contain regulated substances under RCRA regula
tion. Along with the requirement for EPA to promul
gate specific regulations, several major provisions have 
been included in this new program. Among them are: 
the requirement to notify of existing tanks; the provi
sion granting EPA authority to inspect the test tanks 
and to enforce regulatory requirements through the 
use of administrative orders, injunctions or civil penal
ties; the provision subjecting tanks controlled by the 
federal government to Subtitle I; and the requirement 
to satisfy statutory standards for new tanks. 



Table 28. RadioniCl idea In Mortandad Canyon 

ChiiiVlel Allwha, J~nt 16, 198~ 

137ca 134ca 60co 57 Co 15se 

Station (pCI/g) (pCi/g) (pCi/g) <pCI/g) (pCi/g) 

Effluent Canyon 

0.24 (0.10) 0.11 (0.09) 0.07 (0.14) 0.39 (0.21) -o.n <0.14> 

2 0.005 (0.01) -o.u <0.09> -o.o1 co.12> 0.02 (0.14) -D.03 (0.09) 

TA·50 OUtfall 0.69 (0.14) 0.21 (0.12) 0.16 (0.13) 1.56 (0.33) 0.11 (0.11) 

Mortand&d Canyon 
mr 

A 0.13 (0.09) 0.03 (0.08) -o.1o <0.11> 0.09 (0.014) 0.003 (0.008) ~g 

GS-1 15.30 (2.31) 0.83 (0.11) 1.13 (0.30) 15.60 (2.36) 2.82 (0.44) u 3 30.20 (4.55) 0.25 (0.18) 0.13 (0.20) 8.23 (1.26) 2.13 (0.36) 

GS-2 48.90 (1.36) 0.10 (0.09) 0.40 (0.16) 4.30 (0.69) 2.00 (0.34) 

4 62.90 (9.46) 0.91 (0.18) 0.35 (0. 14) 3.52 (0.55) 1.92 (0.31) il 10 
~ 4.2 31.60 (4.76) 0.34 (0.11) 0.23 (0.11) 3.00 (0.53) 1.27 (0.24) 

4.5 31.30 (5.63) 0.56 (0.16) 0.18 (0. 11) 1.80 (0.35) 0.13 (0.11) 

4.8 43.20 (6.50) 0.18 (0.15) 0.12 (0.12) 1.99 (0.33) 1.33 (0.23) u 5 23.50 (3.55) 0.29 (0.12) 0.02 (0. 15) 1.15 (0.36) 0.19 (0.18) 

GS·3 39.50 (5.95) 0.84 (0.16) 0.20 (0.12) 1.45 (0.25) 0.76 (0.15) 

_5.5 55.40 (8.33) 0.98 (0.19) 0.24 (0.12) 2.08 (0.35) 1.24 (0.23) -o 

6 53.30 (8.01) 0.16 (0.11) 0.11 (0.16) 1.02 (0.29) 0.21 (0.12) ~~ 

1 29.70 (4.48) 0.34 (0.10) -o. 18 (0. 12) 0.85 (0.21) 0.34 (0.12) 

Sediment Trap 1 96.10 (19.5) 0.24 (0.12) 1.36 (0.26) 11.70 (1.79) 7.64 (1.11) 

Sediment T rep 2 96.50 (14.5) 1.68 (0.28) 0.11 (0.18) 5.52 (0.85) 3.41 (0.52) 

Sediment Trap 3 15.10 (2.29) 0.16 (0.10) -D.19 (0.14) 1.37 (0.36) 0.61 (0.11) 

8 27.40 (4. 13) 0.37 (0.16) 0.21 (0.19) 0.70 (0.32) 0.38 (0. 19) 

8.2 3.12 (0.48) 0.29 (0.10) -o. 14 (0.13) 0.48 (0.21) 0.07 (0.14) 

10 1.60 (0.26) 0.23 (0.11) -o.09 (0.14) 0.66 (0.22) 0.16 (0. 14) 

t1 0.46 (0.13) 0.02 (0.08) -o.21 <0.14> -o.06 (0.12) 0.09 (0.09) 

12 0.63 (0.15) 0.19 (0.11) -o.zo <O. 14> 0.66 (0.24) 0.01 (0.12) 

13 0.23 (0.08) -o.08 (0.09) -o.os <0.12> -o.16 (0.14) 0.09 (0.09) 

---------·-----
8 Location of sediment stations shown in Fig. 31; counting uncertainty in parentheses. 
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In response to these requirements, underground 
storage tanks at the Laboratory were inventoried and 
the results submitted to New Mexico's EID. Leak test
ing was conducted on z:T of the 105 tanks subject to 
Subtitle I, and several leaking tanks were found. The 
major leaks were corrected. Further mitigation will be 
implemented as the need is identified in development 
of a tank management plan. An underground storage 
tank management program is currently being devel
oped that will provide background information, de
scriptions of the tank population and associated regu
latory requirements, a leak detection program, and a 
software package to facilitate data manipulation. 

For new USTs installed after 1988, there is little 
difference between the newly proposed and existing 
regulations regardless of the substance stored. These 
requirements basically mandate design and construc
tion standards, secondary containment provisions, cor
rosion protection, leak detection monitoring. and spill 
and overfill control However, for existing USTs that 
hold regulated substances under Subtitle I of RCRA, 
there are some important differences: (1) a ten-year 
transition period during which existing USTs must be 
upgraded to new UST standards or removed from ser
vice; (2) a three to five year period during which exist
ing USTs must be retrofitted with corrosion protection 
and spill prevention safegwlrds; and (3) a regulatory 
exemption for all USTs that are contained within an 
underground vault, or otherwise having complete sec
ondary containment. This last provision in the pro
posed rules was the main driving force behind the de
velopment of a vault design concept for all new USTs 
at the Laboratory below. 

During 1987, 32 inactive USTs that were used to 
store petroleum products were identified at the labo
ratory. The majority of these tanks were installed in 
the mid-1940s. These tanks were prioritized for re
moval according to age, tank size, and overall envi
ronmental concerns. Residual fuels in these tanks 
were removed by pumping and sold to a recycling firm 
in Albuquerque after being tested to · verify their 
chemical composition. Complete removal of the fust 
nine of these tanks began in August 1987 and included 
the removal of the tank, all associated piping, and any 
contaminated soils which might have been affected by 
leaking hydrocarbons. These excavated materials were 
then decontaminated before final off-site landfill dis
posal. Two leaded gasoline and seven diesel fuel tanks 
were completely removed by late October. A sum
mary of these tanks is shown in Table 29. 
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During the remainder of 1987, the other twenty
three abandoned USTs were emptied of their contents. 
Pan Am World Services has estimated the costs of re
moving . these twenty-three USTs at approximately 
$10,000 per tank; during FY 1988 Pan Am will con
tinue removal operations as funding permits. 

H. PCB Inventory at the Laboratory (Roy Bohn) 

In order to comply with federal, state, and Labo
ratory environmental regulations, the Laboratory's En
vironmental Surveillance Group (HSE-8) coordinated 
a Laboratory-wide program to inventory and label 
polychlorinated biphenyls (PCBs ). 

A PCB hotline was installed and operated by HSE-
8 personnel to record any messages or questions 
regarding PCB contaminated items owned or operated 
by any user group throughout the Laboratory. Each 
division appointed a PCB representative whose 
responsibilities included notifying HSE-8, through the 
PCB hotline, of any equipment owned or operated by 
the division that contained or was suspected to contain 
PCBs. 

Once notified of equipment containing or sus
pected of containing PCBs, HSE-8 sampled the equip-

. ment and submitted the samples to the Laboratory's 
Health and Environmental Chemistry Group (HSE-9) 
for PCB analysis. The analytical results along with 
other information on sample origin (i.e., location and 
type of equipment) are entered into the HSE-8 com
puter data base. The equipment is then labeled either 
as containing PCBs (in concentrations found present) 
or as containing no PCBs. 

The HSE-8 computer data base contains data on 
931 samples analyzed for PCBs in 1987. 

I. Biomoaitoriq or the Laboratory's Uquid Emu
eats (Roy BohD and Charles Nylander) 

HSE-8 has initiated a biomonitoring program at 
the Laboratory in support of its NPDES program. 
Biomonitoring is used as a strategy to evaluate the 
overall toxic: impact of effluents without specifically 
identifying individual contaminants. 

With over 100 NPDES permitted outfalls at the 
Laboratory, consistent monitoring of each effluent is 
not feasible. Outfalls were segregated into nine basic 
categories according to wastewater source. Biomoni
toring samples are collected from one representative 
outfall of each category. Biomonitoring assays using 
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Table 29. Summary of Underground Petroleum Storage Tanks 
Removed in 1987 

Tank Structure Size 
Number (nllons) 

TA-3·318 5,000 
TA-6-47 2,000 
TA-8-60 2,000 
TA-8-61 2,000 
TA-15-52 6,000 
TA-15-274 218 
TA-16-16 1,000 
TA-16-196 4,000 
TA-52-12 400 

Daphnia pula as a test organism are conducted for 

each representative effluent and LCSO values arc cal
culated. To date each outfall has been sampled three 

times and preliminary results indicate that overall wa

ter quality of effluents is good. Biomonitoring sam

pling will continue in 1988. 

J. Nadooal Atmospheric Depositioa Program 
(NADP) Network Stadoa (David Nochumson 

and Michael Trujillo) 

Group HSE-8 operates a wet deposition station 

that is part of the NADP Network. The station is lo

cated at the Bandelier National MonumcnL Composi

tion precipitation samples arc collected on a weekly 

basis. The samples arc initially weighed and analyzed 

for pH and conductivity before being sent out for the 

analysis of the composition of ionic species. The sam

ples are sent out for analysis to a laboratory located at 

Colorado State U Diversity. Summary statistics of the 

data for the four latest completed quarters are pre

sented in Table G-67. 
The magnitude of the ionic: species deposition was 

generally highest in the thir.d quarter of 1987 and low

est during the sec:ond quarter of 1987. The amount of 

precipitation was also lowest during the second quarter 

of 1987. The amount of deposition is quite variable. · 

This variation reflects the variability in the cleanliness 

of the atmosphere that the storm douds have 

contacted. The ions in the rainwater are from nearby 

and distant as well as manmade and natural sources. 

High nitrate and sulfate deposition are most likely 

from manmade sources (motor vehicles, copper 

smelters, and power plants). 
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Substance Stored 

Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Leaded Gasoline 
Diesel 
Leaded Gasoline 
Diesel 

The natural pH of the rainfall, without manmade 

contribution, is unknown. The natural pH is most 

likely higher than 5.6, for rainwater in equilibrium with 

atmospheric carbon dioxide because of the contribu

tion from alkaline soils. For the latest 4 quarters, all 

but two of the weekly samples had pHs below 5.6, 
which indicates contributions from acidic species other 

than carbon dioxide. 

K. Vadose Zone Cbaracterizadon at TA-16, Area P 

(Steven MclJD, David Mcinroy, and Anthony 

Griegp) 

The hydrologic transmitting characteristics of the 

vadose zone in Area P are presently under detailed in

vestigation. These efforts will support the ground wa

ter monitoring waiver that was requested in December 

1987 as required under 40 CFR 265, Subpart F. This 

waiver must demonstrate that there is low potential for 

migration of hazardous wastes or their components 

from the landfill via the uppermost aquifer to water 

supply wells or to surface water in Canon de Valle. 

Based on currently available information, major poten

tial migratory pathways from the landfill include (in 

deaeasing order of importance): (1) surface erosion 

into Canon de Valle waters and subsequent sediment 

transport; (2) shallow percolation into the underlying 

unsaturated tuff with hydraulic interconnection to the 

surface stream; and (3) deep percolation to the major 

freshwater aquifer. Soluble barium nitrate is the ma

jor contaminant of concern, although other substances 

may also be present in the landfill. During a Decem

ber 1987 survey of locations adjacent to the landfill, 

barium concentrations did not exceed 3 mg/L; in the 
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past, barium concentrations have occasionally ex
ceeded 100 mg/L. 

Five neutron moisture access wells and nine ground 
water monitoring wells were installed around the land
fill in 1987. Additional boreholes were also located ap
proximately 240 m (800 ft) south to verify suspected 
stratigraphic unit correlations within the unsaturated 
Bandelier Tuff and to obtain continuous core samples 
from a third borehole for laboratory testing. A thin 
veneer of alluvium (Le., locally less than 1.5 m (5 ft) 
bas been deposited on the floor of Canyon de Valle; 
however, the entire landfill site is underlaid by the 
Bandelier Tuff. Two major lithologic subunits were 
identified at Area P, based on degree of welding. The 
uppermost subunit varies in thickness from about 40 to 
60 m (140 to over 200ft) and consists of unsaturated, 
friable to moderately welded, yellowish-brown tuff. 
The lower subunit is also unsaturated, and consists of a 
densely welded, grey tuff. The top of the major fresh
water aquifer is estimated to be between 240 and 370 
m (800 and 1200 ft) below the surface of Area P. 

Continuous core samples were recovered from well 
P-16A, located immediately south of the western por
tion of the Area P landfill. Total borehole depth was 
about 25 m (80 ft); this test bole was converted to a 
neutron moisture access well when 2.5-in. aluminum 
casing was set. Laboratory testing on selected core 
segments included a determination of saturated hy
draulic conductivity ut:iimng both a constant and 
falling bead procedure, moisture retention character
istics using the hanging column and pressure plate ap
paratuses, initial gravimetric and volumetric moisture 
contents, bulk density, porosity, and unsaturated hy
draulic conductivity as a function of both negative pore 
pressure bead and volumetric moisture contenL This 
information will be utilized in a numerical simulation 
of potential barium migration from the landfill through 
these upper Bandelier Tuff units in order to evaluate 
the likelihood deep ground water contamination. A 
detailed water balance computation and sediment ero
sion characterization study for Canon de Vaile will 
complete the efforts required under the waiver re
quest. 

L. Environmental Studies of TA-49 (William 
Purtymun, Alan Stoker, and Mu Maes) 

From 1959 to 1961, bydronuclear experiments were 
conducted in underground shafts at the Laboratory's 
TA-49. Area TA-49 is located on Frijoles Mesa in the 
southwest corner of the Laboratory between TA-28 
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and TA-33 (Fig. 4). These experiments involved a 
combination of conventional (chemical) high explo
sives, usually in a nuclear weapon configuration, and 
ftSSile material whose quantity was reduced far below 
the amount required for a nuclear explosion. A total 
of 35 bydronuclear experiments and 9 related equa
tion-of-state and criticality experiments, all involving 
some ftSSile material, were conducted. Other experi
ments involving high explosives, but no fiSSile materi
als, were conducted through the same period. 

A total of about 41 kg (90 lb) of plutonium, 93 kg 
(200 lb) of enriched uranium, 82 .kg ( 180 lb) of de
pleted uranium, and 15 kg (33 lb) of beryllium was uti
lized. These materials were dispersed in the bottoms 
of the shafts by detonation of the conventional 
(chemical) high explosives. 

Some plutonium contamination was measured at 
the surface in one experimental area in December 
1960 and was traced to cuttings from a shaft drilled 
during October and November. Plutonium had appar
ently been dispersed through fractures in the tuff by 
the detonation of an experiment in an adjacent, experi
mental shaft. All surface soil contamination ascertain
able by standard procedures and instruments of the 
time was cleaned up and placed back in the shaft from 
which it originated (Purtymun 1987B}. 

Three deep test wells (DT-5A, DT-9, and DT-10} 
are drilled from the surface of the mesa at TA-49 into 
the main aquifer of the Los Alamos area (Fig. 23). 
The depth to the main aquifer is about 360m (1200 ft). 
There is no water perched in beds between the surface 
of the mesa and top of main aquifer. The chemical 
and radiochemical quality of water from these wells 
indicated no contamination from activities at TA-49 
(Sec. VI). 

Eleven sediment surface statio~ were established 
in 1972 in natural drainage from the experimental ar
eas. A twelfth station was added in 1981 as the 
drainage was changed (Fig. 32). Samples collected in 
1986 and 1987 indicated sediments at Station A-3 con
tained plutonium concentrations in excess of back
ground (Table G-68). The concentrations are below 
cleanup levels (100 pCi/g) and are from the chemistry 
building (removed) at Area 11. The~. 137Cs, total U 
and gross gamma analytical results were at or near 
background levels. 

Sediments from the twelve stations were analyzed 
for chemical constituents extracted from sediments 
downgradient from the experimental area (Fig. 31). 
The results of the analyses indicated constituents were 
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below limits of detection or EP toxic: c:riteria con

centrations where applicable (Table G-69). 
M. Quality oC Surface and Ground Water AdJa· 

cent to the Los Alamos National Laboratory: 

Storm run-off samples were taken from four sta

tions in late August and early September. The 137Cs 

and plutonium in solution and plutonium in suspended 

sediments were at or below background indicating no 

detectable transport in storm run-off (Table G-70). 

The chemical quality of the run-off contained only 

naturally occurring constituents (Table G-71). 
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Organic: Compounds (William Purtymuo, 
Roger Ferenbaugb, and Mu Maes) 

Surface and ground water samples were collected 

from 43 stations representing the major occurrences of 

natural and municipal water and industrial and sani

tary effluents in the Los Alamos area (Fig. 33). The 
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Fig. 33. Surface and ground water locations sampled for organic analyses. 

samples were analyzed for volatile organics (35 com
pounds), semi-volatile organics (65 compounds), BNA 
fraction, pesticides (20 compounds), herbicides (3 
compounds), polychlorinated biphenyls (7 com
pounds), and cyanides. The investigation was made to 
investigate possible areas of organic contamination for 
further study; however, the impact of organic contami
nation in surface and ground water is minimal. A lim
ited program of organic monitoring will be incorpo
rated into the annual surveillance of surface and 
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ground water in and adjacent to the Laboratory at Los 
Alamos (Purtym.un 1988); 

N. Radiation Levels from LAMPF Emissions (Brent 
Bowen, William Olsen, 1-U Chen, and Donald 
VanEtten) 

The monitoring network of high-pressure ioniza
tion chambers (HPICs) used to measure external radi
ation from LAMPF emissions was expanded to seven 
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units during 1987. Three HPICs continued to monitor 

external radiation levels north, north-northeast, and 

northeast of l.AMPP, across the Los Alamos Canyon 

during most of the LAMPP operating cycle, June 

through November. The other four units were placed 

at various locations for shorter periods of time. Loca· 

tions included Kwage Mesa (2.0 km [1.2 mi] north of 

LAMPF), Bayo sewage treatment plant (2.3 km [1.4 

mi] northeast of LAMPP in Bayo Canyon), locations 

north-northwest and east-northeast of LAMPP aaoss 

Los Alamos Canyon, 0.8 km (0.5 mi) east of LAMPP, 

0.5 km (0.3 mi) northwest of LAMPP in Los Alamos 

Canyon, sites 1.2-2.6 km (0.7-1.6 mi} south to $0Uth· 

west of LAMPP on mesas, and a site west-southwest of 

LAMPP in Mortandad Canyoa. Most of the siting 

took advantage of the high frequency of south to 

southwesterly and north to northeasterly winds caused 

by Rio Grande Valley channeling. 
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Results to date confirm that the highest external ra

diation levels are transported toward the northeast and 

north-northeast. However, the highest short-term (an 

hour or so) levels of over 100 J.LR/hour were found 

east of LAMPP, with over the mesa transport. Higher 

short-term levels were also found north of LAMPF. 

External radiation dropped off by SO% or so with in
creases in downwind distance of 0.8-2.0 km (0.5-1.2 

mi). Above-background external radiation was de

tected at all canyon sites, especially in Los Alamos 

Canyon, at 0.5 km (0.3 mi) downwind. Radiation lev

els occasionally exceeded 50-60 J.J.R/h at this site. 

Much of these levels may be a result of shine of the 

LAMPP plume traveling overhead. Predicted external 

radiation levels using on-site meteorological data and 

release data agree well with measured concentrations 

at all sites. 
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APPENDIX A 

STANDARDS FOR ENVIRONMENTAL CONTAMINANTS 

Throughout this report, concentrations of ra
dioactive and chemical constituents in air and water 
samples are compared with pertinent standards and 
guidelines in regulations of federal and state agencies. 
No comparable standards for soils, sediments, and 
foodstuffs are available. Laboratory operations are 
conducted in accordance with directives and proce
dures regarding compliance with environmental stan
dards. These directives are captained in DOE Orders 
5480.18 (Environmental Protection, Safety, and 
Health Protection Program for DOE Operations), 
5480.1 (Environmental Protection, Safety, and Health 
Protection Standards) and 5480.11 (Requirements for 
Radiation . Protection); and DOE Order 5484.1 
(Environmental Radiation Protection, Safety, and 
Health Protection Information Reporting Require
ments), Chapter III (Effluent and Environmental 
Monitoring Program Requirements). All of these 
DOE orders are being revised. 

The DOE regulates radiation exposure to the pub
lic and the worker by limiting the radiation dose that 
can be received. Because some radionuclides remain 
in the body and result in exposure long after intake, 
DOE requires consideration of the dose commitment 
caused by inhalation. ingestion, or absorption of such 
radionuclides. This involves integrating the dose re
ceived from radionuclides over a standard period of 
time. For this report, .50-yr dose commitments were 
calculated using dose factors from Reference A1. The 
dose factors adopted by DOE are based on the recom
mendations of Publication 30 of the International 
Commission on Radiological Protection (ICRP).A2 
Those factors used in this report are presented in Ap
pendix D. 

In 1985, DOE adopted interim limits that lowered 
its Radiation Protection Standard (RPS) for members 
of the general public.AJ Table A-1 lists currently 
applicable RPS for operations at the I.:aboratory. 
Concentrations of radionuclides that are measured at 
on-site stations are compared with DOE's Concentra
tion Guides (CGs) for ControUed Areas as listed in 
DOE Order 5480.1, Chapt. 11 (Table A-2). Off-site 
measurements are compared with DOE's Derived 
Concentration Guides (DCGs) for Uncontrolled Ar
eas, based upon a revised RPS for the general public 
of 100 mrem/yr effective dose equivalent.A4 These 
DCGs represent the smailest estimated concentrations 
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in water or air, taken in continuously for a period of 50 
yr, that will result in annual effective dose tquivalents 
equal to the RPS of 100 mrem. The new RPSs and the 
information in Reference Al are based on recommen
dations of the ICRP and of the National Commission 
on Radiation Protection and Measurements 
(NCRP).A2.A3.A4 

The effective dose equivalent is the hypothetical 
whole-body dose that would result in the same risk of 
radiation-induced cancer or genetic disorder as a given 
exposure to an individual organ. The effective dose is 
the sum of the individual organ doses, weighted to ac
count for the sensitivity of each organ to radiation-in
duced damage. The weighting factors are taken from 
the recommendations of the ICRP. The effective dose 
equivalent includes dose from both internal and exter
nal exposure. 

Radionuclide concentrations in air and water in un
controUed areas measured by the Laboratory's surveil
lance program are compared to DCGs in this report. 
In addition to the 100 mrem/yr effective dose RPS, ex
posures from the air pathway are also limited by the 
EPA's standard of 25 mrem/yr (whole body) and 75 
mrem/yr (any organ) (Table A-1). To demonstrate 
compliance with these standards, doses from the air 
pathway are compared directly with the EPA dose lim
its. 

For chemical constituents in drinking water, stan
dards have been promulgated by the EPA and adopted 
by the New Mexico Environmental Improvement Divi
sion (Table A-3). The EPA's primary Maximum 
Contaminant Level (MCL) is the maximum permissi
ble level of a contaminant in water that is delivered to 
the outlet of the ultimate user of a public water sys
tem.A7 The EPA's secondary water standards control 
contaminants in drinking water that primarily affect es
thetic qualities associated with public acceptance of 
drinking water.A8 At considerably higher con
centrations of these contaminants, health implications 
may arise. 

Radioactivity in drinking water is ~ated by EPA 
regulations contained in 40 CFR 141. These regula
tions provide that combined 226Ra and 228Ra may not 
exceed 5 x w·9f-LCi/mL. Gross alpha activity (including 
226Ra, but excluding radon and uranium) may not ex
ceed 15 x 10'9f-LCi/mL. 
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Table A-1. DOE Radiation Protectioa Standards for 
External and Internal Exposures 

Exposure of Any Member of the Publica 

I. All Pathways 

Occasional annualc: exposure 
Prolonged annualc exposure 

No individual organ shall 
receive an annual dose 
equivalent in excess of 
5000 mrem. 

2. Air pathway onlyd 

Whole body dose 
Any organ 

Annual Effective Dose Equivalentb at 
Point of Maximum Probable Exposure 

500 mrem 
100 mrem 

Annual Dose Equivalent at Point of 
Maximum Probable Exposure 

25 mrem 
75 mrem 

Occupational Exposures 01 

Type of Exposure 

Whole body, head and trunk, 
gonads, lens of the eye•, 
red bone marrow, active 
blood forming organs 

Unlimited area of the skin 
(except flands and forearms); 
other c · ,lns, tissues, and 
organ systems (except bone) 

Bone 

Forearms£ 

Hands and feetr 

Exposure Period 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Quarter 
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Dose Equivalent 

5 000 mrem 
3 000 mrem 

15 000 mrem 
5 000 mrem 

30 000 mrem 
10 000 mrem 

30 000 mrem 
10 000 mrem 

75 000 mrem 
25 000 mrem 

' 
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Table A-1 (coot) 

aln keeping with DOE policy, exposures shall be limited to as small a fraction of 
the respective annual dose limits as practicable. These Radiation Protection 
Standards apply to exposures from routine Laboratory operation, excluding 
contributions from cosmic, terrestrial, global fallout, self-irradiation, and medical 
diagnostic sources of radiation. Routine operation means normal, planned 
operation and docs not include actual or potential accidental or unplanned releases. 
Exposure limits for any member of the general public are taken from Reference 
A3. Limits for occupational exposure are taken from DOE Order 5480.11. 
bAs used by DOE, effective dose equivalent includes both the effective dose 
equivalent from external radiation and the committed effective dose equivalent to 
individual tissues from ingestion and inhalation during the calendar year. 
cFor the purposes of DOE's Radiation Protection Standard, a prolonged exposure 
will be one that lasts, or is predicted to last, longer than 5 years. 
dThese levels are from EPA's regulations promulgated under the Clean Air Act(40 
CFR 61, Subpart H). 
•Beta exposure below 700 keY will not penetrate the lens of the eye; therefore, the 
applicable limit for beta radiation of these energies would be that for skin, 15 000 
mrem/year. 
!All reasonable effort should be made to keep exposure of forearms and hands 
within the general limit for skin. 
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Table A-2. DOE's Derived Concentration Guides (DCG) for Uncontrolled Areas and 

Concentration Guides (CG) for Controlled Areas 0Ci/mL)a 

DCGs for CGs for 

L[n~gntrglled Areas ~on troll Areas 

Nuclide Air W!!t~r Air Water 

x to-7 2 X 10-3 5 X 10-6 X 10-1 

5 X 10"8 1 X 10"3 1 X 10-6 5 X 10-2 

3 X 10"10 2 X 10-5 3 X 10-a 3 X to·• 

9 X 10"12 1 X 10"6 1 X 10-9 I X 10·5 

4 X 10"10 3 X 10"6 I X 10"8 4 X 10"" 

9 X 10"14 5 X 10"7 1 X 10-10 I X 10"" 

1 X 10"13 6 X 10"7 1 X I o·10 1 X 10"" 

1 X 10"13 6 X 10·7 7 X 10-11 2 X 10-5 

3 X 10"14 4 x to-7 2 X to-12 I x 10"" 
2 X 10"14 3 X 10"7 2 X 10-12 I x to·• 

2 X 10"14 3 x to-7 2 X 10-12 l X 10"4 

2 x to-14 6 X 10"7 6 X 10-12 l X 10-4 

(pg/ms) (mg/L) (pgjm3) (mg/L) 

U, naturale 1 X 10+6 8 X 10"1 2 X 10+8 6 X 10+1 

a.Guioes for uncontrolled areas are based upon DOE's Radiation Protection Standard 

(RPS) for the general public;As those for controlled areas are based upon 

occupational RPSs for DOE Order 5480.11. Guides apply to concentrations in excess 

of those occurring naturally or due to fallout. 

bGuides for 239Pu and 90Sr are the most appropriate to use for gross alpha and gross 

beta, respectively. 

cone curie of natural uranium is equivalent to 3000 kg of natural uranium. 

Therefore, uranium masses may be converted to DOE's "uranium special curie" by 

multiplying by 3.3 x 10"13 f-1-Cijpg. 
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Table A-3. Maximum Contaminant Level (1\ICL) in Water Supply for 
Inorganic Chemicals and Radiochemicalsa 

Inorganic Chemical 
Contaminant 

Ag 
As 
Ba 
Cd 
Cr 
Fe 
Hg 
N03 (as N) 
Pb 
Se 

Cl 
Cu 
Fe 
Mn 
so. 
Zn 
TDS 
pH 

MCL Radiochemical 
(mg/L) Contaminant 

Primary Standard 

0.05 
0.05 Gross alpha b 
l 3H 
0.010 238pu 
0.05 239Pu 
2.0 
0.002 

10 
0.05 
0.01 

Secondary Standards 

250 
l 
0.3 
0.05 

250 
5.0 

500 
6.5 - 8.5 

asource: References A 7 and A8. 

MCL 
(uCi/mL) 

15 X 10-9 

20 X: 10-6 

15 X: 10-9 

15 X: 10-9 

bsee text for duscussion of application of gross alpha MCL and gross beta 
screening level of 5 x 10·9 ).JCi/mL. 
cHased on annual average of the maximum daily air temperature of 14.7 to 17.6°C. 
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A screening level of 5 x 10"9 CijmL is established 
to determine when analysis specifically for radium iso
topes is necessary. In this report, plutonium concen
trations are compared with the gross alpha standard 
for drinking water (Table A-3). For manmade beta 
and photon emitting radionuclides, drinking water 
concentrations are limited to concentrations that 
would result in doses not exceeding 4 mrem/yr, calcu
lated according to a specified procedure. 

The EPA established minimum concentrations of 
certain contaminants in a water extract from wastes for 
designation of these wastes as hazardous by reason of 
toxicity.A9 The Extraction Procedure (EP) must fol
low steps outlined by EPA in 40 CFR 261, Appendix 
II. In this report, the EP toxicity minimum concentra
tions (Table A-4) are used to compare to concentra
tions of selected constituents in extracts from the 
Laboratory's active waste areas. 
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Table A-4. Minimum Concentrations of 
Inorganic Contaminants for Meeting 

EPA's Extraction Procedure (EP) 
Toxicity Characteristic 
. for Hazardous Waste• 

Contaminant 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

asource: Reference A9. 

Criteria 
Concentration 

(mg/L) 

5.0 
100.0 

1.0 
1.0 
5.0 
0.2 
1.0 
5.0 

tor, Office of Environmental Guidance, U.S. 
Department of Energy (February 28, 1986). 
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APPENDIX B 

PROCEDURES FOR SAMPLING, DATA HANDLING, 
AND QUALITY ASSURANCE 

A. Thermoluminescent Dosimeters 

The thermoluminescent dosimeters (TLDs) used at 
the Laboratory are lithium fluoride (LiF) chips, 6.4 
mm square by 0.9 mm thick. The TLDs, after being 
exposed to radiation, emit light upon being heated. 
The amount of light is proportional to the amount of 
radiation to which the TLD was exposed. The TLDs 
used in the Laboratory's environmental monitoring 
program are insensitive to neutrons, so the contribu
tion of cosmic neutrons to natural background radia
tion is not measured. 

The chips are annealed to 400°C (752"F) for 1 h 
and then cooled rapidly to room temperature. This 
followed by annealing at 100°C (212"F) for I h and 
again cooling rapidly to room temperature. In order 
for the annealing conditions to be repeatable, chips are 
put into rectangular borosilicate glass vials that hold 48 
LiF chips each. These vials are slipped into a borosili
cate glass rack so they can be placed at once into the 
ovens maintained at 400°C and 100°C. 

Four LiF chips constitute a dosimeter. The LiF 
chips are contained in a two part threaded assembly 
made of an opaque yellow acetate plastic. A calibra
tion set is prepared each time chips are annealed. The 
calibration set is read at the start of the dosimetry cy
cle. The number of dosimeters and exposure levels are 
determined for each calibration in order to efficiently 
use available TLD chips and personnel Each set 
contains from 20 to 50 dosimeters. These are irradi
ated at levels between 0 mR and 80 mR using an 8.5 
mCi 137Cs source calibrated by the National Bureau of 
Standards. 

A factor of 1 rem (tissue) = 1.050 mR is used in 
evaluating the dosimeter data. This factor is the recip
rocal of the product of the roentgen-to-cad conversion 
factors of 0.958 for muscle 137Cs and of 0.994, which 
corrects for attenuation of the primary radiation beam 
at electronic equilibrium thickness. A rad-to-rem con
version factor of 1.0 for gamma rays is used as rec
ommended by the International Commission on 
Radiation Protection. 81•82 A method of weighted least 
squares linear regression is used to determine the rela
tionship between TLD reader response and dose 
(weighting factor is the variance).83 
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The TLD chips used are all from the same pro
duction batch and were selected by the manufacturer 
so that the measured standard deviation in 
thermoluminescent sensitivity is 2.0 to 4.0% of the 
mean at a 10 R exposure. At the end of each field cy
cle, whether calendar quarter or the Los Alamos Me
son Physics Facility operation cycle, the dose at each 
network location is estimated from the regression 
along with the regression's upper and lower 95% con
fidence limits at the estimated value. 84 At the end of 
the calendar year, individual field cycle doses are 
summed for each location. Uncertainty is calculated 
as summation in quadrature of the individual 
uncertainties. 83 

Further details are provided in the TLD quality as
surance project plan. BS 

B. Air Sampling 

Samples are collected monthly at 26 ~ontinuously 
operating stations. 86 Air pumps with flow rates of 
about 3 L/sec are used. Airborne aerosols are col
lected on 79 mm diameter polystyrene filters. Each 
filter is mounted on a cartridge that contains charcoal. 
This charcoal is not routinely analyzed for radioactiv
ity. However, if an unplanned release occurs, the 
charcoal can be analyzed for any 1311 it may have col
lected. Part of the total air flow is passed through a 
cartridge containing silica get to absorb atmospheric 
water vapor for tritium analyses. Air flow rates 
through both sampling cartridges are measured with 
rotameters and sampling times recorded. The entire 
air sampling train at each station is cleaned, repaired, 
and calibrated as-needed. 

Two clean, control filters are used to detect any 
possible contamination of the 26 sampling filters while 
they are in transit. The control fllters accompany the 
26 sampling ftlters when they are placed in the air sam
plers and when they are retrieved. The control filters 
are analyzed for radioactivity along with the 26 sam
pling fllters. Analytical results for the control filters 
are subtracted from the appropriate gross results to 
obtain net data. 

At one on-site location (N050 E040), airborne ra
dioactivity samples are collected weekly. Airborne 
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particulate matter on each filter is counted for gross 

alpha and gross beta activities, which help trace 

temporal variations in radionuclide concentrations in 

ambient air. The same measurements are made 

monthly on a filter from the Espanola (Station 1) re

gional air sampler. 
On a quarterly basis, the monthly ftlters for each 

station are cut in half. The filter halves are combined 
to produce two quarterly composite samples for each 

station. The first group is analyzed for 238Pu, 
239·24<1>u, and 241A.m (on selected fllters). The second 
group of fllter halves is saved for uranium analysis. 

Filters from the first composite group are ignited in 

platinum dishes, treated with HF-HN03 to dissolve 

silica, wet ashed with HNOf~02 to decompose or
ganic residue, and treated wtth HN03-HC1 to ensure 

isotopic equilibrium. Plutonium is separated from the 

resulting solution by anion exchange. For 11 selected 

stations, americium is separated by cation exchange 

from the eluant solutions resulting from the plutonium 

separation process. The purified plutonium and 

americium samples are separated, electrodeposited, 

and measured for alpha-particle emission with a solid 

state alpha detection system. Al&ha particle energy 

ioups associated with decay of Pu, 239·24<1>u, and 
41A.m are integrated and the concentration of each 

radionuclide in its respective ftlter sample calculated. 

This technique does not differentiate between 239Pu 

and 24<1>u. Uranium analyses by neutron activation 

analysis (see Appendix C) are done on the second 

group of filter halves. 
Silica gel cartridges from the 26 air sampling sta

tions are analyzed monthly for tritiated water. The 

cartridges contain blue "indicating" gel to indicate the 

degree of desiccant saturation. During cold months of 

low absolute humidity, sampling flow rates are in
creased to ensure collection of enough water vapor for 

analysis. Water is distilled from each silica get car

tridge and an aliquot of the distillate is analyzed for tri
tium by liquid scintillation counting. The amount of 

water absorbed by the silica get is determined by the 

difference between weights of the gel before and after 

sampling. 
Analytical quality control for analyses done in the 

air sampling program are described in Appendix C. In 

brief, both blanks and standards are analyzed in con

junction with normal analytical procedures. About 

10% of the analyses are devoted to quality control. 

Further details may be found in the air sampling 

quality assurance project plan. 87 

ll4 

C. Water Sampling 

Surface and ground water sampling stations are 

grouped by location (regional, perimeter, onsite) and 

hydrologic similarity. Water samples are taken once 

or twice a year. Samples from wells are collected after 

sufficient pumpage or bailing to ensure that the sample 

is representative of the aquifer. Spring samples 
(ground water) are collected at the discharge point. 

The water samples are collected in 4 L (for ra

diochemical) and 1 L (for chemical) polyethylene bot

tles. The 4-L bottles are acidified in the field with 5 
mL of concentrated nitric acid and returned to the 

laboratory within a few hours of sample collection for 

filtration through a 0.45")Jlll pore membrane filter. 

The samples are anal~d radiochemically for 3H, 
137Cs, total U, 238Pu and 239·240pu, and as well as for 

gross alpha, beta, and gamma activities. Water sam

ples for chemical analyses are handled similarly. 
Storm run-off samples are analyzed for radionu

clides in solution and suspended sediments. The sam

ples are flltered through a 0.45- m fllter. Solution is 

defmed as filtrate passing through the fllter, while sus

pended sediment is defmed as the residue on the filter. 

Further details may be found in the water sampling 

quality assurance project plan. 08 

D. Soil and Sediment Sampling 

Two soil sampling procedures are used. The first 

procedure is used to take surface composite samples. 

Soiled samples are collected by taking 5 plugs, 75 mm 

(3.0 in.) in diameter and 50 mm (2.0 in.) deep, at the 

center and corners of a square area 10 m (33 ft) on a 

side. The five plugs are combined to form a composite 

sample for radiochemical analysis 
The second procedure is used to take surface and 

subsurface samples at one sampling location. Samples 

are collected from three layers in the top 30 em ( l2 

in.) of soil. A steel ring is placed on the surface of the 

soil at the sampling point. The soil enclosed by the 

ring is then collected by undercutting the ring with a 

metal spatula. A second spatula is then placed on top 

of the ring and the sample is transferred into a plastic 

bag and labelled. 
All three layers are preserved by freezing. All 

equipment used for collection of these samples is 

washed with a soap and water solution and dried with 

paper towels. This is done before each sample is taken 

to reduce the potential for cross contamination. 
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Sediment samples are collected from dune buildup 
behind boulders in the main channels of perennially 
flowing streams. Samples from the beds of in
termittently flowing streams are collected in the main 
channel. 

Depending on the reason for taking a particular 
soil or sediment sample, it may be analyzed to detect 
any of the following; gross alpha and beta activities. 
90Sr, total uranium, 137Cs, 238Pu, and 239.240pu. Mois
ture distilled from soiled samples may be analyzed for 
3H. 

Further details may be found in the soil and sedi
ment sampling quality assurance plan.88 

E. Foodstuffs Sampling 

Local and regional produce are sampled annually. 
Fish are sampled annually from reservoirs upstream 
and downstream from the Laboratory. 

Produce and soil samples are collected from local 
gardens in the fall of each year.89 Each produce or 
soil sample is sealed in a labeled, plastic bag. Samples 
are refrigerated until preparation for chemical analy
sis. Produce samples are washed as if prepared for 
consumption and quantitative wet, dry, and ash weights 
are determined. Soils are split and dried at 100°C 
(212~) before analysis. A complete sample bank is 
kept until all radiochemical analyses are completed. 
Water is distilled from samples and submitted for tri
tium analysis. Produce ash and dry soil are submitted 
for analyses of 90Sr, 137Cs, total uranium, 238Pu, and 
239,240Pu. 

At each reservoir, hook and line, trot line, or gill 
nets arc used to capture f1Sh.89 Fish, sediment, and 
water samples are transported under ice to the Labo
ratory for preparation. Sediment and water samples 
are submitted directly for radiochemical analysis. Fish 
are individually washed as if for consumption, dis
sected, and wet, dry, and ash wei~ts determined. Ash 
is submitted for analysis of 90Sr, 137Cs, total uranium, 
238 Pu, and 239·240Pu. 

Further information may be found in the foodstuffs 
sampling quality assurance project plan.810 

F. Meteorological Monitoring 

Meteorological data are continuously monitored on 
instrumented towers at five Laboratory locations. 
Measurements include wind speed and direction, stan
dard deviations of wind speed and direction, vertical 
wind speed and its standard deviation, air temperature, 
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dewpoint temperature, relative humidity, solar radia
tion, and precipitation. 

These parameters are measured at discrete levels 
on the towers at heights ranging from ground level to 
91 m (300 ft). Each parameter is measured every 3 to 5 
sec and averaged or summed over 15 minute intervals. 
Data are recorded on digital cassette tape or transmit
ted by phone line to a microcomputer at the Occupa
tional Health Laboratory at TA-59. 

Data validation is accomplished with automated 
and manual screening techniques. One computer code 
compares measured data with expected ranges and 
make comparisons based on known meteorological re
lationships. Another code produces daily plots of data 
from each tower. These graphics are reviewed to pro
vide another check of the data. This screening also 
helps to detect problems with the instrumentation that 
might develop between the annual or semi-annual 
(depending upon the instrument) calibrations. 

Further details may be found in the meteorological 
monitoring quality assurance project plan. 811 

G. Data Handling 

Measurements . of the radiochemical sam pies re
quire that analytical or instrumental backgrounds be 
subtracted to obtain net values. Thus. net values that 
are lower than the minimum detection limit of an ana
lytical technique (see Appendix C) are sometimes ob
tained. Consequently, individual measurements can 
result in values of zero and negative numbers. Al
though a negative value does not represent a physical 
reality, a valid long-term average of many measure
ments can be obtained only if the very small and nega
tive values are included in the population. 012 

For individual measurements, uncertainties are re
ported as the standard deviation. These values are as
sociated with the estimated variance of counting, and 
indicate the precision of the counts. 

Standard deviations (s) for the station and group 
(regional, perimeter, onsite) means are calculated us
ing the following equation: 

N 

I (c-c/ 
i=l 

s = 
(N-1) 
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where, 

ci = concentration for sample i, 
c = means of samples from a given station or group, 
and 
N = number of samples comprising a station or a 
group. 

This value is reported as the uncertainty for the station 
and group means. 

H. Quality Assurance 

Collection of samples for chemical and radio
chemical analyses follow a set procedure to ensure 
proper sample collection, documentation, submittal for 
chemical analysis, and posting of analytical results. 

Before sample collection, the schedule and pro
cedures to be followed are discussed with the chemist 
or chemists involved with doing the analyses. The dis
cussion includes: 

1. Number and type of samples. 
2. Type of analyses and required limits of detec

tion. 
3. Proper sample containers. 
4. Preparation of sample containers with preser

vative, if needed. 
5. Sample schedule to ensure minimum holding 

time of analyses to comply with EPA criteria. 
The Health and Environmental Chemistry Group 

(HSE-9) issues to the collector a block of sample num
bers (e.g., 86.0071) with individual numbers assigned 
by the collector to individual station. These sample 
numbers follow the sample from collection through 
analyses and posting of individual results. 

Each number, a single sample, is assigned to a par
ticular station and is entered into the collector's log 
book. After the sample is collected, the date, time, 
temperature (if water), other pertinent information, 
and remarks are entered opposite sample number and 
station previously listed in the log book. 

The sample container is labeled with station name, 
sample number, date, and preservative, if added. 

After the sample is collected, it is delivered to the 
Group HSE-9 section leader. The section leader 
makes out a numbered request form entitled "HSE-9 
Analytical Chemical Request." The request form num
ber is entered in the collector's log book opposite sam
ple numbers submitted along with the date delivered to 
chemist. The analytical request form serves as "chain
of-custody" for the samples. 
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The analytical request form contains the following 
information related to ownership and sample program 
submitted as (1) requestor (i.e., sample collector), (2) 
program code, (3) sample owner (i.e., program man
ager), (4) date, and (5) total number of samples. The 
second part of the request form contains (1) sample 
number or numbers, (2) matrix (e.g., water), (3) types 
of analyses (i.e., specific radionuclide and/or chemical 
constituent), ( 4) technique (i.e., analytical method to 
be used for individual constituents), (5) analyst (i.e., 
chemist to perform analyses), (6) priority of sample or 
samples, and (7) remarks. One copy of the form goes 
to the collector for his me and the other copies follow 
the sample. 

Quality contra~ analytical methods and procedures, 
and limits of detection related to Group HSE-9's ana
lytical work are presented in Appendix C. 

The analytical results are returned to the sample 
collector who posts data according to sample and sta
tion taken from the log book. These data sheets are 
included in the report and are used to interpret data 
for the report. 

Further details may be found in the qualiff.; as
surance project plan for each program.85•87·88·81 .Bll 
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APPENDIX C 

ANALYTICAL CHEMISTRY METHODOLOGY 

Most analyti.cal chemistry is provided by the En
vironmental and Health Chemistry Group (HSE-9). 
Overflow work is contracted to several commercial 

laboratories. 

A. Radioactive Constituents 

Environmental samples are routinely analyzed for 
the following radioactive constituents: gross alpha. 

beta. and gamma. isotopic plutonium, americium, ura

nium, cesium, tritium, and strontium. The detailed 
procedures have been published in this appendix in 
previous years. CI,C2 Occasionally other radionuclides 

from s£<:cific sources are determined: 7s;,C2Na. 401<, 
5Icr, Co, 6.5Zn, ~b. ~~u. 134cs, l""'Ba. l52Eu. 
154Eu. and ~a. All but 226Ra are determined by 

gamma-ray spectrometry on large Ge(Li) detectors. 

Depending upon the concentration and matrix, 226Ra 

is measured by emanationC3 or by gamma-ray 
spectrometry of its 214Bi decay product.C4 Uranium 

isotopic ratios e35u /238U) are measured by neutron 

activation analysis where precisions of .±5% are 
adequate.cs More precise work require mass spectro

metry. Group HSE-9 acquired a VG-Instruments 

PlASMAQUAD Inductively Coupled Plasma Mass 

Spectrometer (ICPMS) in early 1986. Uranium iso
topic ratios can be readily determined in envi

ronmental materials with precisions of 1-2% RSD at 

considerably reduced cost relative to neutron activa

tion. 

B. Stable Constituents 

A number of analytical methods are used for vari

ous stable isotopes. The choice of method is based on 

many criteria. including the operational state of the in

struments, time limitations, expected concentrations in 
samples, quantity of sample available, sample matrix, 

and Environmental Protection Agency (EPA) regula

tions. 
Instrumental techniques available include neutron 

activation, atomic absorption, ion chromatography, 

color spectrophotometry (manual and automated), po

tentiometry, combustion analysis, and ICPMS. Stan

dard chemical methods are also used for many of the 

common water quality tests. Atomic absorption 
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capacities include flame, furnace, mercury cold vapor, 
and hydride generation, as well as flame emission 
spectrophotometry. The methods used and references 

for determination of various chemical constituents are 

summarized in Table C-1. In 1986 the EPA Region-6 
administration granted HSE-9 limited approval for al
ternative test procedures for uranium in drinking wa

ter (delayed neutron assay) and for flow injection 
(without distillation) for chloride in drinking water 

and waste water. EPA approved for other modified 

methods is being actively sought. 

C. Organic Constituents 

Environmental water samples are analyzed by 

EPA or modified EPA methodology. Methods in use 

are supported by the use of documented 

spike/recovery studies, method and field blanks, ma

trix spikes, surrogate spikes, and blind quality control 

samples. EPA procedures are modified in order to 

take advantages of recent advances in analytical sep

aration and analysis techniques. Volatile organics are 

analyzed by a modification of EPA 624 [purge and 

trap/gas chromatography /mass spectrometry 
(PT/GC/MS)]. Semivolatile organics are analyzed by 
a variety of methods including 604 (phenols), 606 

(phthalate esters), 608 (organochlorine pesticides and 

PBCs), 609 (nitroaromatics), 610 (polynuclear aro

matic hydrocarbons), 612 (chlorinated hydrocarbons), 

and 625 (semivolatiles by GC/MS). For samples in a 

solid matrix, comparable methods found within EPA's 

document SW-846 are used with suitable modifica

tions as needed. Manual and automated methods 

have been developed using neutron activation to 

screen oil samples for potential PCB contamination 

via total chlorine determination. 
Instrumentation available for organic analysis in

cludes gas chromatographs with a variety of detector 
systems including mass spectrometry, flame ionization, 
and electron capture. Also available is a high pressure 

liquid chromatograph equipped with a UV and refrac

tive index detection system, an infrared spectropho

tometer, and a UV /visible spectrophotometer for col
orimetric analyses. Methods used for sample prepara
tion include solvent extraction, soxhlet extraction, liq

uid/liquid extraction, kuderna danish concentration, 
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Table C-1. Analytical Methods for Various Stable Constituents 

Techniaue 

Standard Chemical Methods 

Color Spectrophotometry 

Neutron Activation 

Instrumental Thermal 

Instrumental Epithermal 

Thermal Neutron Capture 

Gamma Ray 

Radiochemical 

Delayed Neutron Assay 

Atomic Absorption 

Stable Constituents Measured 

Total Alkalinity, Hardness, 

S0
3

"2, S04" 2, TDS, Conducti

vity, COD 

AI, Sb, As, Ba, Br, Ca, Ce, 
Cs, Cl, Cr, Co, Dy, Eu, Au, 
Hf, In, I, Fe, La, Lu, Mg, 
Mn, K, Rb, Sm, Sc, Se, Na, 

Sr, S, Ta, Tb, Th, Ti, W, 
V, Yb,Zn 

AI, Sb, As, Ba, Br, Cs, 

Cr, F, Ga, Au, In, I, La, 
Mg, Mn, Mo, N i, K, Sm, Se, 
Si, Na, Sr, Th, Ti, W, U, Zn, 

Zr 

AI, B, Ca, Cd, C, Gd, H, Fe, 

Mg, N, P, K, Si, Na, S, Ti 

Sb, As, Cu, Au, lr, Hg, Mo, 

Os, Pd, Pt, Ru, Se, Ag, Te, 

Th, W, U, La, Ce, Pr, Nd, 

Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Yb, Lu, 235U/238U, 238Pu, 

239pu 

u 

Sb, As, Ba, Be, Bi, Cd, Ca, 

Cr, Co, Cu, Ga, In, Fe, Pb, 

Li, Mg, Mn, Hg, Mo, Ni, K, 

Se, Ag, Na, Sr, Te, Tl, Sn, 
Ti, V, Zn, AI 
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References 

C6, C65 

C6, C65 

C7, Cl2, Cl3, Cl4, Cl5 

C65 

C7, C9, CI6, Cl7, Cl8, 

Cl9, C20, C21, C65 

C7, C22, C23, C24, C25, 

C26, C27, C29, C65 

C5, C6, C7, C30, C31, 

C32, C33, C34, C35, C36, 

C37, C38, CSI, C65 

C7, C8, CIO, Cll, C39, 

C40, C65 

C6, C41, C43, C44, C45, 

C46, C47, C48, C52, C53, 

C54, C65 



Technique 

Inductively Coupled Plasma 

Mass Spectrometry 

Ion Chromatograpy 

Potentiometric 

Combustion 

Corrosivity 

Ignitability (Flash point) 

Automated Colorif!1etry 
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Table C-1 (coot) 

Stable Constituents Measured 

Sb, As, Ba, Be, B, Bi, Cd, Cr, 

Co, Cu, Ga, In, Pb, Li, Mn, 

Hg, Mo, Ni, Se, Br, Ag, Sr, Te, 

Ti, Sn, Ti, V, Zn 

F-, Cl-, ar·, N0
2 
-, N0

3
-

so
4
- 2, Po

4
-3 

F-, NH
4 
+, pH, Br·, Cl

2 
(total) Cl 2 (free) 

C, N, H, S, Total Organic 

Carbon 

CN-, NH;, PO ; 3, N0
3

-

N02
-, Cl-, COD, TKN 

Si, B, SO ; 2
, Cr+6 

References 

C6S 

C49, C6S 

CSO, CSS, C6S 

C29, C62, C63, C65 

CS6, CS7 

C56, CS8 

C6, CS9, C60, C62, 

C6S 

column separation, headspace, and purge and trap. 
The methods used for analyses in 1987 along with ref
erences are shown in Table C-2. Tables C-3 through 
C-7 show compounds determined by these methods 
and representative detection limits. 

over analytical procedures so that problems that might 
occur can be identified and corrected. Secondly, data 
obtained from analysis of control samples permit 
evaluation of the capabilities of a particular analytical 
technique for determination of a given element or 
constituent under a certain set of circumstances. The 
former function is analytical quality control; the latter 
is quality assurance. 

D. Analytical Chemistry Quality Evaluation 
Program 

l. Introduction. Control samples are analyzed in 
conjunction_ With normal analytical chemistry work
load. Such samples consist of several general types: 

-calibration standards, reagent blanks, process blanks, 
matrix blanks, duplicates, and standard reference 
materials. Analysis of control samples fills two needs 
in the analytical work. First, it provides quality control 
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No attempt is made to conceal the identity of con
trol samples from the analyst. They are submitted to 
the laboratory at regular intervals and analyzed in as
sociation with other samples; that is, they are not han
dled as a unique set of samples. We feel it would be 

difficult for analysts to give the samples special atten
tion, even if they are so inclined. We endeavor to run 
at least 10% of stable constituent analyses and 
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Table C-2. Method Summary (Organics) 

Analyte Matrix Method Techniguea Reference 

Volatiles air GC/MS C65 

Volatiles soil 8010 PT/GC/MS C64 
C65 

8020 C66 

Volatiles water 625 PT/GC/MS C64 

EP Toxicity soil 1310, 8080 GC!ECD C66 
8150 

PCBs. water 606 GC/ECD C64 
soil 8080 GC/ECD C66 
oil IH 320 GC/ECD C65 

---------------
aGe - gas chromatography, PT - purge and trap, ECD - electron capture detection, and MS 
- mass spectrometry. 

selected radioactive constituent analyses as quality as
surance samples using the materials described above. 
A detailed description of our Quality Assurance pro
gram and a complete list~ of our annual results have 
been published annually. -C76 

2. Radioactive Constituents. Quality control and 
quality assurance samples for radioactive constituents 
are obtained from outside agencies as well as pre
pared internally. The Quality Assurance Division of 
the Environmental Monitoring Systems Laboratory 
(EPA-Las Vegas) provides water, foodstuff, and air 
filter sams}es for analysis of gross alpha. ~oss beta. 
3H, ~ Co, 65Zn, 90Sr, 106Ru, 134Cs, 13/Cs, 22~a, 
and 23 ·

240Pu as part of an ongoing laboratory 
intercomparison program. The National Bureau of 
Standards (NBS) provides several soil and sediment 
Standard Reference Materials (SRM) for en
vironmental radioactivi~: These SRMs are certified 
for 60Co, 'Xlsr, 137cs, 2~a, 238pu, 239,240-pu, 24IAm, 

and several other nuclides. The DOE's Environmen
tal Measurements Laboratory also provides quality as
surance samples. 

Soil, rock, and ore samples obtained from the 
Canadian Geological Survey (CGS) are used for qual-
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ity assurance of uranium and thorium determinations 
in silicate matrices. Our own "inhouse· standards are 
prepared by adding known quantities oi liquid ~BS 
radioactivity SRMs to blank matrix materials. 

3. Stable Constituents. Quality assurance for the 
stable constituent analysis program is maintained by 
analysis of certified or well-characterized environ
mental materials. The NBS has a large set of silicate, 
water, and biological SRMs. The EPA distributes 
mineral analysis and trace analysis water standards. 
Rock and soil reference materials have been obtained 
from the CGS and the United States Geological Sur
vey (USGS and NBS), Details of this program have 
also been published elsewhere. C76 

The analytical quality control program for a spe· 
cific batch of samples is the combination of many fac
tors. These include the "fit of the calibration,· instru
ment drift, calibration of the instrument and/or 
reagents, recovery for SRMs, and precision of results. 
In addition, there is a program for evaluation of the 
quality of results for an individual water sample.cn 
These individual water sample quality ratios are the 
sum of the milliequivalent (meq) cations to the sum of 
meq anions, the meq hardness of the sum of meq 
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Table C-3. Volatiles Determined by Purge and Trap 

Compound 

Methylene chloride 
1, 1-Dichloroethane 
I, 1-Dichloroethene 
cis-! ,2-Dichloroethene 
I ,2-Dichloroethane 
Chloroform 
Bromoform 
Carbon tetrachloride 
Bromodichloromethane 
Di bromochloromethane 
Dibromomethane 
4-Methyl-2-pentanone 
I, I, I· Trichloroethane 
I, I ,2-Trichloroethane 
I ,2- Dichloropropane 
cis-I ,3-Dichloropropene 
trans-1,3-Dichloropropene 
I ,2-Dibromo-3-chloropropane 
Trichloroethene 
2-chloroethylvinyl ether 
I, I ,2,2-Tetrachloroethane 
Tetrachloroethene 
Chlorobenzene 
I ,2-Dichlorobenzene 
I ,3-Dichlorobenzene 
I ,4-Dichlorobenzene 
Benzene 
Acetone 
Carbon disulfide 
Toluene 
Ethyl benzene 
Styrene 
o-xylene 
m-xylenejp-xylene 

Representathe 
Detection Limits (j.J.g/L) 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
5.0 
1.0 
1.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
5.0 
1.0 
1.0 
5.0 
1.0 
1.0 

Column: Supelco SPB-5 60 m x 0.25 mm x 1.0 fJm. Limits of detection esti

mated by minimum signal required to yield identifiable mass spectral scan. 

Ca + 2 and Mg + 2, the observed total dissolved solids 

(TDS) to the sum of solids, the observed conductivity 
to the sum of contributing conductivities, as well as the 

two ratios obtained by multiplying (0.01} x (con

ductivity) and dividing by the meq cations and the meq 
aruons. 
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4. Indicators or Accuracy and Precision. Ac
curacy is the degree of difference between average test 
results and true results, when the latter are known or 

assumed. Precision is the degree of mutual agreement 

among replicate measurements (frequently assessed 
by calculating the standard deviation of a set of data 
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Table C-4. Volatiles Determined by SW-846 Method 8010 

Compound 

Bis (2-chloroethoxy) methane 
Bis (2-chlorisopropy) ether 
Bromo benzene 
Bromodichloromethane 
Bromoform 

Carbon tetrachloride 
Chloracetaldeh yde 
Chiorobenzene 
Chloroethane 
Chloroform 

1-Chlorohexane 
2-Chloroethyl vinyl ether 
Chloromethane 
Chlorotoluene 
Dibromochloromethane 

Dibromomethane 
1,2-Dichlorobenzene 
1 ,3-Dichlorobenzene 
I ,4-Dichlorobenzene 
Dichlorodifluoromethane 

I, 1-Dichloroethane 
1 ,2-Dichloroethane 
1, 1-Dichloroethylene 
trans-1,2-Dichloroethylene 
Dichloromethane 

1,2-Dichloropropane 
trans- I ,3-Dichloropropylene 
1, I ,2,2-Tetrachloroethane 
I, 1, I ,2-Tetrachloroethane 
Tetrachloroethylene 

I, I, 1-Trichloroethane 
I, I ,2-Trichloroethane 
Trichloroethylene 
Trichlorofluoromethane 
Trichloropropane 
Vinyl chloride 

Detection Limits Gfg/kg)a 

2300 
1000 
1000 

2100 

1200 

1000 

IOOO 

500 
500 
5oo· 

1000 
800 

500 
500 

500 

2100 

2100 

1600 
1500 
500 

aColumn: 60 m x 0.32 mm SPB-5 fused silica capillary, using methanolic 
partition with purge-and-trap. Detection limits is calculated from intercept 
of external calibration curve using a Flame Ionization Detector. 
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Table C-5. Volatiles Determined by SW-846 Method 8020 

Compound 

Benzene 
Chlorobenzene 
1 ,4-Dich1orobenzene 
1 ,3-Dich1orobenzene 
1 ,2-Dichlorobenzene 
Toluene 
Ethyl Benzene 
Xylenes 

Detection Limits fj..lg/kg)a 

500 
1200 
500 
500 
500 
500 
800 

aColumn: 60 m x 0.32 mm SPB-5 fused silica capillary, using metha

nolic partition with purge-and-trap. Detection limits is calculated 

from intercept of external calibration curve using a Flame Ionization 

Detector. 

points). Accuracy and precision are evaluated from 

results of analysis of reference materials. These re

sults are normalized to the known quality in the ref

erem:e material to permit .comparison among refer

ence materials of similar matrix containing different 

concentrations of the analyte: 

r = 
Reported Quantity 

Known Quantity 

A mean value (R) for all normalized analyses of a 

given type is calculated as follows for a given matrix 

type (N is total number of JJlalytical determinations): 

N 

The standard deviation( s) of R is calculated assuming 

a normal distribution of the population of analytical 

determinations (N): 

s = 
(N- 1) 

12~ 

These calculated values are presented in Table C-8 
through C-12. The mean value of R is a· measure of 

the accuracy of a procedure. Values of R greater than 

unity indicate a positive bias and values less than unity 

a negative bias in the analysis. 
The standard deviation is a measure of precision. 

Precision is a function of the concentration of analyte; 

that is, as the absolute concentration approaches the 

limit of detection, precision deteriorates. For in

stances, the precision for some determinations is quite 

large because many standards approached the limits 

of detection of a measurement. We are attempting to 

address this issue by calculating a new quality assur

ance parameter: 

where ~E and Xc are the experimentally determined 

and certified or consensus mean elemental concentra

tions, respectively. The SF;: and Sc par,!Ulleters ~re the 

standard deviations assoctated with XE and Xc, re

spectively. An analysis will be considered under con

trol when this condition is satisfied for a certain ele

ment in a given matrix. Details on this approach are 

presented elsewhere. C76 

Data on analytical detection limits are in Table 

C-13. 
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Table C-6. Volatiles Determined in Air 

Compound 
Representative 

Detection Limits G.,._g/tube) 

I, 1-Dichloroethane 
1,1-Dichloroethene 
cis-1,2-Dich1oroethene 
Chloroform 
Bromoform 
Bromodichloromethane 
Di bromochloromethane 
Dibromomethane 
1,1, 1-Trichloroethane 
1,1 ,2-Trichloroethane 
1 ,2-Dichloropropane 
cis-1 ,3-Dichloropropene 
trans-1,3-Dichloroprepene 
1,2-Dibromo-3-chloropropane 
Trichlorethene 
2-chloroethylvinyl ether 
1,1 ,2,2-Tetrachloroethane 
Tetrachloroethene 
Chlorobenzene 
1 ,2-Dichlorobenzene 
i ,3-D ichloro benzene 
I ,4-Dichlorobenzene 
T ric hlorofl uoromethane 

·Toluene 
Ethyl benzene" 
a-xylene 
m-xylene/p-xylene 

Column: Supelco SPB-5 60 m x 0.25 mm x 1.0 f.i.m. 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
5.0 
5.0 
3.0 
3.0 
5.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
5.0 
3.0 
3.0 
3.0 
3.0 

Method: Carbon disulfide desorbtion of charcoal tubes followed by GC/MS 
analysis. 
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Table C-7. EP Toxicity Organic Contaminants 

Contaminant 

Endrin ( 1 ,2,3,4, 10,1 0-Hexachloro-1 
7 -epoxy- I ,4,4a,5,6, 7,8,8a-octah ydro-1 

4-endo, endo-5, 8-dimethanoaphthalene) 

Lindane ( 1 ,2,3,4,5,6-
Hexachlorocyclohexane, gamma isomer) 

Methoxychlor ( 1,1, 1-Trichloro-2,2-bis 
(p-methoxphenyl).ethane) 

Toxaphene (C10H
10

CI 8 Technical 
chlorinated camphene, 67-69% 
chlorine) 

2,4-D (2,4-Dichlorophenoxyacetic acid) 

2,4,5-TP (Silvex) (2,4,5-
Trichlorophenoxypropionic acid) 

Maximum 
Concentration 

(mg/L) 

0.02 

0.4 

10.0 

0.5 

10.0 

1.0 

Representative 
Detection Limits (mg/Lla 

0.006 

0.0002 

0.004 

0.020 

0.016 

0.005 

acolumn: 30 m x 0.32 mm SPB-5 fused silica capillary. Detection limit is calculated from 

GC response being equal to four times the GC background noise using an electron capture 

detector. 
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Table C-8. Summary of IISE-9 Quality ~sur.mt·e Tests for Data from January I, 1987 tu December 31, 1987 
(Stable Element Analyses Performed by IISE-9) 

HE BIOLOGICAL SLlllGE EP· TOK fIllER BULK SILICATE IIATER 

Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) 

--
Ag ... --- 1.07 t 0.06 (11) --- L 17 t 0.01 (3) --- 1.02 t 0.07 (130) 

Al --- --- --- 1.04 t 0.02 (1) --- --- 1.01 t 0.11 (19) 

As 0.96 t 0.22 (12) 0.92 t 0.09 (9) 1.05 t 0.05 (51) 1.01 t 0.07 (27) --- 1.33 t 0.39 (6) 1.05 t 0.10 (92) 

B 0.99 1 0.10 (7) --- --- 1.08 (1) --- --- 1.02 t 0.06 (42) 

Ba --- --- 1.03 t 0.08 (15) --- 0.91 t 0.02 (3) 1.15 (2) 1.02 t 0.11 (93) 

Be --- --- 1.02 t 0.07 (9) 0.95 t 0.09 (93) --- 1.42 t 0.37 (9) 1.04 t 0.06 (35) 

Bi --- --- --- L05t0.11 (10) 

Br 0.93 t 0.18 (14) --- --- --- --- 0.98 (1) 0.91 t 0.07 (26) mr 
c 0.99 t 0.02 (25) --- --- --- --- -··- --- zo 

:5;cn 

Ca 0.78 (1) --- --- --- --- --- 0.99 t 0.04 (39) D )> 

Cd --- 0.94 t 0.08 (15) 1.05 t 0.08 (78) 0.96 t 0.11 (32) 1.08 t 0.04 (3) 1.00 (1) 0.98 t 0.08 (127) ~~ 
Ce --- --- --- --- --- 1.13 (2) --- m.O zen 
Cl 0.93 (1) --- --- --- --- --- 1.00 t 0.05 (89) .... z 

)> )> - Cl2 --- --- --- --- --- --- 0.96 t 0.16 ( 13) r -i 
1-J ~6 -..J CN --- --- --- --- --- --- 0.87 t 0.09 (175) 

Co --- --- 0.94 (2) --- --- 2.88 t 2.77 (10) 1.00 t 0.08 (4) ~ ~ mr 
coo --- --- --- --- --- --- 1.02 t 0.06 (54) ;= r;: 
COIID --- --- --- --- --- --- 1.01 t 0.04 (52) 1);: CD 

zO 
Cr --- --- 1.02 t 0.06 (60) --- 0.96 t 0.08 (4) 0.89 (2) 1.01 t 0.16 (115) OS! m_. 
Cr(•6> --- --- --- --- --- --- 0.92 t 0.06 (109) - 0 

1.65 t 0.08 (7) --- --- 0.91 (2) --- ~D 
Cs --- --- ..... -< 
Cu 1.06 (1) --- 0.97 t 0.05 (13) 1.03 t 0.03 (6) --- 1.09 (1) 1.01 1 0.08 ( 108) 

Eu --- --- --- --- --- 1.02 t 0.08 (8) 

f --- --- --- --- --- --- 1.02 t 0.11 (104) 

Fe --- --- --- --- --- 0.98 t 0.04 (9) 1.03 t 0.07 (102) 

FLASH PT. ... -·- --- . .. 1.01 t 0.02 (27) 

Ga ... --- ·-- 1.04 t 0.06 (11) -·- 1.08 a O.Ja (7) 

Gd --- ... --- 0.97 t 0.06 (4) 

H 0.99 t 0.04 (31) 

HARD ... ... . .. -.. --- --- 1.00 t 0.05 (17) 

HEAT CAP --- --- ... ... 1.06 t 0.14 (8) 

Hf ... ... ... ... . .. 0.99 (2) 

Hg ... . .. 0.85 t 0.26 (21) ... . .. 1.09 t 0.21 (135) 1.00 t 0.10 (70) 

I ... ... --- ... . .. --- 0.94 t 0.02 (6) 

K 0.95 (1) ... ... ... 1.1lt0.16 (4) 1.02 t 0.09 (26) 



Tallie C-8 (conl) 

HE BIOUXiiCAL SLUDGE EP-TOX fIllER BULK SILICATE "ATER 

Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) 

--

La --- --- --- --- --- 0.9S t 0.08 (12) 

Li --- --- 0.99 (2) 1.20 t 0.01 (3) --- --- 1.01 t 0.05 (40) 

Lu --- --- --- --- --- 1.16 (1) 

Mg --- --- --- --- --- --- 0.96 1 0.12 (40) 

"Mn 1.04 (1) --- 0.89 t 0.03 (3) 1.01 t 0.01 (3) --- --- 1.07 t 0.12 (41) 

Mo 1.00 t 0.02 (4) --- --- --- --- --- 1.13 t 0.08 (7) 

N 0.9S t 0.06 (65) 

Na 1.00 (1) --- --- --- --- 0.97 t 0.02 (4) 1.03 t 0.04 (29) 

NH3-N --- --- --- --- --- --- 0.98 t 0.06 (138) mr 

Ni --- --- 1.02 t 0.07 (22) --- --- 0.90 (1) 1.00 t 0.08 (61) ~g 

N03-N --- --- --- --- --- --- 1.00 t 0.05 <n> 
::U)> 
os;: 

p --- --- --- --- --- --- 0.9S t 0.11 (86) z ~ 
~0 

Pb --- 1.03 t 0.04 ( 17) 1.06 t 0.08 (73) 1.01 t o. 12 (49) 1.02 (2) ... 1.01 t 0.11 (144) ~CJ) 

pH --- ··- -.- ... --. ... 1.00 t 0.01 (474) -i z 
l>)> 

..... Rb ... . -- --- ... ... 0.9S t 0.05 (8) ·-- r -i 

~ 

(/)-

s 0.97 t 0.06 ( 138) . . - . . - ... -.- 0.69 t 0.09 (99) . -. cO 
~ ~ 

Sb ... ... . . - -.- ··- 1.18 (2) ··- m~"" 

Sc 0.97 t 0.02 (4) -.- --- 1.00 t 0.11 (19) --. 1.00 t 0.06 (8) ... - s: 
~ID 

Se .. - . -- 0.97 t 0.14 (42) . -. .. - 1.12 (2) 1.05 t 0.14 (73) zO 

Si --. ... . -. . -. --- -.. 0.99 t 0.06 (85) ()~ 
m-i 

Sm ... . -- ... . -. . .. 0.96 t 0.05 (4) ... - 0 

S04 ... . . - --- .. - --- --- 0.97 t 0.06 (80) ~ ~ 

Ia ... ··- --· ··- .. - 0.86 (2) 

TALK ··- ... --. -.. --- --. 0.98 t 0.03 (47) 

lb ... . . - . -. -.. -.. 1.11 (1) 

lOS --- --. --- ... 1.04 (1) . . - 0.98 t 0.12 (34) 

Th ... --. -·· --- ··- 1.03 t 0.20 (20) 1.00 t 0.10 (6) 

I i ... 1.32 t 0.25 (10) . -. 1.01 t 0.01 (3) 

Tl ... - .. ... ··- . .. . .. 1.04 t 0.12 (8) 

lOX ... . .. --- .. - 1.08 t 0.10 (9) 

ISS ... . .. ... --- --- ... 0.66 (1) 

u 1.08 t 0.08 (25) . -. --- 0.99 t 0.07 (29) ... 0.98 t 0.03 (81) 1.02 t 0.06 (62) 

v 1.29 (1) 1.92 t 0.15 (l2) 0.99 (2) 1.02 t 0.01 (3) --- 1.09 t 0.13 (3) 1.03 t 0.08 (4) 

" Q.79 t 0.06 (4) 

Yb ... ... . .. ... ·-· 0.95 t 0.11 (10) 

Zn -·- 1.05 t 0.07 (58) 1.01 t 0.06 (5) 0.98 t 0.10 (32) --· --- 1.00 t 0.09 (93) 

i j l j i I l j l I l J l ,I I I I I ! j I J l I l j I I l I I J l ;j l J I I. 
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LOS ALAMOS NATIONAL LABORATORY 
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Table C-9. Summary of HSE-9 Quality Assurance Tests for Data 
from January 1, 1987 to December 31, 1987 

(Stable Element Analyses Performed by Contractors) 

BULK SILICATE IJATER 
Mean t SO (n) Mean t so (n) Mean t 

1.43 
0.93 t 0.06 (20) 1.11 

0.92 
0.98 

0.98 t 0.12 (11) 

1.00 

so 

0.91 t 0.22 (13) 

0.96 t 0.06 (20) 

0.96 t 0.20 (20) 

0.97 t 0.16 (20) 

1.06 t 0.04 

1.85 t 1.16 (11) 

1.02 t 0.09 (11) 
0.83 t 0.12 (20) 
1.01 t 0.03 (20) 
0.97 t 0.03 (20) 

1.06 

1.23 

(n) 

(1) 
( 1) 
(1) 
( 1) 

( 1) 
(7) 
(1) 

(2) 

1.81 (1) 
0.95 t 0.06 (20) 
1.03 t 0.04 (20) 
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Table C-Hl. Summary of IISE-9 Quality Assurance Tests for Data from January I, 1987 to December 31, 1987 

(Organic Analyses Performed by IISE-9) 

COMPOUND fIllER BULK SILICATE TUBE ~ATER 

Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) Mean t SD (n) 

- --

Acetone .. - --- -.. --- 0.07 (1) 

Aldrin --- . -- --- --- 1.16 (2) 

Aroclor 1221 --- --- --. --- 1.03 (2) 

Aroclor 1242 1.04 t 0.06 (5) 0.97 t 0.11 (64) 0.66 t 0.24 (8) --- 0.99 t 0.19 (3) 

Aroclor 1254 1.15 (1) 0.90 t 0.10 (6) 0.67 (2) 

Aroclor 1260 1.00 (2) 0.92 t 0.11 (56) 0.93 (2) --- 0.88 (2) 

Benzene --- 0.89 (1) 0.48 (1) 0.92 t 0.27 (16) 1.00 t 0.28 (4) mr 

Benzo-k·fluoranthene --- --- --- --- 0.83 (1) ~0 _Cil 

Bis(2-chloroethoxy)methane --- --- --- --- 0.82 ( 1) 
::0 )> os;: 

Bromodichloromethane --- --- 0.55 (1) 0.87 (2) 0.83 t 0.05 (8) z ~ 
~0 

Bromoform --- --- 0.68 (1) --- 0.97 t 0.16 (6) ~C/) 

0.75 
-1 z 

2-Butanone --- (1) 
)> )> 

.... 
r -t 

~ Camphene, chlorinated --- --- --- --- 3.10 (2) ~5 

Carbon tetrachloride --- --- --- 1.07 t 0.15 (18) 0.68 t 0.23 (11) ~i: mr 

Cellosolve acetate --- --- --· 1.02 t 0.04 (3) . -- ;=s;: 

Chlorobenzene --- --- 0.60 (2) 0.85 (2) 0.85 (2) 
s;:m 
zO 

Chlorodibromomethane --- --. --· 0.76 (2) 0.93 t 0.15 (5) 0~ 
m-t 

Chloroform -.. ... 0.47 (1) 1.01 t 0.22 (18) 0.85 t 0.21 (8) - 0 :g ::0 

2-Chloronaphthalene . -- . -- -.. ··- 1.03 (1) -.j -< 

2,4-0 --- --- 1.74 (1) --- 1.18 t 0.44 (7) 

Oibromochloromethane --- --. --- 0.76 (2) 0.93 t 0.15 (5) 

Oibromomethane --- --- --- --- 0.99 (1) 

o-Oichlorobenzene (1,2) --- --- --- 1.01 (1) 0.99 (1) 

m·Oichlorobenzene (1,3) --- . -- --- --- 0.98 (2) 

p·Oichlorobenzene (1,4) --- --- --- -.- 1.06 (2) 

Oichlorobromomethane --- --- 0.55 (1) 0.87 (2) 0.83 t 0.05 (8) 

1, 1-0ichloroethane --- --- 0.47 (2) 1.03 t 0.08 (16) 0.92 t 0.20 (3) 

1, 1-0ichloroethane 0.96 (2) 

1, 1-0ichloroethene --- --. --- --- 1.64 t 0.69 (4) 

2,4-0ichlorophenol -.- --- --- --- 1. 14 ( 1) 

1,4-Dioxane -.- --- --- 1.26 (1) 

l: j i j l j l J i j l J l j I J i I i. J I I l j l j l I I J i j I a l I 
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Tal1le C-10 (cont) 

COMPOUND FIllER BULK SILICATE TUBE WATER 
Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) Mean t so (n) 

-

Endrin --- --- --- --- 0.95 (2) 

Ethyl acetate --- --- --- 1.09 (1) 

Ethyl benzene --- 0.88 (1} --- 1.47 t 0.05 (4) 0.72 t 0.09 (4) 

Ethylene chloride --- --- --- 1.03 t 0.08 ( 16) 0.92 t 0.20 (3) 

Hexachloro-1,3-butadiene --- --- --- . -- 0.96 (1) 

Hexane --- --- --- 0.82 (1) 

Lindane --- --- 2. 75 (1) --- 1.23 t 0.36 (6) mr 
Methoxychlor --- --- --- --- 1. 79 t 0.39 (3) ~ 0 - (/) 

Methylchloroform 0.68 t 0.16 (7) 
D )> --- --- --- --- or; 

Methylene chloride --- --- --- --- 1.68 t 0. 76 (4) z ~ 
~0 

Methylethyl ketone --- 0.75 ( 1 )· --- --- --- ZCJ> 
-iz 

Naphthalene --- --- --- 0.45 (2) --- )> )> r -i w Phenol --- --- --- --- 0.92 (1) ~6 
Si I vex --. --- --- --- 0.96 t 0.24 (7) t! ~ 

m' 
Styrene --- --- --- 1.00 (1) --- ;= r;;: 
1, 1,2,2-Tetrachloroethane --- --- --- --- 1.05 (2) 

r;;:m 
zO 

Tetrachloroethylene --- --- --- 0.40 (1) 0.81 ( 1) ()~ m_. 
Tetrahydrofuran --. --- --- 0.31 (4) --- ~ 0 

<D D 

Toluene --- --- 0.21 t 0.08 (5) 0.97 t 0.06 (18) 0.82 (2) ~ -< 

Toxaphene --- --- --- --- 3.10 (2) 

Tribromomethane --- --- 0.68 (1} --- 0.97 t 0.16 (6) 

1, 1,2-Trichloroethane --- --- --- --- 1.35 t 0.60 (3) 

1, 1, 1-Trichloroethane --- --- --- --- 0.68 t 0.16 (7) 

Trichloroethylene --- --- --- 0.97 t 0.15 (13) 1.14 t 0.42 (3) 

Vinyl acetate --- --- --- --- 1.29 (1) 

Vinylidene chloride --- --- --- --- 1.64 t 0.69 (4) 

a-Xylene --- --- --- 1.09 t 0.30 (15) 

p-Xylene --- --- --- 1.30 (2) 0.77 (1) 
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Table C-11. Summary of HSE-9 Quality Assurance Tests for Data from January 1, 1987 to December 31, 1987 

(Organic Analyses Performed by Contractors) 

CCMPOUNO 

Acenaphthene 
Anthracene 
Aroclor 1242 
Aroclor 1254 
Aroclor 1260 
1,2-Benzanthracene 
1,2-Benzanthracene (d12) 
Benzo·a·pyrene 
Benzo·b·fluoranthene 
Benzo·k·fluoranthene 
Bis(2·chloroethoxy)methane 
Bis(2·chloroethyl)ether 
Bis(2·chloroisopropyl)ether 
Bis(2·ethylhexyl)phthalate 
Bromodichloromethane 
Bromoform 
4-Bromophenylphenyl ether 
Butylbenzyl phthalate 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroform 
2-Chloronaphthalene 
4-Chlorophenylphenyl ether 
Chrysene 
Oi·n·butyl phthalate 
Dibromochloromethane 
Dibutyl phthalate 
o·Oichlorobenzene (1,2) 
m·Dichlorobenzene (1,3> 
p·Oichlorobenzene (1,4) 
Dichlorobromomethane 
1,2-0ichloroethane 
Oiethyl phthalate 
Dimethyl phthalate 
2,4-0initrotoluene 
2,6-0initrotoluene 
Ethyl benzene 
Ethylene chloride 
Fluoranthene 
Fluorene 
HCB 
Hexachloro-1,3-butadiene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Isophorone 
Methyl chloroform 
Methylene chloride 
Nitrobenzene 
N·Nitrosodi·n-propylamine 
Phenanthrene 
Phenanthrene Cd10) 
Tetrachloroethylene 
Tribromomethane 
1, 1, 1-Trichloroethane 
Trichloroethylene 
o·Xylene 

IJATER 
Mean t SO (n) 

0.87 (1) 

0.35 (1) 

0.62 (2) 
0.62 (2) 
0.63 (1) 
1.11 (1) 

0.53 (2) 
0.66 (2) 
0.56 <2> 
0.66 (1) 

0.48 t 0.47 (3) 
0.62 (2) 
o. 70 (2) 

0.76 (1) 
0.67 (1) 

0.99 t 0.58 (6) 

0.69 (2) 

0.64 (2) 
0.23 (2) 

0.62 (1) 
0.70 (1) 

1.59 (2) 
0.69 (2) 
1.59 (2) 
0.42 (2) 
0.54 (2) 
0.59 (1) 
0.62 (2) 
0.89 (2) 
0.92 (2) 
0.46 (1) 

0.76 (2) 

0.76 (2) 

0.89 (2) 
0.78 (1) 
1.67 (1) 

0.41 (2) 
0.30 (2) 
0.41 (2) 
0.30 (2) 
0.46 (1) 
0.57 (2) 
0.73 (2) 

0.57 (1) 
0.24 (2) 
0. 72 (2) 
0. 72 (2) 
0.41 (2) 
0. 70 (2) 
0. 73 (2) 
0.59 t 0.17 (4) 

BULK 
Mean t SO (n) 

0.74 t 0.14 (10) 
0.71 t 0.22 (5) 
0.78 t 0.46 (9) 

0.87 (1) 
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SILICATE TUBE 
Mean t SO (n) Mean t SO (n) 

0.77% 0.43 (5) 
0.07 t 0.04 (4) 

0.13 t 0.07 (5) 

0.36 (2) 

200. (2) 0.05 (2) 
0.16 t 0.04 (5) 

-
-
-
-

-
-
-
-
-
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- Table C-12. 

- NUCLIDE -- Alpha 
Am·241 - Be·7 
Beta 
Co-57 - Co-60 
Cs-134 ... cs-137 
Gamma 

"" 
H·3 
1-131 .. K·40 
Mn-54 
Na·22 

PI Pu-238 
Pu-239 .. Ra-226 
Ru-106 
Sr-90 - U-234 
U·235 ... U-235/238 
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LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Summary or HSE-9 Quality Assurance Tests ror Data rrom January 1, 1987 to December 31, 1987 
(Radiochemical Analyses Penormed by HSE-9) 

BIOLOGICAL 
Mean t so (n) 

1.23 t 0.09 (3) 

1.19t0.10 (4) 

1.13 t 0.66 (35) 

1.11t0.13 (9) 

0.95 t 0.21 <22> 
1.15 t 0.37 (34) 

0.98 t 0.13 (23) 

FILTER 
Mean t so (n) 

0.93 t 0.06 (72) 
1.12 t o. 10 (7) 
1.80 t 0.31 (6) 
0.94 t 0.04 (72) 

0.92 t 0.01 (3) 

1.34 t 0.32 (6) 

1.05 t 0.03 (3) 

1.33 t 0.60 (9) 

1.49 t 0.07 (3) 
1.01 t 0.07 (4) 
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SILICATE 
Mean t SO (n) 

1.00 t 0.16 (6) 

0.92 t 0.11 (43) 
0.93 t 0.04 (5) 

3.29 t 0.02 (3) 

1.09 t 0.44 ( 18) 
1.20 t 0.62 (25> 

1.16 t 0.46 (7) 

IJATER 
Mean t SO (n) 

1.07 t 0.13 (546) 
1.04% 0.08 (66) 

1.03 t 0.47 (549) 
1.15 t 0.09 (53) 
0.91 t 0.41 (72) 
1.03 t 0.24 (66) 
1 • 00 t 0. 1 1 ( 1 08) 
0.92 t 0.11 (21) 
1.07 t 0.23 (307) 

1.07 t 0.07 (56) 
1.01 t 0.03 (49) 
1.05 t 0.10 (58) 
1.00 t a. 11 <81> 
0.94 t 0.06 (15) 
1.07 t 0.36 (10) 
0.94 t 0.05 (18) 
0.93 t 0.10 (26) 
0.89 t 0.13 <23) 
0. 95 (2) 



lOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table C-13. Detection Limits for Analyses of Typical Environmental Samples 

Detection 

Approximate Sample Count Limit 

Parameter Volume or Weight Time Concentration 

Air Sample 
3m3 t x 10-10 fl.Ci/m 3 

Tritium 50 min 
238pu 2.0 x t04 m3 8 x 104 sec 2 X 10-18 f-J.Cijm 3 

239,240pu 2.0 x 104 m3 8 x 104 sec 3 x t0~18 ~Ci/m3 

241Am 2.0 x t04 m3 8 x 104 sec 2 •X ·10- 18 f.i.Cijm 3 

Gross alpha . 6.5 x 103 m3 100 min 4 x 1.0-16 ~Ci/m3 

Gross beta 6.5 x 103 m3 100 min 4 x 10-16 t-~Cijm 3 

Uranium 2.0 x 104 m3 60 sec 1 pg/m3 

(delayed neutron) 

Water Sample 
10-7 fl.Ci/mL Tritium 0.005 L 50 min 7 X 

t3rcs 0.5 L 5 x 104 sec 4 X 10-8 ..,..Ci/mL 
238pu 0.5 L 8 x. 104 sec 9 X 10-u fl-Ci/mL 
239,240pu 0.5 L 8 x 104 sec 3 X 10-11 flCi/mL 
241Am 0.5 L 8 x 104 sec 2 X 10-10 f.'-Ci/mL 

Gross alpha 0.9 L 100 min 3 X 10-9 1-'-Ci/mL 

Gross beta 0.9 L 100 min 3 x 10-9 fl.Ci/mL 

Uranium 0.025 L 50 sec t f.l.g/L 

(delayed neutron) 

Soil Sample 
Tritium 1 kg 50 min 0.003 pCi/g 
137cs 100 g 5 x 104 sec 10-1 pCi/g 
238pu 10 g 8 x 104 sec 0.003 pCi/g 
239,240pu 10 g 8 x 104 sec 0.002 pCi/g 
241Am 10 g 8 x 104 sec 0.01 pCi/g 

Gross alpha 2 g 100 min 1.4 pCi/g 

Gross beta 2 g 100 min 1.3 pCi/g 

Uranium 2 g 20 sec 0.03 f.l-8/& 
(delayed neutron) 
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APPENDIX D 

METHODS FOR DOSE CALCULATIONS 

A. Introduction 

Annual radiation doses are evaluated for three 
principal exposure pathways: inhalation, ingestion, and 

external exposure (which includes exposure from im
mersion in air containing photon-emitting 
radionuclides and direct and scattered penetrating 
radiation). Estimates are made of: 
(1) Maximum boundary organ doses and effective 

dose equivalents to a hypothetical individual at 
the laboratory boundary where the highest dose 
rate occurs. It assumes the individual is outdoors 
at the Laboratory boundary continuously (24 
hours a day, 365 days a year). 

(2) Maximum individual organ doses and effective 
dose equivalents to an individual at or outside the 

Laboratory boundary where the highest dose rate 
occurs and a person actually is present. It takes 
into account occupancy (the fraction of time that 
a person actually occupies that location), 
shielding by buildings, and self-shielding. 

(3) Average organ by body tissues and effective dose 
equivalents to nearby residents. 

( ~) Collective effective dose equivalent for the popu
lation living within an 80-k.m (50-mi) radius of the 
Laboratory. 

Results of environmental measurements are used 

as much as possible in assessing doses to individual 

members of the public. Calculations based on these 

measurements follow procedures recommended by 

federal agencies to determine radiation doses.01•02 

If the impact of Laboratory operations is not de

tectable by environmental measurements, individual 

and population doses attributable to Laboratory activi

ties are estimated through modeling of releases. 
Dose conversion factors used for inhalation and in

gestion calculations are given in Table D-1. These 
adose conversion factors are taken from the DOE03 

and are based on factors in Publication 30 of the Inter

national Commission on Radiological Protection 
(ICRP).04 

The dose conversion factors for inhalation assume 

a 1 urn activity median aerodynamic diameter, as well 

as the lung solubility category that will maximize the 

effective dose equivalent (for comparison with DOE's 

100 mrem/yr Radiation Protection Standard [RPS)) if 

PO 

more than one category is given. Similarly, the inges

tion dose conversion factors are chosen .to maximize 
the effective dose or organ dose if more than one 
gastrointestinal tract uptake is given (for comparison 
with DOE's 100 mrem/yr RPS for all pathways). 

These dose conversion factors calculate the 50-yr 
dose commitment for internal exposure. The 50-yr 
dose commitment is the total dose received by an or

gan during the 50-yr period following the intake of a 
radionuclide that is attributable to that intake. 

External doses are calculated using the dose-rate 

conversion factors published by Kocher.05 These fac
tors, which are given in Table D-2, give the photon 

dose rate in mrem/yr per unit radionuclide air 
concentration in uCi/mL. The factors are used in the 

calculation of the population effective dose equivalent 

from external radiation for the 80-k.m (50-mi) area. 

B. Inhalation Dose 

Annual average air concentrations of 3H, ·total U, 
238pu. 239·240ru. and 241Am, determined by the Lab

oratory's air monitoring network, are corrected for 

background by subtracting the average concentrations 

measured at regional stations. These net concen

trations are then multiplied by a standard breathing 

rate of 8400 m3 jyr06 to determine total annual intake 

via inhalation, in uCi/yr, for each radionuclide. Each 
intake is multiplied by appropriate dose conversion 

factors to convert radionuclide intake into 50-yr dose 

commitments. Following ICRP methods, doses are 
calculated for all organs that contribute over 10% of 

the total effective dose equivalent for each ra

dionuclide (see Appendix A for defmition of effective 

dose equivalent). 
The dose calculated for inhalation of 3H is in

creased by 50% to account for absorption through the 

skin. 
This procedure for dose calculation conservatively 

assumes that a hypothetical individual is exposed to the 
measured air concentration continuously throughout 

the entire year (8760 h). This assumption is made for 

the boundary dose, dose to the maximum exposed in

dividual, and dose to the population living within 80 

km (50 mi) of the site. 
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Table D-1. Dose Conversion factors (rem/uCi Intake) for Calculating Internal Doses 

Soft Bone 
Tissue Lung Surface 

6.3 X 10 -5 

1.1x10+3 

1.0 X 10+3 

1.0 X 10+3 

8.1x10+3 

9.3 X 10+ 3 

9.3 X 10+3 

Bone Red 
Surface Harrow Liver 

4.4 X 10 -3 

1.6 7.0 X 10 -1 

4.8 X 10 -2 4.8 X 10 -2 

4.1 2.7 X 10 -1 

3.7 2.5 X 10 -1 

3.7 2.5 X 10 -1 

6.7 5.5 X 10 -1 1.5 
7.8 5.9 X 10 -1 1.6 
4.1x10+1 3.1 8.5 

INHALATION 

Target Organ 
Red 

Harrow 

6.7 X 10+2 

7.4 X 10+2 

7.4 X 10+2 

INGESTION 

Gonads 

2.1 X 10 -4 

5.2 X 10 -2 

8.5 X 10 -2 

9.6 X 10 -2 

5.2 x ·1o- 1 

Effective 
Liver __ Gonads ~ 

6.3 X 10"5 

1.3 X 10+2 

1.2 X 10+2 

1.2 X 10+2 

1.8 X 10+3 1.0 X 10+2 4.6 X 10+2 

2.0 X 10+3 1.2 X 10+2 5.1 X 10+2 

2.0 X 10+3 1.2 X 10+2 5.2 X 10+2 

Kidney 

1. 7 

1.6 
1.5 

Lungs 

-3 
4.8 X 10 

Breast Thyroid 

4.4 X 10"3 4.8 X 10 
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90sr 
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238Pu 
239,240Pu 
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Soft 
Tissus..._ 

6.3 X 10 -5 

Llla 

Wall 

4.4 X 10 -4 

5.2 X 10 -2 

2.0 X 10" 1 

Table 0-1 (cont) 

Tarset Orsan 
Sla Ulla 

Wall Wall 

2.0 X 10 -4 2.7 X 10"4 

5.2 X 10 -2 

all! = lower lower-intestine; Sl =small intestine; ULI = upper-int~stine. 

I .J I j i J l J ' J l J i J I J l I 

Remainder 

5.5 X 1·2 

I J I I ' 

Effective 
Dose 

-5 6.3 X 10 
-4 1.1 X 10 
-1 1.3 X 10 
-2 5.0 X 10 
-1 2.6 X 10 

2.5 X 10. 1 
-1 2.3 X 10 
-1 3.8 X 10 
-1 4.3 X 10 
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Table D-2. Dose Conversion Factors 
((mrem/yr)/(jJ.Ci/mL)I 

for Calculating External Dosesa 

9.8 X 10+9 
5.6 X 10+9 
5.6 X 10+9 

2.5 X 10+10 
1.8 X 10+10 
5.6 X 10+9 

7.5 X 10+9 

aDose conversion factors for 11C, 13N, 150, and 41Ar 
were taken from Kocher.05 Dose conversion factors 
for the remaining radionuclides, which were not 
presented by Krocher, were calculated from: 

DCF [(mrem/yr)/(j.J.Ci/mL)] = 0.25 x E x 3.2 x 10+10 

where E is the average gamma ray energy in MeV. The 
calculated factors were reduced by 30% to account for 
self-shielding by the body, so that they would be 
directly comparable with the factors from ~ocher. 

Organ doses and effective dose equivalent are de
termined at all sampling sites for each radionuclide. A 
final calculation estimates the total inhalation organ 
doses and effective dose equivalent by summing over 
all radionuclides. . 

C. Ingestion Dose 

Results from foodstuff sampling (Sec. VII) are 
used to calculate organ doses and effective dose equiv
alents from ingestion for individual members of the 
public. The procedure is similar to that used in the 
previous section. Corrections for background are 
made by subtracting the average concentrations from 
sampling stations not affected by Laboratory opera
tions. The radionuclide concentration in a particular 
foodstuff is multiplied by the annual consumption 
rate02 to obtain total annual intake of that ra
dionuclide. Multiplication of the annual intake by the 
radionuclide's ingestion dose conversion factor for a 
particular organ gives the estimated dose to the organ~ 
Similarly, effective dose equivalent is calculated using 

l.t3 

the effective dose equivalent conversion factor (Table 
D-1). 

Doses are evaluated for ingestion of 3H, 137 Cs, to
tal Uh 238P~ and 239·240pu in fruits and vegetables; 3H, 7Be, Na, Mn, 57c<f. ~b. 134Cs 137Cs, and total U 
in honey; and 90Sr, 13 Cs, total U, 2.38Pu, and 239

·2-IOPu 
in fish. 

D. External Radiation 

Environmental thermoluminescent dosimeter 
(TLD) measurements are used to estimate external ra
diation doses. 

Nuclear reactions with air in the target areas at the 
Los Alamos Meson Physics Facility (I..AMPF, TA·53) 
cause the formation of air activation products, prin
cipally llc, 1~, 140, and 150. These isotopes are all 
positron emitters and have 20.4 min, 10 min, 71 sec, 
and 122 sec half-lives, respectively. Neutron reactions 
with air at the Omega West Reactor (TA-2) and the 
I..AMPF also form 41Ar, which has a 1.8 h half-life. 
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The radioisotopes 11C, 1~, 140, and 150 are 
sources of photon radiation because of formation of 
two 0.511 MeV &hotons through positron-electron an
nihilation. The 40 emits a 2.3 MeV gamma with 99% 
yield. The 41Ar emits a 1.29 MeV gamma with 99% 
yield. 

The TLD measurements are corrected for back· 
ground to determine the contribution to the external 
radiation field from Laboratory operations. Back
ground estimates at each site, based on historical data. 
consideration of possible nonbackground contribu
tions, and. if possible, values measured at locations of 
similar geology and topography, are then subtracted 
from each measured value. This net dose is assumed 
to represent the dose from Laboratory activities that 
an individual would receive if he or she were to spend 
100% of his or her time during an entire year at the 
monitoring location. 

The ~dividual dose is estimated from these mea-. 
surements by taking into account occupancy and 
shielding. At offsite locations where residences are 
present, an occupancy factor of 1.0 was uSed. 

Two types of shielding are considered: shielding by 
buildings and self-shielding. Each shielding type is es
timated to reduce the external radiation dose by 
30%. D9,Dl0 . 

Boundary and maximum individual doses from 
41Ar releases from the Omega West Reactor are esti
mated using a standard Gaussian dispersion model and 
measured stack releases (from Table G-2). Proce
dures used in making the calculations are described in 
the following section. 

Neutron doses from the critical assemblies at TA-
18 were based on 1987 measurements. Neutron fields 
were monitored principally with TLDs placed in cad
mium-hooded 23-cm (9-in.) polyethylene spheres. 

At onsite locations at which above-background 
doses were measured. but at which public access is 
limited. doses based on a more realistic estimate of 
exposure time are also presented. Assumptions used 
in these estimates are in the text. 

E. Population Dose 

Calculation of collective effective dose equivalent 
estimates (in person-rem) are based on measured data 
to the extent possible. For background radiation, av
erage measured background doses for Los Alamos, 
White Rock, and regional stations are multiplied by 
the appropriate population number. Tritium average 

1~ 

doses are calculated from average measured concen
trations in Los Alamos and White Rock above back· 
ground (as measured by the regional stations). 

These doses are multiplied by population data in· 
corporating results of the 1980 census (Sec. II.E). The 
population data haye been slightly modified (increased 
from 155 077 in 1980 to 192 649 persons in 1987 within 
80 km [50 mi] of the boundary) to account for popula
tion changes between 1980 and 1987. These changes 
are extrapolated from an estimate of the 1986 New 
Mexico population, by coun-?', that was made by the 
U.S. Bureau of the Census.O 

Radionuclides emitted by the lAMPF and, to a 
lesser extent, by the Omega West Reactor, contribute 
over 95% of the po_gulation dose. 

For 41Ar, 11C, l"N, 140, and 150, atmospheric dis
persion models are used to calculate an average dose 
to individuals living in the area in question. The air 
concentration of the isotope (X[r,e]) at a location (r,e) 
due to its emission from a particular source is found 
using the annual average meteorological dispersion co

efficient (X~9]/0) (based on Gaussian plume disper
sion models 8) and the source term Q. Source terms, 
obtained by stack measurements, are in Table G-2. 

The dispersi~n factors were calculated from 1987 
m'eteorological data collected near lAMPF during the 
actual time periods when radionuclides were being re· 
leased from the stacks. Dispersion coefficients used to 
'calculate the X/Q's were determined from meas
urements of the standard deviations of wind direction. 
The X/0 includes the reduction of the source term due 
to radioactive decay. 

The gamma dose rate in a semi-infinite cloud at 
time t,Yc:o(r,e,t), can be represented by the equation 

Y c:o(r,e,t) = (DCF) (r,9,t) 

where 

DCF 

X(r,9,t) 

= 

= 

= 

gamma dose rate in mrem/yr at 
timet, at a distance r, and angle 9, 

dose rate conversion factor from 
Kocher 05 or calculated from 
Slade08 

plume concentration in~i/mL. 

The annual dose is multiplied by the appropriate pop
ulation figure to give the estimated population dose. 

-
-

-
-

-
-
-
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APPENDIX E 

UNITS OF MEASUREMENT 

Throughout this report the International (SI) or 
Metric system of measurements has been used, with 
some exceptions. For units of radiation activity, expo
sure, and dose, customary units [i.e., Curie (Ci), 
Roentgen (R), rad, and remJ are retained because 
current standards are written in terms of these units. 
The equivalent SI units are the Becquerel (Bq), 

coulomb per kilogram (C/kg), Gray (Gy), and Sievert 
(Sv), respectively. Table E-1 presents prefiXes used in 
this report to defme fractions or multiples of the base 
units of measurements. Table E-2 presents 
conversion factors for converting from SI units to U.S. 
Customary Units. 

Table E-1. Prefixes Used with Sl (Metric:) Units 

Prefix Fa~t2r S~mbQI 

mega- 1,000,000 or 10+6 M 
kilo- 1,000 or 1 o+3 k 
cen ti- 0.01 or 10"2 c 
milli- 0.00 I or 1 0"3 m 
micro- 0.000001 or 10"6 

J.l 
nano- 0.00000000 l or 10·9 n 
pico- · 0.00000000000 l or 10"12 p 
femto- 0.00000000000000 I or I 0"15 f 
atto- 0.000000000000000001 or 10"18 a 

Table E-2. Approximate Conversion Factors for Selected Sl (Metric:) Units 

Multiply Sl (Metric:) Unit 

Celsius (0 C) 
Centimeters (em) 
Cubic Meters (m3

) 

Hectares (ha) 
Grams (g) 
Kilograms (kg) 
Kilometers (km) 
Liters (L) 
Meters (m) 
Micrograms per Gram ( g/g) 
Milligr~ms per Liter (mg/L) 
Square Kilometers (km2

) 

By 

9/5, +32 
0.39 
35 
2.5 
0.035 
2.2 
0.62 
0.26 
3.3 
I 
l 
0.39 

H7 

To Obtain 
US Customar~ Unit 

Fahrenheit (°F) 
Inches (in.) 
Cubic Feet (ft3

) 

Acres 
Ounces (oz) 
Pounds (lb) 
Miles (mi) 
Gallons (gal) 
Feet (ft) 
Parts per Million (ppm) 
Parts per Million (ppm) 
Square Miles (mi 2

) 
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APPENDIX F 

DESCRIPTIONS OF TECHNICAL AREAS AND THEIR ASSOCIATED PROGRAMS 

Locations of the 32 active technical areas (TA) op

erated by the Laboratory are shown in Fig. 4. The 

main programs conducted at each are listed in this ap

pendix. 

TA-l, Omega Site: Omega West Reactor, an 8 

megawatt nuclear research reactor, is located here. It 

serves as a research tool in providing a source of neu

trons for fundamental studies in nuclear physics and 

associated fields. 

T A-3, South Mesa Site: In this main technical area 

of the Laboratory is the Administration Building that 

contains the Director's office and administrative of

fices and laboratories for several divisions. Other 

buildings house the Central Computing Facility, Ad

ministration offices, Materials Department, the sci

ence museum, Chemistry and Materials Science 

Laboratories, Physics Laboratories, technical shops, 

cryogenics laboratories, a Van de Graaff accelerator, 

and cafeteria. 

T A-6, Two Mile Mesa Site: This is one of three 

sites (TA-22 and TA-40 are the other two sites) used 

in development of special detonators for initiation of 

high explosive systems. Fundamental and applied re

search in support of this activity includes investigation 

of phenomena associated with initiation of high explo

sives, and research in rapid shock-induced reactions 

with shock tubes. 

TA-8, GT Site (or Anchor Site West): This is a 

nondestructive testing site operated as a service facility 

for the entire Laboratory. It maintains capability in all 

modern nondestructive testing techniques for ensuring 

quality of material, ranging from test weapon compo

nents to checking of high pressure dies and molds. 

Principal tools include radiographic techniques (X ray 

machines to 1 million volts, a 24-MeV betatron), ra

dioactive isotopes, ultrasonic testing, penetrant testing, 

and electromagnetic methods. 

T A-9, Anchor Site East: At this site, fabrication 

feasibility and physical properties of explosives are ex

plored. New organic compounds are investigated for 

possible use as explosives. Storage and stability prob

lems are also studied. 

TA-11, K-Site: Facilities are located here for test

ing explosive components and systems under a variety 

of extreme physical environments. The facilities are 

arranged so testing may be controlled and observed 

remotely, and so that devices containing explosives or 

radioactive materials, as well as those containing 

nonhazardous materials, may be tested. 

TA-14, Q-Site: This firing site is used for running 

various tests on relatively small explosive charges and 

for fragment impact tests. 

TA-15, R-Site: This is the home of PHERMEX--a 

multiple cavity electron accelerator capable of pro

ducing a very large flux of X rays for certain weapons 

development problems and tests. This site is also used 

for the investigation of weapon functioning and 

· weapon system behavior in nonnuclear tests, princi

pally by electronic recording means. 

1-l8 

TA-16, S-Site: Investigations at this site include 

development, engineering design, pilot manufacture, 

environmental testing, and stockpile production liaison 

for nuclear weapon warhead systems. Development 

and testing of high explosives, plastics and adhesives, 

and process development for manufacture of items us

ing these and other materials are accomplished in ex

tensive facilities. 

TA-18, Pajarito Laboratory Site: The funda

mental behavior of nuclear chain reactions 'With sim

ple, low-power reactors called "critical assemblies· is 

studied here. Experiments are operated by remote 

control and observed by closed circuit television. The 

machines are housed in buildings known as "kivas" and 

are used primarily to provide a controlled means of 

assembling a critical amount of fiSSionable materials. 

This is done to study the effects of various shapes, 

sizes and configurations. These machines are also 

used as source of fiSSion neutrons in large quantities 

for experimental purposes. 
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TA-21, DP-Site: This site has two primary re
search areas, DP West and DP East. DP West is con
cerned with chemistry research. DP East is the high 
temperature chemistry and tritium site. 

TA-22, TD Site: See TA-6. 

TA-28, Magazine Area "A": Explosives storage 
area. 

TA-33, HP-Site: A major high-pressure tritium 
handling facility is located here. Laboratory and office 
space for Geosciences Division related to the Hot Dry 
Rock Geothermal Project are also here. 

TA-35, Ten Site: Nuclear safeguards research and 
development, which is conducted here, is concerned 
with techniques for nondestructive detection, identifi
cation, and analysis of fissionable isotopes. Research 
in reactor safety and laser fusion is also done here. 

TA-36, Kappa Site: Various explosive phenomena, 
such as detonation velocity, are investigated here. 

TA-37, Magazine Area •c•: Explosives storage 
area. 

TA-39, Ancho Canyon Site: Nonnuclear weapon 
behavior is studied here, primarily by photographic 
techniques. Investigations are also made into various 
phenomenological aspects of explosives, interactions 
of explosives, and explosions with other materials. 

TA-40, DF.Site: See TA-6. 

TA-41, W-Site: Personnel in this site are engaged 
primarily in engineering design and development of 
nuclear components, including fabrications and eval
uation of test materials for weapons. 

TA-43, Health Research Laboratory: The 
Biomedical Research Group does research here in 
cellular radiobiology, biophysics, mammalian radiobi
ology, and mammalian metabolism. A large medical 
library, special counters used to measure radioactivity 
in humans and animals, and animal quarters for dogs, 
mice and monkeys are also located in this building. 

TA-46, WA.Site: Here, applied photochemistry, 
which includes development of technology for laser 
isotope separation and laser-enhancement of chemical 

149 

processes, is investigated. Solar energy research, 
particularly in the area of passive solar heating for res
idences, is done. 

TA-48, Radiochemistry Site: Laboratory scientists 
and technicians at this site study nuclear properties of 
radioactive materials by using analytical and physical 
chemistry. Measurements of radioactive substances 
are made and "hot cells' are used for remote handling 
of radioactive materials. 

TA-50, Waste Management Site: Personnel at this 
site have responsibility for treating and disposing of 
most industrial liquid waste received from Laboratory 
technical areas, for development of improved methods 
of solid waste treatment, and for containment of ra
dioactivity removed by treatment. Radioactive liquid 
waste is piped to this site for treatment from most 
technical areas. 

TA-51, Animal Exposure Facility: Here, animals 
are exposed to nonradioactive toxic materials to deter
mine biological effects of high and low exposures. 

TA-52, Reactor. Development Site: A wide variety 
of activities related to nuclear reactor performance 
and safety are done here. 

TA-53, Meson Physics Facility: The Los Alamos 
Meson Physics Facility (lAMPF), a linear particle ac
celerator, is used to conduct research in the areas of 
basic physics, cancer treatment, material studies, and 
isotope production. 

TA-54, Waste Disposal Site: This is a disposal 
area for solid radioactive and toxic wastes. 

TA-55, Plutonium Processing Facilities: Pro-
cessing of plutonium and research in plutonium metal
lurgy are done here. 

TA-57, Fenton Hill Site: This is the location of the 
Laboratory's Hot Dry Rock geothermal project. Here 
scientists are studying the possibility of producing en
ergy by circulating water through hot, dry rock located 
hundreds of meters below the earth's surface. The 
water is heated and then brought to the surface to 
drive electric generators. 

TA-58, Two Mile Mesa: Undeveloped technical 
area. 
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. T A-59, Occupational Health Site: Occupational 
health and environmental science activities are con
ducted here. 
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3H 

uc,l3N~ H0 .1s0 ;u Ar 

U, 238Pu, 239,240Pu, 241 Am 
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Table G-1. Estimated Maximum Individual SO-Year 

Dose Commitments from 1987 Airborne Radioactivity~ 

Estimated 

Critical Dose 
Organ Location (mrem/yr) 

Whole Body Royal Crest 0.02 
(Station ll)b 

Whole Body East Gate 6.1 
(Station 6)b 

Bone Surface Exxon Station 0.11 
(Station lO)b 

Percentage of 
Radiation 
Protection 
Standard 

<0.1 Ofo 

24% 

0.1% 

aEstimated maximum individual dose is the dose from Laboratory operations (excluding dose 

contributions from cosmic, terrestial, medical diagnostics, and other non-Laboratory sources) 

to an individual at or outside the Laboratory boundary where the highest dose rate occurs 

and where there is a person. It takes into account occupancy factors. 

bSee Fig. 8 for station locations. 
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Table G-2. Airborne Radioactive Emissions Totalsa 

238,239,240Pub 235,238uc Mixed fissfon _41Ard 32p 

location (t.lCi) (f1C i ) Products (!lC i) . (Ci) (t.lCi) 
--

TA-2 232 

TA-3 64.9 868 21.6 

TA-21 1.4 207 0.2 

TA-33 
TA-35 0.6 
TA-41 
TA-43 0.5 48.4 

TA-46 
TA-48 0.6 1.6 1250 

TA-50 4.5 21.6 

TA-53 
TA-54 <0.1 
TA-55 0.2 

---
Totals n.6 1080 1290 232 48.4 

---------·-----
8 As reported on DOE forms F-5821.1 
bPlutonium values contain indeterminant traces of 241Am, a transformation product of 241 Pu. 

cDoes not include aerosolized uranium from explosives testing (Table G·6). 

3H 

(Ci) 

851 
596 

1000 
155 
470 

15.2 

85.4 
--

3180 

I i I I I I I 

Activation Products 
e . 

1 
f 

Gaseous Part1cu ate/Vapor 
(Ci) (Ci) 

150 000 0.2 

150 000 0.2 

dDoes not include 600 Ci of 41 Ar present in gaseous
6 

mixed activation products. 
e . . 16 1 14 . 15 13 11 41 

Includes the following constituents: N · 3.7X; C- 1.4X; o- 0.6X; 0 · 43.7X; N · 15.1X; C · 35.1X; Ar · 0.4X. 

flncludes 37 nuclides, dominated by 183os and 7se. 
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Table G-3. Thermoluminescent Dosimeter Measurements 

Annual a. 
Measurement 

Station Location Coordinates (mrem) 

Re&ional Stations {28-44 km}--Uncontrolled Area§ 

l. Espanola 70 (8)a 

2. Pojoaque 88 (8) 

3. Santa Fe 90 (8) 

4. Fenton Hill 124 (8) 

Perimeter Stati2ns {0-4 km}--Uncontrolled Are!S 

5. Barranca School Nl80 El30 98 ( 8) 

6. Arkansas Avenue Nl70 E030 85 (8) 

7. Cumbres School Nl50 E090 103 (8) 

8. 48th Street NllO WOlO 107 (8) 

9. LA Airport N 110 El70 98 (8) 

10. Bayo Canyon Nl20 E250 106 (10) 

II. Exxon Station N090 E 120 115 (8) 

12. Royal Crest Trailer Court N080 E080 108 (8) 

13. White Rock S080 E420 122 ( 8) 

14. Pajari to Acres S210 E380 90 (8) 

15. Bandelier Lookout Station S280 E200 9 5 (8) 

16. Pajarito Ski Area Nl50 W200 112 (8) 

Onsite Stations--~ontrolled Areas. 

17. T A-21 (DP West) N095 E140 83 ( 8) 

18. T A-6 (Two-Mile Mesa) N025 E030 97 (8) 

19. T A-53 (LAMPF) N070 E090 115 (8) 

20. Well PM-1 N030 E305 115 (8) 

21. T A-16 (S-Site) S035 W025 113 (7) 

22. Booster P-2 S030 E220 112 (8) 

23. T A-54 (Area G) S080 E290 93 (8) 

24. St"~e Hwy 4 N070 E350 176 (8) 

25. Fr ;oles Mesa Sl65 E085 102. (8) 

26. T A-2 (Omega Stack) N075 E 120 117 (8) 

27. T A-2 (Omega Canyon) N085 E1210 149 (7) 

28. TA-18 (Pajarito Site) S040 E205 153 (8) 

29. T A-35 (Ten Site A) N040 El05 116 (8) 

30. T A-35 (Ten Site B) N040 EI10 122 (8) 

31. T A-59 (Occupational Health Lab) N050 E040 Ill ( 8) 

32. T A-3 (Van de Graaff) N050 E020 121 ( 8) 

33. T A-3 (Guard Station) N050 E020 219 (8) 

34. T A-3 (Alarm Building) N050 E020 211 (8) 

35. T A-3 (Guard Building) N050 E020 165 (8) 

36. T A-3 (Shop) N050 E020 112 (8) 

37. Pistol Range N040 E240 II 0 (8) 

38. T A-55 (Plutonium Facility South) N040 E240 I 06 ( 8) 

39. T A-55 (Plutonium Facility West) N040 E080 117 ( 8) 

40. T A-55 (Plutonium Facility North) N040 E080 118 ( 8) 

---------------
a.Measurement (95% confidence increments). 
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Table G-4. Location of Air Sampling Stations -- Latitude or Longitude or 

Station N-S Coord E-W Coord -- Re&ional (28-44 km} 

~- I. Espanola 36°00' 106°06' 
2. Pojoaque 35°52' 106°02' - 3. Santa Fe 35°40' 106°56' - Perimeter (0-4 km} - 4. Barranca School Nl80 El30 - 5. Arkansas Avenue Nl70 E030 
6. East Gate N090 E210 1!11 
7. 48th Street NllO WOlO 

lllli 8. LA Airport N 110 El70 
9. Bayo Canyon Nl20 E250 

1!111111 10. Exxon Station N090 El20 
II. Royal Crest N080 E080 ... 
12. White Rock S080 E420 - 13. Pajari to Acres S210 E380 
14. Bandelier S280 E200 .... 
Onsite -- 15. TA-21 N095 El40 
16. TA-6 N025 E030 

IIIII 17. T A-53 (LAMPF) N070 E090 
18. Well PM-I N030 E305 - 19. TA-52 N020 El55 
20. TA-16 S035 W025 - 21. Booster P-2 S030 El80 - 22. TA-54 S080 E290 
23. TA-49 Sl65 E085 - 24. TA-33 S245 E225 
25. TA-2 N082 EllO - 26. T A-16-450 S0 55 W070 

------
liM'"~ 
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Table G-5. Average Background Concentrations of Radioactivity in the Atmosphere 

Radioactive 
Constituent 

Gross beta 

U(natural) 

241Am 

Units 

I o-15 !-'-Ci/mL 

10-12 iJ.Ci/mL 

pg/m3 

10-18 1-'-Ci/mL 

10-18 1-'-Ci/mL 

10-18 ri.Ci/mL 

EPA a 

1983-1986 

10 ± 20 

Not reported 

68 ± 25 

0.3 ± 0.4 

0.8 ± 0.9 

Not reported 

Laboratoryb U neon trolled 
1987 Area Guidec: 

13 ± 3 9000 

4.1 ± 17.0 200 000 

74 ± 35 100 000 

0.4 ± 0.3d 30 000 

0.7 ± 0.48 20 000 

1.4 ± 0.4d 20 000 

aEnvironmental Protection Agency, "Environmental Radiation Data," Reports 33 through 45. 

Data are from Santa Fe, New Mexico sampling location and were taken from January 1983 
through June 1986, excluding the periods from May 1983 through February 1984 and 

January 1985 through February 1985 for which data were not available. 
bData are annual averages from the regional stations (Espanola, Pojoaque, Santa Fe) and 

were taken during calendar year 1987. 
csee Appendix A. These val\les are presented for comparison. 
dMinimum detectable limit is 2 x 10-18 1-'-Ci/mL. 
eMinimum detectable limit is 3 X 1 o-18 fJ.Ci/mL. 

156 

II 

-
·-
'IIIII 

-
'II 

---.. -
1!1111111 -.. 
-
11111111 -.. 
-
111111 

. .... 
'!ill 

-.. 
-
11111111 -.. -... 
.... 

--
1!1111111 -
""" .... 
1!1111111 -



! ' 

--
-
-
·---

--
-
-
-
-
-
--
-----
"'"' -

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL SURVEILLANCE 1987 

Table G-6. Estimated Aerial Concentrations of Toxic Elements 
Aerosolized by Dynamic Experimentsa 

Element 

Uranium 
Beryllium 
Lead 

1987 
Total 
Usage 
(kg) 

97.6 
2.0 

70.8 

aThrough November. 
bDOE 1981. 

Fraction 
Aerosolized 

(%) 

Annual Average 
Concentration 

(ng/m3Ll __ _ 

(4 km) (8 km) 

9.5 X 10-3 

5.5 X 10-S 
7.6 X 20-2 

3.8 X 10-3 

1.6 X lO-S 
3.0 x 10-2 

Applicable 
Standard (ng/m 3

) 

eThirty day average. New Mexico Air Quality Control Regulation 201. 
dAssumed percentage aerosolized. 
eThree-month average, 40 CFR 50.12. 
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Table G-7. Airborne Tritiated Water Concentrations for 1987 

Concentrations--pCi/m3 (10- 12 tJCi/ml) 

Total Nllli>er Nllli>er 

Air of of Mean 

Vol1.111e Monthly S~les 
as 

Station location a (m3) S~les <MDlb Maxc Mine c X Guided Mean 
--

Regional Stations {24-44 km)--Uncontrolled Areas 

1. Espanola 111.31 11 7 31.0 (6.0) -8.0 <Z.O) 3.1 ( 10.0) <0.1 

2. Pojoaque 104.96 11 7 90.0 (20.0) -7.0 (2.0) 9.1 (27.6) <0.1 
mr 
~g 

3. Santa Fe ~ 11 ~ 5.0 (2.0) -7.0 (2.0) 0.0 {3.7} ~ :u )> 

~i 
Regional Group Summary 326.93 33 22 90.0 (20.0) -8.0 (2.0) 4.1 (17.0) <0.1 :!:::0 

~(/) 
-i z 
)> )> 

.... 
r-i 

VI 
~5 

00 Perimeter Stations {0-4 km)--Uncontrolled Areas ~~ mr 

4. Barranca School 122.26 12 2 60.0 (10.0) -3.0 ( 1.0) 11.7 (16.8) <0.1 
r!; 
~m 

5. Arkansas Avenue 116.71 12 5 30.0 (6.0) -2.5 (0.6) 9.4 (10.9) <0.1 zO 
0~ 

6. East Gate 121.19 12 1 28.0 (5.0) 0.7 (0.6) 9.0 (6.9) <0.1 m-i 
~ 0 

7. 48th Street 119.99 12 4 120.0 (20.0) -3.6 (1.0) 27.0 (41.6) <0.1 ~ ~ 
8. LA Airport 118. 14 12 0 37.0 (7.0) 3.5 (0.8) 11.5 (9.0) <0.1 

9. Bayo STP 113.21 11 5 7.0 (1.0) -1.3 (0.4) 2.9 (2.8) <0.1 

10. Exxon Station 123.49 12 2 25.0 (5.0) -1.8 (0.6) 8.9 (8.2) <0.1 

11. Royal Crest 108.75 12 0 140.0 (30.0) 3.0 ( 1.0) 27.3 (39.0) <0.1 

12. White Rock 106.36 12 7 49.0 (9.0) -6.0 (2.0) 7.7 (15.2) <0.1 

13. Pajarito Acres 120.93 12 9 7.0 (1.0) -4.0 (1.0) 0.6 (3.0) <0.1 

14. Bandelier W:22 ...ll ..i 13.0 (3.0) -0.8 (0.6) 4.4 (3.8) ~ 

Perimeter Group Summary 1276.62 131 39 140.0 (30.0) -6.0 (2.0) 11.0 (20.4) <0.1 

l J • j I i l j l J l j ( j l J ~ j 
' j 

I I 
' j ' j 

i j l J l J l • I. J i 
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Total Nunber 
Air of 

VollM!Ie Monthly 

Station Location a (m3) SaJll>les --
On-site Stations--Controlled Ar~ 

15. TA·21 94.84 11 
16. TA-6 116.66 12 
17. TA-53 (LAMPF) 106.20 12 
18. Well PM-1 107.70 12 
19. TA-52 105.85 12 
20. TA-16 121.59 12 
21. Booster P-2 95.73 12 
22. TA·54 114.93 12 
23. TA-49 99.71 12 
24. TA-33 120.35 12 
25. Ta·2 90.70 12 
26. TA-16·450 79.03 _g 

On-site Group Summary 1253.29 143 
...................................... 

aSee Fig. 8 for map of station locations. 
bMinimum detectable limit; 2 x 10- 12 flCi/ml. 
cUncertainties are in parentheses (see Appendix B). 
dControlled Area DOE Concentration Guide = 5 x 10-6 ~Ci/mL; 

uncontrolled Area Derived Concentration Guide= 1 x 10-7 fiCi/ml. 

I i I J I i I i I i I I I J I I I I I 

Table G-7 (cont) 

Concentrations--pCitm3 (10- 12 fiCi/ml) 
Nunber 

of Mean 
SaJll>les as 

<MOlb Max c Mine Mean c ::4 Guided 

0 460.0 (90.0) 2.5 (0.8) 51.8 (135.6) <0.1 
mr 
~g 

5 90.0 (20.0) -2.9 (0.9) 10.9 (25.6) <0.1 :n )> 

2 70.0 (10.0) -4.0 ( 1.0) 15.1 (21.3) <0.1 or; 
z s:: 

2 51.0 ( 10.0) -5.0 (1.0) 12.3 (15.8) <0.1 s::o 
~CJ) 

2 130.0 (30.0) -3.6 (1.0) 19.2 (37.4) <0.1 -i z 
)> )> 

6 39.0 (8.0) -6.0 (1.0) 3.9 (11.5) <0.1 r-; 
~6 

3 140.0 (30.0) -5.0 (1.0) 19.6 (4 1.2) <0.1 ~ ~ 
1 100.0 (20.0) -2.0 (2.0) 32.3 (35.7) <0.1 mr 

;=r; 
8 160.0 (30.0) -7.0 (2.0) 17.9 (46.8) <0.1 S::m 
0 32.0 (6.0) 7.0 (1.0) 19.5 (7.5) <0.1 zO 

()~ 
0 120.0 (20.0) 3.0 ( 1.0) 27.4 (33.9) <0.1 m-; 

- 0 
..1 180.0 (30.0) -12.0 (3.0} 15.8 (52.1) <0.1 :£ :n ..... -< 

36 460.0 (90.0) ·12.0 (3.0) 21.7 (51.5) <0.1 



Table G-8. Airborne 239•240Pu Concentrations for 1987 

c . . 3 10-18 . oncentratJOns--aCI/m ( t~Cl/ml) 

Total Nurber Nurber 

Air of of Mean 

Volune Quarterly SII01lles as 

Station location a (m3) SII01lles <MDL b MaK c Mine Mean c X Guided 
--

Resional Stations (28-44 km)·-Uncontrolled Areas 

1. Espanola 91 on 4 4 1.0 (1.5) 0.5 (0.5) 0.8 (0.2) <0.1 

2. Pojoaque 84 739 4 4 1.3 (0.6) 0.0 (0.5) 0.5 (0.6) <0.1 mr 
~~ 

3. Santa Fe 96 114 ...i ...i 1.~ so.61 o.3 so.n 0.1 so.41 !2.:.1 :II )> os;: 
z ~ 

Regional Group Summary 271 930 12 12 1.3 (0.6) 0.0 (0.5) 0. 7 (0.4) <0.1 ~0 
~(J) 
-i z 
)> )> 

...... 
r -i 

8 Perimeter Stations {Q-49 ~m}--U~ontrolled Areas 
~6 
~ ~ 
mr 

1.4 (2.3) 0.2 (0.3) 0.6 (0.6) 
-s;: 

4. Barranca School 72 961 3 3 <0.1 ~~ 
5. Arkansas Avenue 74 296 3 3 0.8 (0.7) 0.5 (0.4) 0.7 (0.2) <0.1 ~~ 
6. East Gate 73 328 4 4 3.8 (3.0) 0.2 (0.5) 1.5 (1.6) <0.1 m-i -o 
7. 48th Street 59 630 3 3 0.5 (0.5) 0.0 (0.5) 0.3 (0.3) <0.1 ~:II .... -< 

8. LA Airport 93 632 4 3 2.1 (0.6) 0.6 (0.4) 1.2 (0. 7) <0.1 

9. Bayo STP 88 374 4 3 2.1 (0.9) 0.7 (1.3) 1.2 (0.6) <0.1 

10. Exxon Station 87 022 4 2 3.1 (0.8) 0.6 (0.6) 2.1 (1.0) <0.1 

11. Royal Crest 86 622 4 4 1.4 (4.2) 0.0 (0.5) 0.6 (0.6) <0. 1 

12. \Illite Rock 92 885 4 4 1.1 (0.5) 0.0 (0.6) 0.7 (0.5) <0.1 

13. Pajarito Acres 105 964 4 4 1.1 (0.5) 0.2 (0.2) 0.5 (0.4) <0.1 

14. Bandelier ____M_ 1.66 ...i ...i 0.6 (0.41 0.1 so.41 0.3 S0.21 !2.:.1 

Perimeter Group Summary 923 180 41 37 3.8 (3.0) 0.0 (0.5) 0.9 (0.9) <0.1 

l j • j l J l I I .I l j l I I J l i l J l I I j i • I J l J I I l j i J • i 
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Total Nllliler 
Air of 

VollM!Ie Quarterly 

Station Location a (m3) S811f>les 
--

On-site Stations--Controlled Areas 

15. TA-21 94 118 4 
16. TA-6 87 428 4 
17. TA-53 (LAMPF) 104 546 4 
18. ~ell PM-1 110 612 4 
19. TA·52 94 263 4 
20. TA-16 103 821 4 
21. Booster P-2 91 987 4 
22. TA-54 91 599 4 
23. TA-49 n 741 4 
24. TA-33 105 211 4 
25. TA-2 89 097 4 
26. TA-16·450 67 011 ..i 

On-site Group Summary 1 117 434 48 
................................. 

8 see Fig. 8 for map of station locations. 
~inimum detectable limit= 3 x 10" 18 ~Ci/ml. 
cUncertainties are in parentheses (see Appendix B). 
dControlled Area DOE Concentration Guide,~ 2 x 10" 12 ~Ci/mL. 
Uncontrolled Area D~rived Concentration Guide·= 2•x 10" 14 f1Ci/ml. 

I I I 1 I I I f I i I ; . ' I I I I I 

Table G-8 (cont) 

Concentrations··aCitm3 C10" 18 t1Ci/ml) 
Nllliler 

of Mean 
Saq:~les as 

<MOLb Max c Mine Mean c X Guided 

4 1.8 (0.5) 0.4 (0.4) 1.1 (0.6) <0.1 mr zo 
4 1.0 (0.5) 0.4 (0.4) 0.6 (0.3) <0.1 ~(/) 

:Il)> 

4 0.8 (0.6) 0.0 (0.4) 0.4 (0.4) <0.1 0~ z ~ 
4 0.3 (0.2) 0.1 (0. 1) 0.2 (0.1) <0.1 ~0 

~(/) 
4 0.3 (0.4) 0.0 (0.5) 0.2 (0.1) <0.1 -i z 

)> )> 

4 0.9 (0.4) 0.5 (0.4) 0.7 (0.2) <0.1 r -i 
~5 

3 3.8 ( 1.0) 0.0 (0.4) 1.6 ( 1.6) <0.1 ~ ~ 
0 36.8 (3.6) 2.8 (0.7) 13.5 (15.7) <0.1 m' 

4 0.7 (0.8) 0.4 (0.2) 0.6 (0.1) <0.1 
;=r;: 
r;:m 

4 1. 7 (0.6) 0.1 (0.4) 0.8 (0.7) <0.1 zO 
0~ 

3 3.2 ( 1.0) 0.2 (0.4) 1.0 (1.5) <0.1 m-i 
- 0 

..i 1.6 (0.9) 0.3 (0.6) 0.8 (0.6) <0.1 $ :n 
~ -< 

42 36.8 (3.6) 0.0 (0.4) 1.8 (5.4) <0.1 
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Table G-9. Airborne 241 Am Concentrations for 1987 

c . c. 3 10-18 . oncentratlons··a 1/m ( ~CI/ml) 

Total NIJ!ber NIJ!ber 

Air of of 

VollAIIe Quarterly Silllllles 

Station Location a (m3) Saq>les <MDlb MaK c Mine Mean c 

--

Regional Stations (28·44 km)··Uncontrolled Areas 

3. Santu Fe 71 629 3 3 1.8 (0.8) 1.0 (0.8) 1.4 !. 0.4 

Perimeter Stations {0·40 km)··Y~ontroll~ Areas 

6. East Gate 55 655 3 3 1.7 (0.1) 0.3 (0. 7) 1.1 {0.7) 

8. LA Airport 24 931 1 1 1. 7 (0.8) 1. 7 (0.8) 1. 7 (0.8) 

9. Bayo STP 66 204 3 3 1.7 (0.7) 0.3 {0.4) 1.0 {0. 7) 

12. White Rock 92 885 4 4 1.3 {0.8) 0.5 (0. 7) 0.8 (0.3) . 

-- --
Perimeter Group Summary 239 675 11 11 1. 7 (0.8) 0.3 (0. 7) 1.0 (0.5) 

On-site Stations--Controlled Areas 

16. TA-6 87 428 4 4 1.9 {0.9) 0.8 (0.5) 1.5 (0.5) 

17. TA-53 {LAMPF) 104 546 4 4 1.0 (0.5) 0.5 (0.4) 0.8 (0.2) 

20. TA-16 103 821 4 4 1.6 (0.8) 0.6 (0.5) 1.0 (0.4) 

21. Booster P·2 91 987 4 4 1.9 (0.9) 0.8 (0.6) 1.3 (0.5) 

22. TA-54 91 599 4 0 26.3 (2.4) 3.3 (1.0) 9.5 (11.2) 

23. TA-49 77 741 4 4 2.5 {1.5) 0.4 {0.7) 1.2 {0.9) 

-- -- --
On-site Group Summary 557 122 24 20 26.3 (2.4) 0.4 {0. 7) 2.5 {5.2) 

..................................... 

asee Fig. 8 for map of station locations. 

bMinimum detectable limit= 2 K 10" 18 ~Ci/ml. 
cuncertainties are in parentheses (see AppendiK 8). 
d . . 6 10-12 C" Controlled Area DOE Concentration Guide= K f-.l 1/ml. 

. . "d 2 10" 14 . Uncontrolled Area Oenved Concentration Gu1 e = K f-lCI/mL. 

l ,. l I i I • j l .I i I 
' j 

I J I I l I l I 1 I I I l j 

Mean 
as 

X Guided 

<0.1 

mr 
~0 _Ul 
D)> 

<0. 1 os: 
<0.1 z 3: 

~0 
<0.1 zUl 

-i z 
<0.1 

,.. )> 
r -i 

~6 
<0.1 ~ ~ mr -s: 

~m 
zO 
0~ m -i 
~a 

<0.1 lf: D ...., -< 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

<0. 1 

I " I I • 
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Table G-10. Airborne Uranium Concentrations for 1987 

. 3 
Concentrations··pg/m 

Total Nurber Nurber 

Air of of Mean 

Vollllle Quarterly S~les as 

Station Location a Cm3) S~les <HOLb Max c Mine Mean c X Guided 

Regional Stations (28-44 km)--Uncontrolled Areas 

1. Espanola 91 077 4 0 118.9 (11.9) 28.1 (2.8) 78.9 (40.5) <0. 1 mr 
2. Pojoaque 84 739 4 0 124.8 (12.5) 88.0 (8.8) 103.0 (15.6) <0.1 ~g 
3. Santa Fe 96 114 ..i Q 48.5 (4.9) 31.6 (3.2) 40.4 (7.0) <0.1 D l> 

@i 
Regional Group Summary 271 930 

~0 
12 0 124.8 (12.5) 28.1 (2.8) 74.1 (35.4) <0.1 !PC/) 

--i z 
)> )> 

..... r--i 

0.. ~6 
t..J ~ ~ Perimeter Stations (0-4 km)--U~Qntrolled Ar~~~ mr ;=s;: 

4. Barranca School 96 881 4 0 49.0 (4.9) 29.7 (3.0) 36.2 (8.9) <0. 1 S:O:J 
zO 

5. Arkansas Avenue 97 921 4 0 27.1 (2. 7) 14.9 (1.5) 21.4 (5.0) <0.1 ()~ 

6. 73 328 4 0 47.9 (4.8) 28.0 (2.8) 36.9 (8.4) 
m ... 

East Gate <0.1 - 0 

7. 48th Street n 435 4 0 34.0 (3.4) 24.4 (2.4) 28.5 (4.5) <0. 1 ~ ~ 
8. LA Airport 93 632 4 0 69.8 (7.0) 35.4 (3.5) 50.1 (16.6) <0.1 

9. Bayo STP 88 374 4 0 39.2 (3.9) 18.0 (1.8) 28.0 (10.9) <0.1 

10. Exxon Station 87 022 4 0 66.8 (6. 7) 38.3 (3.8) 52.4 (13.2) <0.1 

11. Royal Crest 86 622 4 0 68.1 (6.8) 24;2 (2.4) 41.6 (18.8) <0.1 

12. \lhi te Rock 92 885 4 0 31.5 (3.1) 24.1 (2.4) 27.6 (3.7) <0.1 

13. Pajarito Acres 105 964 4 0 25.5 (2.5) 11.3 (1.1) 19.8 (6.0) <0. 1 

14. Bandelier 8846{. ..i Q 33.6 (3.4) 11.6 (1.2) 21.8 (11.3) <0.1 

Perimeter Group Summary 988 530 44 0 69.8 (7.0) 11.3 (1.1) 33.1 (14.5) <0.1 
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Table G-10 (cont) 

Concentrations··pg/m3 

Total Nllltler NU!ber 
Air of of Mean 

Volune Quarterly S~les as 

Station Location a (m3) S81J1lles <MDLb Max c Mine Mean c X Guided 
--

On-site Stations--Controlled Areas 

15. TA-21 94 118 4 0 42.5 (4.3) 24.9 (2.5) 34.6 (7.9) <0.1 

16. TA-6 87 428 4 0 74.4 (7.4) 18.2 (1.8) 39.8 (24.4) <0. 1 

17. TA·53 (lAMPf) 104 546 4 0 34.5 (3.4) 26.8 (2.7) 30.3 (3.2) <0.1 

18. Well PM-1 110 612 4 0 20.9 (2.1) 15.4 (1.5) 19.0 (2.6) <0.1 

19. TA·52 94 263 4 0 50.9 (5.1) 21.0 (2.1) 39.1 (13.4) <0.1 

20. TA·16 103 821 4 0 27.5 (2.7) 15.6 ( 1.6) 20.7 (5.4) <0.1 

21. Booster P-2 91 987 4 0 37.0 (3.7) 28.1 (2.8) 30.5 (4.4) <0.1 

22. TA-54 91 599 4 0 88.6 (8.9) 35.0 (3.5) 53.8 (24.0) <0.1 

23. TA-49 77 741 4 0 28.3 (2.8) 13.2 (1.3) 20.2 (6.8) <0.1 

24. TA-33 105 211 4 0 70.2 (7.0) 15.3 ( 1. 5) 32.8 <25.2) <0.1 

25. TA-2 89 097 4 0 56.4 (5.6) 23.1 (2.3) 34.1 (15.3) <0.1 

26. TA-16·450 67 011 ..i 2 18.6 (1.9) 1?.8 ("1.3-) 16.5 (2.6) ~ 

On·site Group Summary 1 117 434 48 0 88.6 (8.9) 12.8 (1.3) 30.9 (16.2) <0.1 

---~- ........................... 

aSee Fig. 8 for map of station locations. 

bMinimum detectable limit: 1 pgtm3• 

cUncertainties are in parentheses (see Appendix 8). 

dControlled Area DOE Concentration Guide: 2 x 108 pg/m3• 

Uncontrolled Area Derived Concentration Guide : 1 x 105 pgtm3• 

~: One curie of natural uranium is equivalent to 3000 kg of natural uranium. Hence, uranium masses can be converted to the DOE "uranium special 

curie" by using the factor 3.3 x 10" 13 ~Ci/pg. 
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LOS ALAMOS NATIONAL LABORATORY 
ENVlRONMENTAL SURVEILLANCE 1987 

Table G-11. Emissions (tons/yr) and Fuel Consumption (109 Btujyr) 
from the T A-3 Power Plant and Steam Plants 

LQ~!!tion 
Western 

Parameter Year TA-3 TA-16 TA-21 Area 

Particulates 1986 1.8 0.4 0.1 0.00 
1987 1.5 0.5 0.1 0.00 
%Change -14.9 11.6 -1.7 

Oxides of Nitrogen 1986 15.1 19.6 5.5 0.00 
1987 12.8 21.8 5.4 0.07 
%Change -15.3 11.4 -1.2 

Carbon Monoxide 1986 23.6 4.9 1.4 0.00 
1987 20.1 5.5 1.4 0.02 
%Change -15.0 11.6 -1.2 

Hydrocarbons 1986 1.0 0.8 0.2 0.00 
1987 0.9 0.9 0.2 0.00 
%Change -14.6 11.6 -1.2 

Fuel Consumption 1986 1313 310 87 0 
1987 1098 341 85 I 
%Change -16.3 10.0 -2.8 

165 

Total 

2.3 
2.1 

-9.3 

40.2 
40.1 
-0.2 

29.9 
26.9 

-I 0.0 

2.0 
2.0 

-2.5 

1710.0 
1525.0 

-I 0.8 



LOS .ALAMOS NATIONAL LABO~ TORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-12. Quality of Effluent from the T A-SO Liquid Radioactive 
Waste Treatment Plan Cor 1987a 

Radionuclide 

Activity 
Released 

(mCi) 

100 000 
64 

1.0 
8.1 
1.6 
1.4 
3.2 
3.6 

Nonradioactive 
Constituents 

Cdc 
Ca 
Cl 
Total Crc 
cue 
F 
Hgc 
Mg 
Na 
Pbc 
znc 
CN 
coo 
N0

3-N 
POi. 
TO~ 
pHc 

Mean 
Concentration 

(IJCi/mL) 

3.8 X 10·3 

2.4 X 10·6 

3.9 X 10·8 

3.0 x 10·7 

6.0 X 10·8 

5.3 x 10·8 

1.2 x to-7 

1.3 X 10·7 

Mean 
Concentration 

(mg/L) 

1.1 X 10·3 

170 
ISO 

2.4 x to-2 

0.33 
12 
4.9 X 10·-' 
1.1 

920 
5.1 X 10-2 

0.32 
0.3 

100 
476 

1.5 
4150 

6.98 - 7.77 

Total Effluent Volume .. 2.66 x .107 L 

Mean as 
%DOE's CGb 

3.8 
0.8 
0.4 
0.1 

<0.1 
<0.1 

0.1 
0.1 

aAs reported on DOE forms F-5821.1. 
boepartment of Energy's Concentration Guide for Controlled Areas 
(Appendix A). 
cconstituents regulated by National Pollutant Discharge Elimination 
System permit. 
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LOS ALAMOS NATIONAL LABORATORY 
ENVlRONMENTAL SURVEILLANCE 1987 

Table G-13. Quality of Effluent from the Los Alamos 
Meson Physics Facilities (T A-53) Lagoons for 1987a 

Radionuclide 

Activity 
Released 

(mCi) 

10 900 
330 

89 
23 
81 

8.5 
79 

Mean 
Concentration 

U,.Ci/mL) 

2.7 X 10"3 

8.0 X 10"6 

2.2 X 10"5 

5.6 X 10"6 

2.0 X 10"5 

2.1 X 10"6 

1.9 X 10"5 

Total Effluent Volume .. 4.109 x 106 L 

Mean as 
%DOE's CGb 

2.7 
0.2 
2.2 
0.1 

<0.1 
0.2 
6.4 

aAs reported on DOE forms F-5821.1. 
bDepartment of Energy's Concentration Guide for Controlled Areas 
(Appendix A) . 

167 



' II .. -
LOS ALAMOS NATIONAL LABORATORY .. 
ENVIRONMENTAL SURVEILLANCE 1987 ... 

"" 
Table G-14. Location of Surface and Ground Water Sampling Stations -

Latitude Longitude 
"" or or 

N-S E-W Map .... 
Station Coordinate Coordinate Designation a Typeb ... 

Regional Surface Water -Rio Chama at Chamita 30°05' 1 06°07' sw 
Rio Grande at Embudo 36°12' 1 05°58' sw \!IIIII 

Rio Grande at Otowi 35°52' 106°08' sw 
Rio Grande at Cochiti 35°37' 106°19' sw ... 
Rio Grande at Bernalillo 35° 17' I 06°36' SW 

Jemez River 35°40' 106°44' sw """' -
Perimeter Stations 

Los Alamos Reservoir Nl05 W090 7 sw 1111111 

Guaje Canyon N300 ElOO 8 sw 
Frijoles S280 El80 9 sw -
La Mesita Spring N080 E550 10 GWD 

Sacred Spring Nl70 E540 11 GWD llllllt 

Indian Spring Nl40 E530 12 GWD ... 
White Rock Canyon .. 

Group I 
Sandia Spring S030 E470 13 SWR -
Spring 3 SilO E450 14 SWR 

Spring 3A Sl20 E445 1S SWR """ 
Spring 3AA Sl40 E440 16 SWR -
Spring 4 Sl70 El10 17 SWR 

Spring 4A SlSO E395 18 SWR ,.. 
Spring S S220 E390 19 SWR 

Sprng SA S240 E360 20 SWR 
... 

Ancho Spring S280 E305 21 SWR 
"'IIII 

Group II -
Spring SA S230 E390 22 SWR 

Spring 6 S300 E330 23 SWR """' 
Spring 6A S310 E310 24 SWR 

Spring 7 S330 E295 25 SWR -
Spring 8 S335 E285 26 SWR -Spring 8A S315 E280 27 SWR 

Spring 9 S270 E270 28 SWR -
Spring 9A S325 E265 29 SWR 

Doe Spring S320 E250 30 SWR ... 
Spring 10 S370 E230 31 SWR -

Group III ... 
Spring 1 N040 E520 32 SWR 

Spring 2 N015 ESOS 33 SWR .... 
·~ 

168 ·-
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.""' 

Table G-14 (coot) -
Latitude Longitude ... 

or or 
N-S E-W Map lilllll 

Station Coordinate Coordinate Designation a Typeb 
111111111 

DP-Los Alamos Canyon -
DPS-1 N090 EI60 57 sw 
DPS-4 N080 E200 58 sw ... 
LAO-C N085 E070 59 GWS 

LAO-I N080 El20 60 -GWS 

LA0~2 N080 E210 61 GWS 
11111111 

LA0-3 N080 E220 62 GWS 

LA0-4 N070 E245 63 GWS -
LA0-4.5 N065 E270 64 GWS .. 

Sandia Canyon ... 
SCS-1 N080 E040 65 SW 

SCS-2 N060 El40 66 SW 'IIIII 

SCS-3 N0 50 El85 67 SW -
Mortandad Canyon 

GS-1 N040 ElOO 68 sw 11111111 

MC0-3 N040 EllO 69 GWS ...,. 
MC0-4 N035 El50 70 GWS 

MC0-5 N030 El60 71 GWS ""' MC0-6 N030 £175 72 GWS 

MC0-7 N025 El80 73 GWS -
MC0-7.5 N030 El90 74 GWS 

MC0-8 
111111111 -Water Supply and Distribution 

Los Alamos Well Field 11111111 

Well LA-lB Nll5 E530 76 GWD 

Well LA-2 Nl25 £505 77 GWD -
Well LA-3 Nl30 E490 78 GWD 

Well LA-4 N070 E405 79 GWD .. 
Well LA~5 N076 E435 80 GWD -Well LA-6 Nl05 E465 81 GWD 

""" 
Guaje Well Field 

Well G-1 Nl90 E385 82 GWD -
Well G-IA N197 E380 83 GWD 

Well G-2 N205 E365 84 GWD -. 
Well G~3 N215 E350 85 GWD -Well G-4 N213 E315 86 GWD 

Well G-5 N228 E295 87 GWD 11111111 

Well G-6 N215 E270 88 GWD -
""" -170 
11111111 

-
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-
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-.... --
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--
-

-
111111 

-

-
-

Station 

Pajarito Well Field 
Well PM-I 
Well PM-2 
Well PM-3 
Well PM-4 
Well PM-5 
Water Canyon Gallery 
Fire Station 1 
Fire Station 2 
Fire Station 3 
Fire Station 4 
Fire Station 5 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-14 (coot) 

Latitude Longitude 
or or 

N-S E-W 
Coordinate Coordinate 

N030 E305 
S0 55 E202 
N040 E255 
S030 E205 
N015 El55 
S040 Wl25 
N080 E015 
NlOO El20 
S085 E375 
Nl85 E070 
SOlO W065 

Bandelier National Monument S270 E190 
Headquarters 

Fenton Hill (T A-57) 35°53' 106°40' 

Map 
Designation a Typeb 

89 GWD 
90 GWD 
91 GWD 
92 GWD 
93 GWD 
94 GWD 
95 D 
96 D 
97 D 
98 D 
99 D 

100 D 

I 0 I D 

aRegional surface water sampling locations in Fig. 15; Perimeter, White Rock Canyon, 
On--site, and Effluent Release Area sampling locations in Fig. 16. 

bsw = surface water, GWD = deep or main aquifer, GWS = shallow or alluvial aquifer, 
SWR = spring at White Rock Canyon, and D = water supply distribution system. 
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Table G-15. Radiochemical Quality of Surface ~ater from Regional Stations a 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Ganrna 

Station 
-6 

(10 11Ci/ml) 
-9 (10 fJ.Ci/ml) <pg/l) no· 9 ...,.ci/ml) -9 (10 j-lCi/ml) (Counts/min/l) 

Rio Chama at Chamita -o.7 (0.7) 32 (44) 1.3 ( 1.0) 0.008 (0.012) 0.017 (0.012) -70 ( 100) 

Rio Chama at Chamita 0.2 (0.3) 95 (62) 2.0 (1.0) 0.011 (0.012) -o.004 (0.004) 260 (80) 

Rio Grande at Embudo -1.6 (0. 7) 80 (57) 2.2 (1.0) 0.000 (0.010) 0.006 (0.010) 30 (100) 

Rio Grande at Embudo -o.2 (0.3) 21 (53) 2.0 (1.0) -o.oos co.oos> -o.oos co.006> 460 (90) 

mr 

Rio Grande at Otowi -o.9 (0.7) 8 (44) 2.1 (1.0) 0.000 (0.010) -o.004 (0.010) -150 (100) ~g 

Rio Grande at Otowi 0.2 (0.3) 1200 (414) 2.0 (1.0) 0.018 (0.018) -o.004 (0.012) 260 (80) 
D )> 

0> z ~ :!:::0 
Rio Grande at Cochiti -o.7 (0.7) 38 (55) 2.3 (1.0) 0.000 (0.010) 0.000 (0.010) 20 (100) ~(/l 

Rio Grande at Cochiti 0.1 (0.3) . - 2.0 (1.0) -o.oo5 co.005> 0.000 (0.010) 360 (90) ~~ 
.... r -1 

-..1 ~6 
N 

Rio Grande at Bernalillo -o.4 (0.7) 41 (45) 2.4 ( 1.0) -o.012 (0.018) -o.025 (0.013) -300 (100) ~~ 
m' 

Rio Grande at Bernalillo 0.2 (0.3) 139 (65) 3.0 (1.0) 0.000 (0.010) -o.008 (0.008) 380 (90) -> ~m zO 
Jemez River at Jemez -1.4 (0.7) 108 (58) 1.6 (1.0) -o.004 (0.009) 0.025 (0.014) -180 (100) OS! 

m-t 

Jemez River at Jemez -o. 1 (0.3) 58 (58) 2.0 ( 1.0) 0.004 (0.008) -o.004 (0.004) 400 (90) ~ 0 

~ ~ 
No. of Analyses 12 11 12 12 12 12 

Average -o.4 165 2.1 0.001 -o.001 122 

s 0.6 345 0.4 0.008 0.013 261 

Minimum -1.6 (0.7) 8 (44) 1.3 ( 1.0) -o.012 (0.018) -o.025 (0.013) -300 (100) 

Maximum 0.2 (0.3) 1200 (414) 3.0 ( 1.0) 0.011 (0.012) 0.025 (0.014) 460 (90) 

limits of Detection 0.7 40 1 0.009 0.03 50 

-·--------·----
aSamples collected in February and September; counting uncertainty in parentheses. 

J l j l .I I J I J l I l J I J I I i I I I I J I I I I I I I I l .1. l J I I 
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. . a 
Table G-16. Chemical Quality of Surface Water from Regional Stat1ons (mg/l) 

Total Conduc-

Hard- tivity 

Station Sio2 Ca Mg K Na co3 
HC03 

p so4 Cl f N TDS ness pH (mS/m) 

- -- - - --

Rio Chama at Chamita 11 32 8.2 1.8 17 0 89 <0.2 80 3 0.2 <1 174 217 8.2 34 

Rio Grande at Embudo 24 30 6.0 2.3 15 0 92 <0.2 34 5 0.5 <1 103 177 8.0 26 

Rio Grande at Otowi 26 30 6.1 2.2 15 0 93 <0.2 34 5 0.5 <1 101 175 8.2 26 

Rio Grande at Cochiti 17 38 7.1 1.9 16 0 96 <0.2 56 4 0.3 <1 127 195 8.1 30 

Rio Grande at Bernalillo 18 39 7.3 2.0 18 0 95 <0.2 62 5 0.3 <1 126 203 8.0 32 mr 
~g 

Jemez River at Jemez 38 37 5.5 5.9 44 2 141 <0.2 17 47 0.8 <1 123 279 8.3 45 :u-,.. 

2~ 
Swmary 

~0 
~C/) 

No. of Analyses 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 -tz .,.. .,.. 

..... Average ·22 34 6.7 2.6 20 <1 101 -- 47 11 0.4 -- 126 208 8.1 32 r -t 

-..1 9 4 1.0 1.6 11 1 20- 23 17 0.2 26 38 0.1 7 ~5 
~ s -- -- ~ ~ 

Mininun 11 30 5.5 1.8 15 0 89 -- 17 3 0.2 -- 101 175 8.0 26 mr - s: 
Maxi nun 38 39 8.2 5.9 44 2 141 <0.2 80 47 0.8 <1 174 279 8.3 45 ~m 
---------------

zO 
0~ 

asamples collected in February. 
m-t 
~ 0 
~ :u 
"'-1 -< 



Table G-17. Radiochemical Quality of Surface and Ground ~aters from Perimeter Stations 

Gross 

3H 137cs Total u 238Pu 239,240Pu Ganma 

Station ( 1Q -6 ~1Ci /ml) (10-9 jJ.Ci/ml) 4.-<g /l ). (10-9 jJ.Ci/ml) (10.9 jJ.Ci/ml) (Counts/min/l) 

Los Alamos Reservoir -o.7 (0.3) 8 (54) 1.0 ( 1.0) 0.021 (0.015) -o.004 (0.011) 

Los Alamos Reservoir 0.0 (0.3) 42 (62) 1.0 (1.0) -o.002 (0.006) -o.004 (0.006) -70 (80) 

Guaje Reservoir -2.7 (0.7) -24 (55) .0.2 (0.1) 0.036 (0.016) 0.011 (0.010) -400 (100) 

Frijoles Canyon -2.0 (0.7) 88 (51) 0.2 (0.1) 0.016 (0.018) 0.016 (0.014) 160 (100) mr 

Frijoles Canyon 0.4 (0.3) 98 (62) 1.0 (1.0) 0.008 (0.006) 0.008 (0.005) -20 (80) ~g 
:D )> 

01): 

La Mesita Spring -1.5 (0. 7) 59 (44) 12.5 (1.3) -o.014 (0.014) -o.014 (0.012) -180 (100) z~ 
~0 

La Mesita Spring 0.0 (0.3) 24 (53) .. 0.002 (0.006) -o.002 (0.005) -80 (80) ~C/) 
-iz 
)> )> 

..... 
r -i 

Indian Spring -1.1 (0.7) 80 (56) 9.6 (1.0) -o.007 (0.019) 0.029 (0.023) -30 (100) en-
-....1 

cO 
~ -o.oo5 co.oos> 0.000 (0.005) ~~ 

Indian Spring 0.0 (0.3) 59 (68) 6.0 (1.0) 80 (80) 
mr 
rl): 

Sacred Spring -1.7 (0. 7) 13 (38) 2.1 (1.0) 0.001 (0.010) 0.037 (0.041) -50 ( 100) l):m 
zO 

Sacred Spring -o.1 (0.3) -2 (60) 4.0 (1.0) 0.010 (0.009) 0.002 (0.005) 160 (80) ()~ m-i 
-o 

Sunmary 
~ ~ 

No. of Analyses 11 11 10 11 11 10 

Average -o.8 40 3.8 0.006 0.007 -43 

s 1.0 40 4.3 0.014 0.015 166 

Mini nun -2.7 (0.7) -24 (55) 0.2 (0.1) -o.014 (0.012) -o.014 (0.012) -400 (100) 

Maxi nun 0.4 (0.3) 98 (62) 12.5 (1.3) 0.036 (0.016) 0.037 (0.041) 160 (100) 

limits of Detection 0.7 40 1 0.009 0.03 50 

----·---·------
8 Samples collected in March and September; counting uncertainty in parentheses. 

l i 
' j 
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Table G-18. Radiochemical Quality of Surface Waters from White Rock Canyon, October 1987 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station 
-6 (10 t.J.Ci/ml) (10-9 pCi/ml) (p.g/L) (10"9 p.Ci/ml) (10-9 ~Ci/ml) (Counts/min/L) 

Group I 
Sandia Spring -o.8 <0.3> 122 (64) 1.0 ( 1.0) 0.020 (0.014) -o.004 (0.004) 100 (80) 

Spring 3 -o.8 c0.3> -6 (65) 1.0 (1.0) 0.000 (0.010) 0.004 (0.008) 0 (80) 

Spring 3A -1.2 (0.3) 94 (62) 1.0 ( 1.0) -o.019 (0.010) 0.000 (0.010) 0 (80) 

Spring 3M -o.9 (0.3) 40 (62) 1.0 (1.0) 0.004 (0.004) 0.000 (0.010) 60 (80) 

Spring 4 0.7 (0.3) 103 (64) 1.0 ( 1.0) 0.012 (0.013) -o.008 (0.008) -110 (80) 

Spring 4A -o.1 (0.3) 87 (60) 1.0 ( 1.0) 0.022 (0.011) -o.004 (0.004) 0 (80) mr 

Spring 5 -o.1 (0.3) 99 (63) 1.0 (1.0) 0.009 (0.009) 0.005 (0.008) 10 (80) ~g 

Spring 5AA -o.2 co.3> 74 (61) 1.0 ( 1.0) 0.004 (0.008) -o.004 (0.004) 10 (80) 
::0);> 

~i 
Ancho Spring -o.7 (0.3) 38 (69) 1.0 ( 1.0) -o.008 (0.010) 0.000 (0.010) 190 (80) ~0 

~en 
-1 z 

Group II );> );> 

.... r-t 

...... Spring 8A -o.9 (0.3) 100 (62) 1.0 ( 1.0) 0.013 (0.013) 0.000 (0.010) 160 (80) ~B 
Vt ~ ~ Spring 9 -o.6 (0.3) -49 (62) 1.0 (1.0) -o.004 (0.007) 0.000 (0.010) 90 (80) mr 

Spring 9A -1.0 (0.3) 13 (61) 1.0 ( 1.0) 0.004 (0.011) 0.008 (0.012) 170 (80) - r; 
~m 

Doe Spring -o.8 (0.3) 149 (71) 1.0 (1.0) 0.008 (0.005) 0.000 (0.010) 130 (80) zO 
0~ 
m-t 

Group Ill - 0 
~:D 

Spring 1 -1.1 (0.3) 103 (61) 1.0 ( 1.0) 0.004 (0.010) -o.013 (0.008) 30 (80) ..., -< 

Spring 2 -o.8 (0.3) 24 (67) 3.9 (1.0) 0.004 (0.008) 0.009 (0.006) 220 (80) 

Group IV 
Spring 38 -o.2 <0.3> 29 (60) 2.2 <2.4) 0.000 (0.010) 0.004 (0.004) 60 (80) 

Streams 
Pajarito 13 (1.0) 64 (68) 1.3 (1.0) 0.027 (0.015) -o.004 (0.004) 10 (80) 

Ancho -o.7 (0.3) -2 (60) 1.0 ( 1.0) -o.008 (0.008) 0.000 (0.010) 160 (80) 

Frijoles -o.8 <0.3> -45 (61) 1.0(1.10) 0.020 (0.018) -o.004 (0.009) 190 (80) 



,..... 
~ 

l J 

Station 

Sanitary Effluent 
Mortandad 

No. of Analyses 
Maxiiii.D 

Limits of Detection 

3H 

(10.6 ~Ci/ml) 

-o.2 <0.3> 

20 
13 (1.0) 

0.7 

137Cs 

(10-9 pCi/ml) 

-39 (68) 

20 
149 (71) 

40 

Table G-18 (coot) 

Total u 
(jJg/l) 

1.0 (1.0) 

20 
22 (2.4) 

238Pu 

(10-9 pCi/ml) 

0.000 (0.010) 

20 
0.027 (0.015) 

0.009 

aCounting uncertainty in parentheses; Springs 5A, 58, 6, 6A, 7, 8, and 10 covered by Cochiti Reservoir. 

l ' 
I I l J l I I I ' . l J i J i J 1 I 

' I. 
I I 

239,240Pu 

(10-9 pCi/ml) 

0.000 (0.010) 

20 
0.009 (0.006) 

0.03 

I I l J 

Gross 
G8111118 

(Counts/min/L) 

70 (80) 

20 

50 

1 I l J 

mr 
~~ 
D )> 

~!;: 
3: 3: 
mO zen 
);!Z 
rl> 
cn:j 
cO 
~ ~ mr 

~~ 
zO 
~~ 
~ -I 
:gO 
...., ~ 

l I l j 
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Table G-19. Chemical Quality of Surface and Ground ~aters from Perimeter Stations (mg/L)a 

Station Sio2 

Los Alamos Reservoir 28 
Guaje Canyon 49 
Frijoles at Nat. 54 
Mon. 

La Mesita Spring 
Indian Spring 
Sacred Spring 

Sllllllilry 
,..... No. of Analyses 
:::J Average 

s 
Mini nun 

Maxi nun 

27 
42 
32 

6 

37 
11 

27 
54 

Ca 

7 

10 
9 

33 
27 
22 

6 

18 
11 
7 

33 

Mg 

0.9 
3.1 

3.1 

0.8 
2.7 
0.4 

6 
1.8 
1.3 

0.8 
3.1 

aSamples collected in February and March. 

K 

2.5 
1.7 
2.1 

2.4 
2.7 
2.9 

6 

2.4 
0.4 
1.7 
2.9 

Na 

3 
6 

8 

30 
27 
23 

6 

16 
12 
3 

30 

co
3 

0 

0 

0 

0 

0 

0 

6 

0 

HC03 

27 
37 
42 

118 
110 
99 

6 

72 

41 
27 

118 

p 

<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 

6 

<0.2 

so
4 

7 

8 

6 

14 
7 
7 

6 

8 

3 

6 

14 

Cl F 

2 <0.2 
2 0.2 
3 <0.2 

8 

32 
3 

6 

8 

12 
2 

32 

0.3 
0.5 
0.5 

6 

<0.3 
0 .1 

<0.2 
0.5 

N 

<1 
<1 
<1 

2 
<1 
<1 

6 
<1 

0.4 
<1 
2 

TDS 

78 

106 
111 

174 
208 
135 

6 

135 

48 

78 

208 

I I 

Total 
Hard-

I 

ness pH 

24 7.8 

37 7.7 
33 7.8 

90 
95 

56 

6 

56 

30 
24 
90 

8.1 
7.5 
7.7 

6 

7.8 

0.2 
7.7 
8.1 

I I 

Conduc
tivity 
mS/m 

7 
10 

11 

30 
32 
20 

6 

18 
11 
7 

32 

mr 
~g 
~)>o z r; 
~~ 
mO 
zen 
-i z 
)>o )>o 
r -i 
en -cO 
~ ~ mr 
;= r; r;m 
zO 
~~ 
- -i 
~0 
""~ 

f J 



Table G-20. Primary Chemical Quality of Surface and Ground ~aters from White Rock Canyon, October 1987 (mg/l) 

Stations Ag As Ba Cd Cr F Hg N Pd Se 
--

~ 
Sandia Spring <0.001 0.002 0.132 <0.001 0.003 0.6 0.002 0.2 0.003 <0.002 

Spring 3 <0.001 0.002 0.035 <0.001 0.005 0.5 0.001 0.8 <0.001 <0.002 

Spring 3A <0.001 0.003 0.031 <0.001 0.005 0.5 <0.001 0.5 <0.001 <0.002 

Spring 3M <0.001 0.003 0.021 <0.001 0.011 0.5 <0.001 0.5 0.001 <0.002 

Spring 4 <0.001 0.002 0.039 <0.001 0.005 0.6 <0.001 1.0 <0.001 <0.002 mr 

Spring 4A <0.001 <0.001 0.043 <0.001 0.005 0.6 <0.001 1.1 <0.001 <0.002 ~g 
Spring 5 <0.001 0.002 0.031 <0.001 0.005 0.5 <0.001 0.4 <0.001 <0.002 D )> 

Spring 5M <0.001 0.002 0.194 <0.001 0.002 0.5. <0.001 <0.2 0.001 <0.002 ~~ 
Ancho Spring <0.001 0.001 0.028 <0.001 0.004 0.4 <0.001 <0.2 <0.001 <0.002 

~0 
~en 
-t z 
l>)> r-t 

,... Group II 
-..1 

~5 
00 Spring 8A <0.001 0.001 0.024 <0.001 0.001 0.5 <0.001 <0.2 <0.001 <0.002 ~~ 

Spring 9 <0.001 0.001 0.016 <0.001 0.003 0.5 0.002 <0.2 <0.001 <0.002 mr 
r=s;: 

Spring 9A <0.001 0.001 0.013 <0.001 0.007 0.5 0.001 <0.2 <0.001 <0.002 lj;:m 
zO 

Doe Spring <0.001 0.001 0.022 <0.001 0.002 0.6 <0.001 <0.2 <0.001 <0.002 ()~ 
m-t 
- 0 

Group Ill 
~~ 

Spring 1 <0.001 0.004 0.061 <0.001 0.003 0.7 <0.001 <0.2 0.001 <0.002 

Spring 2 <0.001 0.024 0.081 <0.001 0.001 1.5 <0.001 <0.2 0.001 <0.002 

Group IV 

Spring 38 <0.001 0.011 0.044 <0.001 0.008 0.9 <0.001 2.1 <0.001 <0.002 

~ 
Pajarito <0.001 0.002 0.038 <0.001 0.004 0.5 <0.001 0.7 <0.001 <0.002 

Ancho <0.001 <0.001 0.026 <0.001 0.004 0.4 <0.001 <0.2 <0.001 <0.002 

Frijoles <0.001 <0.001 0.017 <0.001 0.001 0.2 <0.001 <0.2 <0.001 <0.002 

I J l I I I i j i j I J 
l ' l ' 

l j l I l j 
' .i I J I J 

' J 
l I l I 

' j 
l J 



I J I 1 I J I I I i I I I I I J I I I i I i f J I l i i I i I I I 1 I J I I 

Table G-20 (cont) 

Stations Ag As Ba Cd Cr F Hg N Pd Se 
--

Sanitary Effluent 

Mortandad <0.001 0.005 0.053 0.005 0.003 0.9 <0.001 12 <0.001 <0.002 

Stmnary 
No. of Analyses 
Maximum Concentration <0.001 0.024 0.194 0.005 0.011 1.5 0.002 12 0.003 <0.002 mr 

~~ 
USEPA and NMEID 

:D )> 

Primary Maximum 0.05 0.05 1.0 0.01 0.05 2.0 0.002 10 0.05 0.01 
01):: 
z ~ 

Concentrationsa 
~0 
~en 
-i z 
)> )> 

...... Maximum Concentrations <2 48 19 50 22 75 100 120 6 <20 
r -i 

--J ~B 
...::> 

as X of primary maximum ~ ~ 
................................. 

mr 

aReference (USEPA 1976>; comparison of primary and secondary maximum concentration to spring and stream maximum concentrations for 
r=l): 
l):m 

comparison only, spring and stream not a source of water supply. 
zO 
0~ 
m-i 
~ 0 
:€ :D ..., -< 



Table G-21. Secondary Chemical Quality of Surface and Ground ~aters from ~ite Rock Canyon, October 1987 (mg/L) 

Stations Cl Cu Fe Mn so4 Zn lOS pH 

--- --- --- --

Group I 
Sandia Spring 4 <0.001 0.137 0.042 5 <0.001 195 8.1 

Spring 3 4 <0.001 0.145 <0.001 5 <0.001 145 8.1 

Spring 3A 3 0.002 0.114 <0.001 5 0.001 140 7.9 

Spring 3M 3 0.002 1.71 <0.001 4 0.006 131 7.8 

Spring 4 7 <0.001 0.070 <0.001 10 0.001 168 7.6 

Spring 4A 6 <0.001 0.010 <0.001 7 <0.001 170 7.8 

Spring 5 5 0.001 0.540 <0.001 6 <0.001 160 7.9 

Spring 5M 8 0.001 1.99 0.179 10 0.003 214 7.6 mr 

Ancho Spring 2 <0.001 0.020 0.002 3 0.001 140 7.4 ~~ 
:D )> 0> 
z ~ 

Group II ~0 

Spring 8A 2 <0.001 0.127 0.002 2 <0.001 146 7.8 ~(J) 
-iz 

Spring 9 2 <0.001 0.101 0.003 2 <0.001 142 7.7 
l>)> 

...... r -t 

~ Spring 9A 2 <0.001 0.817 0.003 2 <0.001 134 7.7 ~0 
~~ 

Doe Spring 2 <0.001 0.174 <0.001 2 <0.001 143 7.8 mr -> 
Group Ill 

~~ 
R~ 

Spring 1 4 <0.001 2.90 0.056 8 0.005 153 7.9 m .... - 0 
Spring 2 4 0.001 1.57 0.120 7 0.003 224 ·8.1 :li: :D .., -< 

Group IV 
Spring 38 4 <0.001 0.054 0.010 17 <0.001 403 8.0 

~ 
Pajarito 6 <0.001 0.049 0.002 6 <0.001 175 8.1 

Ancho 3 <0.001 0.174 0.004 3 <0.001 143 8.6 

Frijoles 4 <0.001 0.240 0.005 5 <0.001 133 7.9 

Sanitar~ Effluent 
Mortandad 43 33 0.627 0.021 32 0.027 1,67 7.3 

i I I I l j I I ' .j & J l I I i I J 
' J 

I J l J I J I I & I I J l J 
l ' 

I J 



I I r 

..... 
00 ,..... 

"' " I : I 1 

Stations 

SU1lllil ry 
No. of Analyses 

Maximum Concentration 

I 1 I I I J 

Cl 

20 

43 

I I I J I I I I 

Table 21 (cont) 

Cu Fe Mn 

20 20 20 

33 2.90 0.042 

I i I I I I f j I I I i ( j 

504 Zn TDS pit 

20 20 20 20 

32 0.027 467 8.6 

USEPA and NMEID 
Secondary Maximum 
Concentrationa 

Maximum Concentration 
as l of Secondary 
Maximum Concentration 

250 1.0 0.3 0.5 250 5.0 500 6.5-8.5 mr 
~0 

17 3300 967 8 6 <1 93 101 

8Reference (USEPA 1976); comparison of primary and secondary maximum concentration to spring and stream maximum concentrations for comparison only, 
spring and stream not a source of water supply. 

_en 
:D )> 

~~ 
~ ~ 
mO zen 
~ z ,> 
en::! 
cO 
~ ~ 
m' 
;=~ r;m 
zO 
()~ 
m--1 
~o 

~ ~ 

I I 



l J 

..... 
00 
N 
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Station 

~ 
Sandia Spring 
Sandia 3 

Spring 3A 
Spring 3M 
Spring 4 
Spring 4A 
Spring 5 

Spring 5AA 
Ancho Spring 

Group II 

Spring 8A 

Spring 9 
Spring 9A 
Doe Spring 

Group Ill 
Spring 1 
Spring 2 

Group IV 

Spring 38 

~ 
Pajario 
Ancho 
frijoles 

l J I J l J 

Table G-22. Chemical Quality of Surface and Ground Waters from White Rock Canyon, October 1987 (mg/L) 

Sio2 

42 
49 
49 
41 
52 
67 

66 

59 

72 

76 

72 
70 

72 

32 
32 

44 

68 

76 

59 

' j 

Ca 

38 
21 
21 
18 
23 
22 
18 
32 
12 

12 
11 
11 

12 

19 
21 

22 

20 
12 
9 

l j 

Mg 

2.7 
1.6 
1.7 

<0.5 
3.7 
4.6 
4.8 
6.0 
3.1 

3.2 
3.1 
3.1 
3.3 

1.2 
1.0 

1.9 

4.4 
3.2 
2.4 

I J 

I( 

2.9 
2.9 
2.9 
2.9 
2.7 
2.2 
2.0 
3.5 
2.0 

2.1 
1.5 
1.4 
1.5 

2.2 
1.4 

4.8 

2.5 
1.9 
2.2 

I i 

Na 

17 
17 
16 
18 
15 
13 
12 
14 

. 11 

12 
11 
10 
2 

34 
61 

127 

14 
11 
10 

i J 

co3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

l .J 

HC~ 

131 

81 
81 
n 
85 

81 
79 

122 
60 

62 
61 
58 

64 

109 
172 

316 

86 

64 

53 

I I 

Mo 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

<0.001 
<0.001 
<0.001 
<0.001 

0.002 
0.002 

0.004 

<0.001 
<0.001 
<0.001 

l J 

Ni 

0.002 
<0.001 
<0.001 
<0.001 
<0.001 
0.002 

<0.001 
0.001 
0.001 

0.001 
0.001 
0.001 
0.001 

0.002 
<0.001 

<0.001 

<0.001 
<0.001 
<0.001 

I I l J 

Total 
Hard· 
ness 

108 
59 

58 

45 
n 
73 

65 

112 
42 

39 
39 
39 
43 

57 

58 

66 

70 

47 
39 

l I 

Cond 
(mS/M) 

26 
17 
17 
16 
21 
19 
18 
28 
13 

14 
12 
12 
13 

24 
34 

64 

19 
13 

12 

l A 
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mO zen 
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Table G-22 (cont) 

Total 
Hard- Cond 

Station Si02 Ca Mg I( Na co3 HC03 Mo Ni ness (mS/M) 
--- --- --- --- --- ---

Sanitar~ Effluent 
Mortandad 93 26 7.7 16 85 0 132 <0.001 0.029 110 64 

SUIIIIIary 
No. of Analyses 20 20 20 20 20 20 20 20 20 20 20 

Maximum Concentration 93 38 1.7 16 127 20 316 0.004 0.027 108 64 

·····-·····-----
NOTE: Springs 5A, 58, 6, 6A, 7, 8, and 10 covered by Cochito Reservoir: The 20 locations also analyzed for following constituents: CN <0.01 mg/L; 

..... P <0.2 mg/L, except Mortandad 12 mg/L; Sb <0.001 mg/L; Th <0.001 mg/L; Tl <0.001 mg/L; 
00 
~ 

I I 

mr 
~g 
:II )>o 

~i 
~0 
ZCJ) 
-iz 
)>o )>o 
r -i 
C/)
cO 

~~ 
P!): 
!;m 
zO 
()~ m_. 
~ 0 
:i :II ...... -< 
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Table G-23. Radiochemical Quality of Surface and Ground ~aters from On-site Stations a 

Gross 

3H H7Cs Total u 238Pu 239,240Pu Ganma 

Station (10.6 f-!Ci/ml) ·9 
(10 fJ.Ci/ml) (1-J-9/l) (10.9 1-J.Ci/ml.) (10"9 1-J.Ci/ml) (Counts/min/l) 

Test ~ell 1 -2.4 (0.7) 77 (58) 2.9 (1.0) -o.oo5 <0.008> 0.005 (0.013) --400 (100) 

Test ~ell 

Test ~ell 2 -2.1 (0.7) 90 (52) 0.3 (0.1) 0.000 (0.010) 0.000 (0.010) -200 (100) 

Test ~ell 2 mr 

Test ~ell 3 -1.4 (0.7) 8 (61) 0.6 (0.1) o.ozz co:ozn 0.022 (0.016) -200 (100) ~g 

Test ~ell 3 0.3 (0.3) 65 (60) 1.0 (1.0) 0.021 (0.019) 0.011 (0.011) 10 (80) 
D)> 

0~ 
z ~ 
~0 

Test ~ell DT·5A -2.0 (0.7) -37 (55) 0.3 (0.1) -o.009 (0.009) 0.005 (0.011) -300 (100) ~(/) 
-iz 

Test ~ell DT·5A 0.1 (0.3) 58 (52) 1.0 (1.0) 0.002 (0.005) 0.002 (0.006) no <80> )> )> 

...... 
r -i 

~ 
~5 

Test ~ell 8 -2.1 (0.7) 86 (50) 0.0 (0.1) 0.035 (0.031) 0.000 (0.010) -300 (100) ~~ mr 

Test ~ell 8 0.5 (0.3) 38 (67) 1.0 (1.0) -o.010 (0.010) 0.010 (0.010) 190 (80) ;=~ r;m 
zO 

Test ~ell DT·9 0.0 (0.3) -13 (58) 1.0 ( 1.0) -o.ooz co.006> 0.008 (0.007) -60 (80) 0~ m-i 
- 0 
~ D 

Test ~ell DT -10 -1.6 (0.7) ~3 (50) 0.3 (0.1) 0.005 (0.012) 0.000 (0.010) --40 (100) ..... -< 

Test ~ell DT-10 0.2 (0.3) 136 (63) 0.3 (0.1) 0.002 (0.008) 0.002 (0.004) -10 (80) 

Canada del Buey -o.6 (0.7) 44 (55) 0.4 (0.1) 0.010 (0.023) 0.005 (0.014) -500 (100) 

Canada del Buey 0.3 (0.3) -25 (60) 1.0 ( 1.0) -o.ooz <0.003> 0.002 (0.003) -70 (80) 

Pajarito Canyon -1.2 (0. 7) 29 (54) 0.3 (0.1) 0.000 (0.010) 0.006 (0.018) 110 (100) 

Pajarito Canyon 0.6 (0.3) 33 (58) 1.0 ( 1.0) 0.001, (0.001) 0.002 (0.004) -280 (80) 

Uater Canyon at Beta Hole -2.0 (0.7) 21 (55) 0.0 (0.1) -o.004 (0.004) 0.000 (0.010) --400 (100) 

~ater Canyon at Beta Hole 0.1 (0.3) 67 (60) 1.0 (1.0) -o.004 (0.008) 0.000 (0.010) 80 (80) 

l I t j 
' j ' J 

i j l j l i i j ' ~ ' J 
l J 

' j 
l I I J i I I I ' ' l i I .J 



I j f 

,_. 
00 
VI 

~ 

' I J I 

Station 

SllllllilrY 
No. of Analyses 
Average 

s 
Hininun 
Maxi nun 

limits of Detection 

I I if • I J I I 

lH 

(10-6 tJ.Ci/ml) 

17 

-o.a 
1.1 

-2.4 (0.7) 
0.6 (0.3) 

0.7 

I I I 1 

137Cs 
-9 

(10 tJ.Ci/ml) 

17 

34 
55 

-93 (50) 
-136 (63) 

40 

f .. 
j I 1 

Table G-23 (cont) 

Total U 
6Jg/l) 

17 
0.7 
0.7 
0.0 (0.1) 

22.9 (1.0) 

1 

8 Samples collected in March and September; counting uncertainty in parentheses. 

I J ' 

238Pu 

(10-9 fJCi/ml) 

17 
0.004 
0.012 

1 

-o.010 (0.010) 
0.035 (0.037) 

0.009 

I i I j 

239,240Pu 

( 10-9 IJ(i/ml) 

17 
0.005 
0.007 
0.000 (0.010) 
0.022 (0.016) 

0.03 

I I I 

Gross 
Galllllil 

(Counts/min/l) 

17 
-132 

208 
-500 (100) 

190 (80) 

50 

I l 
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Table G-24. Radiochemical Quality of Shallow Ground ~ater in Pajarito Canyon 

Gross 

3H 137Cs Total U 238Pu 239,240Pu Gillllllll 

Station (10-6 .J.Ci/ml) (10-9 ..... Ci/ml) 4J.,9/L) (10 -9 !l.Ci/ml) (10.9 ..... Ci/ml) (Counts/min/L) 

~ell PC0-1 0.4 (0.3) 111 (68) 1.0 (1.0) 0.005 (0.018) 0.015 (0.015) 130 (80) 

~ell PC0-2 0. 7 (0.3) 89 (69) 1.0 ( 1.0) 0.035 (0.016) -o.004 (0.004) 210 (80) 

~ell PC0-3 0.3 (0.3) -3 (67) 1.0 (1.0) -o.004 (0.010) 0.004 (0.010) 110 (80) mr 
~0 _Ul 
D )> 

0~ 
z ~ 

SU11118ry 
~0 

No. of Analyses 3 3 3 3 3 3 
~Ul 
-t z 

0.5 66 1.0 0.012 0.005 150 
)> )> 

,..... Average 
r -t 

~ s 0.2 60 0.020 0.010 0.010 53 ~6 
~~ 

HiniiiUI'I 0.3 (0.3) -3 (67) -- . -o.004 (0.010) -o.004 (0.004) 110 (80) mr 

Haxinua 0.7 (0.3) 1t 1 (68) 1.0 (1.0) 0.035 (0.016) 0.015 (0.015) 210 (80) ;=~ 
~IJ) 
zO 
()~ 
m-t 
-o 
$ D 
..... -< 
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Table G-25. Chemical Quality of Surface and Ground Waters from On-site Stations (mg/L)a 

..... 
00 

Station 

Test Well 1 
Test Well 2 
Test Well 3 

Test Well DT-5A 
Test Well 8 

Test Well DT-10 
Canada del Buey 
Pajarito Canyon 
Water at Beta Hole 

-...! S lJlllla r y 

No. of Analyses 
Average 
s 
HiniiiUll 
HaxiiiUll 

Si02 

50 
65 
72 
67 

5 

56 
21 
22 
37 

9 

44 
24 

5 

72 

Ca 

49 
16 
19 

9 
4 

14 
6 

28 
13 

9 

18 
14 
4 

49 

Hg 

9.1 

4.0 

5.7 
2.6 
1.1 
3.8 
1.5 
7.1 
4.6 

9 

4.4 
2.6 
1.1 
9.1 

aSamples collected in February and March. 

K 

4.1 
1.1 
2.2 
1.6 
1.3 
1.2 
1.4 
2.9 
3.4 

9 

2.1 
1.1 
1.1 
4.1 

Na 

14 
9 

12 
11 

11 
11 
12 
26 
18 

9 

14 
5 

9 

26 

co3 

0 

0 

0 

0 

3 

0 

0 

0 

0 

9 
<1 
<1 
0 

3 

HC03 

102 
66 

80 

52 
38 
63 
'l7 

87 
42 

9 
62 
25 
27 

102 

p 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

9 

<0.2 

so4 

24 
2 
3 

2 
<1 
6 

4 

7 
11 

9 
<7 
7 

<1 
24 

Cl 

32 
2 

4 

2 

2 
2 

8 

36 
19 

9 

12 
14 
2 

36 

F 

0.5 
0.5 
0.4 
0.3 
0.3 
0.3 
9.3 
0.3 
0.3 

9 

1.4 
3.0 
0.3 
9.3 

N 

7 
<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 

9 
<2 
2 

<1 
7 

TDS 

253 
136 

165 
123 
27 

107 
77 

188 

148 

9 

136 

65 
27 

253 

I J 

Total 
Hard-
ness 

164 

52 
67 

30 
12 
48 
18 

98 
55 

9 

60 
47 
18 

164 

I ~ 

pH 

8.0 
7.9 
7.8 
7.9 
8.7 
8.4 
7.1 
7.7 
7.8 

9 

7.9 
0.4 
7.1 
8.0 

i J 

Conduc
tivity 
(mS/m) 

40 

14 
18 . 

11 

8 

13 

9 

31 
17 

9 

18 
11 

9 

40 
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Table G-26. Chemical Quality of Shallow Ground ~ater in Pajarito Canyon (mg/L) 

Total Conduc· 

Hard- tivi ty 

Station Si02 Ca Mg I( Na co3 HC03 
p so4 Cl f N TDS ness pH (mS/m) 

- - -- -- -- -

~ell PC0-1 49 76 13 4.9 52 0 250 <0.2 8 70 0.6 0.2 462 269 7.3 70 

~ell PC0-2 49 74 13 4.0 52 0 247 <0.2 8 71 0.6 0.4 434 263 7.5 71 

~ell PC0-3 48 n 12 4.0 105 0 249 <0.2 8 73 0.6 0.3 447 262 7.5 72 
mr 
~g 
:II)> 
01).: 

SlJ11118ry 
z 3: 
3:0 

No. of Analyses 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 mC/l 

Average 49 76 12.7 4.3 70 0 249 <0.2 8 71 0.6 0.3 448 265 7.5 71 ~z 
..... r ~ 

~ s 1 2 0.6 0.5 30 0 2 0 0 2 0 0.1 14 4 0.2 1 en -cO 

Mininun 48 74 12 4.0 52 -- 247 -- -- 70 -- 0.2 434 262 7.3 70 ~ ~ 

Maxi nun 49 n 13 4.9 105 0 250 <0.2 8 73 0.6 0.4 462 269 7.5 
mr 

72 - 1).: 
~m 
zO 
0~ 
m -i 
- 0 
~ ~ 
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Table G-27. Radiochemical Quality of Surface and Ground Waters from Acid-Pueblo Canyon a 

3H 137Cs Total U 238Pu 239,240Pu 

Station (10- 6 tJ.Ci/ml) (10. 9 1J.Ci/ml) (jJ.g/L) (10.9 1-<Ci/ml) (10.9 f-!Ci/ml) 

Acid Weir -2.2 (0.7) 2 (43) 0.6 (0.1) 0.010 (0.015) 0.068 (0.018) 

Acid Weir 0.0 (0.3) -58 (50) 2.0 (1.0) 0.017 (0.015) 2.38 (0.126) 

Pueblo 1 -1.7 (0.7) -16 (42) 0.6 (0.1) 0.007 (0.015) 0.083 (0.028) 

Pueblo 1 -{).2 (0.4) 44 (60) 1.0 (1.0) -().009 (0.009) 0.006 (0.010) 

Pueblo 2 -1.5 (0.7) -8 (43) 0.6 (0.1) ·0.062 (0.055) 0.062 (0.069) 

Pueblo 2 0.1 (0.3) 82 (70) 1.0 (1.0) -().010 (0.012) 0.031 (0.014) 

Pueblo 3 -1.8 (0.7) 41 (43) 0.9 (0.1) O.IU2 (0.034) 0.092 (0.043) 

Pueblo 3 -{).3 (0.3) 118 (63) 1.0 (1.0) 0.000 (0.010) 0.031 (0.015) 

Hamilton Bend Springs -2.3 (0.7) 46 (21) 0.6 (0.1) -().009 (0.011) -().004 (0.008) 

Hamilton Bend Springs (Dry) -- -- -- -- --
Test Well 1A -1.7 (0.7) 24 (48) 0.0 (1.0) 0.010 (0.017) -().010 (0.012) 

Test Well 1A 0.3 (0.3) 13 (59) 1.0 (1.0) 0.005 (0.004) -{).002 (0.005) 

Test Well 2A 0.5 (0.7) -- 0.0 ( 1.0) 0.000 (0.010) 0.032 (0.018) 

Test Well 2A 1.4 (0.4) 167 (71) 1.0 (1.0) -0.005 (0.005) 0.005 (0.005) 

Basalt Spring -{).9 (0.7) 131 (65) 1.3 ( 1.0) -0.011 (0.012) 0.000 (0.010) 

Basalt Spring -{).4 (0.3) 40 (62) 1.0 ( 1.0) 0.002 (0.003) 0.002 (0.002) 

Sunmary 
No. of Analyses 15 14 15 15 15 

Average -{).7 45 0.8 -().003 0.180 

s 1.1 62 0.5 0.019 0.610 

Mini nun -2.3 (0.7) -58 (50) 0.0 (1.0) -().062 (0.055) -().004 (0.008) 

Maxi nun 1.4 (0.4) 167 (71) 2.0 (1.0) 0.010 (0.015) 2.38 (0.012) 

Limits of Detection 0.7 50 1 0.009 0.03 

---------------
11Sanf)les collected in March and Septeaber; counting uncertainty in p<~rentheses. 

I I I ! f I I I 

Gross 
Ganma 

(Counts/min/L) 

300 (100) 

no <80> 

200 (100) 
-10 (80) 

-2500 (300) 
700 (100) 

mr 
~0 

-90 (100) _Cil 
::D )> 

580 (100) ~·~ 
~ ~ 
mO 

100 (100) 
zCil 
-i z 
)> )> -- r -i 

~5 

-300 ( 100) 
~ ~ mr 

-270 (80) ;=~ 
~ m 
z 0 
()~ 

-500 (100) m-t 
-o 

580 (100) 10 ::D 
~ -< 

-300 (100) 
420 (90) 

15 
-64 

765 
-2500 (300) 

700 (100) 

50 



Table G-28. Radiochemical Quality of Surface and Ground Waters from OP-Los Alamos Canyon a 

Gross 

3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station (10-6 f1Ci/ml) (10-9 !JCi/ml) (f>Q/l) ( 10"9 fiCi/ml) (10-9 fJ.Ci/ml) (Counts/min/l) 

OPS-1 -1.5 (0.7) 27 (44) 1.0(0.1) 0.021 (0.016) 0.114 (0.024) 300 (100) 

OPS-1 0.5 (0.3) 16 (75) 1.0 (1.0) -o.oo5 <0.012> 0.014 (0.013) 700 (100) 

OPS-4 -o.6 (0. 7) 33 (44) 0.8 (0.1) 0.008(0.018) 0.041 (0.027) 200 (100) 

OPS·4 1.2 (0.4) 188 (80) 1.0 ( 1.0) 0.019 (0.012) 0.034 (0.013) 530 (100) 

LAO-C -o.3 (0.8) 56 (48) 0.1 (0.1) 0.000 (0.010) 0.005 (0.015) -400 (100) 

LAO·C 0.6 (0.3) 89 (69) 1.0 (1.0) 0.015 (0.015) 0.015 (0.016) 580 (100) 
mr 
~0 _en 

LA0·1 -o.4 (0.7) -20 (48) 0.2 (0.1) -o.006 (0.010) -o.017 (0.010) 40 (100) :D )> 

LA0-1 19 (2.0) 68 (67) 1.0 (1.0) -o.017 (0.013) 0.008 (0.008) 700 (100) 
or; 
z s::: 
s:::o 
~en 

LA0-2 -1.6 (0.7) 7 (42) . 0.2 (0.1) 0.000 (0.010) 0.029 (0.023) -60 (100) -tz 
)> )> 

...... LA0-2 1.3 (0.4) 116 (71) 1.0 (1.0) 0.009 (0.019) 0.009 (0.015) 350 (90) 
r-t 

8 
~6 
:IJZ < )> 

LA0-3 -o.8 (0.7) -56 (38) 0.3 (0.1) 0.015 (0.018) 0.015 (0.021) -100 (100) mr 
r=r; 

LA0-3 1.5 (0.4) 13 (58) 1.0 (1.0) 0.015 (0.011) -o.004 (0.010) 240 (80) r; ID 
zO 
()~ 

LA0-4 -o.5 <o.n 78 (50) 0.3 (0.1) 0.028 (0.015) 0.124 (0.024) 0 (100) 
m-t 
- 0 

LA0-4 1.3 (0.4) 155 (79) 1.0 ( 1.0) 0.004 (0.013) 0.004 (0.015) 90 (80) 
:g :D 

'"" -< 

LA0·4.5 0.0 (0.7) -39 (43) 0.3 (0.1) 0.000 (0.010) 0.021 (0.018) -200 (100) 

LA0-4.5 1.7 (0.4) 12s <n> 1.0 (1.0) 0.017- (0.017) 0.000 (0.010) 120 (80) 

Sl.111118ry 

No. of Analyses 16 16 16 16 16 16 

Average 1.3 54 0.7 0.008 0.026 193 

s 4.8 79 0.4 0.012 0.039 321 

Hininun -1.6 (0. 7) -56 (38) 0.1 (0.1) -o.017 (0.013) -o.017 (0.010) -400 (100) 

Haxinun 19 (2.0) 188 (86) 1.0 (1.0) 0.028 (0.015) 0.124 (0.008) 700 (100) 

Limits of Detection 0.7 40 1 0.009 0.03 50 

---------------
aSamples collected in March and Noveai>er; counting uncertainty in pdrenthe,.es. 
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Table G-29. Radiochemical Quality of Surface and Shallow Ground ~aters from Mortandad Canyon a 

3H 90Sr 137Cs Total U 238Pu 239,240Pu 

Station (10-6 p.Ci/ml) (10- 9 tJ.Ci/llll) (10-9 pCi/ml) (fJ-9/L) 
-9 (10 tJCi/mL) (10.9 fJ-Ci/mL) 

--
GS-1 8400 (800) 6.2 (0.3) -29 (55) 3.3 (0.3) 30.0 (3.00) 90.() (5.00) 
GS-1 120 (10) -- 213 (84) 1.0 (1.0) 0.677 (0.033) 4.51 (0.185) 

MC0-3 12 000 ( 1000) 9.5 (0.7) 66 (51) 3.8 (0.4) 24.2 (1.50) 68.0 (4.00) 
MC0-3 140 ( 10) ·- -2 (68) 1.0 ( 1.0) 0.921 (0.066) 5.23 (0.219) 

MC0-4 210 (20) 0.4 (0.4) 18 (56) 2.4 (0.2) 0.165 (0.034) 0.278 (0.044) 
MC0-4 480 (50) -- 0 -62 (75) 4.0 (1.0) 0.093 (0.023) 0.097 (0.021) 

MC0-5 210 (20) -o.6 (0.5) 73 (56) 1.7 (0.2) 0.053 (0.025) 0.337 (0.052) 
MC0-5 490 (50) -- -20 (59) 4.0 (1.0) 0.150 (0.025) 0.382 (0.041) 

MC0-6 400 (40) 56 ( 1.0) 95 (56) 2.7 (0.3) 0.941 (0.142) 3.35 (0.281) 
MC0-6 500 (50) -- 22 (68) 4.0 (1.0) 0.138 (0.026) 0.333 (0.039) 

MC0-7 480 (50) -- 68 (60) 5.6 (0.6) 0.037 (0.044) 0.037 (0.040) 
MC0-7 470 (50) -. 7 (62) 3.0 (1.0) 0.038 (0.018) 0.021 (0.015) 

MC0-7.5 406 (40) -- 68 (49) 5.7 (0.6) 0.075 (0.026) 0.091 (0.026) 
MC0-7.5 490 (50) -- 53 (69) 3.0 (1.0) 0.030 (0.018) 0.066 (0.020) 

Sunmary 

No. of Analyses 14 5 14 14 14 14 
Average 1770 14 41 3.2 4. 11 12.3 
s 3643 24 67 1.4 9.81 28.6 
Mininun 120 (10) -o.6 (0.5) -62 (75) 1.0 (1.0) 0.036 (0.018) 0.021 (0.015) 
Maxi nun 12 000 (1000) 56 ( 1.0) 213 (81,) 5.7 (0.6) 30.0 (3.00) 90.0 (5.00) 

Limits of Detection 0.7 0.01 40 1 0.009 0.03 
.. -------------
8 samples collected in March and November; counting uncertainty in parentheses. 

I I I l I I I I 

Gross 
Ganma 

(Counts/min/L) 

8500 (900) 
9700 ( 1000) 

10 000 (1000) 
11 000 ( 1000) 

-300 (100) mr 
210 (80) ~0 _en 

:D )> 

-500 (100) 
or; 
z ~ 

270 (80) 
~0 
~en 
--1 z 
)> )> 
r --1 

1200 (200) ~5 
270 (80) ~ ~ 

m' 
r= r; 

60 (100) l):m 
zO 

190 (80) ()~ m --1 
- 0 

-300 (100) ~ ~ 
180 (80) 

14 
2891 
4578 
-500 (100) 

11 000 ( 1000) 

50 



Table G-:SO. Radiochemical Quality of Surface Waters from Sandia Canyon a 

Gross 

:SH 137Cs Total U 2:S8Pu 2:S9,240Pu Gillllllll 

Station (10-6 jiCi/ml) (10. 9 jiCi/ml) <tJ.!ill) (10.9 jiCi/ml) (10-9 jiCi/ml) (Counts/min/l) 

--
SCS-1 41.9 (0.7) -47 (44) 1.8 (0.1) 0.000 (0.010) 0.012 (0.032) 40 (100) 

SCS-1 0.7 (0.3) 29 (61) 1.0 (1.0) 0.002 (0.004) 0.000 (0.005) :so (80) 

SCS·2 41.1 (0.7) 83 (57) 0.5 (0.1) 41.076 (0.039) 41.019 (0.033) -no <100> 

SCS·2 0.8 (0.3) 36 (61) 1.0 (1.0) 0.000 (0.005) 0.002 (0.002) 160 (80) 
mr zo 
~(/) 
:II )> 

SCS-3 41.3 (0.7) 32 (48) 0.5 (0.1) 41.054 (0.033) 41.027 (0.019) -40 ( 100) os: 
z~ 

SCS-3 0.0 (0.3) 135 (58) 1.0 ( 1.0) 41.002 (0.007) 0.000 (0.005) 0 (80) ~0 
~(/) 
-iz 
)> )> 

.... Slmllilry 
r -i 

10 ~5 
N No. of Analyses 6 6 6 6 6 6 ~ ~ 

Average 0.3 45 0.9 41.022 41.005 56 mr 
r=s: 

s 0.6 60 0.5 0.034 0.015 155 !;m 
Mininun 41.9 (0.7) -47 (44) 0.5 (0.1) 41.076 (0.039) 41.027 (0.019) -130 (100) zO 

0~ 

Maxi nun 0.8 (0.3) 135 (58) 1.8 (0.1) 0.002 (0.004) 0.012 (0.032) 306 (80) m-i 
- 0 :g :II 
-..j -< 

limits of Detection 0.7 40 1 0.009 0.03 50 

-----·------·--
aSamples collected in March and September; counting uncertainty in parentheses. 
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Station 

Acid Weir 
Pueblo 1 
Pueblo 2 
Pueblo 3 
Hamil ton Bend 
Spring 

Test Well 1A 
Test Well 2A 
Basalt Spring 

~ Surrma ry 
No. of Analyses 
Average 
s 
Mini nun 
Maxi nun 
---------------

r J I 

Sio2 -
25 
26 
26 
32 
55 

50 
35 
40 

8 
36 
11 
25 
55 

aSamples collected in March. 

j 

Ca 
-

18 
18 
18 
19 
15 

30 
34 
24 

8 
22 
7 

15 
34 

I ;; 
II 

Table G-31. 

Mg 
--
3.6 
3.7 
3.5 
3.5 
4.3 

8.2 
6.8 
6.7 

8 
5.0 
1.9 
3.5 
8.2 

I I I I I I I I I J ( J f I I I i j I I I ~ I I I I 

Chemical Quality of Surface and Shallow Ground Waters in Acid-Pueblo Canyon (mg/L)a 

Total Conduc-
Hard- tivity 

K Na co3 HC03 
p so4 Cl F N lOS ness pH (mS/m) 

- - - -- -- -
5.0 70 0 56 1.7 19 85 0.5 2 265 59 7.4 45 
5.3 69 0 56 1.7 20 86 0.5 2 2n 60 7.3 44 
4.9 68 0 56 1.7 20 85 0.5 2 274 58 7.5 45 
6.8 76 0 75 3.7 23 74 0.8 6 302 60 7.7 48 
9.2 74 0 110 6.5 23 47 0.9 2 287 51 8.0 44 mr 

~g 
:n )> 

8.2 69 0 119 4.3 30 60 0.7 9 343 114 7.9 55 0~ 
z ~ 

3.5 22 0 79 <0.2 23 54 0.4 <1 211 109 7.0 36 ~0 
3.8 17 0 80 <0.2 17 16 0.6 2 173 89 7.7 26 ~en 

--1 z 
)> )> 
'--t 
~5 
~ ~ 8 8 8 8 8 8 8 8 8 8 8 8 8 m' 

5.8 58 0 79 <2.5 22 64 0.6 <3 266 75 7.6 43 ;=~ 
~QJ 

2.0 24 -- 24 2.2 4 24 0.2 3 53 25 0.3 9 zO 
()~ 

3.5 17 -- 56 <0.2 17 16 0.4 <1 173 51 7.0 26 m --1 

76 - 0 9.2 -- 119 6.5 30 86 0.9 6 343 114 8.0 55 ~ :n ...... -< 



l J 

Table G-32. Chemical Quality of Surface and Shallow Ground IJaters in DP-Los Al11010s Canyon (mg/l)a 

Station 

DPS-1 

DPS-4 

LAO-C 

LA0-1 

LA0-2 

~ 

'j2 LAO· 3 

LA0-4 

LA0-4.5 

Stmnary 

No. of Analyses 

Average 
s 
HiniiiUll 

HaxiiiUll 

Sio2 

17 

19 
21 
44 
27 
32 
29 
23 
30 
40 
33 
41 
31 
41 
33 
42 

16 
31 

8 

17 

44 

ca 

26 
16 
15 
18 
8 

10 
12 
13 
13 
18 
14 
18 
13 
16 
15 
16 

16 
15 
4 

8 

26 

Hg 

2.2 
1.0 
1.7 
3.4 
2.6 
2.1 
3.5 
1.1 
3.7 
3.9 
4.0 
3.9 
3.7 
2.8 
4.0 
2.8 

16 
2.9 
1.0 

1.0 
4.0 

asan~les collected in March and April. 

~ j t .J 
l ' 

l I l j 

I( 

4.9 
3.5 

10.5 
4.5 
2.2 
2.7 
2.5 

10.5 
2.8 
8.6 
3.1 
8.5 
3.3 

12.4 
3.5 

12.1 

16 
5.9 
3.7 
2.2 

12.4 

i .i 

Na 

78 
32 
90 
46 

7 

34 
22 
65 
29 
35 
30 
35 
30 
59 
31 
59 

16 
42 
22 

7 

90 

l J 

co3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

16 
0 

0 

0 

0 

l j 

HC03 

84 

n 
90 
89 
21 
57 
26 

129 
32 
95 
32 
93 
34 

126 
33 

125 

16 
71 
38 

21 
129 

I I 

p 

<0.2 
<0.2 
0.4 

<0.2 
<0.2 
<0.2 
<0.2 
0.4 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
0.3 

<0.2 
0.3 

16 
0.2 
0.0 

<0.2 
0.4 

I I 

so4 

18 
9 

26 
13 
9 
7 

9 

16 
9 

14 
10 
14 
10 
17 

10 
17 

16 
13 

5 

7 

26 

l J 

Cl f 

101 0.6 

13 0.7 
94 2.5 

34 0.6 
10 <0.2 
31 0.3 
39 <0.2 
21 2.4 
49 0.3 

21 1.1 
56 0.3 
21 1.1 
52 0.3 
23 2.0 
57 0.3 
24 2.0 

16 16 
40 0.9 
27 0.8 
13 <0.2 

101 2.5 

l I 

N 

1.2 
<0.2 
1.2 
1.0 

<0.2 
<0.2 
<1 
0.7 

<1 
0.5 

<1 
0.4 

<1 
0.8 
1.4 
0.7 

16 
<0.8 
<0.4 
<0.2 

1.4 

I .I 

TDS 

306 
152 
306 
216 
96 

157 
142 
228 
165 
186 

184 

184 

169 
231 
183 
229 

16 
196 

55 
96 

306 

i J 

Total 
Hard-
ness 

75 

44 
44 
57 
28 
32 
42 
39 
52 
58 
54 
57 
49 
47 
58 
44 

16 
49 
11 

28 
75 

I I 

pH 

7.8 
7.5 
8.1 

7.0 
7.5 
7.0 
7.6 
7.8 
7.4 
7.0 
7.6 
7.0 
7.4 
7.1 
7.6 
7.1 

16 
7.4 
0.3 

7.0 
8.1 

i i 

Conduc
tivity 
(mS/m) 

51 
23 

52 
32 

9 m r 

23 ~ g 
20 i3 )> zr; 
37 ~ ~ mO 
25 z en -i z 
30 l! ·~ 
25 en 6 c z 
27 ~ )> mr 
26 r= r; 
38

r;m 
zO 

26 () ~ m-i 
37 ~ 0 ..., ~ 

16 
30 
11 

9 

52 

l I 
' I 
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GS-1 

MC0-3 

MC0-4 

MC0-5 

MC0-6 

I J 

Station 

~ HC0-7 

HC0-7.5 

Sl.ITIIlary 
No. of Analyses 
Average 
s 
Mininun 
Maxi nun 

r 1 

Si0
2 

44 
57 
44 
62 
33 

65 
30 
27 
29 
42 
30 
31 
30 
31 

14 
40 
13 
29 

65 

r J 

ca 

109 
38 

130 
39 
37 
9 

20 
39 
18 
21 
17 
12 
17 
13 

14 
37 
37 

9 

130 

aSamples collected in March. 

I t I I I I I ; I J I J I J I i I I I I 

Table G-33. Chemical Quality of Surface and Shallow Ground Waters in Mortandad Canyon (mg/L)a 

Mg 

2.7 
3.1 
2.9 
3.3 
2.8 

<0.5 
4.7 
5.7 
4.1 
2.8 
4.2 
2.4 
4.2 
2.5 

14 
3.2 
1.2 

<0.5 
5.7 

K 

54.9 
20.0 
66.8 
21.4 
35.1 
18.9 
7.3 

34.2 
8.2 

26.2 
4.9 
4.0 
4.9 
4.1 

14 
22.2 
19.7 
4.0 

66.8 

Na 

54 
85 

132 
92 
74 

165 
220 
228 
155 
190 
223 
178 
229 

178 

14 
157 
61 
74 

229 

co3 

0 

0 

0 
0 

2 
66 

0 

0 

0 

19 
0 

0 

0 

0 

14 
6 

18 
0 

66 

HC03 . 

257 
124 
306 

124 
142 
133 
176. 
164 

176 

150 
214 
182 
215 
183 

14 
182 
52 

124 
306 

p 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

14 
<0.2 
0.0 

<0.2 
<0.2 

so4 

81 
24 

102 
25 
24 
60 
21 
48 
29 

53 
37 
40 
38 
40 

14 
45 
23 
24 

102 

Cl F 

35 6.0 
4 1.1 

40 7.7 

28 1.2 
30 2.4 
38 3.9 
28 1.9 
37 3.0 
29 2.3 
39 3.3 
30 2.4 
35 3.3 
30 2.5 
35 3.2 

14 14 
31 3.2 
9 1.8 
4 1.1 

39 3.9 

N 

45 
37 
56 
42 
31 
44 
37 

118 
37 
75 

62 
46 
62 
47 

14 
53 
22 
37 

118 

TDS 

780 

492 
963 
426 
492 
601 
551 

1010 
548 
751 

775 

622 
m 
592 

14 
677 

168 
492 

1010 

I I 

Total 
Hard· 

( l 

ness pH 

256 7.9 
110 7.8 
315 7.9 
112 7.8 
97 8.4 
24 9.9 
76 7.7 

107 7.5 
63 7.6 
61 9.0 
61 8.3 
37 7.6 
62 8.3 
43 7.7 

14 14 
102 8.1 
83 0.5 
24 7.5 

315 9.9 

I I 

Conduc
tivity 
(mS/m) 

130 
71 

160 
73 

76 m r 

91 ~ 2 
85 ~ )> 

145 ~ g 
85 z en 

:;;! ~ 115 
118 
92 

120 
92 

14 
104 

28 
n 

160 

r -1 
weD 
~ ~ mr -s: S:m 
zO 
()~ 
m-1 
- 0 :g :0 ..., -< 

I I 



Table G-34. Chemical Quality of Surface Water from Sandia Canyon (mg/L)a 

Total Conduc· 
Hard- tivity 

Station Sio2 ca Mg I( Na co3 HC~ p 504 Cl f N TDS ness pH (mS/m) 

- - -- - - - -- -- - -
SCS-1 96 34 4.7 8.1 215 -- -- 1.4 768 83 1.0 1.3 1129 100 -- 300 
SCS-2 46 22 3.8 8.5 126 0 68 1.5 40 157 0.8 1.8 465 71 7.8 80 
SCS-3 46 19 3.1 8.6 130 0 62 1.5 40 159 0.8 1.8 468 66 7.9 81 

Sllllll8ry · m r 
~0 

No. of Analyses 3 3 3 3 3 2 ~ 3 3 3 3 3 3 3 2 3 
_(/) 
:D )> 

Average 63 25 4.1 8.4 157 0 65 1.5 283 133 0.9 1.6 687 19 7.8 153 0~ 
z ~ 

s 29 8 0.6 0.3 50 -- 4 0.1 420 43 0.1 0.3 382 18 0.1 127 ~0 
~(/) 

MiniiiUII 46 19 3.8 8.1 126 -- 62 1.4 40 83 0.8 1.3 465 66 7.8 80 --tz 
....... 

)> )> 

MaxiiiUII 96 34 4.7 8.6 215 0 68 1.5 768 159 1.0 1.8 1129 100 1.9 300 r--t 
~ ~5 ----------·---- ~ ~ 

aSamples collected in March. mr 
?~ 
~QJ 
zO 
() ~· 
m--t 
- 0 :g :D 
~ -< 

l J l j l I 
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Table G-35. Background Radiochemical Quality of Run-off (Solution and Suspended Sediments) in the Los Alamos Area8 

In Solution 

Station 

West SR-4 at Water Canyon 
West SR-4 at Canon Valle 
West SR-4 at Pajarito Canyon 
West SR-4 at los Alamos Canyon 
Guaje Canyon at Well G-5 

x (s) 

West SR-4 at Water Canyon 
West SR-4 at Canon Valle 
West SR-4 at Pajarito Canyon 
West SR-4 at los Alamos Canyon 
Rendija Canyon at Booster 1 
Guaje Canyon at Well G-5 

Guaje Canyon at SR-4 

X (S) 

1987 
Date 

4/29 
4/29 
4/29 
4/29 
4/29 

1987 
Date 

4/29 
4/29 
4/29 
4/29 
3/12 
4/29 
5/4-7 
5/11-14 
5/26-28 
6/4 
6/8-11 
4/20 
4/30 
5/18-21 

3H 

(10-6 !-iCi/ml) 

0.4 (0.3) 
0.5 (0.3) 
0.7 (0.3) 
0.4 (0.3) 
0.5 (0.3) 

0.5 (0.1) 

137Cs 

(10-9 1-lCi/ml) 

69 (60) 
117 (62) 
138 (71) 
-91 (50) 

13 (75) 

64 (67) 

In Solution 

238Pu 

(10-9 t.tCi/IIIL) 

0.000 (0.010) 
0.031 (0.015) 
0.000 (0.010) 
0.013 (0.017) 
0.013 (0.012) 

-().004 (0.012) 
0.007 (0.012) 
0.015 (0.009) 

-().009 (0.014) 
-().019 (0.014) 

0.010 (0.010) 
0.004 (0.011) 
0.010 (0.010) 
0.009 (0.016) 
0.006 (0.012) 

239,240Pu 

(10 - 9 IJ.Ci/IIIL) 

0.009 (0.027) 
0.010 (0.010) 
0.004 (0.010) 
0.004 (0.008) 

-().004 (0.010) 
0.014 (0.013) 
0.014 (0.010) 
0.011 (0.008) 
0.000 (0.010) 
0.000 (0.010) 
0.010 (0.010) 

-().004 (0.007) 
0.029 (0.014) 

-().009 (0.013) 
0.006 (0.010) 

8 Location of stations shown in Fig. 16; counting uncertainty in parentheses. 

Total u 

(IJ-9/U 

1.0 ( 1.0) 
1.0 ( 1.0) 
1.0 ( 1.0) 
1.0 (1.0) 
1.0 (1.0) 

'1.0 (1.0) 

Gross 
G8111118 

(counts/min/L) 

20 (80) 

120 (80) 
130 (80) 
150 (80) 

170 (80) 

118 (58) 

Suspended Sediments 

238Pu 

(pCi/g) 

o.on <0.045> 
0.000 (0.019) 
0.034 (0.075) 
0.064 (0.013) 

-().010 (0.001) 
-().004 (0.004) 
-().016 (0.016) 

0.066 (0.050) 
0.020 (0.061) 
0.176 (0.117) 
0.022 (0.071) 
0.001 (0.001) 
0.011 (0.003) 

-().032 (0.045) 
0.029 (0.053) 

239,240Pu 

(pCi/g) 

0.033 (0.037) 
0.034 (0.034) 
0.006 (0.045) 
1.32 (0.071) 
0.020 (0.012) 
0.011 (0.005) 
0.056 (0.027) 
0.089 (0.054) 

-o.020 (0.035) 
0.106 (0.093) 
0.000 (0.039) 
0.012 (0.002) 
0.233 (0.014) 
0.032 (0.051) 
0.138 (0.346) 

I ~ i I 

mr 
~0 _en 
:n )> 

~~ 
~ ~ 
mO zen 
-tz 
)> )> 
r-1 encO 
~~ mr 
;=~ 
~m 
zO 
fJ~ 
- -1 
~0 
~ ~ 

I .I 



Table G-36. Plutonium in Spring Run-off in Solution and Suspended Sediments 

Solution Suspended Sediments 

1987 238Pu 239,240Pu 238Pu 239,240Pu 

Station Date ( 10-9 11Ci/ml) (10-9 fJ.Ci/ml) (pCi/g) (pCi/g) 

~ater Canyon at SR-4 4/14 -().017 (0.020) 0.033 (0.026) 0.000 (0.140) 0.000 (0.140) 
4/20 0.000 (0.010) 0.024 (0.016) 0.018 (0.060) -().062 (0.038) 
4/30 0.010 (0.019) -().010 (0.013) -().012 (0.032) 0.024 (0.042) 
5/4-7 0.018 (0.014) 0.004 (0.004) 0.004 (0.006) 0.004 (0.004) 
5!11-14 0.000 (0.010) -().004 (0.01 1) 0.342 (0.343) 0.770 (0.356) 
5/18-21 0.004 (0.008) -().004 (0.004) 0.000 (0.132) 0.058 (0.101) 

mr 
~~ 

5/26-28 0.000 (0.001) 0.009 (0.009) 0.066 (0.066) 0.066 (0.081) ~ )> 

6/4 0.015 (0.015) -().015 (0.008) 0.028 (0.048) 0.056 (0.040) 0'> 
z ~ 
~0 
~en 

x (s) 0.004 (0.01 1) 0.005 (0.017) 0.056 (0.118) 0.115 (0.268) -lz 
l>)> .... r -1 \0 (f) -00 cO 

Pajarito Canyon at SR-4 3/5 0.035 (0.019) 0.004 (0.010) -(). 134 (0.164) 0.067 (0.178) ~ ~ 
3/2-5 -().010 (0.007) 0.014 (0.008) 0.945 (0.069) 0.942 (0.131) 

mr 
rli: 

3/6-19 -().004 (0.015) -().004 (0.004) ' 0.021 (0.044) 0.000 (0.022) li:m 
zO 

3!23-26 -().018 (0.022) -().018 (0.018) -().026 (0.070) 0.079 (0.087) ()~ 

3/30-4/2 0.004 (0.012) 0.000 (0.010) 0.150 (0.011) 
m-1 

0.060 (0.110) --o 
~ ~ 4/6-9 -().005 (0.012) 0.017 (0.017) 0.020 (0.040) 0.066 (0.052) "'-4 ~ 

4/20 0.000 (0.010) 0.000 (0.000) 0.030 (0.030) 0.000 (0.030) 
4/30 0.000 (0.010) 0.134 (0.010) 0.116 (0.084) 0.093 (0.080) 
5/4-7 -().120 (0.009) -().004 (0.009) -().034 (0.034) 0.034 (0.059) 
5!11-14 -().011 (0.012) 0.007 (0.007) 0.161 (0. 105) 0.095 (0.056) 
5/18·21 -().024 (0.016) 0.034 (0.016) 0.172 (0. 150) 0.000 (0.079) 
5/26-28 0.016 (0.014) 0.004 (0.011) 0.040 (0.069) 0.120 (0.090) 
6/4 -().022 (0.011) 0.000 (0.010) 0.000 (0.227) 0.218 (0.218) 
6/8-11 -().012 (0.013) 0.000 (0.010) -().014 (0.024) 0.014 (0.014) 

X (S) -().002 (0.016) 0.013 (0.037) 0.068 (0. 138) 0.128 (0.242) 

l J l j l J I. J l j l J l J l J 
' j 

i J I J I .I I I l I l j l I l • i I ( j 
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Table G-36 (cont) 

Solution Suspended Sediments 

1987 238Pu 239,240Pu 238Pu 239,240Pu 

Station Date 1(10-9 t.U:i/ml) (10-9 flCi/ml) (pCi/g) (pCi/g) ---
Los Alamos Canyon at SR-4 3!2-5 -o.011 (0.019) 0.011 (0.024) 0.190 (0.061) 2.84 (0.219) 

3/16·19 0.030 (0.016) 0.035 (0.015) 0.105 (0.014) o.no <0.048> 

3/23-26 0.012 (0.013) 0.020 (0.012) 0.026 (0.004) 0.426 (0.024)· 

3/30-31,4!1-2 0.000 (0.010) ..:0.004 (0.004) 0.033 (0.023) 3.50 (0.400) 

4/6-9 -o.059 (0.066) 0.040 (0.040) -o.040 (0.040) 0.230 (0.110) 

4/14-17 
mr 

0.054 (0.020) 0.010 (0.012) 0.018 (0.018) 2.20 (0. 160) ~~ 
4!20 0.021 (0.016) 0.036 (0.006) 0.118 (0.024) 1.65 (0.110) D> 

4/30 0.008 (0.011) 0.008 (0.011) 0.074 (0.019) 2.08 (0. 121) 
0~ z ~ 

5/4·7 0.029 (0.018) 0.000 (0.010) 0.055 (0.021) 1.63 (0.128) ~0 
~(/) 

5/11-14 -o.004 (0.009) 0.014 (0.012) 0.023 (0.069) 1.59 (0.209) ).!Z 
..... 5/18-21 0.009 (0.013) 0.014 (0.014) 0.117 (0.060) 2.52 (0.228) 

r ~ 

~ ~B 
5/26-27 0.000 (0.010) 0.000 (0.010) 0.212 (0.071) 3.32 (0.304) ~~ 
6/4 0.004 (0.004) 0.031 (0.013) 0.314 (0.105) 2.79 (0.328) mr 

r=~ 
6/8-11 -o.009 (0.011) -o.004 (0.010) 0.051 (0.102) 1.94 (0.241) ~lXI zO 

0~ m_. 
X (S) 0.006 (0.026) 0.015 (0.015) 0.093 (0.093) 1.96 (1.01) ~a 

:i:D 
-.j -< 

Pueblo Canyon at SR-4 3/5 -o.014 (0.025) 0.014 (0.032) 0.021 (0.010) 4.63 (0.232) 

3/2-5 -o.026 (0.015) 0.000 (0.010) 0.036 (0.008) 0.742 (0.047) 

3/16-19 -o.008 (0.010) 0.023 (0.014) 0.011 (0.005) 1.60 (0.095) 

3!23·26 0.000 (0.010) -o.007 (0.007) 0.015 (0.004) 1.17 (0.050) 

3/30-31,4/1-2 0.021 (0.014) 0.000 (0.010) 0.005 (0.002) 1.35 (0.058) 

4/6-9 0.012 (0.015) 0.012 (0.013) 0.034 (0.014) 7.27 (0.310) 

4/14-17 0.000 (0.010) 0.010 (0.010) -o.009 (0.009) 3.27 (0.210) 

X (S) -o.002 (0.016) 0.007 (0.010) 0.016 (0.016) 2.86 (2.38) 



Table G-36 (cont) 

Solution Sus~nded Sediments 

1987 238Pu 239,240Pu 238Pu 239,240Pu 

Station Date (10-9 t-tCi/ml) (10-9 tJ.Ci/ml) (pCi/g) (pCi/g) 

Los· Alamos Canyon at Otowi 3/2-5 -o.033 (0.025) 0.011 (0.019) 0.181 (0.012) 0.401 (0.022) 

3/16·19 0.008 (0.012) 0.011 (0.011) 0.059 (0.008) 1.40 (0.069) 

4/20 0.000 (0.010) 0.000 (0.010) 0.036 (0.006) 0.930 (0.047) 

4/30 0.000 (0.010) 0.008 (0.013) 0.004 (0.002) 0.121 (0.010) mr 
~g 

5/4-7 0.004 (0.004) -o.004 (0.004) 0.019 (0.005) 0.264 (0.021) :D)> 

5/11-14 0.000 (0.010) 0.018 (0.018) 0.009 (0.005) 0.167 (0.97) or; 
z ~ 

5/18-21 0.000 (0.010) 0.021 (0.018) 0.029 (0.011) 0.228 (0.029) ~0 

5/26·28 0.054 (0.021) 0.009 (0.009) 0.018 (0.009) 0.268 (0.036) 
~C/) 
-i z 

0.013 (0.012) 0.058 (0.041) 0.878 (0.164) 
)> )> 

8 
6/4 0.027 (0.017) 

r -i 

6/8·11 -o.oo5 <0.013> 0.005 (0.015) 0.064 (0.034) 2.74 (0.202) ~6 
~ ~ 

6/14-17 -o.011 (0.017) -o.011 (0.011) 1.90 (0.060) 1.70 (0.160) mr 
;=~ r;o 

X (S) 0.004 (0~022) 0.007 (0.009) 0.216 (0.561) 0.827 (0.829) R~ 
m-i 
- 0 

Rio Grande at Otowi 3/12 -o.016 (0.011) -o.024 (0.014) 0.001 (0.004) 0.001 (0.002) ~ :D 
-.j -< 

l J l j l j t j ~ j :j 
' j 

i j & j 
i ' 

I I i l l I l J l I i j i .i ( i l A 
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Station 

Sediment Trap 1 

Sediment Trap 2 
Sediment Trap 3 

Station 

Sedi~~ent Trap 1 
Sediment Trap 2 
Sediment Trap 3 

I I I I I 1 I J l i I J I J I i i i i 1 

Table G-37. Radiochemistry of Storm Run-off in Sediment Traps, Mortandad Canyon 

Uranium and Plutonium Anal~ses 

Solution . SUS~:!!!nded Sediments 

Total U 238Pu 239,240Pu 238Pu 239,240Pu 

(f.19/L) (10-9 f.!Ci/ml) (10-9 ..,.citmL> (pCi/g) (pCi/g) 
--

2.0 (1.0) 0.225 (0.225) 1.24 (0.331) 39.~ ( 1. 72) 137 (5. 17) 

1.0 ( 1.0) 0.767 (0.334) 1.34 (0.363) 31.1 ( 1.43) 107 (4.13) 

1.0 (1.0) -o.212 (0.150) 0.265 (0.206) 21.5 (1.04) 15.3 (2.97) 

Tritium._Cesil..lll. aoc:L!!ros!> Radiol!ctivHY_~nalyses 

3H 137cs 

(10-6 fiCi/ml) (10-9 f-iCi/ml) 

9.0 (1.0) -18 (59) 
4.7 (0.6) 26 (40) 
5.9 (0.7) 3 (59) 

Solution 
Gross 
Alpha 

(10-9 1.1Ci/ml) 

5.0 (1.0) 
1.5 (0.7) 
2.4 (0.9) 

Gross 
Beta 

(10-9 fiCi/ml) 

35 (4.0) 
26 (3.0) 
17 (2.0) 

Gross 
G81111111 

(CountS/IIi n/l) 

I i I l I I 

mr zo 
~en 
D l> 

~s: 
s:: s:: 
mO 
zen 
-lz 
)> )> 
r -1 
weD 
:IJ z < )> 
m r 
r=s;: s: OJ 
zO 
()~ 
m -1 
-o 
~ ~ 

I I 
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IIIII 

-
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.... 

--

Station 

Mortandad Canyon 
Mortandad near CMR 
Mortandad west of GS-1 
Mortandad at GS-1 
Mortandad at MC0-5 
Mortandad at MC0-7 
Mortandad at MC0-9 
Mortandad at MC0-13 

Regional Soils 
Rio Chama 
Embudo 
Otowi 
Near Santa Cruz 
Cochiti 
Bernalillo 
Jemez 

Perimeter Soils 
Sportsman's .Club 
North Mesa 
TA-8 
TA-49 
White Rock (east) 
Tsankawi 

Onsite Soils 
TA-21 
East of T A-53 
TA-50 
Two Mile Mesa 
East of T A-54 
R-Site Road East 
Potrillo Drive 
S-Site 
Near Test Well DT-9 
Near TA-33 

-------------· 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL SURVEILLANCE 1987 

Table G-38 (coot) 

Latitude or Longitude or 
N-S Coord E-W Coord 

N060 E036 
N045 E095 
N040 El05 
N035 El55 
N025 El90 
N030 E215 
N015 E250 

36°05' l 06°07' 
36°12' 105°58' 
35°52' 106°08' 
35°59' 105°54' 
35°37' 106° 19' 
35°17' 106°36' 
35°40' 106°44' 

N240 E215 
Nl34 El68 
N060 W075 
Sl65 E085 
S0 55 E385 
N020 E310 

N095 El40 
N05l E218 
N035 E095 
N025 E030 
S080 E295 
S042 El03 
S065 El95 
S035 W025 
Sl50 El40 
S245 E225 

Map 
Designation a 

39 
40 
41 
42 
43 
44 
45 

Sl 
S2 
S3 
S4 
S5 
S6 

S7 
S8 
S9 

SlO 
Sll 
Sl2 
Sl3 
Sl4 
Sl15 
S16 

asoil sampling locations in Figs. 14 and 17; sediment sampling locations in Figs. 14 
and 18 . 

203 



Table G-39. Radiochemical Analyses of Regional Soils and Sedimentsa 

Gross 

3H 137Cs Total U 238Pu 239,240Pu 241Am Gamma 

Location (10-6 j.J.Ci/ml) (pCi/g) (fig/g) (pCi/g) (pCi/g) (pCi/g) (counts/min/g) 

i2ili 
Chamita 0.2 (0.5) 0.24 (0.07) 5.4 (0.5) 0.002 (0.001) 0.008 (0.002) -. 6.4 (0.8) 

Enbudo 0.1 (0.5) 0.25 (0.10) 4.8 (0.5) 0.000 (0.001) 0.007 (0.002) -- 6.0 (0.8) 

Otowi -o.8 <0.5> 0.02 (0.06) 5.0 (0.5) 0.000 (0.001) 0.008 (0.002) -- 6.1 (0.8) 

Near Santa Cruz Lake -- 0.41 (0.10) 3.1 (0.3) 0.000 (0.001) 0.007 (0.002) -- 4.6 (0.7) 

Cochiti 4.7 (0.7) 0.43 (0.09) 3.0 (0.3) 0.000 (0.001) 0.016 (0.003) 
mr -- 4.1 (0.7) ~ 0 

Bernalillo 13 (1.0) 0.60 (0.13) 1.9 (0.2) 0.002 (0.001) 0.013 (0.003) 
__ (/) 

-- 3.7 (0.7) ]] )> 

Jemez 4.3 (0. 7) 0.23 (0.08) 2.1 (0.2) 0.001 (0.001) 0.010 (0.003) -- 01): 
1.7 (0.6) z ~ 

~0 
~(/) 

~ 
Summary 

--i z 
)> )> 

No. of Analyses 6 7 7 7 7 -- 7 r --i 
~6 

Average 3.6 0.31 3.6 0.001 0.010 -- 4.7 ~?; 
s 5.2 0.19 1.4 0.001 0.003 -- 1.7 mr 

-I): 

MiniR'UII -o.8 <0.5> 0.02 (0.06) 1.9 (0.2) 0.000 (0.001) 0.007 (0.002) . - 1. 7 (0.6) ~m 
Maxi nan 13 ( 1.0) 0.60 (0.13) 5.4 (0.5) 0.002 (0.001) 0.016 (0.003) -- 6.4 (0.8) zO 

0~ 
m--i 
- 0 

Se~ ~~ 
Rio Chama at Chamita -- 0.00 (0.06) 1.9 (0.2) -o.001 (0.001) -o.002 (0.001) -o.160 (0.081) -3.5 (0.7) 

Rio Grande at Embudo -- 0.14 (0.10) 2.3 (0.2) 0.000 (0.001) 0.000 (0.001) -o.146 (0.177) -4.1 (0.7) 

Rio Grande at Otowi -- 0.06 (0.06) 2.0 (0.2) 0.001 (0.002) 0.000 (0.001) -o.078 (0.081) -5.5 (0.8) 

Rio Grande at Sandia 0.7 (0.4) 0.38 (0. 11) 8.5 (0.9) 0.001 (0.002) 0.002 (0.001) -- 3.8 (0.7) 

Rio Grande at Pajarito 0.2 (0.4) 0.12 (0. 10) 3.4 (0.4) 0.000 (0.001) 0.007 (0.002) -- 1.8 (0.6) 

Rio Grande at Anchob 

Rio Grande at frijoles b 

Rio Grande at Bernalillo -- 0.13 (0.09) 2.8 (0.3) 0.000 (0.001) 0.004 (0.002) -3.26 (0.520) -1.6 (0.6) 

Jemez River at Jemez -- 0.09 (0.08) 1.1 (0.2) 0.000 (0.002) 0.001 (0.001) 

• j l • l j L J I j i I l i 
' j 

i j l 1 l J I .I l 1 l j l J l J I .fi I J i J 



I J r ~ 
I I I I I 

location 

Sl.lllllary 
No. of Analyses 
Average 
s 
Mininun 
Maxinun 

Limits of Detection 

l I I I I I I I 

3H 137Cs 

(10" 6 j.LCi/ml) (pCi/g) 
-

2 1 

0.4 0.13 
0.3 0.12 
0.2 (0.4) 0.00 (0.06) 

0.7 (0.4) 0.38 (0.11) 

0.7 0.1 

8 samples collected in April; counting uncertainty in parentheses. 

~ bsampling station covered by reservoir. 

I t r 1 I I I J 

Table G-39 (cont) 

Total U 
4!Q/g) 

1 

3.1 
2.5 
1.1 (0.2) 
8.5 (0.9) 

0.3 

238Pu 

(pCi/g) 

1 

0.000 
0.001 

-o.oo1 co.oon 
0.001 (0.002) 

0.003 

I I I 1 

239,240Pu 

(pCi/g) 

1 

0.002 
0.003 

-o.002 (0.001) 
0.007 (0.002) 

0.002 

I ·~ 

I 

241Am 

(pCi/g) 

4 

-o.911 
1.57 

i 

-3.26 (0.520) 
-o.078 (0.081) 

0.01 

J I I i 

Gross 
Gillllllll 

(counts/min/g) 

6 

-1.5 

3.6 
-3.5 (0.1) 
3.8 (0.1) 

0.1 

mr 
~0 _en 
D l> os;: 
z ~ 
~0 zen 
-iz 
)> )> 

~:j 
cO 
~ ~ mr 
r=s;: 
S::m 
zO 
0~ m_. 
-o 
~ =!! 

f I 



Table G-40. Radiochemical Analyses of Perimeter Soils and Sediments 

Gross 

3H 137Cs Total U 238Pu 239,240Pu 241Am G8111118 

Location (10-6 fJCi/ml) (pCi/g) (fJg/g) (pCi/g) (pCi/g) (pCi/g) (counts/min/g) 

Perimeter Soils 

Sportmans Club 1.1 (0.5) 0.29 (0.09) 4.2 (0.4) 0.001 (0.001) 0.018 (0.003) -. 4.4 (0.7) 

North Mesa 0.4 (0.5) 0.25 (0.08) 3.8 (0.4) 0.001 (0.001) 0.008 (0.002) . - 6.3 (0.8) 

TA-8 0.6 (0.5) 1.3 (0.22) 3.1 (0.3) 0.002 (0.001) 0.026 (0.004) -- 7.3(0.9) 

TA-49 -o.1 (0.5) 0.34 (0.09) 4.8 (0.5) 0.000 (0.001) 0.004 (0.002) -- 7.1 (0.9) 

IJhi te Rock 2.8 (0.6) 0.24 (0.08) 4.0 (0.4) 0.001 (0.001) 0.010 (0.002) -- 7.5 (0.9) 

Tsankawi 1.5 (0.5) 0.27 (0.07) 5.3 (0.5) 0.029 (0.004) 0.009 (0.002) -- 9.0 (1.0) mr 
~~ 

SlJIIllBry 
D l> 
01);: 

No. of Analyses 6 6 6 6 6 6 z 3:: 
3::0 

Average 1.0 0.44 4.2 0.006 0.013 -- 6.9 ~C/) 
-i z 

s 1.0 0.42 0.8 0.011 0.008 -- 1.5 )> )> 

~ 
r -i 

Mini nun -o.1 (0.5) 0.24 (0.08) 3.1 (0.3> 0.000 (0.001) 0.004 (0.002) -- 4.4 (0.7) ~5 

Maxi nun 2.8 (0.6) 1.3 (0.22> 5.3 (0.5) 0.029 (0.004) 0.026 (0.004) -- 9.0 ( 1.0) ~ ~ mr 
r=t; 

Perimeter Sediments 
l);:m 
zO 

Guaje at SR-4 -- 0.06 (0.06) 2.8 (0.3) 0.000 (0.001) 0.002 (0.001) -o.016 (0.068) -2.4 (0.6) 0~ m-i 

Bayo at SR-4 -- 0.34 (0.11) 3.2 (0.3') -o.001 (0.002) 0.002 (0.002) 0.028 (0.202) -o.8 (0.6) - 0 

Sandia at SR-4 -- 0.06 (0.06) 1.8 (0.2) 0.001 (0.001) 0.001 (0.001) 0.010 (0.081) -2.1 (0.6) ~ ~ 

Hortandad at SR-4 -- 0.00 (0.07) 1. 7 (0.2) -o.ooo <0.001> 0.002 (0.001) -- -1.2 (0.6) 

Canada del Buey at SR-4 -- 0.13 (0.09) 2.1 (0.2) 0.002 (0.002) 0.001 (0.002) 0.054 (0.179) -23 (2.0) 

Pajarito at SR-4 -- 0.10 (0.06) 2.6 (0.3) -o.001 (0.002) 0.005 (0.003) 0.043 (0.096) 0.2 (0.6) 

Potrillo at SR·4 -- 0.04 (0.09) 2.5 (0.3) 0.001 (0.001) 0.002 (0.001) 0.311 (0.188) -1.6 (0.6) 

l.later at SR-4 -- 0.15 (0.08) 1.7 (0.2) 0.000 (0.001) 0.002 (0.001) -- -2.6 (0.6) 

Ancho at SR-4 -- 0.12 (0.07) 2.3 (0.3) 0.000 (0.001) 0.006 (0.002) 0.110 (0.097) -1.2 (0.6) 

Frijoles at Bandelier -- 0.24 (0. 10) 3.2 (0.3) -o.001 (0.001) 0.001 (0.001) 0.230 (0.185) -o.9 (0.6) 

Sandia at Rio Grande -- 0.39 (0.12) 2.0 (0.2) 0.000 (0.001) 0.001 (0.002) -- -1.5 (0.6) 

Canada del Ancha at -- 0.14 (0.09) 1.3 (0.2) -G.001 (0.001) 0.001 (0.001) -- -o.8 (0.6) 

Rio Grande 

i ' ' j 
l j l J l J I j I I I J l .a k I I I i. j I I l j l I l I l • l I I .I 



I I r 

~ 
-.1 

:s 
;r I I I I 

Location 

Hortandad At Rio Grande 
Pajarito at Rio Grande 
Water at Rio Grande 
Ancho at Rio Grande 
Frijoles at Rio Grande 

SUIIIIilry 
No. of Analyses 
Average 
Std. Dev. 
Mini nun 
Maxi nun 

Limits of Detection 

------~------·-------

I J I I I J I I 

3H 137Cs 

(10.6 !J.Ci/ml) (pCi/g) 

0.3 (0.4) 0.03 (0.10) 
0.5 (0.4) 0.36 (0.11) 

-- 0.09 (0.09) 
0.2 (0.4) 0.08 (0.08) 
0.4 (0.4) 0.13 (0. 10) 

4 17 

0.3 0.14 
0.1 0.12 
0.2 (0.4) 0.00 (0.07) 
0.5 (0.4) 0.39 (0. 12) 

0.7 0.1 

8 Samples collected in April; counting uncertainty in parentheses. 

I I I I I I I J ( i I I I 8 I I I ' I I I I 

J.able G-40 (cont) 

Gross 
Total U 238Pu 239,240Pu 241Am Gamma 

(pg/g) (pCi/g) (pCi/g) (pCi/g) (counts/min/g) 

1.7 (0.2) 0.000 (0.000) 0.002 (0.001) -- -{).7 (0.6) 
2.9 (0.3) 0.000 (0.001) 0.003 (0.002) -- -{).0 (0.6) 
1.8 (0.2) 0.001 (0.001) 0.001 (0.001) -- -2.9 (0.6) 
1.2 (0.2) 0.000 (0.001) 0.000 (0.001) -- -4.8 (0.7) 
2.8 (0.3) -{).001 (0.001) 0.002 (0.001) -- 2.5 (0.6) m r 

~0 _(/) 

D > 
O!i: 
z ~ 

17 17 17 8 17 ~0 
2.2 0.000 0.002 0.096 -2.6 ~(/) 

--i z 
0.6 0.001 0.002 0.116 . 5.5 

)> )> 
r -i 

1.2 (0.2) -{).001 (0.002) 0.000 (0.001) -{).016 (0.068) -2.3 (2.0) f!B 
D z 

3.2 (0.3) 0.002 (0.002) 0.006 (0.002) 0.311 (0.188) 2.5 (0.6) < )> 
mr 
r'i: 
'i:m 

0.3 0.003 0.002 0.002 0.1 zO 
OS! 
m-i 
~ 0 
~ D 
~ -< 



~ 
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Table G-41. Suburanic and Gross Gamma Analyses of On-site Soils and Sediments8 

Location 

On-site Soils 

TA~21 

East of TA-53 
TA-50 
Two·Mi le Mesa 
East of TA-54 
R·Site Road East 
Potrillo Drive 
S·Site 
Near DT-9 
Near TA-33 

SlJl1118ry 
No. o·f Analyses 
Average 
s 
Mini111.111 
MaxiiiLIII 

Sediments: Effluents 
Release Areas 
Pueblo Canyon 
Acid Weir 
Pueblo 1 
Pueblo 2 
Hamilton Bend Spring 
Pueblo 3 
Pueblo at SR-4 

' J 
l J l I I J 

3" 
(10.6 11Ci/ml) 

1.9 (0.5) 
1.0 (0.5) 
2.3 (0.5) 
0.7 (0.5) 

-o.5 (0.5) 
0.4 (0.5) 

2.4 (0.6) 
o.·7 co.5> 

-o.2 co.5> 
10 (1.0) 

10 
1.9 
3.0 

-o.5 (0.5) 
10 (1.0) 

I I I I I J 

137Cs 

(pCi/g) 

-o.o1 c0.08> 
0.17 (0.08) 
0.11 (0.08) 
0.51 (0.11) 
0.14 (0.07) 
0.05 (0.05) 
0.25 (0.09) 
0.12 (0.06) 
0.79 (0.15) 
0.25 (0.07) 

10 
0.24 
0.24 

-o.01 (0.08) 
0. 79 (0.15) 

0.18 (0.10) 
0.20 (0.10) 

-o.o2 co.06> 
0.27 (0.09) 
0.02 (0.07) 

-0.01 (0.09) 

I J I I I J 

Gross 
Gamu 

(counts/min/g) 

6:6 (0.9) 
7.5 (0.9) 
6.8 (0.9) 
4.7 (0.7) 
6.0 (0.8) 
6.4 (0.8) 
5.2 (0.8) 
5.8 (0.8) 
5.1 (0.7) 
7.2 (0.9) 

10 
6.1 
0.9 
4.7 (0.7) 
7.5 (0.9) 

0.8 (0.6) 
-2.2 (0.6) 

-o.8 c0.6> 
-o.3 (0.6) 
-1.3 (0.6) 
-3.4 (0. 7) 

i J I J 

mr 
~g 
D )> 

@~ 
~0 
~en 
-1 z 
)> )> 
r -t 

~6 
~s; 
mr 
r=r; r;m 
zO 
0~ m-t 
~ 0 
~ D .., -< 

I I l j l .J I I 
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Table G-41 (cant) 

Gross 
3H 137cs Galllll8 

Location (10 -6 1-'-Ci/ml) (pCi/g) (cOlXIts/min/g) 

Sl.lllllary 
No. of Analyses --- 6 6 
Average --- 0.11 -1.2 

s --- 0.12 1.5 

Mininun --- -o.o2 <0.06> -3.4 (0.7) 

Maxi nun --- 0.27 (0.09) 0.8 (0.6) mr 
~0 _cn 

Los Alamos Canyon 
:D)> 
0~ 

DP Canyon at DPS-1 --- 7.2 ( 1.1) 5.4 (0.8) z ~ 
~0 

DP Canyon at DPS-4 --- 10.7 (1.6) --- ~(/) 
-lz 

Los Alamos at Bridge --- 0.30 (0. 10) -3.9 (0.7) )> )> 

~ 
r -I 

\D Los Alamos at LA0-1 --- 1.1 (0.19) 1.1 (0.6) ~6 
Los Alamos at GS-1 --- 0.20 (0.09) 3.6 (0.7) ~~ mr 
Los Alamos at LA0-3 --· 0.20 (0.07) -o.9 (0.6) ;=s;: 
Los Alamos at lA0-4.5 --- 0.62 (0. 14) 0.9 (0.6) ~OJ 

zO 
Los Alamos at SR-4 --- 1.8 (0.28) 3.5 (0.7) ()~ m .... 
los Alamos at Totavi --- 0.85 (0. 16) 3.4 (0.7) ~ 0 :g :n 
Los Alamos at LA-2 --- 0.31 (0.09) 3.6 (0.7) ...., -< 

Los Alamos at Otowi --- 0.30 (0. 10) 0.8 (0.6) 

Sl.lllllary 
No. of Analyses --- 11 10 

Average --- 2.1 1.8 

s --- 3.5 2.7 

Mini nun --- 0.20 (0.09) -3.9 (0.7) 

Maxinun --- 10.7 ( 1.6) 5.4 (0.8) 



l J 

~~ ..... 
0 

l j l j 

Location 

Mortandad Canyon 

Mortandad at CMR 

Mortandad Yest of GS-1 

Mortandad at GS-1 

Mortandad at MC0-5 

Mortandad at MC0-7 

Mortandad at MC0-9 

Mortandad at MC0-11 

SU11118ry 
No. of Analyses 

Average 
s 
Minian 
Maxi-

Limits of Detection 

Table G-41 (cont) 

1H 

(10.6 pCi/ml) 

0.7 

U7Cs 

(pCi/g) 

0.08 (0.06) 
0.11 (0.09) 

-o.06 (0.06) 

18 (5. 7) 

16 (2.4) 
0.28 (0.10) 
0.56 (O.U> 

7 
7.85 

14.5 
-o.06 (0.06) 

l8 (5.7) 

0.1 

8 Samples collected in April and May; counting uncertainty in parentheses. 

l I ( j l • i ~ I. I i j ~ j l i l j l. I 

Gross 
Ganma 

(counts/min/g) 

-1.4 (0.6) 
-2.1 (0.6) 

0.2 (0.6) 
54 (5.0) 
17 (2.0) 
4.9 (0.8) 

16 
12 
22 
-2.1 (0.6) 
54 (5.0) 

0.1 

I J I .I l J I j 

mr 
~g 
D )> 

@t; 
!: !: 
mO zm 
~z 
rl> 
en::! 
cO 
~?; 
mr 
-t; 
~m 
zO 
f.1 ~ . 
~ -1 

:ilo 
"-4 ~ 

l I I I 
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Table G-42. Uranium and Transuranic Radiochemical Analyses 
of On·site Soils and Sedimentsa 

Total U 238Pu 239,240Pu 241Am 

location (jJ_g/g) (P.(i/g) (pCi/g) (pCi/g) 
--

On-site Soils 
TA-21 1.8 (0.4) 0.005 (0.004) 0.002 (0.002) 

East of TA-51 4.6 (0.5) 0.000 (0.002) 0.012 (0.001) 

TA·50 4.2 (0.5) 0.002 (0.001) 0.018 (0.001) 

Two-Mile Mesa 2.9 (0.1) 0.002 (0.002) 0.020 (0.005) 

East of TA·54 1.4 (0.1) 0.002 (0.002) 0.008 (0.004) .. m r 
zo 

R·Site Road East 1.9 (0.4) 0.001 (0.001) 0.002 (0.002) -- ~en 
D )> 

Potrillo Drive 1.9 (0.4) 0.000 (0.001) 0.000 (0.001) -- 0~ 

S-Site 4.1 (0.4) 0.001 (0.002) 0.000 (0.001) 
z 3:: .. 3::0 

Near DT-9 1.1 (0.4) 0.000 (0.001) 0.016 (0.001) .. ~en 
-i z 

t.J Near TA-ll 1.6 (0.4) 0.001 (0.001) 0.009 (0.002) -. )> )> 
r -i .... ~5 ...... 

Slmll8ry ~ ~ 
mr 

No. of Analyses 10 10 10 -- ;=~ 
~m 

Average 1.7 0.002 0.011 -- zO 

s 0.5 0.002 0.012 -- 0~ 
m -i 

Mini nun 2.9 (0.1) 0.000 (0.002) 0.000 (0.001) 
~ 0 -- ~ ~ 

Maxi nun 4.6 (0.5) 0.005 (0.004) 0.038 (0.003) 

Sediments: Effluent 
Release Area 
Pueblo Canyon 
Acid \leir 3.2 (0.3) 0.001 (0.002) 0.004 (0.002) 1.28 (0.251) 

Pueblo 1 2.4 (0.2) -().036 (0.018) 0.009 (0.027) -1.83 (0.330) 

Pueblo 2 2.9 (0.3) 0.026 (0.014) 0.612 (0.062) 2.51 (0.401) 

Hamilton Bend Spring 3.4 (0.3) 0.001 (0.008) 0.167 (0.010) 2.29 (0.173) 

Pueblo 3 3.2 (0.3) 0.000 (0.001) 0.004 (0.002) 1.31 (0.254) 

Pueblo at SR-4 2.7 (0.3) 0.002 (0.001) 0.399 (0.021) 2.37 (0.382) 



Table G-42 (cont) 

Total U 238Pu 239,240Pu 241Am 

location (pg/g) (pCi/g) (pCi/g) (pCi/g) 

SUIIIIary 
No. of Analyses 6 6 6 6 

Average 2.9 ~ •. 001 0.199 1.93 

s 0.4 0.020 0.254 0.54 

MiniiiUII 2.4 (0.2) ~.036 (0.018) 0.004 (0.002) 1.28 (0.251) 

Maxinua 3.4 (0.3) 0.026 (0.014) 0.612 (0.062) 2.51 (0.401) 
mr 

Sediments: Effluent 
zo 
~en 

Release Area 
D-,. 
oc; 

los Alamos Canyon 
z i:: 
i::o 

DP Canyon at DPS-1 2.5 (0.3) 0.067 (0.019) 0.139 (0.026) 2.88 (0.457) ~en 
-I z 

DP Canyon at DPS-4 5.0 (0.5) 0.196 (0.012) 0.609 (0.029) -- )> )> 

N 

r -I 

~ Los Alamos at Bridge 2.8 (0.3) ~.001 (0.001) 0.002 (0.011) -1.27 (0.223) ~5 
N -~ ~ 

los Alamos at lA0-1 3.4 (0.3) 0.021 (0.004) 0.239 (0.014) 1.65 (0.301) mr 

los Alamos at GS-1 4.4 (0.4) 0.002 (0.001) 0.516 (0.026) 1.38 (0.291) r:c; 

Los Alamos at LA0-3 3.0 (0.3) 0.005 (0.002) 0.183 (0.011) 1.37 (0.260) 
«;m 
zO 

Los Alamos at LA0-4.5 3.2 (0.3) 0.008 (0.002) 0.267 (0.015) -1.48 (0.278) ()~ 
m-t 

Los Alamos at SR-4 4.2 (0.4) 0.029 (0.004) 0.414 (0.023) 1.24 (0.246) -o 

Los Alamos at Totavi 4.4 (0.4) 0.062 (0.006) 0.493 (0.025) -2.71 (0.442) 
~ ~ 

Los Alamos at LA-2 4.3 (0.4) 0.006 (0.002) 0.615 (0.030) 2.43 (0.390) 

Los Alamos at Otowi 3.6 (0.4) 0.006 (0.002) 0.131 (0.010) -2.43 (0.391) 

SUIIIIary 
No. of Analyses 11 11 11 10 

Average 3.7 0.036 0.328 0.306 

s 0.8 0.058 0.211 2.06 

MiniiiUII 2.5 (0.3) ~.001 (0.001) 0.002 (0.011) -2.43 (0.391) 

MaxiiiUII 5.0 (0.5) o. 196 (0.012) 0.615 (0.030) 2.88 (0.457) 

l i ~ J l j l. j l ; l .J l j • i l j l. j I i l I i j l j l J I I l j l J I • 
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Table G-42 (cont) 

Total U 238Pu 

location ~g/g) (pCi/g) 

Sediments: Effluent 
Release Area, Mortandad 
Canyon 
Mortandad at CMR 1.8 (0.2) 0.021 (0.003) 

Mortandad ~est of GS-1 1.5 (0.2) 0.008 (0.017) 

Mortandad at GS-1 2.3 (0.2) ~.028 (0.013) 

Mortandad at MC0-5 2.9 (0.3) 7.59 (0.520) 

Mortandad at MC0-7 1. 7 (0.2) 1.52 (0.082) 

Mortandad at MC0-9 4.8 (0.5) ~.035 (0.013) 

Mortandad at MC0•13 2.4 (0.2) 0.002 (0.001) 

N Summary ..... 
w 

No. of Analyses 7 7 

Average 2.5 1.30 

s 1.1 2.83 

MiniiiLIII 1.5 (0.2) ~.035 (0.013) 

MaxiiiLill 4.8 (0.5) 7.59 (0.520) 

Limits of Detection 1 0.003 

---·--------·--
8 Samples collected in April and May; counting uncertainty in parentheses. 

I I I J I I 

239,240Pu 

(pCi/g) 

0.006 (0.002) 
0.000 (0.001) 
~.005 (0.012) 
30.7 (1.90) 
6.02 (0.246) 
0.005 (0.011) 
0.023 (0.003) 

7 
5.25 

11.4 
~.005 (0.012) 
30.7 (1.90) 

0.002 

I I I 

241Am 

(pCi/g) 

1.16 (0.225) 
1.39 (0.290) 
3.99 (0.613) 

24.6 (3.71) 
4.22 (0.649) 
1.50 (0.304) 

--

6 
6.14 
9.14 
1.16 (0.225) 

24.6 (3.71) 

0.001 

I ( " ' I J I 1 

mr 
~0 _en 
::0)> 

or; 
z 3: 
3:0 
~en 
-;z 
)> )> 
r-; 

~5 z 
~ )> 

~~~ 
r;m 
zO 
()~ 
m-; 
- 0 
~ ~ 



Table G-43. Inorganic Chemical Parameters in Solution Extracted from Sediments Downgradient from Areas G and L, TA-54 

MaxiiiUll Limits Station Numbers8 

EP Toxic of 

Parameters b Concentration c Detection 1 2 3 4 5 6 1 8 9 

--- -- -- -- -- -- -- -

Arsenic 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD 

BariUD 100 0.5 BLD BLD BLD BLD BLD BLD BLD BLD BLD 

CadmiUD 1.0 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD 

ChromiUD 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD 

Lead 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD mr 

Mercury 2.0 0.001 BLD BLD BLD BLD BLD BLD BLD BLD BLD ~0 
- CJ) 
:D)> 

SeleniUD 1.0 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD o-; 

Silver 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD z ~ 
~0 

Nickel -- 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD ~CJ) 

Beryll iUDd 

-i z 

-- 0.005 BLD BLD BLD BLD BLD BLD BLD BLD BLD )> )> 

N 

r .; 

.... Sulfate -- 0.2 BLD BLD BLD BLD BLD BLD BLD BLD BLD ~5 
~ 

Nitrate -- 0.2 0.3 BLD 0.7 0.2 BLD 0.3 BLD BLD BLG ~~ mr 

Cyanide -- 0.01 BLD BLO BLD BLD BLD BLD BLD BLD BLD r=t; 

pHe -- 8.0 7.4 7.5 7.3 7.2 7.0 1.9 7.2 7.0 
t;m 

-- zO 
()~ m.; 

............................. 

- 0 
~ :D 

8 Samples collected in September; station number location in figure.20. 
--a -< 

bConcentrations in mg/L except as noted; BLD = Below Detection Limit. 

cNew Mexico Hazardous ~aste Management Regulations (HWHR) 201 8.5.; Extraction procedure. 

~nits are iJg/g. 
eStandard units. 

l J l j l J 
l ' 
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N .... 
0\ 

l J 

2!:l.:..lliS 

N 

Mean 
Std. Dev. 

Mini DUll 

Maxi DUll 

Mini DUll 

Detectable Limit 

---·---------

3H 

(pCi/ml) 

17 
24 
50 

1.0 (0.4) 
200 (20) 

0.7 

8 Countin9 uncertainties within parentheses • 

l j l j i j i j l j 

90Sr 

(10- 3 pCi/dry g) 

17 
20 
16 
2.5 (1.4) 

51.8 ( 1.2) 

0.5 (1.5) 

i • l J 

Table G-44 (cont) 

137cs 

(10-3 pCi/dry g) 

17 
54 
60 

-30 (81) 
240 ( 100) 

100 

I J ' I J 

u 
(ng/dry g) 

17 
19 
26 

1.0 (0.1) 
97 (9.7) 

2 

' j 
I J 

238Pu 

(10-S pCi/dry g) 

17 
20 
42 

-13 (36) 
170 (21) 

20 

t J i I 

239,240Pu 
·5 (10 pCi/dry g) 

17 
15 
32 

·18 (33) 
120 (16) 

10 

t I I " 

mr 
~0 _en 
:n )> 

2~ 
s:S: 
mO 
zen 
-l z 
)> )> 
r -l 
encO 
~ ~ 
mF 
;=~ 
~ [D 
zO 
Q~ 
~ -l 
~0 
.... ~ 

l I l I 



I I r I I I I I I I J I I I I I 1 I I r 1 I J I I I I r J I 1 I 1 I I i ) 

Table G-45. Radionuclides in Fish 

90Sr 137Cs u 238Pu 239Pu 
-3 (10 pCi/dry g) -3 (10 pCi/dry g) (ng/dry g) -5 (10 pCi/dry g) -5 (10 pCi/dry g) 

CATFISH 

Abiquiu 

N 10 10 10 5 5 
Mean 42 130 5.2 3 3 mr 
Std. Oev. 36 90 2.0 4 3 ~0 

- C/) 
14 (2)a Mininun -35 (78) 1.4 (0.1) 0 (4) 0 (6) ]) )oo 

0~ 
Maxi nun 140 (8) 290 (99} 9.3 (0.9) 10 (10) 7 (4) z ~ 

~0 
~C/) 

£Q£hi.ti -1 z 
)oo )oo 

N r -t ..... 
~6 -....1 

N 10 10 10 5 5 ]) z < )oo 

Mean 52 100 11.5 5 1 
mr 
;=~ 

Std. Dev. 72 120 5.0 8 6 ~!D 
zO 

Mini nun 12 (2) -140 (100) 6.2 (0.6) -5 (5) -5 (4) 0~ 
Maxi nun 240 (26) 270 (10li) 19 (1.9) 14 ( 1) 8 (6) 

m-t 
- 0 
~ ]) 
'I -< 

CRAPPIE 

Abiquiu 

N 10 10 10 5 5 
Mean 190 60 1.4 -3 6 
Std. Dev. 150 130 0.42 8 
Hininun 26 (2) -210 (120) 0.45 (0. 1) -14 (11) 5 (8) 
Haximun 500 (25) 240 <170) 1.9 (0.2) 5 (6) 8 (8) 



l J 

N ..-
00 

' j 

f2£hW. 

N 

Mean 
Std. Dev. 
Mininun 
Maxi nun 

Mininun 
Detectable 
Limit 

90Sr 

(10- 3 pCi/dry g) 

10 
53 
42 
15 (1) 

120 (13) 

aCounting uncertainties in parentheses. 

l ; l. I l j i I l j 

Table G·4S (cant) 

137Cs 

(10- 3 pCi/dry g) 

10 
120 
93 

-70 (120) 
245 ( 130) 

10 

l j l j ~ j 

u 
(ng/dry g) 

10 
2.4 
0.58 
1.2 (0.1) 
2.6 (0.3) 

3 

l J 
' j 

238Pu 

<10-s pCi/dry g) 

s 
s 

10 
-8 (1) 

17 (10) 

30 

' J 
i I 

239Pu 

<10-s pCi/dry g) 

s 
s 
6 

-3 (3) 
12 (5) 

20 

i j I J I c~ 

mr 
~g 
jj)> 
or; 
z ~ 
~0 
~UJ 
-1 z 
l! ~ 
UJ(5 cz 
~ )> mr ;=r; 
r;m 
zO 
05! 
m-t 
-o 
~ D ..., -< 

I I & i 
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LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-46. Locations of Beehives 

Stations 
N-S 

Coordinate 

Regional Stations (28-44 kml--Uncontrolled Area 

I. Chimayo 
13. San Pedro 

Perimeter Stations (0-4 kml--Uncontrolled Areas 

2. Northern Los Alamos County 
3. Pajarito Acres 

On-site Stations--Controlled Areas 

4. T A-21 (DP Canyon) 
5. T A-50 (Upper Mortandad Canyon) 
6. T A-53 (LAMPF) 
7. Lower Mortandad Canyon 
8. T A-8 (Anchor Site W) 
9". T A-33 (HP-Site) 

10. T A-54 (Area G) 
1 I. T A-9 (Anchor Site E) 
12. TA-15 (R-Site) 
14. Frijoles Mesa 
15. TA-16 (S-Site) 

219 

N180 
S210 

N095 
N040 
N0 50 
N020 
S020 
S260 
N0 50 
soos 
S020 
Sl60 
S0 55 

E-W 
Coordinate 

W020 
£380 

£180 
£095 
£220 
£185 
W065 
£265 
£220 
W040 
£065 
£105 
W080 



Table G-47. Selected Radionuclides in Local and Regional Honey a 

Pajarito lower 
Chimayo San Pedro Acres Hortandad ...!!..:!L __!tl_ ..ll.:Ji_ ..ll:ll_ _!!:ll_ TA-35 TA-53 

3H (pCi/L) 300 1400 2300 8400 400 4500 4300 7500 33 000 8400 120 
(400)b (400) (400) (1000) (400) (400) (600) (900) (3000) ( 1000) (10) 

7Be (pCi/L) 1430 -550 -140 41 1830 130 1920 1130 1710 -422 1040 
(1190) (1330) (568) (1000) (1270) (461) (996) (564) (1250) ( 1210) (1110) 

57co (pCi/L) 
mr 

69 65 217 101 13 69 107 160 60 16 92 ~0 _(/) 

(64) (60) (70) (48) (69) (47) (50) (58) (71) (79) (49) :IJ )> 

2~ 
137cs (pCi/L) 488 509 4 88 24 61 5 24 -52 73 62 s:::o 

~(/) 
(94) (102) (40) (51) (52) (45) (36) (43) (52) (56) (48) --i z 

)> )> 
N r-; 
t-l ~5 0 54Hn (pCi/L) 76 72 99 93 54 73 77 53 118 52 3 ~ ~ 

(56) (53) (42) (47) (52) (41) (41) (40) (56) (51) (38) mr -s: 
~m 

22Na (pCi/L) -32 43 40 20 609 105 82 481 70 30 
zO 

62 ()~ 
(55) (58) (46) (43) (57) (111) (47) (49) ( 106) (64) (49) 

m-; 
~ 0 

~:!! 
83Rb (pCi/l) 330 216 48 145 55 36 52 -50 145 62 138 

(215) (197) (139) (146) (187) (132) (180) (115) (194) (192) (207) 

-------·---·---
aDensity of honey was about 1860 g/l; data from 1986. 
bcounting uncertainty in parentheses. 
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Table G-48. Selected Radionuclides in Local. and Regional Bees a 

Pajarito lower 

Chimayo San Pedro Acres Mortandad TA-8 TA-9 ..ll:.!L _ll:ll_ TA-35 __l!:li_ 

3H (pCi/l) 2400 5000 4600 14 000 noo 12 000 5300 8700 21 000 6100 

(500)b (700) (600) (2000) (900) (1000) (700) ( 1000) (2000) (800) 

7Be (pCi/g) L7 4.1 0.0 0.9 6.6 5.4 2.6 L2 L2 L6 

<L 1) (2.3) (2.1) (2.2.) (2.4) (2.4) (1.3) (1.3) (L3) <L 1) 

57 . mr 
Co (pCI/9) 0.44 0.14 0.30 0.26 0.18 0.26 0.27 0.24 0.31 0.16 ~0 _(/) 

(0. 13) (0.094) (0. 12) (0.14> (0. 15) (0.11) (0.13) (0. 11) (0.12) (0.11) D l> 
01): 
z ~ 

137cs (pCi/g) 0.020 0.009 -0.041 0.022 -0.066 0.14 0.002 0.11 0.079 -0.041 
~0 
~(/) 

(0.069) (0.072) (0.060) (0. 11) (0.10) (0.063) (0.079) (0.074) (0.071) (0.070) -iz 
l>)> 

N 
r -i 

N ~0 
1-' 54Mn (pCi/g) 0.20 0.024 0.18 0.25 0.006 0.17 0.14 0.086 0.084 0.21 Dz < )> 

(0.096) (0.088) (0.11) (0.11) (0.098) (0.099) (0.082) (0.081) (0.092) (0.11) mr 
;=: I): 
'):m 

22Na (pCi/g) -0.042 0.082 0.008 0.077 0.079 0.11 
z 0 

-0. 11 1.2 -- 0.22 ()?! 
(0.086) (0.083) (0.099) (0.22) (0.087) (0.086) (0.087) (0.088) (0. 10) 

m-i 
~ 0 
~ D ..., -< 

83Rb (pCi/g) 0.31 0.13 0.28 -0.25 0.31 0.24 -0.19 0.012 0.083 -0.086 

(0.27) (0.28) (0.32) (0.28) (0.33) (0.29) (0.23) (0.23) (0.17) (0.20) 

Urani~ (ng/g)b 63 200 57 62 57 73 88 160 75 89 

(6.3) ( 19) (5. 7) (6.2) (5. 7) (7 .3) (8.8) (16) (7.50) (9.0) 

---------------
8Data from 1986. 
bCounting uncertainty in parentheses. 



Technical Area 

TA-54 Area L 

TA-54 Area G 
TA-50-1 

TA-50-37 

TA-3-102 
TA-3-40 
TA-14 
TA-15 
TA-36 
TA-39 
TA-22-24 
TA-53-2 
TA-40-2 
TA-40 SDS 
TA-16 
TA-16 Area P 
TA-46 

--------------

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-49. Hazardous Waste Management Facilities 
at Los Alamos National Laboratory 

Interim Status 
Facilitv Tyoe or <90-Day Storage 

Tank Treatment Yes 
Container Storage Yes 
Landfill a No 
Landfill a No 
Batch Treatment Yes 
Container Storage Yes 
Controlled Air Incinerator Yes 
Container Storage <90-day 
Container Storage <90-day 
Container Storage <90-day 
Thermal Treatment Yes 
Thermal Treatment Yes 
Thermal Treatment Yes 
Thermal Treatment Yes 
Container Storage Yes 
Container Storage <90-day 
Container Storage Yes 
Thermal Treatment Yes 

·Thermal Treatment Yes 
Landfill a No 
Tank Storage <90-day 

Part 8 Permit 
Application 

Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
Nob 
No 
Nob 
No 
Yes 
No 
No 

alnterim status was terminated in November 1985. These landfills are in the process of 
being closed in accordance with New Mexico Hazardous Waste Regulations. 
bTo be closed under interim status. 
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Table G-50. 1987 RCRA Interactions Among the Laboratory, 
Environmental Protection Agency (EPA), and New Mexico's 

Environmental Improvement Division (EID) 

January 30, 1987 

March 5, 1987 

July 14, 1987 

August 17, 1987 

September 9, 1987 

October 16, 1987 

October, 1987 

October 23, 1987 

November 12, 1987 

November 20, 1987 

November 24, 1987 

November 25, 1987 

December 8, 1987 

December 22, 1987 

EID affirms LANL's RCRA permit application is complete 
and that they are proceeding with the technical review. 

Trial burn report for the TA-50 controlled air incinerator 
submitted to the EID. 

EPA/EID hazardous waste inspection. 

Submit revised Part A including mixed wastes. DOE dirrec
tive. 

EID denies LANL request to modify the Part A. Inadequate 
justification and no authority to regulate mixed waste. 

Request from the EID for the post-closure care permit appli
cation for hazardous waste landfills. Due by 9/30/88. 

Respond to EID Part A denial. 

EPA National Survey of Hazardous Waste Treatment, Storag.e, 
Disposal and Recycling Facilities submitted. 

Received Notice of Violation letter (November 10) as result of 
July 14, 1987 EPA/EID inspection. 

EID informs LANL that no comments were received on the 
closure plans for T A-40-2, T A-3-102, and T A-22-24. 

Letter for EID rescinding the November 10 NOV. 

Submitted revised permit application (Parts· A and B) to the 
EID. 

Submitted post-closure care permit application to the EID. See 
10/16/87 above. 

Request to the EID for a ground water monitoring waiver for 
Area P. 
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EPA ID # 

OlA 

02A 

OJA 

04A 

050 
051 

05A 

06A 

128 
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LOS ALAMOS NATIONAL I.J\BORA TORY 

ENVIRONMENTAL SURVEILI.J\NCE 1987 

Table G-Sl. Types of Discharges and Parameters Monitored at 

the Laboratory Under its NPDES Permit NM00283SS 

Number Monitoring Required 

Type of Discharge Outfalls and Sample Frequency 

Power Plant Total Suspended Solids, Free 
Available Chlorine, pH, Flow 
(monthly) 

Boiler Blowdown pH, Total Suspended Solids, Flow 
Copper, Iron, Phosphorous, 
Sulfite, Total Chromium (weekly) 

Treated Cooling Water 35 Total Suspended Solids, Free 
Available Chlorine, Phosphorous, 
pH, Flow (weekly) 

Noncontact Cooling Water 28 pH, Flow (weekly) 

Radioactive Waste 2 Ammonia, Chemical Oxygen 

Treatment Plants Demand, Total Suspended Solids, 
Cadmium, Chromium, Copper, Iron 
Lead, Mercury, Zinc, pH, Flow 
(weekly) 

High Explosive Discharge 18 Chemical Oxygen Demand, pH, 
Flow, Total Suspended Solids 
(weekly) 

Photo Wastes 12 Cyanide, Silver, pH, Flow 
(weekly) 

Printed Circuit Board pH, Chemical Oxygen Demand, 
Total Suspended Solids, Iron, 
Copper, Silver, Flow (weekly) 

Sanitary Wastes 10 Biochemical Oxygen Demand, Flow, 

pH, Total Suspended Solids, Fecal 
Coliform Bacteria, (variable 
frequency, from 3 per month to 
quarterly) 
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Table G-52. NPDES Permit Effluent Quality Monitoring of - Sanitary Sewage Treatment Outfalls 

- Discharge Permit Number of - Location Parameters Deviations Range of Deviation 

- TA-3 BODa 0 - TSSb 1 51.3 
Fecal Coliformsc 3 3500.0 to 227,200 - pHd 0 - TA-8 BOD 0 
TSS (90) 0 

"'"' pH 0 - TA-9 BOD 0 - TSS 0 
pH 0 -

TA-16 BOD 0 - TSS I 165.5 - pH 0 

.... TA-18 BOD 0 
TSS (90) 0 - pH 2 9.4 to 10.1 - TA-21 BOD 0 - TSS 0 
pH 10.6 - TA-35 BOD 0 - TSS (90) 0 

Q 
pH 0 

... TA-41 BOD 0 
TSS 0 - Fecal Coliforms I 4800.0 
pH 0 -- TA-46 BOD 0 
TSS 0 - pH 1 5.7 

- TA-48 BOD 0 - TSS 0 
pH 0 --.... 

- 225 
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Discharge 
Location 

.T A-53 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Permit 
Parameters 

BOD 
TSS (90) 
pH 

Table G-52 (cont) 

Number of 
Deviations 

0 
0 
1 

Range of Deviation 

10.2 

aBiochemica1 oxygen demand (BOD) permit limits are 30 mg/L (20-day average) 

and 45 mg/L (7-day average). 
bTota1 suspended solids (TSS) permit limits are 30 mg/L (20-day average) and 45 

mg/L or 90 mg/L (7-day average). 
cfecal coliform ~imits are 1000 organisms/ 100 mL (20-day average) and 2000 

organisms/ 100 mL (7-day average). 
dRange of permit pH limits is >6.0 and <9.0 standard units. 
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Table G-53. Limits Established by NPDES Permit - Nl\10028355 for Industrial Outfall Discharges 

-- Parameter Daily Daily Units of 
Discharge Category Limited Average Maximum l\feasurement -- Power Plant TSS 30.0 100.0 mg/L 

Free Cl 0.2 0.5 mg/L - pH· 6-9 6-9 standard units 

- Boiler Slowdown TSS 30 100 mg/L 
Fe 10 40 mg/L - Cu I I mg/L - p 20 40 mg/L 
so3 35 70 mg/L - Cr Report Report mg/L 
pH 6-9 6-9 standard units - Treated Cooling Water TSS 30.0 100.0 mg/L - Free Cl 0.2 0.5 mg/L - p 5.0 5.0 mg/L 

- Noncontact Cooling Water pH 6-9 6-9 standard units - Radioactive Waste Treat- cooa 18.8 37.5 lb/day 
ment Plants coob 94.0 156.0 lb/d:ly - TSSa 3.8 12.5 lb/day - TSSb 18.8 62.6 lb/day 

Cda 0.01 0.06 lb/day - Cdb 0.06 0.3 lb/day 
era 0.02 0.08 lb/d:ly - Crb 0.19 0.38 lb/day 
cua 0.13 0.13 lb/day - Cub 0.63 0.63 lb/day - Fe a 0.13 0.13 lb/day 
Feb 1.0 2.0 lb;day - Pba 0.01 0.03 lb/day 
Pbb 0.06 0.15 lb/day .. Hga 0.007 0.02 lb/dly 
Hgb 0.003 0.09 lb/day - zna 0.13 0.37 lb/day - znb 0.62 1.83 lb/day 
pH a 6-9 6-9 st:~ndard units - pHb 6-9 6-9 standard units 

- High Explosives COD 150.0 250.0 mg/L 
TSS 30.0 45.0 mg/L - pH 6-9 .6-9 standard units --- 227 

--



Discharge Category 

Photo Wastes 

Printed Circuit 
Board 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-53 (cant) 

Parameter Daily 
Limited Average 

CN 0.2 
Ag 0.5 
pH 6-9 

COD !.9, 
TSS 1.25 
Fe 0.05 
Cu 0.05 
Ag Report 
pH 6-9 

"Limitations for outfall 050 located at T A-21·257. 
bLimitations for outfall 051 located at TA-50-1. 
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Daily 
Maximum 

0.2 
1.0 
6-9 

3.8 
2.5 
0.1 
0.1 
Report 
6-9 

1111111 

... 
1111111 

111111 

,. 
.... 

Units of 
:-.teasurement 11111111 

... 
mg/L 
mg/L 1110111 

standard units ... 
lb/dy 
lb/dy IIIII 

lb/dy ... 
lb/dy 
lb/dy 1111111 

standard units -
IIIII -
""" -
""" ,,.,. 

""" -... 
-... -
"IIIII -... 
-
1111!111 

-... 
-
• ,_ 

1110111 -
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Table G-54. NPDES Permit Effluent Quality Monitoring of Industrial Outfallsa 

NLMber of 

NLMber of Permit Numer of Range of Outtalls ~i th 

Discharge Category OUtfalls Parameter Deviations Deviations Deviations --
Power Plant 1 TSSb 0 --- 0 

Free Cl 1 2.0 1 

pH 0 --- 0 

Boiler Blowdown 1 pH 0 --- 0 

TSS. 0 --- 0 

Cu 0 --- 0 

Fe 0 --- 0 mr 
·~ 0 

p 0 ... 0 
_en 
D > 

so3 
0 ... 0 or; 

z ~ 
Cr 0 .. - 0 ~0 

~en 
-i z 
> > 

N Treated Cooling ~ater 35 TSS 0 ... 0 r -i 
t..,) ~5 
\0 Free Cl 3 0.60 to 1.5 3 D z 

0 
< > 

p ... 0 m' 
pH 3 9.2 to 9.3 2 

r=r; r;w 
zO 
0~ 

Noncontact Cooling ~ater 28 pH 0 --- 0 m-i 
~ 0 
<D D g: -< 

Radioactive ~aste Treatment Plant 2 CODe 0 180.2 to 787.33 0 

TSS 0 . -. 0 

Cd 0 ... 0 

cr 0 ... 0 

Cu 0 ... 0 

Fe· 0 --- 0 

Pb 0 . -. 0 

Hg 0 ... 0 

Zn 0 . -. 0 

pH 1 4.9 

High Explosives 18 COD 2 360.0 to 410.0 2 

TSS 0 . -- 0 

pH 0 --- 0 



~ 

l I l J 

Discharge Category 

Photo Wastes 

Printed Circuit Board 

-------·------· 

NI.Jiber of 

Out falls 

12 

1 

alimits set by the NPDES permit are presented in Table G-40. 

blotal suspended solids. 

cChemical oxygen demand. 
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Table G-54 (cont) 

Permit 

Parameter 

CN 
Ag 
TSS 
pH 

pH 

coo 
Ag 
Fe 
Cu 
TSS· 

l I I. I 

NIMii>er of 

Deviations 

0 
0 
0 
1 

1 

0 

0 
0 
0 

I I I .I 

---
---
---

Range of 

Deviations 

9.9 

9.4 
---

-.-
---
---

l I I I 

Nl.ffber of 

Outfalls \lith 

Deviations 

0 
0 
0 
1 

1 

0 

0 
0 
0 

l I ' .. 

mr 
~0 _CJ) 
:n )> or; 
z ~ s::o 
~C/) 
-i z 
l>)> r _.. 
~5 
~ ~ mr 
r=r; 
l):m 
zO 
()~ m_. 
~ 0 

~ ~ 

l I I J 
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Table G-55. Schedule and Status of Upgrading the 
Laboratory's Waste Water Outfalls 

Outfalls 

OlA 
Final design complete 
Advertisement of construction contract 
A ward of construction contract 
Construction completion 
In compliance with final limits 

03A 
Final design complete 
Advertisement of construction contract 
Award of construction contract 
Construction completion 
In compliance with final limits 

OSA 
Final design complete 
Advertisement of construction contract 
Award of construction contract 
Construction completion 
In compliance with final limits 

OlS 
Final design complete 
Advertisement of construction contract 
Award of construction contract 
Construction completion 
In compliance with final limits 

o~s 

Final design complete 
Advertisement of construction contract 
A ward of construction contract 
Construction complete 
In compliance with final limits 

oss 
Final design complete 
Advertisement· of construction contract 
A ward of construction contract 
Construction completion 
In compliance with final limits 

231 

Date 

August 1986 
September 1986 
October 1986 
December 1986 
hnuary 1987 

August 1986 
September 1986 
October 1986 
December 1986 
January 1987 

September 1986 
October 
November 1986 
May 1987 
June 1987 

Completed 
Completed 
July 1986 
May 1987 
August 1987 

January 1987 
February 1987 
March 1987 
December 1987 
January 1988 

Completed 
Completed 
July 1986 
January 1988 
May 1988 

Status 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-SS (cont) 

Out falls Date 

06S 
Final design complete Completed 
Advertisement of construction contract July 1986 

Award of construction contract August 1986 

Construction completion August 1987 

In compliance with final limits September 1987 

lOS 
Final design complete Completed 

Advertisement of construction contract Completed 

Award of construction con tract Completed 
Construction completion Completed 

In compliance with final limits September 1986 

llS 
Final design complete Completed 

Advertisement of construction contract Completed 

Award of construction contract July 1986 

Construction complete November 1986 

In compliance with final limits January 1987 
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Status 

Completed 
Completed -Completed 
Completed 
Completed .... 

Completed 
Completed -Completed 
Completed 
Completed ·--Completed 
Completed 
Completed 
Completed 
Completed 
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-
-

-
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Table G-56. Federal Facility Compliance Agreement 
Interim Compliance Limits and Compliance Schedule 

Effluent Characteristic 

Outfall 01A (Power Plant) 

Flow a. 

Total suspended solids 
Free available chlorine 

Outfall 03A (Treated Cooling Water) 

Flow 
Total suspended solids 
Free available chlorine 
Total phosphorous 

Outfall OSA (High Explosive) 

Flow 
Chemical oxygen demand 
Total suspended solids 

Discharge Limitation 
Daily Avg. 

(lb/day) 

Industrial Ou tfalls 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

Daily Avg. 
(mg/L) 

N/A 
30 
1.0 

N/A 
30 
1.0 
5 

N/A 
1000 
60 

Sanitary Waste Water Outfalls 

Outfall 01S (Located at T A-3) 

Flow 
Biochemical oxygen demand 
Total suspended solids 
Fecal coliform 

Outfall 04S (Located at T A-18) 

Flow 
Biochemical oxygen demand 
Total suspended solids 

Outfall OSS (Located at T A-21) 

Flow 
Biochemical oxygen demand 
Total suspended solids 

N/A 
225.2 
225.2 
N/A 

N/A 
10 
10 

N/A 
6.8 
7.3 

233 

N/A 
70 
55 
10,000 

N/A 
60 
70 

N/A 
60 
60 

7-D~y Avg. 
(mg/L) 

~/A 

100 
5.0 

N/A 
100 
5.0 
5 

N/A 
2000 
90 

N/A 
105 
105 
200,000 

N/A 
95 
125 

N/A 
95 
100 



Effluent Characteristic 

Outfall 06S (Located at TA-41) 

Flow 
Biochemical oxygen demand 
Total suspended solids 
Fecal coliform bacteria 

Outfall lOS (Located at TA-35) 

Flow 
Biochemical oxygen demand 
Total suspended solids 

Outfall llS (Located at T A-8) 

Flow 
Biochemical oxygen demand 
Total suspended solids 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-56 (cont) 

Discharge Limitation 
Daily Avg. 

(lb/day) 

N/A 
11.4 
6.2 
N/A 

N/A 
23.2 
26.1 

N/A 
N/A 
N/A 

Daily Avg. 
(mg/L) 

N/A 
55 
30 
20,000 

N/A 
115 
130 

N/A 
60 
70 

aFlow must be monitored and reported in millions of gallons per day. 

NOTE: The pH shall not be less than 6.0 nor greater than 9.0. 

7-Day Avg. 
(mg/L) 

N/A 
60 
45 
100,000 

N/A 
185 
170 

N/A 
95 
125 

-
-

-
-

-

-

-
-
-
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Table G-57. Environmental Documentation Approved by the Laboratory 
Environmental Review Committee in 1987 

Action Description Memorandums 

Laboratory-Wide 

TA-3 

TA-15 

TA-16 

TA-35 

TA-50 

· Core Hole, Valles Caldera (VC-28), Sulphur Springs, Doc
ument No. 87-15 

• Dwarf Mistletoe Control with Ethrel, A Growth Regulator, 
Document No. 87-10 

• Live Firirig Range Extension, Sandia Canyon, Document 
87-9 

• Seismic Trench, Cabra Canyon, Document No. 87-4 

• Beryllium Facility, TA-3-141, Document No. 87-8 

• Lethality Test System, T A-3-253, -322, 218, Document No. 
87-2 

• Remote Handled Transuranic Waste Close-out, Document 
No. 87-16 

- Dual Axis Radiography Hydrotest Facility, Document No. 
87-14 

· New Tritium Processing Facility, Document No. 87-6 

Confinement Physics Research Facility, TA-35/52, Docu
ment No. 87-5 

- Confinement Physics Research Facility, Revised T A-35/52, 
Document No. 87-5 rev 

- Plutonium Gas Gun Facility, Document No. 87-7 

• Combustible Chemical and Radioactive Waste Stor· 
age/Staging Facility, TA 50-37, Document No. 87-11 
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TA-52 

TA-53 

TA-54 

TA-55 

TA-59 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-57 (coot) 

- High density Z-Pinch (ZEBRA), Document No. 87-19 

- Neutron Time of Flight Program, Document No. 87-3 

- Neutron Time of Flight Program, Revised, Document No. 

87-3 rev 

- Polychlorinated Biphenyl (PCB) Storage Facility, LJ 8002 

Document No. 87-1 

- Accelerated Residue Recovery Project, Document No. 87-20 

- Special Nuclear Materials (SNM) Research and Develop

ment Laboratory, Document No. 87-13 

- Organic Chemistry Standards Preparation Facility, 

TA-59-1, Rm B4, Document No. 87-17 

Environmental Assessments 

Transuranic (TRU) Waste Inventory Work-Off Plan 

Other 

An additional document, a CEARP/CERCLA Remedial Investigation 

Plan, was processed as the functional equivalent to the ADM .for 

compliance with the requirements of NEPA: 

- Comprehensive Environmental Assessment and Response 

Program, White Rock Y Interchange Remedial Investiga

tion Plan, Synopsis 
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Table G-58. Radiochemical Analyses of Water from Municipal Supply and Distribution System a 

3H 137Cs Total U 238Pu 249,240Pu 

Stations 
-6 .<10 j.LCi/ml) (10-9 fiCi/ml) (fi.Q/l) ,(10- 9 f1Ci/ml) ·9 (10 pCi/ml) 

Los Alamos Field 

Well LA·1B -1.4 (0. 7) -31 (49) 6.0 ( 1.0) 0.011 (0.009) -o.003 (0.009) 

Well LA-2 -1.4 (0. 7) 42 (48) 6.0 ( 1.0) -o.007 (0.005) 0.000 (0.010) 

Well LA-3 -o.6 (0.7) 42 (43) 2.0 (1.0) 0.000 (0.010) 0.024 (0.016) 

Well LA-4 
Well LA-5 -1.1 (0. 7) 33 (42) 5.0 (1.0) 0.000 (0.010) 0.000 (0.010) 

mr 
~0 

Guaje Field 
_(/) 

:II)> 

Well G-1 -1.0 (0. 7) 40 (44) 1.0 ( 1.0) -o.on co.o1o> 0.044 (0.010) 0): 
z 3:: 

Well G·1A -o.9 (0.7) -33 (44) 1.0 (1.0) 0.004 (0.010) -o.004 (0.007) 3::0 
~(/) 

Well G-2 -o.7 (0.7) -16 (36) 1.0 (1.0) -o.039 (0.012) -o.008 (0.010) --i z 

~ 
)> )> 

Well G-3 -- -- . - -- -- r --i 

-1 
en-cO 

Well G-4 -o.6 (0.7) 9 (44) 1.0 ( 1.0) -o.024 (0.011) 0.000 (0.010) ~ ~ 
Well G-5 -o.9 (0.7) -7 (36) 1.0 (1.0) 0.000 (0.010) 0.004 (0.010) mr 

r): 
Well G-6 -1.4 (0. 7) 19 (43) 1.0 (1.0) -o.018 (0.013) -o.004 (0.008) ):DJ 

zO 
()~ 

Pajarito Field 
m--i 
-o 

Well PH-1 0.0 (0.7) -6 (37) 2.0 (1.0) -o.004 (0.007) -o.021 (0.011) ~~ 
Well PM-2 0.0 (0.7) 3 (44) 0.0 ( 1.0) -o.011 (0.013) -o.011 (0.008) 

Well PM-3 -o.8 <0.7> 42 (42) 1.0 (1.0) -o;on co.o1o> -o.004 (0.008) 

Well PH-4 0.3 (0.7) -n <44> 0.0 (1.0) 0.000 (0.010) 0.012 (0.012) 

Well PM-5 0.2 (0.7) -22 (38) 0.0 (1.0) -o.012 (0.009) 0.000 (0.010) 



Table G-58 (cont) 

3H 137cs Total u 238Pu 249,240Pu 

Stations (10.6 t-tCi/ml) (10-9 !-LCi/ml) (pS/l) (10"9 fJ.Ci/ml) (10-9 fJ.Ci/ml) 

Gallery (Water Canyon) -1.2 (0. 7) 10 (50) 1.0 (1.0) -i>.005 (0.008) -i>.014 (0.011) 

Supply Slmllilry 

No. of Analyses 16 16 16 16 16 

Average -i>.7 5.7 2 -i>.002 0.001 

s 0.6 33.5 2 0.015 0.015 

Mininun -1.4 (0. 7) -77 (44) 0.0 (1.0) -i>.039 (0.012) -i>.021 (0.011) mr 

Maxi nun 0.3 (0.7) 42 (48) 6.0 ( 1.0) 0.011 (0.009) 0.044 (0.007) 
~0 _CJ) 

D )o 

0~ 

Distribution 
z s: 
s:o 

Fire Station 1 0.5 (0. 7) ~ (42) 1.0 (1.0) 0.006 (0.016) 0.037 (0.017) ~CJ) 
-1 z 

Fire Station 1 -i>.3 (0.3) 71 (56) 1.0 (1.0) -i>.012 (0.009) -i>.006 (0.006) 
)o )o 

~ 
r-1 
~6 

Fire Station 2 -i>. 1 (0. 7) -32 (43) 2.0 (1.0) 0.000 (0.010) 0.005 (0.009) ~~ mr 

Fire Station 2 -i>.4 (0.3) 2 (58) 1.0 ( 1.0) . 0.000 (0.010) 0.000 (0.010) r~ 
~m 
zO 

Fire Station 3 0.9 (0.7) 18 (44) 1.0 ( 1.0) 0.000 (0.010) -i>.008 (0.008) 
(")~ m-1 

fire Station 3 0.5 (0.3) 17 (61) 1.0 (1.0) 0.004 (0.012) 0.019 (0.013) 
-o 
~ D ..., -< 

Fire Station 4 2.1 (0.7) 47 (44) 1.0 (1.0) 0.000 (0.010) 0.019 (0.010) 

Fire Station 4 -i>.2 (0.3) 62 (59) 1.0 ( 1.0) 0.009 (0.011) 0.000 (0.010) 

Fire Station 5 -1.9 (0.7) 65 (45) 1.0 ( 1.0) 0.008 (0.018) 0.000 (0.010) 

Fire Station 5 0.2 (0.3) -48 (64) 1.0 ( 1.0) 0.012 (0.012) 0.000 (0.010) 

Bandelier Nat. Mon. -2.4 (0.7) -24 (45) 1.0 (1.0) 0.000 (0.010) 0.025 (0.018) 

Bandelier Nat. Mon. 0.2 (0.3) -12 (61) 1.0 ( 1.0) -i>.004 (0.011) 0.004 (0.010) 

t .i l j i I i I l J l j 
l ' 

1 j l J i j l j i I l & i I t k 
' I 

i .l I I 
' J 
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Table G-58 (cont) 

3H 137cs Total U 238Pu Z49,240Pu 

Stations (10-6 f.l.Ci/ml) (10.9 pCi/ml). (j.J.g/L) (10.9 f.l.Ci/ml) (10.9 1--'Ci/ml) 

Distribution Sl111118r:z: 
No. of Analyses 12 12 12 12 12 

Average -(). 1 13 1 0.002 0.008 

s 1.2 40 0 0.006 0.014 

Mini nun -2.4 (0.7) -48 (64) 1.0 ( 1.0) -().012 (0.009) -().008 (0.008) 

Maxi nun 2.1 (0.7) 71 (56) 2.0 (1.0) 0.012 (0.01:2) 0.037 (0.017) mr 
zo 
~en 

Fenton Hill (TA-57) -().9 (0.7) 113 (50) 1.0 ( 1.0) 0.000 (0.010) 0.004 (0.008) 
D )> 

0!;: 
Fenton Hill (TA-57) 0.1 (0.3) -42 (60) 1.0 ( 1.0) 0.000 (0.010) 0.004 (0.004) z !t: 

!t:o 
~en 

-1.6 (0. 7) 50 (43) 
-1 z 

Standby Well (not 4.0 (1.0) 0.000 (0.010) 0.012 (0.012) )> )> 

~ 
r-1 

...:;, part of Water Supply) ~5 
Well LA-6 

D z < )> mr 
r=!; 

USEPA Maximum Concen· 20 200 1800c 15 15 !;m 
zO 

trationb O?! m-t 
Limits of Detection 0.7 40 1 0.009 0.03 -o 

............................... _ ~ ~ 
8well &aqlles collected in February; distribution &aqlles collected in February and September; counting uncertainty in parentheses. 

bReference (EPA 1976). 
clevels recCllllllended by International Commission on Radiological Protection. 



Table C-59" Cross Radioactivity in Water from Municipal Supply 

and Distribution Systems a 

Cross Alpha Cross Beta Gross G8111118 

Stations (10-9 p.Ci/ml) (10-9 f-!Ci/ml) (Counts/min/l) 

Los Alamos Field 

Well LA-18 -6.0 (4.0) 7.2 (0o8) -40 (100) 

Well LA-2 -7.0 (2.0) 1.7 (0o4) -160 (100) mr 
~0 

Well LA-3 6.0 (2.0) 2.5 (0.5) -300 (100) 
_en 
:Il:J> 

Well LA-4 -- -- -- ~~ 
Well LA-5 -5.0 (2.0) 1.7 (0.4) -400 (100) 

.3: 3: 
mO 
zen 
-iz 

Guaje field 
:J> )> 

N 
r -i 
en -

;5 
cO 
~ ~ 

Well C-1 -6.0 CZoO) 2o8 (0.5) -300 (100) mr 

Well G-1A -5.0 (1.0) 1.8 (0.4) -140 (100) 
-~ 
~m 

Well G-2 -8.0 (2.0) 3.1 (0.5) -300 (100) zO 
0~ 

Well G-3 -- -- -- m-i 

Well C-4 -7.0 (2.0) 1.2 (0.4) -220 (100) . ~ ~ 
-.j ~ 

Well G-5 -6.0 (2.0) 3.0 (0.5) -300 (100) 

Well G-6 -6.0 (2.0) 2.9 (0.5) -120 (100) 

Pajarito field 

Well PM-1 -8.0 (2.0) 4.3 (0.6) -170 (100) 

Well PM-2 -6.0 (2.0) 1.8 (0.4) -140 (100) 

Well PM-3 -9.0 (2.0) 3.2 (0.5) -110 (100) 

Well PM-4 -7.0 (2.0) 1.9 (0.4) -140 (100) 

Well PM-5 -6.0 (2.0) 2.3 (0.4) -190 (100) 

l j l I l j l J l j l. ; i I l j l j 
' J I J i I I 1 ~ j " J l I l " ' j 

1 j 
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Table G-59 (cont) 

Gross Alpha Gross Beta Gross Ganma 

Stations (10-9 flCi/ml) (10-9 flCi/ml) (CoU'ltS/min/L) 

Gallery (~ater Canyon) -6.0 (2.0) 2.2 (0.4) 70 (100) 

Supply SU'IIllllry 
No. of Analyses 16 16 16 

Average -6.5 2.7 -185 

s 1.1 1.4 116 

Mininun -9.0 (2.0) 1.2 (0.4) -400 (100) mr 

Maxi nun -5.0 (2.0) 3.2 (0.5) -40 (100) ~0 _(/) 

D )> 

0~ 

Distribution 
z 3::: 
3::: 0 

Fire Station 1 -7.0 (2.0) 1.7 (0.4) -120 (100) ~(/) 
-i z 

Fire Station 1 2.4 (0.9) 3.0 (0.5) 310 (80) )> )> 

N 
r -i 

.j... 
(/)-

..... cO 

Fire Station 2 -7.0 (2.0) 42 (4.0) -40 (100) ~~ 
m' 

Fire Station 2 2.1 (1.0) 3.5 (0.5) 500 (90) ;=~ 
~m 
zO 

Fire Station 3 -7.0 (2.0) 8.3 (1.0) 90 (100) ()~ 
m-i 

Fire Station 3 2.0 (0.9) 4.7 (0.6) 330 (90) - 0 
~ D ..., -< 

Fire Station 4 -7.0 (2.0) 2.3 (0.4) 90 (100) 

Fire Station 4 1.5 (0.9) 4.1 (0.6) 420 (90) 

Fire Station 5 -6.0 (2.0) 2.5 (0.4) -80 (100) 

Fire Station 5 1.9 (0.9) 2.7 (0.5) 340 (90) 

Bandelier Nat. Mon. -7.0 (2.0) 1.7 (0.4) 60 (100) 

Bandelier Nat. Mon. 2.0 (1.0) 5.3 (0_7) 270 (90) 



N 

~ 

I j 
' j 

i • 
' J 

Stations 

Distribution Summary 
No. of Analyses 
Average 
s 
MiniiiUII 
Maxiaun 

Fenton Hill (TA-57) 
fenton Hill (TA-57) 

Standby Well (not 
part of Water Supply) 
Well LA-6 

USEPA MaXiiiUII Concen
tration Limitsb 

Limits of Detection 

Gross Alpha 
(10-9 fJ.Ci/mL) 

12 
-2.4 

4.6 
-o.7 (2.0) 

2.4 (0.9) 

-11 (3.0) 
-o.2 <0.8> 

--6.0 (2.0) 

15 

3 

Table G-59 (cont) 

Gross Beta Gross Gillllll8 
(10-9 pCi/mL) (Counts/min/L) --

12 12 

6.8 180 

11 207 
1.7 (0.4) -120 (100) 

42 (4.0) 500 (90) 

4.9 (0.6) 20 (100) 

6.1 (0.8) 350 (90) 

1.0 (0.4) -150 (100) 

3 50 

8 Well s&q~les collected in February; distribution saq>les collected in February and Septefl'ber; COU'lting 

uncertainty in parentheses. 

blhe Environmental Protection Agency MCL for gross alpha is 15 x 10"9 fJ.Ci/mL; however, if gross alpha in 

the system exceeds 5 x 10"9 ~Ci/mL, isotopic analyses of radium content is required. 

l I l j i J I .i l 4 l J I. I i J l l 
' J ' J 

I J 1 .. 

mr 
~0 _CJ) 
]) )> 

~~ 
~ ~ 
mO 
zCJ) 
-i z 
)> )> 
r -i 

~5 
~ ~ mr-
-~ 
~01 Ro 
m~ 
~ -i 

~0 
""~ 

l J 
' J 
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Table G-60. Primary Chemical Quality for ~ater Supply and Distribution Systems (mg/L)a 

Stations 

~ 
Los Alamos Field 

~ell 18 
~ell 2 

~ell 3 
~ell 4 

~ell 5 

Guaje Field 
~ell G-1 
~ell G·1A 
~ell G-2 
~ell G-3 
~ell G-4 
~ell G-5 
~ell G-6 

Pajarito Field 
~ell PM-1 
~ell PM-2 
~ell PM-3 
~ell PM-4 
~ell PM-5 

Gallery (~ater Canyon) 

Supply SLUIII8ry 
No. of Analyses 
HaxiiiUII 

Ag 

<0.001 
<0.001 
<0.001 

<0.001 

<0.001 
<0.001 
<0.001 

<0.001 
<0.001 
<0.001 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

<0.001 

16 
<0.001 

As 

0.034 
0.013 
0.006 

0.017 

0.003 
0.012 
0.044 

0.00.2 
0.002 
0.003 

0.001 
0.001 
0.002 

<0.001 
<0.001 

<0.001 

16 
0.044 

Ba 

0.032 
0.084 
0.053 

0.075 

0.062 
0.037 
0.064 

0.017 
0.013 
0.007 

0.075 
0.028 
0.047 
0.026 
0.027 

0.018 

16 
0.084 

Cd 

<0.0005 
<0.0005 
<0.0005 

<0.0005 

<0.0005 
<0.0005 
<0.0005 

<0.0005 
<0.0005 
<0.0005 

<0.0005 
<0.0005 
<0.0005 
<0.0005 
<0.0005 

<0.0005 

16 
<0.0005 

cr 

0.022 
0.021 
0.008 

0.007 

0.007 
0.008 
0.013 

0.005 
0.004 
0.007 

0.006 
0.008 
0.008 
0.007 
0.007 

<0.004 

16 
0.022 

i 1 I I J 

mr zo 
~en 
D)> 

~s;: 
~ ~ 
mO zen 
-i z 
)> )> 
r -i en
cO 
D Z < )> mr ;=s;: 
s;:m 
zO 
~~ u;o 
0> D 
~ -< 

I J 



Table G-60 (coot) 

Stations Ag As Ba Cd cr 
--

Distribution 

fire Station 1 <0.001 0.002 0.025 <0.0005 0.008 

fire Station 2 <0.001 0.017 0.043 <0.0005 0.010 

fire Station 3 <0.001 0.001 0.051 <0.0005 0.008 

fire Station 4 <0.001 0.016 0.030 <0.0005 0.011 

fire Station 5 <0.001 0.013 0.030 <0.0005 0.007 

Bandelier National <0.001 0.012 0.027 <0.0005 0.001 mr 

Monunent 
zo 
~C/) 
:II)> 

os; 
Distribution Summary 

z s::: 
s:::o 

No. of Analyses 6 6 6 6 6 ~C/) 
-iz 

Maxi nun <0.001 0.017 0.051 <0.0005 0.011 )> )> 

N 

r_. 

t ~5 

fenton Hill (TA-57) <0.001 <0.001 0.107 <0.0005 <0.001 ~ ~ mr 
;=s; 

Standby ~ell (not part of <0.001 0.142 0.072 <0.0005 0.024 
s;m 
zO 

~ater Supply) ~ell LA-6 
0~ m_. 
~ 0 
:g:IJ 

EPA and NMEID Primary 0.05 0.05 1.0 0.01 0.05 '"" -< 

Maxinun Concentration 
Levels b 

l .. J i • l J I ~ ( I 1 J l J \ J i J i j I I l I I I • .j I .J l I I J I I I I 
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~ 
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Stations 

~ 
Los Alamos Field 

Well 1B 
Well 2 
Well 3 
Well 4 
Well 5 

Guaje Field 
Well G-1 
Well G·lA 
Well G-2 
Well G·3 
Well G-4 
Well G·5 
Well G-6 

Pajarito Field 
Well PM-1 
Well PM-2 
Well PM-3 
Well PM-4 
Well PM-5 

Gallery (Water Canyon) 

Supply Sl.lllllary 
No. of Analyses 
HaxillUII 

I ! I 11; 
J 

F 

I 

---

3.2 
2.2 
0.7 

0.9 

0.4 
0.6 
0.9 

--
0.3 
0.4 
0.3 

0.3 
0.3 
0.4 
0.3 
0.3 

0.2 

16 
3.2 

I I 1 f l I J r I i ; I J I I I ~ I I I i 

Table G-60 (cont) 

Hg N Pb Se --

<0.0002 <1 0.008 <0.002 
<0.0002 <1 0.006 <0.002 
0.0003 <1 0.002 <0.002 

<0.0002 <1 0.041 <0.002 

mr 
~g 

<0.0002 <1 0.002 <0.002 D > 
<0.0002 <1 0.008 <0.002 

o~;; 
z ~ 

<0.0002 <1 0.011 <0.002 ~0 
~(J) 

-- -- . - -- -iz 
> > 

<0.0002 <1 0.005 <0.002 ..... 
0.0003 <1 0.003 <0.002 

~6 

~~ <0.0002 <1 0.001 <0.002 - ':; fm 
zO 
0~ 

0.0003 <1 0.004 <0.002 m-i 
- 0 

0.0002 <1 0.034 <0.002 ~ ~ 
0.0003 <1 0.012 <0.002 

0.0003 <1 0.020 <0.002 

0.0003 <1 0.092 <0.002 

0.0002 <1 <0.001 <0.002 

16 16 16 16 
0.0003 <1 0.092 <0.002 



Table G-60 (cant) 

Stations F Hg N Pb Se 
--- --

Distribution 
Fire Station 1 0.3 <0.0002 <1 <0.001 <0.002 

Fire Station 2 0.1 <0.0002 <1 0.031 <0.002 

Fire Station 3 0.6 <0.0002 <1 <0.001 <0.002 

Fire Station 4 0.6 .<0.0002 <1 <0.001 <0.002 

Fire Station 5 0.8 <0.0002 <1 0.004 <0.002 mr 

Bandelier National 0.8 <0.0002 <1 0.003 <0.002 ~0 _(/) 

Monu11ent 
:D )oo os;: 
z~ 

Distribution Summary 
~0 
~(/) 

No. of Analyses 6 6 6 6 6 
-1 z 
)oo)oo 

N MaXiiiUII 1.0 <0.0002 <1 0.031 <0.002 
r -t 

~ 
~5 
:D z < )oo 

Fenton Hill (TA-57) <0.2 <0.0002 <1 0.001 <0.002 
mr 
r=s;: s;:m 

Standby Well (not part 

zO 
.. 0.0002 <1 0.007 <0.002 0~ 

of Water Supply) Well LA-6 
m-t 
~ 0 

~ ~ 

EPA and NMEID Primary 2.0 0.002 10 0.05 0.01 

Maximum Concentration 

Levelsb 

---------------
8 Samples collected in February. 

bReference (EPA 1976). 

l J 1 j & j i I l J i j i. j i ' ~ l j " & l j 
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Table G-61. Secondary Chemical Quality for Water Supply (mg/l)a 

Stations Cl Cu Fe Hn ~ Zn TDS pH 

~ 
los Alamos Field 

Well 1B 17 0.090 0.014 0.009 39 0.030 430 8.6 

Well 2 17 0.024 0.015 <0.001 17 0.015 244 8.4 

Well 3 4 0.005 0.071 0.001 7 0.006 155 8.2 

Well 4 
Well 5 2 0.266 0.065 0.004 5 0.250 155 8.5 

mr 

Guaje Field ~~ 
~> 

Well G-1 3 0.008 0.061 0.001 5 0.006 193 8.3 z~ 
Well G-1A 3 0.014 0.022· <0.001 4 0.009 173 8.4 ~§ 

Well G-2 3 0.004 0.021 0.001 4 0.005 203 8.4 ~UJ 
-1 z 

Well G-3 -- -- -- -- -- -- -- -- )> )> 

N 
r -t ... Well G-4 3 0.035 0.017 0.007 4 o.ou 167 8.2 
(J)(j 

-.1 c z 
Well G-5 3 0.008 0.008 <0.001 4 0.011 169 8.0 ~> mr 

Well G-6 3 0.008 0.008 <0.001 3 0.008 152 8.2 -~ 
~m zO 

Pajarito Field 
()~ 
m-t 

0.037 0.019 
-a 

Well PH-1 8 0.019 0.001 6 201 8.1 ~ ~ 
Well PH-2 2 0.018 0.017 0.005 2 0.011 150 8.1 

Well PH-3 8 0.036 0.010 0.002 6 0.011 203 8.4 

Well PH-4 2 0.013 0.024 <0.001 2 0.010 174 8.0 

Well PH-5 2 0.032 0.030 0.008 2 0.043 155 8.0 

Gallery (Water Canyon) 1 0.001 0.095 0.004 4 0.002 111 7.7 

Supply Sl.lllllary 
No. of Analyses 16 16 16 16 16 16 16 16 

Maxi nun 17 0.266 0.095 0.009 39 0.250 430 8.6 



Table G-61 (coot) 

Stations Cl Cu Fe Mn __3_ Zn TDS pH 

Distribution 
Fire Station 1 3 0.001 0.010 <0.001 3 0.030 150 8.0 

Fire Station 2 6 0.006 0.020 <0.001 10 0.002 184 8.4 

Fire Station 3 8 0.024 0.007 <0.001 6 0.002 217 8.1 

Fire Station 4 4 0.006 0.022 <0.001 5 0.002 163 8.3 

Fire Station 5 5 0.003 0.110 <0.001 8 0.046 193 8.3 

Bandelier Nat. Mon. 5 0.014 0.084 <0.001 8 0.096 187 8.3 mr zo 
~en 

Distribution Summar~ 
:II )> 

os;: 
No. of Analyses 6 6 6 6 6 6 6 6 z ~ 

~0 

Maxi nun 8 0.024 0.110 <0.001 10 0.096 217 8.4 ~en 
-1 z 
)> )> 

N 
r -1 

& fenton Hill (TA-57) 45 0.002 0.048 <0.001 10 0.015 276 8.0 ~5 
:nZ < )> 
m' 

Standby ~ell (not 4 0.024 0.100 0.167 6 0.664 230 8.8 r=s;: 

part of ~ater Supply) 
S::m 
zO 

~ell LA-6 
0~ 
m -1 
-o 
$ :II 

EPA Secondary Maxi.um 250 1.0 0.3 0.05 250 5.0 500 6.5-8.5 ..... -< 

Concentration Levelsb 

-·-------------
8 Standard units. 
bReference: EPA 1979. 

I I i j l j I j 1 j l j 
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Table G-62. Miscellaneous Chemical Analyses (mg/L)a 

Total Conduc-
Hard- tivi ty 

Stations Si02 Ca Mg I( Na co3 HC03 
p ness (mS/m) 

-- -- -- - --
Los Alamos Field 

Well LA-18 38 8 0.4 2.4 166 7 316 <0.2 18 68 
Well LA-2 31 7 0.1 1.1 n 3 141 <0.2 15 36 
Well LA-3 34 13 o_3 1.6 35 0 86 <0-2 31 20 
Well LA-4 
Well LA-5 37 9 0.1 1.4 45 3 101 <0.2 23 22 mr 

~0 _en 
Guaje Field :D )> os;: Well G-1 88 13 0.5 3.1 22 0 75 .<0.2 32 16 z3: 

Well G-1A 70 10 0.4 2.7 32 0 84 <0.2 24 18 3:0 
~CJ) 

Well G-2 69 11 0.5 2.7 38 2 100 <0.2 27 22 -i z 
)> )> N 

Well G-3 -- -- -- -- r_,. 
~ -- -- -- -- -- -- ~6 Well G-4 52 18 3_6 2_0 13 0 72 <0.2 58 16 ~~ 

Well G-5 56 18 3_8 2.0 12 0 76 <0.2 58 16 mr-;=s;: 
Well G-6 51 13 2.1 2.2 19 0 73 <0.2 43 16 S:m 

zO 
()~ 

Pajarito Field m_,. 
-o 

Well PM-1 72 27 6.4 3.6 20 0 117 <0.2 91 26 ~ :D 
~ -< 

Well PM-2 87 9 3.3 2.0 13 0 57 <0.2 36 12 
Well PM-3 82 25 7.7 3.6 19 3 112 <0.2 97 26 
Well PM-4 83 11 3.9 2.3 13 0 61 <0.2 43 14 
Well PM-5 73 9 3.3 2.0 13 0 60 <0.2 36 12 

Gallery (Water Canyon) 34 7 3.3 2.0 7 0 39 <0.2 43 9 

Supply Surmary 
No. of Analyses 16 16 16 16 16 16 16 16 16 16 
HaxiiiUII 88 27 7.7 3.6 166 7 316 <0.2 97 68 



Table G-62 (cont) 

Total Conduc-
Hard- tivity 

Stations Si02 Ca Mg K Na co3 HCOJ p ness (mS/m) 

-- -- -- - -- - --
Distribution 

Fire Station 1 82 11 3.3 2.1 14 0 65 <0.2 41 14 

Fire Station 2 54 11 1.0 2.1 50 0 112 <0.2 31 26 

Fire Station 3 82 25 7.0 3.6 20 0 118 <0.2 94 26 

Fire Station 4 60 13 1.6 2.8 27 0 87 <0.2 38 18 
mr 
~8 

Fire Station 5 52 11 1.7 2.2 38 0 91 <0.2 31 22 ::u )> 

Bandelier Nat. Mon. 48 12 1.8 2.1 38 1.2 101 <0.2 35 24 0~ 
z ~ 
~0 
~CJ) 

Distribution Summary -iz 
)> )> 

~ No. of Analyses 6 6 6 6 6 6 6 6 6 6 
,_.. 
~5 

Maxi nun 82 25 7.0 3.6 50 1.2 118 <0.2 94 26 ~ ~ 
m' 
-~ 

Fenton Hill (TA-57) 67 53 5.0 5.2 17 0 127 <0.2 160 40 ~m 
zO 
(")~ 

Standby Well 
m_. 
- 0 

(not part of Water 30 3 <0.1 0.9 70 8 144 <0.2 8 30 ~ ~ 
Supply) Well LA-6 

...................................... 

aSupply samples collected in February; distribution samples collected in February and September. 
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Month 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sept 
Oct 
Nov 
Dec 

Annual 

I J I J 

Normals 

Mean Mean 
Max Min 

39.7 18.5 
43.0 21.5 
48.7 26.5 
57.6 33.7 
67.0 42.8 
77.8 52.4 
80.4 56.1 
77.4 54.3 
72.1 48.4 
62.0 38.7 
48.7 27.1 
41.4 20.3 

59.6 36.7 

I J C I I I I I I I I J I j i 

Table G-63. Los Alamos, New Me~ico,a Climatological Survey (1911·1987) 
Temperature and Precipitation Meansb and Extremes 

Temperature( 0 f)c 

Extremes 

High 
High low Daily 

Avg Avg Year Avg Year Max Date - -- -- -- -

29.1 37.6 1986 20.9 1930 64 1/12/81 
32.2 37.4 1934 23.0 1939 69 2/25/86 
37.6 45.8 1972 32.1 1948 71 3/27/86d 

45.6 54.3 1954 39.7 1973 79 4/23/38 
54.9 60.5 1956 50.1 1957 89 5/29/35 
65.1 69.4 1980 60.4 1965 95 6/22/81 
68.2 71.4 1980 63.3 1926 95 7/11!35 
65.8 70.3 1936 60.9 1929 92 8/10/37 
60.2 65.8 1956 56.2 1965 94 9/11!34 
50.3 54.7 1963 42.8 1984 84 10/1/80 
37.9 44.4 1949 30.5 1972 72 11!1/50 
30.8 38.4 1980 24.6 1931 64 12/27/80 

48.1 52.0 1954 46.2 1932 95 6!22!81d 

I I .i I J ( 1 f I f 1 

low 
Daily 

Min Date 

-18 1/13/63 mr 
-14 2/1/51 ~0 _en 
-3 3/11/48 

:n )> 

0~ 
5 4/9/28 z 3: 

3:0 
24 5/1/76d ~en 

-I z 
28 6/3/19 )> )> 

r -I 

37 7/7/24 ~5 
~ ~ 40 8/16/47 mr 

23 9/29/36 ;=~ 

15 10/19/76 ~ QJ 
zO 

·14 1/28/76 ()?! 
m-t 

-13 12/9/78 ~ 0 
ID :II 
~ -< 

-18 1!13/63 



Table G-63 (cent) 

Precipitation (in.)c Mean Number of Days Per Year 

Precipitatione Snow Max Min 

Daily Daily Precip Teop Teop 

Month Mean Max Year Max Date Mean ·Max Year Max Date >0. 10 in. >90°F <32°F 
- -- -- -- -- -- -- --

Jan 0.85 6.75 1916 2.45 1/12/76 10.7 64.8 1987 22.0 1/15/87 2 0 30 

Feb 0.68 2.78 1987 1.05 2/20/15 7.3 48.5 1987 20.0 2/19/87 2 0 26 

Mar 1.01 4.11 1973 2.25 3/30/16 9.1 36.0 1973 18.0 3/30/16 3 0 24 

Apr 0.86 4.64 1915 2.00 4/12/75 5.1 33.6 1958 20.0 4!12/75 2 0 13 mr 

May 1.13 4.47 1929 1.80 5!21/29 0.8 17.0 1911 12.0 512/78 3 0 2 ~g 

1.12 5.67 1986 2.51 6/10/13 0 3 0 0 
D > 

Jun --- --- --- --- ~~ 
Jul 3.18 7.98 1919 2.47 7/31/68 0 --- --- --- --- 8 1 0 ~0 

Aug 3.93 11.18 1952 2.26 8/1/51 0 --- --- --- --- 9 0 0 ~{/) 
-i z 

Sept 1.63 5.79 1941 2.21 9/22/29 0.1 6.0 1913 6.0 9/25/13 4 0 0 > > r -i 

~ Oct 1.52 6.n 1957 3.48 10/5/11 1.7 20.0 1984 9.0 10/31tn 3 0 1 ~B 
N 0.96 6.60 1978 Ln 11/25/78 5.0 34.5 1957 14.0 11/22/31 2 0 22 ~~ 

Nov mr 

Dec 0.96 3.21 1984 1.60 12/6/78 11.4 '41.3 1967 22.0 12/6/78 3 0 30 r=r; r;m 
zO 

Amual 17.83 30.34 1941 3.48 10/5/11 50.8 178.4 1987 22.0 1/15/87 43 2 154 0~ 
m-i 

Season 153.2 1986- 12/6/78 
~ 0 
~ D 

1987 
...., -< 

........................................... 

8 Latitude 35° 32' north, longitude 106° 19• west; elevation 2249 m. 

bMeans based on standard 30-year period: 1951-1980. 

cMetric c~versions: 1 in. = 2.5 em; °F = 9/5 °C + 32. 

~ost recent occurrence. 
elncludes liquid water equivalent of frozen precipitation. 
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Table G-64. Los Alamos Precipitation (inches) for 198~ 

North 
S-Site COIIIIUl i t y TA-59 Bandelier East Gate Area G White Rock Y IJhi te Rock 

(1) (2) (3) (4) (5) (6) (7) (8) -- --
January 2.60 3.43 2.43 1.67 1.72 0.94 1.39 0.94 
February 3.39 3.44 2.78 2.11 1.71 1.37 1.43 1.26 
March 0.75 0.90 0.88 0.43 0.34 0.30 0.30 0.38 
April 1.12 1.24 1.09 0.66 0.57 0.43 0.43 0.49 
May 2.25 1.75 2.83 2.29 2.15 1.54 3.13 2.35 mr 

~0 June 1.88 1.22 2.69 0.68 0.64 0.64 0.95 0.52 _Ul 
D)> 

July 1.02 0.76 1.37 1.29 1.03 1.38 0.85 1.28 or; 
z s: 

August 4.48 4.97 4.29 3.67 2.92 4.76 3.79 4.83 s:o 
~Ul September 1.00 2.24 1.72 0.76 1.19 0.62 1.00 0.96 -i z )> )> 

~ October 0.74 0.58 0.49 0.41 0.45 0.43 0.47 0.49 r -i 

~6 (;> November 1.66 1.79 1.47 0.99 1.17 0.94 0.59 0.75 D z 
December 1.79 2.20 1.58 1.71 1.34 1.04 1.34 1.19 

< )> mr ;=r; 
r;m 

Annual 22.68 24.52 23.62 16.67 15.23 14.39 15.67 15.44 zO 
()~ 
m -i 

aSee Figure 29 for site locations. 
~ 0 :g D 
...... -< 



Month 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sept 
Oct 
Nov 
Dec 

Annual 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILlANCE 1987 

Table G-65. Los Alamos Climatological Summary for 1987 

Temperature (°F)a 

Means Extremes 

Mean Mean 
Max Min Avg High Date Low 

37.1 17.2 27.2 54 12,27 -3 
41.3 21.6 31.4 54 11 7 
47.9 23.5 35.7 61 6 7 
61.0 33.5 47.3 76 17 21 

65.4 40.5 52.9 76 31 31 
78.6 50.9 64.7 88 2~ 42 
81.9 55.8 68.8 87 5 dates 51 
75.3 53.3 64.0 87 I 43 
70.5 46.9 58.7 77 I 40 
66.4 40.8 53.6 77 4 28 
48.0 27.2 37.6 63 4 15 
36.7 17.8 27.3 60 4 I 

59.3 35.8 47.5 88 6/24 -3 
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3 
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27 
15 
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28 
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Table G-65 (cont) 

Precipitation (in.)a 

~ater Equivalent Snow 

Daily Daily 

Month Total Max Date Total Max Date 
-- -- -- -- -- -- --

Jan 2.43 0.68 15 64.8 22.0 15 

Feb 2.78 0.97 19 48.5 20.0 19 

Mar 0.88 0.34 10 9.3 5.3 28 

Apr 1.09 0.58 4 12.5 7.5 4 

May 2.83 0.59 23 0 0 --
Jun 2.69 2.16 7 0 0 --
Jul 1.37 0.63 16 0 0 --
Aug 4.29 1.00 26 0 0 --
Sept 1.72 0.73 6 0 0 --
Oct 0.49 0.22 14 0 0 --
Nov 1.47 0.57 1 7.0 4.5 26 

Dec 1.58 0.47 18,24 36.3 12.0 24 

Annual 23.62 2.16 6/7 178.4 22.0 1!15 

---------------
aHetric conversions: 1 in. = 2.5 em; °F = 9/5°C + 32 

I I I J I ; I I I J I l I I I 

Nunber of Days 

Max Min 

Precip Teq:> Teq:> 
>D. 10 in. >90°F <32°F 

-- -

6 0 31 
6 0 28 
2 0 31 mr 

3 0 15 
~0 _(J) 

:D)> 

9 0 1 or; 
3 0 0 

z ~ 
~0 

3 0 0 ~(J) 
-tz 

10 0 0 
)> )> 
r -t 

5 0 0 ~5 

2 0 1 ~~ mr 
4 0 24 r=r; r;m 
6 0 29 zO 

()~ 
m-t 

59 0 160 
~ 0 :g :n .., -< 



January 

February 

March 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-66. Weather Highlights of 1987 

Record snowfall: 64.8 in. 
Snowiest January on record (previous: 39.3 in. in 1949). 

Snowiest month on record (previous: 41.3 in. in December 

1967). 
Precip = 2.43 in. (normal = 0.85 in.). 
Storm dropped 48.0 in. during IS-17th with 60-70 in. reported in 

North Community - LANL closed and townsite paralyzed. 

Record snowfall from one storm, 48.0 in. (previous: 34.5 in. 

during 12/12 to 12/15/84). 
Set daily record snowfall for January with 22.0 in. on 15th 

(previous: 15.0 in. on 1/5/13). 
Tied daily record snowfall for any month with 22.0 in. on 15th 

(also 12/6/78). 
Set record for most snow on ground in January with 40 in. on 

16th and 17th (previous: 27 in., 1/30·1/31/79). 
Set record for most snow on ground in any month (previous: 28 

in., 3/4 to 3/5/15). 
Strong winds with gusts = 59 mph on 5th. 
SMDP on the 7th: 0.41 in. 
SMDS on the 15th: 22.0 in. 
SMDS on the 16th: 21.0 in. 
SMDS on the 17th: 5.0 in. 

Record snowfall and precip. 
Record February snowfall: 48.5 in. (previous: 36A in., 1982). 

2nd snowiest month (most: 64.8 in., January 1987). 
Record February precip.: 2.78 in. (previous: 2.44 in., 1948). 

Storm drops 26.7 in. of snow 18th-20th. 
Record snowfall from one storm in February (previous: 21.5 

in., 2/3 to 2/5/82). 
Strong winds with gusts = 56 mph on 14th. 

SMDP on the 16th: 0.27 in. 
SMDS on the 16th: 4.5 in. 
SMDP on the 18th: 0.30 in. 
SMDP on the 19th: 0.97 in. 
(Also record for most daily precip. in February • previous: 0.96 

in., 2/15/75). 
SMDS on the 19th: 20.0 in. 
(Also record for most daily snow in February - previous: 19.0 

in., 2/4/82). 
SMDP on the 26th: 0.63 in. 
SMDS on the 26th: 9.0 in. 

Cooler than normal. 
Strong winds with gusts = 50 mph on 20th. 
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April 

May 

June 

July 

August 

September 

October 

November 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-66 (coot) 

Mild and above normal snow. 
Average maximum temperature= 61.0°F (Normal= 57.6°F) 
Snowfall = 12.5 in. (Normal = 5.1 in.). 

Wet and cool. 
Precipitation = 2.83 in. (Normal = 1.13 in.). 
SMDP on the 16th: 0.41 in. 
SMDP on the 23rd: 0.59 in. 
Hail accumulation of 3 in. on 23rd. 

Wet. 
Precipitation = 2.69 in. (Normal = 1.12 in.). 
SMOP on the 7th: 2.16 in. 
Thunderstorm on 7th gives near 50-year rainfall for 2 hours: 
2.11 in. 
Strong winds with gusts= 58 mph on 18th, some windows 
blown out in townsite. 

Dry. 
Precipitation= 1.37 in. (Normal= 3.18 in.). 
Some one-inch diameter hail, but little accumulation on 13th. 

Funnel clouds reported near Santa Fe on 24-25th. 
SMDP on the 26th: 1.00 in. 
SMDL on the 29th: 44°F. 

Hazy 4th-10th from Western U.S. forest fires. 
SMDP on the 6th: 0.73 in. 

Warm and dry. 
Mean temperature = 53.6°F (Normal = 50.3). 
Mean max temperature = 66.4°F (Normal = 62.0°F). 
Precipitation = 0.49 in. (Normal = 1.52 in.). 
TMDH on the 4th: 77°F. 

SMDP on the lst: 0.57 in. 

257 



December 

Annual 

Key for Abbreviations: 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-66 (coot) 

Snowy and cold. 
Snowfall = 36.3 in. (Normal = 11.4 in.). 
3rd snowiest December on record. 
Storm drops 19.0 in. snow with up to 26 in. in North 
Community during 24-25th. 
Mean temperature = 27.3°F (Normal = 30.8°F). 
Mean max temperature = 36.7°F (Normal = 41.4°F). 
TMDH on the 4th: 60°F. 
SMDS on the 12th: 4.5 in. 
SMDL on the 15th: 3°F. 
SMDP on the 18th: 0.47 in. 
SMDS on the 18th: 6.0 in. 
SMDP on the 24th: 0.47 in. 
SMDS on the 24th: 12.0 in. 
SMDS on the 25th: 7.0 in. 
Record snow on ground for Christmas: 16.0 in. 
High temperatures only 19, 14, and l7°F, respectively, on 25, 26, 

and 27th. 

1987 mean temperature= 47.5°F (Normal= 48.1°F). 
1987 precipitation = 23.62 in. (Normal = 17.83 in.). 
3rd consecutive year with precipitation >30% above normal. 
1987 snowfall ,. 178.4 in. or 14.9 ft. (Norma I = 50.8 in.). 
Snowiest year on record (previous: 112.8 in., 1984). 
1986-1987 winter season snowfall= 153.2 in. 
Snowiest winter season on record (previous: 123.6 in., 1957-

1958). 

SMDH: Set Maximum Daily High Temperature Record 
TMDH: Tied Maximum Daily High Temperature Record 
SMDL: Set Minimum Daily Low Temperature Record 
TMDL: Tied Minimum Daily Low Temperature Record 
SMDP: Set Maximum Daily Precipitation Record 
SMDS: Set Maximum Daily Snowfall Record 
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Table G-68. Radiochemical Analyses of Sediments at TA-49 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Glllllllil 

Station No. Date (10"6 pCi/g) (10"9 pCi/g) (t.l.g/g) (10"9 pCi/g) (10"9 pCi/g) (Counts/min/g) 

A-1 8-6-86 2.4 (0.5) 0.11 (0.05) 3.0 (0.3) 0.000 (0.001) 0.004 (0.002) 4.0 (0.7) 

A-1 4-13-87 -- 0.08 (0.07) 2.3 (0.2) 0.004 (0.002) 0.003 (0.002) 7.3 (0.9) 

A-2 8-6-86 5.4 (0.7) 0.35 (0. 10) 4.2 (0.4) 0.005 (0.002) 0.022 (0.004) 5.2 (0.7) 

A·2 4·13·87 -- 0.22 (0.08) 3.7 (0.4) 0.001 (0.001) 0.004 (0.005) 9.0 (1.0) 

A-3 8-6-86 3.4 (0.5) 1.2 (0.21) 5.3 (0.5) 0.216 (0.013) 10.7 (0.425) 6.5 (0. 7) 

A·3 4-13-87 -- 0.29 (0.08) 4.7 (0.5) 0.001 (0.000) 0.083 (0.010) 10 (1.0) mr 
~0 _(/) 

D > 
A-4 8·6·87 5.7 (0.7) -().20 (0.05) 4.2 (0.4) 0.000 (0.001) 0.004 (0.002) 5.5 (0.8) @~ 
A-4 4·13·87 -- 0.16 (0.09) 3.4 (O.l) 0.001 (0.002) 0.006 (0.002) 9.0 (1.0) ~0 

~(/) 
-tz 

A·4A 8-6-86 3.1 (0.5) 0.70 (0.15) 4.0 (0.4) 0.001 (0.001) 0.000 (0.001) 6.5 (0.8) > > 

~ 
r -t 

A·4A 4·13·87 -- 0.23 (0.09) 3.4 (0.3) 0.001 (0.001) 0.008 (0.002) 9.0 (1.0) ~5 
~ ~ mr 

A-5 8-6-86 3.0 (0.5) -().08 (0.02) 3.8 (0.4) 0.001 (0.002) 0.042 (0.006) 5.8 (0.8) - r; 
~m 

A-5 4·13-87 -- 0.39 (0.11) 3.4 (0.3) 0.000 (0.001) 0.016 (0.004) 9.0 (1.0) zO 
0~ m-t 

0.012 (0.002) 
- 0 

A-6 8-6-86 4.7 (0.6) 0.49 (0. 10) 4.2 (0.4) 0.002 (0.001) 6.3 (0.8) ~ D ...,. -< 
A·6 4-13-87 -- 0.14 (0.08) 3.5 (0.4) 0.000 (0.001) 0.001 (0.001) 9.0 (1.0) 

A-7 8-6-86 4.1 (0.6) 0.48 (0. 10) 4.1 (0.4) 0.003 (0.002) 0.016 (0.003) 6.3 (0.8) 

A-7 4·13-87 -- 0.37 (0. 11) 3.9 (0.4) 0.002 (0.001) 0.016 (0.003) 8.0 ( 1.0) 

A·8 8·6·86 3.8 (0.6) 0.20 (0.06) 2.6 (0.3) 0.001 (0.001) 0.001 (0.002) 4.4 (0.7) 

A·8 4-13-87 -- o. 17 (0.09) 3.4 (0.3) -().001 (0.002) 0.004 (0.002) 7.8 (0.9) 

A-9 8·6·86 6.4 (0.8) 0.10 (0.06) 3.9 (0.4) 0.000 (0.001) 0.003 (0.002) 6.1 (0.8) 

A-9 4·13·87 . - 0.09 (0.09) 2.9 (0.3) 0.000 (0.001) 0.002 (0.002) 6.3 (0.8) 

A-10 8·6·86 8.0 (0.9) 0.10 (0.07) 2.6 (0.3) 0.000 (0.001) 0.004 (0.002) 4.8 (0.7) 

A-10 4-13-87 . - 0.45 (0.11) 3.7 (0.4) 0.005 (0.001) 0.014 (0.003) 9.0 (1.0) 
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Station No. Date 

A-11 8-6-86 
A-11 4-13-87 

A Background 4-13·87 
B Backgrpund 4-13-87 

limits of Detection 

N Maximum Concentration o-. ..... Regional Background 

Maximum as X of 
Regional Background 

I J 

3H 

<10"6 pCi/g) 

2.9 (0.5) 

--

--
--

0.3 

8.0 
7.2 

111 

I I I I 

137Cs 

(10-9 'pCi/g). 

0.03 (0.06) 
0.57 (0.13) 

0.20 (0.09) 
0.05 (0.08) 

0.1 

1.2 (0.21) 
0.44 

2n 

r J r J 

Table G-68 (cont) 

Total U 
(j.Jg/g) 

3.2 (0.3) 
2.6 (0.3) 

3.4 (0.3) 
2.9 (0.3) 

0.1 

5.3 (0.5) 
4.4 

120 

Note: Station number shown in Fig. 33; counting uncertainty in parentheses. 

I I I i I 

238Pu 

(10 "9 pCi/g) 

0.000 (0.001) 
0.002 (0.002) 

0.000 (0.001) 
0.004 (0.003) 

0.002 

0.216 (0.013) 
0.006 

3600 

'~ 
I I J 

239,240Pu 

(10-9 pCi/g) 

0.003 (0.002) 
0.010 (0.002) 

0.005 (0.002) 
0.001 (0.003) 

0.002 

10.7 (0.425) 
0.023 

4652 

( I I 

Gross 
Ganma 

(Counts/min/g) 

5.9 (0.8) 
7.0 (0.9) 

5.7 (0.8) 
3.1 (0.6) 

0.1 

10 (1.0) 
7.9 

126 

f I I 1 

mr 
~g 
:D)> 

01): 
~ ~ 
mO zen 
-iz 
)> )> r..; 
~5 
~ ~ mr 
r=l): 
l):m 
zO 
()~ m ..; 
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Table G-69. Chemical Concentrations in Solution Extracted from 
Sediments Downgradient from Experimental Areas at TA-49 

MaxiiiUII Limit 
EP Toxic of Stations Numbers a Back!jround8 

Chemicalb Concentrationc Detection A-1 A-2 A-3 A-4 A·4A A-5 A-6 A-7 A-8 A-9 A-10 A-11 A B 
- - - - -- - - - - - -

Arsenic 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD 

Bariun 100 0.5 0.6 BLD 0.6 BLD 0.8 0.5 0.7 BLD 0.6 BLD BLD BLD 0.5 1.3 

Cadmiun 1.0 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD mr 

Chromiun 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD ~£ 
:U)> 

Lead 5.0 0.05 BLD 0.06 BLD BLD BLD BLD BLD BLD BLD BLD BLO BLD BLD BLD Ot; 
2.0 0.005 BLD BLD BLD BLD BLD BLD BLD BLD BLD 

z~ 
Mercury BLD BLD BLD BLD BLD ~0 

Seleniun 1.0 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD ~en 
-iz 

Silver --- 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD )> )> 

~ 
r-t 

N Nickel --- 0.01 BLD BLD BLD BLD BLD BLO BLD BLD BLD BLD BLD BLD BLD BLD ~5 

Berylliund --- 0.001 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD ~?; 
mr 

Sulfate --- 0.2 BLD BLD BLD 0.4 BLD BLD 0.3 BLD 1.1 BLD BLD BLD BLD 0.5 ~~ Nitrate --- 0.2 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD 
Uraniund --- 1.0 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD 7.9 0~ 

m-t 
-o 
~ :u ...., -< 

8 station number shown in Figure 31; background atations are Bandelier National Monument, entrance (A) and small canyon north of supply well PM-1 (B). 

bconcentrations in mg/L except as noted; BLD = Below Limit of Detection. 

cNew Mexico Hazardous ~aste Management Regulations (HWMR) 201 B.S.; Extraction procedure. 

~nits are pg/g. 
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Table G-70. Storm Run-off from TA-49 

Solution 

137Cs 238Pu 239,240Pu 

oo"9 f.LCi/ml) 
-9 ( 10 fJCi/ml) -9 ( 10 l.i.Ci/ml) 

152 (65) 0.007 (0.011) 0.010. (0.008) 

15 (60) -il.008. (0.011) 0.000 (0.010) 

38 (60) -il.057 (0.033) 0.000 (0.010) 

-13 (60) -il.009 (0.015) 0.033 (0.018) 

67 (61) 0.008 (0.008) 0.025 (0.010) 

82 (61) 0.011 (0.014) -il.004 (0.004) 

45 (53) 0.000 (0.010) 0.000 (0.010) 

-27 (60) 0.021 (0.017) 0.005 (0.014) 

( J I 1 l J I I J · I J 

Suspended 
Sediments 

238Pu 239,240Pu 

(pCi/g) (pCi/g) 

0.000 (0.001) 0.027 (0.006) 
-il.004 (0.008) 0.048 (0.013) 

mr 
zo 

0.001 (0.001) 0.002 (0.001) ~(J) 
:II )> 

0~ 
0.000 (0.001) 0.007 (0.033) 

z ~ 
~0 

0.000 (0.001) 0.006 (0.002) ~(J) 
~z 

0.004 (0.002 0.024 (0.004) )> )> 
r~ 

~5 
~ ~ 0.001 (0.001) 0.001 (0.001) mr 

0.000 (0.001) 0.028 (0.004) ;= ~ 
~ m 
z 0 
()~ 
m~ 
~a 

~ ~ 



Table G-71. Chemical Quality of Storm Run-off from TA-49 

Date !!!Sll 

Station 1987 As Cr N so4 pH 

- --

A-1 8-24 0.002 0.02 1.2 2 6.0 

A-1 8-24 0.002 0.03 0.3 3 7.8 

A-2 8·24 0.003 0.02 0.2 2 7.7 

A-5 8-24 0.003 0.03 0.2 2 7.6 

A-5 8-28 0.002 0.04 1.0 2 7.1 mr 

A-5 9-10 0.003 0.03 0.2 2 7.0 ~~ 
D l> 
0~ 

A-8 8-24 0.003 0.04 0.7 4 8.1 z ~ 
~0 

A-8 8-28 0.008 0.04 0.7 2 7.0 ~(/) 
-i z 
)> )> 

N Standarda 
r -i 

~ 
0.05 0.05 10 250 ~6 

D z < )> 
mr 
- ~ 

Concentration Standards8 ~ID 
Constituentb 

zO 

(mg/L) (mg/L) 0~ 
m-i 
- 0 

Ag <0.05 0.05 
~ ~ 

Ba <0.1 1.0 

Be <0.01 

CN <0.01 

Cd <0.01 0.01 

Hg <0.002 0.002 

Ni <0.01 

Pb <0.01 0.05 

Se <0.02 0.01 

--------·--
aPrimary or secondary drinking water standards (EPA 1976, 1979). 

bAnalyzed from stations for each run-off event. 
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alpha particle 

activation products 

background radiation 

beta particle 

Concentration Guide (CG) 

Controlled Area 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

GLOSSARY 

A charged particle (identical to the helium nucleus) 

composed of two protons and two neutrons that is emitted 

during decay of certain radioactive atoms. Alpha particles 

are stopped by several centimeters of air or a sheet of 

paper. 

In nuclear reactors and some high energy research facilities, 

neutrons and other subatomic particles that are being 

generated can produce radioactive species through 

interaction with materials su·ch as air, construction 

materials, or impurities in cooling water. These "activation 

products" are usually distinguished, for reporting purposes, 

from "fission products." 

Ionizing radiation from sources other than the laboratory. 

It may include cosmic radiation; external radiation from 

naturally occurring radioactivity in the earth (terrestrial 

radiation), air, and water; internal radiation from naturally 

occurring radioactive elements in the human body; and 

radiation from medical diagostic procedures. 

A charged particle (identical to the electron) that is emitted 

during decay of certain radioactivity atoms. Most beta 

particles are stopped by 0.6 em of aluminum or less. 

The concentration of a radionuclide in air or water that 

results in a whole body or organ dose in the 50th year· of 

exposure equal to the Department of Energy's Radiation 

Protection Standard for external and internal exposures. 

This dose is calculated assuming the air is continuously 

inhaled or the water is the sole source of liquid nourishment 

for 50 years. 

Any Laboratory area to which access is controlled to protect 

individuals from exposure to radiation and radioactive 

materials. 
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cosmic radiation 

curie (Ci) 

dose 

dose, absorbed 

dose, effective 

dose, equivalent 

dose, maximum boundary 

dose, maximum individual 

dose, population 

LOS ALAMOS NATIONAL LABORATORY 
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High-energy particulate and electromagnetic radiations that 

originate outside the earth's atmosphere. Cosmic radiation 

is part of natural background radiation. 

A special unit of radioactivity. One curie equals 3.70 x 1010 

nuclear transformations per second. 

A term denoting the quantity of radiation energy absorbed. 

The energy imparted to matter by ionizing radiation per 

unit mass of irradiated material. (The unit of absorbed dose 

is the rad.) 

The hypothetical whole body dose that would give the same 

risk of cancer mortality and/or serious genetic disorder as a 

given exposure, that may be limited to just a few organs. 

The effective dose equivalent is equal to the sum of 

individual organ doses each weighted by degree of risk that 

the organ dose carries. For example, a 100 mrem dose to 

the lung, which has a weighting factor of 0.112, gives an 

effective dose equivalent to (100 x 0.12 =) 12 mrem. 

A term used in radiation protection that expresses all types 

of radiation (alpha, beta, and so on) on a common scale for 

calculating the effective absorbed dose. It is the product of 

the absorbed dose in rads and certain modifying factors. 

(The unit of dose equivalent is the rem.) 

The greatest dose commitment, considering all potential 

routes of exposure from a facility's operation, to a 

hypothetical individual who is in an Uncontrolled Area 

where the highest dose rate occurs. It assumes that the 

hypothetical individual is present for 100% of the time (full 

occupancy) and does not take into account shielding (for 

example, by buildings). 

The greatest dose commitment, considering all potential 

routes of exposure from a facility's operation, to an 

individual at or outside the Laboratory boundary where the 

highest dose rate occurs. It takes into account shielding and 

occupancy factors that would apply to a real individual. 

The sum of the radiation doses to individuals of a 

population. It is expressed in units of person-rem (for 

example, if 1000 people each received a radiation dose of 1 

rem, their population dose would be 1000 person-rem. 
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dose, whole body 

exposure 

external radiation 

fission products 

gallery 

gamma radiation 

gross alpha 

gross beta 

groundwater 

half-life, radioactive 

internal radiation 

Laboratory 
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A radiation dose commitment that involves exposure of the 

entire body (as opposed to an organ dose that involves 

exposure to a single organ or set of organs). 

A measure of the ionization produced in air by x or gamma 

radiation. (The unit of exposure is the reontgen). 

Radiation originating from a source outside the body. 

Those atoms created through the splitting of larger atoms 

into smaller ones, accompanied by release of energy. 

An underground collection basin for spring discharges. 

Short-wavelength electromagnetic radiation of nuclear 

origin that has no mass or charge. Because of its short 

wavelength (high energy), gamma radiation can cause 

ionization. Other electromagnetic radiation (microwaves, 

visible light, radiowaves, etc.) have longer wavelengths 

(lower energy) and cannot cause ionization. 

The total amount of measured alpha activity without 

identification of specific radio nuclides. 

The total amount of measured beta activity without 

identification of speciflc radionuclides. 

A subsurface body of water in the zone of saturation. 

The time required for the activity of a radioactive substance 

to decrease to half its value by inherent radioactive decay. 

After two half-lives, one-fourth of the original activity 

remains (1/2 x 1/2), after three half-lives, one-eighth (1/2 x 

1/2 x 1/2), and so on. 

Radiation from a source within the body as a result of 

deposition of radionuclides in body tissues by processes, 

such as ingestion, in.Qalation, or implantation. Potassium-

40, a naturally occurring radionuclide, is a major source of 

internal radiation in living organisms. 

Los Alamos National Laboratory. 
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Maximum Contaminant Level (MCL) 

mrem 

. perched water 

person-rem 

rad 

radiation 

Radiation Protection Standard 

rem 

roentgen (R) 

terrestrial radiation 

LOS ALAMOS NATIONAL LABORATORY 
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Maximum permissible level of a contaminant in water that 
is delivered to the free-flowing outlet of the ultimate user of 
a public water system (see Appendix A and Table A-III). 
The MCLs are specified by the Environmental Protection 
Agency. 

Millirem (10"3 rem). See rem definition. 

A groundwater body above an impermeable layer that is 
separated from an underlying main body of groundwater by 
an unsaturated zone. 

The unit of population dose, it expresses the sum of 
radiation exposures received by a population. For example, 
two persons. each with a 0.5 rem exposure have received 1 
person-rem. Also, 500 people each with an exposure of 
0.002 rem have received 1 person-rem. 

A special unit of absorbed dose from ionizing radiation. A 
dose of 1 rad equals the absorption of 100 years of radiation 
energy per gram of absorbing material. 

The emission of particles or energy as a result of an atomic 
or nuclear process. 

A standard for external and internal exposure to 
radioactivity as defined in Department of Energy Order 
5480.1A, Chapter XI (see Appendix A and Table A-Il m 
this report). 

The unit of radiation dose equivalent that takes into account 
different kinds of ionizing radiation and permits them to be 
expressed on a common basis. The dose equivalent in rems 
is numerically equal to the absorbed dose in rads multiplied 
by the necessary modifying factors. 

A unit of radiation exposure that expresses exposure m 
terms of the amount of ionization produced by x rays in a 
volume of air. One roentgen (R) is 2.58 x 104 coulombs 
per kilogram of air. 

Radiation emitted by naturally occurring radionuclides, such 
as~ the natural decay chains 235U, 238U, or 23~h. or 
from cosmic-ray induced radionuclides in the soil. 
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thermoluminescent dosimeter (TLD) 

tritium 

tuff 

Uncontrolled Area 

uranium, depleted 

uranium, total 

Working Level Month (WLM) 
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A material (the Laboratory users lithium fluoride) that, 

after being exposed to radiation, luminesces upon being 

heated. The amount of light the material emits is 

proportional to the amount of radiation (dose) to which it 

was exposed. 

A radionuclide of hydrogen with a half-life of 12.3 years. 

The very low energy of its radioactivity decay makes it one 

of the least hazardous radionuclides. 

Rock of compacted volcanic ash and dust. 

An area beyond the boundaries of a Controlled Area (see 

defmition of"Controlled Area" in this Glossary). 

Uranium consisting primarily of 238U and having less than 

0.72 wt% 235U. Except in rare cases occurring in nature, 

depleted uranium is manmade. 

The amount of uranium in a sample assuming the uranium 

has the isotopic content of uranium in nature (99.27 wt% 
238 23S M 234 ) u 0. 72 wt% u' 0.0057 wt 70 u . 

A unit of exposure to 222Rn and· its decay products. 

Working Level (WL) is any combination of the short-lived 
222Rn decay products in 1 liter of air that will result in the 

emission of 1.3 x 10S MeV potential alpha energy. At 

equilibrium, 100 pCi/L of 222Rn corresponds to one WL. 

Cumulative exposure is measured in Working Level 

Months, which is 170 WL-hours. 
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1.0 INTRODUCTION 

Los Alamos National Laboratory has operated two chemical waste disposal 
facilities in Technical Area 54 on Mesita del Suey located in the southern 
half of Section 31, T19N, R7E (N.M.P.M.). These areas, designated Areas G and 
L, occupy 63 acres and approximately 2.5 acres, respectively. Area G, used 
primarily for disposal of low-level radioactive materials, has been in opera
tion since 1957 and is expected to remain active through the foreseeable 
future. In addition to low-level waste, small quantities of asbestos, 
beryllium residues, empty pesticide containers, polychlorinated biphenyl (PCB) 
contaminated solids and solid trash-type wastes contaminated with known or 
suspected carcinogens were disposed of at Area G. Area L served as the 
Laboratory's principal chemical waste disposal area between 1964 and 1985 and 
a wide variety of organic and inorganic wastes were disposed of at this 
area. Wastes were disposed of in Areas G and L by emplacement in shafts, 
trenches and pits excavated in the Bandelier Tuff to depths of up to 65 feet. 

This report presents a summary of the hydrogeology of Areas G and L and other 
data and discussions relevant to the potential for migration of hazardous 
waste from the disposal areas. This report was prepared in response to a 
Compliance Order/Schedule, dated May 7, 1985, issued to the Laboratory by the 
New Mexico Environmental Improvement Division, pursuant to the New Mexico 
Hazardous Waste Act. Paragraph 25 of the Order mandated that certain tests 
and investigations be performed at Areas G and L to obtain information on the 
hydrologic characteristics of the waste disposal areas relevant to the 
potential for migration of waste constituents into the area ground water. 

Work was initiated in late 1985 to fulfill the testing requirements of the 
Order. Eighteen 100- to about 135-foot deep boreholes were drilled into the 
Bandelier Tuff from the top of Mesita del Buey, and approximately 1,700 feet 
of core were obtained. In addition, a 60-foot deep borehole was sunk near a 
surface impoundment at Area L. Selected core samples were analyzed for 
numerous parameters, and hydrologic testing and geophysical logging were 
performed in the boreholes. Selected boreholes were completed for pore gas 
sampling, neutron moisture monitoring, and psychrometer installation. In 
addition to the boreholes drilled from the top of the mesa, holes were drilled 

LAN:1702-SUMM 



I I 

in the adjacent canyons to investigate possible alluvial aquifers. Table ES-1 
provides a list of Compliance Order Paragraph 25 tasks and a description of 
the activities undertaken to fulfill the task requirements. The purpose of 
this report is to summarize the results of the recent work (published and 
unpublished) and to combine these data with published information on site 
characteristics into a cogent report on the potential for chemical waste 
migration in the lithosphere at Areas G and L. 

2.0 GEOLOGY 

Los Alamos National Laboratory is located on the Pajarito Plateau on the east
central edge of the Jemez mountains. These mountains are formed by a complex 
pile of volcanic rocks along the northwest margin of the Rio Grande rift in 
north-central New Mexico. The plateau, which forms an apron of volcanic and 
sedimentary rocks along the eastern flank of the mountains, is aligned approx
imately north-south and is about 20 to 25 miles in length and five to ten 
miles wide. The plateau slopes gently eastward from an elevation of about 
7,500 feet near the mountains toward the Rio Grande where it terminates at an 
elevation of about 6,200 feet in steep slopes and cliffs formed by down cut
ting of the river. The plateau has been dissected into a number of narrow 
mesas by southeastward-trending intermittent streams. One of these mesas, 
Mesita del Buey, near the eastern edge of the Pajarito Plateau, is the site of 
Technical Area 54, Areas G and L. Mesita del Buey is bounded on the north by 
Canada del Buey and on the south by Pajarito Canyon. 

The stratigraphy of Mesita del Suey is a series of sediments and volcanic 
extrusive rocks and is typical of a terrane produced by concurrent sedimenta
tion and volcanism. In ascending order, the following rock units are present 
at Mesita del Buey: Tesuque Formation, Puye Conglomerate, basaltic rocks of 
Chino Mesa, and the Bandelier Tuff. The Tesuque, consisting of siltstone and 
sandstone with conglomerate lenses and basalt layers, is overlain by the con
glomerates and sandstones of the Puye Conglomerate. Overlying and interfin
gering with the Puye are the dense basalt flows and scoria of the basaltic 
Chino Mesa rocks. The Bandelier Tuff, which consists of numerous ashfall and 
ashflow units and overlies the Puye and Chino Mesa flows, caps the mesa. The 
three to four-foot layer of soil present along the axis of the mesa thins 
appreciably towards the canyons, exposing the tuff in places. 
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Surface mapping and subsurface correlation of ash flow units, as well as the 
seismic line of the mesa, indicate no displacement (faults) of the tuff. The 

most prevalent structural features in the mesa rocks are the fractures or 
joints in the volcanic rocks caused by shrinkage upon cooling after deposi

tion. Both horizontal and vertical joints have been observed in the Bandelier 
Tuff; however, vertical joints are much more prevalent. A joint traced verti
cally through an ashflow may be closed in places and open in others. Joints 
near the base of the soil are often clay-filled for three to four feet below 
the surface and either filled, or open with clay plating, below this depth. 
Vertical joint frequencies observed in horizontal borings are about one joint 
per three to six feet of core recovered. 

3.0 HYDROLOGICAL CHARACTERIZATION OF THE VADOSE ZONE 

Vadose zone characterization studies were undertaken in Technical Area 54, 
Areas G and L to provide a quantitative analysis of moisture movement in the 

Bandelier Tuff. These analyses aid in determining the likelihood of contami
nants from Areas G and L migrating through the vadose zone and into ground 

water beneath the sites. A two-tiered approach to quantify moisture movement 
in tuff was utilized: (1) rock characteristics and hydraulic head were 

measured to calculate seepage velocity and rates of moisture flux, and (2) 
moisture content of the tuff following precipitation events was measured to 

determine changes in moisture content with depth. 

To permit calculation of seepage velocity and rates of moisture flux in the 
tuff, hydrologic testing was performed in boreholes at Areas G and Land in 

the laboratory on core samples from the boreholes. The intrinsic permeability 
of the tuff was measured in boreholes through air injection and vacuum tests; 

laboratory tests included gas injection with correction for slippage and the 
Dynamic Method to measure gas-water relative permeability. Air injection 

tests were performed in five open boreholes on 25, six-foot test intervals, 
including seven intervals adjacent to fract~re zones. Intrinsic permeability 
was found to range from about 1o-8 to 10-9 square centimeters (cm2) for frac
tured and unfractured intervals. Similar data were obtained from water injec
tion tests performed in one borehole to verify the results of the air 
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injection tests. No significant difference between fractured and unfractured 
tuff was noted. Vacuum tests performed on 18 intervals in the same boreholes 
yielded slightly lower permeability values, but with an average also in the 
10-8 to 10-9 cm2 range. Laboratory tests of intrinsic permeability of core 
samples of the Bandelier Tuff yielded values in the low 10-9 cm2 range. Lower 
values are expected for laboratory tests because discontinuities that occur in 
the rock intersected by the borehole are not typically present in the 
laboratory-tested core. 

Gravimetric moisture content, soil-moisture characteristic curves, and 
unsaturated hydraulic conductivity of tuff samples for boreholes at Areas G 
and L were measured in the laboratory. The gravimetric moisture content of 
core segments from 12 drill holes was found to range generally from two to 
four percent with isolated intervals ranging up to 10 to 28 percent. Soil 
moisture characteristic curves were determined for 20 samples of the Bandelier 
Tuff. Moisture content was determined for capillary pressures in the range of 
-0.03 to -0.34 bar [0.5 to 5 pounds per square inch (psi)]. Attempts to mea
sure moisture contents at lower capillary pressures were unsuccessful because 

' samples disaggregated. Thus, moisture characteristic curves could only be 
determined for volumetric moisture contents above 22 percent, which is consi
derably higher than the values observed from testing core samples of field 
measurements. However, some conclusions can be reached from the characteris
tic curve data. Moisture retention values of the tuff are extremely high, 
ranging up to 80 percent (60 percent volumetric moisture). Since all of the 
moisture content measurements for the tuff are significantly below 80 percent, 
capillary transport of liquids does not contribute to moisture movement and 
vapor transport is clearly the major mechanism of water transport. 

Actual measurement of moisture content at depth in the tuff tends to verify 
the conclusion regarding moisture movement. Neutron logging of one borehole 
in each of Areas G and L was performed every two weeks for an approximately 
eight month period. Borehole logging was also performed daily for a period 
after three major precipitation events in the area. Moisture profiles mea
sured in this manner show the upper 10 to 20 feet of the tuff to be affected 
by precipitation events and subject to seasonal fluctuations. Below 20 feet, 
however, moisture content is extremely low and in the range of the gravimetric 
moisture determination. 
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To measure capillary potential, thermocouple osychrometers were installed at 
numerous depths in one borehole in each of Areas G and L. Though data 

obtained from the psychrometers are highly variable, they indicate soil 
moisture tensions ranging from 1 to 15 bars. Utilizing measured hydraulic 

conductivity values for the tuff and hydraulic head data from the psychro
meters, moisture flux calculations were performed to determine maximum rates 
of moisture movement in the tuff. For Area L, a maximum downward flux of 0.25 
feet per year (ft/yr) and a maximum upward flux of 0.20 ft/yr were calculated. 
For Area G, maximum downward and maximum upward fluxes of 0.49 ft/yr and 0.041 
ft/yr, respectively, were calculated. These calculated flux rates very likely 
overestimate the moisture flux values at Areas G and L because only hydraulic 
conductivity values at higher percentages of saturation than those observed in 
the field are available. Because hydraulic conductivity in the vadose zone 
typically increases with increases in percent saturation, the measured 
hydraulic conductivity values are certainly greater than actual field 
conditions. Lower values of flux rates (by about an order of magnitude) are 

predicted if calculated (rather than measured) hydraulic conductivity values 
are used. Though highly conservative, these moisture flux values show that 

very long periods of time would be required for water and contaminants to move 
by unsaturated flow from the disposal facilities to the ground water. In 

addition, there is no evidence to suggest that saturation of the tuff and 
subsequent transport of contaminants by saturated flow is possible. 

4.0 CHEMICAL CHARACTERIZATION OF THE VADOSE ZONE 

Chemical characterization data on the Bandelier Tuff at Areas G and L were 

obtained by analysis of core samples and by sampling and analysis of gases in 
the rock pores. Core samples were collected at about ten-foot intervals from 

seven boreholes at Areas G and L for a total of 70 samples. With the excep
tion of two samples in Area L, all cores exhibited Extraction Procedure (EP) 

Toxic metals below detection limit concentrations (which are well below EP 
Toxic regulated concentrations). One sample collected from the zero to ten

foot depth interval had a detectable (though below regulatory limit) EP 
concentration of barium. A second sample collected from the ten- to twenty

foot depth slightly exceeded the EP Toxic limit for chromium. All core 
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samples were also analyzed for volatile organic compounds. No volatile 
organics were detected in core samples from Area G; however, the lower limit 
of detection for most of the compounds was in the parts per million range, not 
permitting detection of trace concentrations possibly present. Volatile 
organics were detected in core samples from various depths in all four bore
holes from which samples were obtained at Area L. The detected compounds, 
ranging from part per billion to part per million concentrations at depths up 
to 100 feet, consist of a suite of common solvents and ketones (i.e., 
methylene chloride, acetone, tetrahydrofuran, methyl ethyl ketone, etc.). 

A total of 23 sampling ports were installed in the seven test holes to permit 
collection of pore gas at various depths. Pore gases were collected by 
pumping air from the sampling port through charcoal adsorption tubes. After 
collection, volatile organics were extracted from the charcoal and analyzed. 
The results of the analyses indicate that volatile organic compound vapors are 
present in the pore gas of the tuff in part per million concentrations at 
depths up to about 100 feet. 

~. Core analyses and pore gas data suggest that volatile organic constituents of 
the waste disposed of at Area G and/or Area L have migrated into the tuff. 
Based on the vadose zone characterization studies, vapor diffusion is the most 
probable migration mechanism. 

5.0 GROUND WATER HYDROLOGY IN AREAS G AND L 

The main aquifer in the Los Alamos area is the only aquifer capable of 
producing a municipal and industrial water supply. The hydraulic and chemical 
properties of the main aquifer are reasonably well known from information 
obtained from supply wells, stock wells, test wells, and springs. The upper 
surface of the main aquifer slopes eastward from the major recharge area in 
the Valles Caldera (west of the Pajarito Plateau) to the Rio Grande (east of 
the plateau) where it discharges as springs and seeps into the river. 

Beneath Areas G and L, the upper surface of the main aquifer is contained in 
the poorly consolidated conglomerates, sandstones and siltstones of the 
Tesuque Formation. The main aquifer was encountered at a depth of about 875 

LAN:1702-SUMM 6 



I I 

feet below the land surface just west of Areas G and L. Based on data from 
supply wells in the Los Alamos area, the Tesuque has an average saturated 
thickness of 1,470 feet and a hydraulic gradient of 0.015. Using this 
hydraulic gradient value for calculation, the depth to the main aquifer 
beneath Areas G and L is 850 feet and 950 feet, respectively. Based on test 
data obtained from supply wells and an assumed porosity value of 30 percent, 
the velocity of water in the main aquifer is about 0.18 feet per day. 

Test holes were drilled and monitoring wells were installed in Canada del Suey 
(bounding Mesita del Suey on the north) and Pajarito Canyon (which bounds the 
mesa to the south) to investigate the alluvial perched water systems poten
tially present in these canyons. The alluvium in Canada del Suey was found to 
be confined to the canyon, and all test holes in the alluvium were dry. In 
Pajarito Canyon, the alluvium also does not extend beneath the mesa. In this 
canyon, however, a perched water system was intersected by the boreholes. The 
top of the perched water is about one to five feet below the surface of the 
alluvium, and the water level fluctuates significantly over short periods of 
time. The approximate saturated thickness encountered by the wells is eight 
to ten feet, and also exhibits substantial fluctuations. 

Water samples were collected from the Pajarito Canyon wells and analyzed for 
volatile organic compounds, selected metals and radiological parameters. No 
volatile organics were detected in the samples and metal concentrations and 
radiological parameters were found to be below drinking water standards. 
Thus, there appears to be no discernable effect on water quality in Pajarito 
Canyon from disposal operations at Areas G and L. 

6.0 CONCLUSIONS 

Several specific conclusions, based on the hydrogeologic investigations 
performed at Mesita del Suey in 1985 and 1986 and on previous work, can be 
reached relative to the characteristics of Areas G and L and the potential for 
migration of contaminants from waste disposal units in these areas: 

1. The Bandelier Tuff stratigraphy at Areas G and Lis 
similar to that of the tuff throughout the western 
Pajarito Plateau. 
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2. Vertical and near-vertical fractures (formed during 
cooling of the volcanically deposited material) are 
common in the Bandelier Tuff on Mesita del Buey (and 
elsewhere), though the degree of openness or pervasive
ness of individual fractures is not well characterized. 

3. No major fault zones that could serve as conduits from 
the shallow subsurface to the regional water table are 
known to exist at or near Areas G and L. 

4. The combination of very low moisture content in the 
tuff, empirical determination that moisture from pre
cipitation does not infiltrate below a depth of ten to 
22 feet, and very low calculated flux rates all suggest 
that aqueous transport of contaminants through Bande
lier Tuff is not a viable mechanism for contaminant 
migration at Areas G and L. 

5. Volatile organic waste constituents have migrated 
(probably in the vapor phase) from land disposal units 
at Areas G and L based on the results of core and pore 
gas analyses conducted in 1985 and 1986. 

6. Metals contamination from the land disposal units at 
Areas G and L was detected in only two samples from 
shallow depths (20 feet or less) at Area L. 

7. Chemical data from the core and pore gas analyses (and 
information obtained from vadose zone characterization) 
support vapor phase migration from Areas G and L as the 
dominant transport mechanism, based on the presence of 
volatile organic vapors at depths of up to 100 feet. 

8. No perched bodies of water, which could be hydraul
ically connected to the main aquifer, have been 
detected beneath Areas G and L. 

9. Perched water in Pajarito Canyon is confined to 
alluvium within the canyon and does not extend 
vertically or horizontally into the Bandelier Tuff 
which forms Mesita del Buey. No perched water was 
detected in Canada del Buey. 

10. There is no evidence of migration of hazardous waste 
constituents from Areas G and L into the perched water 
contained in the alluvium of Pajarito Canyon. 
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TABLE ES-1 

SUMMARY OF REQUIREMENTS AND CC»tPLIAHCE WITH CC»tPLIAHCE ORDER PARAGRAPH 25 

PARAGRAPH 25 REQUIREMENTS TESTS CONDUCTED TO SATISFY REQUIREMENT 

ACCEPTABLE SAMPLE SAMPLE TEST INTERVAL TESTED 
TASK METHODS FREQUENCY LOCATIONS CONDUCTED BOREHOLE (FEET BELOW SURFACE) 

1. Intrinsic • Constant head test • 5 holes 125 ft deep • TA-54 Area G • La bora tory LLM-85-01 30, 52, 101' 124 
Permeability • Flow test • 1 test per horizon • TA-54 Area L (Dynamic, LLH-85-02 1' 36' 67' 117 
of Tuff, k • Pressure transient • 6 tests per hole Klinkenberg) LLH-85-05 15, 36, 76, 123 

test LGH-85-06 29, 51, 99, 115 
LGH-85-11 3 ' 30 ' 94 ' 115 

• Field 
Vacuum Tests LLH-85-01 30-33, 70-73, 80-83, 94-97 
(Pressure LLH-85-02 10-13, 25-28, 87-90, 87-90 
Transient) LLH-85-05 15-18, 40-43, 50-53, 60-63 

LGH-85-06 10-13, 40-43, 60-63, 82-85, 
87-90' 100-103 

LGH-85-11 35-38, 77-80, 110-113 

Air Injection LLH-85-01 9-15, 30-36, 51-57, 72-78, 93-99 
Tests LLM-85-02 9-15, 24-30, 45-51, 66-72, 87-93 
(Pressure LLH-85-05 24-30, 45-51, 55-61, 75-81, 82-88 
Transient) LGM-85-06 38-44, 60-66, 81-87 

LGM-85-11 9-15, 14-20, 35-41, 56-62, 77-83, 
99-105, 108-114 

2. Moisture • Any standard lab • 5 samples from each • TA-54 Area G • Centrifugal LLM-85-01 30, 52, 101, 124 
Character is- method of 4 horizons • TA-54 Area L Method LLM-85-02 71 361 671 117 
tic Curves, • Drying curve only LLM-85-05 15, 36, 76, 123 
ljJ{B) • More than one method LGM-85-06 29, 51, 99, 115 

needed LGH-85-11 3 1 30 1 94 1 115 

• Pressure Samples Disaggregated 
Plate Method 
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TABLE ES-1 
SUMMARY OF REQUIREMENTS MID COMPLIANCE WITii COMPLIANCE ORDER PARAGRAPH 25 

(Continued) 

PARAGRAPH 25 REQUIREMENTS TESTS CONDUCTED TO SATISFY REQUIREMENT 

TASK 

3. Unsaturated 
Hydraulic 
Conductivity 
of Tuff 
K(e) 

ACCEPTABLE SAMPLE 
METHODS FREQUENCY 

• Theoretical and • 5 samples from each 
laboratory methods of 4 horizons 
required 

• Sufficient number 
of different methods 
must be employed to 
give trustworty 
predictions 

SAMPLE 
LOCATIONS 

• TA-54 Area G 
• TA-54 Area L 

4. Infiltration • Neutron logging and 
and Redistri- • Moisture blocks or 

• 4 holes, 2-50 ft • 2 at TA-54 
deep and 2 100-ft Area G 

bution of psychrometry 
Meteoric 
Water Into 
Tuff 

deep • 2 at TA-54 
• Neutron log each 2 Area L 

weeks with daily 
logs after 2 autumn 
storms 

• 10 potential sensors 
per hole 

TEST INTERVAL TESTED 
CONDUCTED BOREHOLE (FEET BELOW SURFACE) 

• Laboratory LLM-85-01 30, 52, 101, 124 
(Dynamic LLM-85-02 7. 36. 67. 117 
Method) LLM-85-05 15, 36, 76, 123 

LGM-85-06 29, 51, 99, 115 
LGM-85-11 3 • 30 • 94 • 115 

• Theoretical LLM-85-01 52, 101 
(Van LLM-85-02 36 
Genuchten LLM-85-05 123 
Method) LGM-85-06 99, 115 

LGM-85-11 94 

• Neutron LLN-85-04 108 ft 
Logging LGN-85-08 50 ft 

• Psychrometers LLP-85-03 95 ft, 23 sensors 
LGP-85-07 52 ft, 15 sensors 
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TABLE ES-1 
SUMMARY OF REQUIREMENTS AtiD C()otPLIANCE WITH C()otPLIANCE ORDER PARAGRAPH 25 

(Continued) 

PARAGRAPH 25 REQUIREMENTS TESTS CONDUCTED TO SATISFY REQUIREMENT 

ACCEPTABLE SAMPLE SAMPLE TEST INTERVAL TESTED 
TASK METHODS FREQUENCY LOCATIONS CONDUCTED BOREHOLE (FEET BELOW SURFACE) 

5. Core and Pore • Standard methods • At least 6 holes of • 2 at TA-54 • Core Analyses LGC-85-09 10 ft intervals 
Gas Analyses for inorganics varying depths Area G LGC-85-10 10 ft intervals 

• GC or GC/MS for • Cores analyzed for • 4 at TA-54 LLC-85-12 10 ft intervals 
volatile organics inorganics and Area L LLC-85-14 10 ft intervals 

volatile organics LLC-85-15 10 ft intervals 
at 10 ft intervals LLC-85-16 10 ft intervals 

• Pore gas samplers 
in bottom of holes • Pore Gas LGC-85-09 37, 63, 80, 91 

• Analyze quarterly Samplers LGC-85-10 31, 53, 95 
LLC-85-12 6' 27' 41 
LLC-85-13 21' 43, 65 
LLC-85-14 13, 31, 46, 86 
LLC-85-15 19, 32, 82 
LLC-85-16 7' 17' 102 

6. Analysis of • Observation wells • 6 well3 bottoming • 3 wells in • Well CDB0-1 15 ft 
Perched in side canyons in tuff Canada del Installation CDB0-2 18 ft 
Water • Report summarizing • Samples and water Buey CDB0-3 12 ft 

applicability of levels collected • 3 wells in CDB0-4 12 ft 
research in Mortan- quarterly Pajarito 
dad Canyon Canyon PC0-1 22 ft 

PC0-2 22 ft 
PC0-3 20 ft 

PCM-1 60 ft 
PCM-2 120 ft 
PCM-3 60 ft 
PCM-4 60 ft 
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1.0 INTRODUCTION 

1.1 PURPOSE AND SCOPE 

This report presents a summary of the geohydrology of Waste Disposal Areas G 
and L in Technical Area (TA) 54 at Los Alamos National Laboratory (see Figure 
1-1 for site location). Also presented are other pertinent data and discus
sions relevant to the potential for migration of hazardous waste from the 
disposal areas. This report was prepared in response to a Compliance Order/ 
Schedule dated May 7, 1985 (Docket Number 001007) issued to the U.S. Depart
ment of Energy, Los Alamos Area Office and the University of California, Los 
Alamos National Laboratory by the Environmental Improvement Division (EID) of 
the State of New Mexico Health and Environment Department. The Order, issued 
pursuant to the New Mexico Hazardous Waste Act, mandated that certain tests 
and investigations be performed at Areas G and L to obtain information on the 
geohydrological characteristics of the waste disposal area relevant to the 
potential for migration of contaminants into the area ground water. A copy of 
the Order is included as Appendix A. 

Work was initiated in late 1985 to fulfill the testing requirements in the 
Order, and numerous reports on the results of individual tests or groups of 
tests have been prepared by Bendix Field Engineering Corporation/Grand Junc
tion (BFEC, now UNC Technical Services, Inc.) and Los Alamos National 
Laboratory. Also, data have been obtained since publication of the most 
recent reports that are relevant to geohydrologic characterization of Areas G 
and L. The purpose of this report is to summarize the results of the recent 
work (published and unpublished) and to combine these data with published 
information on site characteristics into a cogent "publishable" report on the 
chemical waste migration potential in the lithosphere at Areas G and L. 

The report is divided into six sections. The remainder of this section 
provides a brief summary of waste disposal operations at TA-54, Areas G and L, 
and a general description of the activities performed to satisfy individual 
test requirements in the Order. Section 2.0 provides a summary description of 
the regional and site geology. Sections 3.0 and 4.0 describe the hydrologic 
characteristics and chemical characteristics, respectively, of Areas G and 
L. A discussion of the ground water hydrology at Areas G and L is given in 
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Section 5.0 and a brief summary and conclusions are provided in Section 6.0. 

Table 1-1 provides a list of the tasks required by the Order and the numbers 
of the sections of this report that discuss the test and test results. 

1.2 DESCRIPTION OF WASTE MANAGEMENT OPERATIONS 

Los Alamos National Laboratory has operated two waste disposal facilities in 
Technical Area 54 on Mesita del Buey located in the southern half of Section 
31, T19N, R7E (Figure 1-1). These areas, designated Areas G and L, occupy 63 
acres and about 2.5 acres, respectively. Area G, used primarily for disposal 
of low-level radioactive materials, has been in operation since 1957 and is 
expected to remain active through the foreseeable future. Area L served as 
the Laboratory's principal chemical waste disposal area between 1964 and 
1985. Currently, no disposal of hazardous chemical waste occurs at these 
areas. 

1.2.1 Area G 

Low-level radioactive waste has been disposed of in Area G since 1957. In 
addition to the low-level waste, small amounts of asbestos, beryllium resi
dues, empty pesticide containers, PCB contaminated solids, and solid trash
type wastes contaminated with known or suspected carcinogens were disposed of 
at Area G. The Laboratory was granted approval in 1980 by the U.S. Environ
mental Protection Agency to dispose of PCB solid wastes in facilities at Area 
G. Hazardous wastes regulated under RCRA represent less than one percent of 
the total waste at Area G. Waste disposal practices at Area G include use of 
shafts, trenches and pits. Figure 1-2 shows the location of the waste 

disposal units. 

1.2. 1.1 Waste Disposal Pits 

Currently there are 31 active and filled pits in Area G, 28 have been filled 

and 3 are open; some pits are yet to be excavated (see Figure 1-2). Burial 
pits vary in dimensions, the deepest being 65 feet deep; 15 feet is maintained 
between pits, and all pits are located a minimum of 50 feet from the edge of 
the mesa (Zygmunt, 1984). 

After excavation of each pit into the Bandelier Tuff, geologic and photo

graphic records are made of the floor and walls. Pit floors are then layered 
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with a one-half-foot blanket of compacted crushed tuff. Solid or solidified 
wastes are placed in the pits in layers with one-half-foot layers of crushed 
tuff between layers of waste. When the pits are filled to within about three 
feet of the lowest point of the pit rim, they are covered with crushed tuff 
and topsoil to minimize run-on and erosion (Zygmunt, 1984). 

1.2. 1.2 Area G Trenches 

Eight trenches for storage of waste are present in Area G, four of which are 
not yet excavated. Trenches A and B are cored in the tuff with three-foot 
diameters by two-foot holes on about three-foot centers. Casks which contain 
waste are placed within the trenches. Each waste cask stores two 30-gallon 
drums of waste. After an array of casks has been placed into a trench, the 
trenches are backfilled with crushed tuff to the level of the casks. Corru
gated decking is placed on top of the cask lids and the trenches are filled to 
the surface with crushed tuff (Rogers, 1977). 

1.2.1.3 Disposal Shafts 

About 100 disposal shafts in the Bandelier tuff are located in Area G disposal 
shaft field and are used for disposal of low-level radioactive waste (Rogers, 
1977). The first shafts were completed at the end of 1965 and were put into 
use in early 1967. Two types of shafts were utilized in Area G: lined and 
unlined. Lined shafts, 14 through 23, used primarily for storage of tritium
contaminated waste, consist of three foot diameter borings, 25 feet deep; one 
foot diameter steel pipe is centered in the boring, and the annulus is filled 
with concrete. The remaining shafts range from two feet to six feet in dia
meter and 25 feet to 60 feet in depth. The Area G shafts are separated by a 
minimum distance of 7.5 feet. Wastes are layered in the shafts with one-half
foot layers of crushed tuff between layers of waste, shafts are filled to 
within about three feet of the lowest point of the shaft rim, covered with 
one-half foot of crushed tuff and finally covered with about three feet of 
uncontaminated concrete (Zygmunt, 1984). 

1.2.2 AreaL 

Area L has been the principal chemical waste handling and disposal area at the 
Laboratory since 1964. From 1964 through May 1975, all chemical wastes were 
disposed of in one pit at the site, Pit A (Figure 1-3). Beginning in June 
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~--
1975, the disposal pit was covered and shafts in the tuff were used for 

disposal of chemical waste until 1985. A surface impoundment that may have 

been used for hazardous waste disposal was also open during part of this 

time. All disposal of chemical waste at Area L was discontinued in 1985. 

Thirty-four shafts are present in Area L; all have been sealed. Figure 1-3 
shows the location of each shaft and contains information about the period of 

use and type of waste deposited in each. The Area L shafts are similar to 
those in Area G. They range from three feet to eight feet in diameter and are 

approximately 60 feet deep. The shafts are typically spaced about 15 feet 
apart (center to center). Upon completion of shafts, geologic records and 

photographs were made and a three-foot thick layer of crushed tuff was placed 
in the bottom. Containerized wastes were lowered into the shafts with one

half-foot layers of crushed tuff separating drums. As with the Area G shafts, 
when the shafts were filled to within about three feet of the surface, the 

wastes were covered with compacted crushed tuff and sealed with a minimum of 
three feet of concrete (Zygmunt, 1984). 

Each shaft was dedicated to accept only compatible waste materials. A list of 

the hazardous waste materials which are known to have been placed into shafts 

19 through 34 is provided in Appendix B. Waste disposal records for earlier 

shafts are incomplete. Prior to 1982, shaft disposal of liquid chemicals was 
conducted without the addition of absorbents. Calculations in DOE (1984) show 

that the volume of non-absorbed liquids is insufficient to support significant 
downward migration of liquid contaminants. 

1.3 DESCRIPTION OF 1985-1986 INVESTIGATIONS 

1.3.1 Drilling Activities 

During 1985, test holes were drilled both from the top of Mesita del Buey and 

in the adjacent canyons to investigate the upper part of the vadose zone 
(Figure 1-4 and Table 1-2). Eighteen test holes were drilled into the Bande

lier Tuff from the top of Mesita del Buey (the location of Technical Area 54, 

Areas G and L). The locations of these holes are shown on Figures 1-2 and 

1-3. The 18 holes were drilled using a Central Mining Equipment (CME) Model 

55 drilling rig equipped with standard six and five-eighth-inch outside 

diameter hollow-stem augers and a continuous sampling system. Core was 
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~ obtained using a two-inch diameter, five-foot long, split-barrel sampler 

attached to the center drill stem of the augers. Of the about 2,190 total 
footage drilled, 1,709 feet of core were obtained from 16 of the holes (Table 

1-2). Standard four-inch outside diameter solid stem augers were used to bore 
the two drill holes from which no core was desired. Core was obtained in 
five-foot intervals and samples for the various tests planned were collected 
from the core and appropriately preserved. After samples were selected, a 
lithologic log was prepared (lithologic logs are provided in Appendix C) and 
the core was placed in labeled boxes for transfer to a storage facility. All 
down-hole equipment was decontaminated by steam cleaning followed by a 
methanol rinse and air-drying after completion of each test hole to obviate 
the potential for cross-contamination. In addition to these 18 holes, a 60-
foot deep borehole was sunk near the surface impoundment at Area L (Figure 1-
3) to obtain core samples for chemical analysis. 

After drilling was complete, each hole was geophysically logged using four 
different probes to generate the following data: 1) spectral gamma and three
arm caliper logs, 2) natural gamma, epithermal neutron and vertical deviation 
logs, 3) magnetic susceptibility logs, and 4) moisture logs derived from epi
thermal neutron data. In addition, 16 of the 18 holes were logged with 
another probe to generate a gamma-gamma density, natural gamma and one-arm 

caliper log. Copies of all logs run are provided in BFEC (1985a). 

The manner in which each test hole was completed depended on its primary 
purpose. The hole numbering scheme provides a code that indicates the general 

completion configuration for each hole and the sequence in which the holes 
were drilled. The first letter in each hole number, L, refers to Los Alamos. 
The second letter, G or L, identifies the waste disposal area in or near which 
the hole is located. The third letter indicates the primary purpose for which 

the hole was drilled; the codes were assigned as follows: 

• M: Moisture Holes - To be used to determine intrinsic 
permeability and hydraulic conductivity of the tuff 

• C: Core and Pore-Gas Sampling Holes - To be used to 
collect samples for EP-toxicity and volatile-organic 
analyses, and for the installation of pore-gas sampling 
apparatus 
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• P: Psychrometer Holes - To be used for the 
installation of thermocouple psychrometers and pressure 
transducers to determine local moisture conditions, 
temperature, and pressure 

• N: Neutron Moisture Access Holes - To be used by LANL 
for moisture measurements. 

The middle designation, 85, indicates the year that the test holes were 

drilled, and the final two digits refer to the drilling sequence. The con

struction details for each of the test holes are shown on the figures in 

Appendix C. 

In addition to the holes drilled on Mesita del Buey, test holes were also sunk 

in the canyons that bound the mesa (Figure 1-4 and Table 1-2). Four test 

holes were drilled into the alluvium of Canada del Buey and seven holes were 

sunk in Pajarito Canyon alluvium. These holes were drilled using a 

truck-mounted, continuous flight hollow-stem auger drilling rig. Test holes 

penetrated the alluvium and were drilled several feet into the underlying 

Bandelier Tuff. Lithologic logs were prepared during drilling and are 

included in Appendix C. All four holes in Canada del Suey and three of the 

seven holes in Pajarito Canyon were completed as monitoring (or observation) 

wells. Construction details for these monitoring wells are also provided in 

Appendix C. 

1.3.2 Hydrologic Testing 

Samples of core from the holes drilled on Mesita del Suey were tested for a 

number of parameters that have import on the hydrologic behavior of the Ban

delier Tuff. These tests, described in Sections 3.3 and 3.4 included those 

necessary to determine gravimetric moisture content, porosity, soil moisture 

characteristic curves, permeability and hydraulic conductivity. Samples of 

alluvium from some holes drilled in Canada del Buey and Pajarito Canyon were 

also tested to determine gravimetric moisture content (see Section 5.2 for 

details). 

In addition to laboratory tests to determine pertinent hydrologic parameters, 

field tests were also conducted in the test holes drilled on Mesita del Buey. 

These tests included two types of borehole injection tests and vacuum tests 
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(Section 3.2). Other investigations performed in these test holes over a 

period of months included atmospheric/rock-pore pressure monitoring, measure

ments of temperature and water potential, and neutron moisture measurements 

(Section 3.5). Hydrologic investigation activities in the holes in the can
yons consisted only of measuring water levels over a period of months in those 
holes that encountered perched water (Section 5.2). 

1.3.3 Chemical Analyses 

Analyses of rock core and pore gases from the Mesita del Buey test holes and 

water samples collected from the canyon monitoring wells were performed for a 
selected group of parameters. Parameters included those needed to detect 
constituents of wastes disposed of at Areas G and L. A discussion of the 
sampling and analytical regimens and the analytical results for core samples 
and pore gas samples are presented in Sections 4.2 and 4.3, respectively. For 
water samples, analytical results are presented in Section 5.2. 
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TABLE 1-1 

COMPLIANCE ORDER PARAGRAPH 25 TASKS AND CORRESPONDING REPORT SECTIONS 

COMPLIANCE ORDER PARAGRAPH 25 TASK REPORT SECTION 

Task 1. Intrinsic Permeability of Tuff, k 3.2 

Task 2. Soil Moisture Characteristic Curves, 'i'(9) 3.3.2 

Task 3. Unsaturated Hydraulic Conductivity of Tuff, K(e) 3.4 

Task 4. Infiltration and Redistribution of Meteoric 
Water into Tuff 3.5 

Task 5. Core and Pore Gas Analyses 4. 1 ' 4.2, 4.3 

Task 6. Analysis of Perched Water 5.2 
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TABLE 1-2 

TOTAL DEPTHS OF CORE AND DRILL HOLE FOR LOS ALAMOS 1985 TEST HOLES 
(depths in feet) 

TOTAL TOTAL 
DRILL-HOLE DEPTH DEPTH 

NUMBER CORED DRILLED 

LLM-85-01 124 140 
LLM-85-02 125 145 
LLP-85-03 99 120 
LLN-85-04( 1) 0 120 
LLM-85-05 124 145 
LGM-85-06 124 145 
LGP-85-07 49 60 
LGN-85-08( 1) 0 60 
LGC-85-09 99 120 
LGC-85-10 99 120 
LGM-85-11 124 145 
LLC-85-12 99 120 
LLC-85-13 99 120 
LLC-85-14 99 120 
LLC-85-15 99 120 
LLC-85-16 99 120 
LLC-85-17 149 150 
LLC-85-18 99 120 
PC0-1 0 22 
PC0-2 0 22 
PC0-3 0 20 
PCM-1 0 60 
PCM-2 0 120 
PCM-3 0 60 
PCM-4 0 60 
CDB0-1 0 15 
CDB0-2 0 18 
CDB0-3 0 12 
CDB0-4 0 12 

{1)Hole augered with a 4-inch-O.D. solid-stem auger. 
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2.0 GEOLOGY 

Numerous subsurface geological investigations of the Pajarito Plateau and the 
Mesita del Suey portion of the plateau (the part of the plateau on which Areas 
G and L are located) have been performed during at least the past 40 years. 
Many studies of the plateau have been conducted in conjunction with hydrologic 
investigations performed to ascertain the adequacy of ground water resources 
for the Laboratory. Many other studies, concentrated solely on the geology of 
the plateau, have been undertaken to gain further basic knowledge of volcanic 
tuffs or the Jemez volcanic assemblage. In addition to studies of the entire 
Pajarito Plateau, detailed investigations of the geology of Mesita del Buey 
have been conducted during the past 20 years to ensure that the mesita terrane 
provides adequate containment for land disposal of hazardous and radioactive 
wastes. The more recent of these studies, performed by BFEC and the Labora
tory primarily in 1985 and early 1986 and described in the previous section, 
have added detail to the knowledge of the upper 100 feet or so of the geology 
of Mesita del Suey. The results of these efforts have been combined with 
previously published information and are presented in the sections that follow 
to provide the geologic framework necessary to an understanding of the Mesita 
del Buey hydrology. 

2.1 REGIONAL GEOLOGY 

Los Alamos National Laboratory is located on the east-central edge of the 
Jemez Mountains. The Jemez Mountains are formed by a complex pile of volcanic 
rocks along the northwest margin of the Rio Grande rift in north-central New 
Mexico (Figure 2-1). The immense volume of Pliocene and Quaternary extrusive 
rocks that represents the Jemez volcanic field covers an area of over 30 miles 
east-to-west and 50 miles north-to-south and is over 4000 feet in thickness 
near the center (Woodward, 1974). 

The Jemez volcanic field unconformably overlies the eastern part of the 
Nacimiento uplift and the southern Chama basin. The Chama basin, the San Juan 
Basin and the Gallina-Archuleta arch are part of the Colorado Plateau, whereas 
the Brazos and Nacimiento uplifts (Figure 2-1) are generally included with the 
Southern Rocky Mountains (Woodward, 1974). These features attained their 
present structural outlines during the Laramide orogeny of Late Cretaceous and 
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early Tertiary time. Superimposed on these Laramide structures is the Rio 

Grande rift that began to form during the Miocene. Volcanism in the Jemez 
area began in Pliocene time after initial development of the rift with extru

sive rocks accumulating along the western margin of the rift contemporaneously 
with late stages of rifting (Woodward, 1974). Initial eruptions were domi
nantly mafic to intermediate flows, which probably formed low, coalescing 
shields. Eruptive activity culminated in the early Pleistocene with explo

sive, caldera-forming eruptions of ashflow tuffs, which covered most of the 
shields and formed two calderas, the largest and youngest of which is the 

Valles Caldera located seven to ten miles west of Los Alamos, New Mexico 
(Kudo, 1974). Extensive studies of the Jemez volcanism have been performed by 
Ross et al. (1961), Bailey et al. (1969), Smith and Bailey (1966, 1968) and 
Smith et al. (1970). 

Major tectonic features here are dominated by vertical movements. Minor 

horizontal shift and compressional features, however, occur in parts of the 
Colorado Plateau and Southern Rocky Mountain structures. The stratigraphy, 

structure and tectonics of the Jemez Mountains and surrounding area have been 
the topics of a large number of reconnaissance and detailed studies (c.f., 

Dane, 1948; Kelley, 1954, 1955; Griggs, 1964; Woodward, et al., 1972, 1973, 
1974). 

2.2 SITE GEOLOGY 

The Los Alamos facilities are located on the western part of the Pajarito 
Plateau (Figure 2-1), which forms an apron of volcanic and sedimentary rocks 

around the eastern flanks of the Jemez Mountains. The plateau is aligned 
approximately north-south and is about 20 to 25 miles in length and five to 

ten miles wide. It is bounded on the east by White Rock Canyon (which con
tains the Rio Grande), on the north and northeast by the Puye Escarpment and 

on the west by Sierra de los Valles. The plateau slopes gently eastward from 
an elevation of about 7,500 feet near the mountains toward the Rio Grande 

where it terminates at an elevation of about 5,400 feet in steep slopes and 
cliffs formed by down cutting of the river. The plateau has been dissected 

into a number of narrow mesas by southeastward-trending intermittent streams. 
One of these mesas, Mesita del Suey, is the site of Technical Area 54, Areas G 

and L, which have been utilized for disposal of Laboratory radioactive and 
hazardous waste. 
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Mesita del Suey is a narrow southeastward-trending mesa about two miles in 

length and one quarter mile wide. The mesa surface slopes gently from an 

altitude of about 6,900 feet at its western margin to about 6,600 feet near 
its eastern end (Purtymun and Kennedy, 1971). It is bounded on the north by 
Canada del Suey and on the south by Pajarito Canyon. The canyons have cut 50 
to 100 feet below the surface of the mesa producing near-"~~tical cliffs from 
the mesa top to the canyon floors. The stratigraphy ire of Mesita 
del Suey and the Pajarito Plateau are described below. 

2.2.1 Stratigraphy 

2.2.1.1 General Stratigraphy of the Pajarito Plateau 

The Pajarito Plateau is formed by a series of sediments and volcanic extrusive 
rocks and is typical of a terrane produced by concurrent sedimentation and 
volcanism. A generalized cross-section of the Pajarito Plateau is shown in 

Figure 2-2. The base of the plateau is represented by the Miocene Tesuque 
Formation, which in this area consists of friable to moderately well cemented 
siltstone and sandstones that contain lenses of conglomerate and clay 
(Purtymun and Johansen, 1974). Some basalt flows are interbedded with the 

sediments in the formation. The lower part of the Tesuque is comprised of 
fine arkosic sand and the upper part is composed of very coarse arkosic sand, 

latitic gravels and volcanic detritus. The late Pliocene to early Pleistocene 
basaltic rocks of Chino Mesa form the steep walls of White Rock Canyon and cap 

the high mesas to the east (Griggs, 1964). The basalts represent a series of 
flows that overlie the Tesuque Formation east of Pajarito Plateau and 

interfinger with and overlie the Puye Formation on the plateau. 

Overlying the Tesuque Formation are the volcanic extrusives of the Pliocene to 
early Pleistocene Tschicoma Formation, which consist of latite, quartz-latite 

flows and pyroclastic rocks. The Tschicoma has been extruded through the 
Tesuque west of Los Alamos, forming the lower part of the Jemez Volcanic 

Pile. Penecontemporaneous with the Tschicoma Formation is the Puye Formation 
(Bailey, et al., 1969). It is described as a broad alluvial and pyroclastic 
fan flanking the east side of the northern Jemez Mountains. It interbeds with 
the Tschicoma Formation and the basalts of Chino Mesa and unconformably 

overlies the Tesuque Formation. 
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Blanketing much of the Pajarito Plateau are the ashflow and ashfall rhyolitic 

tuffs of the Pleistocene Bandelier Tuff. The Bandelier Tuff has been subdivi

ded into three members (Griggs, 1964), which are from lowermost upward: the 

Guaje Member, a bedded pumice-fall deposit; the Otowi Member, a massive pumi

ceous tuff breccia of ashflow origin; and the Tshirege Member, a succession of 

cliff-forming welded ashflows. Other workers (e.g., Bailey et al., 1969) 

divide the Bandelier into two members, the Otowi and the Tshirege. Because 

most of the geologic investigations of Mesita del Suey and the Laboratory area 

consider the Bandelier Tuff to consist of three members, a three-member 

nomenclature will be used in this discussion. 

A thin layer of soil cover overlies the Bandelier Tuff over much of the 

Pajarito Plateau although the soil thins considerably near canyon edges. 

Recent alluvium is present in the canyons cutting the plateau (Rogers, 1977). 

This alluvium consists primarily of detritus derived from the canyon walls 

formed by the Tschicoma Formation along the western edge of the plateau and by 

the Bandelier Tuff farther east. 

2.1. 1.2 Stratigraphy of Mesita del Suey 

The general stratigraphy of Mesita del Buey is reasonably typical of the 

remainder of the Pajarito Plateau (Figure 2-2). However, the large number of 

drillholes that have been sunk on and adjacent to the mesa (Figure 1-4) permit 

detailed descriptions of the upper portion of the mesa stratigraphy. All of 

the boreholes shown on Figure 1-4 extend only into the Bandelier Tuff with the 

exception of boreholes PM-2, T-5 and T-6, which are of sufficient depth to 

penetrate portions of the Tesuque Formation, basalts of Chino Mesa and the 

Puye Conglomerate, respectively. Graphic lithologic logs for all boreholes 

(except PM-2 and LLC-85-A) are provided in Appendix C. 

Borehole PM-2 penetrated the top 1,190 feet of the Tesuque Formation (Rogers, 

1977), which in this location consists of a series of coarse sediments and 

basalt layers (Figure 2-3). The sediment layers range in thickness from about 

75 to 250 feet and are comprised of silty sandstones, sandstones with lenses 

of clay and pebbly conglomerates (Purtymun and Kennedy, 1971). The two basalt 

layers encountered in PM-2 have thicknesses of about 50 to 100 feet. 
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Overlying the Tesuque Formation at Mesita del Buey are the Totavi Lentil and 
Fanglomerate Member of the Puye Conglomerate. West of Mesita del Buey, the 
Tschicoma Formation is often found above the Tesuque on the Pajarito Plateau; 
however, it is thought that the Tschicoma does not extend as far east as 
Mesita del Buey (Figure 2-2). The Totavi Lentil, the lower member of the Puye 
Conglomerate, consists of about 70 feet of subrounded quartzite, chalcedony 
and cobble-chip gravels in a sand matrix. The Fanglomerate Member of the Puye 
is comprised of a series of basalt, latite and quartzite gravel, pebble and 
cobble layers intercalated with sandy gravel layers. The Fanglomerate Member 
is about 640 feet in thickness at borehole PM-2. 

Overlying and interfingering with the Puye Conglomerate at Mesita del Buey are 
the basaltic rocks of Chino Mesa (Figure 2-4). The Chino Mesa flows are 
described from boreholes PM-2 and T-5 to consist of layers of dense, olivene
containing, vuggy basalts intercalated with vuggy, scoria-containing basalt. 
Borehole logs from PM-2 indicate that the basalts of Chino Mesa are 
approximately 270 feet in thickness. 

The ashfall and ashflow tuffs of the Bandelier Tuff overlie the Chino Mesa 
basalts. The Bandelier has been divided into three members, which are in 
ascending order, the Guaje, the Otowi and the Tshirege Members (Figure 2-3). 
The Guaje Member is an ashfall pumice with a thin layer of pumiceous tuff at 
its base. The Guaje consists of gray lump-pumice fragments as large as two 
inches in diameter, and glass shards and quartz and sanidine crystals are 
present in the cellular structure (Purtymun and Kennedy, 1971). The upper two 
to three feet of the member are reworked pumice and tuff. The Guaje ranges in 
thickness from about 30 feet on the western edge of Mesita del Buey to 
approximately ten feet at borehole T-5. 

The Otowi Member is a light grey, nonwelded pumiceous, rhyolitic tuff, which 
contains quartz crystals, glass shards and minor amounts of mafic minerals. 
Also present are varying amounts of rock fragments of rhyolite, latite and 
pumice in a fine-grained ash (Purtymun and Kennedy, 1971). The Otowi is pri
marily ashflows but contains several beds of reworked tuff and pumice in the 
upper part of the member. The thickness of the Otowi Member ranges from about 
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120 to 180 feet at Mesita del Suey as recorded in borehole logs from T-5 and 

T-6 (Rogers, 1977). The thickness of the Otowi in borehole PM-2 is noted as 
375 feet, however, the overlying Tshirege Member was not identified from 

borehole cuttings and may have been included with the Otowi. 

The Tshirege Member of the Bandelier Tuff has been divided into three units, 
two of which (Units 1 and 2) occur at Mesita del Buey (Figure 2-5). The third 
unit, a non-welded to moderately welded pumiceous tuff is absent (Purtymun and 
Kennedy, 1971). The first two units dip two to three degrees to the southeast 
and thin in the direction of the dip and with increasing distance from their 
source in Valles Caldera. Each of Units 1 and 2 has been subdivided into two 
subunits (a and b) and are described as they appear at Mesita del Suey by 
Purtymun and Kennedy (1971) and BFEC (1986). 

The lowermost subunit of the Tshirege Member (Unit 1a) is a non-welded, light 
orange to light brown, rhyolitic, vitric crystal, ashflow tuff (BFEC, 1986). 
At Mesita del Suey, Unit 1a consists of very uniform, non-welded ash composed 
of brown glass shards and fine, flattened pumice lapilli, neither of which has 
undergone discernable detrification. The ash also contains varying amounts of 
lumps of pumice lapilli and latitic to rhyolitic lithic lapilli. In the 
western part of Mesita del Suey, Unit 1a is about 30 feet thick (Purtymun and 

Kennedy, 1971), and though not entirely penetrated by any of the recent 
boreholes, at least 25 feet in thickness at Areas G and L (BFEC, 1986). 

Unit 1b, which overlies Unit 1a, is differentiated from Unit 1a by a slight 

color change (light orange-brown of Unit 1a to grayish brown) and by the 
presence of larger quartz crystals and fewer and smaller rock fragments. In 

addition, magnetic susceptibility geophysical logs help locate the Unit 1a -
Unit 1b contact in some boreholes (BFEC, 1986). Unit 1b is a rhyolitic 

ashflow tuff, ranging in color from pale red to orange-pink near its base to 
light gray to pink-gray near its top. The lower portion of Unit 1b contains 

gold-colored, bipyramidal quartz crystals up to about 3/16-inch in diameter 
(BFEC, 1986). At Mesita del Suey, the thickness of Unit 1b was found to range 
from about 30 feet in the southeast to 50 feet in the northwest. 
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Unit 2a is a light gray pumiceous tuff that contains rock fragments of pumice, 
latite and rhyolite, with some quartz crystals in a light gray ash (Purtymun 
and Kennedy, 1971). The contact between Units 1b and 2a is difficult to iden
tify because Unit 1b is transitional into Unit 2a. In some cases, the contact 
can be estimated based on subtle color changes or by an increase in the size 
of the pumice lapilli from Unit 1b to Unit 2a. In addition, the magnetic sus
ceptibility and apparent density geophysical logs run in some of the boreholes 
on Mesita del Buey helped to identify the Unit 1b - Unit 2a contact (BFEC, 
1986). Unit 2a is thought to consist of two ashflows or ashfalls. In the 
western part of Mesita del Buey, Unit 2a appears as a moderately welded tuff 
that forms a vertical wall along the canyons. The unit becomes progressively 
less well welded eastward and is described as nonwelded along the eastern edge 
of Mesita del Buey (Purtymun and Kennedy, 1971). The nonwelded portion of 
Unit 2a is thought to be an ashfall, rather than ashflow tuff. Unit 2a is 
about 85 feet thick along the western edge of Mesita del Buey (Purtymun and 
Kennedy, 1971) and thins to approximately 20 feet along the eastern edge of 
the mesa (BFEC, 1986). 

Unit 2b forms the cap rock at Mesita del Buey and consists of brownish gray, 
light gray and pinkish gray, slightly to moderately weldea, rhyolitic ashflow 
tuff with light gray and occasional brown pumice lapilli (BFEC, 1986). Unit 
2b is separated from the underlying Unit 2a by an erosional contact, marked by 
a thin layer of silt, sand and pumice (Purtymun and Kennedy, 1971). On Mesita 
del Buey, Unit 2b is composed of at least two ashflows that cooled as a single 
unit, based on field descriptions and apparent density and magnetic suscepti
bility geophysical logs (BFEC, 1986). The average thickness of Unit 2b on 
Mesita del Buey is about 60 feet (Purtymun and Kennedy, 1971); however, at the 
eastern edge of the mesa (the location of Areas G and L), the thickness of the 
unit (encountered in boreholes) ranges from about 45 to 28 feet (BFEC, 1986). 

A three to four-foot layer of soil covers Unit 2b along the axis of the 
mesa. The soil cover thins appreciably towards the canyon rims, however, and 
the tuff is exposed in places along the mesa edges (Purtymun and Kennedy, 
1971). The alluvium in the stream channels north of Mesita del Buey is up to 
10 to 12 feet thick. It consists of sand-size quartz and sanidine crystals 
and crystal fragments and pebble to cobble-size fragments of latite, rhyolite 
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and pumice derived from weathering and erosion of the tuff (Purtymun and 

Kennedy, 1971). The alluvium in Pajarito Canyon, south of the mesa, is up to 
30 feet thick and is generally composed of the same tuff weathering products 

as the streams north of the mesa. 

2.2.2 Structure 

2.2.2.1 General Structure of the Pajarito Plateau 

The geologic structure of surface rocks on Pajarito Plateau is simple, 
although the structure of underlying strata may be complex. The regional dip 
of surface rocks of the Pajarito Plateau is one to two degrees east. Beds of 
the Tesuque Formation, however, dip gently to the west in the easternmost part 
of the plateau (Griggs, 1964). 

The rocks of the Pajarito Plateau are broken by several northward-trending 
normal faults. The Pajarito fault zone is located near the the western edge 
of the plateau in the southern part of the area (Figures 2-2 and 2-6). In 
this area, the Bandelier Tuff is downthrown about 300 feet on the east side of 
the Pajarito fault (Griggs, 1964). Farther north, the fault splits into two 
smaller subparallel faults, both downthrown to the east. Displacement 

decreases northward until both faults die out. The fault planes dip steeply 
to the east (note the vertical exaggeration on Figure 2-2). Just east of and 

parallel to the Pajarito fault zone is a normal fault with a displacement of 
about 30 feet. This fault, which extends through the Bandelier Tuff, also 

dips steeply to the east. 

Two other normal faults, en echelon to Pajarito zone, are located to the 
northeast (Figure 2-6). These faults are downthrown to the west, and the 

fault planes also dip to the west. The westernmost of the faults extends 
southward for a short distance subparallel to the northern extension of the 

Pajarito zone. The area between the faults is a shallow syncline. The 
Bandelier Tuff is displaced about 50 feet along the en echelon faults; how

ever, the Tschicoma Formation may be displaced as much as 500 feet along the 
easternmost fault. The difference in displacement seems to indicate recurring 

movement along a pre-Bandelier fault (Griggs, 1964). 
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The ashflows of the Bandelier Tuff are broken into a number of blocks by 

joints formed by shrinkage as the ashflow cooled. The near vertical attitude 

of most of the joints and the curved form of some are indicative of formation 

by cooling. The joints are more numerous in welded than in nonwelded tuffs 

because the welded tuffs were deposited at higher temperatures (Purtymun and 

Kennedy, 1971). The jointing in the Bandelier and other volcanic units in the 

Mesita del Buey area is discussed in the following section. 

2.2.2.2 Structure of Mesita del Buey 

No faults are known to break the rocks of Mesita del Buey (Figures 2-4 and 

2-6). The ashflows of the Bandelier Tuff thin eastward because of the topo

graphically high basalts of Chino Mesa on which they were deposited (Purtymun 

and Kennedy, 1971). 

The most prevalent structural features in the rocks of Mesita del Buey are the 

fractures or joints in the volcanic rocks caused by shrinkage upon cooling 

after deposition. A good description of the jointing observed in the 

Bandelier Tuff is provided in Purtymun and Kennedy (1971); portions of their 

text have been reproduced below. 

The joints are classified as master and minor joints. 
Master joints are numerous and long, and may pass through 
one or more ashflows. A single unit may contain several 
ashflows emplaced at different times, but the joint pattern 
of the older layer may tend to govern formation of joints 
in the younger layer as it cools. Also, two or more ash
flows may be laid down in rapid succession and cool as a 
single unit with joints forming in the flows at the same 
time. 

The master joints are vertical or nearly vertical and 
generally dip 70 degrees from the horizontal. The vertical 
trend may be straight or slightly curved. The dip is 
deflected slightly when the joint enters a unit with 
different density or degree of welding. 

Minor joints dip at angles less than 70 degrees. They are 
more numerous near the tops of ashflows and do not persist 
as they intersect the master joints. 

A joint traced vertically through an ashflow may be closed 
in places and open in others. Locally the opening may be 
as much as 2 in. wide, but most openings are less than 1/4 
in. wide. Joints terminating in the base of the soil zone 
or in exposed tuff on the mesa surface are filled with 
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light-brown clay which may extend 3 to 4 feet below the 
surface. Below the brown clay, the joint openings are 
filled, or :~e joint faces are plated, with a light-gray 
clay. The light-gray clay is derived from weathering of 
the tuff and from minerals leached from the tuff by water 
and precipitated along joint openings before development of 
the near-surface brown clay that seals the joint at the 
surface. 

The master joints are tension joints formed by the contrac
tion of the tuff as it cooled. In a cooling homogeneous 
molten liquid, rupture occurs as three vertical fractures 
intersecting at angles of 120 degrees and radiating out 
from numerous centers. If the centers are evenly distri
buted, the fractures bound vertical hexagonal columns. A 
rose diagram illustrating the orientation of joints formed 
from a homogeneous molten liquid would show three joint 
sets (a number of joints with the same characteristic 
pattern) intersecting at angles of 60 degrees. 

The heterogeneous characteristics of the tuff did not allow 
joint sets to form vertical hexagonal columns. A rose dia
gram prepared using the orientation of 1,078 master joints 
[at Mesita del Buey] showed the average of the three joint 
sets intersecting at angles of 30 and 90 degrees. The 
three joint sets, N30°W to N50°W, N60°W to N80°W and N40°E 
to N60°E, comprise 40% of the joints measured for the 
study. 

The blocks formed by the joints range from a few square 
feet to as much as 500 square feet at the surface. In the 
walls of the pits there is about one master joint for every 
seven feet of horizontal wall. 

Investigations of the subsurface at Areas G and L have also described jointing 
in the Bandelier Tuff. Purtymun and others (1978) drilled a number of subhor
izontal core holes beneath a waste disposal pit (Pit 3) at Area G. The five 

borings, which extended 240 to 304 feet into Units 2a and 2b of the Bandelier, 
encountered near-vertical joints at frequencies ranging from about three to 

six feet of core recovered. Most of the joints were filled or plated with 
brown clay. The remainder were open with joint faces slightly weathered or 
plated with caliche. Many of the drillholes sunk by BFEC in 1985 encountered 
fractures in the upper three units of the Bandelier Tuff (BFEC, 1986). No 
fractures were intersected in Unit 1a; however, the entire thickness of this 
unit was not penetrated by any of the 1985 drillholes. Most of the fractures 
encountered are nearly vertical. Some of the fractures intersected in Units 
2a and 2b have a dip of about 45 degrees and others, only in Unit 2b, are 
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nearly horizontal. Similar to the fractures described by Purtymun and Kennedy 

(1971) and Purtymun and others (1978), the fractures were found to be partial
ly or completely filled with caliche, brown clay or limonitic material (BFEC, 

1986). The locations of these fractures are noted on the lithologic logs in 
Appendix C. 

In addition to the fractures or joints in the Bandelier Tuff, it is likely 
that similar features exist to some extent in the basaltic rocks of Chino Mesa 
at Mesita del Suey. Zones of lost circulation in the Chino Mesa rocks are 

noted at various depths in the borehole PM-2 drilling logs and in the drilling 
logs from other water supply wells drilled on Pajarito Plateau (Cooper et al., 
1965). Whether the lost circulation zones represent subvertical fractures or 
cooling joints in the basalts or coarse sediment layers between flows is 

unknown. 
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3.0 HYDROLOGIC CHARACTERIZATION OF THE VADOSE ZONE 

Vadose zone hydrologic characterization studies were undertaken in Technical 
Area 54, Areas G and L to provide a quantitative analysis of moisture movement 
through the unsaturated Bandelier Tuff. These analyses aid in determining the 
likelihood of contaminants from Areas G and L migrating through the vadose 
zone and into the main aquifer approximately 850 to 950 feet beneath the 
sites. No perched water has been detected above the main aquifer; therefore, 
studies of moisture movement have been concentrated on unsaturated flow 
processes. The studies presented in this section fulfill requirements of 
paragraph 25, tasks 1-4 of the compliance order issued to the Laboratory on 
May 7, 1985 (see Section 1.0). 

The Laboratory utilized a two-tiered approach to quantify moisture movement in 
the tuff: 1) hydrologic characteristics of the tuff and hydraulic head were 
measured in order to calculate seepage velocity and rates of moisture flux, 
and 2) moisture content of the tuff following precipitation events was mea
sured to empirically determine changes in moisture content with depth. Tasks 
one through four of the compliance order are focused on collection of data 
necessary to calculate seepage velocity and rates of unsaturated flow; how
ever, the order does not specify these analyses be conducted. The Laboratory 
has included these calculations for completeness. 

The approach to calculation of seepage velocity and moisture flux rates for 
fluid movement through the vadose zone is similar to the approach used in 
determining rates of ground water movement within aquifers. Rates of ground 
water movement are primarily controlled by the hydraulic conductivity of an 
aquifer and changes in hydraulic head. The hydraulic conductivity of a satu
rated medium is a function both of the physical properties of the medium and 
the fluid. Hydraulic head (H) is equal to the sum of the elevation of the 
measuring point (z) and the pressure head (~) of the fluid at the measuring 
point. These two properties, hydraulic conductivity and hydraulic head, also 
govern rates of moisture movement in the vadose zone. However, in the vadose 
zone unsaturated hydraulic conductivity and pressure head are functions of 
moisture content (e); that is, conductivity and pressure head decrease with 
decreasing moisture. In addition, pressure head (also termed capillary or 
matric potential) in the vadose zone is less than zero. 
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As described above, calculation of moisture flux in the vadose zone entails 
determination of unsaturated hydraulic conductivity and hydraulic head. 

Unsaturated hydraulic conductivity can be measured directly or it can be 
determined through measurement of rock permeability and relationships between 

moisture content and pressure head, also known as soil moisture characteristic 
curves [~(e)]. Therefore, in order to calculate rates of moisture flux the 
permeability, moisture content, relationships between moisture content and 
pressure head, unsaturated hydraulic conductivity, and pressure head of 
materials in the vadose zone must.be determined. The very dry conditions 
present within the tuff pose difficulties in measuring the above listed 
properties. These difficulties will be explained along with discussion of 
data collection techniques. 

Empirical determinations of moisture movement can be made directly with 
instruments such as neutron moisture probes. Also, pressure head can be 
monitored and converted to moisture determinations via the soil moisture 
characteristic curves. 

The discussion provided below presents, summarizes and interprets data 
collected in order to quantify moisture movement in the vadose zone underlying 

Areas G and L during approximately the past eighteen months. Much of the data 
was collected by Bendix Field Engineering Company, Inc. (BFEC) and Laboratory 

personnel. Results of previous research are also incorporated as appropri
ate. The discussion relies heavily on BFEC (1986) as this report presents 
much of the collected data and the details of data collection methods. 

Section 3.1 provides a brief discussion of the local climate and the impor
tance of precipitation on evaluation of the vadose zone hydrology. Section 
3.2 discusses permeability testing of the Bandelier Tuff (task 1). Section 
3.3 discusses field moisture conditions, and measurement of soil moisture 

characteristic curves (task 2). Section 3.4 discusses unsaturated hydraulic 
conductivity determinations (task 3) and Section 3.5 presents the vadose zone 

moisture monitoring program at Areas G and L (task 4). In addition, empirical 
measurements of infiltration are provided in this section. Calculations of 
moisture flux rates are presented in Section 3.6 and the vadose zone hydrology 
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is summarized in Section 3.7. Definitions of terms and units used throughout 

this section are presented in Appendix D. 

Units of measurement utilized in this report vary from British (foot, pound, 
second) to the International System (SI) and are sometimes inconsistent within 

each system. This is due to the different measurement units used in the ori
ginal studies. Attempts were not made to convert these units to one system 
due to the loss of precision encountered in some conversions and the resulting 
"awkward" values associated with unit changes. 

3.1 LOCAL CLIMATE 

The climate of the study area can be characterized as a semi-arid, temperate 
mountain climate. Laboratory wide precipitation averages approximately 18 
inches per year, with approximately 40 percent of this amount occurring in 
July and August. Temperatures are moderate, rarely exceeding 90°F (32°C) 
during the summer months or falling below 0°F (-18°C) during the winter. Mean 
monthly precipitation data for the Los Alamos area are presented in Table 
3-1. Because studies of vadose zone hydrology presented herein are focused on 
quantitative analysis of moisture movement and redistribution of moisture 
within the tuff, it becomes important to determine if moisture conditions at 
the site are typical of those normally encountered at the site. Unusually wet 

or dry conditions during the study period may cause measurements of moisture 
content or pressure head to be abnormal. The Laboratory maintains a precipi

tation gage at TA-54, Area G. This is the closest weather data station to 
Areas G and L. Area G precipitation data for the year 1986 are presented in 

Appendix E and summarized in Table 3-2. Compared to mean precipitation data 
for Area Gin Table 3-1, precipitation in 1986 was approximately 30 percent 
above average (18.85 inches as compared to 13.45 inches), thus, analyses of 
vadose zone hydrology conducted in 1986 should represent wetter than normal 

moisture conditions in Areas G and L. 

3.2 INTRINSIC PERMEABILITY OF THE VADOSE ZONE 

A variety of methods, including both field and laboratory procedures, were 

utilized to determine the intrinsic permeability (k) of the vadose zone at 
Areas G and L. Intrinsic permeability is a basic characteristic of the vadose 

zone that requires evaluation to determine the magnitude of fluid movement 
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through the tuff. Tests conducted to determine intrinsic permeability also 
fulfill requirements of paragraph 25 - task 1 of the compliance order issued 
to the Laboratory on May 7, 1985, by the State of New Mexico. The compliance 
order specifies that at least five boreholes 125 ft deep be tested; and at 
least one test per horizon per hole with a minimum of six tests per hole be 
included. 

Field methods for determining intrinsic permeability included air injection 
and vacuum tests and a water injection test which is used for result compari
son with air tests. Laboratory methods used were gas injection with correc
tion for slippage (Klinkenberg Correction Method) and the Dynamic Method to 
measure gas-water relative permeability. Procedures utilized for conducting 
the tests and reduction of test data are presented in BFEC (1986). 

3.2.1 Field Permeability Tests 

3.2.1.1 Injection Tests 

Conventional field methods for determination of unsaturated zone intrinsic 
permeability and hydraulic conductivity usually involve maintenance of a con
stant head of water in a borehole until flow becomes steady, e.g., Stephens 
and Neuman (1982a, 1982b) and Stephens and others (1983). Due to the poten
tial for mobilization of contaminants in the vadose zone in Areas G and L by 
percolating water during and after infiltration tests, permeability tests 
involving injection of water at depth were discouraged; rather, injection and 
vacuum tests using air as the testing fluid were selected due to their lower 
potential for mobilizing contaminants. In addition, the use of water as an 
injection fluid above the water table has limitations as equations used to 
reduce data assume that horizontal flow occurs throughout the system (see 
BFEC, 1986). 

It should be emphasized that air injection methods for determining vadose zone 
permeability are currently experimental and may permit only a qualitative 
analysis of the tested material. The use of air as an injection fluid 
requires compensation for gas compressibility and volume changes caused by 
changes in temperature and water vapor content. Attempts were made to compen
sate for these factors during testing through use of additional instrumenta
tion which closely monitored temperature. Corrections to pressure data 
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necessary due to temperature changes could then be applied. Analysis of test 
data assumes tests are conducted at sufficiently low pressures such that gas 
compressibility is not significant. 

Permeability tests using air injection were conducted in five boreholes such 
that each stratigraphic unit in each borehole was tested. Six-foot test 
intervals were isolated in open boreholes with a straddle packer assembly so 
that 25 intervals, including seven adjacent to fractured zones, were tested. 
BFEC (1986) describes test procedures and data reduction techniques. Table 
3-3 presents the results of these tests. Eight, nine, seven, and one 
interval(s) in units 2b, 2a, 1b, and 1a were tested, respectively. Hydraulic 
conductivity results are expressed as air relative values in 10-3 centimeters 
per second (cm/s). The values range from a maximum of 2.8 x 10-3 cm/s along a 
fractured zone in unit 2a at a depth of 45 - 51 feet to a minimum of 3.0 x 10-5 
cm/s in an unfractured interval of units 1a and 1b at 99 to 105 feet below the 
surface. The average hydraulic conductivity for fractured zones is 9.3 x 10-4 

cm/s, based on 7 measurements, and the average for unfractured zones is 4.1 x 
10-4 cm/s (18 measurements). The average conductivity for stratigraphic units 
2b, 2a, 1b, and 1a are 7.5 x 10-4 , 6.8 x 10-4 , 2.4 x 1o-4 , and 8.8 x 10-5 cm/s 
respectively, indicating a slight decrease in hydraulic conductivity with 
depth. Again, care should be used in application of these data as the test 
method used is currently experimental. 

Permeability and hydraulic conductivity measurements of each stratigraphic 
unit were performed in borehole LLM-85-05 using a water injection test. Water 
was used in this borehole because it is located outside of Areas G and L and 
potential mobilization of contaminants was not of great concern. Testing 
procedures are described in BFEC (1986). The water injection tests yielded 
hydraulic conductivity measurements ranging from 1.0 x 10-3 cm/s to 4.6 x 10-4 
cm/s with an average of 7.6 x 10-4 cm/s. These measurements compare favorably 
to those determined by air injection and thus lend credibility to the air 
injection method. 

3.2.1.2 Vacuum Tests 

In addition to the air injection tests described above, the Laboratory con
ducted a series of air vacuum tests to verify injection test results and 
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further characterize the in situ permeability of the Bandelier Tuff. Vacuum 

tests were conducted in the same boreholes as injection tests: LLM-85-01, 
LLM-85-02, LLM-85-05, LGM-85-06, and LGM-85-11. Twenty-one tests were 

conducted over one meter intervals. As with the injection tests, tested 
intervals were isolated by using a straddle packer assembly in an uncased 
borehole. Tests could not be performed in certain intervals due to the 
inability of the vacuum pump to sufficiently evacuate the test interval. Six, 
five, nine and one interval(s) in stratigraphic units 2b, 2a, 1b, and 1a were 
tested, respectively. 

The air-vacuum test is based on methods used by the petroleum industry in 
evaluating permeability of gas producing intervals and is a pressure transient 
test. Horner (1951) presents a description and analysis of pressure buildup 
which results from closing in a gas well after a period of production. A 
similar analysis is used in the air-vacuum testing procedures. BFEC (1986) 
provides a detailed discussion of test procedures and data reduction 
techniques. 

Table 3-4 presents results of the vacuum permeability tests conducted in Areas 
G and L. The average intrinsic permeability for test intervals adjacent to 
fractured zones is 1.28 x 10-8 cm2 (square centimeters) (3 measurements), 

while permeability in unfractured zones averages 1.25 x 10-8 cm2 (18 mea
surements); thus, vacuum tests, as described in BFEC (1986), do not yield 

differing results between fractured and unfractured zones of boreholes. As 
determined by vacuum tests, the average permeability of stratigraphic units 
2b, 2a, 1b, and 1a are 2.37 x 10-8 cm2 , 1.42 x 1o-8 cm2 , 5.3 x 10-9 and 2.7 x 
10-9 cm2 . These averages indicate an order of magnitude decrease in intrinsic 

permeability with stratigraphic depth in the tuff. 

Table 3-5 compares field derived intrinsic permeability values from air
injection with vacuum tests performed in the same boreholes at the same 

stratigraphic interval. Vacuum-test permeabilities are generally lower than 
permeabilities derived from air-injection tests although both methods indicate 

a decrease in permeability with depth. BFEC (1986) attributes the difference 
to the inability to perform vacuum tests in more permeable portions of the 

tuff, thus biasing samples to lower permeability zones. 
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3.2.2 Laboratory Permeability Tests 

Intrinsic permeability of 20 core samples was determined in the laboratory by 

TerraTek Research Laboratory. TerraTek utilized two procedures for permea

bility determination, gas injection with correction for slippage (Klinkenberg 

Correction Method), and the Dynamic Method to measure gas-water relative and 

effective permeability. The following discussion of laboratory procedures are 

taken from BFEC (1986) and TerraTek Research Laboratory (1985). 

The measurement technique for the Klinkenberg Method 
consists of applying a confining pressure of approximately 
100 psi and a slight pore pressure, and maintaining an 
approximate pressure drop of two psi across the sample 
during testing. Nitrogen gas is injected into the samples 
at mean pressure of 4, 9, 14, and 19 psi, and the permea
bility is calculated for each of the pressures. A graph 
of permeability versus the reciprocal mean pressure is 
constructed and the intercept of a best fit line through 
the data points with the permeability axis at zero reci
procal mean pressure yields the gas permeability corrected 
for gas slippage (Klinkenberg correction). 

The Dynamic Method measures the gas-water relative perme
ability of samples. Testing begins by vacuum-saturating 
the samples with tap water. Following saturation, each 
sample is placed in a hydrostatic core holder and sub
jected to a confining pressure of approximately 100 psi. 
Testing consists of displacing water from the samples with 
humidified nitrogen. Incremental production of gas and 
water is monitored against time and flow rate at constant 
injection pressure. The production data are used to cal
culate gas-water relative permeabilities according to the 
method of Johnson, Bossler, and Naumann (1959), and Welge 
(1952). 

Laboratory derived intrinsic permeability values for samples of Bandelier Tuff 

are presented in Table 3-6. Results for the two methods are very similar with 

intrinsic permeability on the order of 10-9 cm2 . In general the Dynamic Method 

yielded slightly lower results. Klinkenberg Method permeabilities range from 

1.4 x 10-9 cm2 at a depth of 115 feet in borehole LGM-85-06 to 18.0 x 10-9 cm2 

at a depth of 99 feet for the same borehole. The average Klinkenberg permea

bility for units 2b, 2a, 1b, and 1a are 5.75 x 10-9 cm2 , 2.86 x 10-9 cm2 , 5.85 

x 10-9 cm2 , and 2.4 x 10-9 cm2 respectively. Laboratory derived intrinsic 

permeabilities do not appear to change systematically with depth. 
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3.2.3 Summary of Intrinsic Permeability Testing 

Comparisons of average intrinsic permeability measurements determined by field 

and laboratory methods for the four stratigraphic units of Bandelier Tuff are 

presented in Table 3-7. Field derived permeability measurements tend to 

decrease with stratigraphic depth. In addition, laboratory derived perme

abilities are generally lower than field derived values, which may be attri

buted to the fact that samples selected for laboratory analysis were those 

exhibiting the highest degree of consolidation (BFEC, 1986) and, thus, lower 

permeability. Also, field derived permeabilities are measured over a larger 

interval and may be more representative of actual formation permeability. 

However, it should be noted that methods utilized to determine field perme

ability values are experimental in nature and interpretation of these data 

should be made cautiously. Field methods do not indicate an increase in 

permeability in the vicinity of fractured intervals; although, field obser

vations such as "case hardening" of fractures and measurements of moisture 

content indicate that some fractures may provide areas of increased 

permeability (see Section 2.2.2.2). 

3.3 VADOSE ZONE MOISTURE CHARACTERISTICS 

As discussed previously in this section, moisture characteristics of the 

vadose zone play a key role in determining unsaturated hydraulic conductivity 

and rates of fluid movement in the unsaturated zone. This section provides 

discussions of measurements of moisture content of the tuff under field 

conditions, and measurement of soil moisture characteristic curves. 

3.3.1 Gravimetric Moisture Content 

Gravimetric moisture content determinations were conducted on core segments of 

Bandelier Tuff recovered from 12 drill holes in Areas G and L to determine 

vertical moisture profiles in the tuff and to aid in interpretation of other 

vadose zone analyses. Although not specifically required by the compliance 

order, determination of moisture profiles within the tuff is critical to 

analysis of unsaturated flow and moisture movement in the vadose zone because 

hydraulic properties of the vadose zone change with changing moisture content. 

Cores were collected and analyzed for moisture content by BFEC. Core was 

obtained using a split-barrel sampler in accordance with procedures discussed 
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in Section 1.0. Moisture determinations were made by weighing samples soon 

after removal from the borehole and after oven-drying at 105°C. Details of 

sampling procedure, analysis, and data reduction are presented in Section 

3. 1.1 of BFEC (1986). 

Figure 3-1 presents typical moisture profiles of the tuff. In general, the 

tuff is characterized by very low volumetric moisture content. Moisture 
content for the tuff is typically 2 to 4 percent (volumetric), with isolated 
intervals ranging up to 10 to 28 percent. Many of the moisture profiles 

indicate an increase in moisture content in an interval between 100 to 150 
feet below the surface. BFEC (1986) correlates the zone of increased moisture 

to the lower portion of Unit 1b which contains a moderately welded tuff zone. 

Additionally, BFEC observes that higher moisture contents occur in the 

vicinity of certain fractured intervals. 

3.3.2 Soil Moisture Characteristic Curves 

Soil moisture characteristic curves, relationships between moisture content 

and pressure head, have been determined for 20 samples of Bandelier Tuff so 

that hydrologic properties of the tuff could be analyzed and unsaturated 

hydraulic conductivity could be predicted. These analyses fulfill the 

requirements set forth in paragraph 25, task 2 of the May 7, 1985 compliance 

order issued to the Laboratory. The compliance order specifies that at least 

five samples from each of at least four horizons be tested by any of the 

standard lab methods and that more than one method is needed to include all 

moisture conditions. 

Soil moisture characteristic curves are useful in vadose zone studies as they 

provide a means of converting moisture content measurements into capillary 

potential information. Both types of data are necessary in evaluating 

unsaturated flow of water and contaminants through the vadose zone. 

Soil moisture characteristic curves were determined for 20 samples of intact 

Bandelier Tuff. The samples were collected by BFEC during the 1985 drilling 

program (see Section 1.0). Testing of the samples was performed by TerraTek 

Research Laboratory and consisted of vacuum-saturating the samples with tap 

water and spinning in a centrifuge at various speeds to simulate a range of 
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capillary pressures and determining the moisture content remaining in the 

sample. Drying curves only were determined for the samples and effects of 
hysteresis were not considered. BFEC (1986) provides additional discussion of 

procedures. 

Results of the analyses and identification of the borehole, depth, and 
stratigraphic unit from which samples were obtained, are listed in Table 3-

8. Moisture content was determined, in general, for capillary pressures in 
the range of -0.03 to -.34 bar [0.5 to 5 pounds per square inch (psi)] and 22 
to 72 percent moisture. Graphical depictions of these data are contained in 
Appendix C of BFEC (1986). Attempts to increase centrifuge speed so that 

lower capillary pressures could be evaluated resulted in disaggreation of the 
samples. Attempts were made to use the pressure-plate method to measure soil 
water moisture characteristics at lower moisture-tension conditions. Even 
though cores displaying the greatest degree of consolidation were selected for 
testing, this attempt was also unsuccessful due to sample disaggreation (see 
BFEC, 1986, Section 3.1.3.4). 

~" Measurements of moisture content from cores of Bandelier Tuff show that field 
moisture conditions range from 2 to 10 percent, occasionally ranging to 28 
percent. Table 3-8 shows that capillary potential was determined for minimum 

volumetric moisture content of approximately 22 to 60 percent. Figure 3-2 
presents a representative example of the characteristic curves. 

BFEC (1986) draws the following conclusions from analysis of the soil 

moisture-characteristic curves: 

The most interesting data discernible from the moisture 
characteristic curves (BFEC, 1986 Appendix C) are the 
extremely high moisture-retention (er) values, which range 
up to 80 percent. The moisture-retention value is 
important because it represents the point at which 
capillarity as a transport mechanism breaks down. Since 
all of the moisture-content measurements for the Bandelier 
Tuff are significantly below this value, vapor transport 
is clearly the major mechanism of water transport. 

As used above, the term capillarity refers to the process of unsaturated flow, 
and the moisture retention value of 80 percent indicates that no liquid 

transport can occur at moisture content below this value. 
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Note that the moisture retention value of 80 percent discussed above, as are 

all the BFEC characteristic curve data, are presented in terms of percent 

saturation. The 80 percent value above represents approximately 60 percent 

volumetric moisture. 

3.4 UNSATURATED HYDRAULIC CONDUCTIVITY AS A FUNCTION OF MOISTURE CONTENT 

Two methods were utilized to determine the unsaturated hydraulic conductivity 

of the vadose zone as a function of moisture content K(e): the Dynamic Method, 

described in Section 3.2, and a theoretical method described by Mualem (1976). 

These analyses fulfill the requirements of paragraph 25, task 3 of the May 7, 

1985 compliance order which specifies that five samples from each of at least 

four horizons be sampled. Analyses were conducted on four samples taken from 

each of five boreholes. 

3.4.1 Measurement of Unsaturated Hydraulic Conductivity (Dynamic Method) 

Freeze and Cherry (1979) explain that unsaturated flow is actually a special 

case of multiphase flow with two phases, air and water coexisting in the pore 

channels; therefore, each rock possesses two characteristic curves of fluid 

content versus pressure head, one for water and air. They further explain 

that when determining conductivity relationships, it is preferable to work 

with permeability (k) rather than hydraulic conductivity since k is indepen

dent of fluid properties. Flow parameters kw and ka are defined as the 

effective permeabilities of the medium to water and air. Each rock has char

acteristic curves of effective permeability versus pressure head for air ka(w) 

and water kw(~). Effective permeability depends not only on the rock, but 

also upon the relative amounts of different fluids in the pores (Schlumberger, 

1972). 

The following discussion of laboratory testing of unsaturated hydraulic 

conductivity by the Dynamic Method is taken from BFEC (1986). 

The Dynamic Method was also used to determine permeability 
as a function of moisture content for the 20 samples of 
Bandelier Tuff. These values, called effective permeabil
ities, are plotted as a function of total air saturation 
in the graphs presented in Appendix D of BFEC, 1986. 
Since the abscissa corresponds to total air saturation, 
the maximum effective permeabilities for water depicted on 
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the curves occur at an air saturation of 0.000, which is 
equivalent to a water saturation (9s) of 1.000. There
fore, as the water saturation decreases, the effective 
permeability for water decreases and the effective 
permeability for air increases. 

The effective permeability values for the rock-core 
samples from the Bandeltcr Tuff range 5rom 86.1 to 1301 
mil1~darcys [(8.5 ~ 10- to 1.3 x 10- cm2) or (9. 1 x 
10- to 1.4 x 10- 1 ft 2 )]. Residual water saturation 
following gas injection ranged from 0.64 to 0.95. Since 
moisture contents in the study area are much lower than 
this range (generally less than 10 percent), the effective 
permeabilities determined using the Dynamic Method are not 
indicative of the permeabilities one would expect to 
observe at depth in areas G and L. These data are there
fore only applicable to the estimation of near-surface 
conditions following a heavy rainfall, when moisture 
contents might exceed residual water saturation. 

It follows from the previous discussion that unsaturated hydraulic 

conductivity may be calculated from effective permeability data by the 

following equation: 

where 

K = ~ 
]J 

K = hydraulic conductivity at moisture content 9 
k = effective water permeability at moisture content 9 
p = density of water 
g = gravitational acceleration 
J.l = dynamic viscosity of water 

(3-1) 

Since unsaturated hydraulic conductivity is proportional to moisture content, 

(i.e., conductivity decreases with decreasing moisture) and the permeability 

data collected are measured for greater moisture contents than observed in the 

field, calculations of unsaturated hydraulic conductivity are presented for 

the minimum moisture conditions measured in the laboratory. These data 

represent hydraulic conductivities greater than the maximum likely to be 

encountered under field conditions. 

Effective permeability at minimum moisture content was measured from graphs of 

air and water permeability versus percent saturation presented in Appendix D 
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of BFEC (1986). These data and the results of hydraulic conductivity 
,, calculations are presented in Table 3-9. Constants used in the calculation of 

unsaturated conductivities are typical of ground water (Freeze and Cherry, 
1979) and are as follows: p = 1.0 g/cm3, g = 980 cm/s2 , and~= 1.124 cP 
(centipoise). Unsaturated hydraulic conductivity calculated from measured 
effective permeability for 64 to 95 percent water saturation (25.2 to 61.3 
percent volumetric water content) ranges from 1.63 x 10-7 to 3.01 x 10-9 cm/s 
(Table 3-9). Sample LGM-85-11, 30 feet, yielded a very high conductivity, two 
orders of magnitude above the average. The result of tests on this sample are 
thought to be erroneous due to its large deviation from the norm. 

3.4.2 Theoretical Determination of Unsaturated Hydraulic Conductivity 
Unsaturated hydraulic conductivity as a function of moisture content, K(e), 
and as a function of capillary pressure, K(~), was determined for samples of 
Bandelier Tuff using models described by van Genuchten (1978) and Mualem 
(1976). The models output graphs of K(~) and K(e) from saturated hydraulic 
conductivities and soil moisture characteristic curves. Saturated hydraulic 
conductivity values were calculated from intrinsic permeability measurements 
yielded by the Klinkenberg method. Additional discussion of the models used, 
input data, and methodology for determination of K(~) and K(9) are presented 
in BFEC (1986). 

Graphs of unsaturated hydraulic conductivity as a function of moisture content 
and capillary pressure for representative samples of Bandelier Tuff are pre-
sented in Appendix F. The curves are of limited use because one of the model 
input parameters, the ~(9) relationship, could not be determined in the range 
of conditions present within the tuff [i.e., moisture content less than 10 
percent and capillary pressure between -1 and -10 bar. However, since 
hydraulic conductivity decreases with decreasing capillary pressure and mois
ture content and K(~) and K(9} were determined for ranges higher than field 
conditions, it can be concluded that lowest measured K(~) above the range- of 
field conditions represents hydraulic conductivity greater than the maximum 
likely to be encountered in the field. Table 3-10 contains hydraulic conduc
tivity derived for minimum moisture content as determined from the model 
outputs. 
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The average theoretically derived hydraulic conductivity for the minimum 

moisture conditions for which K(6) was measured is approximately 7.8 x 10-3 

em/day or 9.1 x 10-8 cm/s at 36 percent moisture (volumetric). This is on the 

same order of magnitude as values determined from measurement of effective 

permeability (Table 3-9), thus the two methods of determining K(6) support 

each other for the moisture conditions measured. 

3.5 VADOSE ZONE MOISTURE MONITORING 

Since late 1985 the Laboratory has been conducting a vadose zone moisture 

monitoring program at Areas G and L to analyze the infiltration and redistri
bution of meteoric water into the Bandelier Tuff and to monitor capillary 

potential in the tuff. This monitoring program fulfills the requirements of 
paragraph 25- task 4 of the May 7, 1985 compliance order issued to the 

Laboratory. The monitoring system utilizes neutron logging to monitor mois
ture conditions at Areas G and L and thermocouple psychrometers at various 

depths for monitoring capillary potential. 

Under ideal circumstances, soil moisture data collected by neutron moisture 

measurements can be converted to estimates of capillary pressure and capillary 

pressure measurements can be converted to soil moisture data through use of 
the ~(6) relationship or the soil characteristic curve. However, due to dif

ficulties in measuring ~(6) relationships for very low moisture conditions 
present in the tuff, accurate conversions between moisture and tension data 

cannot be made. 

3.5.1 Neutron Moisture Logging 

The moisture content of the Bandelier Tuff is being measured with a neutron 

moisture probe in order to analyze infiltration and redistribution of moisture 

in the tuff. 

Two boreholes, one each in Areas G and L, 

aluminum casing for neutron probe access. 

LGN-85-08 have been completed to depths of 

have been completed with cold drawn 

Boring numbers LLN-85-04 and 

108 and 50 feet, respectively. The 

annular space around the casings were backfilled with cuttings from the bore
hole and compacted with a cement vibrator. Details of installation procedures 

for the access wells are provided in BFEC (1986) Section 4.2. 
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The Laboratory utilizes a Campbell Pacific moisture gauge to conduct 
measurements. Calibration of the instrument is conducted by recording the 

number of thermalized neutron counts in 16 second intervals from samples of 
known moisture content. Calibration curves for the instrument are then 
constructed. Further discussion of calibration procedures are presented in 
BFEC (1986). 

Neutron moisture measurements were initiated on December 17, 1985 at the two 
areas. Measurements were collected approximately every two weeks through June 
1986, after which data were not collected until early October due to equipment 
malfunction. The original moisture probe, a Campbell Pacific model 501DR was 
replaced during this time period with a model 503DR. The new probe was cali
brated using the same procedures as for the model 501DR, using only the high 
and low moisture calibration samples, an internal auto calibration feature 
interpolates intermediate moisture conditions. Calibration data and curves 
for each of the instruments are provided in Appendix G. After calibration of 

the model 503DR, daily moisture profiles were collected from each area after 
precipitation events and the biweekly schedule was then continued. 

Measurements of volumetric moisture content of Bandelier Tuff in Areas G and L 

are presented in tabular form in Appendix G. Figures 3-3 through 3-6 display 
monthly moisture-depth profiles for Areas G and L. As can be seen from 
comparing the graphs, moisture content remains essentially the same below 15 
feet indicating that very little precipitation infiltrates below this depth. 

The moisture content of the tuff in both areas varies very little and remains 
between two and five percent; this range is comparable to the measured gravi

metric moisture content of the tuff. The graphs also show a bimodal distri
bution of data, with data collected prior to October 1986 being grouped 

approximately one to one and one-half percent below data collected after 
October 1986. The uniformity of the apparent difference in moisture content 

with depth suggests that the change is due to instrument measurement rather 
than an actual change in moisture content. Data collected pribr to October 

1986 were collected with the Model 501DR while data collected after October 
were collected with the model 503DR. Slight differences in instrument cali

bration, source strength, and/or counting time may account for the small shift 
in moisture determinations. 
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In accordance with requirements of task four, measurements of soil moisture 

conditions were collected daily after autumn storms. Three storms were 

recorded in October and early November 1986. Precipitation data from Area G 

(Appendix E) indicate that 0.34 inches of rain fell between October 5 and 7, 

1.63 inches between October 10 and 12, and 1.49 inches between November 1 and 
4. Daily measurements of volumetric moisture content in the tuff, as measured 

by the neutron probe after each precipitation event, are presented in Appendix 
G and graphically summarized in Figures 3-7 through 3-10. 

Graphs of moisture content versus time are presented for depths below the 

surface of 2, 6, 10, 22, 41, and 50 feet for AreaL and 2, 6, 10, 22, 42, and 

47 feet for Area G. Graphs for October storms (Figures 3-7 and 3-9) indicate 

slight increases in moisture after precipitation to a depth of ten feet; these 

changes are more visible in Area L data than Area G. Changes of one-half to 

one percent volumetric moisture appear to be indicated approximately six days 

after precipitation at ten foot depth (Figure 3-9). Moisture content of the 

tuff below ten feet depth does not appear to be influenced by autumn precipi

tation events. The difference in depth of infiltration between Areas G and L 

may be due to geographic differences at the sites such as wind sheltering, 

local differences in precipitation and evaporation or variable amounts of 

ground disturbance. 

Precision of the instrument places limitations on measurement of low moisture 

conditions. Manufacturers of the neutron moisture probe calculate precision 

of the instrument as follows: 

where 

% error = 100 

x = number of slow neutron counts 
t = counting time in seconds 

(3-2) 

The two point calibration for the model 503DR instrument yields an average of 

157 counts per 16 second counting period at 0.075 percent moisture. These 

data yield a 7.98 percent error in precision for low moisture conditions. 
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Moisture profiles measured in 1986 in Areas G and L are consistent with 
moisture measurements conducted in previous studies of the Bandelier Tuff. 
Abeele and others (1981) present neutron-moisture data of the tuff for various 
locations at the Laboratory measured between 1960 and 1980; typically, the 
upper 10 to 15 feet of tuff exhibit moisture conditions ranging from 10 to 40 
percent by volume. Moisture rarely exceeded 5 to 10 percent below 15 feet of 
depth. The data presented by Abeele and others for Area G show that signifi
cant seasonal fluctuations in moisture content exist in the uppermost four 
meters of disturbed areas in Area G. These older data are consistent with the 
1986 data (Figures 3-3 and 3-4). 

Gravimetric moisture data, and neutron-moisture data collected during the 
1985-86 and 1960-70 studies are consistent in showing the following trends: 

• The moisture content of the tuff throughout the area is 
low, typically between 2 to 5 percent with intervals 
ranging up to 10 to 28 percent 

• Seasonal variation of moisture content occurs in the 
upper 10 to 20 feet of the tuff. Seasonal variations 
are not measurable below approximately 20 feet 

• Precipitation from monitored autumn storms does not 
infiltrate below approximately ten feet. 

Empirical studies of neutron-moisture measurement, described above, lead to 
the conclusion that the tuff is not saturated, in fact it is very dry, and 
moisture from precipitation does not appear to infiltrate to significant 
depth. Therefore, infiltration of meteoric water would not seem to be a 
viable process for transport of waste constituents from Areas G and L through 
the unsaturated zone. 

3.5.2 Measurement of Capillary Potential 
Task four of the compliance order specifies that in addition to neutron
moisture measurements, the Laboratory must monitor capillary potential with 
either moisture blocks or by psychrometry. Psychrometers were.used rather 
than tensiometers or moisture blocks because the high soil water tensions 
present precluded the use of tensiometers and many problems are associated 
with use of moisture blocks. Psychrometers however also have inherent 
deficiencies in measuring high soil water tensions. Care must be taken in 
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interpreting the psychrometer data due to the placement and backfill surround

ing the sensors. Everett and others (1984) explain that nonrepresentative 
measurements of tension may occur if a good contact is not maintained between 

the psychrometer cup and the surrounding formation. Proper contacts are 
especially difficult to achieve in coarse material, at greater depths, or when 

sensors are surrounded by well indurated material. Any or all of these 
factors may be present in the Area G and L boreholes and may account for 

fluctuation in data. 

Boreholes LLP-85-03 and LGP-85-07 were instrumented with 23 and 15 
psychrometers, respectively (Appendix C, Figures C-4 and C-7). Thermocouple 
psychrometers are designed to measure negative soil water pressure from rela
tive humidity versus output voltage relationships. Details of the installa
tion, calibration, and operation of the psychrometers at Areas G and L are 
provided in BFEC (1986), Section 3.3.1, and BFEC (1985b). Everett and others 
(1984) provide additional discussion of the use of psychrometers. 

Each psychrometer is connected to an automatic data recorder which records 
soil water potential once per day. Psychrometers in borehole LGP-85-07 are 
connected to one data recorder, psychrometers below a depth of 41 feet in 
borehole LLP-85-03 are connected to a second recorder and psychrometers above 

41 feet at Area L are connected to a third recorder. The psychrometers have 
been operational since October 1985. Data collected through November 1986 are 

presented in Appendix H. Data recording errors are indicated as zero soil
water potential in this appendix. The zero values are assigned to the reading 

and do not represent saturated conditions. Additionally, several blocks of 
data are not available due to malfunction of the data recorders. Table 3-11 

contains a summary of data collected from selected psychrometers in Areas G 
and L. Monthly averages, maximum and minimum soil tension measurements are 

presented for Area G psychrometers at 22, 42,and 52 feet below the surface. 
Similar data are presented for Area L psychrometers at depths of 24, 50, 76, 

and 96 feet. These intervals were selected to provide a reasonable number of 
data to summarize and do not have any known hydrologic significance. Unfortu

nately, data below 41 feet in AreaL are absent for several months due to data 
recording errors in the third recorder. Data from the 41 foot psychrometer 

are included in the table for periods in which psychrometer data are 
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unavailable for 50 to 96 foot depths. These data are also presented 
graphically in Figures 3-11 and 3-12. 

The most apparent characteristic of the psychrometer data from Areas G and L 

is the high variability of the readings. The data range from less than one 
bar tension to over 18 bars. Monthly averages of soil water tension in Area L 
range from 2.96 to 6.95 bars and from 2.42 to 10.22 bars in Area G. Both the 
Area G and L psychrometers display a high rate of change during the October
November 1985 period. This is interpreted as a period of moisture conditions 
in the boreholes equilibrating with surrounding formation. After the initial 
one to two month equilibration period, the average readings tend to be more 
stable and fluctuate in the two to seven bar tension range. 

Due to the data recording malfunctions described earlier, and the period 
required for the tensiometers to stabilize, tension measurements are not 
available through a complete year; thus, seasonal variations in matric forces 
cannot be evaluated. 

Due to the inherent difficulty in measuring soil water tension at very low 
moisture conditions, the variability displayed in the psychrometer data col
lected, and the difficulty encountered in quantifying soil moisture character
istic curves, the psychrometer data are best utilized as a qualitative tool in 
judging relative moisture content. The data do, however, prove to be useful 
in calculation of average hydraulic head (Section 3.6). 

3.6 GRADIENT DETERMINATIONS AND MOISTURE MOVEMENT 
Moisture flux is defined as the volume of water crossing a unit area of porous 
material per unit time and is given by the equation: 

J = -K(e)~H (Everett and others, 1984) (3-3) 

where 
J = specific discharge or flux (volume per unit area per 

unit time) 
K(e) = hydraulic conductivity, expressed as a function of water 

content, 9 
H = total hydraulic head, the sum of soil-water pressure head, ~' and potential head, z 
~H = the hydraulic gradient, expressed in vector form 
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Flux has units of velocity. The negative sign in the above equation is used 
by convention to indicate flow occurs in the direction of decreasing hydraulic 
head. 

Hillel (1980, p. 108) describes the process of unsaturated flow as the 
movement of water along hydration films over particle surfaces in a tendency 
to equilibrate hydraulic potential. Additionally, Hillel explains that large 
interaggregate (or interparticle) spaces, which confer high hydraulic conduc
tivity at saturation, become barriers to liquid flow when emptied. The pro
cess of unsaturated flow, and moisture flux calculations, therefore, assumes 
that a continuum of moisture exists throughout the region of flow. Given the 
very low moisture content of the tuff and the degree of discontinuity (e.g., 
fractures) it is doubtful that flow processes are continuous throughout the 
vadose zone. However, the following calculations of moisture flux are pre
sented, assuming that moisture is uniformly and continuously distributed, to 
provide a logical completion of analysis of data collected under tasks one 
through four of compliance order paragraph 25. 

The hydraulic conductivity of the Bandelier Tuff was determined via two 
methods: 1) measurement of gas-water effective permeability at various 
moisture content and calculation of hydraulic conductivity at given moisture 
conditions, and 2) a theoretical method based on the characteristic curves 
(Section 3.3.2.2). Due to experimental difficulties, K(e) could not be 
determined for the range of conditions encountered in the field; however, the 
derived values serve well as estimates of maximum possible K(e) likely to be 
encountered in the field. Values of K(9) are presented in Tables 3-9 and 
3-10; the two methods yield similar results with model predicted values being 
slightly greater than measured values, the average model predicted value at 
minimum measurable moisture conditions is 9.3 x 10-8 cm/s (2.64 x 10-4 ft/day) 
and 4.66 x 10-8 cm/s (1.32 x 1o-4 ft/day) for measured conductivities. 

Hydraulic head gradients are determined from monthly soil tension averages as 
measured by psychrometers located in Areas G and L. The total hydraulic head 
(H) can be calculated by the formula: 
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where 

H = w+z 

w = capillary pressure 
z = elevation 

(Freeze and Cherry, 1979) 

In the unsaturated zone ~<0 

(3-4) 

Elevations in feet above mean sea level were determined for psychrometers 
located at depths of 24, 41, 50, 76, and 96 feet in areaL and at depths of 
22, 42, and 52 feet in area G; and mean monthly capillary pressure (Table 
3-11) was added to the elevation to determine hydraulic head. These datum 
were arbitrarily selected as calculation intervals and do not represent any 
known hydrologic significance. Further, it is assumed that unsaturated flow 
occurs within the surface to 22 foot interval, as demonstrated by neutron 
moisture measurements. However, the emphasis of this study is to determine 
the likelihood of contaminant transport downward through the tuff, below the 
waste disposal facilities; therefore, analysis of the surface to 22 foot 
interval is unwarranted. 

Hydraulic gradients were calculated between psychrometers by dividing the 
change in hydraulic head between two psychrometers by the distance separating 
the measuring points. Calculation spreadsheets showing the calculation 
procedures and data are presented in Appendix I. By convention, a change in 
hydraulic head less than zero indicates a decrease in hydraulic head in the 
downward direction. Moisture flux is next calculated using Equation 3-3. 
Calculations are shown using the average measured and average theoretical 
hydraulic conductivities. Table 3-12 summarizes the results of these calcu
lations; more detailed results are presented in Appendix I. Moisture flux 
calculations were conducted for intervals between 24-50 feet, 50-76 feet, and 
76-96 feet below the surface in Area L and 22-42 feet and 42-52 feet below the 
surface for Area G. The 24- to 41-foot interval was used in calculations for 
Area L during the month when data below 41 feet were not available. The flux 
calculations were conducted for 12-month periods using the average soil 
tension for that month. 

Results of the calculations using model predicted hydraulic conductivity (2.64 
x 10-4 ft/day) range from a maximum downward flux of 0.508 ft/yr (15.5 cm/yr) 
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to a maximum upward flux of 0.397 ft/yr (12. 1 cm/yr) in AreaL. Results of 
flux calculations in Area G using the model derived hydraulic conductivity 
range from a downward rate of 0.982 ft/yr (29.9 cm/yr) to a maximum upward 
rate of 0.081 ft/yr (2.5 cm/yr). Flux rates calculated using average measured 
hydraulic conductivity an Area L ranged from a maximum downward rate of 0.254 
ft/yr (7.74 cm/yr) to a maximum upward rate of 0.198 ft/yr (6.03 cm/yr); Area 
Grates range from downward flux of 0.491 ft/yr (1.49 cm/yr) to upward flux of 
0.041 ft/yr (1.25 cm/yr). 

The calculations of flux should be viewed as highly conservative, representing 
the maximum movement of fluid likely to be encountered under field conditions 
as hydraulic conductivities used in the flux calculations are determined for 
moisture content above field conditions and therefore are of greater magni
tude. Even though estimates of flux are conservative, they show that very 
long periods of time are required for water and contaminants to move by porous 
flow through the tuff and that aqueous movement of contaminants through the 
porous flow in the vadose zone is not a viable mechanism for contamination of 
ground water. 

As described in Section 2.2.2 the tuff underlying Areas G and L contains 
numerous fractures and joints. These fractures may effectively serve as 
barriers to unsaturated flow of water and contaminants due to interruption of 
capillary pathways. Fractures however, may provide pathways for migration of 
vapor phase contaminants. 

3.7 SUMMARY OF VADOSE ZONE HYDROLOGY 
Based on the data collected in this report and from other studies the 
following conclusions can be made concerning the hydrologic characterization 
of the vadose zone and possible aqueous phase migration of chemical 

contaminants. 

• The Bandelier Tuff is characterized by very low 
moisture content, typically in the range of two to five 
percent. This value is well below the porosity and 
thus moisture movement via unsaturated flow processes 
predominate over saturated flow. 

• The tuff is very porous, averaging 50 percent porosity 
and has high moisture retention properties. 
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• 

• 

• 

• 

• 

• 

• 

Field and laboratory intrinsic permeability tests 
8 ind9cat~ average permeability of the tuff to be 10- to 

10- em . This represents moderate permeability 
similar to that of silty sand. 

Field permeability tests do not indicate increased 
permeability in zones adjacent to fractures in bore
holes; however, the aperture, trace, and degree of 
fracture filling is variable and the permeability along 
fractures may vary significantly. 

The unsaturated hydraulic conducti~ity of the tuff was 
determined to be approximately 10- cm/s at approxi
mately 20 to 40 percent moisture content as determined 
by measured effective permeability and using van 
Genuchten's model. Actual moisture conditions and K(e) 
are likely lower than these values. 

Soil-characteristic curves for intact cores of 
Bandelier Tuff could not be determined for the range of 
moisture/tension conditions present in the field due to 
the low moisture content in the tuff and the low degree 
of consolidation within the tuff. 

Soil water tension as measured by thermocouple psychro
meters range from one to fifteen bars. Monthly 
averages typically range from two to seven bars. 

Neutron measurements of vadose zone moisture show that 
seasonal variation of moisture occurs in the upper 10 
to 15 feet of the vadose zone. Moisture content below 
15 feet does not appear to change with time. Neutron 
measurements of moisture after precipitation events 
indicate the maximum depth of wetting to be approxi
mately ten feet. No influence of precipitation on 
moisture content was observed at a depth of 22 feet and 
moisture is assumed to be returned to the surface by 
evapotranspiration. 

Maximum calculated moisture flux rates for porous flow 
are 0.508 ft/yr and 0.982 ft/yr for Areas L and G 
respectively. Mean flux rates for the areas are 0.070 
and 0.421 ft/yr. These calculations are based on 
unsaturated hydraulic conductivities for greater 
moisture content than observed in the field and thus 
are greater than actual flux rates. The assumptions 
that underlie these calculations make it unlikely that 
unsaturated flow occurs over any significant distance. 

Each of the above statements support the conclusion that aqueous transport of 

contaminants through Bandelier Tuff by saturated or unsaturated flow processes 
is not a viable mechanism for contaminant migration at Areas G and L. 
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TABLE 3-1 
MEAN t«>NTID...Y PRECIPITATION f ~'CHES) 

LOSALAMOS,NEWHEXICO 

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC ANNUAL 

White Rock 0.25 0.24 0.24 0.32 1.20 1.50 2.29 3.68 1.73 1.02 0.39 0.67 13.50 

TA-59/TA-3 0.82 0.67 1. 14 0.82 1. 16 1. 10 3.20 3.86 1.73 1.47 0.99 0.97 17.93 

Los Alamos 0.84 0.10 1.01 1. 01 1.25 1. 33 3.29 3.69 2.01 1. 61 0.10 0.93 18.37 

TA-54 13.45( 2 ) 

( 1)From NMEID (1985). 
(2 )Five years of record; annual total based on 75 percent of TA-59/TA-3. 

LAN: 1702-T3-1 



MONTH 

Precipitation 
(inches) 

LfiN: 1702-T3-2 

JAN 

0 

TABLE 3-2 
PRECIPITATION MEASURED AT TA-54 AREA G, 1986 

FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC Annual 

0.91 0.81 1.46 1.38 3.45 2.19 1.12 2.34 2.10 2.45 0.64 18.85 



TABLE 3-3 
HYDRAULIC CC»>DUCTIVITY DETERMINED FROM AIR-INJECTION TESTS IN LOS ALAMOS DRILL HOLES 

HOLE 
NUMBER 

LLM-85-01 

LLM-85-01 

LLM-85-02 

LLM-85-02 

LLM-85-05 

LGM-85-11 

LGM-85-11 

LGM-85-11 

LLM-85-01 

LLM-85-01 

LLM-85-02 

LLM-85-02 

LLM-85-05 

LLM-85-05 

LGM-85-06 

LLM-85-05 

LGM-85-11 

LLM-85-01 

LLM-85-02 

LLM-85-05 

GEOLOGIC 
UNIT 

2b 

2b 

2b 

2b 

2b 

2b 

2b 

2b/2a 

2a 

2a 

2a 

2a 

2a 

2a 

2a 

2a/lb 

2a/1b 

1b 

lb 

1b 

TEST INTERVAL ( 1) 
(ft) INTERVAL DESCRIPTION 

9-15 Upper 2b, Moderately Welded 

FRACTURES 
PRESENT? 

No 

30-36 Lower 2b, Moderately to Slightly Welded No 

9-15 Upper 2b, Moderately Welded Yes 
24-30 Middle 2b, Moderately Welded No 
24-30 Mid-Lower 2b, Moderately Welded No 

9-15 Upper 2b, Moderately Welded No 
14-20 Middle 2b, Moderately Welded Yes 

35-41 Contact 2b/2a, Slightly Welded No 

51-57 Middle 2a, Slightly Welded No 

72-78 Lower 2a, Slightly Welded Yes 
45.5-51.5 Upper 2a, Slightly Welded Yes 
66.5-72.5 Mid-Lower 2a, Moderately Welded No 

45-51 Upper 2a, Slightly Welded Yes 

55-61 Middle 2a, Slightly Welded Yes 

38-44 Upper 2a, Slightly Welded Yes 

75-81 Contact 2a/1b, Slightly Welded No 

56-62 Contact 2a/1b, Slightly Welded No 

93-99 Mid-Upper lb, Slightly Welded No 

87-93 Upper lb, Slightly Welded No 

82-88 Upper 1b, Slightly Welded No 

(l)Depth below·ground level 

l.t\N: 1702-'1'3-3 

HYDRAULIC §ONDUCTIVITY (~) 
cm/s x 10- ft/s x 10-

1.2 4. 1 

0.70 2.3 

0.094 0.31 

0. 11 0.37 

0.91 3.0 

1.5 5.0 

1.4 4.7 

0. 12 0.40 

0.33 1.1 

0. 14 0.45 

0. 14 0.45 

0. 14 0.45 

2.8 9.3 

1.9 6.2 

0.067 0.22 

0.052 0. 17 

0.52 1.7 

0.082 0.27 

0.085 0.28 

0.061 0.20 



TABLE 3-3 
HYDRAULIC C(»jDlJCTIVITY DETERMINED FROM AIR-INJECTION TESTS IN LOS ALAK>S DRILL HOLES 

(Continued) 

HOLE 
NUMBER 

LCM-85-06 

LCM-85-06 

LCM-85-11 

LCM-85-11 

LCM-85-11 

GEOLOGIC 
UNIT 

lb 

lb 

1a/1b 

1b 

1a 

From BFEC (1986) 

U1N: 1702-1'3- 3 

TEST INTERVAL( 1) 
(ft) INTERVAL DESCRIPTION 

60-66 Upper 1b, Slightly Welded 

FRACTURES 
PRESENT? 

No 

81-87 Middle 1b, Slightly to Moderately Welded No 

99-105 Contact 1a/1b, Slightly Welded No 

77-83 Middle 1b, Slightly to Moderately Welded No 

108-114 Upper 1a, Nonwelded No 

HYDRAULIC §ONDUCTIVITY (~) 
cm/s x 10- ft/s x 10-

0.64 2. 1 

0.52 1.7 

0.030 0.098 

0.23 0.17 

0.088 0.2 



.'HrlLE 3-4 
PERMEABILITY VALUES DETERMINED FROM VACUUM TESTS IN LOS ALAMOS DRILL HOLES 

HOLE GEOLOGIC TEST INTERVAL( 1) FRACTURES IN~RINSI~ PERM~ABILIT, (k) 
NUMBER UNIT (ft) INTERVAL DESCRIPTION PRESENT? em x 10- ft x 10- 2 

LLM-85-01 2b 30-33.3 Lower 2b, Moderately Welded No 39 42 

LLM-85-02 2b 10-13.3 Upper 2b, Moderately Welded Yes 14 15 

LLM-85-02 2b 25-28.3 Middle 2b, Moderately Welded Yes 22 24 

LLM-85-05 2b 15-18.3 Middle 2b, Moderately Welded No 24 2.6 

LGM-85-06 2b 10-13.3 Upper 2b, Moderately Welded No 38 41 

LGM-85-11 2b/2a 35-38.3 Contact 2b/2a, Moderately Welded No 5.5 5.9 

LLM-85-01 2a 70-73.3 Lower 2a, Nonwelded No 43 46 

LLM-85-05 2a 40-43.3 Upper 2a, Slightly Welded No 8.4 9. 1 

LLM-85-05 2a 50-53.3 Middle 2a, Slightly Welded No 8.6 9.3 
LLM-85-05 2a 60-63.3 Middle 2a, Moderately Welded No 8.6 9.3 
LLM-85-06 2a 40-43.3 Middle 2a, Moderately Welded Yes 2.4 2.6 
LLM-85-01 1b 80-83.3 Upper 1b, Slightly Welded No 5.6 6.0 
LLM-85-01 1b 94-97.3 Upper 1b, Slightly Welded No 3.5 3.8 
LLM-85-02 1b 87-90.3 Upper 1b, Slightly Welded No 9.3 10 
LGM-85-06 1b 82-85.3 Middle 1b, Slightly Welded No 1.0 1.1 
LGM-85-06 1b 100-103.3 Lower 1b, Moderately Welded No 0.84 0.90 
LGM-85-11 1b 77-80.3 Middle 1b, Slightly Welded No 8.2 8.8 
LGM-85-06 1b 60-63.3 Upper 1b, Slightly Welded No 8.7 9.4 
LGM-85-11 1a 110-113.3 Upper 1a, Nonwelded No 2.7 2.9 
LLM-85-02 1b 87-90.3 Upper 1b, Slightly Welded No 8.6 9.3 
LLM-85-06 1b 87-90.3 Mid-Lower 2b, Moderately Welded No 2.4 2.6 

Modified From BFEC (1986) 

<1>oepth below ground level. 

LAN: 1702-T3-4 



HOLE 

TABLE 3-5 
COHPARJS(»j OF INTRINSIC PERMEABILITY VALUES DETERMINED 

FR<»t AIR-INJECTION AND VACUUM TESTS IN LOS ALAt«>S DRILL HOLES 

TEST INTERVAL (ft)( 1) INTRINSIC PERMEABILITY (k) 
AIR-INJECTION VACUUM 

NUMBER TEST TEST 
AIR-IN~ECTION TEST 

cm/2 x 10- rt2 x 1o-12 VAC~UM TEST 
cm/2 x 10- rt2 x 10- 12 

LLM-85-01 30-36 30-33.3 130 140 39 42 
LLM-85-02 9-15 10-13.3 10 11 15 16 
LLM-85-02 24-30 25-28.3 16 17 22 24 
LGM-85-11 35-41 35-38.3 17 18 5.5 5.9 
LLM-85-01 72-78 70-73.3 19 21 43 46 
LLM-85-01 93-99 94-97.3 7.6 8.2 3.5 3.8 
LLM-85-02 87-93 87-90.3 3.3 9.5 9.3 10 
LGM-85-06 60-66 60-63.3 120 130 8.7 9.4 
LGM-85-06 81-87 82-85.3 84 90 1.0 1.1 
LGM-85-11 99-105 100-103.3 3.3 3.6 0.84 0.90 
LGM-85-11 77-83 77-80.3 32 35 8.2 8.8 
LGM-85-11 108-114 110-113.3 7.2 7.8 2.7 2.9 

From BFEC (1986) 

<1>oepth below ground level 

LAN: 1702-T3-5 



TABLE 3-6 
IIITRIIISIC PERt£ABILITY V&UJ£8 DETERMIED FIIOI LABOillTORY llllLYSIS OF OOIIE SlHPLFS 

INTRINSIC INTRINSIC HOLE GEOLOGIC SAMPLE DEPTH OF INTERVAL PERMEABILITY/ CORRELATIO~ PERHEABILIT't/ NUMBER UNIT NUMBER SAHP~ DESCRIPTION KLIN~NBERG ~THOO CO£FFICIENT l) DYNAH~C HETHO~ (ft) ) c./2 X 10- ft X 10- 12 cm/2 x 10- ft x Jo- 12 

LGH-85-11 2b t«:G-618 3 Moderately Welded(3) 6.2 6.7 0.989 5.5 5.9 
LLH-85-02 2b t«:G-606 1 Moderately Welded 6.6 1. 1 0.745 4.5 4.9 
LLH-85-05 2b t«:G-610 15 Moderately Welded 6.5 7.0 0.893 5.7 6.2 
LLH-85-01 2b t«:G-602 30 Moderately Welded 2.7 2.9 0.958 1.1 1.2 
LGH-85-11 2b t«:G-619 30 Moderately Welded 3.2 3.5 0.949 2.9 3. 1 
LLH-85-02 2b t«:G-607 36 Moderately Welded 11.0 12.0 0.714 1.2 1.3 
LGH-85-06 2b t«:G-614 29 Moderately Welded 6.16 6.9 0.847 4.9 5.3 
LLH-85-05 2b t«:G-611 36 Slightly Welded 3.5 3.8 0.984 2.4 2.6 
LLH-85-01 2a t«:G-603 52 Slightly Welded 16. 1 16.4 0.969 2.7 2.9 
LGH-85-06 2a t«:G-615 51 Slightly Welded 2.5 2.1 0.954 0.86 0.93 
LLH-85-02 2a t«:G-608 67 Moderately Welded 2.0 2.2 0.958 1.0 1.1 
LLH-85-05 lb t«:G-612 76 Slightly Welded 2.1 2.3 0.944 1.3 l.li 
LLH-85-01 1b t«:G-604 101 Slightly Welded 3.0 3.2 0.939 2.6 2.8 
LGH-85-06 1b t«:G-616 99 Moderately Welded 18.0 19.0 0.917 13.0 14.0 
LGH-85-11 1b t«:G-620 916 Moderately Welded 16.16 4.7 0.958 1.1 1.2 
LLH-85-02 lb t«:G-609 117 Moderately Welded 3.3 3.6 0.973 1.7 1.8 
LLH-85-05 lb t«:G-613 123 Slightly Welded 16.2 16.5 0.902 1.6 1.7 
LLH-85-01 1b t«:G-605 1216 Moderately Welded 6.0 6.5 0.850 2.3 2.5 
LGH-85-11 1a t«:G-621 115 Nonwelded 3.4 3.7 0.933 1.8 1.9 
LGH-85-06 la t«:G-617 115 Nonwelded 1.4 1.5 0.970 0.93 1.0 
FROM BFEC (1986) 

(l)Determined for Klinkenberg per~abilities 
<2>ae1ow ground level 
(3 >wt:athered 

LAN: 1702-T]-6 



TABLE 3-7 
COMPARISON OF AVERAGE INTRINSIC PERMEABILITY VALUES FOR 

THE MAJOR GEOLOGIC UNITS OF THE BANDELIER TUFF IN THE STUDY AREA 

INTRINSIC PERMEABILITY 

UNIT AIR-INJECTION TEST VACUUM TEST LABORATORY ANALYSIS 
cm/2 x 10-9 ft2 X 10-12 cm/2 x 10-9 ft2 X 10-12 cm/2 x 10-9 ft2 X 10-12 

2b 93 100 23 25 5.7 6.2 
2a 62 67 13 14 2.8 3.0 
1b 26 28 5.7 6.2 5.7 6.2 
1a 7.8< 1) 1. a< n 2.7< 1> 2.9 2.4 2.6 

From BFEC (1986) 

<1>Intrinsic permeability for this unit is based on only one measurement. 

LAN: 1702-T3-7 
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TABLE 3-8 

RESULTS OF MOISTURE/TENSION RELATIONSHilfrSTING FOR 
INTACT CORES OF BANDELIER TUFF 

CAPILLARY WETTING FLUID VOLUMETRIC 
BORING SAMPLE DEPTH STRATIGRAPHIC PRESSURE SATURATION MOISTURE 
NUMBER NUMBER (ft) UNIT (psi) (percent) (percent) 

LLM-85-01 MCG-602 30 2b 0.510 91.6 36.3 
0.906 84.6 33.5 
1.420 81.2 32. 1 
2.055 76. 1 30. 1 
2.814 70.9 28. 1 
3.701 65.8 26.0 

LLM-85-01 MCG-603 52 2a 0.455 90.0 58. 
0.823 84.7 54.5 
1.385 79.7 51.3 
2.230 74.9 48.2 
3.495 70.2 45.2 
5.403 65.8 42.4 

LLM-85-01 MCG-604 101 1b 0.493 88.6 55.0 
0.955 82.1 51. 
1.738 76.6 47.6 
3.220 71.9 44.6 
6.555 67.8 42. 1 

LLM-85-01 MCG-605 124 1b 0.392 83.5 40.8 
0.620 76.9 37.6 
0.955 70.5 34.5 
1 .450 64.4 31.5 
2.189 58.5 28.6 
3.319 52.9 25.9 

LLM-85-02 MCG-606 7 2b 0.392 88.6 36.8 
0.812 81.1 33.7 
1.450 73.9 30.7 
2.372 66.8 27.7 
3.663 60.0 24.9 
5.440 53.3 22. 1 

LLM-85-02 MCG-607 36 2b 0.097 92.0 42.8 
0. 181 87.3 40.6 
0.494 79. 1 36.8 
0.799 75.8 35.2 
1 .382 73.4 34. 1 
2.975 71.8 33.4 

( 1)Modified from BFEC (1986) 

LAN: 1702-T3-8 
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TABLE 3-8 
RESULTS OF MOISTURE/TENSION RELATIONSHIP TESTING FOR 

INTACT CORES OF BANDELIER TUFF 
(Continued) 

CAPILLARY WETTING FLUID VOLUMETRIC 
BORING SAMPLE DEPTH STRATIGRAPHIC PRESSURE SATURATION MOISTURE 
NUMBER NUMBER (ft) UNIT (psi) (percent) (percent) 

LLM-85-02 MCG-608 67 2a 0.424 90.7 39.3 
0.681 86.6 37.5 
1.050 82.6 35.8 
1. 573 78.7 34. 1 
2.315 75.0 32.5 
3.375 71.5 30.9 

LLM-85-02 MCG-609 117 1b 0.252 94.2 45.7 
0.626 89.3 43.3 
1.135 84.2 40.8 
1. 757 79. 1 38.4 
2.474 73.9 35.8 
3.268 68.6 33.3 

LLM-85-05 MCG-610 15 2b 0. 174 90.0 47.3 
0.328 84.5 44.4 
0.563 79. 1 41.6 
0.913 73.9 38.9 
1.429 68.9 52.0 
2.188 64.2 33.8 

LLM-85-05 MCG-611 36 2b 0.259 96. 1 70.7 
1 .014 90.8 66.8 
1.879 85.0 62.6 
2.715 78.5 57.8 
3.482 71.4 52.6 
4. 171 63.7 46.9 

LLM-85-05 MCG-612 76 1b 0.072 97. 1 72.0 
0.344 94.0 69.7 
0.800 90.9 67.4 
1.424 87.8 65. 1 
2.198 84.6 62.8 
3.109 81.4 60.4 

LLM-85-05 MCG-613 123 1b 0. 166 85. 1 55.8 
0.243 82.4 54. 1 
0.382 79.7 52.3 
0.671 77. 1 50.6 
1. 426 74.6 48.9 
4.598 72. 1 47.3 

LAN: 1702-T3-8 
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TABLE 3-8 
RESULTS OF MOISTURE/TENSION RELATIONSHIP TESTING FOR 

INTACT CORES OF BANDELIER TUFF 

(Continued) 

CAPILLARY WETTING FLUID VOLUMETRIC 
BORING SAMPLE DEPTH STRATIGRAPHIC PRESSURE SATURATION MOISTURE 
NUMBER NUMBER (ft) UNIT (psi) (percent) (percent) 

LGM-85-06 MCG-614 29 2b 0.446 83.2 35.4 
0.679 77.2 32.8 
1.020 71.4 30.3 
1 .526 65.8 28.0 
2.295 60.5 25.7 
3.500 55.4 23.5 

LGM-85-06 MCG-615 51 2a 0.419 90.8 36.5 
0.650 86.9 34.9 
0.970 83.1 33.4 
1 . 411 79.5 32.0 
2.016 76.0 30.6 
2.850 72.6 29.2 

LGM-85-06 MCG-616 99 1b 0.322 85.6 45.0 
0.403 85.4 44.9 
0.542 84.5 44.4 
0.818 84.3 44.3 
1.527 83.4 43.9 
4.825 82.2 43.2 

LGM-85-06 MCG-617 115 1a 0.068 96.9 54.6 
0.309 92.3 52.0 
0.810 87.8 49.4 
1. 716 83.6 47. 1 
2.388 81.6 45.9 
3.259 79.6 44.8 

LGM-85-11 MCG-618 3 2b 0.296 88.7 48.2 
0.594 81.9 44.5 
1.063 75.3 40.9 
1. 775 69.0 37.5 
2.841 62.9 34.2 
4.429 57. 1 31.0 

LGM-85-11 MCG-619 30 2b 0.491 90.5 46.6 
1.188 81.6 42.0 
2.040 72.3 37.2 
2.976 62.6 32.2 
3.950 52.5 27.0 
4.934 42.0 21.6 

LAN: 1702-T3-8 
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TABLE 3-8 
RESULTS OF MOISTURE/TENSION RELATIONSHIP TESTING FOR 

INTACT CORES OF BANDELIER TUFF 
(Continued) 

CAPILLARY WETTING FLUID VOLUMETRIC 
BORING SAMPLE DEPTH STRATIGRAPHIC PRESSURE SATURATION MOISTURE 
NUMBER NUMBER ( ft) UNIT (psi) (percent) (percent) 

LGM-85-11 MCG-620 94 1b 0. 161 93.3 60.0 
0.376 88.7 57.0 
0.734 84.2 54. 1 
1.297 79.9 51.4 
2. 163 75.8 48.7 
3.483 71.9 46.2 

LGM-85-11 MCG-621 115 1a 0.270 92.3 55.5 
0.446 89.2 53.6 
0.727 86.3 51.9 
1 . 191 83.5 50.2 
1 0 991 80.9 48.6 
3.463 7 .. 5 47.2 

LAN:1702-T3-8 



TABLE 3-9 
WATER EFFECTIVE PERMEABILITY AND 

UNSATURATED HYDRAULIC CONDUCTIVITY 
OF BANDELIER TUFF 

PERCENT VOLUMETRIC EFFECTIVE 
DEPTH WATER MOISTURE PERMEABILITY K K 

WELL ( ft) SATURATION (percent) (MD) (cm/s} (ft/day) 

LLM-85-01 30 64 25 1.5x1o-2 1.29x1o-8 3.66x1o-5 
LLM-85-01 52 80 51 9x1o-2 7.74x1o-8 2.19x1o-4 

LLM-85-01 101 68 42 5x1o-3 4.3x1o-9 1.22x1o-5 
LLM-85-01 124 86 42 4x1o-2 3.44x1o-8 9.75x1o-5 

LLM-85-02 7 81 34 3.5x1o-3 3.01x1o-9 8.53x1o-6 

LLM-85-02 36 83 39 6x1o-3 5.16x1o-9 1.46x1o-5 
LLM-85-02 67 71 31 9x1o-2 7.74x1o-8 2. 19x 1o-4 

LLM-85-02 117 72 35 5.5x1o-2 4.73x1o-8 1.34x1o-4 

F ,, .M-85-05 15 82 43 1.2x1o-2 1 .03x1o-8 2.92x1o-5 
\'!J;~!Mi"' 

LLM-85-05 36 87 64 9x1o-3 7.74x1o-9 :.19x1o-5 
LLM-85-05 76 83 62 7x1o-2 6.02x1o-8 1.71x1o-4 

LLM-85-05 123 85 56 9x1o-2 7.74x1o-8 2.19x1o-4 

LGM-85-06 29 73 31 9.5x1o-3 8. 17x1o-9 2.32x1o-5 
LGM-85-06 51 77 31 4.5x1o-2 3.87x1o-8 1.09x1o-4 

LGM-85-06 99 93 49 1x1o- 1 8.6x1o-8 2.44x1o-4 

LGM-85-06 115 78 44 6x1o-2 5.16x1o-8 1.46x1o-4 

LGM-85-11 3 78 42 1.9x1o- 1 1.63x1o-7 4.62x1o-4 

LGM-85-11 30 69 36 2x10° 1. 72x1o-6 4.88x1o-3 
LGM-85-11 94 95 61 5x1o-2 4.3x1o-8 1.22x1o-4 

LGM-85-11 115 79 47 9x1o-2 7.74x1o-8 2.19x1o-4 

LAN: 1702-T3-9 



TABLE 3-10 

HODEL PREDICTED HYDRAULIC CONDUCTIVITY AT MINIMUM MEASURED MOISTURE 

SAMPLE VOLUMETRIC 
K ( cm/d) ( 1) BORING DEPTH MOISTURE (%) K (cm/s) 

LLM-85-01 30 26 2x1o-2 2.3x1o-7 

LLM-85-01 52 42 2x1o-3 2.3x1o-8 
LLM-85-01 101 42 3x1o-4 3.5x1o-9 

LLM-85-01 124 26 5x1o-4 5.8x1o-9 

LLM-85-02 7 22 5x1o-3 5.8x1o-8 
LLM-85-02 36 33 3x1o-5 3.5x1o- 10 

LLM-85-02 67 31 1x1o-3 1.2x1o-8 
LLM-85-02 117 33 1x1o-2 1.2x1o-7 

LLM-85-05 15 34 2x1o-3 2.3X1o-8 

LLM-85-05 36 46 1x1o- 1 1.2x1o-6 
LLM-85-05 76 60 1x1o-3 1 .2x1o-8 

LLM-85-05 123 47 1x1o-6 1.2x1o- 11 

LGM-85-06 29 24 1x1o-3 1.2x1o-8 
LGM-85-06 51 29 4x1o-3 4.6x1o-8 

LGM-85-06 99 43 1x1o-7 1.2x1o- 12 

LGM-85-06 115 45 1x1o-4 1.2x1o-9 

LGM-85-11 3 30 9x1o-4 1 .Ox 10-8 

LGM-85-11 30 22 8x1o-3 9.3x1o-8 

LGM-85-11 94 47 7x1o-4 8.1x1o-9 
LGM-85-11 115 47 2x1o-4 2.3x1o-9 

( 1)Graphically determined from BFEC (1986) 

LAN:1702-T3-10 



TABLE 3-11 

SUMMARY OF DATA FROM SELECTED PSYCHROMETERS AT TA-54 AREAS G AND L 

CAPILLARY POTENTIAL 
NUMBER OF (-BARS) 

AREA MONTH DEPTH READINGS MEAN MAX MIN 

L Oct 85 24 20 3.02 4.24 0.78 
L Oct 85 50 16 4.24 8.55 0.29 
L Oct 85 76 16 3.92 5.98 2.97 
L Oct 85 96 16 3. 14 5.35 1.26 

L Nov 85 24 60 3.41 8.32 0.57 
L Nov 85 50 53 5.85 11.33 0.3 
L Nov 85 76 60 3.50 5.77 1. 85 
L Nov 85 96 62 3. 10 6.66 0.97 

L Dec 85 24 16 3.63 4.59 2.84 
L Dec 85 50 38 6.95 10.96 2.89 
L Dec 85 76 38 2.97 4.47 1.42 
L Dec 85 96 38 2.96 5.17 0.98 

L Feb 86 24 55 5.61 9.45 1.68 
L Feb 86 41 54 5.54 10.69 1.24 

L Mar 86 24 32 4.48 8.17 1.03 
L Mar 86 41 30 5.60 11. 14 0.25 

L Apr 86 24 34 5.92 8.75 1.69 
L Apr 86 50 34 6.60 10.97 0.31 
L Apr 86 76 34 4.90 7.55 1.89 
L Apr 86 96 33 4. 11 10.07 1.33 

L May 86 24 59 4.92 9. 16 0.75 
L May 86 50 37 5.28 11.53 0.59 
L May 86 76 39 3.90 8.49 0.56 
L May 86 96 39 3.62 7.82 0.31 

L Jun 86 24 30 4.81 8.09 0.79 
L Jun 86 50 16 5.86 9.29 0.30 
L Jun 86 76 16 3.31 6.00 1. 19 
L Jun 86 96 15 3.68 11 . 01 0.34 

L Aug 86 24 30 5.67 8.82 1. 31 
L Aug 86 41 29 5.52 10.36 1.33 

L Sep 86 24 59 6.00 10. 12 1. 98 
L Sep 86 41 56 5.63 10.59 0.30 

LAN: 1702-T3-11 



TABLE 3-11 
SUMMARY OF DATA ~ROM SELECTED PSYCHROMETERS AT TA-54 AREAS G AND L 

(Continued) 

CAPILLARY POTENTIAL 
NUMBER OF (-BARS) 

AREA MONTH DEPTH READINGS MEAN MAX MIN 

L Oct 86 24 56 5.57 10.49 0.88 
L Oct 86 41 55 5.45 11 . 44 0.30 

L Nov 86 24 33 4.94 11. 19 0.95 
L Nov 86 41 32 4.91 11.49 0.92 

G Oct 85 22 10 3.29 3.85 1. 36 
G Oct 85 42 10 8.79 12.95 6.57 
G Oct 85 52 10 10.22 18. 8.63 

G Nov 85 22 7 3.81 4. 15 3.55 
G Nov 85 42 7 8.66 9.09 8.31 
G Nov 85 52 6 9.03 9.61 8.78 

G Mar 86 22 5 2.67 5.18 0.86 
G Mar 86 42 5 6.27 7.92 2.68 
G Mar 86 52 5 6.42 8.78 4.79 

G Apr 86 22 24 2. 73 5.52 0.88 
G Apr 86 42 24 5.96 9.06 2.62 
G Apr 86 52 22 5.41 6.98 2.14 

G May 86 22 30 2.77 4.33 1.07 
G May 86 42 30 3.43 5.57 1. 96 
G May 86 52 30 5.27 7.44 2.41 

G Jun 86 22 30 3.20 4.27 0.82 
G Jun 86 42 29 2.50 4.50 0.29 
G Jun 86 52 29 4.81 6.37 3.24 

G Jul 86 22 17 2.90 4.36 1.28 
G Jul 86 42 17 2.42 4.04 0.30 
G Jul 86 52 17 4.98 6.84 3.37 

G Oct 86 22 28 4. 16 7.06 0.89 
G Oct 86 42 28 4. 12 7.83 1.82 
G Oct 86 52 28 5.09 7.48 2.90 

G Nov 86 22 18 3.65 8.75 1. 14 
G Nov 86 42 18 5.60 9. 18 1.38 
G Nov 86 52 18 5.39 8.80 4.07 

LAN: 1702-T3-11 



TABLE 3-12 
SUMMARY OF MOISTURE FLUX CALCULATIONS 

MAXIMUM MINIMUM 
HYDRAULIC DOWNWARD DOWNWARD MEAN 

CONDUCTIVITY FLUX FLUX FLUX 
AREA ( FT/DAY) (FT/YR) ( FT/YR) (FT/YR) 

L 2.64x10-
4(1) 

0.508 -0.397( 2) 0.070 
L 1.32x1o-4C3) 0.254 -0. 198 0.036 

G 2.64x1o-4 0.982 -0.081 0.421 
G 1.32x1o-4 0.491 -0.041 0. 21 1 

( 1)Average unsaturated hydraulic conductivity determined from theoretical 
methods. 

(2 )Flux rates <0 indicate upward movement. 
(3)Average unsaturated hydraulic conductivity determined from measurement 

methods. 

LAN: 1702-T3-12 
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4.0 CHEMICAL CHARACTERIZATION OF THE VADOSE ZONE 

4.1 TEST HOLE CORING AND PORE GAS ANALYSES 

Seven test hole locations were selected for coring and installation of pore 

gas samplers on Mesita del Buey to fulfill the requirements of Paragraph 25, 

Task 5 of the Order. One background test hole (LLC-85-13) was selected on the 
western end of the mesa. Of the remaining six test holes, two were located at 
Area G (LGC-85-09 and LGC-85-10) and four were located at Area L (LLC-85-12, 

LLC-85-14, LLC-85-15, and LLC-85-16) (Devaurs, 1985). In addition, three test 

hole locations were selected for coring adjacent to the Area L surface 
impoundment (LLC-85-17, LLC-85-18, and LLC-85-A) together with one shallow 

test hole location selected within the surface impoundment in conjunction with 
related investigatory activities required by Paragraph 24 of the Order 

(Department of Energy, 1986f). Six surface soil samples were also collected 
to establish background soil chemistry in Area L. The locations of the test 

holes in Areas G and L are shown on Figures 1-2 and 1-3, respectively. 

4.2 TEST HOLE CORE 

Core sampling was conducted in accordance with EPA procedures (U.S. EPA, 

1985a). Two representative samples were taken from each ten feet of core, one 
for inorganic analyses and one for volatile organic analyses. Samples were 

collected in 500 ml wide-mouth glass bottles (Devaurs, 1985). The labora

tories performing analyses on these samples were the Health and Environmental 

Chemistry Group (HSE-9) at Los Alamos National Laboratory and Rocky Mountain 

Analytical Laboratory in Colorado. 

4.2. 1 Core Sampling 

Each 500 ml container for inorganic analyses was filled with rock core, 

labeled, and sealed in Parafilm® (intended to ensure sample integrity). A 

chain-of-custody tag was attached to each sample container. The seal had to 
be broken to open the container. Information pertinent to sampling was 

recorded in a field log book and samples were placed in boxes for transport to 
the laboratory. At the laboratory, sample custody was transferred to an 

inorganic chemist and samples were stored in a locked refrigerator in a secure 
laboratory. A sample analysis request sheet accompanied each sample to track 

laboratory analyses (Devaurs, 1985). 

LAN:1702-Sec4 4-1 
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Prior to sample collection, sample jars were washed with soap and rinsed with 
distilled water. The jars were stored at 105°C until taken to the field for 
sample collection. 

Sampling containers for organic analyses were completely filled with rock core 
and the jar cap sealed by teflon liner. Each was labeled and sealed in 
Parafilm® (intended to ensure sample integrity). A chain-of-custody tag was 
attached to each sample container. The seal had to be broken to open the 
container. Information pertinent to sampling was recorded in a field log 
book. In the field, samples were stored on ice in ice chests immediately 
after sample collection. For each drill hole, a water field blank was 
submitted with the samples. The blank consisted of a jar with organic-free 
water which was open to the atmosphere at the site while the hole was being 
drilled. Samples were transported to the laboratory on ice in ice chests and 
sample custody transferred to an organic chemist. Until analyses were 
conducted, samples were stored in a locked refrigerator in a secure labor
atory. A sample analysis request sheet accompanied each sample to track 
laboratory analyses (Devaurs, 1985). 

4.2.2 Analytical Methods 

Core samples were analyzed for inorganic metals (EP Toxic) and volatile 
organics. All EP toxic metals were extracted and analyzed [by the Los Alamos 
Environmental Chemistry Group (HSE-9)] by an atomic absorption spectrophoto
meter using EPA methods. The volatile organic compounds were analyzed by 
HSE-9 using a purge and trap, gas chromatograph flame ionization detector 
(FID) procedure and gas chromatography/mass spectrometry (GC/MS) for confirma
tion (Devaurs, 1985). The methods of extraction and analysis for volatile 
organic compounds are provided in Appendix J and include modifications and 
compilations of recommended procedures (U.S. EPA, 1984; U.S. EPA, 1985a). 
Selected samples were also analyzed by the Rocky Mountain Analytical 
Laboratory (RMA) for volatile organic compounds using GC/MS. 

4.2.3 Results of EP Toxicity Analyses 

Results of the EP Toxicity analyses for the core samples are provided in 
Tables 4-1 through 4-11. All EP Toxic metals for test holes outside of the 
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Area L surface impoundment were below the EP Toxic regulated concentration 
(New Mexico Environmental Improvement Board, 1985a) with the exception of one 
chromium measurement in the 10 to 20 foot depth interval of core from drill 
hole LLC-85-18 (Table 4-7). Chromium and cadmium concentrations were also 
above the EP Toxic levels in the 8 to 29 inch (0.67-2.42 feet) depth interval 
in samples cored directly into the surface impoundment (Table 4-9). In addi
tion, barium was detected at levels below the EP Toxic concentration in drill 
hole LGC-85-10 in the 0-10 foot depth interval (see Table 4-11). Miscella
neous chemical analytical results are presented in Tables 4-12 through 4-17. 

4.2.4 Results of Core Analyses for Volatile Organic Compounds 
Core samples from all ten test holes were analyzed for volatile organics by 
HSE-9 (Devaurs, 1985; Department of Energy, 1986f). Table 4-18 summarizes the 
volatile organic compounds analyzed for in each of the core samples. A 
limited number of core samples from selected test holes, were split for dupli
cate analyses by RMA. A summary of the volatile organic compounds analyzed 
for by RMA is given in Table 4-19. In general, the two laboratories conducted 
comparable volatile organic compound screens. However, the detection limit 
reported by RMA for each of the samples was more sensitive (parts per billion) 
than the detection limits reported by HSE-9 (parts per million). This dif
ference in reported detection limits may account for the fewer number of 

compounds detected and reported by HSE-9 (Table 4-20). 

No volatile organic compounds were detected by HSE-9 in the cores from Area G 
(LGC-85-09 and LGC-85-10) and no duplicate Area G core analyses were performed 
by RMA. In the background test hole, LLC-85-13, HSE reported 2-pentanone at a 
depth of 48 feet (Table 4-20). Because this test hole is located a great 
distance from AreaL (3,200 feet), it is probable that the presence of 
2-pentanone in the sample in a concentration at the reported detection limit, 
is due to laboratory contamination or sample/equipment handling during coring. 

In Area L, volatile organic compounds were detected in core samples from 
various depth intervals in five of the seven test holes (LLC-85-12, LLC-85-14, 
LLC-85-15, LLC-85-16, and LLC-85-18; see Table 4-20). The compounds present 
are a suite of solvents and ketones [i.e., methylene chloride, acetone, tetra
hydrofuran, 4-methyl-2-pentanone (MEK), etc.]. The compounds were detected in 
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parts per billion concentrations by RMA with the exception of acetone at a 
concentration of 4.3 mg/kg (parts per million) in test hole LLC-85-15 (18-19 
foot interval) and acetonitrile at a concentration of 1.1 mg/kg in test hole 
LLC-85-14 (48-49 foot interval). In contrast, for compounds detected by both 
laboratories (i.e., tetrahydrofuran, acetone, etc.) the compound concentra
tions reported by HSE-9 are all in the part per million range whereas, RMA 
reported concentrations in the part per billion range. While identification 
of volatile organic compounds by HSE-9 appear accurate, the reported concen
trations should be considered qualitative only, since the volatile organic 
concentrations reported in the HSE-9 data are very near the reported detection 
limits. 

4.3 TEST HOLE PORE GAS ANALYSES 
Following coring, a total of 23 sampling ports were installed in the seven 
test holes cored to fulfill Paragraph 25 of the Order to collect samples of 
pore gas at various depths (Devaurs and Bell, 1986). The sampling ports were 
constructed using low-pressure mobile-phase filters welded to a two-inch 
(I.D.) galvanized pipe (Figure 4-1). The filters consist of two-micrometer, 
porous, stainless steel elements. The ports are accessed on the surface via 
~-inch stainless steel tubing (Devaurs and Bell, 1986). 

The sampling ports were installed by lowering the pre-assembled string of 
galvanized pipe downhole. The sampling ports were packed with sieve size 80 
silica sand, isolated above and below with powdered bentonite. Due to 
concerns regarding the introduction of water into the vadose zone and the sub
sequent potential for mobilization of waste constituents, no water was mixed 
with the bentonite. As a result, there is some uncertainty as to the degree 
of isolation between sample ports. Additionally, one zone in test hole 
LGC-85-09 was packed with crushed tuff backfill due to caving of the hole 
(Devaurs and Bell, 1986). 

Diagrams of the sampling port installations are provided in Appendix C. The 
selection of sampling port zones within each test hole was based on the stra
tigraphic unit encountered, the presence of fractures, and the presence of 
high organic vapor meter readings during drilling. Detailed information 
regarding the selection of each sampling port is provided in BFEC (1986). 
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4.3.1 Pore Gas Sampling 
Pore gas samples were collected from each sampling port using a DESAGA gas 
sampler (BFEC, 1985b). The samples were initially collected monthly (January 
through April 1986) as procedures and protocols were refined and subsequently 
were collected quarterly as required by the Order. As a result of an auto
sampler malfunction, however, data from the third quarter (July through 
October 1986) are not available. 

The DESAGA gas sampler pumps a known volume of gas through charcoal adsorption 
tubes which collect the organic compounds from the gas. Prior to sampling, a 
minimum of 50 liters of gas was purged through each sampling port (Devaurs and 
Bell, 1986). Between January and December 1986, pore gas samples of five, two 
and one liters were collected from the sampling ports. Initially, a gas 
sample volume of five liters was collected, but breakthrough (saturation of 
the quantitative region of the charcoal tube) occurred. Pore gas samples were 
subsequently reduced to two, and then one, liter volumes to eliminate the 
occurrence of breakthrough (Devaurs and Bell, 1986). Following collection, 
all charcoal tube samples were kept sealed and refrigerated until the samples 
were extracted by HSE-9 personnel. 

4.3.2 Analytical Method 
The charcoal tubes are desorbed with a carbon disulfide solution containing an 
internal standard. The extracted solution is then directly injected into a 
gas chromatograph/mass selective detector (GC/MSD) for analysis (Devaurs and 
Bell, 1986). Table 4-21 summarizes the volatile organic compounds analyzed 
for in the extract and representative detection limits are provided in Table 
4-22. A detailed discussion of the analytical procedure is provided in 
Appendix K. 

Analytical uncertainty exists in quantification of benzene and carbon 
tetrachloride in the January and February 1986 results. These two compounds 
co-elute and interferences were observed from benzene impurities in the carbon 
disulfide. In February 1986, 1,1-dichloroethene was detected. However, 
because 1,1-dichloroethene co-elutes with carbon disulfide, only qualitative 
information is provided for 1,1-dichloroethene (Devaurs and Bell, 1986). 
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4.3.3 Results of Pore Gas Analyses 
Analytical results for pore gas samples collected January through April 1986 
are summarized in Tables 4-23 through 4-29. During this period, no volatile 
organic compounds have been detected in the background hole LLC-85-13 (Table 
4-24) which supports the conclusion that the one measurement of 2-pentanone 
(acetone) in core from the test hole is probably related to cross-contamina
tion in the field or in the laboratory. In Areas G and L, a similar suite of 
volatile organic compounds were found in all test holes. In the two Area G 
test holes, 1,1, 1-trichloroethane is the most prevalent compound and has been 
detected at concentrations ranging from 55 to 980 ~g/~ air (parts per bil
lion). Trichloroethene and tetrachloroethane were also found in both holes at 
low part per billion concentrations (less than 10 ~g/~ air, see Tables 4-28 
and 4-29). 

In the four AreaL test holes, the volatile organic compounds detected (in 
decreasing concentrations) are as follows: 

• 1,1,1-trichloroethane 
• trichlorofluoromethane 
• trichloroethene 
• toluene 
• chloroform 
• tetrachloroethene 
• total xylenes 
• ethyl benzene 
• chlorobenzene 
• carbon tetrachloride 
• dichlorodifluoroethane 
• 1,1-dichloroethene 

While the compounds listed above occur at varying concentrations at different 
depths in different test holes, a comparison of 1,1,1-trichloroethane concen
trations provides a common datum for a discussion of results. Figures 4-2 
through 4-5 provide a graphical representation of 1,1,1-trichloroethane con
centrations with depth in the Area L test holes. The highest concentrations 
of the compound occur in test holes LLC-85-14 and LLC-85-15 (approximately 
10,000 ~g/~ in the pore gas) which are locat~d adjacent to organic waste 
shafts number 17 and number 4, respectively (see Figure 1-3). By comparison, 
the concentrations of 1,1,1-trichloroethane in Area G (approximately 300 ~g/~ 

-
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in the pore gas), where a smaller volume of organic compounds have been 
disposed, are an order of magnitude less than the Area L concentrations (see 
Figures 4-6 and 4-7). 

On the basis of existing pore gas data, there appears to be no relationship 
between the concentration of any volatile organic compounds and the strati
graphic unit or structural feature sampled for pore gas. For example, there 
were no significant increases in volatile organic concentrations from samples 
collected in test hole LLC-85-14 at the Tshirege Member Unit 2b-2a interface, 
2a-1b interface, or at fractured zones. 

4.4 SUMMARY OF CHEMICAL CHARACTERIZATION 
No EP Toxic metals were detected in any test hole cores below a depth of 20 
feet in Areas G and L. The core analyses and pore gas analyses do, however, 
indicate that volatile organic compounds are present at depths of up to 100 
feet below the ground surface in Areas G and L. The suite of organic ketone 
compounds detected in the core analyses is different than the aromatic and 
halogenated hydrocarbons detected in the pore gas samples. This difference 
may be related to sampling device efficiencies, analytical detection limits, 
and the intrinsic physical properties of the volatile organic compounds (i.e., 
boiling point, specific gravity, etc.). 

Based on the available chemical data, the results of the rock core and pore 
gas analyses indicate the following: 

• No EP Toxic metals have been detected below a depth of 
20 feet in Areas G or L in the cores analyzed 

• Volatile organic compounds are present in rock core 
samples at 100 feet at part per billion concentrations 
in Area L (no volatile organic compounds were detected 
in rock core samples in Area G) 

• Volatile organic compounds are present in pore gas 
samples at 100 feet at part per million concentrations 
in Area L and part per billion concentrations in Area G 

• There is no apparent correlation between high pore gas 
concentrations and subsurface stratigraphy (ashflow 
interfaces) or structure (fractures) 

LAN:1702-Sec4 4-7 
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• The highest pore gas concentrations of volatile organic 
compounds have been detected in test holes (LLC-85-14 
and LLC-85-15) nearest organic disposal shafts (shaft 
numbers 17 and 4). 

LAN:1702-Sec4 4-8 



TABLE 4-1 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL HOLE NUMBER LLC-85-12 1 

EP TOXIC 
REGULATED 
CONCEN-
TRATION( 2) 

DETECTf~~ DEPTH INTERVALS IN FEET 
LIMIT 

PARAMETER (mg/1.) (mg/1.) 0-10 10-20 

Arsenic 5.0 0.1 ± 0.05 NO NO 

Barium 100.0 1 .0 ± 1 .0 NO NO 

Cadmium 1.0 0.1 ± 0.1 NO NO 

Chromium 5.0 0.2 ± 0.2 NO ND 

Lead 5.0 0.5 ± 0.5 NO ND 

Mercury 0.2 0.01 ± 0.01 ND ND 

Selenium 1.0 0.05 ± 0.020 ND NO 
Silver 5.0 0.5 ± 0.5 ND ND 

<1>From Devaurs, 1985. 
~ 2 ~New Mexico Environmental Improvement Board, 1985a. 
3 ND = Not detected. 

20-30 30-40 

NO NO 

NO NO 

NO NO 

NO ND 

NO ND 

ND ND 

ND ND 

ND NO 

The ± value represents the uncertainty term for the analysis. 
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40-50 50-60 60-70 

NO NO NO 

NO NO NO 

NO NO NO 

ND ND ND 

NO ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

70-80 80-90 90-100 

NO NO NO 

NO NO NO 

NO NO ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 



TABLE 4-2 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL HOLE NUMBER LLC-85-13 l 

EP TOXIC 
REGULATED 
CONCEN- DETECTf~~ DEPTH INTERVALS IN FEET 
TRATION( 2) LIMIT 

PARAMETER (mg/t) (mg/2.) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 

Arsenic 5.0 0.05 ± 0.025 ND ND ND ND ND ND ND ND ND ND 
Barium 100.0 1.0 ± 1.0 NO ND NO ND NO ND ND ND NO ND 
Cadmium 1.0 0.1 ± 0.1 NO NO ND ND NO ND ND ND NO NO 
Chromium 5.0 0.2 ± 0.2 ND ND NO ND ND ND ND ND ND ND 
Lead 5.0 0.5 ± 0.5 ND NO NO ND ND NO ND ND NO ND 
Mercury 0.2 0.01 ± 0.01 ND ND ND ND ND ND ND NO NO NO 
Selenium 1.0 0.05 ± 0.025 ND ND ND ND ND ND ND NO NO NO 
Silver 5.0 0.5 ± 0.5 ND ND ND ND ND ND ND NO ND NO 

<1>From Devaurs, 1985. 
~~~New Mexico Environmental Improvement Board, 1985a. 

NO = Not detected. 
The ± value represents the uncertainty term for the analysis. 
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TABLE 4-3 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL HOLE NUMBER LLC-85-14 1 

EP TOXIC 
REGULATED 
CONCEN- DETECTf~~ DEPTH INTERVALS IN FEET 
TRATION( 2) LIMIT 

PARAMETER (mg/ i.) (mg/t.) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 

Arsenic 5.0 0.05 ± 0.025 ND ND ND ND ND ND ND ND ND ND 
Barium 100.0 1.0 ± 1.0 ND ND ND ND ND ND ND ND ND ND 
Cadmium 1.0 0. 1 ± 0. 1 ND ND ND ND ND ND ND ND ND ND 
Chromium 5.0 0.2 ± 0.2 ND ND ND ND ND ND ND ND ND ND 
Lead 5.0 0.5 ± 0.5 ND ND ND ND ND ND ND ND ND ND 
Mercury 0.2 0.01 ± 0.01 ND ND ND ND ND ND ND ND ND ND 
Selenium 1.0 0.05 ± 0.025 ND ND ND ND ND ND ND ND ND ND 
Silver 5.0 0.5 ± 0.5 ND ND ND ND ND ND ND ND ND ND 

(1)From Devaurs, 1985. 
~~~New Mexico Environmental Improvement Board, 1985a. 

ND = Not detected. 
The± value.represents the uncertainty term for the analysis. 
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TABLE 4-4 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL HOLE NUMBER LLC-85-15 1 

EP TOXIC 
REGULATED 
CONCEN-
TRATION( 2) 

DETECTf~~ DEPTH INTERVALS IN FEET 
LIMIT 

PARAMETER (mg/11.) (mg/11.) 0-10 10-20 

Arsenic 5.0 0.05 ± 0.025 ND ND 

Barium 100.0 1.0 ± 1.0 ND NO 

Cadmium 1.0 o. 1 ± 0. 1 ND ND 

Chromium 5.0 0.2 ± 0.2 ND NO 

Lead 5.0 0.5 ± 0.5 ND NO 

Mercury 0.2 0.01 ± 0.01 ND ND 

Selenium 1.0 0.05 ± 0.025 ND NO 

Silver 5.0 0.5 ± 0.5 ND NO 

<1>From Devaurs, 1985. 
~ 2 ~New Mexico ~nvironmental Improvement Board, 1985a. 
3 ND = Not detected. 

20-30 30-40 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

The ± value represents the uncertainty term for the analysis. 
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40-50 50-60 60-70 

ND ND NO 

NO ND NO 

ND ND ND 

ND NO NO 

ND ND NO 

ND ND NO 

ND ND NO 

ND ND ND 

70-80 80-90 90-100 

NO ND ND 

NO NO ND 

NO ND ND 

NO ND ND 

NO ND ND 

NO ND ND 

ND ND ND 

ND ND ND 



TABLE 4-5 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL HOLE NUMBER LLC-85-16 1 

EP TOXIC 
REGULATED 
CONCEN-
TRATION( 2) 

DETECTl~~ DEPTH INTERVALS IN FEET 
LIMIT 

PARAMETER (mg/t) (mg/t) 0-10 10-20 

Arsenic 5.0 0.05 ± 0.025 ND ND 

Barium 100.0 1.0 ± 1.0 ND ND 

Cadmium 1.0 0.1 ± 0.1 ND ND 

Chromium 5.0 0.2 ± 0.2 ND ND 

Lead 5.0 0.5 ± 0.5 ND ND 

Mercury 0.2 0.01 ± 0.01 ND ND 

Selenium 1.0 0.05 ± 0.025 ND ND 

Silver 5.0 0.5 ± 0.5 ND ND 

( 1)From Devaurs, 1985. 
~ 2 ~New Mexico ~nvironmental Improvement Board, 1985a. 
3 ND = Not detected. 

20-30 30-40 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

The ± value represents the uncertainty term for the analysis. 

LAN: 1702-T4-5 

40-50 50-60 60-70 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

70-80 80-90 90-100 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 
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TABLE 4-6 
EP TOXICITY ANALYTICAL RESULTS FOR 

CORE FRCI4 DRILL HOLE NUMBER LLC-85-11 ( l ) 

EP TOXIC 
REGULATED 
CONCEN- DETECTf~~ 
TRATION( 2) LIMIT 0- 10- 20-

PARAMETER (mg/t) (mg/1.) 10 20 30 

Arsenic 5.0 0.05 ± 0.025 ND ND ND 

Barium 100.0 1.0 ± 1.0 ND NO NO 

Cadmium 1.0 0. 1 ± 0. 1 NO NO NO 

Chromium 5.0 0.5 ± 0.5 NO NO NO 

Lead 5.0 0.5 ± 0.5 NO NO NO 
Mercury 0.2 0.01 ± 0.01 NO NO NO 
Selenium 1.0 0.05 ± 0.025 NO NO NO 

Silver 5.0 0.5 ± 0.5 NO NO ND 

(1)From Oevaurs, 1985. 
< 2 ~New Mexico Environmental Improvement Board, 1985a. 
(3 ND = Not detected. 

DEPTH INTERVALS IN FEET 
30- 40- 50- 60- 70- 80-
40 50 60 10 80 90 

ND ND NO NO NO NO 
NO ND NO NO NO NO 

NO NO NO NO NO NO 

NO NO NO NO NO NO· 

NO NO NO NO NO NO 

NO NO NO NO NO NO 

NO NO NO NO NO ND 

NO NO NO NO ND NO 

The ± value represents the uncertainty term for the analysis. 
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90- 100- 110- 120- 130- 140-
100 110 120 130 140 150 

NO NO NO NO NO NO 
NO NO NO NO NO ND 
NO ND ND ND ND NO 
ND ND NO NO ND NO 
ND ND ND NO ND ND 
NO ND NO ND NO ND 
ND ND NO NO NO ND 
NO ND ND NO ND NO 



TABLE 4-7 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL HOLE NUMBER LLC-85-18 1 

EP TOXIC 
REGULATED 
CONCEN- DETECTf~~ 
TRATION( 2 ) LIMIT 

PARAMETER (mg/ll.) (mg/ll.) 0-10 10-20 20-30 

Arsenic 5.0 0.05 ± 0.025 ND ND ND 

Barium 100.0 1.0 ± 1.0 ND ND ND 

Cadmium 1.0 0.1 ± 0.1 ND ND ND 

Chromium 5.0 0.5 ± 0.5 NO 6.6 ND 

Lead 5.0 0.5 ± 0.5 ND ND ND 

Mercury 0.2 0.01 ± 0.01 NO ND ND 

Selenium 1.0 0.05 ± 0.025 ND ND ND 

Silver 5.0 0.5 ± 0.5 ND ND ND 

<1>From Devaurs, 1985. 
~ 2 ~New Mexico Environmental Improvement Board, 1985a. 
3 ND = Not detected. 

(4)No sample available; no core recovery. 
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DEPTH INTERVALS IN FEET 

30-40 40-50 50-60 60-7o< 4> 

ND ND ND ---
ND ND ND ---
ND ND ND ---
ND ND ND ---
ND ND ND ---
ND ND NO ---
ND ND NO ---
ND ND ND ---

If. 

70-80 80-90 90-100 

ND ND ND 

ND ND ND 

NO NO ND 

NO NO ND 

NO NO ND 

NO NO ND 

NO NO ND 

NO NO ND 



EP TOXIC 
REGULATED 
CONCEN- DETECTl~ 
TRATION( 2 ) LIMIT 

PARAMETER (mg/t) (mg/t) 0-5 5-6 

Arsenic 5.0 0.5 ± 0.5 ND NO 
Barium 100.0 0.22 ± 0.20 NO ND 
Cadmium 1.0 0.01 ± 0.01 NO NO 
Chromium 5.0 0.23 ± 0.20 ND NO 
Lead 5.0 0.01 ± 0.01 NO NO 
Mercury 0.2 0.0002 ± 0.0002 0.0003 0.0002 
Selenium 1.0 0.01 ± 0.01 ND NO 
Silver 5.0 0.20 ± 0.20 NO ND 

( 1)From Department of Energy, 1986f. 
~ 2 ~New Mexico Environmental Improvement Board, 1985a. 
3 ND : Not detected. 

TABLE 4-8 
EP TOXICITY ANALYTICAL RESULTS(~R 

CORE FROM DRILL HOLE LLC-85-A 

DEPTH INTERVALS IN FEET 

9-10 14-15 19-20 24-25 29-30 

NO ND ND ND ND 
ND ND ND 0.26 ND 
ND ND ND 0.02 ND 
ND ND ND 0.17 0.57 
NO NO NO ND NO 
0.0003 0.0003 0.0011 0.0003 ND 
ND ND ND NO ND 
ND ND NO ND ND 

NOTE: The ± value represents the uncertainty term for the analysis. 
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34-35 39-40 44-45 49-50 49-50 54-55 59-60 

ND NO NO NO ND ND ND 
ND ND NO NO NO ND ND 
NO ND ND ND ND ND ND 
ND ND ND ND ND ND ND 
ND ND ND NO NO ND NO 
0.0003 NO ND NO NO ND ND 
ND ND NO ND ND ND ND 
NO ND ND ND ND NO ND 



TABLE 4-9 
EP TOXICITY ANALYTICAL RESULTS ~/) 

SURF ACE IMPOUNDMENT CORE SAMPLES 

EP TOXIC 
REGULATED 
CONCEN- DETECTION 
TRATION( 2) LIMIT DEPTH INTERVALS IN INCHES 

PARAMETER (mg/R.) (mg/R.) 0-4 4-8 8-12 12-16 16-20 20-29 

Arsenic 5.0 0.002 0.015 0.006 0.005 0.002 0.002 0.002 
Barium 100.0 0.10 0. 184 <0. 13 <0. 13 0.87 0.83 <O. 13 
Cadmium 1.0 0.01 0.013 0.014 2. 15 11. 10 3.59 1.04 
Chromium 5.0 0.05 0.23 1.06 8.51 20.8 15.8 13.2 
Lead 5.0 0.50 <0.50 0.50 <0.50 <0.50 <0.50 <0.50 
Mercury 0.2 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
Silver 5.0 0.024 <0.024 <0.024 <0.024 <0.024 <0.024 <0.024 

( 1 )From Department of Energy, 1986f. 
(2 )New Mexico Environmental Improvement Board, 1985a. 
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TABLE 4-10 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL HOLE NUMBER LGC-85-09 1 

EP TOXIC 
REGULATED 
CONCEN-
TRATION( 2) 

DETECTf~~ DEPTH INTERVALS IN FEET 
LIMIT 

PARAMETER (mg/Jt) (mg/Jt) 0-10 10-20 

Arsenic 5.0 o. 1 ± 0. 05 ND ND 
Barium 100.0 1.0 ± 1.0 ND NO 
Cadmium 1.0 o. 1 ± 0. 1 NO NO 
Chromium 5.0 0.2 ± 0.2 ND ND 
Lead 5.0 0.5 ± 0.5 ND NO 
Mercury 0.2 0.01 ± 0.01 NO NO 
Selenium 1.0 0.05 ± 0.02 NO NO 
Silver 5.0 0.5 ± 0.5 NO NO 

<1>From Oevaurs, 1985. 
~ 2 ~New Mexico Environmental Improvement Board, 1985a. 
3 ND = Not detected. 

20-30 30-40 

ND ND 

NO NO 

ND NO 

ND NO 

ND NO 

NO NO 

ND NO 

ND NO 

The ± value ·represents the uncertainty term for the analysis. 
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40-50 50-60 60-70 

ND ND NO 

NO NO NO 

ND NO NO 

NO NO NO 

ND NO NO 

NO NO NO 

NO NO NO 

ND ND NO 

70-80 80-90 90-100 

ND NO ND 

NO NO ND 

NO NO NO 

ND ND ND 

ND NO ND 

NO ND ND 

NO ND ND 

NO NO ND 
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TABLE 4-11 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL HOLE NUMBER LGC-85-10 1 

EP TOXIC 
REGULATED 
CONCEN-
TRATION( 2) 

DETECTf~~ DEPTH INTERVALS IN FEET 
LIMIT 

PARAMETER (mg/ll.) (mg/ll.) 0-10 10-20 

Arsenic 5.0 0. 1 ± 0. 05 ND ND 
Barium 100.0 1.0 ± 1.0 1.50 ND 

±0.40 
Cadmium 1.0 0. 1 ± 0. 1 ND ND 
Chromium 5.0 0.2 ± 0.2 ND ND 
Lead 5.0 0.5 ± 0.5 ND ND 
Mercury 0.2 0.01 ± 0.01 ND ND 
Selenium 1.0 0.05 ± 0.02 ND ND 
Silver 5.0 0.5 ± 0.5 ND ND 

<1>From Devaurs, 1985. 
~ 2 ~New Mexico Environmental Improvement Board, 1985a. 
3 ND = Not detected. 

20-30 30-40 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

The ± value represents the uncertainty term for the analysis. 
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40-50 50-60 60-70 

ND ND ND 
ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

70-80 80-90 90-100 

ND ND ND 
ND ND ND 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 



PARAMETER 

Lithium (mg/t) 

Copper (mg/t) 

NH3-N (mg/t) 

Fluoride (mg/t) 

TDS (mg/t) 

pH 

Soil 
Moisture (%) 

TABLE 4-12 
MISCELLANEOUS CHEMICAL ANALYTICAL RESULTS FOR 

SIX BACKGROUND SOIL SAMPLES TAKEN NEAR AREA L(l) 

SAMPLE NUMBER 

NO. 1 NO. 2 NO. 3 NO. 4 NO. 5 NO. 6 

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

<0.20 <0.20 <0.20 <0.20 <0.20 <0.20 

0.0 0.02 0.14 0.0 0.0 0.0 

0.32 <0.20 0.32 0.25 0.46 0.49 

58 29 61 24 74 40 

9.3 7.2 8.2 7.2 7.2 6.7 

9. 1 12.0 9.5 7.9 10.5 10.2 

<1>From Department of Energy, 1986f. 

LAN: 1702-T4-12 

MEAN ± 
STD. DEV. 

<0.05 ± 0 

<0.20 ± 0 

0.03 ± 0.05 

0.34 ± 0.11 

48 ± 20 

7.6 ± 1.0 

9.9 ± 1.4 



TABLE 4-13 
LOCATION AND DESCRIPTION OF AREAL BACKGROUND SOIL SAHPLES(l) 

SAMPLE IDENTIFICATION 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

SAMPLE LOCATION 

Two feet outside the Area L storage pad in tuff 
used as fill originating from Area G. 

24 feet west of the northwest corner of the Area 
L storage pad in undisturbed tuff. 

10 feet east of the northeast corner of the Area 
L storage pad in native, but disturbed, tuff. 

One foot outside the northeast corner of the Area 
L fence. 

20 feet outside the center of the east Area L 
fence. 

Ten feet outside the northwest corner of the Area 
L fence. 

( 1)From Department of Energy, 1986f. 
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TABLE l&-11& 
MISCELLANEOUS CHEMICAL AMALYTICAL RESULT(\ FOR 

CORE FR<It DRILL IKLE IIUIIIER LLC-85-17 J 

BACKGR?!!\'D 
DEPTH INTERVALS IN FEET 

PARAMETER LEVEL 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-Bo 80-90 90-100 100-110 110-120 120-130 130-140 140-150 

Lithium (mg/t) <0.05 ± 0 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Copper (mg/t) <0.20 ± 0 <0. 1 <0. 1 <0.1 <0. 1 <0. 1 0.12 <0. 1 <0. 1 <0. 1 <0. 1 <0. 1 <0. 1 <0. 1 <0. 1 <0. 1 

NHrN (mg/t) 0.03 ± 0.05 0.41 0.22 0.97 3.10 0.83 0.90 0.24 1.30 0.25 0.25 0.32 0.82 0.087 0.32 0.33 

Fluoride (mg/t) 0. 34 ± 0.11 0.31 3.59 3.76 1.44 3.96 5.59 5.10 6.64 4.90 5.68 6.66 6.68 6.87 6.80 6.27 

TDS (mg/t) 48 ± 20 17 54 79 185 34 40 43 47 27 30 51 39 74 66 46 

pH 7.6 ± 1.0 6.6 6.0 7.9 8.8 5.9 5.8 5.5 6.0 5.9 6.0 5.8 5.8 6.1 6.1 6.6 

Soil Moisture (%) 9.9 ± 1.4 9.1 4.0 7.4 5.5 4.1 0.7 0.9 0.6 1.2 2.5 5.3 5.7 8.4 3.0 4.3 

(l)From Department of Energy, 1986f. 
<2>oetermined from six soil samples taken in AreaL (see Table 4-12). 
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TABLE 4-15 
MISCELLANEOUS CHEMICAL ANALYTICAL RESULTf fOR 

CORE FROM DRILL HOLE NUMBER LLC-85-18 1 

BACKGROUND DEPTH INTERVALS IN FEET 
PARAMETER LEVEL( 2) 0-10 10-20 20-30 30-40 40-50 

Lithium (mg/2.) <0.05 ± 0 <0.05 0.12 <0.05 <0.05 <0.05 

Copper (mg/2.) <0.20 ± 0 <0. 1 10.0 <0. 1 <0. 1 <0. 1 

NHrN (mg/2.) 0.03 ± 0.05 0.30 0.38 0.38 0.20 0.34 

Fluoride (mg/2.) 0.34 ± 0.11 0.37 17.0 2.63 3.51 3.30 

TDS (mg/2.) 48 ± 20 22 188 88 37 52 

pH 7.6±1.0 5.5 3.8 8.6 5.9 7.4 

Soil Moisture (~) 9.9 ± 1.4 11.6 6.3 9.0 8.4 8.3 

<1>From Department of Energy, 1986f. 
~ 2 ~Determined from six soil samples taken in AreaL (see Table 4-12). 
3 No sample available; all core lost in drilling accident. 
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50-60 

<0.05 

<0. 1 

0.053 

3.45 

113 

8.7 

5.7 

? 

60-70(3} 70-80 80-90 90-100 

--- <0.05 <0.05 <0.05 

--- <0. 1 <0. 1 <0. 1 

--- 0.18 0.10 0.15 

--- 2.31 6.86 7.53 

--- 91 75 79 

--- 7.9 6.2 6.8 

--- 2.5 0. 1 1.6 
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TABLE 4-16 
MISCElLANEOUS CI£HICAL AIIALYTICAL RFSUL'R)FOR 

CORE FROM DRILL HOLE IIIIHIER U.C-85-A 

BACKGR?H~D DEPTH INTERVALS IN FEET 
PARAMETER LEVEL 0-5 5-6 9-10 14-15 19-20 24-25 29-30 34-35 39-40 44-45 49-50 49-50 54-55 59-60 

Lithium <0.05 :t 0 <0.02 <0.02 3.0 0.13 0.64 1.10 0.06 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 (mg/t) 

Copper <0.20 :t 0 <0.03 <0.03 0.22 1.60 1.50 4.90 1. 10 0.03 0.14 0.04 0.03 0.03 0.09 <0.03 (mg/l) 

NHrN 0.03 ± 0.05 3.2 4.0 11.0 11.0 7.0 25.0 16.0 7.4 1.1 4.7 1.0 1.7 0.64 0.15 (mg/l) 

Fluoride 0.34 :t 0.11 0.0139 0.0049 0.0053 0.0027 0.0028 0.0021 0.0015 0.0007 0.0013 0.0022 0.0030 0.0032 0.0030 0.0044 (mg/l) 

TDS 48 ± 20 56.0 30.0 651.0 237.0 128.0 528.0 505.0 341.0 225.0 245.0 273.0 261.0 54.0 12.0 (mg/l) 

Soil 
Moisture 9.9 :t 1.4 9.3 11.5 12.4 6.9 9.5 20.3 19.9 7.9 7.3 6.4 5.7 5.6 2.6 4.7 (J) 

<1>From Department of Energy, 1986f. 
<2>oetermined from six-soil samples taken in AreaL (see Table 4-12). 
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TABLE 4-17 
MISCELLANEOUS CHEMICAL ANALYTICAL RESULTS FOR SURFACE IMPOUNDMENT CORE SAMPLES( 1) 

BACKGR?~D DEPTH INTERVALS IN INCHES 
PARAMETER LEVEL 0-4 4-8 8-12 12-16 16-20 20-29 

Lithium (mg/R.) <0.05 ± 0 0.45 0.24 0.27 0.60 0.39 0.33 

Copper (mg/i.) <0.20 ± 0 13.6 7.6 73.4 178 93.5 61.0 

Nitrate (mg/R.) 0.03 ± 0.05 <30. <30. <30. <30. <30. <30. 

Fluoride (mg/R.) 0.34 ± 0. 11 28 28 13 10 10 10 

TDS (mg/R.) 48 ± 20 2,928 973 941 2' 159 1,894 1 ,404 

pH 7.6 ± 1.0 8.9 8.9 8.6 8.4 8.0 8.0 

Soil Moisture (%) 9.9 ± 1.4 

Conductivity --- 4,500 2,300 2,800 3,590 3' 150 2,500 
(mg/R.) 

Chloride (mg/R.) --- 980 440 340 210 200 200 

Sulfate (mg/R.) --- 36 20 19 490 540 440 

<1>From Department of Energy, 1986f. 
<2>Determined frpm six soil samples taken in AreaL (see Table 4-12). 

LAN: 1702-T4-17 



TABLE 4-18 
VOLATILE ORGANIC COMPOUNDS ANALYZED BY 

LOS ALAMOS NATIONAL LABORATORY IN CORES FROM DRILL HOLES(l) 

TARGET COMPOUNDS 

1,1-Dichloroethylene 
Methylene Chloride 
T-1,2-Dichloroethylene 
1,1-Dichloroethane 
Chloroform 
1,1,1-Trichloroethane 
1,2-Dichloroethane 
Benzene 
Carbon Tetrachloride 
Trichloroethylene 
1,2-Dichloropropane 
Bromodichloromethane 
Toluene 
1,1,2-Trichloroethane 
Chlorodibromomethane 
Tetrachloroethylene 
Chlorobenzene 
Ethyl benzene 
Bromoform 
1,1,2,2-Tetrachloroethane 
Bromo benzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 

NON-TARGET COMPOUNDS 

2-Hexanone 
2-Pentanone 
Acetone 
Tetrahydrofuran 
1-Butanol 
1,4-Dioxane 

(1)From Devaurs, 1985 

LAN: 1702-T4-18 

DETECTION LIMIT (~g/kg) 

521 
521 

1 ,042 
1,042 
1 '563 

833 
521 

2,083 
521 
521 

1,042 
521 

1 '527 
1,042 
2,083 
1 ,250 

833 
1,042 
2,083 
2,292 

521 

521 



TABLE 4-19 
VOLATILE ORGANIC COMPOUNDS ANALYZED BY 

ROCKY MOUNTAIN ANALYTICAL LABORATORY IN CORES FROM DRILL HOLES( 1) 

PRIORITY POLLUTANT PARAMETERS 

Acrolein 
Acrylonitrile 
Benzene 
Bromoform 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroform 
Dichlorobromomethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethylene 
1,2-Dichloropropane 
1,3-Dichloropropylene 
Ethyl benzene 
Methyl bromide 
Methyl chloride 
Methylene chloride 
1,1,2,2-Tetrachloroethane 
Tetrachlroethylene 
Toluene 
1,2-trans-Dichloroethylene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethylene 
Vinyl chloride 

NON-PRIORITY POLLUTANT PARAMETERS 

Acetone 
1,4-Dioxane 
Acetonitrile 
Tetrahydrofuran 
2-Butanone 

Dimethoxymethane 
Ethanol 
2-Propanol 
2-Methyl-2-Propanol 
4-Methyl-2-Pentanone 

DETECTION LIMIT (~g/kg) 

Propanol 
1-Butanol 

100 
100 

5 
5 
5 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
10 
10 
5 
5 
5 
5 
5 
5 
5 

10 

Tetramethyl pentanone 
Chlorodifluoromethane 
Bisoxymethane 

(l)From Rocky Mountain Analytical Laboratory, 1985. 

LAN:1702-T4-19 



TABLE 4-20 

VOLATILE ORGANIC ANALYTICAL RESULTS FOR DRILL HOLE CORES 
AUGUST 1985 ( ) 

DEPTH VOLATILE DETECTION 
DRILL HOLE 

NUMBER 
INTERVAL ORGANIC CONCENTRATION LIMIT 

(ft) -~Q_t-i_E:IQ{]ND ________ ~--u (}lg/kg_) -- (}lg/kg) 

LLC-85-12 

LLC-85-13 

LLC-85-14 

38-39 

48-49 

28-29 

38-39 

38-39 (split)(f) 

2-Hexanone 

2-Pentanone (Acetone) 

Acetone 
1,4-Dioxane 
Tetrahydrofuran 

2-Pentanone (Acetone) 

Acetone 
Acetonitrile 
Tetrahydrofuran 

3,710-4,130(a)(c) 3,300 

3,300(c) 3,300 

6o(b) 
4o(b) 
16(c) 

3,64o(c) 3,300 

190(b) 
27(b) 
67(c) 

48-49 1-Butanol 83,330(c) 62,500 

~a~Range given because two samples were prepared since portions of one sample were spilled. 
b Concentration determined from analysis of analytical standard. 
~c~Concentration estimated using total ionization peak area relative to the internal standard. 
d Best computer match is [2,2'-Methylene bis (oxy)] bis propane. 

(e)several other volatile compounds were present in this drillhole, but they could not be definitely identified. 
The Mass spectrometer scans of these compounds were consistent with small chain alcohols. They were most 

( )concentrated· at depth intervals of 18-19, 28-29, and 38-39 feet. 
f Samples analyzed by Rocky Mountain Analytical Laboratory. 

<1>compiled from Devaurs, 1985, and Rocky Mountain Analytical Laboratory, 1985. 

LAN : 17 02-T 4 7 : 1 



DRILL HOLE 
NUMBER 

LLC-85-14 
(continued) 

LLC-85-15 

LAN: 1702-T47 :2 

TABLE 4-20 
VOLATILE ORGANIC ANALYTICAL RESULTS FOR DRILL HOLE CORES 

AUGUST 1985 
(Continued) 

DEPTH VOLATILE 
INTERVAL ORGANIC CONCENTRATION 

( ft) COMPOUND (}Jg/kg) 

48-49 (split)(f) Acetone 670(b) 
2-Butanone 100(b) 
4-Methyl-2-Pentanone 110(b) 
Acetonitrile 1 100(b) 
Tetrahydrofuran 

1

520(c) 
Dimethoxymethane 25(c) 
Unknown (oxygenated HC) 10(c)(d) 
Unknown (oxygenated HC) 7(c) 

18-19(e) Tetrahydrofuran 4,500(c) 

18-19 (split) (f) Methylene Chloride 17 
Toluene 12 
Acetone 4 300(b) 
2-Butanone 

1

470(b) 
4-Methyl-2-Pentanone 140(b) 
Ethanol 5(c) 
2-Propanol 6(c) 
Tetrahydrofuran 210(c) 
2-Methyl-2-Propanol 11 (c) 

28-29 1,4-Dioxane 1 '500( c) 

38-39 1 ,4-Dioxane 1 500(c) 
1-Butanol 100 'ooo<c> 

' 

DETECTION 
LIMIT 

(}Jg/kg) 

3,000 

10 
5 

1,500 

1,500 
62,500 



DRILL HOLE 
NUMBER 

LLC-85-15 
(continued) 

LLC-85-16 

LAN: 1702-T47 :3 

DEPTH 
INTERVAL 

( ft) 

TABLE 4-20 
VOLATILE ORGANIC ANALYTICAL RESULTS FOR DRILL HOLE CORES 

AUGUST 1985 
(Continued) 

VOLATILE 
ORGANIC CONCENTRATION 

COMPOUND (\lg/kg) 

38-39 (split) (f) Acetone 300(b) 
170(b) 2-Butanone 

4-Methyl-2-Pentanone 42o(b) 
Ethanol 170(c) 
Bisoxymethane 270(c) 
Propanol 270(c) 
Propanol (Isomer) 150(c) 
2-Methyl-2-Propanol 77(c) 
1 ,4-Dioxane 200(c) 
1-Butanol 280(c) 

88-89 2-Pentanone (Acetone) 3,300(b) 

5.5-7.0(f) 1,2-Dichloroethane 19 
Methylene chloride 30 
Acetone 110(b) 
4-Methyl-2-Pentanone 27(b) 
2-Propanol 6(c) 
1-Butanol n<c) 
Fluorinated Aliphatic 6(c) 
Tetramethylpentanone 7(c) 

17-19(f) Methylene Chloride 18 
Acetone 82(c) 

97-99(f) Methylene Chloride 15 
Acetone 110(b) 
4-Methyl-2-Pentanone 5(b) 
Chlorodifluoromethane lO(c) 

DETECTION 
LIMIT 

{lJg/kg) 

3,300 

5 
10 

10 

10 



DRILL HOLE 
NUMBER 

LLC-85-18 

LAN: 1702-T47 :4 

TABLE 4-20 
VOLATILE ORGANIC ANALYTICAL RESULTS FOR DRILL HOLE CORES 

AUGUST 1985 
(Continued) 

DEPTH VOLATILE DETECTION 
INTERVAL ORGANIC CONCENTRATION LIMIT 

(ft) COMPOUND (~} __ (~g/kg) 

18-1g(f) Methylene Chloride 17 10 
Acetone 130(b) 
Chlorodifluoromethane 12(c) 
Unknown Hydrocarbon 20(c) 
Ethanol 190(c) 
C6-Hydrocarbon g(c) 

Acetone 70(b) 
2-Butanone 55(b) 
Unknown Hydrocarbon g(c) 

78-79(f) 

~t" 



LAN: 1702-T4-21 

TABLE 4-21 

VOLATILE ORGANIC COMPOUNDS ANALYZED IN PORE GAS BY 
LOS ALAMOS NATIONAL LABORATORY 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
1,1-Dichloroethane 
1,1-Dichloroethene 
trans-1,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1,1, 1-Trichloroethane 
Carbon Tetrachloride 
Vinly Acetate 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 

Bromoform 
2-Hexanone 
4-Methyl-2-Pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total Xylenes 
Trichlorofluoromethane 
Tetrahydrofuran 



TABLE 4-22 

VOLATILE ORGANIC COMPOUND 
DETECTION LIMITS FOR REPRESENTATIVE ANALYTES( 1) 

COMPOUND 

Trichlorofluoromethane 
Dichlorodifluoromethane 

Chloroform 

1,1,1-Trichloroethane 

Carbon Tetrachloride 
Trichloroethene 

Toluene 

Tetrachloroethene 

Total Xylenes 

Chlorobenzene 

1,1-Dichloroethene 

Ethyl benzene 

1986 
DETECTION LIMITS 

J.lg/TUBE 

JAN FEB 

3 

3 

3 

0.8 

1.0 

1.1 

4.5 

1.2 

1.3 

1.2 

0.8 

1.0 

1.0 

1.2 

1.2 

MAR APR DEC 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

<1>compiled from Devaurs and Bell, 1986; Department of Energy, 1986e; and 
unpublished laboratory data report (December). 

LAN: 1702-T4-22 
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TABU 4-23 

1986 PO&I GAS SANPLIIG( 1) 
DliLL HOLI LLC-85-12 

p&/L AIR 

6 FT 
DEC( 2) 

27 FT 
DEC( 2) 

41 FT 
COMPOUND JAN FEB MAR APR JAN FEB MAR APR JAN FEB MAR APR DEC (2) 

--------
Dich1orodif1uoro-

methane ND<3 --- --- --- --- ND<3 --- --- --- --- ND<3 

Trichlorofluoro-
methane 90 36 ND<l ND<l ND<3.0 273 32 ND<l --- 42.9 146 33 ND<l ND<l ND<3.0 

Chloroform ND<l 24 11 25 7.6 ND<l 37 29 --- 25.5 3.8 88 47 30 38.3 

1, l, 1- trichloro-
ethane 252 882 697 429 888.3 2,803 1.006 786 --- 1,108.6 3,540 868 673 517 983. 1 

Carbon tetra-
chloride 19 TR<l. 0 >o.5* ND<1 >3.0 64 TR<l.O >0.5 * --- >3.0 46 TR<l. 0 >o.s* ND<l >3.0 

Trichloroethene 988 384 416 223 410.6 1,355 580 440 --- 726.7 760 394 273 260 609.0 

Toluene 126 52 36 0.6 21.9 935 270 169 --- 129.3 213 46 34 26 26.6 

Tetrachloroethene 17 ll ND<l ND<l 3.7 14 10 7.5 --- 5.9 175 12 ND<1 ND<l 6.1 

Total Xylenes ND<l.l ND<l.O ND<l ND<l ND<3.0 14 3.6 ND<l --- ND<3.0 l.l ND<l. 0 ND<l ND<l ND<3.0 

Chlorobenzene --- ND<l.2 --- ND<l ND<3.0 --- ND<l.2 --- --- ND<3.0 --- ND< l. 2 --- ND<l ND<J.O 

1,1-dichloroethene --- --- ND<1 --- --- --- --- ND<l --- --- --- --- ND<l 

Ethyl benzene --- ND< l. 2 --- ND<l ND<3.0 --- ND< l. 2 --- --- ND<3.0 --- ND< 1.2 --- ND<l ND<3.0 

--· 
*calculated from tentative results. 
ND = This compound was not detected; the limit of detection for this analysis is leas than the amount stated in the table above. 
TR 3 Trace; this compound was present, but was below the level at which concentration could be determined. 
~A = Not available 

l)Compiled from Devaurs and Bell, 1986, and Department of Energy, 1986e. 
( 2 )From unpublished Laboratory data report; analytical uncertainty tl5 percent p g/tube. 

LAN:Ol7-TABLE/3 
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TABLE 4-24 

1986 PO&I GAS SAIPLIIG(l) 
DRILL HOLI LLC-85-13 

IJ&/L AU 

21 FT 
DEC(l) 

43 FT 
DEC(l) 

65 FT 
COMPOUND JAN FEB MAR APR JAN FEB MAR APR JAN FEB MAR APR 

---~--------

Dichlorodifluoro-
me thane ND<3 --- --- --- --- ND<3 --- --- --- --- ND<3 

Trichlorofluoro-
me thane ND<3 ND<4.5 ND<l ND<l ND<3 .0 ND<3 ND<4.5 ND<l ND<l ND<3.0 ND<3 ND<4.5 ND<l ND<l 

Chloroform ND<l ND< 1.2 ND<l ND<1 ND<3.0 ND<l ND< l. 2 ND<1 ND<1 ND<3.0 ND<1 ND< l. 2 ND<l ND<1 

1,1,1-trichloro-
ethane ND<3 ND<l.3 ND<1 ND<l ND<3 .0 ND<3 ND< l. 3 ND<l ND<1 ND<3.0 ND<3 ND< l. 3 ND<1 ND<l 

Carbon tetra-
chloride ND<l --- ND<l ND<l ND<3.0 ND<l --- ND<l ND<l ND<3.0 ND<l --- ND<l ND<l 

Trich1oroethene ND<l ND< l. 2 ND<l ND<1 ND<3.0 ND<1 ND<l.2 ND<l ND<1 ND<3.0 ND<l ND< l. 2 ND<l ND<l 

Toluene ND<0.8 ND<0.8 ND<l ND<l ND<3.0 ND<0.8 ND<0.8 ND<l ND<l ND<3.0 ND<0.8 ND<0.8 ND<l ND<l 

Tetrachloroethene ND< l. 0 ND< 1.0 ND<l ND<l ND<3.0 ND<l.O ND<l.O ND<l ND<l ND<3.0 ND<l.O ND< 1.0 ND<l ND<l 

Total Xylenes ND<l.l ND<l.O ND<l ND<l ND<3.0 ND< 1.1 ND<l. 0 ND<l ND<l ND<3.0 ND< l. 1 ND<l. 0 ND<l ND<l 

Chlorobenzene --- ND<l.O --- ND<l ND<3.0 --- ND<l.2 --- ND<l ND<3.0 --- ND< l. 2 --- ND<l 

1,1-dichloroethene --- --- ND<l --- --- --- --- ND<l --- --- --- --- ND<l 

Ethylbenzene --- ND< l. 2 --- ND<l ND<3.0 --- ND< l. 2 --- ND<l ND<3.0 --- ND< l. 2 --- ND<l 

ND =This compound was not detected; the limit of detection for this analysis is leas than the amount stated in the table above. 
~A = Not available 

l)Compiled from Devaurs and Bell, 1986, and Department of Energy, 1986e. 
(l)From unpublished Laboratory data report; analytical uncertainty ±15 percent jAg/tube. 

LAN:Ol7-TABLE/4 
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DEC (2) 

ND<3.0 

ND<3.0 

ND<3.0 

ND<3.0 

ND<3.0 

ND<3.0 

ND<3.0 

ND<3.0 

ND<3.0 

ND<3.0 
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THLII 4-25 

1986 POll GAB SAKPLIIG( 1) 
DIILL HOLI LLC-85-14 

1'&/L ua 

13 FT 
DEC(l) 

31 FT 
DEC{ l) 

46 FT 86 FT 
DEC{l) COMPOUND JAN FEB MAR APR JAN FEB MAR APR JAN FEB MAR APR DEC(l) JAN FEB MAR APR ------------------

Dlchlorodifluoro-
me thane BRK --- --- --- --- BRK --- --- --- --- BRK --- --- --- --- BRK 

Trichlorofluoro-
methane BRK Nll<4. 5 ND<l ND<l ND<3.0 BRK 45 ND<l ND<l ND<3.0 BRK N0<4. 5 ND<l ND<l NO<J. 0 BRK N0<4. 5 <5* NO<l 14.4 

Chloroform BRK 67 ND<l 86 ND<3.0 BRK 182 ND<l 109 68.5 BRK 184 ND<l 120 83.1 BRK 175 124 86 71.8 

1,1,1-trlchloro-
ethane BRK 7,335 BRK 7,554 9,463.4 BRK BRK BRK 9,148 12,117.4 BRK 171,080 BRK 10,140 12,367.3 BRK BRK BRK 8, 717 11,546.2 

Carbon tetra-
chloride BRK TR< l. 0 ND<l TR<l >3.0 BRK TR< l. 0 ND<l TR<l >3. 0 BRK TR< I. 0 ND<l TR<l >3.0 BRK TR<I.O >0.5* TR<l >3.0 

Trichloroethene BRK NO<l. 2 713 912 800.5 BRK 1,350 879 946 1,039.6 BRK 2,715 1,036 812 931.1 BRK 1,060 730 720 918.3 

Toluene BRK 3 ND<l NO< I ND<3.0 BRK 51 ND<l 28 12.2 BRK 61 ND<l 37 Jll. 3 BRK 101 64 58 31.0 

Tetrachloroethene BRK 2 ND< l 16 10.7 BRK 37 ND<l 25 20.0 BRK 52 ND<l 20 21.5 BRK ND< 1.0 <7.5* I 7 2 3.9 

Total Xylenes BRK 14 ND<l ND<l ND<J .0 BRK 74 ND<l 57 ND<l.O BRK 46 ND<l 18 ND<J .0 BRK ND< 1.0 ND< I ND<l ND<J .0 

Chlorobenzene --- ND<l.2 --- ND<l ND<J.O --- ll --- 4.6 5.2 --- 13 --- 5.4 5.9 --- ND<l.2 --- ND<l 3.5 

1,1-dlchloroethene --- --- NO<l --- --- --- --- NO< I --- --- --- --- ND<l ---- --- --- --- NO< 1 

Ethyl benzene --- 5 --- NO< I 3.0 --- 30 --- 23 8.0 --- 16 --- 6.3 12.8 --- NO< I. 2 --- ND<l 5. 1 

--
*Calculated from tentative results. 
ND • This compound was not detectedi the limit of detection for this analysis Ia leas than the a•ount atated In the table above. 
TR ""' Trace; this compound was present, but was below the level at which concentration could be deter•lned. 
BRK ~ Breakthrough In charcoal tubes. 
?A =Not available 

l)Complled from Devaurs and Bell, 1986, and Depart•ent of Energy, 1986e. 
(2)From unpublished Laboratory data report; analytical uncertainty ~15 percent jJg/tube. 

LAN;Ol7-TABLE/5 



TOLE 4-26 
1986 POlE GAS IAMPLIIG(l) 

DliLL HOL& LLC-aS-lS 
p.&/L AIR 

19 FT 
DEC(2) 

32 FT 
DEC( 2) 

82 FT COMPOUND JAN FEB MAR APR JAN FEB MAR APR JAN FEB MAR APR DEC(2) 

Dichlorodifluoro-
methane BRK --- ND<l --- --- BRK --- ND<l --- --- BRK --- ND<l 

Trichlorofluoro-
methane BRK ND<4.5 ND<l ND<l ND<J.O BRK BRK ND<l 28 46.3 BRK 4,120 ND<l 167 19.2 

Chloroform BRK 47 308 142 115.9 BRK BRK 510 399 283.7 BRK 240 ND<l 121 228.0 
1,1,1-trichloro-

ethane BRK 1,045 BRK 4,833 3,586.4 BRK BRK BRK 8,294 15,218.9 BRK 12,927 BRK 8,618 8,713.3 
Carbon tetra-

chloride BRK ND<l. 0 ND<l TR<l >3.0 BRK BRK ND<l TR<l >3.0 BRK ND<l. 0 ND<l TR<l >3.0 
Trichloroethene BRK 188 1,354 852 1,029.4 BRK BRK 1,850 1,823 2,923.9 BRK BRK 1,310 1,464 324.1 
Toluene BRK 40 512 139 90.5 BRK BRK 817 573 624.8 BRK 593 482 349 1,008.8 
Tetrachloroethene BRK Ill 457 406 395.4 BRK BRK 635 48 406.9 BRK 111 ND<l 80 71.0 
Total Xylenes BRK 6 160 27 ND<3.0 BRK BRK 332 219 ND<3.0 BRK 149 ND<l 107 ND<3.0 

Chlorobenzene --- --- --- 7.7 97.1 --- BRK --- 21 25.6 --- ND<l.2 --- ND<l ND<3.0 

1,1-dlchloroethene 

Ethyl benzene --- 4.2 --- 12 17.9 --- BRK --- 52 71.3 --- ND< 1. 2 --- 22 11.6 

ND • Thia compound was not detected; the limit of detection for this analysis is leas than the amount stated in the table above. TR = Trace; this compound was present, but was below the level at which concentration could be determined. BRK • Breakthrough in charcoal tubes. 
~t a Not available 

>compiled from Devaurs and Bell, 1986, and Department of Energy, 1986e. 
(2)From unpublished Laboratory data report; analytical uncertainty tl5 percent p.g/tube. 
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TABU: 4-27 

1986 PORE GAS SAMPLI~(1) 
DRILL HOLI LLC-85-16 

fl&/L Aia 

7 FT 
DEC( 2) 

17 FT 
DEC( 2) 

102 FT 
COMPOUND JAN FEB MAR APR JAN FEB MAR APR JAN FEB MAR APR DEC( 2) 

Dichlorodifluoro-
methane ND<3 --- --- --- --- ND<3 --- --- --- --- BRK 

Trichlorofluoro-
methane 39 11 ND<l NA ND<3.0 ND<3 12 ND<l ND<l ND<3.0 BRK BRK ND<l 27 25.6 

Chloroform 47 12 43 NA 72.7 92 16 20 82 ND<3 .0 BRK BRK 20 76 ND<3.0 

1,1,1-trichloro-
ethane l, 856 2,548 1,817 NA 4,143.2 2,030 3,326 3,081 3,625 4,786.7 BRK BRK 3,745 5,901 7,403.1 

Carbon tetra-
chloride 4.8 TR<l. 0 >o.s* NA >3.0 ND<l TR<l.O >o.5* ND<l >3.0 BRK ND<l. 0 --- ND< l >3.0 

Trichloroethene 547 748 452 NA 1,050.8 749 1,126 870 950 1,220.6 BRK 1,080 757 999 1,181.6 

Toluene ND<0.8 ND<0.8 ND<l NA ND<3.0 ND<0.8 ND<0.8 ND<l 34 ND<3.0 BRK 300 ND<l 105 88.5 

Tetrachloroethene 21 10 30 NA 21.1 45 13 50 ND<l 17.5 BRK 12 27 28 11.2 

Total Xylenes NO< 1. 1 ND<l. 0 ND<l NA ND<3.0 ND<l.l ND<l. 0 ND<l ND<l ND<3.0 BRK 4 7.5 ND<l ND<3.0 

Chlorobenzene --- --- --- NA ND<J.O --- --- --- ND<l ND<3.0 --- --- --- ND<l ND<3.0 

1,1-dlchloroethene --- ND<l8 ND<l --- --- --- ND<l8 ND<l --- --- --- TR<l8 ND<l 

Ethyl benzene --- ND<l.2 --- NA ND<3.0 --- ND< 1. 2 --- ND<l ND<3.0 --- 1.8 --- ND<l 8.0 

--
* Calculated from tentative results. 
ND ~ This compound was not detected; the limit of detection for this analysis is leas than the amount stated in the table above. 
TR • Trace; this compound was present, but was below the level at which concentration could be determined. 
BRK s Breakthrough in charcoal tubes. 
~A R Not available 

1>compiled from Devaurs and Bell, 1986, and Department of Energy, 1986e. 
( 2 )From unpublished Laboratory data report; analytical uncertainty ±15 percent fl&/tube. 
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TULI 4-28 

1986 POal GAS SAMPLIIO(l) 
DIILL HOLI LGC-85-09 

fJ.&/L All 

37 FT 
DEC( 2) 

63 FT 
DEC( 2) 

80 FT 
DEC( 2) 

91 FT 
DEC( 2)9 COMPOUND JAN FEB HAR APR JAN FEB HAR APR JAN FEB HAR APR JAN FEB HAR APR ---------. -- ------------- --·- --~---- ------ ------------

Dichlorodlfluoro-
11e thane NI><J --- --- --- --- ND<J --- --- --- --- --- --- --- --- --- ND<J 

Trlchlorofluoro-
•ethane ND<J ND<4. 5 ND<I ND<l ND<3. 0 ND<3 ND<4. 5 ND<l ND<I ND<3.0 --- ND<4. 5 ND<l ND<l ND<3.0 ND<3 ND<4.5 ND< I ND<I ND<3.0 

Chloroform ND<l ND< l. 2 ND<l ND<l ND<3.0 ND<l ND<l.2 ND<l ND<I ND<3.0 --- ND<I.2 ND<l ND<l ND<J.O ND<l ND< l. 2 ND<l ND<l ND<J.O 

1, l, 1-trichloro-
<25o* <250* <250* >250* ethane 384 380 349 561.5 980 472 466 644.0 --- 210 374 421.0 312 406 90 ND<3. 0 

Carbon tetra-
chloride ND<I ND<l.O ND<I ND<l ND<3.0 ND<l ND<l.O ND<l ND<I ND<J .0 --- ND<I.O ND<l ND<l ND<3 .0 ND<l ND<I.O ND<l ND<I ND<3.0 

Trlchloroethene 1.3 1.6 l ND<l ND<J .0 1.8 2.2 1.64 2. 2 ND<3.0 --- 1.2 1.6 2.7 ND<J.O 1.6 2.2 0.98 1.4 ND<3.0 

Toluene ND<0.8 ND<0.8 ND<I ND<l ND<3.0 ND<0.8 ND<0.8 ND<l ND<l ND<3.0 --- ND<0.8 ND<l ND<l ND<J. 0 ND<0.8 0.4 ND<l ND<l ND<J. 0 

Tetrachloroethene 3.2 3.8 4 ND<I ND<3.0 4 .I 4.6 5 ND<l ND<3.0 --- 3 >0.5* ND.<l ND<J .0 2. 9 4 2.57 ND<l ND<J .0 

Total Xylenes ND<l.l ND<l.O ND<l ND<l ND<3.0 ND<l.l ND<l. 0 ND<l ND<l ND<J.O --- ND<l. 0 ND<l ND<I ND<J .0 ND<l.l 0.8 ND<l ND<l ND<J .0 

Chlorobenzene --- --- --- ND<l ND<J.O --- --- --- ND<l ND<l.O --- --- --- ND<l ND<3 .0 --- --- --- ND<l ND<3 .0 

1,1-dichloroethene --- ND<l8.0 >0.5 * --- --- --- TR<l8.0 >0.5 * --- --- --- ND<l8.0 >0.5* --- --- --- TR<I8.0 >0.5* 

Ethyl benzene --- ND< l. 2 --- ND<l ND<J.O --- ND< I. 2 --- ND<l ND<J.O --- ND<I.2 --- ND<l ND<3.0 --- ND< l. 2 --- ND<l ND< 3. 0 

* Calculated from tentative results. 
NO • This compound was not detected; the limit of detection for this analyols Ia leao than the aaount stated In the table above. 
TR = Trace; this compo~nd was present, but was below the level at which concentration could be deter•lned. 
~t a Not available 

>compiled from Devaurs and Bell, 1986. and Department of Energy, !986e. 
(1)From unpublished Laboratory data report; analytical uncertainty tl5 percent fl.&/ tube. 
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TABU 4-29 

1986 POl! GAS SAKPLIIG(l) 
DRILL HOLE LGC-85-10 

/A&/L AU 

31 FT 
DEC( 2) 

53 FT 
DEC( 2) 

95 FT 
DEC( 2) COMPOUND JAN FEB MAR APR JAN FEB MAR APR JAN FEB MAR APR ----------------

Dichlorodifluoro-
methane ND<3 --- --- --- --- 4 --- --- --- --- 4.4 

Trichlorofluoro-
me thane 18 14 9.5 ND<l ND<3 .0 18 14 10.6 ND<l ND<3.0 7.4 7.6 7.2 ND<l ND<3.0 

Chloroform ND<l ND< 1.2 ND<l ND<l ND<3.0 ND<l ND< 1. 2 ND<l ND<l ND<3.0 ND<l ND<l. 2 ND<l ND<l ND<3.0 

1,1.1-trichloro-
>250* >250* >250* ethane 184 314 99 138.0 152 168 147 208.0 79 101 55 90.0 

Carbon tetra-
chloride ND<l ND< 1. 0 ND<l ND<l ND<3.0 ND<l ND<l. 0 ND<l ND<l ND<3.0 ND<l ND< 1. 0 ND<l ND<l ND<3.0 

Trichloroethene 2.6 2.6 2.2 ND<l ND<3.0 4.4 4.4 4.15 ND<l ND<3.0 ND<l 6.4 6.5 3.4 ND<J.O 

Toluene ND<0.8 ND<0.8 ND<l ND<l ND<J.O ND<0.8 ND<0.8 ND<l ND<l ND<3 .0 ND<0.8 ND<0.8 ND<l ND<l ND<3.0 

Tetrachloroethene 2.8 3.0 3.19 ND<l ND<3.0 3.4 3.6 4.08 ND<l ND<J.O 2.8 3.2 3.55 ND<l ND<3.0 

Total Xylenes ND<l.l ND<l.O ND<l ND<l ND<J.O ND< 1. 1 ND<l. 0 ND<l ND<l ND<J .0 ND<l.l ND<l.O ND<l ND<l ND<3.0 

Chlorobenzene --- --- --- ND<l ND<3.0 --- --- --- ND<l ND<3 .0 --- --- --- ND<l ND<3.0 

1,1-dichloroethene --- ND<l8.0 ND<l --- --- --- ND<l8.0 ND<l --- --- --- ND<l8.0 ND<l 

Ethyl benzene --- ND<l.2 --- ND<l ND<3.0 --- ND< 1. 2 --- ND<l ND<3.0 --- ND<l.2 --- ND<l ND<3.0 

---
* Calculated from tentative results. 
ND = This compound was not detected; the limit of detection for this analysis is less than the amount stated in the table above. ?t = Not available 

>compiled from Devaurs and Bell, 1986, and Department of Energy, 1986e. 
(l)From unpublished Laboratory data report; analytical uncertainty tl5 percent ll&/tube. 
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5.0 GROUND WATER HYDROLOGY IN AREAS G AND L 

5.1 MAIN AQUIFER 

5. 1.1 Hydraulic Characteristics of the Main Aquifer 
The main aquifer in the Los Alamos area is the only aquifer capable of produc
ing a municipal and industrial water supply (Purtymun, 1984). Characteriza
tion of the hydraulic and chemical properties of the main aquifer, therefore, 
can be based on information obtained from supply wells, stock wells, test 
wells, and springs (Figure 5-1). The upper surface of the main aquifer slopes 
eastward from the major recharge area in the Valles Caldera to the Rio Grande 
where it discharges as springs and seeps into the river (Purtymun, 1984). 

The major recharge area for the aquifer is an intermountain basin formed by 
the Valles Caldera (Figure 2-1). The basin is filled with lacustrine deposits 
underlain by volcanic debris resulting from the collapse of the Caldera 
(Conover, et al., 1963). The saturated basin fill is highly permeable and 
provides a source of recharge to sediments of the Tesuque Formation (Purtymun, 
1984). Beneath Mesita del Buey, the main aquifer is contained in the poorly-

~· consolidated conglomerates of the Puye Formation and the conglomerates, sand
stones, and siltstones of the Tesuque Formation (see Section 2.2). The main 
aquifer was encountered at 874 feet below land surface when PM-2 was drilled 
in 1965 (Figure 5-1) (Cooper, et al., 1965). While the drillers reported a 
show of water at 335 feet in the lithologic log, subsequent geophysical log
ging did not confirm the presence of any water in this zone. It is probable, 
as is common with water-filled holes drilled with a cable tool rig, that 
circulation fluid lost from an upper fractured zone was re-encountered at this 
deeper zone. A summary of the lithologic log for PM-2 is provided in Table 
5-1. In the Pajarito Well Field, the aquifer has an average saturated thick
ness of 1,470 feet and hydraulic gradient of 0.015 foot per foot (Figure 5-2). 
Based on the main aquifer elevation in well PM-2 and the hydraulic gradient, 
the depth to the main aquifer beneath Areas G and L is 850 feet and 950 feet, 
respectively. The transit time from recharge of the aquifer to discharge 
along the Rio Grande is estimated between 50 and 1,400 years based on tritium 
and carbon-14 analyses, respectively (Purtymun, 1984). The rate of movement 
of the main aquifer beneath Mesita del Suey can be estimated using the Darcian 
flow equation: 

~AN:1702-Sec5 5-1 



where 

v = KI 
n 

v = velocity (meters per second) 
K = hydraulic conductivity (meters per second) 
I = hydraulic gradient (meters per meter) 
n = porosity 

(5-1) 

The hydraulic conductivity of the main aquifer as calculated for this study 
from pump testing of PM-2 is 4.2 feet per day. Transmissivity was calculated 
by Purtymun (1984) to be 40,000 gallons per day per foot. Using these values, 
together with an assumed sand to silt porosity of 30 percent (Freeze and 
Cherry, 1979), the velocity of ground water within the main aquifer beneath 
Mesita del Suey is 0.18 feet per day (5.7 x 10-2 meters per day). This rate 
correlates with the 95 feet per year (0.26 feet per day) movement calculated 
by Purtymun (1984) and shown in Figure 5-3. 

5.1.2 Chemical Quality of the Main Aquifer Near Mesita del Suey 
The chemical quality of the main aquifer has been characterized by sampling 
wells and in White Rock Canyon springs near the Rio Grande. In general, the 
water quality depends on the well depth, lithology of the aquifers, and yields 
from individual beds within the aquifer (Purtymun, 1984). In 1981, water 
samples from the Pajarito Well Field (Figure 5-1) were collected from well 
heads after periods of pumping. A summary of the Pajarito Well Field 
construction and water-quality results is provided in Table 5-2. Water from 
wells PM-2 and PM-4, the two wells nearest Mesita del Buey, are sodium 
bicarbonate water (Figure 5-4), while PM-1 and PM-3 are dominantly calcium 
bicarbonate (Figure 5-5). Although there are numerous deep canyons cut into 
the Bandelier Tuff of the Pajarito Plateau, there are no documented springs or 
seeps along the canyon wells (Griggs, 1964). Springs are located along White 
Rock Canyon near the Rio Grande and were sampled in 1981. Springs 4 and 5A in 
White Rock Canyon are both calcium bicarbonate (Figure 5-4). A summary of the 
hydrologic data for springs in White Rock Canyon is provided in Table 5-3. 
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5.2 HYDROGEOLOGY OF PERCHED WATERS ADJACENT TO MESITA DEL SUEY 
Mesita del Suey is bounded on the north by Canada del Suey and on the south by 
Pajarito Canyon (Figure 1-4). In response to Task 6 (paragraph 25) of the 
Compliance Order, the Laboratory investigated the alluvium in Canada del Suey 
and Pajarito Canyon to determine: 

1. If perched water is present in the alluvium and 
underlying tuff 

2. The horizontal and vertical extent of the perched water 

3. The chemical quality of the perched water 

4. The hydrologic similarities among Canada del Suey, 
Pajarito Canyon and Mortandad Canyon, and the applica
bility of previous research in Mortandad Canyon to 
items 1, 2, and 3 above. 

In order to investigate the alluvial systems, test holes were drilled and 
monitoring wells were installed in both canyons. Test holes were drilled 
April 16-18, 1985 (PCO and COSO series) and October 22, 1985 (PCM series) 
using a truck-mounted, continuous flight hollow-stem auger. The test holes 
penetrated the alluvium and were drilled to various depths into the underlying 
Bandelier Tuff. Monitoring wells were installed in selected test holes by 
casing the holes with four-inch diameter, schedule 40, PVC casing. The PVC 
casing was perforated with 0.25-inch holes and wrapped with approximately 
0.050 slotted stainless steel mesh (Devaurs, 1985). The annular space between 
the test hole wall and the casing was gravel-packed to within two feet of the 
ground surface and completed with a concrete collar. Each monitoring well 
casing is protected with a nine-inch diameter steel casing with a locking 
cap. The wells were developed by jetting and pumping with a centrifugal pump 
(Devaurs, 1985). A construction schematic of the monitoring wells is given in 
Figure 5-6. Monitoring wells and test holes elevations were surveyed with 
horizontal and vertical control. 

5.2.1 Relevant Hydrologic Studies in Mortandad Canyon 
The following discussion of extensive hydrologic studies of Mortandad Canyon 
are largely derived from Purtymun (1975) and Devaurs and Purtymun (1985). The 
discussion focuses on hydrologic and geologic similarities among Canada del 
Suey, Pajarito Canyon, and Mortandad Canyon. 
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Mortandad Canyon is a southeast-trending canyon approximately ten miles in 
length cut into the Pajarito Plateau, north of Canada del Suey (Figure 5-1). 
The canyon drains an area of 2.86 square miles to the eastern Laboratory boun
dary and is a tributary to the Rio Grande in White Rock Canyon. Alluvium on 
the canyon floor ranges from less that 3 feet in the headwaters to over 120 
feet to the east, and consists mainly of silt, sand, and gravel derived from 
erosion and weathering of tuff in the canyon. Thus, the geologic setting of 
Mortandad Canyon is comparable to those of Pajarito Canyon and Canada del 
Suey. Portions of Mortandad Canyon are perennial due to the National Pollu
tant Discharge Elimination System (NPDES) permitted discharge of effluent from 
the TA-50 industrial waste water treatment plant. The plant began discharging 
treated liquid water in 1963. Prior to initiation of these discharges, no 
perennial flow existed in the canyon; however, alluvium in the canyon 
contained a small perched water body (Baltz, et al., 1963). Recharge of the 
alluvial system in the canyon currently occurs from infiltration of storm and 
snow melt runoff and from infiltration of the TA-50 discharge. 

Several hydrologic studies of Mortandad Canyon have been conducted over the 
last 25 years to define the horizontal and vertical extent of saturation 
within the alluvium and surrounding consolidated deposits; c.f., Abrahams et 
al. (1962), Baltz et al. (1963), Purtymun (1974), Purtymun (1975), Purtymun et 
al. (1983), and Environmental Surveillance Group (1984). These studies have 
entailed installation of shallow observation wells, neutron-moisture access 
wells, and deep test wells. The above studies conclude that perched water in 
Mortandad Canyon is confined to alluvium within the channel and saturation 
does not extend horizontally or vertically into the tuff. 

The similarities in the geologic setting among the three canyons suggests that 
the canyons may also be hydrologically similar. Mortandad Canyon, which 
receives perennial flow from the TA-50 industrial waste water treatment plant, 
does not contribute to recharge of the main aquifer within the study area; 
thus, it is likely that no recharge of the main aquifer occurs from the 
ephemeral flows in Canada del Suey or Pajarito Canyon. 
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5.2.2 Canada del Buey 
Canada del Suey bounds Mesita del Suey to the north and has a drainage area of 
3.4 square miles within the Laboratory's boundary (Purtymun, 1975). Stream 
flow in the canyon is ephemeral and flows only in response to storm runoff or 
snow-melt. Four test holes (CDB0-1 through CDB0-4) were drilled into the 
Canada del Suey alluvium near Mesita del Buey, two in the upper reach, one in 
the middle reach, and one in the lower reach (Figure 1-4). Based on the test 
hole borings, the alluvium in Canada del Suey is derived from weathered 
Bandelier tuff (Devaurs and Purtymun, 1985) and is comprised of sands, silts, 
and clay with a few gravels. The .alluvium is thin in the canyon, ranging from 
9 to 12 feet in thickness (Table 5-4; see Appendix C for lithologic logs). 
The alluvium is confined to the canyon and does not extend beneath the Mesita 
del Suey. The stream channel in Canada del Suey is not well-defined, braiding 
out in places along the canyon floor (Devaurs and Purtymun, 1985). During 
drilling operations, the alluvium was noted to appear relatively dry, 
containing an estimated ten percent moisture. 

All four test holes were completed as monitoring wells in Canada del Buey. 
Screens were set opposite the alluvium in the wells and a summary of the COSO
Series well construction is given in Table 5-5. The wells are monitored quar
terly and during the period June 1985 through September 1986, no water was 
detected in any of the four wells (Table 5-6). Consequently, no water samples 
have been collected for chemical analyses. 

The current investigation of Canada del Suey indicates that the alluvium 
contains no perched water. The absence of perched water is likely related to 
the small drainage area which produces little surface water to form and 
recharge a body of water in the alluvium (Devaurs and Purtymun, 1985) combined 
with a high evapotranspiration rate for the area (New Mexico Environmental 
Improvement Division, 1985). 

5.2.3 Pajarito Canyon 
Pajarito Canyon, which bounds Mesita del Suey to the south, heads on the 
flanks of Sierra de los Valles and drains an area of 10.6 square miles 
(Purtymun, 1975). While the canyon contains a perennial stream on the 
mountain flanks and western half of the Pajarito Plateau, stream flow on the 
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eastern half of the plateau near Mesita del Buey is ephemeral and flows only 
in response to storm runoff and snow-melt (Devaurs and Purtymun, 1985). 

5.2.3.1 Nature and Extent of Perched Water in Pajarito Canyon 
Seven test holes were drilled in Pajarito Canyon in 1985 to determine the 
presence and extent of perched water in the alluvium (Figure 1-4). Three of 
the seven test holes encountered perched water and were completed as moni
toring wells designated PC0-1, PC0-2, and PC0-3. Well construction for the 
three monitoring wells is summarized in Table 5-5. The remaining four test 
holes (PCM-1 through PCM-4) were dry when drilled through the alluvium and 
were completed into the tuff. The PCM test holes were blank-cased with four
inch schedule 40 PVC (Devaurs and Purtymun, 1985). Drilling cuttings from the 
PCM-Series test holes were analyzed for moisture using a direct oven-drying 
method. The procedure involved weighing the cuttings before and after drying 
at 105°C and then calculating the original water content per unit mass of 
oven-dry soil. 

ranging from 6 

in Table 5-7. 

The average moisture content in the cuttings was 11 percent, 
to 16 percent. A summary of the moisture contents is presented 
Based on the lithologic logs of three PCO-series monitoring 

wells, the alluvium in Pajarito Canyon is derived from Bandelier Tuff and 
Tschicoma Formation (Devaurs and Purtymun, 1985) and is comprised of boulders, 
cobbles, and gravels in a silty sand matrix (see Appendix C for lithologic 
logs). The alluvium ranges from 9 to 12 feet in thickness in the existing 
canyon channel (PCO-Series, Table 5-8) and thins towards the canyon flanks 
(PCM-Series, Table 5-9). Lithologic logs and installation diagrams for all 
seven test holes are provided in Appendix C. 

In addition to the seven test holes drilled in 1985, the laboratory drilled 
two test holes in the canyon during March of 1950 as part of a water-supply 
study (Griggs, 1964; Purtymun, 1975). These holes, identified as T-5 and T-6 
(Figure 1-4), were drilled to depths of 263 feet and 300 feet, respectively, 
and completely penetrated the Bandelier Tuff beneath the floor of Pajarito 
Canyon (Table 5-10; see Appendix C for lithologic logs). Although the test 
holes were blank-cased through the alluvium, no water was encountered in the 
underlying tuff and volcanic sediments (Griggs, 1964; Purtymun, 1975). The 
holes were also dry when measured in the spring of 1985 (Devaurs and Purtymun, 
1985). 
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Nineteen test holes were drilled into the Bandelier Tuff on top of Mesita del 
Buey in Areas G (6 test holes), L (12 test holes), and one background hole 
northwest of Area L. One test hole in Area L (LLC-85-A) was abandoned 
following coring. In Area G, the test holes ranged in depth from 50 to 125 
feet. Test holes LGC-85-09 and LGM-85-11 were drilled 40 feet and 9 feet, 
respectively, beneath the base of the alluvium in Pajarito Canyon. Neither of 
the test holes encountered perched water in the Bandelier Tuff. In Area L the 
test holes ranged in depth from 60 feet to 200 feet. Test holes LLC-85-17, 
LLM-85-01 and LLM-85-02 were drilled to depths extending approximately 2, 43, 
and 48 feet (respectively) beneath the base of alluvium in Pajarito Canyon. 
None of these three test holes encountered perched water in the Bandelier 
Tuff. A summary of the lithologic logs and installation diagrams for each 
test hole, with the exception of the abandoned test hole LLC-85-A, is provided 
in Appendix C. 

Topographic profiles and geologic cross-sections through Mesita del Buey and 
the adjacent alluvium-filled canyons (Figures 5-7 and 5-8) illustrate that the 

~, perched water, found only in Pajarito Canyon, does not extend horizontally 
beneath the mesa into the adjacent tuff. Locations of sections A-A' through 
D-D' are shown on Figure 5-9. Figure 5-10 is a longitudinal channel cross
section through Pajarito Canyon which shows the hydrogeologic relationship 
between the deeper test holes (e.g., T-5) and perched water in the alluvium. 
These test holes illustrate that the perched water in the alluvium does not 
extend vertically into the basalts and sedimentary deposits which lie beneath 
the tuff. 

5.2.3.2 Hydraulic Properties of the Perched Water in Pajarito Canyon 
Water-levels in the PCO-Series monitoring wells have been measured quarterly 
since June 1985. Water-levels are measured to the nearest 0.01 foot using a 
weighted graduated steel tape. The depth to water is measured from the top of 
the well casing. A summary of the water-level measurements from June 1985 
through September 1986 is given in Table 5-11 and water-level elevations for 
that same period are shown in Figure 5-11. Maximum fluctuations in water
levels, or maximum fluctuations in the saturated thickness of the perched 
water are 1.1 feet in PC0-1, 3.34 feet in PC0-2, and 0.59 feet in PC0-3. The 

-
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saturated thickness in wells PC0-1 and PC0-3 average 10.01 and 8.93, 
respectively. In contrast, the saturated thickness in PC0-2 is approximately 
one-half the thickness of the other two wells, averaging 3.91 feet. The 
greater range of water-level elevations in PC0-2 may reflect the thinner 
saturated thickness and bedrock channel configuration. 

Seasonal fluctuations in water-levels were documented during the period June 
1985 through September 1986, with the highest water-levels generally measured 
during the summer months (June through August) and the lowest water-levels 
measured during the winter months (December through March). While there are 
no direct discharge measurements in Pajarito Canyon during this time period, 
precipitation data from the Area G station are available for 1985-1986 (Figure 
5-12). There appears to be a correlation in wells PC0-1 and PC0-2 between 
large precipitation events (October 10, 1985 and June 26, 1986) and increases 
in water-level elevations in all three wells. These correlations are prelimi
nary, however, in the absence of actual precipitation-runoff relationship data 
for Pajarito Canyon. Summer thunderstorms in New Mexico are typically 
convective in nature (Environmental Surveillance Group, 1986), and therefore, 
precipitation duration, precipitation intensity, and antecedent moisture can 
vary significantly throughout the Pajarito Canyon drainage area. 

The rate of movement of perched water in the Pajarito Canyon alluvium can be 
estimated using the Darcian flow equation (see Section 5. 1). The average 
gradient measured in the monitoring wells is 0.015. Hydraulic conductivities 
in the alluvium ranges from 1.65 x 10-3 meters per second for a sand aquifer 
to 5.8 x 10-4 meters per second for a silty sand aquifer (Purtymun, 1981). 
Using these values, together with an assumed sand to silt porosity of 30 
percent (Freeze and Cherry, 1979), the velocity of the perched water ranges 
from 8 to 23 feet per day (2 to 7 meters per day). 

5.2.3.3 Quarterly Water Sampling Procedures in Pajarito Canyon 
Prior to sampling, each monitoring well is purged to remove stagnant water 
from the well borehole. The borehole water is removed by bailing with a two
inch diameter brass bailer until a minimum of three borehole volumes are 
removed (or the well is bailed dry). Water samples are collected for inorga
nic and volatile organic analyses conducted by the Health and Environmental 
Chemistry Group (HSE-9). 
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Inorganic analyses performed each quarter include general chemistry, selected 
metals, and radiological parameters. Table 5-12 presents a summary of the 
inorganic parameters routinely quantified. One-gallon polyethylene bottles 
are used to collect water samples for inorganic analysis. The first one 
gallon unfiltered water sample is acidified with nitric acid in the field (for 
radiological parameters) and returned with the second unfiltered, non
acidified water sample within four hours to the laboratory's analytical 
facilities. Two aliquots are withdrawn from the unfiltered, non-acidified 
gallon sample. One aliquot is filtered and acidified with nitric acid for 
metals analyses and the second unfiltered, non-acidified aliquot is analyzed 
for general chemistry. All inorganic analyses are performed using approved 
EPA methods (U.S. EPA, 1976; U.S. EPA, 1979) and 40 CFR 141 regulations for 
radiological analyses. Water samples are also collected from each monitoring 
well in 40 milliliter vials with teflon-coated septa. These samples are ana
lyzed for volatile organic compounds using purge and trap gas chromatography 
(GC) with gas chromatography/mass spectrometry (GC/MS) confirmation. Table 
5-13 summarizes the volatile organic compounds routinely quantified. Volatile 
organic analyses are performed according to approved EPA methods (U.S. EPA, 
1985a). 

All samples are labeled in the field and sealed with a parafilm seal to ensure 
sample integrity. A chain of custody tag is attached to each sample 
container. The samples are placed in an ice chest and transferred to the 
laboratory's analytical facilities. Information pertinent to sampling is 
recorded in a field logbook and chain of custody is maintained on all samples. 
After sample custody is transferred to appropriate laboratory analytical per
sonnel, the samples are placed in locked refrigerators in a secured building. 
A sample analysis request sheet accompanies each sample to track sample 
analyses. 

5.2.3.4 Chemical Quality of Perched Water in the Alluvium of Pajarito Canyon 
The concentration of dissolved solids in the perched water in the alluvium of 
Pajarito Canyon increases downgradient as shown by the analytical results of 
water samples collected from monitoring wells PC0-1, PC0-2, and PC0-3 (see 
Figure 1-4 for well locations). The water is characteristically sodium 
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bicarbonate upgradient in well PC0-1 (Figure 5-13). In well PC0-2, located 
approximately mid-reach, the water is a sodium-calcium bicarbonate (Figure 
5-14). Downgradient, in well PC0-3 the water is characteristically calcium 
bicarbonate (Figure 5-15). Dissolved metals and radiological parameters 
(i.e., calcium, copper, zinc, manganese, total uranium and tritium, etc.) 
generally increase in concentration downgradient. Although the perched water 
in the alluvium of Pajarito Canyon is not a drinking water source, U.S. EPA 
and New Mexico Environmental Improvement Board (NMEIB) numeric drinking water 
standards have been included in Tables 5-14 through 5-16 for relative compar
ison of perched water quality. All chemical and radiological constituents 
were detected at concentrations below the primary and secondary maximum conta
minant levels specified for drinking water (U.S. EPA, 1976; U.S. EPA, 1979; 
New Mexico Environmental Improvement Board, 1985b) with the exception of 
manganese (several quarterly measurements in PC0-1, PC0-2, and PC0-3), total 
uranium (one quarterly measurement each in PC0-2 and PC0-3) and total dis
solved solids (one quarterly measurement in PC0-3). Tables 5-14 through 5-16 
summarize the results of inorganic analyses conducted on well samples 
collected during the period June 1985 through September 1986. 

In addition to changes in perched water quality downgradient, seasonal fluc
tuations in water quality related to saturated thickness were also observed in 
data collected from well PC0-3. Between December 1985 and March 1986, the 
concentrations of dissolved constituents (metals, anions, and radiological 
parameters) increased to two to three times the previous quarter's concentra
tions (see Table 5-16). This same time period corresponds to the minimum 
saturated thickness ("low-flow") of perched water measured in the alluvium. 
Concentrations of these same dissolved constituents are diluted during the 
"high-flow" spring and summer months which is in response to snow melt and 
precipitation runoff. 

Results of volatile organic analyses of the perched water collected from each 
of the monitoring wells is summarized in Tables 5-17 through 5-19. None of 
the volatile organic compounds routinely analyzed (see Table 5-13) have ever 
been detected in any of the wells, including samples collected during periods 
of "low-flow" in the alluvium (December and March samples). 
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5.2.3.5 Summary of Perched Water Investigation in Pajarito Canyon 
The investigation of the perched water system contained in Pajarito Canyon 
alluvium indicates that: 

1. The canyon contains a body of perched water in the 
alluvium which was perennial during the period June 
1985 through September 1986. 

2. The perched water in the alluvium does not extend 
horizontally or vertically into the adjacent tuff that 
forms Mesita del Buey. 

3. The concentration of dissolved solids in the perched 
water in the alluvium increases downgradient. 

4. Chemical quality of the perched water in the alluvium 
is dependent on water volume which, in turn, is 
dependent on seasonal precipitation-runoff 
characteristics in the canyon. 

5. The concentration of dissolved solids in the perched 
water in the alluvium decreased during periods of high
flow as a result of dilution. 

5.3 SUMMARY OF GROUND WATER HYDROLOGY IN AREAS G AND L 
Studies of the main aquifer (Purtymun, 1984) and perched water (Purtymun, 
1975; Devaurs and Purtymun, 1985) at the Areas G and L supports the following 
findings: 

• The depth to the main aquifer beneath Areas G and L is 
approximately 850 feet and 950 feet, respectively 

• There are no perched bodies of water beneath Areas G 
and L which are hydraulically connected to the main 
aquifer 

• There are no springs or seeps on the canyon walls in 
Pajarito Canyon or Canada del Buey 

• The perched body of water contained in the alluvium of 
Pajarito Canyon adjacent to Areas G and L does not 
extend horizontally or vertically into the adjacent 
tuff (similar to hydrologic findings in Mortandad 
Canyon) and is not hydraulically connected to the main 
aquifer 

• Based on the available data, chemical quality of 
perched water in the alluvium has not been affected by 
the hazardous waste disposal areas on Mesita del Buey. 
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TABLE 5-1 

LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 (PM-2){l)(2) 

GEOLOGIC 
UNIT 

Alluvium 

Bandelier Tuff 
(Otowi Member) 

LITHOLOGIC DESCRIPTION 

Boulders and clay; boulders of latite as 
large as 12 inches and grayish-brown clay, 
some sand and gravel 

Sand and gravel; sand is light-gray, fine
to-coarse and composed of crystals and 
fragments of sanidine and quartz; gravel 
is fine-to-coarse and composed of latite 
and tuff 

Tuff; buff, silty, consists mostly of 
sanidine and quartz crystals, many fragments 
of rhyolite and latite, trace of pumice near 
105 feet 

DEPTH (FT) 
TO FROM 

0 7 

7 30 

30 125 

Tuff; mostly crystals of sanidine and quartz 125 165 
with rhyolite and latite fragments; much 
white and tan pumice 

Tuff; light-gray, consists of crystals and 165 225 
fragments of sanidine, quartz, and glass, 
and many brown and gray rhyolite fragments 
to 1/8 inch 

Pumice; buff 225 235 

Tuff; crystals and fragments of sanidine, 235 300 
quartz, glass in sand-sized grains, and 
gravel of rhyolite, latite, and basalt, 
much white pumice 

Pumice; light-gray to tan 300 315 

Tuff; crystals and fragments of sanidine, 315 345 
quartz, glass and dark volcanic rocks with (

3
) 

much white pumice (show of water at 335 feet) 

(1) c 6 
( )

From ooper et al., 19 5. 
2 PM-2 drilled in 1965. 

(3)show of water not confirmed by subsequent geophysical logging. 

-
LAN:1702-T48a 



TABLE 5-1 
LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 (PM-2} 

(Continued) 

GEOLOGIC 
UNIT 

Bandelier Tuff 
(Otowi Member) 
(continued) 

Bandelier Tuff 
(Guaje Member) 

Chino Mesa 
Basalt (Unit 3) 

LAN: 1702-T48a 

LITHOLOGIC DESCRIPTION 

Tuff; gray, composed of sand-sized grains 
sanidine, quartz, and glass crystals and 
many gravels of rhyolite and latite, trace 
pumice 

Tuff; crystals and fragments of sand-sized 
sanidine, quartz, and glass 

Pumice; light-tan to light-gray, lumps as 
large as 1/4 inch 

Basalt; black, dense, with some iron-staining, 
trace tan clayey silt, minor olivene, pyrite, 
and white crystalline material 

Basalt; dark reddish-brown and dark-gray, 
dense 

DEPTH (FT) 
TO FROM 

345 390 

390 405 

405 432 

432 505 

505 515 

Basalt; dark-gray, dense with buff, clay and 515 530 
silt (caliper log indicates a zone of lost 
circulation 522-534 feet) 

Basalt; dark-gray to black, vuggy, trace 530 550 
olivene 

Basalt; scoria, dark-gray to reddish-brown, 550 570 
vuggy, trace buff clay (caliper log indicates 
a zone of lost circulation 546-564 feet) 

Basalt; gray to greenish-gray, granular to 570 590 
fine-grained glassy structure, much olivene 
and feldspar crystals 

Basalt; black, brown, and red, vuggy, contains 590 605 
scoria 

Basalt; dark grayish-red, dense, trace olivene 605 617 
and feldspar crystals 

Basalt (No samples. Electric logs and 617 700 
driller's logs indicate this interval to be 
basalt. Hole was drilled without circulation.) 



TABLE 5-1 
LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 (PH-2) 

(Continued) 

GEOLOGIC 
UNIT 

DEPTH (FT) 

Puye 
Conglomerate 
(Fanglomerate 
Member) 

Puye 
Conglomerate 
(Totavi Lentil) 

LAN: 1702-T48a 

LITHOLOGIC DESCRIPTION TO FROM 

Conglomerate (No samples. Electric logs and 
driller's logs indicate this interval to be 
conglomerate. Hole was drilled without 
circulation.) 

700 

Conglomerate; sand is fine-to-coarse, quartz, 730 
frosted and rounded; gravel is mostly latite, 
much basalt 

Basalt; dark-gray, dense 734 

Conglomerate; as 730 to 734 feet 738 

Basalt; as 734 to 738 feet 758 

Conglomerate; greenish-gray, sand is fine-to- 770 
coarse, subrounded-to-rounded frosted quartz 
and subrounded-to-subangular basalt and 
latite; gravel sizes are subangular-to-
subrounded basalt and latite; contains 
crystals and fragments of sanidine, quartz, 
and glass 

Conglomerate; as 770 to 1,000 feet, but 1,000 
contains much larger percentage of gravel 
size particles and some chert and tan silty 
clay 

Conglomerate; as 1,000 to 1,168 feet, but 1,168 
contains white and tan fibrous pumice 

Conglomerate; gray-to-tan, mostly sand 1,186 
composed of subrounded basalt and latite 
and frosted quartz, occasional gravel size; 
contains tan pumice, and white to light-gray 
silt 

Conglomerate; mostly gravel size, subangular- 1,250 
to-subrounded basalt and latite, much pumice 
from 1,250 to 1,280 

Gravel and sand; composed of subrounded 
gravels of quartzite, chalcedony, and 
quartz, and large chips from cobbles 

1 ,340 

730 

734 

738 

758 

770 

1,000 

1,168 

1 '186 

1,250 

1,340 

1 '410 



GEOLOGIC 
UNIT 

Tesuque 
Formation 

TABLE 5-1 
LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 (PM-2) 

(Continued) 

DEPTH (FT) 
LITHOLOGIC DESCRIPTION TO FROM 

Sand; light pinkish-gray to dark-gray, fine
to-coarse, subrounded-to-rounded, quartz, 
some fine-to-coarse gravels of quartz and 
quartzite 

1 '410 

Conglomerate; sand is grayish-pink, 1,548 
subangular-to-subrounded quartz; gravel is 
subrounded quartz and quartzite and a few 
gravels of vuggy basalt 

Basalt; black to dark-gray, coarse crystal- 1,840 
line with gray to green waxey clay filling 
some vugs and some vug lining of white 
crystals 

Sand and gravel; mostly sand-sized grains 1,892 
of fine-medium subrounded quartz, some 
subrounded gravels of basalt and latite, 
many chips of basalt. Interval may contain 
thin basalt flows 

Conglomerate; sand, well-sorted, fine-to- 2,108 
coarse, and subrounded gravels of latite 
and quartzite 

Basalt; brown, red, and black, weathered 2,218 
appearance, contains clay and white crystals 
in vugs 

Sand; grayish-pink, very fine-to-medium, 2,312 
subangular-to-subrounded, quartz, contains 
tan and cream clay and a few rounded basalt 
gravels 

Sand; as 2,312 to 2,370 feet, but coarser 2,370 
grained with white clay 

Sand; grayish-pink, coarse-to-very coarse, 2,410 
rounded-to-subrounded, quartz, some white 
and tan clay 

Clayey sand; fine-to-coarse sand with much 2,460 
white and tan clay 

1 '548 

1 ,840 

1 ,892 

2,108 

2,218 

2,312 

2,370 

2,410 

2,460 

2,490 
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TABLE 5-1 
LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 (PM-2) 

(Continued) 

GEOLOGIC 
UNIT 

Tesuque 
Formation 
(continued) 

LITHOLOGIC DESCRIPTION 

Clay; tan to white, sandy 

Clayey sand; as 2,460 to 2,490, contains 
much basalt (possible basalt layer at 2,506 
to 2,508 according to electric logs) 

Sand; pinkish-gray to tan, fine-to-coarse, 
Subangular-to-subrounded quartz and white 
to tan clay 

DEPTH (FT) 
TO FROM 

2,490 2,510 

2,510 2,530 

2,530 2,600 

Note 1: Sample obtained from bottom of drill bit after removal from hole at 
2,600 feet is tan sandy clay and subangular fragments up to 1 inch of 
dark-gray, hard, structureless, very fine silty, non-calcareous 
shale. Exterior of shale fragments have lining of calcareous 
material on weathered surface. 

Note 2: Samples of the drill cuttings were collected by the contractor at 5-
foot intervals from 0 to 617 feet and at 10-foot intervals from 617 
to 2,600 feet. These samples were then washed by the Geological 
Survey and studied under the binocular microscope. The samples were 
described dry. Thickness and depth intervals of drill cutting 
samples have been correlated with data interpreted from electric logs 
and driller's logs. 
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TABLE 5-2 
CONSTRUCTION AND HYDROLOGIC DATA ir.0~fff IN 

THE PAJARITO WELL FIELD, LOS 

Pajarito Field 

PM-I PM·2 PM-3 PM-4 PM·' 

Date of Completion 196, 196, 1966 1981 1982 

Elevation of LSD (ft) 6,20 67" 6640 6920 7095 

Construction 
Depth drilled (ft) 2501 2600 25,2 2920 3120 
Depth completed (ft) 2499 2300 2,2 28, 3093 
Diameter (in.)b 12 14 14 16 16 

Water Levels 
Date 1982 1982 1982 1982 1982 
Depth below LSD (ft) 748" 874 762 1047 1208 
Elevation (ft) ,72 ,841 ,878 ,873 ,887 

Water-Level Fluctuations 
Period (yr) 196,·1982 1966-1982 1968-1982 1981-1982 
Change (ft) -2 -48 -19 ' Annual•rate (ft/yr) ~-I -2.8 -1.3 

Aquifer 
Formation QTp-Tsf QTp-Tsf QTp-Tsf QTp-Tsf QTp-Tsf 
Saturated thic:ltness (ft) 17" 1426 1790 1828 188, 

Yield 
Date 1982 1982 1982 1982 1982 
Rate (apm) ,89 1386 1402 1473 1225 
Drawdown (ft) 22 60 23 40 144 
Specific capacity (&pmlft) 26.8 23.1 60.9 36.8 8., 
Transmissivity (apd/ft) 

" 000 
40 000 320 000 44 000 10 000 

Field coefficient of permeability (apdlft2) 31 28 179 24 5.3 

Production 
Period (yr) 1965-1982 1966-1982 1968-1982 1982 
Pumpaae ( lo6 aal.) "93 ,863 3478 76 

Quality of Water 
Date 3-18-81 3-18-81 3-18-81 8-3-81 8-4-81 
Chemical (ma/l) 
Si02 77 81 88 87 86 
Ca 28 8 24 9 14 
Mg 6.9 3.1 8.4 3 4 
Na 18 10 18 II 24 
col 0 0 0 0 0 
HC03 I« 65 148 70 106 
so. ' 3 4 10 
Cl 4 9 10 2 4 
F 0.3 0.3 0.4 0.3 0.3 
NOJ 2.0 <0.1 1.8 
TDS 212 140 216 165 211 
Hard 90 36 90 36 52 
Specific conductance (11mhol 260 130 250 120 190 
pH 8.0 7.8 8.3 8.2 8.2 
Radiochemical 
Total uranoum (lla/l) 2.4:!: 0.8 0.0:!: 0.8 1.0:!: 0.8 0.8:!: 0.8 2.2 :!: 0.4 
Temperature ( • F) 71 69 71 69 73 

•well was abandoned in 19~6: data were not used in the average hydrologic characteristics. It is located 
ISO ft SW of well LA-lB. 
bWells have two different doameter sizes of casina: i.e .• 12 (650ft) 10 reads: 12-in. diameter to 650ft. then 
10-in. diameter to completed depth of well 

Note: QTp = Puye Conglomerate: Tsf =Tesuque Formation. 

( 1) From Purtymun, 1984. 



TABLE 5-3 
HYDROLOGIC DATA FOR SPRINGS IN THE WHITE ROCK CANYON AREA ( l) 

Spring J Spring JB Spring 4 Spring 5A Spring SB Spring 6 Spring 8A Spring 10 

Elevation of LSD (ft) S560 5500 5SOO 5430 5400 5380 5370 5360 

Aquifer QTp Tsf QTp Tsf Tsf Tsf Tsf Tsf 

Discharge at Rio Grande (gpm) 20 30 80 30 10 60 30 20 

Quality of Water 

Date 10 13 81 to IJ 81 10-13 81 10-IJ-81 10-14-81 10-14-81 10-14-81 10 15 81 

Chemical (mg/l) 
Si02 52 46 60 60 64 74 7S 69 

Ca 20 24 28 24 17 12 II 12 

Mg 16 2.0 5.7 2.7 4.4 3.6 2.8 3.2 

Na 16 139 IS 22 12 II 13 13 
co1 0 0 0 0 0 0 0 0 
IIC03 99 392 132 124 87 74 56 80 

so. 4 4 6 7 2 2 3 3 
Cl s 6 8 6 4 4 s 4 
F 0.4 0.6 o.s O.J o.s 0.3 0.4 0.4 

N01 2.6 8.4 <0.4 1.7 2.0 <0.4 <0.4 1.7 

TDS 125 374 168 186 1S2 134 152 146 

llardness 56 64 92 69 56 44 39 42 

Specific conductance (11mho) 210 610 220 240 ISO 140 130 120 

pll 8.1 7.S 7.0 7.4 7.4 7.0 9.0 7.8 

Radiochemical 

Total uranium (jJg/l) 2.3 ± 0.8 19 ± 4.0 1.5 ± 0.8 2.2 ± 0.8 1.9 ± 0.8 1.0 ± 0.8 1.1 ± 0.8 1.1 ± o_8 

Temperature (°F) 72 68 66 70 61 73 72 66 

--·---------

Note: Tsf ~Tesuque Formation and QTp ~ Puye Conglomerate. 

(l)From Purtymun, 1984. 



TABLE 5-4 
LITHOLOGIC LOGS OF MONITORING WELLS IN CANADA DEL BUEY{ 1 ) 

WELL 

CDB0-1 

CDB0-2 

CDB0-3 

CDB0-4 

LITHOLOGIC DESCRIPTION 

Alluvium; light brown, silty sand 
with some clay 

Tuff; brown, weathered with quartz and 
sanidine crystals and crystal fragments, 
some rock fragments (weathered tuff 
contains an estimated 20-30 percent silt 
and clay} 

Alluvium; light brown, silty sand 
with some clay 

Tuff; brown, weathered with quartz 
and sanidine crystals and crystal 
fragments, some rock fragments 
(weathered tuff contains an estimated 
20-30 percent silt and clay) 

Alluvium; light brown, silty sand 
with some clay 

Tuff; light gray, quartz and sanidine 
crystals and crystal fragments, some 
small rock fragments, slight amount of 
clay as a result of weathering 

Alluvium; light brown, silty sand 
with some clay 

Tuff; light gray, quartz and 
sanidine crystals and crystal 
fragments, some small rock 
fragments, slight amount of clay 
as a result of weathering 

( 1)From Devaurs, 1985 

LAN: 1702-T48 

DEPTH (FT) 
TO FROM 

0 9 

9 15 

0 12 

12 18 

0 8 

8 12 

0 9 

9 12 



TABLE 5-5 
SUMMARY OF MONITORING WELL CONSTRUCTION AND TEST HOLE COMPLETION 

PAJARITO CANYON AND CANADA DEL BUEY< 1> 
IN 

LAND HEIGHT 
SURFACE OF STEt~ TOTAL( 2) CASED PERFORATt~) 

ELEVATION CASING ) DEPTH INTERVAL( 2) INTERVAL 
WELL {FT) (FT) (FT) (FT) (FT) 

PAJARITO CANYON 

PC0-1 6687.0 1.2 12.3 0-4.3(3) 4.3-12.3{3) 

PC0-2 6618.3 1.0 9.5 0-1.5(3) 1.5- 9.5(3) 

PC0-3 6546.3 1.2 17.7 0-5.7(3) 5.7-17.7(3) 

PCM-1 6697.6 1.35 60 0-8.3(3) 

PCM-2 6640. 1 1.35 120 0-7.2(3) 

PCM-3 6615.0 1.35 60 0-8.3(3) 

PCM-4 6584.7 0.7 60 0-9.7(3) 

·5 6591.6 2.0 263 0-22< 4> 

T-6 6642. 1 2.75 300 0-3o< 4> 

-CANADA DEL BUEY 

CDB0-1 6757.6 1.37 13. 1 0-5. 1 ( 3) 5.1-13.1(3) 

CDB0-2 6748.2 1.30 17.9 0-5.9(3) 5. 9-17. 9 (3) 
CDB0-3 6670.2 1.20 12.4 0-4.4(3) 4.4-12.4(3) 

CDB0-4 6564.5 1.30 12. 1 0-4. 1 ( 3) 4.1-12.1(3) 

(1)Modified from Devaurs, 1985. 
(2)All lengths cited in this table are measured from the land surface datum. 
<3>cased with four-inch O.D PVC pipe. 
(4>cased with six-inch carbon steel pipe. 

LAN: 1702-T48 

DATE 
INSTALLED 

4/16/85 

4/17/85 
4/17/85 

10/22/85 

10/22/85 
10/22/85 

10/22/85 

3/1950 

3/1950 

4/17185 

4/18/85 

4/18/85 

4/18/85 



j 

TABLE 5-6 

SUMMARY OF WATER-LEVEL MEASUREMENTS AND ELEft)IONS FOR 
MONITORING WELLS IN CARADA DEL BUEY 

WELL CDB0-1 CDB0-2 CDB0-3 CDB0-4 
LAND SURFACE 
ELEVATION (FT) (6757.6) (6748.2) (6670.2) (6564.5) 

DATE MEASURED 

05/28/85 Dry Dry Dry Dry 
09/04/85 Dry Dry Dry Dry 
12/02/85 Dry Dry Dry Dry 
03/06/86 Dry Dry Dry Dry 
06/10/86 Dry Dry Dry Dry 
07/03/86 Dry Dry Dry Dry 
08/08/86 Dry Dry Dry Dry 
09/03/86 Dry Dry Dry Dry 

(1)From Department of Energy, 1987 

LAN: 1702-T48 



TABLE 5-7 

MOISTURE CONTENT OF 
CUTTINGS FROM THE PCM-SERIES TEST HOLES(l) 

DEPTH 
(FT) PERCENT MOISTURE BY WEIGHT 

PCM-1 PCM-2 PCM-3 PCM-4 

3 8.7 12.3 12.9 12.0 
8 5.7 6.5 15.7 5.6 

13 9.0 3.8 5.4 6.0 
18 11.0 2.9 11.5 2. 1 
23 11. 1 5.6 8.9 2.5 
28 11. 1 7.3 6.8 4. 1 

33 11.7 4.4 6.8 6.6 
38 11.7 4.2 6.8 8.4 
43 12. 1 4.8 7.6 9.5 
48 12.2 5.3 7.7 11.5 
53 14.4 5.4 12.6 
58 6.5 

63 6.4 
68 8.2 

73 8.9 
78 7.9 
83 9.2 
88 9.6 

93 9.5 
98 9.7 

103 9.6 
108 9.8 
113 9.2 
118 9.2 

( 1)From Mcinroy, 1985 

LAN: 1702-T48 



TABLE 5-8 
LITHOLOGIC LOGS OF MONITORING WELLS IN PAJARITO CANYON{l) 

WELL 

PC0-1 

PC0-2 

PC0-3 

LITHOLOGIC DESCRIPTION 

Alluvium; light brown, gravels, 
cobbles, and boulders intermixed 
with clays, silts and sands 

Tuff; light reddish-brown, non- to 
moderately-welded, quartz and sanidine 
crystals and crystal fragments, few 
small rock fragments 

Alluvium; light brown, gravels, 
cobbles, and boulders intermixed 
with clays, silts, and sands 

Tuff; light reddish-brown, non- to 
moderately-welded, quartz and sanidine 
crystals and crystal fragments, few 
small rock fragments 

Alluvium; light brown, gravels with 
a few cobbles in a matrix of silty 
sand 

Tuff; light gray to light brown, 
weathered, some quartz and sanidine 
crystals and crystal fragments, a few 
small rock fragments in a matrix of 
weathered tuff, mostly silts and clay 

( 1)From Devaurs, 1985 

LAN: 1702-T48 

DEPTH (FT) 
TO FROM 

0 11 

11 22 

0 9 

9 22 

0 12 

12 20 



TABLE 5-9 
LITHOLOGIC LOGS OF THE PCM-SERIES TEST HOLES IN PAJARITO CANYON( 1) 

TEST 
BORING 

PCM-1 

PCM-2 

PCM-3 

PCM-4 

LITHOLOGIC DESCRIPTION 

Alluvium 

Tuff; reddish-brown, pumice layer at 
44 feet 

Alluvium (weathered tuff) 

Tuff; light gray to pinkish-brown tuff, 
pumice fragments, and rock fragments 

Alluvium 

Tuff; rock fragments at 13 feet, pink 
tuff and numerous pumice fragments 
at 14 feet 

Alluvium 

Tuff; light grayish-pink, brownish-gray 
at 13 feet, pumice fragments at 14 feet, 
reddish brown tuff at 25 feet 

<1>From Mcinroy, 1985 

LAN:1702-T48a 

0 

8 

0 

6 

0 

8 

0 

DEPTH (FT) 
TO FROM 

8 

60 

6 

120 

8 

60 

60 



TABLE 5-10 
LITHOLOGIC LOGS OF TEST HO~i) ~-f AND T -6 

PAJARITO CANYON 2 
IN 

DEPTH (FT) 
GEOLOGIC UNIT TO FROM 

T-5 
Alluvium 0 23 

Bandelier Tuff 

Tshirege Member 23 40 
Otowi Member 40 160 
Guaje Member 160 171 

Chino Mesa Basalt 171 263 

T-6 
Alluvium 0 25 

Bandelier Tuff 

Tshirege Member 25 85 
Otowi Member 85 265 
Guaje Member 265 285 

Puye Formation 
(Fanglomerate Member) 285 300 

(1)From Purtymun, 1975. 
(2)Test holes drilled in March 1950. 

LAN: 1702-T48a 



TABLE 5-11 

SUMMARY OF WATER-LEVEL HEASURElmiTS AND ELEfffi~S FOR 
M~ITORI.NG WEU..S IN PAJARITO CA.NY~ 

WELL PC0-1 PC0-2 PC0-3 
LAND SURFACE 
ELEVATION (FT) ( 6687 .0) (6618.3) (6546.3) 

DEPTH BELOW SATURATED DEPTH BELOW SATURATED DEPTH BELOW SATURATED 
LAND DATUM ELEVATION THICKNESS LAND DATUM ELEVATION THICKNESS LAND DATUM ELEVATION THICKNESS 

DATE MEASURED (FT) ( FT~ (FT~ (FT) {FT~ (FT~ ( FT) (FT) (FT~ 

06/11/85 1.25 6685.75 9.75 3.63 6614.67 5.37 2.98 6543.32 9.02 
09/12/85 1.29 6685.71 9.71 5.05 6613.25 3.95 3.30 6543.00 8.70 
12/13/85 1.28 6685.72 9.72 6.26 6612.04 2.75 3.01 6543.29 8.99 
03/06/86 1.59 6685.41 9.41 6.93 6611.37 2.07 3.08 6543.22 8.92 
03/12/86 1.62 6685.38 9.38 6.97 6611.33 2.03 3. 11 6543.19 8.89 
06/10/86 0.78 6686.22 10.22 3.88 6614.42 5.12 3.29 6543.01 8.71 
06/18/86 0.72 6686.28 10.28 3.83 6614.47 5.17 3.18 6543.12 8.82 
07/03/86 0.54 6686.46 10.46 3.86 6614.44 5.14 2.71 6543.59 9.29 
07/16/86 0.52 6686.48 10.48 3.99 6614.31 5.01 2.94 6543.36 9.06 
08/08/86 0.69 6686.31 10.31 4.94 6613.36 4.06 3.03 6543.27 8.97 
08/27/86 0.84 6686.16 10. 16 5.48 6612.82 3.52 3.19 6543.11 8.81 
09/03/86 0.86 6686.14 10. 14 5.78 6612.52 3.22 3.13 6543.17 8.87 
09/18/86 0.85 6686.15 10.15 5.61 6612.69 3.39 3.00 6543.30 9.00 

<1>From Department of Energy, 1987 

LAN: 1702-T48b 



TABLE 5-12 
SUMMARY OF INORGANIC PARAMETERS ROUTINELY ANALYZED 

IN MONITORING WELL SAMPLES 

GENERAL 
CHEMISTRY 

Calcium 

Magnesium 

Potassium 

Sodium 

Chloride 

Sulfate 

Nitrate (N03 as N) 

Fluoride 

Carbonate 

Bicarbonate 

Phosphorus 

Total Hardness 

Conductivity 

pH 

Total Dissolved Solids 

Silica 

LAN: 1702-T48a 

METALS 

Silver 

Arsenic 

Barium 

Cadmium 

Chromium 

Mercury 

Lead 

Selenium 

Copper 

Iron 

Manganese 

Zinc 

RADIOLOGICAL 
PARAMETERS 

Cesium-137 

Plutonium-238 

Plutonium-239, 

Tritium 

Total Uranium 

Gross Alpha 

Gross Beta 

Gross Gamma 

240 



TABLE 5-13 

SUMMARY OF VOLATILE ORGANIC COMPOUNDS ROUTINELY ANALYZED 
IN MONITORING WELL SAMPLES 

1,4-Dichlorobenzene 

1,2-Dichlorobenzene 

Chloromethane 

Bromomethane 

Vinyl Chloride 

Chloroethane 

Acetone 

2-Butanone 

Vinyl Acetate 

trans-1,3-Dichloropropene 

cis-1,3-Dichloropropene 

2-Hexanone 

4-Methyl-2-Pentanone 

Styrene 

Total Xylenes 

Trichlorofluoromethane 

Tetrahydrofuran 

Dibromochloromethane 

Dibromomethane 

1,2-Dibromo-3-Chloropropane 

2-Chloroethylvinyl Ether 

Carbon Disulfide 

Purgeable Gases(1) 

1,1-Dichloroethylene 

Methylene Chloride 

1,2-Dichloroethylene 

1,1-Dichloroethane 

Chloroform 

1,1,1-Trichloroethane 

1,2-Dichloroethane 

Benzene 

Carbon Tetrachloride 

Trichloroethylene 

1,2-Dichloropropane 

Bromodichloromethane 

Toluene 

1,1,2-Trichloroethane 

Chlorodibromomethane 

Tetrachloroethylene 

Chlorobenzene 

Ethyl benzene 

Bromoform 

1,1,2,2-Tetrachloroethane 

Bromobenzene 

1,3-Dichlorobenzene 

<1>rncludes chloromethane, chloroethane, bromomethane, and vinyl chloride. 

LAN: 1702-T48c 
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TABLE 5-14 
INORGANIC WATER QUALITY RESULTS FROM MITORING WELL 

PC0-1 IN PAJARITO CANYON 

NMEIB/ 
DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC( 2 ) 

GENERAL CHEMISTRY 

Ca mg/t 33 22 17 18 19 16 
Mg mg/t 9.9 6.6 5. 1 4.9 6 5 
K mg/t 5.7 5.3 3.7 3.7 4.3 4.2 
Na mg/t 47 36 27 28 26 22 
Cl mg/t 68 35 16.7 22 27 10.7 250.0 
so4 mg/l 18.5 13.4 9.5 7.7 9 5.5 600.00 
N03 (N) mg/l 1.7 0.2 <0. 1 0.30 1.3 <0.2 10.0 
F mg/l 0.5 0.4 <0.1 0.3 0.2 0.4 1.6 
co3 mg/l 0 0 <0.5 0.0 0.0 0.0 
HC03 mg/l 97 101 92 93 82 88 
p mg/l <0.2 <0.2 <0. 1 0.0 <0.2 <0.2 
Total Hardness mg/l 122 89 68 88 74 55 
Conductivity IJmohs/cm 48 350 250 260 275 225 
pH 6.7 7.04 6. 77 7.4 7.5 6.9 6-9 

TDS mg/l 298 217 153 170 188 160 1,000.0 
Si02 mg/t 31 39 28 25.7 21 24 

<1>compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
<2 >From New Mexico Environmental Improvement Board, 1985b; New Mexico Water Quality Control Commission, 1986. 
(3)From U.S. EPA, 1976; U.S. EPA 1979. 

LAN: 1702-T/1 

U.S. EPA(3) 

250.0 

250.0 

10.0 

4.0 

6.5-8.5 

500.0 
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TABLE 5-14 
INORGANIC WATER QUALITY RESULTS FROM lff~ITORING WELL 

PC0-1 IN PAJARITO CANYON 
(Continued) 

DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 
NHEIB/ ( ) 
NHWQCC 2 

METALS 

Ag mg/1. <0.001 <0.001 <0.001 <0.001 <0.005 <0.001 

As mg/1. 0.004 <0.001 0.001 <0.002 0.002 <0.001 

Ba mg/l 0.196 0.148 0.138 0.12 0.076 0.07 

Cd mg/l <0.001 0.005 0.00 <0.002 <0.001 0.0005 

Cr mg/1. 0.006 0.003 0.037 <0.003 0.0221l <0.001 

Hg mg/1. <0.002 <0.001 <0.002 <0.005 <0.002 <0.002 

Pb mg/1. <0.003 <0.001 <0.001 <0.005 0.003 0.003 

Se mg/l <0.003 <0.003 <0.001 <0.001 <0.002 <0.001 

Cu mg/1. 0.014 0.010 <0.010 0.010 0.005 O.OOIJ 

Fe mg/1. 0.095 0.012 0.098 0.005 0.017 <0.003 

Mn mg/l 0.018 0.051 0.065 0.32 <0.003 0.115 

Zn mg/l 0.029 0.025 0.013 0.005 <0.02 <0.001 

<1lcompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 

~2~From New Mexico Environmental Improvement Board, 1985b; New Mexico Water Quality Control Commission, 1986. 

3 From U.S. EPA, 1976; U.S. EPA, 1979. 

LAN: 1702-T/2 

0.05 

0.05 

1.0 

0.01 

0.05 

0.002 

0.05 

0.01 

1.0 

1.0 

0.2 

10.0 

U.S. EPA{3) 

0.05 

0.05 

1.0 

0.01 

0.05 

0.002 

0.05 

0.01 

1.0 

0.3 

0.05 

5.0 



DATE SAMPLED 06/11/85 

RADIOLOGICALS 

Cs-137 pCi/1. 74 ± 9B 
Pu-238 pCi/1. 0.000 :t 0.020 

Pu-239,240 pCi/l 0.005 ± 0.016 

TABLE 5-14 
INORGANIC WATER QUALITY RESULTS FROM JtlNITORING WELL 

PC0-1 IN PAJARITO CANYON(l) 
(Continued) 

09/03/B5 12/04/85 03/06/86 06/10/86 

-17.3 :t 120 -36.1 :t 76.4 -11.4 ± 61 -28 :t 72 

0.013 ± 0.024 0.005 ± 0.02 0.016 ± 0.02 -0.010 ± 0.025 

0.000 ± 0.02 0.037 ± 0.032 0.021 ± 0.02 0.005 ± 0.033 

0911B!B6 

74 :t 41 

0.001 ± 0.01 

0.01 :t 0.01 

NMEIB/ 
NMWQCC( 2 ) 

H-3 pCi/1. -400 ± 800 3,200 :t 1,000 4oo ± Boo -1,400 ± 800 8oo ± Boo 4, 100 ± 600 20,000 

Total U mg/1. 1.4 ± 1.0 o.B :t 0.4 0.5 ± 0.6 0.0 ± 0.2 1.0 ± 0.6 ---
Gross Alpha pCill 2.0 ± 4.0 0.300 ± 1.6 1.7 ± 1.4 1.1±1.4 O.B ± 2 11.0 ± 3.0 

Gross Beta pCi/1. 8.0 ± 1.8 6.3 ± 1.6 1.7 :t 1.0 2.6 ± 1.0 5.9 :t 1.6 10.0 ± 1.0 

Gross Gamma cpm/l -50 :t 120 160 ± 120 70.0 ± 120 -40 ± 120 -120 ± 120 146 ± 100 

<1>compiled from Devaurs, 1985; Department of Energy (DOE), 19B6a; DOE 1986b, DOE 19B6c; DOE 1986d; DOE 19B7. 
<2 >From New Mexico Environmental Improvement Board, 1985b; New Mexico Water Quality Control Commission, 19B6. 
(3)From U.S. EPA, 1976; U.S. EPA, 1979. 

LAN: 1702-T/3 

5.0 

15.0 

U.S. EPA(3) 

200 

15 

15 

20,000 

5.0 

15.0 



TABLE 5-15 
INORGANIC WATER QUALITY RESULTS FROM MITOHlNG WELL 

PC0-2 IN PAJARITO CANYON 1 

DATE SAMPLED 06/11/85 09/03/85 12/04/85 (2 ) 03/06/86( 2) 06/10/86 09/18/86 

GENERAL CHEMISTRY 

Ca mg/t 18 19 --- --- 21 19 

Mg mg/t 5. 1 5.7 --- --- 6 5 

K mg/t 3.9 3.8 --- --- 3.5 3.4 

Na mg/t 18 19 --- --- 21 19 

Cl mg/t 14 17 --- --- 25 14.2 

so4 mg/t 10.0 7.8 --- --- 8 5.1 

N03 (N) mg/t 0.3 0.3 --- --- 0.8 <0.2 

F mg/t 0.3 0.4 --- --- 0.24 0.4 

co3 mg/t 0 0 --- --- 0.0 0.0 

HC03 mg/t 66 88 --- --- 82 88 
p mg/t <0.2 <0.2 --- --- <0.2 <0.2 

Total Hardness mg/t 62 80 --- --- 75 61 

Conductivity IJIDOhs/cm 19 250 --- --- 255 225 
pH 6.89 6.83 --- --- 7.4 7.0 

TDS mg/t 143 156 --- --- 175 152 

Si02 mg/t 26 31 --- --- 27 23 

( 1lcompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; 90E 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
(2)Volume of water in monitoring well insufficient to collect sample. 
i~~From New Mexico Environmental Improvement Board, 1985b, New Mexico Water Quality Control Commission, 1986. 

From U.S. EPA, 1976; U.S. EPA, 1979. 

LAN: 1702-T/7 

NMEIB/ 
NMWQCC(3) U.S. EPA( 4 l 

250.0 250.0 

600.00 250.0 

10.0 10.0 

1.6 4.0 

6-9 6.5-8.5 

1,000.0 500.0 



TABLE 5-15 
INORGANIC WATER QUALITY RESULTS FROH~NITORING WELL 

PC0-2 IN PAJARITO CANYON 
(Continued) 

DATE SAMPLED 06/11/85 09/03/85 12/04/85( 2 ) 03/06/86( 2) 06/10/86 09118/86 

METALS 

Ag mg/l <0.001 <0.001 --- --- <0.005 <0.001 

As mg/l 0.001 <0.001 --- --- <0.002 <0.001 

Ba mg/t 0.069 0.090 --- --- 0.018 0.18 

Cd mg/t <0.001 0.002 --- --- 0.0014 <0.0002 

Cr mg/t 0.006 0.007 --- --- 0.0206 <0.001 

Hg mg/l <0.002 <0.001 --- --- <0.002 <0.002 

Pb mg/t 0.006 <0.001 --- --- 0.003 <0.001 

Se mg/l <0.003 <0.003 --- --- <0.002 <0.001 

Cu mg/l <0.005 <0.005 --- --- <0.022 0.001 

Fe mg/l 0.072 0.051 --- --- <0.002 <0.003 

Hn mg/t 0.371 0.321 --- --- <0.003 0.291 

Zn mg/l <0.01 <0.010 --- --- 0.01 <0.001 

~ 1 ~Compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
2 Volume of water in monitoring well insufficient to collect sample. 
~~~From New Mexico Environmental Improvement Board, 1985b; New Mexico Water Quality Control Commission, 1986. 

From U.S. EPA, 1976; U.S. EPA, 1979. 

LAN: 1702-T/8 

NMEIB/ 
NMWQCc(3) U.S. EPA( 4) 

0.05 0.05 

0.05 0.05 

1.0 1.0 

0.01 0.01 

0.05 0.05 

0.002 0.002 

0.05 0.05 

0.01 0.01 

1.0 1.0 

1.0 0.3 

0.2 0.05 

10.0 5.0 



F 

DATE SAMPLED 06/11/85 

RADIOLCKJICALS 

Cs-137 pCi/1 70 :t 82 

Pu-238 pCi/1 0.000 :t 0.0001 

Pu-239,240 pCi/l 0.000 :t 0.024 

H-3 pCi/i 600 :t 800 

Total U mg/l 3.8 :t 1.6 

Gross Alpha pCi/l 9.0 :t 26.0 

Gross Beta pCili 16.0 :t 4.0 

Gross Gamma cpm/t 60 :t 120 

I 

TABLE 5-15 
INORGANIC WATER QUALITY RESULTS FROM HllNITORING WELL 

PC0-2 IN PAJARITO CANYON(1) 
(Continued) 

09/03/85 12/04/85( 2 ) 03/06/86{ 2 ) 06/10/86 

97.8 :t 86 --- --- -38. :t 56 

0.000 :t 0.02 --- --- 0.006 :t 0.029 

0.000 :t 0.02 --- --- -0.011 :t 0.027 

3,700 :t 1000 --- --- Boo :t Boo 
5.1 :t 0.5 --- --- 2.5 :t 0.6 

6.0 :t 4.0 --- --- 0.4 :t 2 

17.0±4.0 --- --- 11 :t 2.0 

190 :t 120 --- --- -190 :t 120 

09/18/86 

40 :t 38 

-0.02 :t 0.02 

0.01 :t 0.02 

3,600 ± 600 

---
14 .Q :t 3.0 

15.0 :t 2.0 

146 :t 100 

(1lcompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986ct; DOE 1987. 
(2lvolume of water in monitoring well insufficient to collect sample. 
{3)From New Mexico Environmental Improvement Board, 1985b; New Mexico Water Quality Control Commission, 1986. 
{4)From U.S. EPA, 1976; U.S. EPA, 1979. 

LAN: 1702-T/0 

NMEIB/ 
NMWQCc(3) U.S. EPA(4) 

200 

15.0 

15.0 

20,000 20,000 

5.0 5.0 

15.0 15.0 



TABLE 5-16 
INORGANIC WATER QUALITY RESULTS FROHtfriTORING WELL 

PC0-3 IN PAJARITO CANYON 1 

NMEIB/ 
DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMwocc< 2 l 

GENERAL CHEMISTRY 

Ca mg/i 40 39 125 87 55 80 

Mg mg/i 9.8 9.5 29.7 18 12 16 

K mg/t 3.6 3.8 4.4 3.2 3.9 2.9 
Na mg/t 24 23 57 41 32 18 

Cl mg/11. 22 22 74 40 24 42.7 250.0 

so4 mg/11. 7.6 7.3 5.2 9.4 19 0.8 600.00 
N0 3 (N) mg/11. 0.5 <0. 1 <0. 1 0.0 0.9 <0.2 10.0 
F mg/11. 0.7 0.7 0.4 0.6 0.54 0.3 1.6 
co3 mg/11. 0 0 <0. 5 0.0 0.0 0.0 

HC03 mg/11. 150 158 477 287 212 281 
p mg/11. <0.2 <0.2 <0. 1 0.0 <0.2 <0.2 

Total Hardness mg/11. 141 149 478 302 183 229 
Conductivity llmohs/cm 38 390 1080 660 520 650 
pH 7.5 7.46 7.32 8.0 7.8 7.0 6-9 

TDS mg/11. 251 246 659 438 350 408 1,000.0 

Si02 mg/11. 35 38 35 34.9 30 32 

<1lcompiled from Devaurs, 1985; Department of Ener;y (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
<2 >From New Mexico EI.vironme':tal lmorovement Boar:c, 1985b; New Mexico Water Quality Control Commission, 1986. 
(3}from U.S. EPA, 1976; U.S. EPA, 1979. 

LAN: 17n2-T/13 

U.S. EPA(3} 

250.0 

250.0 

10.0 

4.0 

6.5-8.5 

500.0 



TABLE 5-16 
INORGANIC WATER QUALITY RESULTS FROHtfriTORING WELL 

PC0-3 IN PAJARITO CANYON 
(Continued) 

DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 
---
METALS 

Ag mg/~ <0.001 <0.001 <0.001 <0.001 <0.005 <0.001 

As mg/~ 0.001 0.002 0.001 <0.002 <0.002 0.002 

Ba mg/~ 0.104 0.100 0.303 0.11 0.099 0.04 

Cd mg/~ <0.001 0.003 0.009 0.002 <0.001 0.0013 

Cr mg/~ 0.005 0.003 0.014 <0.003 0.0226 0.002 

Hg mg/R. <0.002 <0.001 <0.002 <0.005 <0.002 <0.002 

Pb mg/R. < 0. 003 <0.001 <0.001 <0.005 0.003 <0.001 

Se mg/~ <0.003 <0.003 <0.001 <0.001 <0.002 <0.001 

Cu mg/~ 0.038 0.028 0.054 0.05 0.021 0.025 

Fe mg/~ 0.005 0.007 0.040 <0.003 0.019 0.003 

Mn mg/~ 0.388 0.026 2.86 1. 72 <0.003 0.395 

Zn mg/R. 0.052 0.029 0.061 0.035 <0.01 <0.001 

(l)Compiled from Devaurs, 1985; Depat'tment of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
(2)Ft'Om Ne1-1 Mexico Envit'onmental !mor-ovemer:t Boar·d, 1985b; New Mexico Water Quality Control Commission, 1986. 
(3) . . From U.S. EPA, 1976; U.S. EPA, 1979. 

LAN: 1702-Ti1!l 

NMEIB/ 
NMWQCC( 2 ) U.S. EPA(3) 

0.05 0.05 

0.05 0.05 

1.0 1.0 

0.01 0.01 

0.05 0.05 

0.002 0.002 

0.05 0.05 

0.01 0.01 

1.0 1.0 

1.0 0.3 

0.2 0.05 

10.0 5.0 



TABLE 5-16 
INORGANIC WATER QUALITY RESULTS FROHrfriTORING WELL 

PC0-3 IN PAJARITO CANYON 1 

(Continued) 

NMEIB/ 
DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC( 2 ) 

RADIOLOGICALS 

Cs-137 pCi/i -10 ± 84 48. 1 ± 100 -29.3 ± 66.4 -44.5 ± 70 -10 ± 64 31 ± 43 

Pu-238 pCi/2. 0.024 ± 0.030 0.004 ± 0.02 0.000 ± 0.02 0.012 ± 0.02 -0.027 ± 0.034 0.00 ± 0.001 

Pu-239,240 pCi/2. 0.016 ± 0.022 0.014 ± 0.02 0.032 ± 0.02 0.015 ± 0.02 -0.005 ± 0.016 0.00 ± 0.01 

H-3 pCi/2. 1,300 ± 800 4 I 800 ± 11 200 9,000 ± 800 1,200 ± 800 900 ± 800 1,900 ± 500 20,000 

Total U mg/2. 1.5 ± 1.0 1.4 ± 0.4 6.2 ± 1.2 0.5 ± 0.4 3.7 ± 0.8 ---
Gross Alpha pCi/2. 3.0 ± 4.0 0.3 ± 1.6 -40 ± 3.2 2.0 ± 4.0 0.1 ± 2 9.0 ± 3.0 

Gross Beta pCi/2. 4.8 ± 1.2 3.6 ± 1.0 2.3 ± 1.0 3.1 ± 1.0 10 ± 2.0 12.0 ± 1.0 

Gcoss Ganuna cpm/2. 40 ± 120 120 ± 120 0.0 ± 120 -50 ± 120 -160 ± 120 219 ± 100d 

(1lcompiled from Devaucs, 1985; Dep3ctment of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
(2 )From New Mexico Enviconmental I~orovement Boaca, 1985b; New Mexico Watec Quality Control Commission, 1986. 
(3)From U.S. EPA, 1976; U.S. EPA, 'lj79. 

LAN: 1702-T/15 

5.0 

15.0 

U.S. EPA(3) 

200 

15 

15 

20,000 

5.0 

15.0 



TABLE 5-17 
VOLATILE ORGANIC WATER QUALITY RESULTS Ff~ MONITORING WELL 

PC0-1 IN PAJARITO CANYON 

DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC( 2 ) 

VOLATILE ORGANICS (mg/t) 

1, 1-Dichloroethylene --- --- --- ND<0.001 ND<0.001 ND<0.001 
Methylene Chloride --- ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 
1,2-Dichloroethylene --- ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 
1, 1-Dichloroethane --- ND<0.010 ND<0.010 ND<0.001 ND<0.001 ND<0.001 
Chloroform --- ND<0.010 ND<0.010 ND<0.001 ND<0.001 ND<0.001 
1, 1, 1-Trichloroethane --- ND<0.015 ND<0.015 ND<0.001 ND<0.001 ND<0.001 
1,2-Dichloroethane --- ND<0.008 ND<0.008 ND<0.001 ND<0.001 ND<0.001 
Benzene --- ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 
Carbon Tetrachloride --- ND<0.020 ND<0.020 ND<0.001 ND<0.001 ND<0.001 
Trichloroethylene --- ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 
1,2-Dichloropropane --- ND<0.005 ND<O. 005 ND<0.001 ND<0.001 ND<0.001 
Bromodichloromethane --- ND<0.010 ND<0.010 ND<0.001 ND<0.001 ND<0.001 
Toluene --- ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 
1, 1,2-Trichloroethane --- ND<0.015 ND<0.015 ND<0.001 ND<0.001 ND<0.001 
Chlorodibromomethane --- ND<0.010 ND<0.010 ND<0.005 ND<0.005 
Tetrachloroethylene --- ND<0.020 ND<0.020 ND<0.001 ND<0.001 ND<0.001 
Chlorobenzene --- ND<0.012 ND<0.012 ND<0.001 ND<0.001 ND<0.001 
Ethylbenzene --- ND<0.008 ND<0.008 ND<0.001 ND<0.001 ND<0.001 
Bromoform --- ND<0.010 ND<0.010 ND<0.001 ND<0.001 ND<0.001 
1, 1,2,2-Tetrachloroethane --- ND<0.020 ND<0.020 ND<0.001 ND<0.001 ND<0.001 
Bromobenzene --- ND<0.022 ND<0.022 
1,3-Dichlorobenzene --- ND<0.005 ND<0.005 --- --- ND<0.001 

<1>compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
~~~From New Mexico Water Quality Control Commission, 1986. 

From U.S. EPA, 1985b. 

LAN: 1702-T/4 

0.005 
0.10 

0.025 
0.10 
0.06 
0.01 
0.01 
0.01 
0.10 

0.75 
0.01 

0.02 

0.750 

0.01 

U.S. EPA(3) 

Proposed MCL' s 

0.007 

0.20 
0.005 
0.005 
0.005 
0.005 



TABLE 5-17 
VOLATILE ORGANIC WATER QUALITY RESULTS Fr~ MONITORING WELL 

PC0-1 IN PAJARITO CANYON 
(Continued) 

DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC( 2 ) 

VOLATILE ORGANICS (mg/t) 
(Continued) 

1,4-Dichlorobenzene 

1,2-Dichlorobenzene 

Chloromethane 

Bromomethane 

Vinyl Chloride 

Chloroethane 

Acetone 

2-Butanone 

Vinyl Acetate 

trans-1,3-Dichloropropene 

cis-1,3-Dichloropropene 

2-Hexanone 

4-Methyl-2-Pentanone 

Styrene 

Total Xylenes 

Trichlorofluoromethane 

Tetrahydrofuran 

Dibromochloromethane 

Dibromomethane 

ND<0.005 ND<0.005 ---
ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.001 

ND<0.005 

ND<0.001 

ND<0.005 

ND<0.005 

---
ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.001 

ND<0.005 

ND<0.001 

ND<0.005 

ND<0.005 

ND<0.001 

ND<0.001 

---

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.001 

ND<0.005 

ND<0.001 

ND<0.001 

ND<0.001 

<1>compiled from Devaurs, 1985; Deparcment of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
~~~rrom New Mexico Water Quality Control Commission, 1986. 

rrom U.S. EPA, 1985b. 

LAN: 1702-T/5 

0.001 

0.620 

U.S. EPA(3) 

Proposed MCL' s 

0.75 

0.001 



DATE SAMPLED 06/11/85 

TABLE 5-17 
VOLATILE ORGANIC WATER QUALITY RESULTS F80M MONITORING WELL 

PC0-1 IN PAJARITO CANYONllJ 
(Continued) 

09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC(2) U.S. EPA(3) 

VOLATILE ORGANICS (mg/i) Proposed MCL's 
(Continued) 

1,2-Dibromo-3-Chloropropane --- --- --- --- --- ND<0.001 

2-Chloroethylvinyl Ether --- --- --- --- --- ND<0.005 

Carbon Disulfide --- --- --- --- --- ND<0.005 

Purgeable Gases< 4 l --- --- --- --- --- ND<0.010 

< 1 ~compiled from"Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
~~)From New Mexico Water Quality Control Commission, 1986. 

From U.S. EPA, 1985b. 
<4 >rncludes chloromethane, chloroethane, bromomethane, and vinyl chloride. 

LAN: 1702-T/6 



DATE SAMPLED 06/11/85 

VOLATILE ORGANICS (mg/t) 

1, 1-Dichloroethylene ---
Methylene Chloride ---
1,2-Dichloroethylene ---
1, 1-Dichloroethane ---
Chloroform ---
1, 1, 1-Trichloroethane ---
1,2-Dichloroethane ---
Benzene ---
Carbon Tetrachloride ---
Trichloroethylene ---
1,2-Dichlorepropane ---
Bromodichloromethane ---
Toluene ---
1, 1,2-Trichloroethane ---
Chlorodibromomethane ---
Tetrachloroethylene ---
Chlorobenzene ---
Ethylbenzene ---
Bromoform ---
1, 1,2,2-Tetrachloroethane ---

TABLE 5-18 
VOLATILE ORGANIC WATER QUALITY RESULTS FBOH MONITORING WELL 

PC0-2 IN PAJARITO CANYON( 1) 

09/03/85 12/04/85( 2 ) 03/06/86( 2 ) 06/10/86 

--- --- --- ND<0.001 

ND<0.005 --- --- ND<0.001 

ND<0.005 --- --- ND<0.001 

ND<0.010 --- --- ND<0.001 

ND<0.010 --- --- ND<0.001 

ND<0.015 --- --- ND<0.001 

ND<0.008 --- --- ND<0.001 

ND<0.005 --- --- ND<0.001 

ND<0.020 --- --- ND<0.001 

ND<0.005 --- --- ND<0.001 

ND<0.005 --- --- ND<0.001 

ND<O.OlO --- --- ND<0.001 

ND<0.005 --- --- ND<0.001 

ND<0.015 --- --- ND<0.001 

ND<0.010 --- --- ND<0.005 

ND<0.020 --- --- ND<0.001 

ND<0.012 --- --- ND<0.001 

ND<0.008 --- --- ND<0.001 

ND<0.010 --- --- ND<0.001 

ND<0.020 --- --- ND<0.001 

09/18/86 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.001 

<1>compiled from Devaurs, 1985; Depat'tment of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
<2 >volume of water in monitoring well insufficient to collect sample. 
(3)From New Mexico Water Quality Control Commission, 1986. 
(4 )Ft'om U.S. EPA, 1985b. 

LAN: 1702-T/10 

NMWQCC( 3) 

0.005 

0.10 

0.025 

0.10 

0.06 

0.01 

0.01 

0.01 

0.10 

0.75 

0.01 

0.02 

0. 750 

0.01 

U.S. EPA( 4) 

Proposed MCL's 

0.001 

0.20 

0.005 

0.005 

0.005 

0.005 



DATE SAMPLED 

VOLATILE ORGANICS (mg/t) 
(Continued) 

Bromobenzene 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

1,2-Dichlorobenzene 

Chloromethane 

Bromomethane 

Vinyl Chloride 

Chloroethane 

Acetone 

2-Butanone 

Vinyl acetate 

trans-1,3-Dichloropropene 

cis-1,3-Dichloropropene 

2-Hexanone 

4-Methyl-2-Pentanone 

Styrene 

To tal Xy lenes 

06/11/85 

TABLE 5-18 
VOLATILE ORGANIC WATER QUALITY RESULTS FB~ MONITORING WELL 

PC0-2 IN PAJARI'l'O CANYON(l) 

09/03/85 

ND<0.022 

ND<0.005 

ND<0.005 

(Continued) 

12/04/85( 2 ) 03/06/86( 2 ) 06/10/86 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.005 

Trichlorofluoromethane --- --- --- --- ND<0.005 

Tetrahydrofuran --- --- --- --- ND<0.005 

09/18/86 

ND<0.001 

ND<0.001 

ND<0.001 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.001 

ND<0.005 

ND<0.001 

~ 1 lcompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
2 lvolume of water in monitoring well insufficient to collect sample. 
(~)From New Mexico Water Quality Control Commission, 1986. 
( )From U.S. EPA, 19ff5b. 

LAN: 1702-'~'/11 

NMWQCC(3) U.S. EPA(4) 

Proposed MCL's 

0.75 

0.001 0.001 

0.620 



DATE SAMPLED 

VOLATILE ORGANICS (mg/1) 
(Continued) 

Dibromochloromethane 

Dibromomethane 

1,2-Dibromo-3-Chloropropane 

2-Chloroethylvinyl Ether 

Carbon Disulfide 

Purgeable Gases(5) 

06/11/85 

I 

TABLE 5-18 
VOLATILE ORGANIC WATER QUALITY RESULTS FBOM MONITORING WELL 

PC0-2 IN PAJARITO CANYON(l) 
(Continued) 

09/03/85 12/04/85( 2} 03/06/86( 2 ) 06/10/86 09/18/86 

ND<0.001 

ND<O.OOl 

ND<0.001 

ND<0.005 

ND<0.005 

ND<0.010 

~ 1 ~compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 2 Volume of water in monitoring well insufficient to sample. 
~~~From New Mexico Water Quality Control Commission, 1986. 

From U.S. EPA, 1985b. 
(5)Includes chloromethane, chloroethane, bromomethane, and vinyl chloride. 

LAN: 1702-T/12 

NMWQCC(3) U.S. EPA(4) 

Proposed MCL's 



I f 

TABLE 5-19 
VOLATILE ORGANIC WATER QUALITY RESULTS Ff~ MONITORING WELL 

PC0-3 IN PAJARITO CANYON 

DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC( 2 ) 

VOLATILE ORGANICS (mg/t) 

1, 1-Dichloroethylene --- --- --- ND<0.001 ND<0.001 ND<0.001 

Methylene Chloride --- ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 

1,2-Dichloroethylene --- ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 

1, 1-Dichloroethane --- ND<0.010 ND<0.010 ND<0.001 ND<0.001 ND<0.001 

Chloroform --- ND<0.010 ND<0.010 ND<0.001 ND<0.001 ND<0.001 

1, 1, 1-Trichloroethane --- ND<0.015 ND<0.015 ND<0.001 ND<0.001 ND<0.001 

1,2-Dichloroethane --- ND<0.008 ND<0.008 ND<0.001 ND<0.001 ND<0.001 

Benzene --- ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 

Carbon tetrachloride --- ND<0.020 ND<0.020 ND<O.OOl ND<0.001 ND<0.001 

Trichloroethylene --- ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 

1,2-Dichloropropane --- ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 

Bromodichloromethane --- ND<O.OlO ND<O.OlO ND<0.001 ND<0.001 ND<0.001 

Toluene --- ND<0.005 ND<0.005 ND<0.001 ND<O.OOl ND<0.001 

1, 1,2-Trichloroethane --- ND<0.015 ND<0.015 ND<0.001 ND<0.001 ND<0.001 

Chlorodibromomethane --- ND<0.010 ND<0.010 ND<0.005 ND<0.005 

Tetrachlorethylene --- ND<0.020 ND<0.020 ND<0.001 ND<0.001 ND<0.001 

Chlorobenzene --- ND<0.012 ND<0.012 ND<0.001 ND<0.001 ND<0.001 

Ethylbenzene --- ND<0.008 ND<0.008 ND<O.OOl ND<0.001 ND<0.001 

Bromoform --- ND<0.010 ND<0.010 ND<O.OOl ND<0.001 ND<0.001 

1, 1,2,2-Tetrachloroethane --- ND<0.020 ND<0.020 ND<0.001 ND<O.OOl ND<0.001 

<1>compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
~~~From New Mexico Water Quality Control Commission, 1986. 

From u.s. EPA, 19a5b. 

LAN: 1702-T/16 

0.005 

0.10 

0.025 

0.10 

0.06 

0.01 

0.01 

0.01 

0.10 

0.75 

0.01 

0.02 

0.750 

0.01 

U.S. EPA(3) 

Proposed MCL's 

0.007 

0.20 

0.005 

0.005 

0.005 

0.005 



! 

TABLE 5-19 
VOLATILE ORGANIC WATER QUALITY RESULTS FBOM MONITORING WELL 

PC0-3 IN PAJARITO CANYONl 1} 
(Continued) 

DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC( 2 ) 

VOLATILE ORGANICS (mg/l) 
(Continued) 

Bromobenzene --- ND<0.022 ND<0.022 

1,3-Dichlorobenzene --- ND<0.005 ND<0.005 --- --- ND<0.001 

1,4-Dichlorobenzene --- --- --- --- --- ND<0.001 

1,2-Dichlorobenzene --- ND<0.005 ND<0.005 --- --- ND<0.001 

Chloromethane --- --- --- ND<0.005 ND<0.005 

Bromomethane --- --- --- ND<0.005 ND<0.005 

Vinyl Chloride --- --- --- ND<0.005 ND<0.005 ---
Chloroethane --- --- --- ND<0.005 ND<0.005 

Acetone --- --- --- ND<0.005 ND<0.005 ND<0.005 

2-Butanone --- --- --- ND<0.005 ND<0.005 

Vinyl Acetate --- --- --- ND<0.005 ND<0.005 

trans-1,3-Dichloropropene --- --- --- ND<0.005 ND<0.005 ND<0.005 

cis-1,3-Dichloropropene --- --- --- ND<0.005 ND<0.005 ND<0.005 

2-Hexanone --- --- --- ND<0.005 ND<0.005 

4-Methyl-2-Pentanone --- --- --- ND<0.001 ND<0.001 ND<0.001 

Styrene --- --- --- ND<0.005 ND<0.005 ND<0.005 

Total Xylenes --- --- --- ND<0.001 ND<0.001 ND<0.001 

Trichlorofluoromethane --- --- --- ND<0.005 ND<0.005 

Tetrahydrofuran --- --- --- ND<0.005 ND<0.005 

<1lcompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
(2 )From New Mexico Water Quality Control Commission, 1986. 
(3)From U.S. EPA, T985b. 
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DATE SAMPLED 06/11/85 

TABLE 5-19 
VOLATILE ORGANIC WATER QUALITY RESULTS FBOM MONITORING WELL 

PC0-3 IN PAJARITO CANYON(l) 
(Continued) 

09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC(2) U.S. EPA(3) 

VOLATILE ORGANICS (mg/i) Proposed MCL's 
(Continued) 

Dibromochloromethane --- --- --- --- --- ND<O. 001 

Dibromomethane --- --- --- --- --- ND<O. 001 

1,2-Dibromo-3-Chloropropane --- --- --- --- --- ND<0.001 

2-Chloroethylvinyl Ether --- --- --- --- --- ND<0.005 

Carbon Disulfide --- --- --- --- --- ND<0.005 
( 4) Purgeable Gases --- --- --- --- --- ND<0.010 

(1lcompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
<2 lFrom New Mexico Water Quality Control Commission, 1986. 
(3)From U.S. EPA, 1985b. 
(4)Includes chloromethane, chloroethane, bromomethane, and vinyl chloride. 
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6.0 SUMMARY AND CONCLUSIONS 

Hydrogeologic investigations of waste disposal Areas G and L at Los Alamos 
National Laboratory were conducted in response to a Compliance Order issued to 
the Laboratory by the State of New Mexico on May 7, 1985. Based on the inves
tigations conducted during 1985 and 1986 in fulfillment of the Order and on 
previous investigations, several conclusions which reflect the current state 
of knowledge relative to the potential migration of hazardous waste consti
tuents from the areas can be reached. These conclusions and brief summaries 
of data supporting each are provided below. Comprehensive discussions of data 
and conclusions concerning each area are provided in the accompanying text. 

6.1 GEOLOGY OF TECHNICAL AREA 54, AREAS G AND L 
Areas G and L are located on Mesita del Suey, a narrow southeast-trending mesa 
located on the western edge of the Pajarito Plateau. The plateau is comprised 
of an apron of volcanic and sedimentary rocks exceeding 2,000 feet in thick
ness on the eastern flanks of the Jemez mountains. Mesita del Buey is formed 
by approximately 475 feet of ashflows and ashfalls of the Bandelier Tuff which 
dip gently two to three degrees to the southeast. The tuff is underlain by 
1,050 feet of interbedded Chino Mesa basalt and conglomerates of the Puye 
Formation. The Tesuque Formation, which underlies the Chino Mesa Basalt and 
Puye Formation, is comprised of coarse sediments interbedded with basalt flows 
and exceeds 1,000 feet in thickness beneath Mesita del Buey. 

The geologic structure of the surface rocks which form Mesita del Buey are 
relatively simple; no faults are known to break the rocks of Mesita del Buey. 
The most prevalent structural features of Mesita del Buey are fractures in the 
volcanic rocks caused by shrinkage upon cooling after deposition. These frac
tures are nearly vertical with an average opening of c-inch. Most of the 
fractures encountered in the tuff are filled or plated with brown clay. The 
remainder are open with joint faces slightly weathered or plated with caliche. 
On the basis of this study and previous work the following conclusions 
concerning the geology of Mesita del Suey can be drawn: 

• The stratigraphy at Areas G and L is similar to that of 
the tuff throughout the western Pajarito Plateau 
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• Vertical and near-vertical fractures (formed during 
cooling of the volcanically deposited material) are 
common in the Bandelier Tuff on Mesita del Buey {and 
elsewhere), though the degree of openness or pervasive
ness of individual fractures is not well characterized 

• No major fault zones that could serve as conduits from 
the shallow subsurface to the regional water table are 
known to exist at or near Areas G and L. 

6.2 HYDROLOGIC CHARACTERIZATION OF THE VADOSE ZONE 
Tasks one through four, paragraph 25 of the Order issued to the Laboratory 
specify testing and monitoring programs to be carried out to characterize the 
vadose zone hydrology at Areas G and L. The four tasks taken together provide 
the information necessary to calculate rates of moisture flux by unsaturated 
fluid flow through porous media. Task four also requires empirical 
measurement of infiltration and moisture redistribution within the tuff. 

Task one requires measurement of the intrinsic permeability of the tuff. This 
task was satisfied utilizing both field and laboratory methods. Field methods 
included air injection and vacuum testing of five boreholes. (Due to the 
potential for mobilization of contaminants in the vadose zone by water intro
duced by testing, air permeability tests, which are experimental in nature, 
were utilized for field investigations). Water injection permeability tests 
were conducted in one borehole for comparison with results of air tests; tests 
conducted with water yield permeability of the same order of magnitude as air 
tests. Including both field methods, a minimum of nine intervals were tested 
in each borehole. Intrinsic permeability of four samples from each borehole 
was determined in the laboratory via the Klinkenberg Method and the Dynamic 
Method. Field methods yield intrinsic permeability in the range of 10-8 to 
10-9 cm2 and laboratory methods yield values of 10-9 cm2 . These values 
represent moderate permeability similar to that of silty sand. Each method 
indicates a slight decrease in intrinsic permeability with depth. In 
addition, intervals tested adjacent to fractures do not exhibit increased 
permeability. 

Task two requires determination of soil moisture characteristic curves for 
five samples from each of at least four horizons. This requirement was satis
fied by testing four samples (one per horizon) from five boreholes. The soil 
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moisture characteristic curves were determined by the centrifugal method. 
This method yielded characteristic curves in the 0.03 bar (0.5 psi) to 0.34 
bar (5 psi) soil water tension range. Field conditions of soil water tension 
range from 1 to 15 bars. Attempts to evaluate higher tension ranges (lower 
moisture content) were made utilizing the centrifugal and pressure plate 
methods. These methods were unsuccessful due to sample disaggregation at 
higher tensions. 

Task three of paragraph 25 requires determination of unsaturated hydraulic 
conductivity of the Bandelier Tuff; five samples from each of four horizons 
are required. Theoretical and laboratory methods were utilized to determine 
the unsaturated conductivity of four samples from five boreholes. Due to 
difficulties with the material strength of the tuff (sample disaggregation) 
discussed above, the hydraulic conductivity of samples in the range of mois
ture conditions naturally encountered in the tuff could not be determined. 
However, since hydraulic conductivity decreases with decreasing moisture con
tent and the conductivity of samples was determined for moisture ranges above 
field moisture conditions, the determined values serve as maximum estimates of 
unsaturated hydraulic conductivity likely to be encountered under field condi
tions. Theoretical methods of determining hydraulic conductivity yield an 
average of 2.64 x 10-4ft/day and measured values average 1.32 x 10-4 

ft/day. Thus, the two methods yield similar results. 

Task four requires an analysis of infiltration and redistribution of meteoric 
water into the tuff by neutron logging and either moisture blocks and/or 
psychrometry. The Laboratory satisfied this requirement by conducting 
neutron-moisture monitoring and measuring matric potential with thermocouple 
psychrometers. Neutron moisture monitoring and gravimetric moisture measure
ments indicate that the volumetric moisture content of the tuff below ten feet 
is approximately two to four percent. In addition, analysis of daily moisture 
logs after autumn precipitation indicate the depth of infiltration of meteoric 
water is approximately ten feet. Moisture is not observed to move deeper than 
this depth and is assumed to be returned to the surface through evapotranspir
ation. Psychrometers indicate that soil tensions range from just less than 
one bar to approximately 15 bars. Vertical hydraulic gradients, as determined 
by psychrometers, range from downward values of 10.20 ft/ft to upward 
gradients of 4.12 ft/ft. 
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The primary emphasis of tasks one through four of paragraph 25 of the Order is 
to gather data required to assess rates of liquid movement through the 

Bandelier Tuff both by calculation and empirically. Empirical measurements of 
moisture content in the tuff following precipitation events indicate that 

slight (0.5 percent) increases in moisture are observed at depths up to ten 
feet below the surface; no effects of precipitation or moisture were observed 
at 22 feet. Thus, empirical measurement of redistribution of meteoric water 
suggests that effects of precipitation are confined to the uppermost 22 feet 

of the vadose zone and therefore do not provide a viable means of contaminant 
transport below this depth. 

Calculation of liquid flux rates through porous media using field derived 
hydraulic gradients and laboratory derived unsaturated hydraulic conductivi
ties yield mean flux rates of 0.036 and 0.211 feet per year for Areas Land G, 

respectively. The calculations should be viewed as extremely conservative for 
the following reasons. Hillel (1980, p. 108) explains that unsaturated flow 

occurs in response to hydraulic gradients by fluid movement along hydration 
films over particle surfaces in a tendency to equilibrate the potential. At 

very low moisture content (two to four percent), it is doubtful whether or not 
continuous hydration films exist to provide for fluid movement. Further, 

fractures which may range from microstructures to master joint sets, may 

provide effective barriers to capillary flow. 

Assuming that moisture is evenly distributed throughout the tuff, the flux 

rates determined by calculations may still be viewed as conservative because 
of values used for hydraulic conductivity. As stated previously, hydraulic 

conductivity decreases with decreasing moisture content. Unsaturated hydraul
ic conductivity for use in flux calculations was determined for wetting fluid 

saturations of 40 to 70 percent (22 to 60 percent volumetric moisture content) 

while in situ moisture measurements of tuff indicate two to four percent volu

metric moisture. Thus, hydraulic conductivities utilized in flux calculations 

are greater than values under field conditions and therefore yield greater 

flux rates than can be reasonably expected to occur in the field. Though 
highly conservative, these moisture flux values show that very long periods of 

time would be required for water and contaminants to move by unsaturated flow 
from the disposal facilities to the ground water. 
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The discussion of vadose zone hydrologic characterization presented above 

leads to the following conclusion: 

• The combination of very low moisture content in the 
tuff, empirical determination that moisture from pre
cipitation does not infiltrate below a depth of ten to 
22 feet, and very low calculated flux rates all suggest 
that aqueous transport of contaminants through Bande
lier Tuff is not a viable mechanism for contaminant 
migration at Areas G and L. 

6.3 CHEMICAL CHARACTERIZATION OF THE VADOSE ZONE 

Seven test hole locations were selected for core and pore gas analyses of the 
Bandelier Tuff at Mesita del Buey to fulfill the requirements of Task 5 of the 
Order. In 1985, four test holes were drilled at Area L, two test holes at 
Area G, and one background hole on the western end of the mesa. Core samples 
were collected from each ten foot interval in all seven test holes and 
analyzed for EP Toxicity and volatile organic compounds. 

No EP toxic metals were detected in test hole cores below a depth of 20 feet 

in Areas G and L. Part per million concentrations of volatile organic com
pounds were present in core samples from test holes in Area L at depths up to 

100 feet (the maximum depth sampled). In Area G, no volatile organic com
pounds were detected at part per million concentrations (detection limit for 

Area G samples). 

A total of 23 sampling ports were installed in the seven test holes (three or 
four per test hole) to collect samples of pore gas from the tuff at various 

depths. Samples were collected by pumping the pore gas through charcoal 
adsorption tubes and volatile organic analyses were subsequently performed on 

the charcoal desorption solution. Volatile organic compounds were detected in 
Area L in part per million concentrations at all depths sampled. There 

remains, however, some uncertainty as to the degree of isolation between 
sample ports within tests holes. In Area G, volatile organic compounds were 

detected in part per billion concentrations at all depths sampled. From this 
data, the following conclusions can be inferred: 

• Hazardous waste constituents have migrated from land 
disposal units at Areas G and L based on the results of 
core and pore gas analyses conducted in 1985 and 1986 
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• Chemical data from the core and pore gas analyses (and 
information obtained from vadose zone characterization) 
support vapor phase migration from Areas G and L as the 
dominant transport mechanism, based on the presence of 
volatile organic vapors at depths of up to 100 feet. 

6.4 GROUND WATER HYDROLOGY IN AREAS G AND L 
Two distinct ground water systems are present within the Pajarito Plateau near 
Areas G and L on Mesita del Buey; the main aquifer which occurs at great depth 
in the Tesuque Formation and a shallow perched water system contained in the 
alluvium of Pajarito Canyon. No perched water is contained in the alluvium of 
Canada del Buey. The main aquifer is the only ground water system in the Los 
Alamos area capable of producing a municipal and industrial water supply. 
Characterization of the hydraulic and chemical properties of the main aquifer 
is, therefore, based on information obtained from supply wells, stock wells, 
test wells, and springs. The main aquifer is located at a depth of approxi
mately 950 and 850 feet below Areas L and G, respectively, and has an average 
saturated thickness of 1,470 feet. Beneath Mesita del Buey, the aquifer moves 
east-southeast towards the Rio Grande at a velocity of about 65 feet per year. 
Water from wells PM-2 and PM-4, the two supply wells nearest Mesita del Buey, 
are sodium bicarbonate and have less than 200 mg/i total dissolved solids 
concentration. 

Between June 1985 and September 1986, the alluvium in Pajarito Canyon 
contained a perennial body of perched water. Based on the 27 test holes 
drilled on Mesita del Buey and in Pajarito Canyon, the perched water contained 
in the alluvium does not extend horizontally or vertically into the tuff which 
forms Mesita del Buey. The saturated thickness of the perched water ranges 
from four to ten feet in the wells monitored and is dependent on both the 
channel bedrock configuration and the thickness of the alluvial deposits. The 
perched water moves east through the canyon to the Rio Grande with a velocity 
ranging from 8 to 23 feet per day. Upgradient from Areas G and L, the perched 
water is characteristically sodium bicarbonate with an average annual total 
dissolved solids concentration of 180 mg/!. The perched water gradually 
becomes calcium bicarbonate downgradient and the average total dissolved 
solids concentration increases to 420 mg/!. All chemical and radiological 
constituents in the perched water are at concentrations below the primary 
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standards for drinking water. No volatile organic compounds have been 
detected in the perched water. Fluctuations in the inorganic chemical quality 

' in the perched water system are dependent on the saturated thickness of the 
water in the alluvium and, during periods of high flow, the concentrations of 
dissolved constituents are typically diluted. 

Studies of the main aquifer and perched water systems near Mesita del Buey 
indicate that: 

• No perched bodies of water, which could be hydraul
ically connected to the main aquifer, are known to 
exist beneath Areas G and L 

• Perched water in Pajarito Canyon is confined to 
alluvium within the canyon and does not extend 
vertically or horizontally into the Bandelier Tuff 
which forms Mesita del Suey 

• There is no evidence of migration of hazardous waste 
constituents from Areas G and L into the perched water 
contained in the alluvium of Pajarito Canyon. 
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P.ayo Co.r1yon 

Four test ho:es t'tl.lJi ·i!J[; in depth from 25 to 89 feet i·7ere augered 

at Pe.yo Site in Eayo Canyr 'n to detcrr.:ine if perched i-7ater was present. 

No perched 11ater v:as found. 3-eoloe;ic and hydrologic data for these 

test boles are shown in table 59 and the locations of the holes are 

shown on Fio . .u:e 8. 
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Table 59· --fest llolcs augered at Bayo Sile, December 7 and d, 1961 

uses uses AEC-LASL Altitude of Depth LOQ; Remarks 
' 
' 

Uesig- location Coordinates land surface of 
hat ion number (feet above hole Alluvium Bandelier Puye 

mean sea 
(;_'u;t) Tuff ~ ong 1 om•~ ,-ate 

level) 
I 

I H-1 19. 6.13.212 6,660 sg!:.· - U-13) 85-89 Destroyed 

B-2 19. 6.13. 212a 6,660 2:>~/ 0- 5 r ')/ 
_)-~'+ 24-25 Do. 

B-3 19. 7. 7.313 6,610 70~/ 0-12 12-65 65-70 Do. 

J) -4 l 9 . 6 . 12 . ·1f j!j- 6,670 79E:i 
I 

0-10 10-77 77-79 Do. 

-·- ----b 
.;:- ~/ dry hole 



Tecrxdcal Areas TA-50 and TA-52 (fluid dynamics studies) 

Five test holes were ~rilled or augercd at Site l ncar Technical 

Area TA-52 and 8 holes at Site l near Technical Ar~a TA-50 to im
plement study of behavior of cas injected into the rock. At Site 2 
near Technical Area TA-50 12 holes were augered or drilled to study 
the behzvior of liquid injected into rock. The studies which are 

still in progress are exrected to yield information relative to the 
problems of disposing of liquid and gaseous wastes by injection into 
the Ba.ndlier Tuf'f. Results are not yet available. Descriptions of 
the hoL;s are shotm in ta1.Jles 60 through 62. Locations are shown on 
Fi;:;ure 9. 

Fit.;'ll'e 9 ( ~a;:tion on next page) belo.cgs near here. 
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Figure 9.--Location of test holes at site 1 and 2, 

TA-50 and site 1, TA-52. 



Fi;:_:ure 9. --Location of test hcl_c::: at :::itcs l anj 2, r:;:;..-50 o.n1 Site 1, 
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Table ()(;.--Site 1, TA-52, air-injection test holes 

u:ns ums AEC-LASL AEC-LASL Drilling AJtituJe of' DL1mr::ter Dopth Type of' 
Hole Location Designation Coordinates elate land surface (in (:in drilling 

Designation 1 
(structure ' (feet above inches) f'eet) number) 

mean sea 
level 

I 19.C. ~?2 .41na TA-52-25 N •. 2h + 08 Dec 1964 71CG.8 5 97 Auger 'i E .12!1. + ')? 
Dec 1964 

NW-1 lSJ.G.~~2.4l~lb Ti\-52-24 N. 2h + 10 71G9.1 5 97 Do. F.12L~ + 53 
Dec 1964 

SE-1 19. C .::2 .lthJc T.t.- 52-26 N. 2~·) + 90 71G7 .4. 5 97 Do. p,, 1.2L~ + GG NE-1 19.G .22 .hl~lcl Tl-52-':') N. ~?h + l:J Dec l9(ih 71G9.2 5 CJ7 Do. E. 1211 + G7 .... -----.._ NE-2 1~. C:. ~2. 41+.1 e '.rl\.-52-22 N. 24 + 53 Oct 1965/: 7171.5 4 295 Rotary-c:tir E. 124 + 69 /:::v 
.J 

1--' 
Note: Holes I, NE-1, SF:-1 and NW-1 have steel casing G-inchcs in diameter cemente<l into top of' 

-S 
turf, ncar :JLU'i'ace. 

J 
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Table 61.--Site 1, TA-50 air injection test holes 

Location 

--uoos-~ --····uoos --·-m .. LASI AEC-LASL Drilling Altitude- of' 
Bole Location Designation Coordinates date land Surface 

designation munber '(atrueture. (feet above 
number) mean sea-

level) 

E-1 19.6.22.32la TA-50-29 B. 34 + o8 Nov 1964 7240.4 
E. 99 + 89 

Jl-1 19.6.22.32lb TA-50-25 lf. 34 + 16 Nov 1964 7241.8 

W-1 19.6.22.321c TA-50-27 
E. 99 + 62 
]1. 34 + o8 Nov 1964 7241-7 g E. 99 + 48 

W-2 19.6.22.32ld TA-50-26 •. 34 + 05 Nov 1964 7241.7 
E. 99 + 22 

I 19.6.22.321e TA-50-28 •. 34 + 07 Nov 1964 7241.6 

s-1 19.6.22.32lf TA-50-30 
E. 99 + 64 
11. 33 + 86 Nov 1964 7239-7 

s-2 19.6.22.32lg TA-50-31 
E. 99 + 65 
•• 32 + 89 Nov 1964 7231.6 
E. 99 + 81 

Nov 1964 3-3 19.6.22 .32lh TA-50-~2. }l. '1 + ,, 72.18., 
E. 99 + 77 
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Table 61---Site 1, TA-50~air inJ~vtion test holes- Continued 

Construction 

Depth Depth Depth Depth ums Diuleter Depth Injection Injection Injection Injection Type of lt-.rks Bole (in (in Zone Zone Zone Zone drilling Designation inches) feet) Bo. 1 Bo. 2 .o. 2 Jlo. 4 

B-1 3 86 3- 8 37- 43 69-74 81-86 Rotary-air H:>nitoring tubes 

li-1 5 ~ 3- 6 25- 30 54-6o 86-94 Auger Injection and 
monitoring tubes 

W-1 3 91 3- 8 39- 44 69-74 86-91 Rotary-air M:>ni toring tubes 

W-2 3 114 3- 8 109-114 - - ~do. Ik>. 

I 5 6o 3- 8 25- 30 55-60 - Auger IDjection and 
monit OJ:' ing tubes 

s-1 5 90 3- 8 24- 29 50-55 83-90 do. Do. 

s-2 5 56 49-56 - - - do. Water injection 
test 

s-3 5 43 __ _. _ _ __ :_ - - ~ · · Open hole 

Bote: Injection zone consists of 3/8" diameter gravel. H:>nitoring tube is i inch plastic tubing perforated about 1 f'oot fran bottOil. InJection tube is 3/4" plastic tubing perfoJ-.ted about 3 feet from bott011. 
~ions in each tube are separated frail those in the other tube by lead plate. Tubes are 
cemented into the grayel-paek intervals. 
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Tab]_e 62 . --Site 2, TA-50, liquid injection test holes 

U'C: "'· c:~ AEC- Il, ;~L AEC-LA:3L Drilling JU tituclt: of Diaw,tcr Dc?pth Type of 
H~·l c LDcation Dcsin;tmtion Coordinates date Land Surfnce of hole (feet) driDing 

Desig- number (structure (feet above (inches) 
nation number) mean sea-

lcvcJ 

N-2 19.6.22.312a TA-50-16 N 34-t-55 Sept 1)65 7,247.7 5 112 AU[~er 

E 98+18 

NE-1 19.b.22.312b TA-50-17 N 34+34 Sept 19G5 7,246.6 5 118 Do. 
E 98+36 

N-1 19.6.22. :S.12c TA-50-18 N 34+29 Nov 1964 7,245.2 5 gJ Do. 
E 98+26 

I 19-6.22.312d TA-50-19 N )++24 Nov 1964 7,244.7 5 67 Do. 
E 98+26 

j:: 
0 SE-3 19.6.22.)J2e TA-~-20 N 54+23 Oct 1965 7,244.6 4 295 Rotary, air 

E 5)8+28 

SW-1 19.G.22.312f TA-50..21 N 34+17 Nov 1964 7,244.4 5 gJ 1\~l[';cr 

E 98+19 

SFrl 19.6.22.312g TA-50-22 N 34+15 Nov 1964 7,243.9 5 97 Do. 
E 98+39 

8-1 19.6.22.312h TA-50-23 N 33+99 Oct 1965 7,242.9 4 295 Rotary, air 
E 98+30 

SE-2 19.6.22.312j TA-50-24 N ~3+92 Sept 1965 7,241.6 5 JJ2 Auger 
E 98+;6 



U:3:J.:J 
Hole 

DPoL;:
nation 

C-1 

C-2 

C-3 

US!;;_; 
Loc.:.tlion 

uwaber 

1').6.2.2.312k 

19 • 6. 22 • 3121 

19 • G. 22 • J 12m 

'lable 62.--Sit~ 2, '1A-50,liquid injection test holes -Continued 

.AF,C-U1.SL AEC-LASL Drilli n:~ AlLilude of DiamPter 
De8igna t.ion Coordinates date L:.wd Surfuce of hole 

(structure (feet :..~.Love (inches) 
number) n;Pan flf>U-

lf>vel 

TA-50-13 N.34+62 Dec 1964 Approx. 7,24d 5 
E 98+33 

TA-50-14 N 34+62 Dec 19r4 Appr~-x. 7,243 5 
E 98+38 

TA-50-15 N 34-+63 Dec 1964 Appr,x. 7,243 5 
E 98-t-1± 3_ 

Depth Type of 
(feet) drilling 

18 Auger 

18 Do. 

ld Do. 

Note: A.J,_} holes are drilled in tuff. Hole I, the injection well, has an injection tube and an observati,n 

tube set in gravel from 55 ft L 65 ft. 'lhe b,_ttom 2 ft from 65 n to 67 ft are filled with crushoo 
tuff. 'l he hole is cemented fr, m the surface t.:; the t' p z..,f the gravel pack at 55 ft. Hole C-1, a 
calibration hole, cased'wi.th 1.5 in. steel tubing. Hole C-2, a calibration hole, open hole. 

8 Hcle G-3, a calibration hule, is cased with 2 in. plastic tubing. 



Los Alamos and DP Canyons 

Six observatior. wells '"ere construct(_-d in Los Alamos Canyon 

during FebrJ.ary 1966 t'-' monitor the chemical and radixhemical 

quality of Hater in the aL .. uvium of the canyon downgrg,dient fram TA-2 

and TA-21. No r~sults have yet been interpreted from this study. The 

logs and constructian data are shown on table 63 and the location of 

the wells on Figure 2. 
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Table 63.--0bservation wells in Los Alamos and DP Canyons 

~--~--- -- - ---~l~i~~~Y- --~epth -----~-- Lo Casing schedule 

USGS o:f lanJ surface o:f g (4-inch diameter 

USGS location (:feet above well A~luvivm Bandelier plastic hung in hole) 

designation numuer mean sea level) (feet) (:feet) Tuff (feet) (depth in feet) 

LA0-1 19.6.15.1~3 6,94o 32 

LA0-2 19.6.13.343 6,625 32 

LA0-3 l9.6.13.343a 6,610 32 

IA0-4 19.6.24.222 6,560 31 

LA0-5 19-7.20.113 6,425 27 

LA0-6 19.7.20.113a 6,430 26 

DP0-1 E) 

DP0-2 !2/ 
DP0-3 E) 

];_/ Estimated f:rom U.S. Geological Survey t'opocraphic sheets. 

~ Bottomed in the basaltic rocks of Chino Mesa. 

E) To be constructed in the early summer, 15()6. 

J2 20 20 

19 13 32 

16 16 24 

17 14 24 

l2 ~ 15 19 

11 ~ 15 14 



Cont~nated 1-1aste pit ne<.::.r TA-21 

~"irteen test hol~s wer~ dri~led ar0und the ~erimcter of a 

cont2.2unated waste pit west of T.A-21 t·' dct~r::.lne if cch rc had been 

s.ny r::.0vement of radioactive contamir,ants from t:C~c pit intc tl:e 

adjacent tuff, Logs of the holes are sh:Jwn on table 64 :::.nd t:!:le 

locations of the test holes are shown on Fi,;ure lC. 

Figure 10 (caption on next page) belongs near here. 

The distribution of moisture in the s0il and tuff adjacent 

to the bore holes was determined and samples of tuff collected 

during drilling of the holes were analyzed for alpha and beta 

emission as well as plutonium and uranium. The results of the 

investigation indicated no lateral migration of contaminants from the 

pit into the adjacent soil and tuff. 
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U8G8 Deatcnation IGT-3 · (!1o- Grande Teet-3) 

AIC Coordinate• ------------------- ABC Deetcnation --------------------------
Driller L&ype:Mgaterp Ipc, Addreae IC&naaa City, Mo.-
Topography vAUg of aw· Grepde AI t 1 tade feet 
Method drilled cable tool. Diaaeter inchae Uaet~"'I'!!!IP!!1~0~----
Dr1lled depth 495 feet Completed depth 0 feet 
Date drilled February 1946_ Qltef Aquifer(e) Alluvi.- and Teauque Fonution 
Depth to wetar ____ ,:t .. t Data ________ Tranemiea1b111ty_.. _______ _.cpd/t1 
Specific capacity 1pa/ft After _____________________________________ _ 

Locs "''ekness Depth 

AlluvW. -·---·-------- Ce8- 68 -
Tesuque For.ation ---------- ~495 

• 

Casing Schedule: 
Dta .. ter (inchea) Depth (feet) 

Che•i•l anal lei a a CoDatttuente in parte 
Date , T•p._•P, 1102 ... ' Ra +K 

' IIC03 ' 
F ' .,3 , Bardn••• I 

• 

per million . ,. 
coJ I so4 
Dteaolved eolida 

Specific condactaace aicr011boe 1 pH 

• 

Reurke 

, Ca 

, Cl 

Radto~~·tcal anal:ratas Date ________ , Pu. ____ d/a/11 u. ___ ~pg/1, 
Grose ~ (Oa-) d/11/1 
Report aource of dataa Black and Ve&tcll, 1946 
Re•rke: Water reported froa 5() to 80 feet 

El::ploritor,y test hole tor •ter supply. 

68 
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Records of wells, test holes, springs, and surface-water stations 

in the IDs Alamos area, New Mexico 

Compiled by 

Edward C. John, Eugene Enyart 

and William D. Purtymun 

Introduction 

The u.s. Atomic Energy Commission, the ws Alamos Scientific 

laboratory and the u.s. Geological SUrvey have jointly conducted 

investigations of the geology and hydrology of the Los Alamos area 

related to water supply and to disposal of low-level radioactive 

effluents. These investigations covering the period 1950-65 required 

the drilling of many holes, some for special problems, others to 

obtain data concerning areal geologic and hydrologic characteristics. 

Sampling points to obtain quality-of-water data for the ground 

and surface water of the area were established at several springs 

and at stations along the streams of the area. 
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Records of data collected from the holes alld sampling points 

are scattered a.mong several reports, thus they are not always readily 

available when needed by workers in the area. This report is a 

compilation and summarization of the geologic and hydrologic data 

on all wells, teat holes, springs, and surface-water sampling points 

collected to date in the ws Alamos area. 

Summary statements on the results obtained from various 

investigations are included where appropriate to answer questions 

posed by the stated purpose for which the work was done. 

MOst of the data presented here for the period since 1950 were 

collected by the Survey. Prior to 1950, military organizations and 

private firms conducted investigations of the water resources for 

public supply; data from 'these sources have been included in this report. 
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Location and designation numbers 

USGS location number: USGS location numbers used in this report are 

based on the common system of subdivision of 

public lands. A n'I.Iciber consists of four 

segments (fig. l); the first segment denotes 

Figure l.{eap§ion on next pase) belongs near here. 

tile township north of the New Mexico base line; 

the second segment denotes the raoge east of the 

New Mexico principal meridian; the third segment 

denotes the section -within the tUWDShip; and 

the fourth segment denotes subdivisi.:ms of the 

section. 

A section is considered as being divided into four 

quarters; l, 2, 3, and 4 for the northwest, 

northeast, south-west, and southeast quarters 

respectively. The first digit of the fourth 

segment of the location numbers refers tc the 

appropriate quarter of the sec~lon, or 160-

acre tract. Similarly, each quarter section is 

divided into four quarters, or 4-o-acre tracts. 

The 40-acre tract is divided into 10-acre tracts 

'Which are numbered in the same manner as the 160-

and 4o-acre tracts. Thus location n.m:iber 

19.6.13.344 identifies the data collection point 

located in sEtBE~t sec. 13, T. 19 N." R. 6 E. 
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Figure 1.--System of munbering wells in New Mex:fc o 
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USGS location number (continued) 

If more than one data collection point is in a 

single 10-acre tract, lo~er case letters 

(a,b,c, and so forth) are added to the fourth 

segment to identify the additional points in 

that tract. Springs and surface-water 

collection points are identified by addition 

of the upper case letter S priar to the 

location number. 

The system of subdivision of the public lands 

"Was extended arbitrarily into land grants in 

the Los Al..a.Ioos area to facilitate "Well numbering 

"Within the boundaries of the grants. This 

extended land net is shown by dashed lines on 

Figure 2 of this report. 

Figure 2 {caption on next page) belongs near here. 

USGS designation: A combination of words, letters 1 and numbers used 

to designate the approximate location of a data 

collection point and the original purpose for which 

the hole was put down. 

AEC and LASL coordinates: Surveyed location on the Loa Ala.mos grid 

system. 
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Figure 2.--Map of the Los Alamos area showing location of wells, 

test holes, and springs. 
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Definition of terms 

HYdrologic terms that ba.ve meanings not conmonly known or self 

expl.allatory are defined below. The reader is referred to Meinzer (1923) 

and the American Geologic Institute Glossary (1960) for more detailed 

discussion and definitions not given here. 

Aquifer- A formatio~group of formations,or part of a formation 

tba.t is water bearing. 

Chief Aquifer - that formation which yields the greater portion 

of water to a well. 

c.f.s.- cubic foot per second {one cfs=449 gallons per minute). 

MOisture access tube - a hole 3 to 5 inches in diameter cased 

with 2-inch diameter plastic pipe through which the 

moisture content or density of material penetrated 

by the tube can be determined with a neutron-neutron 

moisture probe or gamma-ray density probe, and 

suitable metering equipment. 
ground 

Perched water - fwater separated from an underlying body of 

ground water by unsaturated rock. 

Potentiometric surface - a surface that everywhere coincid:::e 

with the head of the water in the aquifer. 

Specific capacity - yield of the well in gallons per minute 

divided by the drawdown in feet. 

Test hole - Any exploratory hole drilled for the purpose of 

obtaining geologic or hydrologic information. A test 

hole may be utilized for fluid dynamics tests or may 

never be developed for any use. 
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Transmissibility - The coefficient of transmissibility is 

defined as the number of gallons of water per day 

that will pass through a vertical strip of the 

aquifer one foot wide and extending the height of 

the aquifer, under a unit hydraulic gradient, at 

the prevailing temperature of the water in the aquifer. 
or potentiometric surface 

Water table - The upper surfacejof a zone of saturation except 

where that surface is formed by an impermeable body. 

Well - An artifical excavation, other than ditches or tunnels, 

that derives same fluid from the interstices of the 

rock or soil which it penetrates. Divided by use 

in this report into public supply, observation, stock, 

and unused wells. 
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Use of tables 

The tables of this report contain summaries of the data available 

for individual wells and test holes. The information is in abbreviated 

form and the following discussions of subject headings explain the 

abbreviated notations in greater detail for those headings which might 

not be clear and are not covered under "Definitions". 

Method drilled: Method used in drilling well or test hole. 

Hydraulic rotary - a method of drilling that is 

accomplished by rotating sui table tools that cut, 

chip, or abrade the rock fornBtion. Water or 

drilling mud is pumped down the drill stem to cool 

the bit and carry the cuttings to the surface. 

Air rotary - a drilling method similar to hydraulic 

rotary, in which compressed air is pumped down to 

the bit and carries the drill cuttings to the surface. 

Cable-tool - the familiar "percussion" or "chum-drill" 

method in which a heavy drilling tool is raised and 

lowered with enough force to chip and abrade the rock. 

The rock debris suspended in water or mud is removed 

from the hole with a bailer. 

Auger - a method of boring a hole in which the earth 

IrBterials are raised from the hole along the spiral 

blades of an auger and thrown away from the hole 

at the surface by the spinning action. 
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Method drilled (continued) 

Bucket-auger - a method of boring a hole by using a 

cylindrical bucket type auger that has a hinged 

blade on the bottom. The cuttings are lifted within 

the bucket. 

Drive-point - e. method of making a well (usually 

shallow and of small diameter) by driving a length 

of pipe equipped with e. sand point and screen to 

the 1esired depth. 

Dug - a well excavated by hand. 

Diameter: Diameter of the smallest casing of a well e.t the surface. 

Use: Current use of a well. 

1. Observation - a well used for water-level measurements and/or 

for collection of water samples for quality of water 

data. 

2. Public supply - a well supplying water for municipal or 

domestic use. 

3 • stock - a well supplying stock water. 

4. Unused 

Chemical ana1ysis: Analyses by the u.s. Geological Survey unless 

otherwise noted. Constituents are in parts 

per million (ppm) unless noted. 

Radiochemical analysis: Analyses by the ws Alamos Scientific laboratory 

unless noted. Plutonium and gross beta (g8.l!liiB) 

reported as disintegrations per minute per liter 

(d/m/1). Uranium reported as micrograms per 

liter (.ugm/l)o 
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Report source of data: Published and unpublished reports were used 

to reference the source of data in the tables. Published reports 

are listed in selected references. The unpublished reports, shown 

below, are referenced in the tables only when they contain vital 

information; however, all are listed as they contain hydrologic 

data that is pertinent to this report. 

Unpublished reports 

Abrahams, John H., Jr., 1965, Hydrology and the chemical and 

radiochemical quality of surface and ground water at Los 

Alamos, New Mexico, January 1956 through June 1957: 

U.S. Geol. Survey Admin Rept., 27 p., 6 figs. 

Abrahams, John H., Jr., and Purtymun, W. D., 1965, The hydrology 

and the chemical and radiochemical quality of surface and 

ground water at Los Alamos, New Mexico, July 1957 through 

June 1961: U.S. Geol. Survey Admin. Rept., 45 p., 6 figs. 

Black and Veatch, 1946, Report on water supply Los Alamos Project, 

Los Alamos, New Mex~co: Black and Veatch (Consulting Engineers), 

Admin. Rept. prepared for the U.S. Atomic Energy Commission, 

45 p., 4 pls., 3 figs. 

--- 1948, Report on additional water-supply sources, Los Alamos, New 

Mexico: Black and Veatch (Consulting Engineers), Admin. Rept. pre-

pared for the u.s. Atomic Energy Commission, 110 p., 6 pls., 6 figs~ 

--- 1950, Ground-water observation wells, Los Alamos, New Mexico: 

Black and Veatch (Consulting Engineers), Admin. Rept. prepared 

for the U.S. Atomic Energy Commission, 28 p., 8 figs. 
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Unpublished reports - Continued 

Black and Veatch, 1951, Report on existing utility systems Los 

Alamos, New Mexico: Black and Veatch (Consulting Engineers), 

Admin. Rept. prepared for the u.s. Atomic Energy Commission: 

Volume 1, Water Utility, 80 p., 13 figs. 

Cooper, J. B., Purtymun, W. D., and John, E. C., 1965, Records of 

water-supply wells Guaje Canyon 6, Pajarito Mesa 1, and 

Pajarito Mesa 2, Los Alamos, New Mexico, Basic Data Report: 

U.S. Geol. Survey Admin. Rept., 92 p., 12 figs. 

Griggs, R. L., 1955, Geology and ground-water resources of the Los 

Alamos area, New Mexico: UoS. Geol. Survey Admin. Rept. to 

the U.S. Atomic Energy Commission only, 219 p", 17 pls., 17 figso 

Herkenhoff and Associates, 1965, Supplemental water-supply system 

for technical area FY 1965: Gordon Herkenhoff and Associates 

(Consulting Engineers), Admin. Repto prepared for the U.S. 

Atomic Energy Commi~sion, 4 p., 8 figs. 

Purtymun, W. D., 1962, The districution of moisture in the soil 

and underlying tuff at Iechnical Area 49, Frijoles Mesa, 

Los Alamos County, New Mexico: u.s. Geol. Survey Admin. Rept., 

3 7 p • ' 2 f ig s • 

--- 1965a, The chemical and radiochemical quality of surface and 

ground water at Los Alamos, New Mexico, July 1961 through June 

1962: U.S. Geol. Survey Admin. Rept., 18 p., 2 figs. 

196Sb, The chemical and radiochemical quality of surface and 
---

ground water at Los Alamos, New Mexico, July 1962 through 

June 1963: U.S. Geol. Survey Admin. Repto, 6 Po, 2 figs. 
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Unpublished reports - Concluded 

Purtymun, W. D., 1965c, The chemical and radiochemical quality of 

surface and ground water at Los Alamos, New Mexico, July 1965 

through June 1964: U.S. Geol. Survey Admin. Rept., 18 p., 2 figs. 

1965d, Geology and hydrology of White Rock Canyon from Otowi -----
to the confluence of Frijoles Canyon, Los Alamos and Santa Fe 

Counties, New Mexico: U.S. Geol. Survey Admin. Rept", 27 p., 

2 figs. 

Turney and Associates, 1962, Long range engineering report for 

water utility system for Los Alamos, New Mexico, w. F. Turney 

and Associates (Consulting Engineers): Admin. Rept. prepared 

for the u.s. Atomic Energy Commission, 90 p., 28 figs. 

Weir, J. E., Jr., Abrahams, John H., Jro, Waldron, J. R., and 

Purtymun, W. D., 1962, The hydrology and the chemical and 

radiochemical quality of surface and ground water at Los 

Alamos, New Mexico, 1949-55: U.S. Geol. Survey Admin. Repto, 

40 p., 9 figs. 

Weir, J. E., Jro, and Purtymun, W. D., 1962, Geology and hydrology 

of Technical Area 49, Frijoles Mesa, Los Alamos County, 

New Mexico: U.S. Geol. Survey Admin. Rept., 229 po, 74 figso 

18b 
(19 follows) 



Geology and hydrology 

A brief description of the geology and hydrology of the area is 

included in this report as background material. The reader is 

referred to a report by Griggs (1964) for a more detailed discussion 

of the geology of ws Alamos County. 

The rock units described in this report, from oldest to yo'Uilgest, 

are: the Santa Fe Group of middle(?) Miocene to Pleistocene(?) age, 

the volcanic rocks of the Jemez MOuntains of Pliocene and Pleistocene 

age, and the alluvium and. soil of Recent. age. Their genera.Jized 

stratigraphic relations are shown on Figure 3. 

Figlil'e 3 (caPtion on next page) belongs near here. 
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Figure 3.--Diagrammatic cross section showing generalized 

stratigraphic relation of rocks in the Los AJ..a.m:>s aree.. 
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Santa Fe Group 

The Santa Fe Group, in ascending order, consists of the Tesuque 

Formation, the Puye Conglomerate, and basaltic rocks of Chino Mesa. 

The Tesuque Formation is a sequence of light-colored sediments 

laid down as coalescing alluvial-fan and flood-plain deposits in the 

Rio Grande depression. These sedimentary rocks were derived from 

highlands to the north, and possibly in part, from the Sangre de 

Cristo :t-Duntains to the east. The separate beds are composed of 

friable to moderately 'Well-cemented, light-pink-gray to light-brown 

siltstone and sandstone that contain lenses of conglomerate and clay. 

Bedding generally is poorly developed except locally in fine-grained 

material. 

The Puye Conglomerate consists of two members. The lower member, 

the Totavi Lentil, is a poorly consolidated, channel-fill deposit. 

The t~nglomerate member overlies the Totavi Lentil and is composed of 

volcanic debris. 
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The Tota.vi Lentil of' the Puye Conglomerate overlies the Tesuque 

Formation disconf'ormably along the Rio Grande and noncomformably in 

Los Alamos and Guaje Canyons. It is a gray, poorly consolidated 

conglomerate consisting of' fragments of' quartzite 1 schist 1 gneiss, and 

granite ranging in size from sand to boulders; well-sorted lenses of' 

silt and sand are present sporadically. The materials making up the 

conglomerate were derived principally from igneous and metamorphic 

rocks to the north and northeast. They were deposited on a broad flood 

plain and in channels of' the ancestral Rio Grande. A zone near the 

top of' the Totavi Lentil is composed of' a mixture of' pegnBti tia rocks 

and volcanic debris. This mixed zone represents a change in source 

of' sediments from igneous and metamorphic terrane to the north to the 

igneous and volcanic terrane to the west. 

The fanglomerate member of' the Puye Conglomerate conformably 

overlies the Totavi Lentil; it is generally gray and composed of' pebbles, 

cobbles, and boulders of' rhyolite, latite, quartz latite, and pumice 

in a matrix of' silt and sand. These rocks were derived from flows 

associated with the volcanic rocks of' the Jemez Mountains. Sorting 

is poor, but tongues and lenses of' fairly well-sorted pumiceous silt

stone and water-lain pumice are present within the fanglomerate. The 

degree of' cementation varies from friable to well-cemented. In upper 

Guaje and Los Alamos Canyons, the fanglomerate member consists of' 

angular boulders; eastward it grades to silt, sand, gravels, and 

rounded boulders. 
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The basaltic rocks of Chino Mesa consist of five mppable units 

which originated from volcanic vents near Chino Mesa southeast of 
p. 37-41 

the ws Alam::>s area (Griggs, 1964, I). The lower unit (unit 1) lies 

unconformably on the Tesuque Formation south of Ancho Canyon and 
with 

interfingers unconformably I the Totavi Lentil north of Ancho Canyon, 

along the Rio Grande. The upper :flows o:r unit 1 are conformable on 
I 

the Totavi. To the west, beneath the Pajarito Plateau, unit 1 and 

unit 2 interfinger with the fanglomerate member. The middle unit 

(unit 3), which consists o:f a series of flows deposited in an old 

river channel, crops out in lower ws Alamos, Sandia, and l<Drtandad 

Canyons west of the Rio Grande. 

Flaws of unit 4 cap the mesas south of Los Al.a.mos Canyon. They 

rest unconformably on the Puye Conglomerate and the Tesuque Formation 

and butt against unit 3 in lower Los Alamos Canyon. unit 5 is composed 

of cinder cones and local basalt flows that crop out in 

sees. 13 and 24, T. 18 N,, R. 6 E., and lie unconforiiBbly on the under-

lying rocks. 
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Volcanic rocks of the Jemez M:luntains 

Volcanic rocks of the Jemez Mountains along the eastern flanks of 

the Sierra de los Valles and on the Pajarito Plateau consist of the 

Tschicoma Formation and the younger Bandelier Tu:f':f'. 

The Tschicoma Formation is composed of undifferentiated latite 

and quartz latite flows and pyroclastic rocks that are highly 

fractured and jointed; some intervals contain weathered zones and 

interflow breccia. 

The Bandelier Tuff is composed chiefly of ash:f'all and ashflow tuff 

and some thin, water-lain sediments. The formation has been 
'p.47 -56 

divided (Griggs,l964/)into three members: Guaje, Otowi, and Tshirege, 

from oldest to youngest 

The Guaje Member of the Bandelier Tuff is an ashfall pumice and .--
water-laid pumiceous tuff that rests unconformably on older rocks. 

The base of the unit contains gray lump-pumice fragments as much as 

2-inches in length. Glass shards and crystals of quartz and sanidine 

are present in the cellular structure of partly devitrified pumice. 

Rounded, pebble-size fragments of light-red rhyolite are present near 

the top. 

-------~ 
pumiceous rhyolite tuff that weathers to a gentle slope; it is 

conto:rn&ble with the underlying Guaje. Quartz crystals, glass shards, 

minor amounts of mafic minerals, and varying amounts of rhyolite, latite, 

and pumice fragments included in a fine-grained ash compose the tuff. 

M::lst of the rock fragments are rounded. The Otowi consists of ash:f'lows 
primarily but it contains several beds of silt and water-laid pumice 

near the top. 
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The Tshirege Member of the Be.ndeller Tu:t'f, is composed 

of a series of ashflows of rhyolite tuff that contains at least one 

thin, water-laid bed near the top. The Tshirege unconformably overlies 

the otowi and forms the caprock of the fingerlike mesas of the Pajarito 

Plateau. The rhyolite tuffs range from nonwelded to welded. The thin, 

water-laid bed is composed of material derived from the underlying tuff. 
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Alluvium and soil 

Alluvium from the Sierra de los Valles and the Pajari to Plateau 

has been deposited in the canyons of the plateau. Near the heads of 
but further down 

the canyons bedrock COJI!IIK)nly is exposed in the lower parts; I the canyons 

alluvium l!8Y be several hundred feet wide and as much as 8o feet 

thick. 

Alluvial deposits in the canyons heading on the flanks of the 

Sierra de loa Valles contain cobbles and boulders with accompanying 
and gravel 

clay, silt, sand, I derived from the TechicODB Fol'I!Btion and Bandelier 

Tuff. Deposits in the canyons heading on the Pajarito Plateau contain 

clay, silt, sand, and gravel derived from the Bandelier TUff. 

Clayey soil derived from weathering of the Bandelier Tuff covers 

most of the fingerlike mesas of the Pajarito Plateau. 
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Structure 

The Rio Grande depression is a structurally low area that 

constitutes the valley through which the Rio Grande flows (Kelley, 1952, p.93-

105 ) • The Pajarito Plateau is part of the depression although it forms 

a topographic high area along the western margin of the valley. 

A faulted part of the area called the Pajarito fault zone trends 

northward along the flanks of the Sierra de los Valles and the 

western edge of the Pajarito Plateau. M:>vement along the fault zone 

bas caused the Bandelier Tuff to be downdropped against the Tschicoma 

Formation. The fault zone consists of several en echelon nonml 

faults that are downthrown to the east. Northeast of the town of 

IDs Alamos two nonnal faults are downthrown to the west and form a 

garben-like depression. The outcrop of Tschicoma Formation in 

Pueblo Canyon in the western part of sec. 3, T. 19 N., R. 6 E. is 

an indication of this northerly-trending fault zone. 
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A small depositional basin lies between the Pajarito fault zone 

and the basaltic rocks of Chino Mesa beneath the Pajarito Plateau 

(fig. 3). The basaltic rocks of Chino Mesa originated as flows from 

volcanic centers east of the Rio Grande; flowed northward, north

westward, and westward, and filled channels cut into the older sediments. 

The thick flows moved westward across the present position of the Rio 

Grande south of Sandia Canyon to Frijoles Canyon to form the edge of 

the small basin or trough. The eastern edge of the northerly-trending 

basin is 2 to 4 miles west of the river and the basin is filled with 

volcanic debris. 

The Bandelier Tuff was extruded from volcanic centers to the 

northwest and west. It is thickest along the central and western 

edges of the plateau and thins eastward toward the Rio Grande. The 

upper ashflows of the Bandelier dip gently eastward toward the river 

at 1 to 2 degrees. 
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Surface water, 

Rite de los Frijoles is the only perennial stream in the Los 
Alamos area that crosses the Pajarito Plateau and discharges into 
the Rio Grande. The upper reaches of ws .AlaJoos and Guaje Canyons 
contain naturally perennial streams; but the perennial flow in the 
upper and mid-reach or Pueblo canyon and Sandia Canyon results from 
the discharge of treated sewage. Only during periods of abnol"'!Blly 
great precipitation do the intermittent streams which cross the 
Pajarito Plateau carry water to the Rio Grande. 

The Rite de los Frijoles is fed by streams in canyons cut into 
the flanks of the Sierra de los Valles. The average discharge in 
Frijoles Canyon at the Pajarito fault zone averages about 1.5 cfs 
(cubic feet per second). Seepage runs in Frijoles Canyon indicate 
that the Rite de los Frijoles is a gaining stream on the upthrown 
(western) block of' the :f'a.ult which is underlain by the Tschicoma 
Formation at shallow depth, and is a losing stream on the downthrown 

I block which is underlain by the Bandelier Tuff. The Tschicoma 
Formation at shallow depth west of the fault has a relatively low 
permeability allowing little infiltration from the stream. 

29 



The base flows in the upper reaches of the major canyons (Guaje, 

Los Alamos, Pajarito, Canonde Valle, and Water Canyons) discharge 

from perched water zones in the rocks of the Tschicoma Formation and 

the Bandelier Tuff. The average discharge at Guaje reservoir (about 

4 miles northwest of Los Alamos) is generally less than 1 cfs, and the 

average discharge near Los Alamos Canyon reservoir 

(NE~ sec. 13, T. 19 N., R. 5 E projected) is generally less than 

0.5 cfs. 

The effluent from two full treatlr.ent sewage plants discharges to 
and 

Pueblo Carryon/ sustain; the average flow of about 2 cfs from September 

through April and about 0. 7 cfs f:rom MJ.y through August near the 

eastern edge of sec. 9, T. 19 N., R. 6 E. The stream flows for a 

distance of about 5 miles below thediscbarge point but the water does 

not reach the Rio Grande as surface flow. 

An average of' about 1001 000 gpd (gallons per day) of treated 

sewage and cooling water from the power plant is discharged into 

Sandia Canyon near the western edge of sec • 16, T. 19 N. , R. 6 E. 

This discharge sustains flow in the stream channel for a distance of 

about 4 miles in the summer months. 
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Ground water 

The main aquifer in the Los .AJ.a.Ioos area is in the Santa Fe Group. The 

potentiometric surface (fig 3) rises from the Rio Grande westward 

through the Tesuque Formation into the lower part of the Puye Conglomerate 

which interfingers with the Tschicoma. Formation. The position of the poten-

tiometric surface in the Tschicoma Formation is not known beneath the 

western edge of the plateau. Brecciated zones within the Tschicoma. 

Formation may contain water but where encountered in wells such zones 

have not yielded more than 5 to 10 gpm. 
pot en-

The gradient of the ;tiometric surface beneath the Pajarito 

Plateau averages about 70 feet per mile. The depth to the main aquifer 

varies from about 1,200 feet along the western edge of the plateau to 

about 600 feet at the confluence of Pueblo and Los Alamos Canyons. 

Water in the aquifer moves eastward to·VIard the Rio Grande where some 

water is discharged through springs in the channel and along the banks 

Ground water is perched in the alluvitun at some places in Pueblo, 

M::>rtandad, and Los Alamos Canyons, and probably is perched seasonally 

in the upper parts and perenially in the lower parts of other canyons 

which receive seasonal runoff from the Pajarito Plateau and the Sierra 

de los Valles. 
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Supply wells 

Growth of Los Alamos has been peralleled by increased water demand 

for residential and industrial uses. Originally surface-water sources 

were used for public water supply. A larger and more dependable 

source of water ·Has developed by drilling wells in IDs Alamos Canyon 

and in Guaje Canyon. New water-supply wells are currently being 

developed southeast of Los Alamos on the Pajarito Plateau. ApproxinBtely 

16 wells now provide an average of 3 million gallons of water per day 

for domestic supply, and industrial use. Geologic, hydrologic, and 

construction data of these 'Hells are ":)resented in table 1 to 16. 

Locations are shown on figure 2. 
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USGS Location No. 19·1·4.4ll USGS Designation 0-2 (Ouaje 2) 

A!C Coordinates AFX: Designation----------·---

Driller Texas Water Wells Inc. 

Topography~oor of Guaje Cagyon 

Address Houston, Texas 

Altitude 6,056 feet 
Method dri lied FbQraul1c Rotan Diameter 

Drilled depth 2.oo6 feet Completed depth 

12 inches Use P\lblic Sumlly 

1,99? feet 
Date drilled August 1951 Chief Aquifer( s) 'l'esugy.e Po.rmation 
Depth to water 259 feet Date Aug. 1951 _ Transmissibility~5,000 _gpd/ft 
Specific capacity ll cpm/ft After 14 yaara of production (1965) 
Log: 

Thickness Depth 
Alluvium ------------------- 1~ 13 Puye Conglcmerate: 

Janslamerate Member ------ 17- 30 
!bt&vi Lentil ------------ 45- 75 

Tesuque Formation ----------1,931-2~006 
Bo basa.l.t 1osged 

Casing Schedule: 
Dia .. ter (inchea) 

12 
10 

Depth (feet) 

0-600 
6oo-l,990 -

Chemical analls1s: Conat1tuenta in parts 

Date ..,... 29, 1952 
' T-p.~

0P', 8102 

II& J.l. • Na +K 5! ' HC03 1.66 ' 
F l.~ • N03 l.Q • Bardneaa 38 ' 

Remarks 

With 425 f'eet of' perforations 

per million 

54 Fe .03 Ca 13 • 
COJ ' 804 8.2 • Cl 4.8 . ---
Dissolved sol ida 

Specific conductance 281 at croahos, pH, __ _ 

• Pu <0.4 d/m/1, U (,0.5 ug/1, 
' 

Report source of data: 

Remarks: Ble~e logs available. 



'l'able ~.--Sappl.y well G-l.A 

USGS Location No, J9.7.Jt..44 . ...,1 ___ _ USGS Designation G-lA (Guaje 1.A) 

AEC Coordinates AOC Designation ---------------

Driller Band W DrilliAg Oo. Address __ Bo!Ber~Texas 

Topography floo~~o~f~QuaJ~~e~~Cagyo~~=n~----------------- Altitude --'6...L1_0..:;;;1.....;.4_-=.f ee t 

Method dri !led llJdrauHc Botar;y Diameter 12 inches Use Public Supply 

Drilled depth~Ol!__!eet Completed depth 1,51~eet 

Date drilled Deceaber ~-- Chief Aquifer(s) Tesuqo.e llbl1!18t1on ---------
Depth to water 255 feet Date Dec. 1954 Transmissibility.1l,OOO __ _gpd/ft 

Specific capacity ll gp11/!t After 11 ~a.ra 9f pto<!;uction (1965) 

Log: Thickness Depth 

Alluvium ------------------ 12- 12 
Ptqe Conglcaerate: 

J'lqJlomerate llsber ----- 47- 59 
ifotav1 Le!rt1l ----------- 8-31... 122 

Tesu~ Jbrmatioa ---------1,949-2,071 
llisalts or :Basalt Br'eccias :f'raB 1,505 to 1,675 feet and 1,755 to 1,789 feet. 

Casing Schedule: 
Dia .. ter (inche•> Renaarks 

l2ID 
10m 

Depth (feet) 

o- 663 
660-1,519 With 563 feet of toreh ·cut slots. 

Chemieal analysts: Con•t1tuents in parts per million 

Date Dec. 29, 12'4 , Teap.~ °F, 110
2 

&> Fe .ll , Ca._12 __ 

llg ·5 , Na + ~ 21 , H00
3 
~ , co

3 
, so

4 
4.6 , Cl__2_Ji_, 

F___Q~, N03 0.2 , Hardne•• 32 , Dissolved solid• ---------

Speci !1 c conductance 167 •t cr011ho•, pH. __ _ 

R~dtoche•t~al analysi&: Date .,. 241 1964 , Pu 1.5 d/m/1, U <0.5 ug/l, 
I 

Gros• _p' (Ga ... ) 5 d/11/1 • 

Report source of da~l OJalwaD# R. L., 1963 aDd Grigs, R. L. 1 1955 

Re~~~ark•: · necVie lcg8 available. 
Tritiua unita <0.5, M.r. 1959. 

__ . _ ___,..__ __ --------------



.. IJ).b)..~. 5.--SUpply well G-1 

USGS Loca t 1 on No • _l9...7. .. 4, 444 USGS Des 1 gnat 1 on -~G..::-_.l-41(Gua~~Ju;e........,loJ...) _ 

AEC Coordinates ·----·---- ---- AEt: Des i gnat i or. --..------------

Driller Tens Water WeD!Al~-· __ Address .Jio~on, Texas 
Topography Floor of Guaje C~o=n=-------·--- Alt 1 tude 5,973 feet 
•ethod drilled H¥draulic ro~ Diameter-=12=---..!..1 nches Use Public SUpply 
Drilled depth 2,100 feet Completed depth ~000 feet 
Date drilled July 1950 Chief Aquifer(s) Tesuque Formation -----------------------Depth to water 192 teet Date_;~o, 195~-- Transmisstb111tyl2,000 __ _gpd/f 
Specific capacity · ~- gpm/ft After 15 xaara of production (1965) 

Log: Thickness Depth 
~ium -------------------- 12- 12 Puye Conglaoerate: 

Fanglomerate Member ------- 13- 25 
~tavi Lentil ------------- so- 75 

TesU~ Pbrmation -----------2,075-2,100 
Easal.tll logged between 1,540 and 1,838 :feet. 

Casing Schedule: 
Diameter (inchea) 

12 
Remarks 

10 

Depth (teet) 
o- 490 

490-2,000 With ~90 f'eet o~ perforations 

Chemical analxsta: Constituents 1n parts per mill ion 

Date .Aprt14, 19511- , Temp.~0P', 8102 66 Fe .01 Ca 13 
• 

Mg 1.1 • Na + K 25 • HC03 97 . co
3 • so4 4.9 • Cl 

F 13 • N03 1.0 • Hardneaa 37 
' 

Dissolved sol ida 
Specific conductance 1.62 •tcromho•, pH 

E!~ochem1~~!_2_~!ysi~: Date Dea. 10~ 1964 --------· Pu <0.4 
Groaa -..f<Gamma) 8.7 d/m/1 

Report source o! data: Griggs, R. L., 1955 and 1964 
Remarks: Bleetric l.oga aTailab1e. 

d/m/1, U 2.6 

3-5 ----· 

,ug;l • 
' 



J 
'nlb1e 6 -~-Supply veil G-5 

USGS Location No. 19.7.5.112 USGS Designation G-5 ~ 5) 

AEC Coordinates 
------------------ AEC Designation --------------------------

Driller· Tezas·Water Wells Inc. Address ~~on~--7Pza~MM·~-------------------
Topography Floor or ()uaje <>mmn Al t1 tude 6,3Q6 feet 
Method drilled Hrdraullc rotary Diameter 12 inches UseP.•bl1c SuJial7 
Drilled depth 1 2991 feet Completed depth ~84o feet 
Date drilled May 1951 Chief Aquifer(a) Tesugpe Jbrm&tiog 
Depth to water 411 feet Date Jay 1951 Transm1ss1bilttyl2 1 QQQ _gpd/ft 
Specific capacity 8.0 gp~/ft After 14 years of_prod~tion (1965) 
Loc: Thickness Depth 
Alluviu. ·----------------- 8- 8 PUye Conglcaerate: 

llallgl.aaerate llelllber ----- 119- 127 
!otav1 Ient11 (DOt present) 
~~ lbr.mation ---------1,870.1,997 
Basalts or basalt breccias 1n tbe inter'lal.a: 586-613; ~1,135,; 1.,2ll-1,238; 1,241-1,268; and 1,291-1,31.8 reet. 

Casing Schedule: 
Dia.ater (inches) 

12 
Reraarks 

10 

Depth (feet) 
0- 739 

739-1,BIIo 1100 feet of slats in tbe casiDS. 

Chemical analysts: Constituents in parts per million 
Date tgrtl 1, 1952 ' T•p • ..2fL_°F, 8102 JHi Fe .OJ 

' Ca 19 
Mg 4.~ • Na + K ·12 ' HC03 g.6 ' co3 ' so4 ··~ ' Cl 
F e3 • N03 l.5 Hardness 66 Dissolved solids 
Specific conductance m atcroahoe, pH 

E~diQ£hellli~al anal,l&i!: Date Dec. 101 1964 
Gross -f (Ga..a)_ 19.9d/a/l 

, Pu <O.It d/m/1, U <0.5 

Report source of data: Gr1gga, R. ~·, 1~5 and 1964 
Re111arks: Bl.eetrie lOBS ava11able. 

Tritiua unite <0.5, Mar. 1959 

4.~ 
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!able· 7 .-axpply well 0-~ 

USGS Locat1 on No, · 19.715~-- USGS Designation G-4 (ouaJe ~) 
AEC Coordinates 

AEC Uesignat1on ---------------------------
Dri 11 er Texas Water Wel 1 s ~L--- Address ...lfcu.aton, Texas 
Topography J'] oQl" _.wo ... t_,O""t,..ta~Jilie.._..C..,:a...,yWW..,........_ __________ _ Altitude 6,229 feet Method drilled gydraulic rotary Diameter_jg_ __ inches Use Public SUpply 
Drilled depth 2 t002 feet Cortlpleted depth 1,930 feet 
Date drilled May 1951 Chief Aquifer(s) Tesuque Pbr.mation 
Depth to water 347 feet Date __ ~1921 _ Transmisstbil1ty.l7,50Q _gpd/! Specific capacity 2 gp~/ft After 14 years of production (1965) 
Log: Thickness Depth 
Alluvium ------------------ 15- 15 Puye Conglomerate: 

Fanglomerate Member ----- 45- 6o 
~~ Lentil ----------- 60~ 120 Tesuque Formation--------- 1,182-2,002 Basalts or basalt breccias in the interva.la: 499-526; 855-~9; 956-9'16; and 1,103-1,141 teet. 

Casing Schedule: 
Diameter (inchea) 

12 
10 

Depth (feet) 
()... 720 

720-1,930 

Che11ieal analysis: Conat1tuents in parts per million 
Date J\me 7. 1951 ' Teap.~

0P', 8102 50 I Fe 

Remarks 

.02 
I Ca 16 

Ill« 2..6 I Na +K ~9 I HC'03 9.6 
' co3 ' so4 4 •. 9 

' Cl.JL.5_, F ·3 ' N03 1.2 • Ba~nea• 50 ' 
Diasolved sol ida -

Specific conductance 177 •tcromhoa, pH. __ _ 

B~diocheaical analysia: Date_~. 10, 1964 , Pu ~0.4 
Groaa -f (Gaa.a) < 0.1 d/•11 
Report aource of data: Grigg&, R. L. ~ 1~5 .. arid 1964 
Remark•: ~c~.lo;s,al'M.la"b~e. 

-

d/m/1, U <0.5 

. ' 

.ug/1' j 



Table 8.--Supp1y well 0-6 

USGS Location No. USGS Designation G-6 (GuaJe 6) 
AEC Coordinates AEC Designation ----------

Driller BuJ:ae~ Drilli~ Co._ ___ Address _carlsbad, New Mex:fca 
Topography Floor of Rendija Cagyon Altitude 6,422 feet 
Method drilled Cable tool and H.ydraul4emeter 16 inches Use Public SUpply 
Drilled depth 2,005 feet cam~d depth __ 1~eet 
Date drilled~h 1964 __ Chief Aquifer( s) Tesuque Formation 
Depth to water 572 feet Date March ~---olransmissibili ty. 6,300 _gpd/f 
Specific capacity 4.2 gp~/ft After 171 bours/RUmPiDs (Oct. 1964) 
Log: Thickness Depth 
Alluvium --------------------- 40- 40 Puye Conglomerate 

Fanglomerate Member -------- 90- 130 
motavi lentil -------------- 70- 200 Tesuque Formation -----------1 7 805-2,005 

Basalt or basalt breccias in the 1Irterva1s: 1,070-1,170} 1,1eo-1,220; 1,270-1,425. 1,445-1,47q; 1,605-1,665; 1,720-1,730; 1,815-1,825; 1,905-1,915; and 1,955-1,970 f'eet. I 
/ 

/ 

/ 

Casing Schedule: 

Retaarka 
Dia .. ter (inches) 

12 
Depth (feet) 
0-1,530 3/32.-ineb lOU'Ter .»~oratiaM frCJil 

700-1,530 feet. 

Chemical analysis: Constituents in parts per million 
Date June 8, 1965 , Temp • ...§i__ °F, St0

2 
50 , Fe .00 , Ca 13 

Mg 1.7 , Na + Jt_g_!:_g_, HC0
3 

89 , co3~-' so
4 

4.9 , Cl__l.:._3_. 
F ~--• H0

3 1.8 , Hardness 4o , Dissolved soli de ----
Specific conductance 16o mtcromhos, pH 1·7 
.B~dioch•!!!£~L~~!.!J•: Date Dec. 101 1~, Pu <o.lt. d/m/1, U 1.2 .ug/1, 

I 
Gross -f (Galllllla) <.1.0 d/m/1 

Feport •ource of data: Cooper, J. B., Purtymun, W. D., and John, B. C., 1965. 
Remarks: Electric logs available. 



""'---·-

Table 9.--Supply well L-1 

USGS Location No. J.9.!1~.13_!_:u4 _____ USGS :)esignation L-1 (IDs Alamos 1) 

AEC Coord1nat<>s J\EC ! •es i gnat i or:: 

Driller A.:;; ress 

Topography _ _¥}:.oor_of_L?S Alamo_§ Q?.nyon Altitude 5,624 Ieet 

Method dri 1 ~ed~dranlic rotary __ Diameter __ J2 __ inches UseO'bserva.tion 

Dnlled j~pth __ l..,~_OOl feet Comp 1 ete:i ::iepth _If{g __ _feet 

Date drilled __ Noyemher~~ Chief Aquifer(s)_T~suque Formati8n 

!Jepth to water~!~eet Date_~~_y __ J:9!t9 __ Transmisaibihty_. _____ ~pd:ft 
\.. 

Specific capacity ___ g
0

pm/ft After __________________ __ 

Log: 
Thickness Depth 

Alluvium -------------------- 76- 76 
Tesuque Formation -----------925-1,001 

Casing Schedule: 
Diameter (inches) Remarks 

12 

Depth (feet) 

o-870 12-inch slotted casing and screens 
alternating with lQ-inch slotted 
casing am screen. 6o feet to 870 
feet. 

Chemir.al anall!!!: Constituents in parts per million 

Date ~ 141 

Mg 1.0 , Na 

F~j__. N0
3 

1952 , Temp.-.6,3_ °F, Si0
2 

29 , Fe .03 , Ca 7.4 
+ K_ao ____ , Hco

3 
177 . co

3 
____ • so

4
_gQ__, c11§_ __ 

1.8 , Hardness 22 Dissolved solids 

Specific conductance 383 mi cromhos, pH ______ _ 

~~di2£hemi~~L!!n~.!ysi_~: Date_!Jct~ _9, 1957 , Pu _ _;o=----

Gross .jl (Gamma) 12 d/m/1 

Report source of data: Griggs, R. L., 1955· and 1964 
Remarks: Unused water-supply well equipped with water-level recorder. 
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Table 10. --Supply well L-l.B 

USGS Location No. _15L.1-13. JJ.4.b '..~SGS Oe s: gnat ion --I..:.l.B (Ios AJ amos -lB>---

AEC Coord~nat~>s AEC >esignat:')r. 

Al t 1 tude --5.,622 Topobrapl:y __ :z::t.o~_..?!_ Los ~~ ~ 
Method cri i led__llyg.ranlic rotary__ C>tameter 12 inches Use...P.ubll.c supply ___ _ 
Drilled v~pt ·--~_,_2_29__!eet C'::>mpi<C:el ::-;e;;tn ..J..-.750 feet 

Date drilled_~_h 196.Q ~ Chief Aquifer(s)_Tesug,ue Fonnatian _n 
I 

Depth to water Flo_~i-gg__feet Oate_~J:L.l96Q ____ TransmissibilityJ:7~000 
Specific capacity __ ._5 __ __gpm/ ft After 5 years of prQpuction (196.5) __ 
Log: 

Thickness Depth 
Alluvium ------------------ 78- 78 
Tesuque Pbrmation ---------2,178-2,256 

Casing Schedule: 
Diameter (inches) 

12 
10 

Depth (feet) 

0- 650 
650-1,750 

Remarks 

591 feet of perforation between 326 
and 1,750 feet. 

Chemical anali:.!.!..!: Constituents in parts per 11illion 

Date Jluoch 18, 1965 Temp.~ °F, SiOz- 4o , Fe .03 , Ca 8.0 
Mg .7 , Na + K..J..7l....3._, HC0

3 
,387 . co

3
_o_ __ . so4~_. Cl _ _)£_ __ . 

F 2.3 , N0
3 

1.8 , Hardness _ _2,3__, !""lissolved solids ____ _ 
Specific conductance 717_ m; c-romhos, pH_'Z.J3 ___ _ 

_!!~di ochemi~'!LeDelY!_i_!f: Date :reb. _5JM- Pu <0.4 __ d/m/1 , U__..2..1---Pg 
Grou -f (Gamma)_2._JL_ri/mt1 

Report source o! data: Cushman, R. L., 196$ 
Remarks: Electric logs available • 



T~ble 11.--Supply well 1-3 

USGS Location ~o. 19-7-14.221 USGS Jesi gndtif'lr. ~:-3 (Los Alamos 3l__ __ 

1\EC l)es i gna ~ t '''· ______________ ----------

A:: .• rcss _Kansas. Ci:t~~---·------. 

Topcgraph;_.n,oor_Qf_Los Al51mO~ __ Q_aJlyon Altitude 5,672 feet 

Met:-~od dri lled~ulic rotary___ :l1a.:r.eter _ _j2 _::._.'1ches t:se_Pu,blic supply 

Dri l ~e1 depth _ _2!Q_!eet C:){llp] de:! Jeptr. _ _8z'Q_ __ ~r;et 

Date drilled~~---- Chief Aqu 1 fer( s) ___ Tesu~_.Fo.rma:tioJ:l_. 

Depth to waterFlo~_!l:lg__feet Date __ ~u2lt:z___ Trar.smi ssi bi l i ty_;_ ___ --~pd/ft 

Specific ::apacity~6 __ _gpm/ft After 19 y:ear~IL{l965) _______ _ 

Log: Thickness Depth 
Alluvium ------------------- 51- 51 
Tesuque Formation ---------- 859-910· 

Casing Schedule: 
Diameter (inches) Remarks 

12 

Depth (feet) 

0-870 12-inch and 10-inch · screens 

Chemir.al anal~l!: 

Date May 141 1952 

and casing alternate throughout depth 
of well. 14o feet of 10-inch screen 
and 620 feet of slotted 12-inch 
casing. 

Constituents in parts per millinn 

, Temp.2§___ °F, SiO 3? , Fe .01 , Ca_.....lo~t~6~-
2 

Jig .5 , Na + K_32___ __ , HC0
3 

117 _. C0
3 
_____ , so

4
---1---5--· CJ __ .!l._Q _ 

F ·5 , NO 
---- 3 

1.3 _ , Hardness_~-. Dissolved sol ids 

Specific conductance_ goo_ mi ("romhos, pH ______ _ 

R~d i ochemi.~a.L ~!!~l.Y!!J ~: Date Fe'b! 5~ ..l965... _, Pu <0.4 

Gross -f (Gamma)_2~_d/m/ l 
''eport source of data: Griggs, R. L., 1955 and 1964 

-:-zemarks: 



Table 12.--Supply well L-2 
USGS Location So . .J-~7..:_14~~2 _____ USGS Designation L-2 (Los AlamoS 2L __ _ 
AEC Coord 1 r.a t <:>s AEC Des i gnat l on --------
Dri ller __ La.me-We~tern Ir.!c_.!. _______ Address :&i.n.t?a~1U.,..__}JQ ·------Topography__!loor of Los Alamos ---=Ca=ny~o;;;.;n=--------- Altitude 5.651 feet 
Method drilled~raulic rotary Diameter__l2 __ inches Use Pu.blic supply 
Drilled jepth 882 feet Completed depth __8IQ___feet 
Date drilled December~-- Chief Aquifer(s) __ ~!;LUe__Fo,..rme...._.t,..i..,o""n...___ ___ _ 
Depth to water Flow~eet Date Dec. 1946 Transmissibility. 4.100 _gpd/f Specific capacity 1.6 ~pm/ft After 19 years of production (1965) 
Log: Thickness Depth 
Alluvium ------------------ 60- 6o Tesuque Formation --------- 822-882 

Casing Schedule: 
Diameter (inches) 

Remarks 
12 

Depth (feet) 

o-8(o 12-ineh casing and 10-inch screen 
alternate to depth of well. 195 .fee"t o:f 10-inch _ _ _ screen and 565 
feet of l2 -inch · slotted casi 

Chemieal anall!!!: Constituents 1n parts per million 
Date_J!I.'! lJt, 1952 , Temp.~°F, Si0

2 
30 , Fe .01 , Ca 5.8 

Mg; 1.0 , Na + k Blf. __ , HC0
3 

185 , co
3 
___ , so4~-' Cl___.la__, 

F~O __ , M0
3 1.3 , Hardness 18 , Dissolved solids----------

Specific conductance 378 11i cromho•, pH _____ _ 

E~di~hemi~!'L~nalrsi~: Date_ Pe'Q! _5,. 1965 , Pu (0.4 d/m/1, U <0 9 5 
Gros• -.f (Gamma)_ 3.5 d/m/1 
Report source of data: Griggs, R. L., 1965.ancl 1964 
Remarks: 

,ug/ l. 
' 
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· T~ble 13.--Supply well L-6 

U~ Locat1on No. _lg..._'l-....J)Ljl.2._ ____ USGS DE>signation .L-6 (Ins Alamos 6) 

AEC Coord i r.at P.s AEC ~>es i g:na t; 'Jr: ----------
Driller La.yne-HesterJl. ~--- __ Ace. :·css Kansas Cit¥,._14o_._ ___________ _ 

Topography -~_gor Q_f_J .. os~..QLC.rul,._yo_...n __________ _ Altitude 5.770 feet 

Method crilled~draulic rotary Diarocter ----.la __ i nches t:se Public su;pply __ _ 

Drilled depth 2,030 ~oet C0!11p: etw! de;Jt:: ..l..J9Q___ff:et 

Date d r i 11 ed J)t!!!r:emher ~-- Chi e f Aq u 1 fer ( s ) __ Tem1que Fom.tio.n__ 

::>epth to water _2_ ____ feet Date~..!-1514:8___ Transmi ssi bi 1 i ty_. _____ _gpd/f' 

Specific capacity 14 _gpm/ft Aft~" 17 years ...QfJ.W.l!&I;J,Qn (1965) _________ _ 
Log: 

Thickness Depth 
Alluvium ------------------- 36- 36 
Tesuque Fbrmation ----------1,994-2,~30 

Casing Scher:h.tle: 
Diameter (inches) 

12 
10 

Depth (feet) 

0- 597 
1120-1,790 

Remarks 
Perforated 420 to 597 feet. 
With 4oo feet of' 10-inch screen. 

Chemir.al anall_!l!: Constituents i:1 ports per .":l~l:inn 

·Date_~ 14 2 1952 , Temp.~ °F, Si0z-2Q---• Fe .02 , Ca 2.9 
Mg .4 , Na + K__Q) ___ , HC0

3 
158 . co

3 
_______ . so1~9 ___ , c1_h0 __ , 

F___l. • .L_, N0
3 

1.4 , Hardness 8 Dissolved soli-js _____ _ 

Specific conductance 273 _ mi cromhos, pH _________ _ 

.Bf1di~hemi~aL!!!!!!.h:!J.!J: Date F~~·_h_l-~. Pu <O.~ __ ,-:/m/1. '; __ 7~g;:, 
Gross -f (Gamma) Q,O d/m/1 

Report source of data: Griggs, R. L., 19'55 and 1964 
Remarks: Electric logs available. 

Tritium units <0.5, Mar. 1959. 



General irrrestisations 

Test holes 'Were 1rillc:i to determine the thickness of' geolosic 

units and of' 11ater-bt.:arinc formations. Sone of' the holes are no'W 

used as observation 'Jells to monitor the chenical and radioche~cal 

quality of v1ater in rer ·hel water zones and in the r:JB.in aquifer. 

Geologic, hydrologic and -::onstruction data of these test holes and 

observation ilells arc.: pres _nted in tab:c 17 to table 38. Locations 

are sho'Wn on Figure 2. L.il.!lu 1.ed in the ta·olcs are records of two 

wells drilled for stock ilater and now u::>ed also as observation -v.·ells. 
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Table 17.--Test well T-4 

USGS Location 'b . ..19...6.9.._"'3------ USGS Designatior. _._T.....,· ..... ij,......_ ____ _ 

AEC Coordir.at<-'s AEC Des 1 gnat i o:: 

Driller -~-.Western ..Inc.. ________ Adu ress __ Kansas City-, )6:). 

Topography_jtlm of Pueblo Cenyon Altitude 7,243 feet 
Method dri lled__ca_b_k_11QQL____ Diameter __ _6_ ___ _ir.ches t.:se Qbservation 
Drilled !P.pt:. __ l,205 feet Complete-J ::!epth ~Q5 _ _fAet 

Date drilled Ma.rch .J.95Q___ Chief Aquifer( s) ___ Tschicoma .Fou.rma.D.I.JitL.tu..i~oo.J.~Du.------
Depth to water 1,166.C1eet Date Jan. 5, 1951 _ Transm1 Sl!; bi l i ty .J ,000 
Specific ~apacity~0~-~6 ____ _gpm/ft After 

Log: Thickness 
Bandelier Tui'f 

Tshirege Member -----------
Otowi Member --------------
Guaje Member -------------Puye Conglomerate 
Fanglomerate Member ------

TSchicoma Pbrmation ---------

Casing Sch~dul ... : 

-28o 
-88 
.. 27 

·-21io 
570 

Diameter (inches) Depth (feet) 

16 - OD 0- 109 
12- ID 0- 288 
10 - ID 0- 734 

6 - ID 0-1,195 
4 - screen 1,195-1,205 

720 b.rs. 

Depth 

28o 
368 
395 

635 
1,205 

Chemieal Anal~~: Constituents in ports ; . .,r :n1L:.i:1n 

-. 

Pemarks 

~pd/f1 

DateJul~ 17, 1952 , Terr.p,-l!L-°F, Si0z-:z3_ ___ , Fe ...Q2_ , Ca..lJ.. _, 
Mg 7.1 _, Na + K_9,.!L_ .. HC0

3
..81.... __ , C0

3
_Q__ _, SO.~ _ , Cl~. _, 

F.-L.: ... _,NO~ _, Hardness-'26._ _, Dissolved solids 

Specific conductance __ ~-- micromhos, pH~------

~~diochemi~aL~!!~ly~i~: Date_Fe[). __ .l._ .J-..965 ____ . Pu ~0.4 d/m/1, U 1.9 
Gross -.f (Gamma) _S,J,..JL__ 1 /m/ l 

P~port source of data: Griggs, R. L., 1955 and 1964 
Remarks: Drilled for geologic and hydrologic in:fol'm!!.tion 
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Table 18.--Test well T-3 

USGS Loca t i :; n 'l·J. _ ~9.£. ~)- .)44_ _ - USGS Designation T ·3 
AEC Coordiratc-s AEC :!es i gnat i or. ____ _ 

-~~_l3_g_itL.___)l)_. ________ _ 

Altitude 6,625 feet 
Met:-:ocJ .::: 1'" i ~ l e j._Cabl.e__ tooL_______ :> 1 <.1c t:ter __lQ__ ___ j_r.ches Use Qbservatjon 

815 _ __feet 

Date d r i 11 ed_ .Boy ember 19-49__ _ _ Chief Aqu i fer( s) ___ .To:t.a:v.i Tenti 1 

!)epth to watc:-_1~-~eet ::>ate.Ja.n.._J.J_,_ 19.51 Transm1ssiJility_7,..8oQ _ _gpd/f' 

SJ:'eci!i:; dt:Jacity~5__~;J:l1/ft After 720 hrsL-punwing __________________ _ 

Log: Thicknecc: 
Bandelier Tu:ff 

otowi Member ------------- 14o 
Guaje Member ------------- 35 

Puye Conglomerate 
Fanglomerate Member------- 91 

Basalt Unit 2 --------···--- 72 Puye Conglomerate 
Fanglomerate Member ------ 415 
Tbtovi Lentil ------------ 62 

Cas!~'l;-; Sc:,~d-.tiP; 

:iiameter (inches) 
16 - OD 
10 - ID 

Depth 

14o 
175 

266 
338 

753 
815 

i'emn.rks 

6 - ID 

Depth (feet) 
0- 33 
o-8u 

8o4-815 Screen from 805-815 feet 

Date Jan. 1-.1953 , Ten:p._71L_ "!", Si0
2 

76 , re_..._Ql__~-· Ca.-~.l.,;~9~,..._-
Mg 6.2 , Na • K~ ------ , HC0

3
.lJ.2_ ___ ~-, C0

3
_Q_ ______ , SO 1 .3~--- _, C _ti_ ___ , 

r _ _.j_ ___ . so
3

_._._._2 _ _._ , HaranessJ_,3_____J___ __ . ::>i ssolvej sol; -~s 

S):ec i fi c cc;·.::luctance _ __J3_4_ ___ m ~ c-rom!'":os, pH_~----

~ at!_i ocr. e rn_1 -:a 1 2,!1Cl, i .L s, s : Date _Ma.rcb, __ U__J__ ~ Pu_'{_Q.~ ___ n '~ ' .:.:::. 0. 2_ _____ -f-1 g' ~ , 

Gross -Jl (Ga.'T\.'!la)_~l.Q __ i/o::/1 

;;eport S')u~c-e r)f 'idta: Griggs, R. L., 1955 and 1964 
'elf.a rks: Drilled for geologic and hydrologic inforiiBtion. 
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Table 19.--Test well T-7 

18.~ .13 ._444 USGS 9esigr.'ttion T-7. 

Dri :ler _ ~enkins D.rilliDg Co. A': ; ress 

Top,_-,!! r <1 n l~ y __ ...Anc.ho.__Caeyon _ _ _ __ Altitude Ieet 

Met.-.od cri i ~~_>(j Cable toQ~--- --- ilia.Teter _ir.ches C'sE:_ 

Date drilled_Apn:!_Ll_~p _____ Chief Aq...:i fer(s) _No~------

:Jeptr to ·.oatcr ___ <ix:¥ ___ feet Trans~l S!;' ·:.:,:. 1 ty _____ -~pd/ f• 

Spec l t': c . 1):iiC 1 t:. ______ _g;:,m/ ft After-------

1,og: Thicknes3 Depth 

Alluvium -------------------- 10-10 
Bandelier Tuf'f 

Otowi Member -------------- 35·-45 
Basaltic Rocks of Chino 

Mesa unit 2 --------------- 10-55 
(clay 45-51) 

Cas::1c; S.·:,"' L..1~·: 
fJ; n meter ( J. :. c r E::;) ')epth (feet) 

---.-, 

,, -na rf.: s 

Open hole 

Date __________ , Terr.p. ___ "f, S10
2
_____ :- e _________ • Ca ___ _ 

Mg _____ , ~a - K_________ HCO:l------ CO:_;------- . SO 
1 
___ _ 

-· 'iO H rl :)issol•.eJS'JllJs _- ·------· . 
3 

_________ , ar~ne~s ______ . 

S!='eC i fi c cDr.d;.~ctance _________ m · cr'>tr.:r .• )S, oH 

Pu ·------fr· 
Gross __ft ( Ga'Mia; __ ___ i/m: 1 

'-3port ~ •urce 8f data: Griggs, R. L. 1955 and 1964 
ilemarks: Drilled for geologic and bydrologi.c inf'onna.tion. 
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Table 20.--Test well T-2 

USCiS Locat i :>n ~o, _1_2._._9_.)..~_._2~1 __ USGS Designation --~T~-.2~--------

AEC C0ordi:dt• s AEC lles i gnat i w: 

Topogri!pr.;.· ]d...QQ.~ __ Q_f__Pueblo_C~.ll.---------- Altitude 6,646 feet 
Met:"':cY.! iri llej___Q§.ble_tQQ_L ___ Did:retQr_____8_ __ inches Use(JbseJ"'VBtion 

Dr1 :.led :c•pt:~ _ _3f35)__fe•~t C•)mp: etecl de;Jt!1 .789_ ___ _Jeet 

Date drill ed __ HQyem.Qer_.J39,_g__ Chief Aquifer( s) ___ To.t.oti_ Ienti 1 

Depth to water __ J_QQ_ • .l._!'eet DateJ.an..__4,. 1951 _ Transmiss;bility~QQ9 _ _gpd/f' 
Spec 1 fi c ,_·a pari ty_l_&__J;pm/ ft After 760 :QQ.l..l».lLll!Ill2iDg_ _ ________ _ 
Log: Tbickne~s 

Alluvium ----------------- 11 Bandelier Tuff 
otowi Member ----------- 2G 
Guaje Member ----------- 3e 

Puye Conglomerate 
Fanglomerate Member ---- 631 
Tbtovi Lentil ---------- 89 

Casint": Sc;-,,:;rjulP: 
Didmeter (inches) Depth (feet) 

16 - OD 
12-ID 
10 - I~ 
8 - ID 

6-in. well 

0- 57 
0-197 
0-519 
0-778 

screen 778-788 

Depth 
ll 

31 
63 

700 
789 

c:,emir.~nnal~~: Constituents in p~rts r-er million 

I 

Date-.JWL 6. 1953 , Temp._l1__°F, SiOz-1.2-. _ _: __ , Fe...JdL .• Ca.J.S_ _, 
Mg.Jh.L::.., Na + K.lQ__ _. HC0

3
.83_ _, co

3
.o_ __ . _, so4~ - Cl~- -·-' 

:...,3_ 2...___. N0
3
...s._ ___ , Hardness5L.-. _.Dissolved solids 

Specific conductance 141 _ mi cromhos, pH_l.Jl_ __ 

~!'ldi~hef!l_ical_~!}~ly~ls: Date_J_Q-19~6!L ___ , Pu <O.!t__d/m'l. U_.Q.S__pg'i, 
Gross -f1 (Gamma)_ 8_.__0_d/m/l 

Peport source of data: Griggs, R. L., 1955 and 1964 
Pemarks: Several abandoned holes nearby. Drilled f'or geologic and lcydrologic 

information. 

53 



T3ble 21.--Test wel~ T-2A 

usc::: T-2A ------------- ---··--------

Dri:: e r _ layne - )l~~t_~r~ Inc. A~ ~<.:ss --~-Ill'!~:!-~ Qit;y__,___~~-------- __ _ ___ _ 
To;:c•f ;.-!:;;-._.- _ -~l9or _<2f Pu_e!J~g_Q~_yg:g____________ ____ A: ti tude 6,646 feet 

Met·-. •: :~·: >:. .. J_~1:J1-e_~ool____ :J·,;.-t=te:-___ ~ --~r.cLes Use Observation 
Dr;;Le•:! -:·~pt. ___ l3__3 _ _jer•t ::->,~p:,·.e·: :~"'"''---- _1_33 __ __:-:eet 

Date d r i 11 ed_ -~<2_~ep1be! ___ )._24_2_ __ Chief Aqu i fer( s) ~J,gil_l~rat~ Member ___ _ 
Je;oth to water ___ g l: ;L__!eet Da te_:I?ec_~ __ 221 __1259__ Trans:n. ss' ; ! : 1 ty_. _ _20 ___ _gpd/ f 
Specific 

Log: 

• -1~ac i ty _ __:_Q2_~i .. m/ ft After 4. 5 hrs ~_giiiping 
Thi~kness Depth 

Alluvium ------------------ ll- ll 
Bandelier Tuf'f' 

Otowi Member ------------ 21- 31 
3Z- 63 Guaje Member -----------

Puye Conglomerate 
Fanglomerate Member ----- 70-133 

Cas' :'If-:: S -~;e•illlt>: 
~iameter (inches) 

12-ID 
8 - JID 
6 - ID 
6 - Screen 

Depth (feet) 

0- l2 
O-ll8 

ll8-128 
128-133 

c:aemir.!!..!_Rnal~~: Constituents in ports 1>er million 

Remarks 

Date_Jan. 6, 1953 , Temp.___22_ °F, Si0
2 

6o __ , Fe 2.6 __ . Ca ?.8 __ , 
Mg_l~ , Na + K~-- _. ·HC0?2-- _, co

3
Q_ _____ , S04~ __ , C1~-- _, 

F _0.2 __ __, N03~ _, Hardness_~-, Dissolved soli is 

Specific conductance 102 micromhos, pH __ ~-----

~~di ~hemi ~aL_~!}~1ysis: Date~h.l:l...L..~, Pu_<O_.'±__d/m/1 , U_5:P"'-•:...5<----I,.UKil, 
Gross -f (Garruna) 4.8 d/m/1 

"Report source of data: Griggs, R. L., 1955 and 1964 
Remarks: Drilled to locate perched -water at 130 feet. 



I ' 
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Table 22.--Test hole H-19 

USGS location S·">. ~9 .. 6. U.23-4. .. _ . _ USGS Des 1 gna ti or: H-19 

AEC Coordi;·atPs .\EC .>es 1 g::a t; "'- ---- --------· -- ----

To;;~)g r->nb.y_.E'lo._or .O.f. Los Alaro.Q.$ ___ QQ.nyon A: t i tude 7, 1~ ___ _lt:et 

Met:-.o<l c1!"i llej--~~~e tool____ 4>~<-~-"t:te:-_8 _____ j_r.cr:es UsE:_Unu~_ed __ _ 

Dn~te··l iPpt:. 2,00Q__l_e•Jt Cx;;;:ctei :::e;:;L·· __ -_ fFet 

Date d r1lled.S_Em.t_emb~r _19~--- Chief Aq:1 i fp r( s) ___ Tscf1'"i~~ma. _F'o_~tion __ _ 

Depth to water ..91Q...1:5 __ feet Date_Qct ~9.!1:2____ __ Trans~! ss' bi l i ty 

Aft e .. Specific '-a rae! ty ___-:_-__ _____g;..:m/ ft --------------------
Log: Thic:Jr..no:::;::; 

Alluvium ----------------- 27-
Bandelier Tuf'f' _ 

Tshirege Member -------
Otowi Member ----------
Guaje Member -----------

Tschicoma Formation -----
Puye Conglomerate 

Fanglomerate Member ---
Tschicoma Fbrmation -----
Puye Conglcmerate 

Totovi Lentil ---------
Tschicoma Formation ------

173· 
215-

57-
347-

39L 
.270-

10-
} 510.. 

Depth 
27 

200 
415 
472 
819 

,1,210 
'1,4&:l 

.1,490 

.2,000 

Casln~ s:~PdUlP; 

Diameter (inches) 
8- ID 

!1epth (feet) 
0-10 

Pemarks 
Open hole 

Date _____ _ , Temp. ___ °F, SiO'>----- . ?e _____ • Ca ______ __ 

Mg ____ , Na + K ____ . HC0
3 
__ _ 

~ NO , Hardness . -----· 3---- Dissolved soli'Js ·-----------·--' 

Specific conductance _____ mi cromhos, pH _____ _ 

~~Q..~Q.<:;he~_lca_l_!!!}!!lY~Is: Date ___________ , Pu __ _ dlm.'1. u _____ ___pg; ~. 

Gross -fl (Gaonma) ___ d/m/1 

Report source of data: Griggs, R. L., 1955 and 1964 

Remarks: Drilled for geologic and hydrologic information. 
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. Table 23. --Test well T-6 

USGS l ?cat i on No. _ _l9,_._6_,j6_.JJ±.l__ __ USGS Des i gnat ion 'I -6 

AOC Des:gnat;on 

Address 

To;;ogranhy _ _J'_loo_1".Q~~_j_aJ:jj;o Canyon Altitude 6,705 feet 
Met::od :ri; led Cable tool Dia:neter _____ inches Use UnuSed 

Dr i: led ~~r L. __ _}QO _fe~t C01llp l eted de;Jth _399_-----.feet 

Date drilled_~ctl_l950 Chief Aquifer(s) ___ }ron~--

Depth to water_gcy_ __ feet Date __________ Transmissibility_. __ _ __gpd/f• 

Spec i fir: apac i ty ___ _gpm/ ft After __ _ --·-- - ·-· ---------
Log: Thickness 
Alluvium ----------------- 25 
Bandelier Tuff' 

Tshirege Member -------
otowi Member ----------
Guaje Member -----------

Puye Conglomerate 
Fanglomerate Member ----

Cas!ng Schedul~: 

60-
180-
20-

15-

Depth 
25 

85 
265 
285 

300 

Diameter (inches) Depth (feet) flemarks 

Open hole 
-·-·~· ..... _ -_ .. _,,_, ____ ,.. .. .,. ....... 

Date ------• Temp. __ °F, SiO~-------' Fe _______ , Ca ______ __ 

Mg ____ , Na + K ___ , Hco
3 
____ , co

3 
___ • so

4 
____ , Cl ____ • 

F _____ • N0
3 
____ , Hardness ____ , Dissolved solids 

Specific cor.ductance ____ mi cromhos, pH _____ _ 

_EagJoche~_lcal __ ~!}~ly~_ls: Date ___________ , Pu __ _ d/m/1 , U 

Gross -Ji (Gamma) ____ d/m/1 

Report source of data: Gr:ig[;s, R. L., 1955 and· 1964 

Remarks: Drilled f'or goologi.C and. hydrologi~ infornntion. 

----~P g/1 , 



Table 24. --Layne-Western we:l 

USGS : Jcat i ::;r 'h. 

Ka~a.s Cit:~,. _Mo_, _ ___ _ ________ _ 

Top.•t?r·1p!~:·_~o_or ol'__G~j~_~Q_n ________ _' _______ A;titude 5,971 12et 

Met .-:'J: i r c i : e J__Q_~~~:- t<?~~ __ _ _ :J; '-'·- t:t e: :- 8 ~;-: .:.t:es t:sE Observation 

Dn ~ le'.: ;,!pt . ____ .l,Sl._ _ _fer~t Comr;; ete l ·:e;J":.n _ 147 __ :·Pe'. 

Date d ri 11 ed_ J~.;rch __ -1-..22Q..______ Chief Aqc: if e :-( s) _ Tesu_q@ FO:roatiQJl. _____ _ 

::)epth to water ___ ;L9Q~6 __ feet :>ate __ ~c;._6LJ-.252_ Tranc~.lssibility __ -__ 

Specific ::apacity_-__ _gpm/ft After ____ _ 

Log: Thicimcs:: Depth 
Alluvium------------------ 12- 12 
Puye Conglomerate 

Fanglomerate Member ----
Tbtovi Lentil ----------

Tesuque Formation ---------

Casing Scher1ulP: 

13- 25 
50- 75 
82-157 

Diameter (inches) ~epth (feet) Remarks 

8 0-147 20 feet of screen 127 feet to 147 feet 

Chemieal r~nai~_U!: Constituents in parts ;,Pr mil!i~n 

Date_Apr. 21, 1959 
1 
Temp~..21__ °F 1 Si0

2 1 
Fe 

1 
Ca ___ _ 

_gpd .· ft 

Mg I Na + K_l3_._9 __ . Hco
3 

98 _, co
3
_o __ , so

4 
___ • C1..2-2. __ • 

F 0.4 NO 0.3 Hardness 60 Dissolved solids _, ____ I 3 • ----. 

Specific conductance __ l62 _ micromhos, pH~-----

_!!~dioche!!l_icaL~!!~_lysi_s: Date_~~: _gJ.:L1_92.2_, Pu ___ Q ___ d/m/1. U ~0"--_ _.pg/!, 

Gross -fl (Gamma) 0 d/m/1 

Report source of data: ums well schedules. 

Remarks: Used to supply contractor with water during drilling of supply wells 
in Guaje Ca.Ilyon. 
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Table 25.--Test GT-1 

USGS )CAt i :; r. 'k'. l9. 7.13 .114a USGS :Je.;;ignd.~ion ~1 (le-lA, Guaje -~s~----

,'\:X: .>es!gn<>t. ---- -- ·-------------

M ... ress _:K.s,nsas Cit~.1 Me~-----------·-----

Met :-: ') : : -:- ; : ~ e j __]Jydraulic rotary_ _ ')· •ct.:·~ J, l·nc•·es • ,c1. •. c. ......... ~-- .. ~ Use~rvation 

Date drilled ~r:.q_l:l __ J_~ ________ _ Chief Aq:.1 i f~-;r( s) _ Tesuq1:1e Forma~~Qg_ __ _ 

;)eptr. to wate:- _f_1Qwe(l __ feet Date_~rc_h :L2~---- Transmissibility_. _ __:_ __ _gpd/ft 

Specific :..:apac i ty __ -__ _1;pm/ ft After ______________ _ 

Log: Thickness DPpth 
· Alluvitun ------------------ 78- 78 

Tesuque Formation --------- . 329-400 

Casing Schedule: 
Diameter (inches) 

6 
4 

Depth (feet) 

0-76.5 
0-400 

Remarks 

Date , .r·e ____ , Ca ___ _ 

Mg Na + K_·_'lQ__, HC0
3 

J.88 _, co
3
_Q_ ____ , s0

4
_25__, Cl-L.Q __ . 

Y~~. N0
3 

1.0 , Hardness _ __31__, Dissolved solids --=2~3~9~-----------
Specific conductance 363 micromhos, pH_8.1 __ __ 

_Badioche!!!_ica] __ ~l}~ly~js: Date_Jtl.y .J-2§9 __ , Pu 0.0 _d/m/1, U_!1L...:·'-"'5'---ffg/l, 
Gross .jl (Gamma)_ 10 d/m/1 

Feport source of data: Black and Veatch, 1946 
Remarks: Sounded depth 305 feet. Ex:plorttory test hole for water supply. 



-- ............ ..... 
Table 26 .--Test GT-5 

USGS Location No. 19.7·13.124 USGS Designation ~-5 (Btop ~;,Ouaje !es-
ABC Coordinates AEC Designation 

Driller Ta70e-Western Inc Address &nsas Ci.;t.y, Mo. 
Topography Floor of Los AlamoS Canyon Altitude 5.609 feet Method drilled Cable tool Diameter_ ... 2 ........ _..:.inches Use O'bseryat1on 
Drilled depth 475 feet Completed depth f!l5 feet 
Date drilled~-- Chief Aquifer( s) _ __.,Te....a.s .... n..,.Q.!11111l ... e ....... Fwme;.-.-t .... 1111low.n _____ _ Depth to water flqw~eet Date March 1946 Transmiasi bility_... __ _ 
Specific capacity ---~g~p~/ft After ________________ _ 
Log: !l!rl.ckDess Depth 
Alluvium ----------------- 3~ 38 ~~e--,FD:rmation ------- 4'1-475 

• Casing Schedule: 
Diameter (inches) 

Remarks 

Chemical analysis: Constituents in parts per million 
Date ____________ __ , Temp. __ °F, Si0

2 
, Fe ____ , Ca. ___ _ 

Mg. ____ , Na + K_,._ __ , HC0
3 

, co
3 
___ , so

4 
____ , Cl __ , 

F ____ , N0
3
r-----' Bardne•a , Dissolved solid• 

Specific conductance ____ _ micromhos, pH ___ _ 

E!diQ£hem1£~L~alys1~: Date _____ _ , Pu _____ d/m/1, U ___ -lpg/1, 
___ d/m/1 Gros• -f (Gaauaa) 

Report source of data: Blaek and Yee.toh, -.19116 



'""'" •' 

- Table 27---Test GT-3 
U8GS Loea t 1 on No. 19.7.13.211 USGS Des1iJlat1on d~-3 (9ua.Je Test ) 

ABC Coordinates 
AEC Designation ---------------------------

Driller tape-Western Inc Addreu Honst.on~ Tems 
Topography FJoor of Tos AlM!OS Cazvon AltitudealJI). 5.620 feet 
Method drilled Ff¥dranl,ic mt.a:ey Di8JIIeter_-=----=-1.nchas Uaa_...;lJDysed..:~CZ::::.:..----
Dril1ed depth 475 feet Completed depth 0 feet 
Data drilled Karch 1946 Chief Aqui fer< s) --=Te=su~qu-=e=-=Fo=-=:rma.;.:;:;=t.:;;io.;:;.;n:-.. ____ _ 
Depth to water flawing feat Date March 1946 Transmissib111 ty. ~pd/ft 
Specific capacity ----~c~p~/rt After __________________________________ ___ 
Lo1r Tbiekness Depth 
Alluvium ------------------- 31- 31 
Tesuque Formation ---------- ~475 

Casing Schedule: 
Dia .. tar (inches) Depth ( teet)· 

Che•ieal analxsia: Constituents in parts 
Data • T•p._°F, 8102 
Me • Na +K • HC03 • 
P' • N03 ' Bardnaas 

' 

per million 

' Fa 

co3 • so4 
Dissolved solids 

Specific conductance 11tcro.hos, pH 

Reaaarka 

• Ca 

• Cl 

Radtoch,.i~l !!!8lya1s: Date ___________ , Pu. ____ d/11/1, u ___ _.ypg/1' 
Gross ...f (Ga ... ) d/11/1 

Report source ot data: Black 8lld Vea.t.ch, 1946 
Ra•rks: ~~~)~ ~J~.iQ;--:-~- ~. -- '-' • __ _.:::!~ >:._, •- _..:. ..... ' --. 1\ -..1--'--- _____ }•, ....... '-' ~- '- JC~--v -/ 

! ...... ' • •• ' 



USGS Locat 1 on No. 19.7.13.1124 USGS Designation GT-2 (Guaje Test ) 

ABC Coordinates -------------------- ABC Designation ---------------------------

Driller Iayne-:Western Inc. Addreu XSnsas Ci~t~y~1~Mb~·----------------
Topography_ Floor of LoS Alamps Canyon Altitude ----------=-! eet 
Method drilled Cable tool 
Drilled depth 50 feet 

Date drilled M:!.rch 1946 

Diameter __ ~--~inches -Use __ ~Ublfeda=~~--------

Completed depth 0 feet 

Chief Aquifer( s) All~==:.:uvi:::.:..:::.UID.:=-----------------
Depth to water _____ ~feet Date _____ _ _ Transmissibility~·--- _gpd/ft 
Specific capacity gp~/ft After ___________________________________ __ 

Log: !l'h1cknes s ::epth 
Alluvium. ------------------ 40 ·. ·- 40 

I " 
Tesuque Formation~-------- 10' -;~ 50 

Casing Schedule: 
Diameter (inches) Depth (feet) Remarks 

Open bole 

Chemical analysts: Constituents in parts per million 
Date. ___ . _______ , T•p. __ 0 P', Si0

2
.,. ____ , Fe, ____ , Ca. _____ _ 

Mg, ____ , Na + K. ____ , HC0
3
t----• co

3
, ____ , so

4 
____ , Cl ____ , 

F , N03 , Hardness. _____ , Dissolved solids---------------

Specific conductance ____ _ ... 
R!di~~~·i~al anal_l&i~: Date 

Gross _p' (Gamma) d/lll/1 

• Pu, ____ d/m/1 • u ___ -lpg/1, 

Report source of data: Black and Veatch, 1946 
Remarks: lxp.l.of'itory test bole :tor water supply. 

6! 



·! ·:~. ·t-t.~~:!~~·~ "*'·~~,,r~-· .. ~:.~~~.·::~.-''":. i¥i: .,:· ~·,:~11.'\. ·~/ ~ ... ~ -\.::-:; ~ .~· '*"~ .·,.,:'f* ~:];.~·.·_ i'V~ .. · · .. ~:;;-,.7-tf 
. " . • ... · ~:g9, ..... Taat 'GT-4 :' 

u.JI Loeatton Jlo, 

AIC Coordinate• ------------------- AIC De•tcaatioD --------------------------
Driller Layne...Wegtern Inc I Addre•• Kapaas City, Mo. 

Topocraphy FJ.oru: of' Ips Alamos Canyon Altttade 5,675 feet 
•thod drilled R,mnmHc mta.:cy Diaaeter 2 inclwt• tl~ . - .' Ohsersmt 1 on 
Drilled depth 3l5 feet Coapleted depth 315 teet 

' Date drtlledBp:M l946 Chief Aqulfer(e) __ _.TP~~st~lW~le~Fb~rme~~t~inwPM-----------
Depth to ntertlpw:i na teet Date lfirch 1946 Trane•ieeibtlttJ.~·------.--CPd/tt 
Specific capacity ______ ~cp--tft After ______________________________________ _ 

Locr !hickness Depth 

Alluvium ----------------- 5At , ·. 54 
Tesuque Formtion ------- ~- =..; 315 

Caeing Schedule: 
Dia .. ter (tnchee) Depth (feet) 

0..315 2 

Chem1oa1 anali•i•: Conetttuent• tn parte 

Date , TMp._•F, 1102 ... • Na +K 
' HCOJ 

per 

coJ 

R-rke 
Perforated 6o to 315 teet 
!Dttc. SOUDded 1.64 teet' Oct I 1965 I 

million 

Fe ~Ca 
so4 , Cl 

F ' H03 , Bardne•• DieeolYed eolide 
. Specific conductance •tcra.hoe, pH 

Radiocl\~•ical analyet•: Date , Pu ____ d/m/1, u ___ ~pg/1, 
Oro•• ._f ( oa ... ) d/11/ 1 

Report •ource ot data: Black and Yestch Inc., 1~ 
Re•rke: KQ:t••lPFt'1:ftt~ ~w_.e aupp~. 



USGS Location No. 19.7.20.221 U80S Deaignation t .. l (te.t 11ell 1) · 

AEC Coordinates--------- All: Designation 

Address Driller Jeokina Drilling Co. 
Topography_ Pueblo Canyon 

Method drilled Cable tool 
Al t1 tude 6,371 feet 

Diameter __ 8 ___ inches Use ob•ervation 
Completed depth ~____!eet Drilled depth 642 feet 

Date drilled Japuary 1950 Chief Aquifer(s) Totavi -=1""'e..:n:.:t-=i.:.l _________ _ 
Depth to water 593.1 feet Date Jan. 4. 1951 _ Transmi ssibil1ty_.. __ 2~0;;,_;0 _gpd/f 

----'2--._.JI:,...PII/ft After 246 hours pumping 
Specific capacity 

Log: !I!Uekness Depth 
Puye Conglomerate 

Fanglomerate .amber ------ 50-:JO 
Basaltic locka Unit 3 --------11~165 
Puye Congla.erate 

Fangla.erate ~r ------ ~176 
Basaltic Rocks Unit 2 -------- 7~~55 
Puye Congla.erate 

Fanglomerate ~r ------155-410 
Basaltic Rocks Unit 2 --------1~510 
Puye Congloaerate 

Fangla.erate waellber ------~ ~605 
Totavi Lentil ----------------~3~642 

Casin~t Schedule: 
Diameter (inchea) 

16 OD 
12 ID 
8 ID 

Depth (feet) 
0-52 
0-241 
0-627. 

Remarks 

6 622-642 10 feet of screen from 622-632 
feet. 

Chemical analysis: Constituents in parts per million 
Date~7. 1953 ' 

Temp,_lQ_0 'P', S10
2 

56 Fe .04 
' 

Ca 20 
Mg 1.2 

' 
Na +It _J.L.., HC03 92 

' co3 ' 
so

4 
5.1 

' Cl ~2 __ , 
F_L..L_, N03 Z.2 • Hardneaa ~~ ' 

Dissolved solids 
Spec 1 fi c conductance_..-=.:18:.::3 1111 c romhoa, pH __ _ 

B!di~hemi.~~L~nalysi~: Date June 19, 1962 , Pu 4.0.4 d/m/1, u 3c...;.•..;;.O_-if1Kil, 
Gross ._f (Gamma)_< 20 d/m/1 
Report source of data: Griggs, 1• L., 1955 and l~ 
Remarks: Drllled -ror geoJ.ogic and. ~logic inf'or.tion. 



~ ... 

USGS Location No. 19.7.20.221• USGS Designation T-lA (-re-t well l.A) 

AEC Coordinates 
AEC Designation ---------------------------

Address Driller .Jenkins Drilling Co. 

Topography_ Pueblo Canyon Altitude _6-=-, 3_J_O ___ ....:::.f eet 
Method drilled Cabl_e __ t_o_o_l _________ _ Diameter 6 inches Use Observation ----
Drilled depth 225 feet Completed depth _2_2_5 ___ ~feet 
Date drilled Jan. 1950 Chief Aqu1fer(s)Ba$altic Rocks of Chl.o Mesa Unit 2 
Depth to water 183.8 feet Date Dec. 22, 1950 Transmissibility. 8,300 _gpd/ft 
Specific capacity .7~5~--~g~pm/ft After 1,128 hours pumping 
Log: ~ckness Depth 

Puye Conglomerate 
FFanglomerate member ------- 5o- 50 

Basaltic Rocks Unit 3 ------- 11~165 
Puye Conglomerate 
· Fanglomerate member 
Basaltic. Rocks Unit 2 

Casing Schedule: 
tiiameter.(inches) 

16 ~ 
12 ID 

ll-176 
~9-225 

Remarks 

6 ID 

Depth (feet) 
0- 39 
0-100 
0-223 10 feet of 6-incb diameter screen 

welded on the bottom. 

Chemical analysis: Constituents in parts per million 
Date Jan. 7, 1953 ·' Teap.2!_ 0 P', 810

2 
49 , Fe .09 , Ca. __ l...;7 __ 

11g 7.8 , Na + K 38 , HC0
3 

125 , co
3 

, SO 
4

_1_9 __ , Cl_l_4_, 
F .S NO 17 , Hardness 74 , Dissolved solids --------· 3~------
Specific conductance 321 mtcromhoa, pH 7.2 

RadiQ_chemi~~Lanalysi~p Date Oct. 19, 1964 , Pu <0.4 d/m/1, U 0.7 
Gross -fl (Gaauaa) 1;::...;0=---._d/a/1 

Report source of data: Griggs, R. L., 1~·55 aDd 1964 
Remarks: Drilled to locate perehed -water at 205 feet. 

,ug/1' 
' 
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USGS Location Mo. 19. 7·.31.433 USGS De•ipation .,_, ('I'Ht well S) 

A!C Coordinates AFX: Designation 

Driller laDkiDs Drilling Co. Address 

Topography floor of Pajaritoeaa,on Altitade __ 6_,5_9_2 ____ ~feet 

Method drilled CAble tool Diaraeter 24 inches Use ~ed -----------------
Completed depth 263 feet Drilled depth 

Date drilled 

263 feet 

~Reb 1950 Chief Aquifer(a)~B~one~L--------------------------

Depth to water 4Jy feet Date __________ __ Transmissibil 1 tY..;.·--- .....spd/f1 
Specific capacity gpm/ft After ___________________________________ ___ 

Log: Thickness Depth 

A1l~vium ------------------ 23- 23 
BandeU.el:' kft ------------ · ' 

Tahirege ~er -------- 17- 40 
Otowi Member ----------- 1!0-160 
Guaje ~r ----------- -11~171 

Basaltic rock 
Unit 2 ----------------- '92-263 

• 

Casing Schedule: 
Dia11eter (inche•> 

24 OD 

Depth (feet) 

~ 
f I 
... ......__~..., .......... ...-·~ 

Che11-ical anal Isis: Constituents in parts 

Date I 
Temp. __ °F

1 1102 

per 

Reaarka 

8pen hole below 22 feet 
~ 

million 

Fe -------• Ca ______ __ 

----

Me • Na + It I HC03 I COJ ' .------~ Cl ___ 1 so4 
F I .NOJ • Hardneaa ' 

Diaaolved •olida 

Specific conductance micromho•, pH 

Radi~~et·i~al ~lyat.~:· Date _________ , Pu ____ d/11/1 I u. _____ ~pg/1, 

Groa• -f1 (Gaaaa) d/m/1 

Report •ource of data: Griggs, R. L. • 19~5 and 1964 
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USGS Location No. 19.7.36.314 USGS Designation "rtma lo- 1 

AEC Coordinates ------------------- AEC Designation 
Driller ____________________ . ____ __ Address 

Topography lP.l.ocd plain oit ... Ctwida ADcba Altitade _s..., .... S'-~~5:..x0~--.:.f eet 
Method drilled ___________________ _ Diameter ___ _..:oinches Use S+ocl( 
Drilled depth ______ ~feet Completed depth ---~feet 
Date drilled Chief Aquifer(s) Tesggue Formation 
Depth to water Flowing feet Date Transmissibility.-,. ___ __Jpd/ft 
Specific capacity ________ ~c~pM/ft After ______________________________________ __ 

Log: feet feet 
~ a'Va:llable 

Casing Schedule: 
Diameter (inches) Depth (feet) 

1/ Chemieal analysfs:-Constituents in parts per million 

Date Qsct. 12~ ' 
Temp.__fal_°F, 8102 Fe • Ca !l 

llg 0.5 Na +It 48 HC03 ' ---· 63 
' co3 14 

' so4 Cl 

F 0.4 N03 1.2 Hardness u Dissolved sol ida 247 ppm ----· • • 
Specific conductance 120 micr,omhos, pH 8.9 

E~di2.£h~mi~~L~nalyst~: Date Nov. 2. 1964 , Pu < 0.4 d/m/1, U 2.0 
Gross -f (GaiiiiRa) 18.0 d/m/1 

Report source of data: Spiegel, 1anit,, and others,. 1963 
Re11arks: Sounda.d depth waa 43 feet S.O. <k~obet:, 1964. Wellr flows 4 gpm. 

1/ Andyses- by the Loa Alamos Scientific Laboratory 
- Well used as part of' USL -and ABC mon:l:tooring net. 

4 

,ug/1, 
' 



USGS Locat1 on No. 19.7.36.443 --- USGS Designation Bucman well 

AEC Coordinates ~":.::-.C:.:. - --~:~., All: Designation 

Driller __ _,__ Address 

Topography_ ftoo4 pl!.ii:P 'of t)aped• Apr!w, Altitude __::5;..,j,~6;.:;8;.:;0_-.:.f ee t 

Method drilled __________________ __ Diameter 6 inches Use Stock 
-------~ ---~~~--------

Drilled depth ___ ---.feet Completed depth ______ feet 

Date drilled Chief Aquifer(s) tesuqye Formation 

Depth to water F1owigg_feet Date Qct, 6, 1950 Transmissibility~·------ _gpd/ft 

Specific capacity ---~g~pm/ft After __________________ __ 

Log: feet feet 

:lot &'V'&ilabl.e 

Casing Schedule: 
Diameter (inches) Depth (feet) Remarks 

Chemical analysis: Constituents in par~s per million 
Fe _______ , Ca ______ __ 

Mg ________ , Na + x ________ , H00
3 
_______ , co

3 
_______ . so

4 
_______ , Cl _______ , 

F ______ , M03~----• Hardn-ess. _______ , Dissolved solids 

Specific conductance ____ __ micromhoa, pH ____ __ 

!!!diQ£heai~al analyst~: Date ________ , Pu _______ . d/m/1, u ______ ~pg/1, 
Gross -f (Gamaa) d/m/1 

Report source of data: USGS well schedules, Santa Fe County 

Rema rka: Well used as part of LASL 8Dd ABC IIIODitoriiJB net. 



-

USGS Location No. 19.8.7.144 USGS Designation RGT-1 (Rio Graade Te•t 1) 

AEC Coordinates AEC Designation ----------------------------

Driller~e-!!•tern Inc. Address Kanaaa City, Mo. 
Topography Rid Grande Valley Altitade _________ -.::.! eet 

Method drilled r~ble tool Diameter _________ tnchea UaeJJI-111!14l_ ________ __ 

Drilled depth~5~3~ __ -feet Completed depth 0 feet 

Date drilled Feb. 1946 Chief Aquifer(a) Alluvium ---------------------------------
Depth to water ________ -=feet Date __________ __ Transmissibility~·------ _cpd/ft 
Specific capacity ----~~~pM/ft After ________________________________________ __ 

Log: '!hickness Depth 

Alluviua ------------------
Tesuque Formation ---------

Casing Schedule: 
Diameter (inches) Depth (feet) 

lt8 
53 

Chemical analysis: Constituents in parts per ~illion 

Remarks 

Date ----------• Temp. _____ °F, 8102~-------• Fe ________ , Ca ______ __ 
Mg _______ , Na +It _____ , Hco

3 
____ , co

3 
, so

4 
___ , Cl ____ , 

F ______ , NOj--------• Hardness Diasolved solids 

Specific conductance ____ __ 

E~diochemi£~~-analyai!: Date 

Grose -fl (Galllllla) d/m/1 

mtcromhoa, pH. ___ _ 

1 
Pu ____ _ 

Report source of data: Black and Veatch, 1946 

Remarks: Ex:plcmltory teat lsol.e rwr wter supply. 
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U806 Location Mo. 19.8.7.1448 

ABC Coordinates 
ABC Designation ---------------------------

Addre .. K&D8U City, Mo. 
Driller Laype-Weatern Inc. 
Topogr~phy Valley of Rio Grande 
Method drilled Gable tool 

Altitude _____ ..:.feet 

Diameter ______ ~inches Use~~=-~ed~---------
Drilled depth~4~9~7--~feet Completed depth --~O ____ .,:.feet 
Date drilled Feb. 1946 Chief Aquifer(•) Alluvium and Tesuaue Por.ation 
Depth to water _______ ~teet Date ________________ Tra~smiasibility_. ____ __ ~pd/f• Specific capacity lp•/ft After ______________________________________ ___ 
Log: Thickness 

Alluvium ----~--------------- 41-Tesuque Foraation ---------- .lt66-t 

Casing Schedule: 
Dia .. ter (inches) Depth (feet) 

Che11ical anal,lsis: Conat ttuents 1 n parts per million 
Date , T .. p._•P, 1102 Fe 
Me , Ha +K • BC03 co a so4 
F • H03 , Hardness 

' 
Dissolved solids 

Specific conductance •tcromhos, pH 

Reaarka 

, Ca 

• Cl 

Radio~~•ical analysis: Data, ________ , Pu ____ d/m/1, u ____ -1,.ug/l, 
Oroaa -_f ( oa ... ) d/11/ 1 

Report source of data: Black and Veatch, 1946 
Re .. rks: Water reported from SO feet to 80 feet. 

,"9lo~tory test bole for water supply. 

10 
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UIOI Looattoa Wo. 1948.7,213 UIOe Deatpatlon IGT•4 (B.JD Grande 'rut 4) 

A.: Coordinate• ---------- ABC De•tpat.ion -------------

Add r••• Kaaaas City, Mo. 
Driller IAype::Weetern Inc, 

Topocraphy Valley of Rio Grande 

. llethod drilled Cable tool 

Altttade ________ teet 

DiUteter ____ tncheB t1Be._1fau __ ed _____ _ 

Drilled depth 495 feet COIIJ)leted depth _ __;;o_~feet 

Date drilled Feb. 1946 Cbief Aquifer(e) Alluvium and Tesuque Formation 

Depth to water ____ .,:feet Date _______ _ TransaiBBibilt ty_. __ _ .....lpd/ft 

8pec1ftc capacity _________ ,p.tft After _____________________________________ _ 

Loss i'hi.ckness Deptb 

.. 

, 
All.iua ---- ------
'l'a._.. Poraatioa ------

Caa1q khedule: 

ItT- L~47 
w.-_~ 

Dta .. ~er (1nchee) Depth (feet) . 

i' 

a ... rk• 

Cheat•l W!xtte: Conetttuenta in parte per aa1llion 
., 

n.t•-------··~··-·-----
T•p._•ir, li0.

2
.., ___ _ Fe. ____ , Ca. ___ _ 

.... ___ ..,.~,.~· + K. ____ , BC0
3 

, co.3'~'----• 90
4
, _____ , Cl ___ _ 

F ~ ~3•------- Bardne••·---- Dieeolved eolide ---------

lpectne ooaduotance. ___ _ atcroahoa, pB. _______ __ 

RacUocll!l!te&l apalxttas Date. _________ , Pu. ____ d/11/1, U. ___ -1pl/l, 

• Oroea -fl (0...) d/11/1 

Report aOGree of dataa Black and . .-ell. 1946 

•-rk•s tliitft· ·repenac~ froa '50 ·to- 80 feet • 

.., .. tozor teR bDle fGr ...... ~. 

~ 

~:~~k1~\k~:·Job .·l'·i:t&< .. ::~i:;; •. ,·. •~ ... H & - ", ,~22: f,l•~:::a;o:t'!::Hi! ::=T~-· .-.......~---



Special investi6ations 

Specb.l inve:.:;ticaticm::: l'el·tcJ to tcst-dte cv:J.luations and to 

t~1c di3posal of lo~:- }e ,·el r2.C.ioactive '•:a.:;tcs l:cre c:adc at Technical 

A.rca Tc\-49, ~brtandad Canyon, Acid anc.l PuelJlo Canyons, Bayo Canyon, 

Los Alamos and DP Canyons, and the contaminated waste pits near 

TA-21. Fluid dynamics studies were made near TA-50 and TA-52. 
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Tccr..ni2al P.:rea TA-49 

A study was made of the geology and hydrology of area TA-49 

(Weir and Purtymun, 1962). Four test holes were drilled to det..:rmine 

the hydrologic and geologic characteristics of the nain aquifer, and 

to detect possible radioactive contamination. Three test holes were 

drilled to determine the presence or absence of perched water beneath 

Ancho and Water Canyons and four test holes were cored to determine 

the physical properties of the taff. Applicable geologic, hydrologic, 

and construction data obtained from these holes are presented on 

tables 39-50. Locations are shown on Figures 2 and 4. Construction 

Figure ~ (~aption on next page) belongs near here. 

records of twenty-five moisture access tubes used to determine the 

distribution of moisture in soil and underlying tuff are shown in 

table 51 and locations are shown on Figures 2·and 5. 

Figure 5 {c:aption on next pa.ge) belongs near here. 

No radioactive contamination was found in the main aquifer, 

and no perched water was found under Ancho and Water Canyons, Air 

permeability, porosity, density, and water content of the cores was 

studied. 
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Figure 4.--Location of test holes in TA-49, Los Alamos County, N. Mex. 

5.--I.ocation of moisture access tubes in TA-49, los Al.a.mos 

County, New Mexico. 
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.; ' ·~ :t·;:·;~.r.~~·:~ ,~!:, .. ~,,..;,~!\.,;;· ~4~<) ·:> ·"_--,.. ""7""". t, 

~ ,g.-Deep 1'est rtr-5 

tJ80I Loeatt on Mo. __ 1BIM&I.6~~,~ • ....,,u. ... ll..,=5...__ t.aa h•1 patton __ ...,..]Jl\.....::;.5.£--------

AIC Coordinate• ----------------~ ABC Desicnation 

Driller Soil ft:t;b, DIG· Address _ _.BrJM-,._.,.,._.'Dnlr_.,.e..._ ________ _ 
Topocrapby SqrfW;e ot Pri.19l.M JIHI. Al t 1 tude _ .... 7~ • .-llt;;L3.£---=.feet 

) 

.. thod drilled __ ~A~1~r~ra~t••X7~------ Dia~~~eter 8 

Completed depth 927 
inches 

feet 

uae __ ~Hm.-m~ed~-------
Drilled depth 978 feet 

Date d rilled __ .;:;;;l.~95c.o9c,.__ __ Chief Aquifer(s) ____ ~Bbne~~------------------
Depth to water dry feet Date _____________ Tranaaissibility_. _______ ~/ft 
Specific capacity ___ _....g_DN/ft After ________________________________ _ 

Loc s ftiebess Depth 
a..Jeller !Bit!' ... ""--~ ............... ~ - ,.. ~------():l;cJwf. r c ... __.__..,... __ _. ___ __ 
h~ • OJala -~---------
,.,.~-----

Caaha1 Schedule: 
Dta .. ter (inch••> 

8 
Depth (feet) 

o-1.&> 
Re.arks 

OpeD hole below lBo teet 

~ . 
• 

,."k'.:>·_·· 
::' -· 
. ·"'· 
~.~~. 
1+;, ~ . 
_.,,..::} . . ' 

Dat•-------• T.-p._ °F. 11022-----• "•----• Ca ____ _ 
.._ _____ • Ka + K. ____ , IIC'03l----- co~3----

so
4 
_____ , Cl ____ _ 

F • KD3"' ____ • llardn•••·----• Di••olved solid• ------------
lpeeiflc caadactaDce _______ atcroaho•. pH~------

Radi~ftical. ID!l!!i•s Date ________ , Pu. __ ~_d/•/1, u ___ -fpl/1, 

Oroe• ..f <0.-> d/11/1 

Report eouroe of da~1 ~- ~,~,_~~~ w. ll., 1962 
-...rk•& th•kx::d ... to ~lltllll ~. m:.tldc lap ua1lahle. 
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f 

'".- .. "•--- .. • •• ,.,J'~i" .... .... .:..·~_.;., ..... - ·~ .·;, ':/": __ :'t:~~~t 
~--~~_.,._oW'' 

.• ~-:.:·~·;..<'·~-~'"'~ ~""~-~ "!'.·#~~-\;~~~ 
~- . .,. USGS Locat1 on No. l8.6.3.1J.4. USGS Deatpat1on 52 :(earre bole 2) 

AIC Coordinates -------------------- ABC Designation ---------------------------Driller Sail Meoh. IDe. 
Address --=~~~~·-~=e~3a~B~--------~-----------Topography Sur~e of l'rl.Jol.!! Mesa Al t 1 tade _7.-~._1.3..;.....;.7_--=-Method drilled AlL~ Diameter ____ 3~~inchee Uee _______________ _ Drilled depth 501 feet Coapleted depth 500 feet • 

Date drilled bf'tll:2g 1952..__ Chief Aquifer(s)_-=Bo=De~--------..-----Depth to water 4tJ feet Date ______________ Trans•isaibility_. ___ _ _gpd/ Specific capacity ________ ~g~p•/ft ~fter ____________________________________ ___ Loc: Ttdekness Depth 
BIID!el.ier Tuff 
~ Jklliber --------

C..aing Schedule: 
Dia .. ter (inches) 

2 

Depth ( feet) 

0-500 
Retl&rka 

GalftDized pipe with law~ 20 :feet par.tarated 

Che•ieal anal,l&ia: Constituents in parts per million 
Date , Temp. __ °F, 8102 , Fe ·-------• Ca. ______ __ ... • Na +I. , HC03 , co3 • 1 

____ , Cl ____ , so4 F • NOJ , Hardness , Diasolved solids 
Speeifto conductance ~atcrOiahos, pH 

------------' Pu _______ d/m/1, u ______ ~pg/1, 

Report source of data: Weir, J. L, Jr., a.Di Purtl'ftlll, W. D.,~ 1962 Reurks: Drilled to obtain core 88.11Ples of Bandelier Tu:fi'. 
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USGS Location No. USGS Deai &nation --AD!-..:-:..~5.-P---------

A!C Coordinates ------------------- ABC Designation 

Dr 1 ll e r SQi J lfech •. -Inc-.; • .__ __ _ Addreaa 

Topography_ &trfece of JriJoles Jeaa Altitade __ 7L-4-~~"'l~o.:~4'ia..._..:.f eet 

Method drilled ur Bqt.aey Diaeeter \ !i/4 inches Uae_.MmzSed...,.._loL. ____ _ 

Drilled depth 6gc feet C011pleted depth 6ga feet 

Date drill ed_ .... l.;~95.z..9-0J----- Chief Aquifer(s) __ ~BmPDAM•~----------------------

feet Date ____________ _ TrenamiuibU i ty~·----- ...Jpd/ft 
Depth to water d:r:¥ 

Specific capacity ----~IP-M
/ft After _______________________________________ ___ 

Log: Thickness Depth 

Bandelier 'lUt't 
'l'shirege ~ .. __ _ 6Jn- ,..~ :' 641 

6 51- ~ :~~ 6ge 
Otowi Member ----------

Casing Schedule: 
Dia .. ter (inches) Depth (feet) 

Cheaical anal,laia: Constituents in parts 

Date T•p. __ •l', 8102 

... • Ka +I • HCO 
3 • 

Open bole 

per million 

Fe 

COJ . so4 

r • M03 Hardness Dissolved solids 

Specific conductance _ ateroahos, pH 

• Ca 

• Cl 

B!di,ru:~eaical analxsis: Date 

Gross -f ( Oa-.a) _ d/a/1 

------------· Pu ____ __ d/m/1, u _____ ~pg/1, 

Report source of data: Weir., J. L, Jr.~ aD4 ~~ W. D • ., 1962 

Remarks: Dr!ilid to loea't& possible perched 'Wfl~ zones in tbe BaD\eUer '!11ft'. 
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~ .. 

, I . ,..•· 

.. ,_ ·•- -~ ... 

·.;¥'!;; ~~:·/ -~-:~,; • :-J<~:.' !'<:)~(:-<~.< ... , ": ".· . ._; 7'!' ~,~,r-~ ... ~ ... ~~~~'~1--,·~~:.,~~t~{:::r~ .. ~~;:.i·,~ ..... -~-

• ...... ble, ··--JJ&et tee't .. ,. 

UIGI Deatpatton ...,..JJM...._.,_A.._ _______ _ 

ABC Coordlnatea ------·---ABC J)ntpa.Uon ------------

Drtller son ... IDa. Addreaa ~~:~ 

Topocrapbyf\n fl ,. .. ,, JPr:1lfalftf!. ..., A1 t1 tade 7 .. 1AA feet 

•thod drilled llrd1wllle B:.!tarz Dieaeter 8 inch•• t1ae 8btNx ;:ation 

Drilled depth rJ\p1 feet COIIpleted depth 1.821 feet 

Date drilled Jean'=! l.g60 Cbief .. iter< a> fWdje k Clrqg epJ "'oMrce ftl• 
Depth to water J..W feet Date ...,, 196() Traneaieeib111ty .U.OOQ cpd/ft 

Specific capacity 5,7 IDa/ft After ppptgg ?5 hgu;r! at 8! 1l1lli 

~~ ·~ ------ .... 
et.N1 r· ,_. •• • ... ----------

l2 
8 

·~. 

~--~--· Fe .2.1 

' ~ -'- -.. 
----' •-'-- ._, '-' 

, Ca 8.8 

- .-.::; __ '"':. 

-..---· J£03 , C03 0 , so4 8o7 , Cl .... :,.5,___ __ 

F o I , 1103 a.o , llaraeaa S . 1)1.-olvecl eolida --------

lpeci ttAa ---~ at CJ"OIIhoa, pll_:;_ ·%,6 .. 
J!adt~-ical ••1!1111 Dat~ ll-13-63 ' Pa <. o.~ d/a/1' u o.s &lC/1, 

' 
Oroea ..f <ca.-> 8 · d/a/1 

Jieport ~ ot data• ..,.., J. L, h:~ ._.. itart,aw, W. D.~ lgfie 

R-rua 'IIIPWt lap efttll*le• Dr:lllef.- polccJe aai IQdrol.clgle 
•nna at.:Jaa. 6 
~ lid tel"_~- 1960) • 

.... 



·,. 
I 

L"' . ..._ f. -~ 

0108 De•icaattoD __ _.A~lphn~a-----------------
AJIC Coordinate• ---------- ABC De•icnatton --------------------------
Driller Ca"AJ' M,llina' Co. Addre•• Lo8 Apgelas. 1 CaJ.it, 
Topocraphy Surface ot FriJoles Meso. Al ti tade -~7..:;al2=.c:5;__..--=.fMt 
Method drilled BQtalX buqiftt Diameter ?4 
Drilled depth 1B9 teet Completed depth 189 feet 
Date drillecl !etrn-:a JS60 O.ief Aquifer( •>-----tloq!II:IC!::~~:.... ----------Depth to water 4a fHt Date ________ Tranalli88ibility .... ____ _gpd/l Specific capacity ________ g_pa/ft After ______________________________________ _ 
Loc s 'l!b1ekness 

----------

Caeinc Schedulet 
Dta .. ter (!Debe•> Depth (feet) 

0..10 2Ja.. 
R_.rka Q,;t' 

Corrapted metal pipe cewe:at8dJ\auor.tace 

Che•i•l analz:•t•: coo.tttuent• in part• per •Ulion 
Date , T.-p._•P, 1102 ,. . , Ca ... • Wa + K ' RC03 . co3 ' 904 , Cl 
F • 1103, , •rctne•• , Dt••olved 80lid8 
lpectftc coadactaace •1croeho•, p8 

Radtocb .. ical tD&1Yt18J Date _______ , Pu. ____ d/a/1, U. ____ _,p&/1, 
Groe• ..f (0. ... ) d/11/1 
Report •ouroe ot dataa Wei:r.• J. L.~ ~-' ~~~ 11.. D.~ ~962 

___ ............. ·. 



U80S Location Mo. 

ABC Coordinates ------------------- ABC Dtaignation --------------------------

Driller aon, Psb; J!1Q, Addreaa _ _..,..,tliil.l. _,...._.'m--·~·----------

Topography ~e ef ft't..1!ls!! J1e!Er Al t1 tude I·]JO feet 

Method drilled ..,.,. WeJ9 Diameter 3 inch•• Uae,_J ..... IIIEN!!!t~il!tfiD!!l.. __ _ 

Drilled depth m feet COMpleted deptll 3QO feet 

Date drilled le"'!&J7 lg6o Chief Aquifer< e>----------------

Depth to water 

Specific capacity 

d17 teet Date. ________ Transaiaaibility ... ____ _spd/ft ~ 

-.-.--~~~pa/tt 
After _______________________________ _ 

Log: !ldeknees DepUl 

J!taale] s ~ '!taft 

~· ter----

Casin& Schedule: 
. R..arka Dta .. ter (inches) 

2 
Depth (feet) 
()..~ oa.,_, ud »tpe ntll u. 1s1er 20 :teet 

~ 

• 

Cheat cal anal:taia: Conatttuents in parts per million 

Date , T•P•-•F, 8102 , Fe , Ca 

Me ' Na +~ ' HC03 ' co3 ' 904 ' 
Cl 

F • N03 , Hardness Diaaolv•d solids 

Specific conductance _ aterOIIhos, pH 

-----------• Pu ____ d/m/1, u ____ --~pg/1, 

___ d/a/1 

Report source of data: Weir, J. :&., ~. 1 am Purt:vam, W. D., 19f)e 

Rell8rks: BPilled to obtain core .8a',Ples of Buldelier i\Jtf 

i 
ll 



-· 
r 

·. 
'·. 

~-~: ~'\~-~ ,·:.~.. -~~;.~_.;i.\'~·/;t\ . d··t." , 

!abie ~.~neept-.t·m-:10 . . 
USGS Location Mo. 18.6.3.241. USGS De•ignation __ D_T_-_l_o __________________ _ 

ABC Coordinate• ------ ABC Designation ---------------------------

Driller Branch Drilling Co. Addreaa Farmingtou, Hew Mexico 

Topography Surface of Fri1oles MeV( Al t1 tude 7,019 feet 

Method drilled Cable tool Diameter 12 inch•• Use Observation 

Drilled depth 1,409 feet Completed depth 1 1 408 feet 

Date drilled March 1960 _ Ch 1 e t Aqu iter( a)-~:::;;· ;:;, =•;;_:F~•;._;:G;.;:;r...;;.ou.:;;£p_a;:;.;n:;.;d;;_;:T:.:s;..;;c;.;;h;.;;;i;..;;c...;;.oaa=-

Depth to water 1 1 085 feet Date April 1960 Tranamiss1bil1ty.r~50~/f1 . 
Specific capacity_1~6L-_____ gpa/ft After 16 hqyra IYBP'P' at 18 gpa 

Locs !!b:lakaess ~ 
Bandelier TUff 

Tehtr..- Meaher ---------- '72-672 
Otori HeiDer ----------- 157-829 
Guaje ltellber ---------- -3,_864 

Pup CoaalcaHate 
t.aal~rate ...Oer ------ 108-972 

taAl~ Pomat loo -------- -.t,o-1,012 
..... ltic Roeb of Claiao Meaa 

lllltt 2 ----------------- .. : 96-1,108 
U.it 1 -------------- ·.- -1.7,_1,%11 

· Caainc Schedule:-· 
Dia .. ter (!nche•) 

12 
8 

Depth (feet) 
0.1.128 

1,096-1,408 

Che•ieel anall•ta: Constituent• tn part a 

Date .._u 1960 • T•p._§J__•l', 1102 

lie z,t ,Ra +K U.2 • HC03 80 

F 12 • )103 1.0 , Bardneaa 42 
' 

Puye Coaala.erate 
Pa .. la.arate Member --z- 15-1,356~ 
Toto.t Leutil -------- -- 46.;1-,4oa ~· 
'leMqU8 l'or.atioa ------ • ,?-11~:: 

R.-rka 

8-i.Dcb euiD& rests on tiM bottoa aDd u 
avedpd iato the 12-tncb cuinc •~ 
1.096 feet. 

12-incla caatna containa 50 feet: of alou 
below l.G7J feet atwi the 8-f.Dcla eu~ 
con-.... i4t feet of slot•. 

per million 

6S , Fe .00 • Ca 12 

co3 0 • so4 3.7 • Cl 2.2 

Diaaolved •olida 

lpecltic conductance 135 •tcrOIIhoe, pR 7.3. 

Rad1o~~•1cal anal~ai!: Date lqy, 13. 19M , Pu <: 0.4 d/a/1, U 0.1 pg/1, 
j 

Groaa ..p' ( o.-&>-'4 ___ d/•/l 

Report source of data: We.ir:r- l. L h..., ,amd "PlA:tyam. W. D .... 1962 

Re•rk•: l'lecuic lop available. ~ fbr a->'..S.e aa1 ~c 

iD:t'OIW.ticm. 

'· ... _·~ ..... :·. 



Ta bJ.e lK>. --Test bole Gemma 

Altitude 6,870 Topogr.:mr.;. __ _r~oor_ of Ancho Canyon 

:!ieL ;_ :~:<' 'ed~ rotal7 1> i a.::- c t e r_4 ___ __inches Use Observat+on 

Driller:: i~pt'l~5...::4L--_ feet Cor.tplete·i dept.:. _ ___.5_4 ____ ~eet 

feet 

Date d r i 11 ed March 1%0____ Chief Aquifer( s) _NOlliL----------------

Der-tl": to water__!lo __ feet Date __________ Transmiss'\bility-" ___ _ 

Specific capacity ----~g~pm/ft After 

~og: Thickness 

Alluvium -------------------- } 
Bandelier Tuff 

Tshirege Member ----------- 5~~ 

Casi!1g Schedule: 
Diameter (inches) 

4 
Depth (feet) 

Q-6 

Depth 
3 

54 

Chemieal Analysis: Constituents in parts per million 

Remarks 

Date ---------• Temp. ___ °F, 510~-------• Fe ______ , Ca ______ __ 

_gpd/ft 

Mg ____ , Na + K ____ , HC0
3 
____ , co

3 
___ , so

4 
___ , Cl ___ _ 

F NO ------. Jt------ Hardness , Dissolved solids 

Specific conductance ____ __ mtcromhos, pH ____ _ 

E~d 1 ochemi ~~L!!!&l.f&is: Date _____ _ , Pu ____ d/m/1 , U------lflg/ i , 

Gross -f (GaiiUia) d/m/1 

Report source of data: Weir, J. E. Jr., and Purtymun, W. D., 1962 

Remarks: A nearby 24-tnch diameter bole was drilled with a bucket 
abaDdoued becauae of tbe hardness of tbe tuff. 

to 7 -f.ct: 
auger~nd 

Drilled to locate ~ perched water be!:II!Bith" Anclm ~ •. 



~-. t.. f 
!able 47 ·"-Deep .teat m'-9 

USCS Location No. _18~_!_1!_4!!_3 ________ USGS Designation _D __ T"--__ 9 _______ _ 

AEC Coord i r.at<?9 AFX: Des i gnat i or: 

Dri ller __ Branch Drilling Co._ ____ Address _[_ar~ington, New Mexico 
Topography Surface of _ _frijol~s Me~_a ________ _ Altitude 6,937 feet 

Met::od drilled Cab]~ too_l_____ Dia~.ete;-___g_ __ inches Use Observation 
Drilled .-!•!pt:-:_1,50Ueet Complete'.! depth _L_?J>.!....J:eet 

Date drilled_l'ebr:ua!:LJJ60 __ Chief Aqui fer(s)_!_a_g_t:jL~e_ Gr~'I.!!Land Tschtcoma 
Formation Depth to water 1,00~ __ !eet Date_~prilj960 _____ Transmi ssi bil 1 ty. 61,000-__gpd/ ft 

Specific capaci ty_~_zprn/ft After pumping for 24 hours at a rate of 88 ~ 
Log: Thickness Depth 

Bandelier Tuff 
Tshirege Member ----------
Otowi Member -------------
Guaje Member --------------

Puye Conglomerate 
Fanglomerate Member ------

Tschicoma Formation --------
·Puye Conglomerate 

676 
802 
850 

74-l,tU 
2;8-1,162 

Fanglomerate Member------- .,157•1,319 
Totovi Lentil ------------- . , 38-1,357 

Teauque Formation----------- _,144-1,501 

Casing Schedule: 
Diameter (inches) Remarks 

12 
:)epth (feet) 

0-1,335 115 feet of slots above 1,003 feet and 
180 feet below 1,003 feet. 

8 1,314-l.SOO 183 feat of slots. 

Chemical analls1s: Constituents in parts per millinn 

Date_Hay 7, 1960 , Temp._l.Q__ °F, Si0~-'6"-"'9'---' Fe_~4 __ , Ca 12 
Mg 1.2 , Na + K_j]_4_, HC0

3 
68 , C0

3 
__ 0 ___ , SOi__l.J._, Cl_j_._Q_ __ . 

F __J_, NO 
3 

• 0 , Hardness 34 , Dissolved solids-------
Speei f1 c conductance ___ l'""'3=2 ·m i cromhoe, pH_ 7. 6 __ 

!!!ldiocheai~aL!!n!lYSi!J: Date _________ , Pu __ _ d/m/1, U ---l?fl./1, 
Grose --f (Galllllla) d/m/1 

Peport source of data: Weir, J. E. Jr., and Pur,ymun, W. D.·, 1962 
Remarks: Electric logs available. Br:Uled 'tor geologic &.Dd eydrologic in:fonation 

2nt1ua tm1ts 3,.8, Peb. 1960, deJUll,-'25 :teet. 
~t:tua units 3,5,. :reb. 1969, depth 1,501 teet. 



1'able 48.--Core hole e!l-1 
~ 

USGS Location No. 18.6.4.224 USGS Designation CH-1 (corto1e 1) 

AEC Coordinates ABC Designation 

Driller Soil Mech. Inc. Addreaa Bryan, Texas 

Topography Surface of Frijoles Mesa Altitude 7,170 feet 
__..;~---..:.. 

Method drilled Air Rotary Diameter ____ 3 ____ inchee Use Observation 
Drilled depth_...5=0=1 _ __....feet Coapleted depth ---::.5=0=0-~feet 

Date drilled December 1959 Chief Aquifer(e)~N~o~n~e~--------------------------
Depth to water dry feet Date ________ __ Transmieeibil 1 tY...:.·--- ...,m>d/f 
Specific capacity gp~/ft After ______________________________________ ___ 

Log: nll.ckness Depth 
Bandelier Tuff 

Tshirege Member----------- 501· 501 

Casing Schedule: 
Reaarks Dia .. ter (inches) 

2 
Depth (feet) 

0-500 Galvanized pipe with the lower 20 f•et 
slotted. 

Che11ieal anal):sia: Constituents in part a per mlllion 

Date • TMp._0 P', 1102 . ,. , Ca 

llg , Ha +I. 
' HC03 ' co3 • 804 , Cl 

F • N03 , Hardness • Dissolved solids 

Specific conductance aicroahos, pH 

Radioc~~·i~al anal,teis: Date 

Grosa ~ <aa-> d/lll/1 

------------• Pu _______ d/m/1, u _________ ~pg/1, 

Report source ot dataa Weir, J. E. Jr., and Purtymun, W. D., 1962 

Re .. rks:· Drilled to obtain core samples of Bandelier tuff. 



USGS Location No. 18.6.4.24:2 ____ __ USGS Designation CH-3 (core hole 3) 

ABC Coordinates -------------------- AEC Designation ---------------------------

Driller __ ~s~o~il~~M~e~c~h~·~I~n~c~·~------- Address Bryan, Texas 
Topography Surface of Frijoles Mesa 

Method drilled Air Rotary 

Altitude .7~,_1_7_0 ____ ~feet 

Diameter __ ~J ____ ~inches Use Observation 
Drilled depth 300 feet Completed depth __ ;:;..3 0::..;0::'-.--__::..f eet 
Date drilled February 1960 Chief Aquifer(s) __ ~R~o~n=e ________________________ __ 
Depth to water ___ d::.:ry:..~..._~feet Date. _____ _ _ Transmi sst b111 ty ..... __ _ _gpd/f• 
Specific capacity ________ _gp~~/ft After ______________________________________ ___ 

Log: i!:dckness Depth 

Bandelier Tuff 
Tshirege Member ------------ 300 300 

Casing Schedule: 
Dia .. ter ( t'nches) 

2 

Depth (feet) 

0-300 
Re~~arks 

Galvanized pipe with the lower 
20 feet slotted. 

Chea1cal anal ,lsi a: Conati tuenta 1 n parts per million 

Date , Teap._°F, 8102 Fe '-----, Ca. ____ _ ... • Na +K • RC03 • coJ • 1 

____ , Cl ____ , 
804 

F • N03 , Bardneaa • Diaaolved aolida 
Specific conductance a1croahoa, pH 

Radio~~aical aDalYaia: Data ___________ , Pu. ____ d/m/1, U. ____ --lpg/1, 

Report aource of data& Weir, J. E. Jr., and Purtymun, w. D., 1962 
Re .. rka: Drilled to obtain core samples of Bandelier Tuff. 



--~--~- ....... ·~-,-.-~--~~:<if<>~-." 

. .:_. --~- so .. .....eeat bol~.aeta 

USGS Locat1on Mo. 19.6.34.331 USGS Designation ________ Bet __ a ______________ __ 

AEC Coordinates AEC Designation ---------------------------

Driller Casey Dri111Qi Qo, Address !Qs .ADgel.ea, Calit. 

Topography_Floor of Water Cagyon Altitude __ 6.._,80=1"'---~f eet 

Method drilled Bucket Auger Diameter 24 inches Use ~tiOD 

Drilled depth 18o feet Completed depth 18o feet 

Date drilled 1960 Chief Aquifer(s) 

Depth to water dry feet Date Transmi as 1 b 111 tY...;.·--- _gpd/f1 

Specific capacity ______ g~pN/ft After ______________________________________ ___ 

Log: Thiclmess Depth 

Bandelier Tlrl"f' 

Tshirege Member ------------
l8o 

Casing Schedule: 
Diameter (inches) Remarks 

24 
Depth (feet) 

0..15 CorNgated iron pipe 

Chemical ftnalysts: Constituents in parts per million 

Date -----• Teap. __ 0 1', Si0
2 
_______ _ Fe ______ , Ca ______ _ 

Mg. _____ , Na + x ____ , Hco
3 
____ , co

3 
____ , so

4 
____ , Cl ____ , 

F ____ , NO'l-
3 
___ _ Hardness _______ , Dissolved solids ------------------

Speci !i c conductance __ _ atcroahos, pH __ _ 

, Pu _____ d/m/1, U ____ ~pg/1, 

Gross .jl (GaiiiiU) ___ d/a/1 

Report source of data: Weir, J. E., Jr., and Purtymun, w. D., 1962 
Remarks: Drilled to determine possible perched water beneath Water ~n. 
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CL 
-J 

USGS 
desig-
nation 

Hl-1 

lr'-1-2 

Ul-3 

I 
HI-JA I 

I I 

21'1-1 

2~t-2 

2H- 3 I 
JN-l 

I 

JH-2 
I 
I 3}!-3 
I 
I 

4~1-1 

AEC-Lt\SL 
USGS desig-

location nation 
number (hole 

number) 

18. 6. 4.224a 13 

18. 6. 4.224b 14 

18. 6. 4.224c 12 

18 • 6 . 4 . 2 2 4d 11 

18. 6. 3.114a 17 

18. 6. 3.114b 16 

18. 6. 3.114c 15 

18. 6. 4.243 19 I 

I 

18. 6. 4.242a 18 I 
I 
I 

18. 6. 4.241 20 I 

18. 6. 3.134a 7 

f 

Table 51, --Hoisturr ·ccess tubes in TA-49 

Altitude of AEC-LASL Construction land surface Diameter cordinates date (feet above of 
mean sea casing 

level) (inches) 

104 + 40S Feb. 1960 7' 162 2 85 + 48E 

104 + 63S Feb. 1960 7,170 2 83 + 39E 

105 + 92S Feb. 1960 7' 171 2 84 + 95E 

105 + 92S Apr. 1960 7' 171 2 85 + 02E 

I 104 + 73E Feb. 1960 7,129 2 99 + 28E 

101 + 12sj Feb. 1960 7,131 2 100 + OSEI 

1o6 + 66sl Feb. 1960 7,141 2 96 + OlE 
I 

115 + 97EI Feb. 1960 7,163 2 82 + OJE1 

114 + 82sl l·eb. 1960 7,169 2 82 + 67EI 

114 + 56sl l:<'eh. 1960 7,174 2 79 + 96Ej 

12l + 29sl Feb. 1960 7 '112 2 96 + 44E 

I 

f 

Length of 
plastic Log 
casing 
below Alluv i Lllll Handelier land (feet) Tuff surface (feet) 

(J eet) 

I 49 4.5 
I 

44.5 

l 19 1 18 

19 4 15 

I 
3 

I 
49 46 

I 
49 1 48 

I 10 5 5 
I 

19 5 14 

50 1 49 

19 2.5 16.5 

20 7 13 

49 2 47 



Table 51.--Hoisture access tubes - Continued 

-
-

Altitude of AEC-LASL 
Length of USGS USGS desig- AEC-IASL Construction land surface Diameter plastic Log 

desig- location nation coordinates date (feet above of casing nation number (hole mean sea casing below Alluvium Bandelier number) level) (inches) land (feet) Tuff 
$Urface (feet) 
(feet) 4H-2 18. 6. 3.133 5 120 + 57S Feb. 1960 7' 116 2 20 1.5 18.5 94 + 70E 

4H-3 18. 6. 3.312 8 122 + 76E Feb. 1960 7 '107 2 19 3 16 96 + 94E 

4M-4 18. 6. 3.133a 6 118 + 72S Feb. 1960 7,122 2 19 3 16 94 + 94E 

5H-1 18. 6. 3.132a 23 111 + 32S Feb. 1960 7,136 2 39 2.5 36.5 94 + 36E 

ffi 5H-2 18. 6. 3.131 1 111 + oss Feb. 1960 7,146 2 19 3 16 92 + 38E 

6H-1 18. 6. 4.212 10 102 + 15S Feb. 1960 7,210 2 19 9 10 68 + 83E 

9M-1 18. 6. 4.244 9 116 + 678 Feb. 1960 7,115 2 19 6 13 88 + 44E 

9M-2 18. 6. 3.132b 3 113 + 40S Mar. 1960 7,104 2 19 6.5 12.5 98 + 15E 

9H-3 18. 6. 3.143 4 117 + 02S Feb. 1960 7,049 2 19 4 15 104 + 57E 

9H-4 18. 6. 3 .132c 2 113 + 93S Feb. 1960 7,097 2 19 12.5 ' 6.5 100 + 40E 

lOH-1 18. 6. 3.124 21 104 + 96S Feb. 1960 7,090 2 29 2 27 110 + 31£ 



{ 

()') 
\0 

Table 51--Moisture ~-Gcss tubes - Concluded 

AEC-LASL Altitude of 
USGS PSGS desig- AEC-LASL Construction land s• rface Diameter 

desig- location nation coordinates date (feet above of 
nation number (hole mean sea casing 

number level) (inches) 

10M-2 18. 6. 3 .124a 22 104 + 548 Feb. 1960 7,093 2 
108 + b9E 

WCM-1 19. 6.34.344 - 92 + 2osl1 Feb. 1960 6,745 2 
111 + 20E 

WCK-2 18. 6. 2.113 - 102 + 2osl1 Feb. 1960 6,650 2 
145 + OOE 

1/ Location approximate, taken from map. 

Length of 
plastic Lo~; 
casing 
below Alluvium ~andelier 
land (feet) Tuff 
surface (feet) 

(feet) 

20 4 16 

10 10 -

10 10 -



M::>rtandad Canyon 

An investigation of Mbrta.nda.d Canyon as a site for disposal of 
treated loH-level radioactive wastes was conducted prior to its use 
as a disposal ar<::a (Baltz, Abrabarus 1 and Purtymun, 1963). A ·Hell to 
monitor possible radioactive contamination of the main aquifer, a 
sys~ern of ots~rvation wells to monitor the movement of perched water 
within the alluvium, and lines of moisture access tubes adjacent to 
:many of the observation wells to monitor movement of moisture into 
tbe und :!rlying tuff' v1ere constructed. Eight surface-'-'ater sampling 
points 11ere established. No contamination bas been found in the r:a.in 
aqui1.'er. ?he perched water uas found to infiltrate the tuft' u.t1derlying 
the ·2anyon and not to flow beyond the area of study. Geologic, hydroloc;ic, 
and construction data are presented on table 52 to table 55. Locations 
of observation and test ·Hells are shown on Figure 6 and location of 

:b'iguEe 6 ( ca£tion on next page) belongo near her~. 
moisture access tut~s are shown on Figure 7· 

Fiyure 7 (~apti0n on next page) belongs near here. 



Fie;ure 6.--~brtc>.ndu.d Canyon di::;,_:Jccu.:'_ qr·::·. 
F.:.e::urc: 7. --Location Qf moictu.re accc:.:;.::: tubes in the M::.riandRd Ce.ny8n 
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. Table, ~. --~st well 7-8 

USGS Location No, 19.6.23.322 USGS Designation --~%~---~8---------------

AEC Coord 1 nates AEC Designation ---------------------------

Dr i l 1 e r BraDe!l DrU:liDS Co .. 

Topography '!1 ogr of ltrrteMM Caeyon 

Method drilled Cable 7bnl 

Address l'an:d.Dgtoa1 llev ~co 

Altitude 6.872 
Dicwneter__..8~-..-_...-1nches Use Observation 

Dri !led depth 1 .,o65 feet COIIlpleted depth J ,065 feet 

feet 

Date drilled IJec:_.J>er 1~ Chi.ef Aqui!er(s) 1!U;m ~lryneret,e., 'fa'Wlceeratp 

Depth to water 968 feet Date lfov, 1961 Transmiuibility 2.~~/!1 

Specific capacity 2 gp~/f't Af'ter __ ~2~bou~rs~~gi~--~Jdlla.~'~pg~-------------------
Loc s ti.clmeea Depth 

.Alluvium ---------------- ~¢·_ 40 
Bsndeller ~: 
~- -'l'shi.rege-• t:r ------ ao:- 6o 

otov1 Jl:rher --------- 385- ~ 
GuaJe llellber -------- li-~ ...-;fV 

Plqe CoDgJ.caerate 

7 ~ '-

l'a.llgl.c.erate • t;er -- '~ .580-
Baaalt Uhit ------------- llijC 725 
Pa;Je Coaglc.erate: 

c; f .·· 7 

J't~l<Beftte aaber - .}21o-l.,065 

Casing Schedule: 
Diaaeter (inches) 

20 OD 
14 OD 

Depth (teet) 

0- 44 
Remarks 

am 
o- 6!. 
o-l,o65 With tbe lover ll2 teet 'til:m:h slotted 

Che•ical analysts: Constituents in parts per million 

Date ""'=. 16, l.96o • Temp • ..M_oF, 8102 62 Fe 0 

JII.,Ja. • , Ma + ~ _ __,..,. HC03 BD.a ' co3 Q ' so4 ._ ,.a 
F •7 • N03~·._..;;.3_.o_ • Hardness 51 

' 
Diaeolved solids 

Spee1fic conduetance 158 aicroahos, pH ________ __ 

• Ca ll.O 

6.2 • Cl___2&_, 

Rad12£he•1cal anallli!: Date_lc;w. 15, ~. Pu <0.,. d/m/1, U <0.5 ug/1, 
j 

Gross -.f (Ga-.) 4 d/a/ 1 

Report source of data: ~z, B. L 1 AbntllaE, J. Jt., ~., ani! Part,.an, W. D., 
1963· 

Remarks: Drilled for geologi-e aad ~ ~ 



r f 

;> 
Tar- ' 53···0bservation vella in r.bl"taDtJad and !en-Sitr ~ .. Los AJamoe Area, lev ~tsxico. 

A&,;-LASL -nt!tUd~!f. or IIA!J::IS\..u or 
ums uoos coor- Construction laJJd surface Diameter pla..tic leg 

desig- location dina tee date (:teet above o:t cuing .. ' 

nation nwnber mean sea casing below Alluv1181 Bandelier 
l.eYel) (incbes) laDd (feet) '1\lf:t 

race (feet) 
feet) 

ro-1 19.6.22.133 Nov. 1~ 7,153·3 3 - ·l.a 1 o-2 

-2 19.6.22.134 llov. 1960 7,133-5 2 9·9 1 8.9 

-3 19.6.22.144 Novo 1960 7,olf6.2 2 12.7 7 5·7 

-4 19.6.23-312 Oct. 1960 6,~9.4 2 23.5 22 1-5 

.. ~ 19.6.23.312 ().o Oct. 1963 ,6~., 3 19 18 1.0 

-5 19.6.2,3.322b Oct. 1960 6,876.7 3 ,a., 3' 3·5 
~ 

.:..6 19.6.2,3.414 Oct. 1960 6,848.9 3 70·7 36 34.7 

-6.5, 1,.6.23.4148 Dec. 1961 - 2 45 4' -
-6.5' 19.6.23.414b Jov. 1961 6,839·3 4 4'}d 112 -
-7 19.6.2,3.441 Oct. 1960 6,&n.6 ' 68.5 55 13-5 

-7-5 19.6.23.4lf2 lov. 1961 6,8o8.6 3 60 60 --

-8 19.6.24.313 oCt. 1960 6,79'7·3 3 83.4 61 22.4 .. 

-8A 19.6.24.313& Bov. 1961 - 2 50 50 -
-8.2 19.6.24.314 llov. 1961 6,781.8 2 70 70 ... 

-9 19.6.24.34e Jlov. 1961 6,749-8 ' 55·5 55·5 -
-9-5 19.6.24.431 Bov. 1961 - 2 46 46 -

,, 
' 

RellarU 

.. 
• 

• 

Destroyed, DeW 
vell 5 tt • .....t 

I 
1lov kDovn ....... 

.. 
-
-
• 

-
-
-
-
-
-
... 

... -· ' 

r, 

i 
·~ 
~ 
~ 
,·I 

4 

,' 
' ... 
l 

4 -~ 

·i 
:J~ 



•bl.e 'i3-.•-Qbeerv&'bion veils in Y:>ri~dad.etid ~'be~ . .._ Los'Jdamos Area, New Mexico - Concluded 

AEC-I.ASL Altitude o:r 1 r.engvu or uoos uoos coor- Construction land surface Diameter plastic wg Remarks desig- location dinates date (:feet above of casing 
nation number mean sea casing below Alluvium Bandelier 

level) (inches) land {feet) Tuff 
surface (feet) 
(feet) 

~~X).. 11 19.6.24.441 Nov. 1961 - 2 20 20 - -
12 19.6.24.1142 llcrv. 1961 - 2 60 6o - -
8A 19.6.23.322& aw. 1960 6,874.7 2~ 30 30 - -'rSOO-1 19.6.23.431 Bov. 1961 6,856.9 2 35 35 - -

!I Replaaement 11 ~ll for IO:l ~4 

!V 20 teet ot 4-~h plaat1 ~ casingJ 22 Peet of 4-inch steel 

\(.~ =~~ted- lha.1 pipe 

I 



, 
'Dible 54 .--Moisture access holes in )bJI'tlcml!ad and !en-Site ~ l 

~ _, 

-
uros uoos coor- Construction land surface Diameter I plastic I ws I Remarks 

desig- location dina tea date (f'eet above of' 
nation number mean sea casing I bel.ow I A..LlUV1um I Handeller 

level) (inches) land (feet) 'fu:ff 
(feet) 

,(feet} 

)OI..lA I 19.6.22.1338 Bov. 1960 7,155·9 2 11.7 - -
I 

-
-l.B I 19.6.22.133b Bov. 1960 7,154·7 

,. 
2 10.5 - - ... 

-2A I 19.6.22.1~ llov. 1960 7,138.6 I 2 I u.o I - I - I • 

-2B I 19.6.22.134-b Bov". 1960 7,133·7 2 1.0 - .. 
19.6.22.143 lfov. 1961 7,109 2 82 - Be 

19.6.22.143& ]lov. 1961 - 2 58 - 58 I ... 

-3A I 19.6.22.144& Bav. 1960 7,0lt8.8 I 2 I 13.0 I - I ... 
~ 

-3B I 19.6.22 .144-b Bov. 1960 7,048.3 I 2 I 10.0 I ... I ... 

-4A I 19.6.23.312b Oct. 1960 6,90().9 2 9.0 I • I -
-4B I 19.6.23,..312 c.. Oct. 1960 6,90().0 2 23.5 I .. I - I -

19.6.23·321 Bov. 1961 6,891·3 e!l 48 a6 22 

19.6.23.322 l{ov. 1961 - 2 33 30 3 I • 

-5A I 19.6.23.322c Oct. 1960 6,881.4 I 2 I 25.0 I - I - I -
Oct. 1960 6,879·0 I 2 I 30.0 -5B I 19.6.23.322d I - I .. 

-5C 19.6.23.322fL Oct. 1960 6,877.6 2 37.0 - - -
-bA 19.6.23.414c Oct. 1960 6,852.6 2 17.8 ":'1 - - -
-6B I 19.6.23.414d Oct~ 1960 6,851.2 2 51.8 ··~·.~ .. - - " ... , . 

~·><' ~ 

-6c I 19.6.23.414e Oct. 1960 6,851.0 2 56.8 :.-\-- .. - j 
\:~ ':: ~ 



'!able ~Ja.·-~ture acceu }.lol.M 1n ~~and 'len-Site 0aey•na.- Concluded 

AEC-IA.':U:· -Altitude or fl£ng\.u or 
mns tms coor- Construction land aurf'ace Diameter plastic wg Remarks 

desig- location dinates date (:feet above o:f casing 
nation number mean sea casing below Alluvium Bandelier 

level) (inches) land (feet) 'fuff 
sur:face {feet) 
(feet) 

19.6.23.41.4:t Oct. 1960 6,850.0 2 34-9 - - -
19.6.23.4148 Oct. 1960 6,850.6 2 21.0 - - -
lg.6.23.414h lfov. 1961 6,84o.2 iY 95 46 49 -

I 19.6.2,5.4Jth llov. 1961 6,Ek>9.4 eJ/ 94 61 33 -
19.6.24.,5.51 Oct. 1960 6,8o7.1 2 20.0 - - -
19.6.24.3.3la Oct. 1960 6,7gr.a 2 ,30.0 - - -
1,.6.24.31.3 Oct. 1960 6,797·3 2 66.0 - - -

I 
~ ' 

. ' . 
19.6.24 • .513 Oct. 1960 6,796·3 2 86.3 - - -
19.E;.24.313 Oct. 1960 6,796·9 2 52.6 - - -' 
1,.6.24 • .51.3 Oct. 1960 6,799-2 2 2,3.1 - - .. 
19.6.24.4.32 Oct. 1960 6,730-9 - 2 67.2 62 5 -

~ 

~. 

h 
19.6.24.411Qa Jov. 1961 - 2 42 42 - -
19.6.2,3.431& Jlov. 1961 6,858.6 2 22 22 - -
JJ Double case~ - 29 :t~ >:t 4-inah st~ 1 casing 

y Double cued - 51 feet )f 4-1D.ch st84 1 casillg 

;) Double cued - 66 :teet ):t 4-inch 8t84 ~ easins 

-



' .. 

Table 55.--..3~'ace \:2.tcr GD.lli'PliDb points in 1-brt.?..nclaLl Canyon 

'J:JJ.S 
desicnation 

Efflu·;nt Canyon (TA-48) 

N'"''·: .'3igill2. effluent 
n~.;ar uuti'u_l 

(Conf'lu<;nce cf 
Me. 'tandal and 
Effluent canyons 

Ga,~ing station (G.',..l) 

HCS 3.2 

MC3 3.9 

Ga~ing 3tation 2 (GG-2) 

MCS 5 

97 

UillS 
location 

n1.m.ber 

319.6.22.134 

819.6.22.143 

Sl9o6 ,22.234 

819.6.22.422 

819.6.23.311 

819.6.23.)12 

S19.6.23.322 



AcLl and P.teblo Canyons 

A study of the diJpc::al of trcn.tcd lo-w-level rndioacti ve ·Hastes 

was conducted in Aci.l and Pueolo Canyons (Abral:a..:.:s and others, 1961) . 

An observation well system consisting of drive points and dug wells 

in the al.:uvLu:; an..l shalltJW v·7ells drilled into the u.nlcrlying 

conglomerate v.'as coMtructed. Heirs and surface-I'Tater sampling points 

to measure discharGe and monitor water-borne radioactivity were 

established. 

Sparse in:forr.iation is available on construction of i·Tells in 

Acid and Pueblo Canyor..s. :=c:v~ral vTells have been destroyed by high 

wat~r flov7; others have "been partially filled by sand. !·1any of the 

sites are used only as reference points in surface i·rater and alluviwn 

sampling. In general, the system is in poor repair. Locations and 

available construction data are presented in tables 56 to 58. Locations 

are shown vn Figure 8. RaJi.::Jactive nuclicleG T11ere found to collect 

Fi;:;urc.: 8 { ca;tion on nc;·:t )a..;e:) beloxy;::s ncar here. 

mcstly in the clo.y and alJ.uvial particles and dis.:_:Jerscd downstream 

by flood flow and inte~:ittent "'aste discha.rse such that there ,.;as no 

hic;l: concentration l:uildup. Contar:lination vias gene:r:·ally below off 

site tolerances. 



Ficure 8.--Loeati0n of ·Hell, s:;;rlnr;, strcar., and al~_uviu.r: n~rpline; 

points in Acid, Pueblo and Bayo canyons. 

-
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Table 5C .--Wells in Acid and Pueblo Canyons disposal area, AC r.nd 

PC series we:l 

UX3 USGS 
location desig- AEC-LA2L R·:marks 
nur.:bcr nation cord.inates 

19.6.16.214 AC-1 De:::":royed. 

19.6.16.212 AC-2 Do· 

19.6.16 .212a AC-3 CorrUGated metal pipe. 

19.6. 9·434 AC-4 Dcstr""'""1 
• 

19.6. 9.441 AC-5 Curr~ated metal pipe. 

19.6. 9·423 PC-1 Driv~" .,,..int. 

19.6. 9.442 PC-2 Dt..:stroyed. 

19.6.10.331 PC-3 Do. 

19.6.10.431 PC-4 Drive pcint. 

19.6 .11. 333 PC-5 .Jes"Lroyed. 

19.6.14.222 PC-6 Corrugated netccl pipe. 

19.6.14.221 PC-6A Drive point. 

19.6.13.131 PC-7 Do. 

19·7.18.132 PC-8 Destroyed. 

19.7.18.241a PC-9 Corruc~ted metal pipe. 

19·7·17.321 PC-10 Drive point. 

19.7.17 ° 322 PC-11 De . 

.1.00 



uoos uoos 
desig- location 
nation m.unber 

PO-l 19l7.lSllaQ2 
~~ 

PO-lA) 1\_19. 7.18.244 
., .-

··--- -
ti:o-lB 19.7 .l.8.24lla 

PO-lC 19·7·l.8.a~ 

PO-lD 19.7 .J.8.2l& 

P0-2 19·7·18.2~ 

~ P0-2A 19.7 .l.8.24la 

P0-2B 19. 7. 1.8. aJe.lb 

P0-3 19o7oJ.8ol4l 

JI0...5A 19.7 .l.B.liU.a 

P0-3B 19o7oJ.8ol32a 
--..:~-- ----
.P0-4 l9oOol}o2Jt2 

PO-.~~.A 19.6.13.2lt2a 
--;..~ 

P0-48 19.6.13.2~b 

P0-5 -
P0-6 -

·( 

-
i'able 57 ·--Observation wella c... -Ued April 10 to 18, 1956, 1n Pueblo lf.D.yon, 

PO Hries wells 

~-LASL Altitude of Well Depth to 

coer- land surf'ace depth water below Relm.rks 

dinates (:feet above (feet) measuring point 

mean sea (feet) 

level) 

16 471 .Aamooe4 
., 

- ~ 

6,41t2.o 36 (~ ... 1.8 teet ot 3•1Dib. pipe. 

6,Jt.u.e '18 ~~· AJaaadoued 

6,4Je6., 2Q rlllq.o j\_~n.rO:U ~l 

.. 
6,Jt.JO(t} 23 rfkt,e .hllmlllol.Cr1 

6,478.4 30 ·~ J\tnu~.>1 
I 

~ . 

6,~.0 lltf 2teet 8 t..t 0'1 lj-S..b Jl~ aD4 .... s.~ '· 

6,1t.55·5 ll 41'1 Abaii&DDe4 r 

6,498.9 27 lt tNt la teat ~ lj-iDDb pipe aDd MDdpoiat. ·;~~ 
A.bulowaec' .. < 

22 teet ot J.i-lDDh Jipe aDd ..... , ... 
6,512.7 '' 10 tNt ·i 

'·· 
., 

J 

6,52<).4 ., 5ott..t 59 teet of 2•1acb p~o .Jipe.. , -~ 

6,524.2 4' 1,.8 27 tMt of l.j-1Doh Jipe aDl ~Sat •. : 
.• 

6,JQ.._., 4' J.8 21 tMt of ,_lDob pipe. 
\) 

6,541.6 57 24 27 teet ot'1i-1Doh p1Je aa4 ....... 1 .. ~.· ~ 

6,475('1) 22 ~ AbaDdoned .. 
: 

6,~(t) 18 ~-- r:··:~·c" 

. 
."! 

1.¢ 
' .. 

.. 
t," .. r~~-....... """\ -~ 

....... ___.:~ ... ---·~~;•,: ': . 



Table ~--Surface water sampling pointo,Acid and Pueblo CaP~ons 

AEC-I.J\.SL 
d.:::::.ignation 

.Acicl 1-Jeir 

Pueblo 1 

Pueblo 2 

Pueblo 3 

otowi Seep 

Hamilton 
Bend 

Spring 

UX3 
loc~,tion 

n'-llllber 

Sl9.6. 9.442 

019.6. 9,44,_a 

319.6.14.223 

319.6.18 and 19 

Sl9.7.18.J24 

Remarks 

Hater :ollected at end of flow in Pueblo 
~ .nyon C::enerally betl·leen Hamilton Bend 
3pring and well PC-11. 
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Figure 10.·-Location of test holes u~il1ed nea~ the contaminated 
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Table 64.--Test hola3 drilled during February 1~ near the contaminated -waste pit -west of TA-21 

Altitude Log 
ums AEC and LASL Depth (feet above Soil Bandelier Tuff 

designation Coord inn tee (i'eet) mean sea level) (fcgt) (i'ceU 

DPS-1. N 95 + 13 50 7,190 3 47 
El32 + gr 

D¥'..:)0"2 N 94 + 78 25 7,191 3 22 
El30 + 56 

DPS-3 N 94 + 43 50 
El27 + 87 

7,194 3 47 

DPS-4 N 94 + 16 25 7,202 3 22 
El25 + 89 

DPS-5 N 93 + 8o 50 7,214 3 47 
I-' El22 + 85 
I-' 
0\ 

DPs-6 N 92 + 58 50 7,216 6 44 
E1.2'2 + 10 

DPS-7 N 94 + 41 25 7,185 3 22 
El35 + 69 

DPs-8 N93+66 50 7,181 6 44 
El38 + o6 

DPS-9 N 93 + 66 25 7,18o 4 21 
El35 + 19 

DP:3-10 N55+66 35 7,182 4 31 
El31 +55 

DPs-11 N 93 + 21 50 7,192 4 46 
El28 +50 



( 

1-' 
1-' 
-..] 

Table 64. --Test holes drilled _ring February 1956 - Concluded 

Altitutle Log 
UffiS AEC and LA.SL Depth (f'eet above Soil Bandelier Tuff d.esignn:tion coordinatea {f'ee·t) mean sea level) {fetot) .___(_fee_t) 

·-~-

DPS-12 N 92 + 79 36 7 J192 3 33 
El25 + 21 

nr:::-13 N 91 + 39 35 7,210 2 33 
El22 + 72 

Note: Holvs al.l{;~red. 4-inche8 in diaraeter, destroyed af'ter study. 

I 



Springs 

r:c(EochC'Jr,ical cha.rJ.[!;c·s. One s~ rir.cG is cur:•nntly r:q~dppeJ. -vlith a i·leir 

and recorder for continucus iischn.ri;C mcas"..ll'CI:lcnt to as.:>csc the 

effect of pumpage from the Los Alamos area on the discharge from 

the springs. No conta.zrination of water from the main aquifer has 

been found and no effects from pumping on the discharge has been 

observed. 

Geologic and hydrologic data of the springs are presented on 

table 65. Chemical quality of the water is shown on table 66. 

Locations are shown on Figure 2. 
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~ble 6'- --Spr1JJ~s ot the Lo• AlUW'JIJ uea, Jew Ma1tico · 

GS I ... s I AEC and tASL! 1\)~~e IXf:It~elti~oslc I§ 
location 
number 

sl.B. 5 • 2 .1311 Sawyer l.:.~··~>o<~ . }~ ) , 1 :JtM» elope - 1 8, 320 I hhirtlse , C'Jaxrtlact Cracall 1:1 u 48• 'bed :fA, 

~ between to ato4 
8prin8 · - · ~'11" n . . . .. _, ..... ...~."'~ 

~8.,ftY8 
...:. ... 

BJ.B.7. 3.1a211 ap:nug 3 I I Slope on west ··~ 
Tot.vi Gravels 1!1M u 67· 

. ... 
Seeps ~· ·" . '{~' 

a14e ot Mo l.ea$11 
.:e~ 

&D1 
~ .. ~'. • 

Ora.rde CJaD.. IJoU.a 
Mlt 

818.7. :5-~14 8pr1Jl8 3A do. ,,560 do. db. do. 47M IU I ,7. I .. 

61.8.7. 3_-4431_ 9t>rl~ 3AA do. ,,46o !l"au•w ~ Seep <ill u I 
·a., 
·• 

ror.- l.qe1' .. .. . )"! 

t10Jl 

slB. 7. 9 .la22 I 8Fi»s '" I I West side ot 5,6oo ~ O~Tels · Onvel 122M u 69· 
PaJarito lentil UD!el'ly- be4a 

:.~ '', I I I CulyoD I ins b&-

\0 .. 
ea.l.t 

slB.7.10.ll3l Spriag 4 I . I Slope on west I 5,502 I do • I Gn.Tel IS:. I 8111 I u I ,,. 
•tde ot Rio 
01'UI1e au-
:VOD 

81.8.7 .10.2241 Spring 3B I I Plat e.r. on ,,~ .,,.z-. ~ : ;(_ C--:1· 3lJC u,s '". east side ot ~~ l'C'l. 
t. ' .... 

slB. 7.12.2441 Cluloncito I I Ploor ot Cal>- I 5,7001 dD. I~ ICraek I lOB I 8 I .. 
Spring • ADCha 

lualt 

5,570 ~-~ ~ j- I, •lv t alB. 7 .16. 234 I S.Prins 5 I l~e on west I 69· 
a de ot Rio lualt1o 1D 
OraDde 



f 
J. 

1't.ble 65 .... -Sprbga ot t.1:aJe toe .Al&PO" -l"ea, .. Maldco .. OoatiDued 

tms oms AEC and LASL Topographic Altitude Geo1og~c Structure Opening 

location designation corrdi.nates situation (teet) forma-
number tion 

sJ.8.7.16.423 Sprill@ 5A West baak of 5,430 Tea que Baealt Boils 
Rio Gftllde ~•r•&- thw in -.;.,11. 

aUtatoDB 

SJ.B. 7.20.312 Ambo rlOOl' ~ 5,700 TotQv:l Gravels SeeJII. 
lpr1ng ADebo Can- ~11 ,. " 

t 

sl.8.7.20.431 Spring 6 Wsat bt.Dk ot ,,380 9!esucue Baaalt l':ractl.U'! 
Rio OIUide rona- tlDw 

tion 

818.7~21.131 Spr1Qg 5B · .. c:~ v 4o. ,,lAoo do. ~. do. . 
.SJB. 7.29.112 Spring 6A do. ,~,., ao. do. :Boil 

slB. 7.30.123 Doe8pr1.Jlg Slope on_..;.:. 5,600 <So. ~bed SHp 

~~ ;_ 
a14e ol 
Obquehu1 
""' D 

818.7.30.124 SpriQg 9 Blope on veat 5,510 do. do. cJo. 
eic!e ot' Rio 
8:raQ1le Can-
yon 

-
818.7.30.213 Spring 8A 4o. 5,36, <So. !ualt .... ··--tl.ow 

818.7.30.214 Spring 8 Pl!Lst baDk ot ,,,70 do. do. do. 
Rio o.~ 

518.7 .,0.223 Spring 7 do. 5,,70 do. do. d.o. 

819-5.12.14, J'loor ot IDe ~,000 1J.llUYi\a ,.,.. ...... --t Seeps 
- .AJ.amo• Can- and 

yon .,,ta 
Sl$.:;;_.14'.lJ.:31 Pa~;~!:: Ploor.of 8,~ 4o. 

Pa tar ito Cu 
·eo •. dD. 

819·5·25.111 Wall of Valle ~· 
Ooatut. OraeJI - ~~ .. ,, .... _ .,...... 
. wlAed..a. 

Yield 

~ 
27M 

,,. 

.;. 
l.OJ: 

1.5(11 ,. 

81 

!-" 2611 

'1Qt 

1.,. 

20K 

25» .. 

Use - ~ 

y ature 
( •p) 

u ,,. 
u 67· to 

69· 

u 68•te 
1~· 

u 59. 

u 71. 

u 
-

T1 68• . 

tJ 70. 

u ,,. to 
-re• 

u '70·~ 

~· u -
T1 ... 

- -.. . ·>J 
"-., .... '"" 

4: 
'J. ., 

.ReiDiiW ! .:t 
:.,_.r.., 
~ 
::r 

<;. 
• 'J .. 

- . ~! 
;.·'··"; ~ 

.'·,;·:~ - ,i, 
.JI' •. 
·~ 

,.f Bplqc·.·!'l' 
200ft!"' . 
1, ......... i·•.•, 

. T ·~ .. . . 

.. ~ ,, . , . 
.: .._ . ~ '; 

·. .... '; ( 
~; ••• '· :1 i 

'~_;{~ ~ .'·~. $. 

: ~ : . 
. . . ~~. -;:::( ~ 

-~ ·~ 
~· 

., ~ . 
. ·~. 

, ' : ...... 
.; • c~~· 

. < .~'ftc. 
~ ·.: • .rl 

' ~ ' }' :'{:;; 
. ·lit': ~., ;" 

·~' 
• ., 

'\-, . 
11 -~: ~-~.~~ 

.. ·. "(O.i • 

~ ·;~~ ' 

' .. :j 
. ' 

-·~r.,~t. 

v • ··~;~ .J J: .'A··. -. ,'!;..,.f.'/- . 
~--- .. ~--~ ....... '·.;.~ . 



·"Jable~'J ..... ~ .r·V. liN .U.OS .. NA, ..,·-.noo .. CoDtimled ---

USJS tmS AiiX:! and LASL 'lbpographic Altitude Geologic structure Opening Yield Use Temper- Remaru 
location designation corrdinates situation (feet) ':fonna- (Ef)) y ature 
DUmber tion (•F) 

19.5.25.333 P~ or water s,coo TllliNae Ooutut Crack 90B - 6aDyDD ~ between - - - -
welded as :1 
flqwe 

l.9.5.26.221 :r:tool' ot Valle 8,240 Talus &lld CoDtaot Seep 4E u - n..--, ... 6.11 - -
a.,.,,26~332 ArMtea4 J'looJ" ot Water 8,21.6 !'sch1cala lractured Praoture' 2E u 

~~ OulloD ror-.- latite - -
t~ 

·l-9· 5. 33. 431 Wall ot ve.t 8,4,0 Tablrese Oontact Cracks 1o8M u - -.not lllllllber between aM - -
lrr1Joles wellad Seeps 
~n ae~lcM 

at.5.33.234 Wall or •orth 8,4,0 do. do. do. 99M u 
- Jbrk ot 

..4 hijolee· - -I) 

.... ... ·-~~ n ll.,., ., ~ ll .. Amen au BJ.ope ot 8,28o do. do. do. 5M u - -
Jlp_rilUI ,..; .... ll 

119-7-12.233 Sao red Hille ide 5,640 Tesuque lault Seep lE s 55° to 
lpr1J28 Jbl'll&• zone 62. -

tion 

119-7-13.112 IDd:ian do. 5,64o do. do. do. p s 59° to -
RlawtNP 65. 

11, . .,.22.11 .. IDe Al.amDs South vall ot 6,000 Basaltic OoDtact do. jE u 47• to -
Spr1as ID• Al•Ne Reo a 55° ...__ .. mut 4 

U9. 7.22.131 Basalt do. 6,000 laaaltio do. do. 31: u 49• to -
i1pr1JJs locka 54 •. 

tlnit3 

319·· 7.24.222 
-

Slope on east 5,58o Teautue Bandy 6M 59 •. 1& Mn1ta do. s -Sprtns site ot Jtlo Jloraa- bqd 
8J*ncie tion 

-~~- ~- - ~- -- ~----- - ---



s 
location 

819·7·24.3~18.Prtns 1 

819·7·25.llll8,pr1Qg 2 

~E0.5.26.m 

820.5.2,.3ll 

ffa0.5.,5.433 

l' ~ 1-' --.: • .. 

. 
'Jal)le·6J •• ~lliPriall- tM 1M tiPPll ..,_, - ..... • OIDIW 

8-etock 

m... •. ,._. I ',61$ 
aile rd Jtte 
01'Mlle 

c!o. 1•5,~ 

&.. I 5,6168 

ftoar' ot Qua, a,a,o .._.,. 

&,140 

l'lOOJ' of I 8,~ 

...... ,.__ 
atioz1 

do. 

de. 

~· ....... 
clo. 

~ 

t11D17 w I 1M» 

do. do. 

dD. .de. 

Ooabut hutur 
'betvec ..._, .. __. 

do. 48. 

I.a. ..... ~ IV 

..... ;!f~.'' 
. .. , . .,...v~~· •, -

*'·~,~:'['·, ._ 

:. ' . ~::.:~:. ; 

.. .·111 
~ ,. ·''\"'4 . .·, ,, . <11 u 

<11 I u I &l· 

~-- " 
,.,. 

"!' 

~951 u - • v 

. .. . , 

4811 1J 
-- .._., ... 

UK v .. .,., .. <· 

:': ~,:; 
.~. '-
• ··t 



i I 

. ' . 
' %&ttl• 66. --Cbftlcal ud ndi.oebeUN1 4MUt;s •t JMtet ln. ... 

. ; .. ·"\~ 

~- . ~ (AulJ'MI ~ ae Loe Al-. lele1 
: < ·!~;:~; c' ~ 
·~\ :~-,~-' :.~.~ : .-

.'J.~·; .. 
; "' 

~-
, .. , 

.vtcs USGS ,!J.:·:.' t.o.U. de,ipation ·; 
Date of -r ' coll.etlon ciua •1- dtu. lto~ bcn\ate 

(Ca) (Ma) (Be) •t• (BCQ)) I (COl) ~. 

'•' ll l .• lll ...,..Sal 6-. ~1. . ,. •' w.s. 141 ••• • " ~ 

111.7. 3.411 IJrlrUC s .. 20.63 11 z 14 I 11 
111.7 .. J,U1a ~illl.ll 1-J'-M lt 2 1J 0 

._._ 
~-~~:' 111.7. 3.443 .~·. .,.._ l&A 1-26-64 11 0 20 0 81 .... 

""t.-
:!'!: .... ' ·.~ •ta.J. t.uz ~Jaa6A 6- 1-65 17 1 11 0 71 Vf 
A 

. 111 .. 7.11 .. US ·-· ' . .lp&"laa 4 1-26-64 12 ' 1J 0 ~ .. · .• 
:· 

-~ , •. 
111.7.10.114 ,.,.ill&, •. 8-26-64 14 9 0 341 ... 

·~--"(· . 
I .~ ... ~, A 

,. 
111.7.16.234 &-27-64 18 ' 12 0 .. r . 

2 '-. u ... '· 111.7.16 • .U4 .• iaa M. 1-27·64 21 0 .. 
J< 

t 111 .. 7 .JO.Sll ·:~~~• ........ t-il-65 13 • 3 7 0 " 111.7.11.411 w,rt.aa 6 1-27·64 14 4 10 0 -,66 

ll1.7.21.U1 .... lac 58 1-27-64 18 5 13 0 .., -· 
.... 

.. , 
111.7 .It .112 1-27-64 12 3 10 0 61 ,.,. lpri.Ds " -111.7.JO.UJ Joelfl't..a 7- 1-65 11 u u 3 159 

,·~····,. 111.7.30.114 IPI''-1 I a-27·64 15 4 12 0 -1f 1!-~ ... 
~ ' .. , 

' 111.' • .so.zu lpri.Da ll 1-27-64 12 3 12 • 67 ~~; '.• ·~ ~ 

'·' . 111. 7. JO.JI3 ·tprtaa 7 1-27·64 16 4 16 0 ~ .'f .. ... ,., 
.:~·. .,.s.u.ilt ., 3.2 .. 7·61. -.... 0 JO 

. ·iJl~it-1 ... 7·61 I I 

" . . .•. ~i -~ ~~. • • ._ .; 



.aai~t;~:t'~h~-~ ·~,.:~ ~~-LDI Ala801 ~l'ea .... llllld.ao 
, ~"~Loa • ...._. hfatKUlc Label'atorr) 

.~· 

- .._,./ 

(db late-
antf.cm• ate per tainuta 

(COJ) ,.r liter) 

••• 0 67 '·~ 0.1 0.1 <0.4. ct.J 
14 2 .,., 4 .4 .1 113 " 6t. a.o < .4 < .s 

' u 0 
~ .. ____ 

•• .J 115 'Jt 2$~ "·' ' < .4 
< ·' 

20 0 81 3 .a ·' 163 .. 8l 7.7 < •• 
< ·' . ; 

21 0 78 2 .J ·' 169 49 61 7.9 < •• 
< ·' .. 

11 0 ·"~to- ' •• •• 111' 75 101 7.7 < .4 
< ·' 

112 0 34.1 ~ ' .a 2.1 538 72 304i 7.6 < .4 ; <9.8 

12 0 ~ s .4 ·' 187 70 91' 7.9 < .4 
< ·' . -fo( .. 

IZ 0 4 .4 .I 235 62 10, 7.4 1.3 t.a .; 

7 0 53 J ·' ·' 124 44 6. 7.7 ~ .4 ·'~ .s 
' . 10 0 ._66 J .4 .2 218 50 61 7.7 < .4 < .s 

13 0 . .., --- ...,. .4 .2 196 ,, 81 7.7 < .4 < • .5 

10 0 61 2 •• .o 201 ., 5! 7.3 < .4 
< ·' -13 , 159 5 .2 .1 218 us 160 7.8 < .4 
< ·' u 0 _..,. , •• .2 243 S4 8:11 7.5 < .4 1.8 

12 • 61 3 .4 ~ .1 275 41 681 7.4 < .4 < .s 
16 0 .A' ;'- .4 .4 248 J7 91 7.0 < .4 < .5 
J.J 0 )0 1 .1 .2 21 ~-4. ~· < .4 < .s 

~ 

:;·., • "'r. 

.,. -~!, .l .o 25 < •• < •J. ... ~-~ ~.:- l 
I 

•I • 



i I 

.( .:r 
,. 

(41•late-
pB ll"•ttml• 

per ld.Duta 
,.r 1ttar) 

1lf-' • 1 . •••• 
113 St 6t a.o < •• < .s 
185 56 ;_·at· 7 .. 1 ' < •• < .s 
163 46 81 7.7 < •• 

< ·' 
169 49 61 7.9 

·~ .. ·--. 

< .4 
< ·' 

:.. llA 

112 75 108 7.7 < •• < .s ··l.t:-·· 
538 72 304 7.6 < .4 . ;~.8. 15.0 

187 70 9I 7.9 < .4 < .J "-• 
' 

235 62 106 7.4 l.l 1.3 7.0 
124 44 6t 7.7 ~ .• 4 -~ .. s 'c ·* l.t' I 

.. 
. ' . ~ -· -:-:· 

218 50 6' 7.7 < .4 < .s ·. -~--
' 196 65 81 7.7 < .4 < .5 ts.• ,. 

201 ., 53 '·' < .4 < .J t.o 

218 115 160 7.8 < .4 < ·' 
8..2 

243 J4 ax.. 7.5 < .4 1.1 }14.0 

7.4 < .4 < ·' 
t.O 

275 41 6t 
7.0 < .4 < ··' 

14.0 
248 57 91 

&4. ~ < .4 < .J <10 21 -
25 < .4 < .·J. ClO .. 

~: 



. 
': . -~ . ·: -..·: 

• .of;,-'-

:~'J'~ 

'•,\ •..: 

Jl ••• 'J.JJ.2J4. 

ll -- llt.J.J5.114 

ttt.'J.U.U~ 

'119.7.13.111 

tltll8.124 ~ -. ·. 
- '. 

,.· ... i/._,_, __ .... 12 

,llt.f.J4.~ 

11t.7.1J..Ul 

111.7.35.121 

USGS 
deetan-tion 

t.rlcaa_ ~baa 

larw lfWiaa 

11lliltaal .... 

-·..UtOil ... 
. ;lpd.lll 

:··-.... --.~ .. 
'. f 

. '~i.V"ll.... lpt.Da 
·,<y.~ 

·~ ....,_t IPI'Da ~ 

t&'-liuda lprllll 

lprlta&.:.t· :::::- _.;~~ 

....... 2 

••• ,. lprlq 

.,' l'ritiun; un::. .. s 2 5, j,~;.:. 1'5 

.. ~ 
"".'oi'•v ~ ;. ,. . -~ ·•. 

~ate of 
collection ctua 

(C.) 

1-tl-tO 

.. 7-il 
:~ 

ll(,.Si53 21 

n- J-63 22 

., .... ..., a 

10.11·64 9 

10.22-64 30 

t-ll-65 16 

10.21-64 21 

1-15-64 16 

W5-14 11 

11-11-63 22 

1 Survey 

tiua cliua bon-
(Ma) (Na) ate 

(COJ) 

4 

• 0 

0 25 0 

' q; 0 

6 78 0 

10 11 0 

10' SO. 0 

11 10. 0 

, 40 o .. 

1 17 0 

1 .. 0 

13 20 0 

' 
bo4&Qe 
(BCO"' .. 

L 
' 

~ .... 64 

;ft 
l 

~~9:1. 
... 

1~ 
' . 

. . 

l'tl 
./' .... 

'--r 
-::1¥ 
162 

~ 

111 

uo 
-"' 

. 
I 
1.. 
I 



I i 

' j. ·--·tf;~. ·(··~",..i . .·: . ... ' . ··::,.. ~··· 

'~·~ ~·~:~···~ .., . .1 ·;~.>~ __ .- .. < "··"~( .. - •:. \_. . ·. :.:<f . - •... .;_~ ... 

11 • dll:tj" .; -*7 ~' ......... "' .. 1M~ -· - ....... _,__ 

f 

tlfte-
riua 
:Ma> ate 

(COl) 

4 

4 0 

0 Z5 0 

, u.:: 0 

6 78 0 

10 87 e 

10 30 0 

11 10 0 

3 40 0 

1 Z7 0 

1 40 0 

13 20 0 

. ~.\ 

~" .. 
'4 •. · 
·' .-1'·. 

. 
)f,2: 

t 
~:~ ... 

16f 
.'-10 

lJr 

I 

I r 

11.4 .. 
~· 0.1 ,_ 

3 •• 
2 •• 

,, 
10 .. Z.8 
. +. 

)J_. . 2.0. 

20 '1..2 

'14 .2 

7 •• 
l •• 
• .. -· •• 
....... .4 

(db lute-
p-ationa 
per alnuta 
per lt.teY) 

~ . - II 88 . .....:. <0.4 
,..., ,' 

0.1 44 111 .. J < •• 

.6 121 54 108 7.1 < •• 

.z 154 68 108 1.7 < .4 

.5 336 47 200 7.3 < .4 

1.0 317 62 267 7.6 < •• \ < 

3.0 238 1,6. 173 8.0 •••• l . 
' .' <I'~ ~ ;, 

3 tol 108 . U2 7.1 < ..... 
.~ 

2.0 191 14· 141 7.7 '-<' ~"" 

•• Z18 45 108 '·' < ••. 

.o w .. 121 . 7.6 < •• 

.I 180 108 132 7.7 < •• 



(dlatu~e-

,r•ttone 
.- .S.aute 
,_ llter) 

" 
II 88. ~· <0.4 <O.S 

,..., ,' 

0.1 44 111 ·-1 < .4 < •• .. . . . \ ' 

·' 128 54 108 7.1 < .4 l.S .;_/ 

.2 154 68 108 '1.7 < .4 1.6 

·' 336 47 200 7.3 <: .4 1.2 
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SUrface-water sampling stations 

Surface-water samples are collected at several stations along the 

streamson the Pajarito Plateau and along the Rio Grande. Because a 

majority of the streams are intermittent, samples can be collected 

only when storm runoff or waste water is present. Samples are analyzed 

by the Los Alamos Scientific Laboratory for chemical and radiochemical 

contamination. Most samples are collected in connection with the study 

of disposal of radioactive wastes. Results of these studies are found 

in various reports. In general, there has been no contamination found. 

Data on surface-water sampling stations are shown on table 67 and 

locations on Figure 2. 
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Table 67.--Miscellaneous surface•water sample sites 

sampled by the U.s·. Geological Survey 

Description of 
sampling sites 

Uffi3 
location 
number 

Remarks 

Los Alamos Canyon 

At reservoir 819. 5.13.224 

At fence below Sl9. 6.15.323 
Omega site 

1. 2 miles below 819. 6.14.341 
Omega site 

Near TW-3 819. 6.24.111 

At HighHay 4 819. 7.21.121 

100 yds. above 
Guaje Canyon 819. 7.14.222 

At confluence with 819. 7 .14.222. Q. 

Guaje Canyon 

0.5 mile upstream 819. 7.13.234 
from Rio Grande 

Frijoles Canyon 

At Park Headquarters 818. 6.23.211 

At confluence with 818. 6.25.443 
Rio Grande 

At reservoir 

Return flow 500 
yds. below G-1 

Guaje Canyon 

820. 6. 31.114 

819. 7· 4.444 
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Also one SQIDple taken 200 yds. 
above reservoir 

Also one can~le taken 100 yus. 
above reservoir 



Table 67.--Miscellaneous ~urface-water sample sites- Concluded 

Description of 
sampling s i tee 

U008 
location 
number 

Remarks 

Guuje Canyon - Continued 

At HiGhway 4 js19. 

At Embuuo 823. 

At Otmli 819. 

At Cochiti 816. 

At Cha.IP.i ta 1821. 

7.14.222b 

Rio Grande 

9.2).333 

5.18.331 

6.17.243 

Rio Chama 

8. 8.221 

Also one sample taken 100 yds. 
below Highway 4 

Pajarito Canyon 

At gr:J.vel pit Sl9. 6.36.233 

At confluence with 819. 7.10.513 
Rio Grande 

Fence Canyon 

At Righway 4 1 s19. 1. 6.344 

Bayo Co.nyon 

Below Bayo Site I 819. 7· 7.331 
(at county line) 

DP Canyon 

Near test well 3 I 819. 6.13.343 
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Floodflo-w 

Effluent 

Also culled Turkey Creek 
Surface pool 
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Figure I. --System of numbering wells 1n New Mexico 
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GEOLOGIC STUDIES AND MATERIAL PROPERTIES 

INVESTIGATIONS OF MESITA DE LOS ALAMOS 

Compiled by 

M. Dean Keller 

ABSTRACT 

Investigations were conducted to verify the competence of 

the foundation material for the Los Alamos Meson Physics 

Facility and to provide relevant quantitative data for use 

by the architect-engineers in their facility design work. 

These investigations included geologic history, seismic 

probability, physical characteristics of the near-surface 

rocks, ground vibration characteristics, and deformation 

characteristics. 

1. INTRODUCTION AND SUMMARY 

The Los Alamos Meson Physics Facility, encom

passing as its primary entity an 800-MeV linear proton 

accelerator of unprecedented current-carrying capabil

ity, is planned for location on Mesita de Los Alamos, a 

site on the Pajarito Plateau in Los Alamos County. The 

accelerator and its associated facilities will constitute 

a significant adjunct to the research capabilities of the 

Los Alamos Scientific Laboratory and to the scientific 

community at large, under the auspices of the Atomic 

Energy Commission. When the facility is completed, 

the scientific staff will embark upon extensive research 

programs concerned with seeking new insights into, and 

understanding of, the complexities of the atomic nucleus 

and related problems. 

The characteristics of and the geographical location 

for this accelerator and its supporting laboratories 

have been carefully considered during the past few years. 

Preliminary studies have all indicated that Mesita de 

Los Alamos is a desirable location for an accelerator 

of this type. The geologic history of the area, the 

stability of the mesa, and the load-bearing qualities of 

the tuffaceous rock ensure a firm and quiescent base for 

this half-mile long machine. However. detailed quan

titative descriptions of all relevant geologic features 



must be obtained to permit the architect-engineers to 

proceed with designs for the various buildings and accel

erator structures with the assurance that not only will 

the required stability be realized, but also that the de

sign will be accomplished in an economical manner. 

The seismic probability of the Los Alamos area 

as determined by history, geology, and field research 

is presented in this report, and the probability of other 

geological hazards is discussed. The geological units 

of Mesita de Los Alamos are described along with data 

pertinent thereto such as density, moisture content, 

temperature gradient, and discontinuities. 

Tests were conducted to determine vibratory 

characteristics of the volcanic tuff on Mesita de Los 

Alamos. Driving forces duplicated for this study in

cluded heavy truck traffic, impact loading, and the 

detonation of high explosives. Microseisms were re

corded. 

The deformation and creep characteristics of the 

volcanic tuff were determined by load tests, and corre

lation to analytical methods was achieved. 

2. GEOLOGY OF LOS ALAMOS 

History 

Griggs has described the geology of the Los Alamos 

area, 
1 

and Smith et al. have summarized the area' s vol

canic history. 
2 

Los Alamos is situated on mesas of the Pajarito 

Plateau on the east flank of the Jemez Mountains (Fig. 2-1). 

The area has had intermittent volcanic activity for sev

eral million years. The culmination of this activity was 

106°10' 

SCALE IN MILES 

Fig. 2-1. Los Alamos area. 

2 

the cataclysmic eruptions that produced the welded tuff 

deposits of the Bandelier Formation. The lower m·em

ber of this formation was erupted from vents that were 

later obscured by a major collapse of the Toledo caldera. 

This caldera, in turn, was modified and obscured by 

eruptions of the upper member of the Bandelier Forma

tion and the consequent collapse to produce the Valles 

caldera. 

The upper member of the Bandelier Formation caps 

the mesas in the vicinity of Los Alamos. These mesas 

have been incised to depths as great as 800 ft by east

flowing streams. This depth of downcutting and the 

radiometric age of 1. 1 million years for the upper mem

ber of the Bandelier Formation 
3 

permit calculating a 
-4 

rate of--downcutting by the major streams of 5 to 8 x 10 

ft per year. 

Subsequent to the development of the Valles caldera, 

rhyolite domes were extruded within the caldera and the 

youngest of these--South Mountain, which has a radio-
4 

metric age of about 400, 000 years -- is partially blan-

keted by a pumice sheet that issued from El Cajete. An 

exposure of the El Cajete pumice in a road cut on State 

Highway 4 about 1 mile west of the Triple H Ranch is 

shown in Fig. 2-2. A presumed correlative unit of this 

sheet locally known as "popcorn tuff" is exposed in a 



Fig. 2-2. El Cajete pumice. 

road cut on State Highway 4 about 400 ft northwest of its 

intersection with West Jemez Road (Fig. 2-3). 

It is estimated that the El Cajete pumice may be 

3 
as young as 50, 000 to 100,000 years. Samples of the two 

pumice deposits were unsuitable for radiometric dating. 

Subsequent to the volcanic activity of El Cajete, the area 

has been dormant except for some thermal springs and 

fumaroles. 

Seismic Probability 

The Los Alamos area has had a long history of 

faulting and, presumably, earthquakes principally re

lated to the development of the Rio Grande graben which 

lies immediately east of the Jemez Mountains. Most of 

the modern earthquake history of New Mexico has been 

along the Rio Grande graben in the area south of Albu

querque. The Valles caldera and the older Toledo caldera 

Fig. 2-3. Popcorn tuff. 

developed by collapse on ring fractures, and the area 

probably suffered some earth shaking during their devel

opment. 

The Pajarito fault extends along the east front of the 

Jemez Mountains immediately west of Los Alamos. This 

fault is part of a zone of faults that forms the western 

boundary of the Rio Grande graben and, as such, has 

probably had a long history of movement. The inferred 

development of the Pajarito fault is shown in Fig. 2-4, 

which also shows a gravity profile across the west side 

of the Rio Grande graben. The basement rocks have 

been displaced more than the precaldera volcanic rocks, 

which in turn have been displaced more than the Bande

lier Formation. The Pajarito fault also displaces the 

pumice sheet (popcorn tuff) that is believed to be corre

lative with the El Cajete pumice. The pumice sheet (pop

corn tuff) is preserved on the downthrown block and has 

3 
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been completely eroded from the uplifted block. 

The present-day scarp on the Pajarito fault has a 

maximum height of about 400 ft where the fault splits into 

two strands in the vicinity of Canon de Valle, and the 

height of the two scarps total about 500 ft. This 400 to 

500 ft of displacement may all be younger, or only a 

small fraction of it may be younger, than the pumice 

sheet, but the displaced pumice sheet permits the determi

nation of a maximum frequency of fault displacement. If 

it is assumed that the pumice sheet is 50, 000 years old 

and it has been offset the maximum of 500 ft and if it is 

further assumed that the displacement has been by small 

increments that may average 10ft, then one such incre

ment has occurred every 1, 000 years. Should the pumice 

be older and the postpumice displacement appreciably 

smaller than assumed, the frequency could be drastically 

reduced. 

Considerable evidence suggests that the rate of 

faulting is very much lower, if it has not ceased alto

gether. Pinnacles eroded in the soft formation are com

mon features in the vicinity of the Jemez Mountains. 

Ross and Smith 
5 

described those in the Bandelier tuff 

(welded volcanic ash of the Bandelier Formation) as 

... conical shaped pinnacles •.. that are 
locally known as tent rocks because of 

their resemblance to conical tents or 
tepees. There is a tendency for the 
formation of these in nearly all the non
welded parts of the ash-flow tuff deposits 
but they are particularly outstanding in 
two members of the Bandelier Formation. 
The Bandelier Formation occupies an area 
of about 400 square miles and at least one 
of the tent rock members is present over 
most of this area. Some of the tent rocks 
are cones only a few feet high while others 
are 100 or more feet high ... There are all 
gradations in size and of varying degrees 
of perfection in symmetry. Some cones are 
capped by large boulders that were rafted 
from the ground surface traversed by the 
ash flow during its emplacement. Some of 
these boulders weighing as much as several 
hundred pounds tend to retard erosion and 
produce boulder-capped pinnacles. Not 
rarely this results in whole colonies of 
pinnacles capped by boulders of varying 
size. 

Boulder-capped pinnacles eroded in the Puye conglomer

ate are prominent in Rendija Canyon (Fig. 2-5). These 

pinnacles are 10 to 60ft high and the capping boulders 

are from 2 to 5 times the diameter of the neck support

ing them. 

These pinnacles, particularly the boulder-capped 

ones, are unstable landforms and probably could not sur

vive a strong earthquake in their vicinity. The height of 

Fig. 2-5. Boulder-capped pinnacles eroded in Puye conglomerate in Rendija Canyon. 

5 



the pinnacles indicates a long period of ground stability. 

A 60-ft pinnacle would require 75, 000 to 120, 000 years to 

develop with the indicated rate of downcutting for the 

major canyons in the area. 

The continuously inhabited Indian dwellings in the 

area and the absence of mention of earthquakes in the 

Spanish and Mexican records show that earthquakes have 

either not occurred in the area or have been so minor as 

to not deserve mention. Houses of unreinforced adobe 

construction (Fig. 2-6) in Indian pueblos have little lat

eral strength and would probably be severely damaged or 

destroyed during a strong earthquake. The prehistoric 

Indian ruins in the area also attest to a long, continued 

period of ground stability. 

A recent instrumental study of New Mexico earth

quakes by Sanfori shows very low seismicity compared 

to such regions as southern California. During the 2-1/2 

year period covered by his study, no shocks as strong as 

magnitude 3. 5 were recorded. Predictions of activity 

based on the observed shocks are much lower than the 

known historical activity. 

An instrumental record of ground stability in the 

area was desirable despite the uncertainty of predicting 

seismicity from short periods of observation and despite 

the geologic and cultural evidence indicating an absence 

of geologically recent faulting. Therefore , four portable 

continuous-recording seismograph stations were installed 

at four locations (Fig. 2-7) in the vicinity of Los Alamos 

and operated for a 9-day period (March 25 to April 2, 

1967). 

Three of the stations were instrumented with one 

vertical and two horizontal Electrotech EV-17 seismom-

eters, and the fourth with only a vertical seismometer. 

The seismometers were placed about 10 ft apart in holes 

about 1 ft deep. The signals from the seismometer were 

amplified and recorded on tape recorders, which were 

powered by thermoelectric generators. 

All of the sites were noisy during the working day 

and seismic events could be identified with certainty only 

between the hours of 1900 and 0600. The quality of the 

seismograms is shown in Fig. 2-8. 

Approximately 13 seismic events were recorded 

during the 9 days of operation. Of these events, one-

half are teleseisms originating at great distances from 

Los Alamos. Most of the remaining events originated at 

least 100 km away; some of these could not be clearly 

identified as earthquakes. No local (less than 20 km away) 

seismic events were recorded. The nearest event was an 

Fig. 2-6. Partially ruined adobe building at San lldefonso Pueblo. 

6 
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earthquake of small magnitude that occurred about 20 

km west of the seismograph location. 

Local events of magnitude at least as low as 1. 0 

would have been recorded with the instrument settings 

used in this study. Because no such events were record

ed, we conclude that the instrumental study of ground 

stability, although of far too short a term to be defin

itive, corroborates the geologic and cultural evidence 

of very stable ground in the Los Alamos area. 

The likelihood of severe seismic damage to installa

tions in the vicinity of Los Alamos seems remote. There 

was no active, creeping fault at Los Alamos during the 

observation period. Sanford reported 
6 

that his data re

sulted in a prediction for west-central New Mexico of a 

strongest shock of magnitude 3. 5 for a 25-year period • 

He acknowledges that "this contradicts the known seis

micity of the region because at least four shocks of this 

magnitude occurred within 50 km of Socorro from 1960 

to 1961." In view of the seeming absence of earthquakes 

at Los Alamos, Sanford's figure of a maximum shock 

7 



of magnitude 3. 5 per 25-year period might be taken as 

an upper limit for the seismicity at Los Alamos. 

Other Physical Characteristics 

Geologic hazards of possible significance in plan

ning building construction in the vicinity of Los Alamos, 

other than seismic hazards, include ground compaction 

due to withdrawal of water, landslides, and renewed vol

canism. Of these the possibility of renewed volcanism in 

the area probably deserves the most serious study. 

Ground compaction due to withdrawal of water is 

not considered to be a significant geologic hazard because 

pumping to the present time has lowered the water table 

significantly only in the vicinity of the well fields. The 

aquifers are silty sandstones, sandstones, and conglom

erates and, as such, are not particularly susceptible to 

compaction when the water is withdrawn. 

Landslides, except for isolated rock falls from the 

mesa rims, are an unlikely hazard at Los Alamos be

cause of the dry climate, the deep water table, and the 

rock formation characteristics. The Bandelier Forma

tion is a nearly flat-lying cohesive unit with a low speci

fic gravity, producing a relatively small load on the under

lying formations. These rocks are essentially dry to a 

depth of several feet below the canyon bottoms. Thus, 

ground and climatic conditions conducive to landslide de

velopment are generally not present at Los Alamos. 

Landslides , except rock falls at the base of the mesa-rim 

cliffs, are virtually nonexistent topographic features in 

the area, which indicates that favorable conditions for 

their development have not existed in the geologically 

recent past. 

The area of the Jemez Mountains has a long history 
2 

of volcanism and it is possible that volcanism has not 

ended . This volcanism has been characterized
2 

by al

ternating periods of dormancy and activity, some of 

which produced catastrophic eruptions. 

Whether the present quiescent period is a dormant 

interval or marks the end of volcanism in the area is un

known. Smith 
4 

has stated that when he began work in the 

area about 20 years ago there were active fumaroles 

within the Valles caldera and boiling water issued from 

some of the thermal springs. The fumaroles have now 

ceased to play and the temperature of the springs is much 

lower. The failing of the fumaroles might be due to low

ering of ground temperatures, which would also account 

for the cessation of the fumaroles. 
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3. NEAR-SURF ACE ROCKS 

The Pajarito Plateau, formed by a series of ashflows 
and ashfalls of rhyolite tuff, is dissected into a number 
of finger-like mesas by eastward-flowing intermittent 

streams that are tributary to the Rio Grande. Mesita de 
Los Alamos is one of these mesas bounded on the north 
by Los Alamos Canyon and on the south by Sandia Canyon. 
The canyon floors are 200 to 400 ft below the surface of 
the mesa. There is a small east-west ridge along the 

northern edge of the mesa, and the surface of the mesa 
slopes southward from the ridge at an altitude of about 

7, 035 to about 6, 920 ft along the southeastern edge of 

the mesa. 

The geologic investigation was made in conjunction 

with the drilling of 25 test holes by Albuquerque Testing 

Laboratory to determine the load-bearing capacities of 

the tuff. The major structure of the facility is the injec

tor building to be built near test holes TH-1 and TH-2 

(Fig. 3-1). A concrete tunnel (beam channel) covered 

with crushed tuff will extend from near test hole TH-2 to 

TH-12 to the experimental building, located between 

TH-12 and TH-14. The foundations of these structures 

are approximately 6, 966 ft above mean sea level. Most 

of the test holes in a line with the beam channel were 

drilled and tested to an altitude of 6, 960 ft. In the east

ern part of the proposed tunnel and experimental building 

area, core recovery was poor or penetration tests in
dicated low bearing capacities; hence, the holes were 
bored to greater depths. 

A geologic map and cross sections of the upper sur
face of the mesa were compiled. Temperature measure
ments were made in three of the test holes, and continu
ous temperature recordings were made to a depth of 3 ft 
in two types of soil and one type of tuff. Moisture and 

density measurements were made along the walls of the 
test holes. Gamma ray and caliper logs were run in the 
test holes to aid in the stratigraphic correlation of the 

tuff. 

Geology 

Mesita de Los Alamos is composed of the Bandelier 

Formation of Pleistocene age. Underlying the Bandelier 
Formation are rocks of the Santa Fe Group of middle (?) 

Miocene to Pleistocene ( ?) age. In the Los Alamos area 

the rocks of the Santa Fe Group are, in ascending order, 
the Tesuque Formation, the Puye conglomerate, and the 
basaltic rocks of Chino Mesa (Fig. 3-2). 

The Tesuque Formation is composed of siltstone and 
sandstones with some conglomerate and clay lenses. The 
formation exceeds a total thickness of 2, 400 ft in the area. 
The Puye conglomerate is composed of the Totavi Lentil . 

9 
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a poorly consolidated channel fill deposit, and an over-

lying fanglomerate member composed of volcanic debris 

interbedded with the basaltic rocks of Chino Mesa. The 

total thickness of the Puye conglomerate and the basaltic 

rocks of Chino Mesa at well T-3 in Los Alamos Canyon 

immediately north of Mesita de Los Alamos exceeds 

640 ft. 

Bandelier Formation 

The Bandelier Formation consists of ashfalls and 

ashflow rocks that are draped over older rocks, filling 

the lows and initially forming a smoother surface than 

that of the older rocks. The Bandelier Formation is com-

posed of three members. In ascending order they are: 

the Guaje Member, an ashfall pumice about 35ft thick, 

found in the subsurface at Mesita de Los Alamos; the 

Otowi Member, a friable ashflow about 235ft thick, 

partly exposed in the lower wall of Los Alamos Canyon 

adjacent to Mesita de Los Alamos; and the Tshirege Mem-

ber. a series of ashflow tuffs which cap Mesita de Los 

Alamos. Only units of the Tshirege Member were 

studied. 

due to the dip of the two units, the foundation of the build

ings and tunnel west of TH-7 will be in unit 2b and the 

foundation east of TH-7 will be in unit 3 (Fig. 3-1). 

The units 2b and 3 are broken by a normal strike 

slip fault between TH-8 and TH-9 (Fig. 3-1). The units 

on the east have moved down about 14 ft relative to the 

units west of the fault. Slickensides in the fault zone 

indicate the units on the east have moved about 14 ft 

south relative to the units west of the fault. Surface ex-

pression of the fault is a gouge zone 6 to 18 in. wide that 

stands 2 to 3 ft above the land surface for a distance of 

about 20 ft along the southern flank of the east-west trend

ing ridge. This gouge zone consists of reddish tuff that 

has been welded by the movement, thus forming a more 

competent rock than unit 3, which forms the ridge. Along 

the crest of the ridge the gouge zone narrows and is erod

ed level with the land surface. The fault plane is nearly 

vertical as indicated by the remnants of the gouge zone 

in Los Alamos Canyon. 

The cause of the fault is unknown. It may be due to 

compaction of the underlying members of the Bandelier 

tuff as the upper units of the Tshirege Member were laid 

down or it may be related to the tectonic forces that form-

Tshirege Member ed the Rio Grande depression. 

The Tshirege Member is composed of a series of The numerous joints in units 2b and 3 probably are 

rhyolite tuff ashflo-ns that contain quartz and sanidine tension joints formed during the cooling of the ashflows. 

crystals and crystal fragments; some mafic minerals; The most prominent and numerous joints are nearly ver-

and rock fragments of pumice, rhyolite, and latite in a tical and some are slightly open. Near-surface joints are 

fine ash matrix. The ashflows vary from a nonwelded to filled with clay and weathering products of the tuff. 

a welded tuff. 
1 

The Tshirege Member is about 300 ft Units 1a and 1b. The lower part of the Tshirege 

thick under the ridge at Mesita de Los Alamos. Five Member consists of two ledge-forming layers of pumi-

units of the Tshirege Member (units 1a, 1b, 2a, 2b, and 3) ceous tuff breccia similar in lithology, but slightly dif-

described by Baltz et al. 
2 

are present. ferent in color and weathering characteristics. Tne lower 

Structure layer is unit 1a (Fig. 3-3), a massive orange-weathering 

The units of the Tshirege Member dip gently east- pumiceous tuff breccia forming a near vertical cliff above 

ward at Mesita de Los Alamos. Units 2b and 3 form the the alluvium in Sandia Canyon. This lower unit contains 

upper part of the mesa dipping 3 to 6° toward the east- pumice fragments of obsidian and rhyolite in a fine 

southeast. glassy ash matrix. The weathered outer 1 to 3 in. of tuff 

Unit 2b outcrops at TH-1 and TH-2. The dip of the is casehardened, protecting the unweathered rock from 

unit causes the contact between units 2b and 3 to cross erosion. The thickness of unit 1a varies because of the 

the foundation elevation between TH-7 and TH-8. Thus, irregular erosion surface at the top of the Otowi TIIembet· 
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Fig. 3-3. Stratigraphic sections of the Tshirege Member of the Bandelier tuff at Mesita de Los Alamos 
and Mesita del Buey. 

upon which it rests; it may be as much as 80 ft thick near 
the center of the mesa. 

Unit 1b (Fig. 3-3) rests conformably on unit 1a and 

weathers to a dull grayish-brown. It is a tuff breccia 

with a fine-grained pink ash matrix similar to the under

lying unit 1a; however, the pumice fragments are smaller 

and 15 to 20% of the material consists of granule-sized 

quartz-crystal fragments and fragments of dense volcanic 

rocks. Unit 1b is slightly less resistant to erosion than 

the unit 1a and forms a ledge set back from the lower unit. 

At some places both layers form near-vertical cliffs 

where the units can be distinguished by a soft bed of pum

ice at the base of the upper unit, which weathers to a per

sistent notch in the cliffs. The thickness is fairly uniform, 

ranging from 21 to 23 ft along the southern edge of Mesita 

de Los Alamos. 

Units 2a and 2b. The lower unit 2a (Fig. 3-3) is a 

light-gray pumiceous tuff consisting of moderately welded 

pumiceous ash containing fragments of pumice, dense 

rhyolite, and latite fragments as much as 3 in. long. The 

unit weathers to a dull gray with a casehardened rind 

several inches thick. It forms a steep smooth slope set 

back from unit 1 and is separated from the overlying 

unit 2b by an erosional unconformity. The thickness 

ranges from 47 to 51 ft along the southern edge of the 

mesa. 

The overlying unit 2b (Fig. 3-3) is a light pink to 

brown-weathering, moderately welded tuff (porosity 

from 30 to 50% by volume) composed of quartz and sani

dine crystals and fragments in a matrix of light-pink 

fine-grained ash. Some rock fragments of pumice and 

latite are 1/2 in. long. The unit is resistant to erosion 

and forms ledges and benches above the steep rounded 

slopes of basal unit 2a. The unit ranges from 76 to 83 

ft thick along the southern edge of the mesa, where it 

forms the uppermost rim of Sandia Canyon. Along Los 

Alamos Canyon, unit 2b forms a bench along the wall. 

Unit 2b underlies the proposed foundation of the injector 

building and tunnel in the western part of the mesa. 

Unit 3. This unit (Fig. 3-3) rests conformably on 
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unit Zb and grades downward into it. Unit 3 consists 

primarily of light-gray, light-tan, and white nonwelded 

to moderately welded pumiceous tuff breccia (porosity 

from 30 to 60% by volume). The rock is composed of 

fine pumice fragments and glassy shards and contains 

numerous layers of pebble and cobble-sized pumice frag

ments and some gray dense rhyolite. Most of the unit 

is relatively soft and has eroded to form smooth, round 

slopes with a rind of casehardened material several 

inches thick. 

The unit has eroded along the southern and extreme 

eastern edges of the mesa. The thickest section of unit 

3 (about 75 ft thick) occurs near the center of the east

west trending ridge along the northern edge of the mesa. 

This unit forms the foundation of the east end of the tun

nel and the experimental building. 

Physical Characteristics 

Density. The density measurements of units 2b and 

3 were made by a density gauge manufactured by Nuclear

Chicago Corporation. A probe emitting gamma rays was 

lowered into the test holes and pulses from the probe, 

counted by a scaler at 5-ft depth intervals, were conver

ted to densities. 

The bulk density of the tuff of unit 2b as determined 

by density logging ranged from 100 to 120 lb/ft
3

; the den

sity of unit 3 ranged from 80 to 110 lb/ft
3

. Differential 

cooling of an ashflow unit results in density changes of 

the unit in a vertical section (Table 3-I}; rapid cooling of 

an ashflow after emplacement results in a more porous 

and pumiceous tuff at the upper and lower contacts. 

Penetration tests, and bearing capacities determined 

from cores, indicate that bearing capacity of the tuff 

increases with density. 

Moisture content. The moisture content of the bore 

walls of some test holes was determined with a neutron-

scattering moisture probe manufactured by Nuclear

Chicago Corporation. Pulses from the probe were count

ed with a portable scaler and converted to moisture con

tent. 

The moisture content of the tuff beneath the soil zone 

or near surface tuff in TH-1, TH-2, TH-3, TH-4, and 

TH-5 was below 5% by volume. The moisture content of 

14 

the other holes was not determined because water was 

added during drilling. Measurements in six test holes 

drilled in January 1964 indicate that the moisture con

tent of the tuff below foundation altitude was less than 
3 5% by volume. Other studies 

4 
of moisture distribu-

tion in the soil and tuff in the Los Alamos area indicate 

that the natural moisture content of the tuff beneath the 

mesas is generally less than 5% by volume in areas 

where the natural soil cover and drainage have not been 

disturbed. 

Temperature. Test holes in tuff inhale and exhale 

air in response to atmospheric pressure changes. In

flatable plastic packings were placed in the test holes 

to eliminate the effect of transient air movement during 

the measurement of bore-wall temperatures. Standard 

calibrated laboratory thermometers were placed be

tween the packers and bore walls at selected depths. 

Thermometer carriers had an oil reservoir around the 

bulbs with sufficient heat capacity to maintain constant 

temperature during removal from the test holes. The 

temperatures of three test holes given in Table 3-II 

were measured by this technique. 

The lower temperatures measured in TH-1 are due 

in part to the physical characteristics of the tuff. TH-1 

is completely in unit 2b, which is less permeable to air 

than unit 3 in TH-7 and TH-11. The tuff at TH-7 and 

TH-11 also receives more solar heat because these 

test holes are on the south-facing slope of the east-west 

ridge, where the combination of higher permeability 

and higher solar radiation probably accounts for the 

slightly higher temperatures. The cause of the 1 to 2° 

temperature increase of the tuff at depth in TH-7 and 

TH-11 is unknown. 

Temperatures were recorded at 2-hr intervals at 

depths of 0. 5, 1, 2, and 3 ft on the surface of the mesa 

in a sandy soil overlying the light gray pumice tuff of 

unit 3 (Table 3-IW, a clay soil (Table 3-IV), and in the 

light gray pumice tuff of unit 3 (Table 3-V). Concurrent 

air temperatures are also shown in each table. Daily 

temperature changes appear to affect the soil or tuff 

only to a 1-ft depth. Daily temperature extremes in the 

fall and early spring probably extend slightly deeper. 
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Table 3-1 

Density of the Tuff in Test Holes TH-1, TH-7, and TH-11 as 

Determined by Density Logging 

TH-1 TH-7 TH-11 

Depth Unit of Density Depth Unit of Density Depth Unit of Density 

(ft) Tshirege (lb/ft
3

) (ft) Tshirege (lb/ft
3

) (ft) Tshirege (lb/ft
3

) 

3 

6 

9 

12 

15 

Member Member Member 

2b 114 5 3 94 5 3 

2b 112 10 3 105 10 3 

2b 115 15 3 107 15 3 

2b 113 20 3 105 20 3 

2b 110 25 3 110 25 3 

30 3 102 30 3 

34 2b 110 35 3 

39 2b 109 40 3 

45 3 

49 3 

Table 3-II 

Temperature Gradients in the Tuff in Test Holes TH-1, 

TH-7, and TH-11 (June 1966) 

TH-1 TH-7 TH-11 

Depth Tem~rature Depth Teml£rature Depth Temperature 
(ft) (F) illL (F) (ft) (oF) 

3 60 3 62 3 63 

8 53 8 61 8 56 

13 50 18 52 13 53 

16 50 28 52 23 53 

38 54 33 54 

- 43 54 

80 

97 

105 

105 

105 

108 

105 

105 

90 

103 
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Table 3-ill 

Air Temperature and Temperature at Depth in a Sandy Soil 

Tuff (Unit 3) (June 7-13, 1966) 

Air Soil Air Soil Air Tuff Air Tuff 
Time Temp. Temp. Temp. Temp. Temp. Temp. Temp. Temp. 

(oF) at (oF) at (OF) at (OF) at 
o. 5 ft 1. 0 ft 2. 0 ft 3, 0 ft 
IT>_ ~ ~ ~ 

00:00 58 72 50 63 60 63 60 61 

02:00 57 71 50 62 50 63 58 61 

04:00 51 68 50 62 54 63 54 61 

06:00 50 68 50 62 54 63 54 61 

08:00 74 65 54 62 70 63 70 61 

10:00 75 64 65 62 73 63 77 61 

12:00 76 68 70 62 78 63 76 61 

14:00 77 72 64 62 78 63 76 61 

16:00 72 74 57 62 74 61 

18:00 74 75 57 62 75 63 72 61 

20:00 66 74 50 62 64 63 62 61 

22:00 61 74 50 62 62 63 57 61 

Table 3-IV 

Air Temperature and Temperature at Depth in a Clay Soil 

(June 13-20, 1966) 

Air Soil Air Soil Air Soil Air Soil 
Time Temp. Temp. Temp. Temp. Temp. Temp. Temp. Temp. 

(OF) at (oF) at (OF) at (oF) at 
0. 5 ft 1. 0 ft 2. 0 ft 3. 0 ft 

~ ~ ..i1:L m_ 
00:00 59 72 60 70 60 66 53 64 

02:00 58 71 54 70 53 66 50 64 

04:00 54 70 52 70 53 66 50 64 

06:00 60 68 52 69 56 66 50 64 

08:00 76 68 74 68 80 66 65 64 

10:00 80 68 81 68 80 66 74 64 

12:00 81 69 82 68 80 66 74 64 

14:00 85 71 80 68 80 66 72 64 

16:00 90 74 80 68 78 66 68 64 

18:00 82 75 84 70 76 66 68 64 

20:00 62 75 68 70 70 66 62 64 

22:00 60 74 60 70 64 66 52 64 
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Table 3-V 

Air Temperature and Temperature at Depth in a Pumiceous 

Tuff (Unit 3) (June 7-13, 1966) 

Air Tuff Air Tuff Air Tuff Air Tuff 
Time Temp. Temp. Temp. Temp. Temp. Temp. Temp. Temp. 

(OF) at (oF) at (OF) at (OF) at 
o. 5 ft 1. 0 ft 2. 0 ft 3. 0 ft 
~ ~ ~ ~ 

00:00 60 67 56 

02:00 54 65 54 

04:00 51 62 53 

06:00 48 60 50 

08:00 53 60 54 

10:00 64 60 62 

12:00 72 61 66 

14:00 80 62 72 

16:00 85 68 

18:00 84 70 79 

20:00 72 71 72 

22:00 64 70 58 
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4. GROUND VIBRATION CHARACTERISTICS 

Units and Definitions 

Velocity = v >1/sec (maximum). 

Frequency f cps. 

Period T sec. 

Displacement d >' (zero to peak). 

Acceleration = a >1/sec/sec (maximum). 

1/T. 

21Tf d 1 
v = 21T(~d = ~/sec. 
d vT (microns/sec) (sec) >I 

21T 21T 

a 41T
2r d = 41T2(!)2 d >J./sec/sec. T 

6 g 9. 8 x 10 >1/sec/sec. 

Equipment and Instrumentation 

The U. S. Coast and Geodetic Survey supplied and 

operated the following equipment: 

Type No. 21 seismometer, National Geophysical 

Corporation. 

Model L5 amplifiers, National Geophysical Corpora-

tion. 

Model VR3300 magnetic tape recorder, Central 

Electronics Company, Inc. 

1S 

Inc. 

Model 4D camera, National Geophysical Corporation. 

Model 905 WWV radio receiver, Beckman Instruments, 

Model TS 100 timer, W. F. Sprengnether Instrument 

Company. 

The response curve for this equipment is essentially 

flat between 1. 5 and 80 cps with a negligible correction 

factor between 1. 0 and 1. 5 cps (Fig. 4-1). For 16 and 

100-cps cutoff filters, the NGC-21 seismometer is flat 

to 10 and 100 cps, respectively (Fig. 4-2). The compu

ter programs used in analyzing the data were limited to 

a range of 1. 0 through 16. 0 cps since the frequencies 

beyond this limit attenuated rapidly and were, therefore, 

well within the flat portion of the instrument response 

curve. A 16-cps cutoff filter was based on the seismom

eters. The data were recorded with the Model 4D 

camera, which recorded simultaneously 13 channels of 

information. 
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Fig. 4-1. Seismograph velocity sensitivity versus frequency, from calibrations. 
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Fig. 4-2. Amplifier relative voltage sensitivity versus frequency. 
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Impact Tests 

Procedure 

These tests were conducted with a cast carbon-steel 

block measuring 0. 3 x 1. 0 x 5. 8 m and weighing 12, 000 

kg. Two seismograph recorders were located 107 and 

137 m from where the weight was dropped. The initial 

test was conducted by lifting the weight 0. 3 m with a 

crane with the 5. 8- x 1. 0- m side parallel to the ground. 

The weight was then dropped by releasing the crane 

brake, and the resulting ground motion was recorded. 

This test was repeated, and then the weight was dropped 

0. 9 m and then 1. 5, each test being conducted twice. 

Computation of Results 

The records for the o. 3-m test, trial 2, were digi

tized. This test was selected because its record had few

er truncated points due to instrument saturation than other 

tests. Selected wave forms for the 0. 3-, 0. 9-, and 1. 5-

m tests were measured to determine the period and am

plitude of each cycle. From these data the frequency, 

velocity, acceleration, and ground displacement were cal

culated using the CDC 6600 digital computer. The number 

of occurrences for each frequency was plotted (Fig. 4-3). 

Over 90% of the frequencies recorded were between 6 and 

16 cps; the predominant frequency was approximately 10 

cps. 

The average acceleration for selected cycles was 

calculated and plotted for each test (Fig. 4-4). The 

ground acceleration for the 1. 5-m drop was not appre

ciably greater than that for the 0. 9-m drop, and it was 

slightly less for the vertical orientation nearest the drop 

site. This may be due to the weight being dropped on 

the same spot for each test, which pulverized the tuff. 

The impact for the 1. 5-m drop was thereby cushioned. 

The seismograph nearest the drop point recorded the 

largest ground acceleration. 

observed in Fig. 4-4. 

20 

The difference can be 

! .... 
i 

20 

I 8 

16 

14 

~ 

"' ... 12 ... z ... 
0: 

! 10 
§ 
,.. ... z ... 
::> 
0 ... 
0: .. .. 
0 

0: ... .. 
2 
::> z 

0 

-- - ~ ----1 -- -+---~~1-\1-

1 

! 

-~ 

---:-~--t~-
1 

10 12 

FREOUENCY ( eye./ soe.) 

14 

Fig. 4-3. Frequency versus number of frequency 
occurrences. 

30,00 0 

~I 
0 

2V ~ 
9V ~ 

1~,00 

I 
I 

' 
0 

VERTICAL SEISMOGRAPH ORIENTATION 

2\1 ·107m. FROM SEISMOGRAPH 
911-l37m FROM SEISMOGRAPH 

30,00 0 

16 

-

0 
L.-::::::::::: 

3R~ 

: 15,00 

5 
i 

z 
0 

~ 
" ... ... 

0 

~ 30,000 

~ 

15,000 

0 

IORr 

I 
RADIAL SEISMOGRAPH ORIENTATION 

3R -107m FROM SEISMOGRAPH 
lOR -137m FROM SEISMOGRAPH 

I --
<4T ~ 
liT ~ 

TRANSVERSE SEISMOGRAPH ORIENTATION 

4T-107m. FROM SEISMOGRAPH 
II T- 137m FROM SEISMOGRAPH 

3m ( 9m) {I !lm.) 

H!leHT OF DROP 

Fig. 4-4. Ground acceleration versus height of drop. 



The digitized record of the 0. 3-m drop was process- lo-z 

ed using a computer program for a Fourier series anal-

:vsis. The Fourier spectra, plotted by a Stromberg -

Carlson -!020 plotter (Figs. 4-5 and 4-6), indicate that 

for frequencies of approximately 9 to 12 cps the greatest 

Fourier coefficient amplitudes result. Frequencies of 4 

to 5 cps also had relatively high amplitudes, but the 9-

to 12-cps range was more prevalent in the impact tests. 

Conclusions 

There was a difference in prevalent frequencies be

tween the impact- and high-explosive test data. The 

impact-test spectra were relatively flat, whereas the 

high-explosives test spectra attenuated rapidly from the 

peak frequency. The most plausible explanation for this 

difference is the proximity of the seismograph recorders 

to the drop site. 

High-Explosive Detonation Tests 

These tests were conducted to determine the vibra-

tory characteristics of Mesita de Los Alamos with re

spect to shock forces. Using proper correlation between 

detonations and seismic disturbances, these tests were 

interpreted to determine resonant characteristics of the 

mesa for the inception of seismic response spectra. In 

addition, the velocity of the shock waves in the tuff was 

calculated and a means of predicting the effects of detona

tions at a distance was established for the Los Alamos 

area. 

Procedure 

The high explosive was Composition C, with an en

ergy rating 1. 4 times that of TNT. As shown in Fig. 3-2, 

the charges were detonated on Mesita de Los Alamos 

approximately 15 m from the county line. The sizes of 

these charges in the order fired were 2. 3, 4. 5, 6. 8, 9. 1, 

9. 1, 13. 6, 13. 6, and 3, 6 kg. Seismographs orientated 

in the vertical, transverse, and radial directions were 

at three stations, positioned as follows: 

I ~ \ I ........ ~-\ 

\ 
i f= == VERTICAL SEISMOGRAPH ORIENTATION == § 

~ 

/I'\ :,/ ~ ~ 

1_.. 1\ 

1--f-- TRANSVERSE SEISMOGRAPH OR !ENTATION 1-H 

'\ 
j ' I ~ :,... -

~ 

~ 1--= RADIAL SEISMOGRAPH ORIENTATION f=: a 
5 6 1 8 9 10 II 12 13 !4 15 16 
~~EQUENCY ( CJC./IOC,) 

Fig, 4-5. Peak amplitude values, Fourier spectra. 
Seismograph located 107 m from impact. 
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Fig. 4-6. Peak amplitude values, Fourier spectra. 
Seismograph located 137 m from impact. 
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Station 

2 

1 

3 

Distance from Shot (m} 

996 

1559 

2303 

The charges were placed in holes approximately 1 m in 

diameter and approximately 1 m deep drilled to firm tuff. 

Backfill, consisting of the excavated material, was placed 

over each charge to couple it to the earth; coupling was 

adequate to obtain signals for analysis, but a considerable 

amount of energy was dissipated into the atmosphere. 

A transducer close to the charges transmitted a detona

tion signal through wires to the seismograph. This 

signal appears as a blip on channel 11 of the seismograph 

record, and indicates zero time for the detonation. 

Computation of Results 

The data obtained from the seismometers were re

corded by the Model 4D camera (Figs. 4-7 and 4-8}. Two 

methods were used to derive results from these data. In 

one method the seismic wave forms were measured and 

the results were processed through the CDC 6600 com

puter to calculate velocity, displacement, and accelera

tion. The wave forms were matched; i. e. , the corres

ponding wave forms for the different sizes of explosive 

charges were compared to obtain the data presented in 

this section. The wave forms for the stations at various 

distances from the shots were not matched, but the same 

time increment was compared, thus yielding a compari

son of average values at distances from the shots 

(Table 4-I}. The ground acceleration versus the size of 

charge (Fig. 4-9} and the ground acceleration versus the 

distance from the detonation (Fig. 4-10} were plotted 

from the data given in Table 4-1. For the second method 

the seismic records for the 4. 5-kg Composition C deton

ation were digitized and a computer program was used to 

calculate Fourier spectra (Figs. 4-11, 4-12, and 4-13}. 

Limitations 

The seismograph records used for the Fourier 

spectra analysis and for the other graphs presented here 
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were not segregated according to the type of signal. 

These records represent compression, shear, and sur

face waves. Reflection of waves from various discon

tinuities has, no doubt, changed their forms. It is be

lieved, however, that the spectra developed do repre

sent the distribution of frequencies that would be ex

perienced from a shock excitation. A different origin 

for the shock force would possibly yield slightly differ

ent spectra, but with similar characteristics. The 

curves developed from Table 4-1 would not be affected 

greatly by reflection of waves because the same waves 

for the various size charges were studied. 

A limitation that must be considered when com

paring formulas developed using the test data is that the 

coupling of the charges to the ground was not as positive 

as the coupling attained during underground tests. The 

slope of curves, however, should be characteristic of 

the medium (tuff} being tested. 

Conclusions 

Seismic Records. The time at which the compres

sion, shear, and surface waves arrived is shown in 

Figs, 4-7 and 4-8. Station 2 was 996 m from the point 

of detonation, and the initial compression wave arrived 

0. 82 sec after detonation. The velocity of this shock 

wave through the tuff (all unit 3} was 1215 m/sec. Based 

on this velocity, the reflected" P'' wave traveled 1460 m. 

This would indicate that the reflection occurred at the 

5500-ft elevation, at the transition from the Puye con

glomerate to the Tesuque Formation (Fig. 3-2}. The 

"P'' wave is not strong due to the imperfect coupling of 

the detonation to the tuff, and the surface waves obliter

ate the reflected "P'' waves when they arrive. 

Station 1, 1559 m from the point of detonation, was 

in unit 2b of the Bandelier tuff, as was the point of de

tonation. This unit is a more competent material than 

unit 3, having a modulus of elasticity of approXimately 

14, 000 kg/em 
2 

compared to approximately 1, 400 kg/em 2 

for unit 3. The velocity of the compression wave in 

unit 2b is 1470 m/sec. 
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Fig. 4-8. Seismic records: test 3, phase 6; 13. 6 kg Composition C. 

23 



Table 4-I 

High-Explosive Detonations 

Seismometer Orientation 

Vertical Transverse Radial 

STA. 2 STA.1 STA.3 STA.2 STA.1 STA.3 STA. 2 STA.1 STA.3 
(IV) (4V) (8V) (2T) (5T) (9T) (3R) (7R) (iOR) 

Vel. 26.34 8.03 2.52 18.64 9.63 3.76 18.64 10.97 3.01 
2. 3 kg Disp. 0.679 0.266 o. 076 o. 432 0.289 o. 122 o. 473 0.335 0.104 

Ace. 1064. 254, 84. 830. 342. 126. 780. 371. 91. 

Vel. 43.92 12. 86 5. 89 33.81 14.23 4. 61 39.98 17.75 4.35 
4. 5 kg Disp. 1. 201 0.434 0.180 0.850 0.427 0.170 1. 049 o. 588 0,151 

Ace. 1598. 396. 194. 1392. 499. 134. 1565. 596. 127. 

Vel. 63.95 18. 01 9. 01 49.69 20.82 7.57 55.41 27.77 6. 93 
6. 8 kg Disp. 1.745 0.637 0.286 1. 228 0.631 0.269 1. 580 0,898 o. 250 

Ace. 2392. 526. 287. 2077. 735. 229. 2044. 878. 199. 

Vel. 84.77 25.35 11. 81 59.43 30.64 10.98 82.06 35.80 10.06 
9.1 kg Disp. 2. 470 0.910 0.385 1.546 1. 027 0,394 2. 511 1. 178 0,377 

Ace. 2961. 730. 369. 2361. 961. 334. 2794. 1108. 261. 

Vel. 150. 24 39.08 14.76 84.17 51.02 18.78 120.98 51. 97 14.33 
13.6 kg Disp. 4. 537 1.396 0.526 2.192 1. 715 0.703 3.840 1. 738 o. 572 

Ace. 5041. 1134. 424. 3359. 1600. 522. 4099. 1577. 370. 

Vel. iJ./SeC 

Disp. j.J. 

Ace. iJ./sec/sec 
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At Station 3, 2303 m from the point of detonation, 

the compression waves were more difficult to detect. The 

arrival of the surface waves was, however, obvious. The 

proposed initial points for the compression, shear, and 

surface waves, are shown in Figs. 4-7 and 4-8. The av

erage velocity of the compression waves in the unit 2b and 

unit 3 tuff was calculated as 1600 m/sec. 

Attenuation Characteristics. Empirical formulas for 

predicting earth motion resulting from the detonation of 

underground nuclear devices were developed by the United 
1 

States Coast and Geodetic Survey. The energy ratings 

of the detonations for the study conducted on Mesita de 

Los Alamos were below those of detonations for which the 

formulas were developed. Also, the ground coupling of 

the detonations on Mesita de Los Alamos was not compar

able to that from which the formulas were developed. A 

comparison was made, however, to see to what extent 

our accelerations deviated from those predicted by the 

empirical formulas. The accelerations, chosen from our 

2fi 

records, were the average of the three peak accelera-
2 

tiona, usually surface waves. One formula developed 

by the U.S. Coast and Geodetic Survey follows: 

where 

A K WO. 54R-1. 4 
a 

K = constant. 0. 0103 for tuff, 
a 

W = size of detonation in tons equivalent 
TNT (1 ton=907.18 kg), 

R distance to detonation, in kilometers, 

A acceler:fon in g' s where 1 g = 
9, 8 X 10 wsec/sec, 

The comparison of predicted accelerations to those 

recorded by our seismometers is given in Table 4-II. The 

comparison becomes more favorable as the size of the 

charge increases and as the distance from the detonation 

decreases. This formula could be used to conservative-

ly predict the effects of detonations within Los Alamos 

County on the Meson Physics Facility. At a distance of 

7 km, an equivalent of 0. 05 tons of TNT well-coupled to 

the earth will cause an acceleration of less than 130 x 
-6 

10 g. This is less than the disturbance caused by a 

loaded truck passing the site and is approximately one

eighth the perception threshold for acceleration. 

Table 4-II _
6 

Acceleration (g x 10 ) 

Equivalent Distance to Detonation (km) 
TNT 
(Tons) ComEarison 0.996 1. 559 2.303 

0.007 C. & G.S. 705 379 219 
Formula 
Measured 276 66 24 

0.014 C. &G.S. 1030 553 319 
Formula 
Measured 557 129 53 

0.021 C. & G.S. 1280 666 395 
Formula 
Measured 1080 151 70 

The formula developed by Mickey and the empirical 

results obtained from the test conducted on Mesita de Los 

Alamos coincide at approximately 1 km and 0. 025 tons of 

TNT. A conservative formula developed from the empir

ical results has the form 

A = 0. 0150 w0· 68R-3' 26 , 



using the same nomenclature as the U.s. Coast and Geo

detic Survey formula. Note that the greatest change is in 

R, the distance factor. 

The effects predicted by this formula of a loosely 

coupled detonation of o. 05 tons of TNT at a distance of 
-6 7 Ian would be an acceleration of less than 4 x 10 g, 

which is less than weekend background noise. This is 

borne out by the fact that detonations at distant sites were 

not detected on Mesita de Los Alamos. 

Fourier Spectra. Fourier spectra were developed 

for the seismic records generated by a shock force. Al

most all of the data developing this spectra were caused 

by waves. Generally, the Fourier amplitude coefficient 

is of a greater magnitude between 3 and 9 cps than below 

or above this range. The least attenuation occurred be

tween 4 and 6 cps. It is proposed that the predominant 

frequency of the mesa is approximately 4. 5 cps for local

ized detonations. 

Transverse movement is higher than would be e»

pected of a shock wave emitted from a point source. This 

may be explained by reflection of P, S, and SW waves 

from the walls of the mesa. 

Project Gasbuggy 

Procedure 

On December 10, 1967, a nuclear device equivalent 

to 26, 000 tons of TNT was detonated at a depth of 4, 250 

ft, approximately 123. 5 km northwest of Mesita de Los 

Alamos. A U. s. Coast and Geodetic survey team mea

sured ground motions at Mesita de Los Alamos generated 

by this detonation. Detailed information on equipment and 

procedure may be obtained from Ref. 4. 

Discussion of Results 

The maximum amplitude at Mesita de Los Alamos 

was slightly lower than predicted, and the seismic first 

arrival times indicated a propagation velocity of about 6 

km/sec. At these distances the first arrivals did not pen

etrate to the Mohorovicic discontinuity. The maximum 

motions were probably propagated as a surface wave, 

progressing at velocities of 3. 5 to 4. 8 km/sec. The 

vibrations had decayed to one-tenth of maximum at 

about 95 sec. The motion had not returned to normal 

preshot background at 4 min after zero. 

The Gasbuggy seismogram was analyzed for maxi

mum motions at dominant visual frequencies. This 

could be grossly equivalent to a Fourier spectra anal

ysis. Dynamic response spectra for single-degree-of

freedom elastic systems have been used by structural 

engineers to design earthquake resistant buildings. These 

spectra are usually computed with seismic data from 

earthquakes as an input. A method for estimating re

sponse spectra has been devised that uses the maximum 

earth motions. A spectra envelope can be made using 

2 times maximum acceleration, 1. 5 times maximum 

particle velocity, and 1 times maximum displacement. 

This approaches the response for a system with 5 to 

10% critical damping. 

Fig. 4-14 was constructed using this method. This 

graph infers that a one-degree-of-freedom oscillator 

(or building) with a natural frequency of 1 Hz would ex

perience ground motions in terms of acceleration, vel-
-4 -2 ocity, and displacement of 1. 0 x 10 g, 1. 5 x 10 em/sec. 

-3 and 2. 2 x 10 em from Gasbuggy. Similarly, a 4-Hz 
-3 -2 building would respond 1. 5 x 10 em, 5. 3 x 10 em/sec, 

-3 and 2. 1 x 10 em. 

The visual dominant spectra for all traces were de

rived. The average frequency for the maximum motions 

was 2. 6 Hz with lower and upper limits of 2. 2 and 3. 1 

Hz. The vibrations decrease rapidly with increased fre

quency. 

Conclusions 

The frequencies of maximum motion from Gasbuggy 

were between 2 and 3 Hz. The amplitudes of vibrations 

on Mesita de Los Alamos generated by the Gasbuggy det

onation were generally as predicted by formulas derived 

from previous nuclear detonations. 
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Microseisms 

l\licroseisms of natural or artificial origin will affect 
the opemtion of the Meson Physics Facility only if their 

3 <llllplitude is excessive. In his final report, Hof stated 

that he was unable to find anyone having machine-tool 
problen1s caused by natural microseisms. It does not 

appear that there is a possibility of any disturbance to 

equipment in the Meson Physics Facility from micro
seisms of natural origin, so this phase of the report is 
limited to a determination of frequency characteristics 

and the calculation of ground-motion characterictics for 
the more intense microseisms generated by artificial 
means. The difference in intensity of these microseisms 
for working hours and for nights and weekends is noted 
as well as the intensity in two different tuffs. 

Frequency 

A random sampling of frequencies through a 10-sec 
period indicated a predominance of frequencies in the 5-

Table 4-m 

to 7-cps range. This sampling was taken for the verti
cal component only; the horizontal components appeared 

to be similar (Table 4-Ill). 

Velocity: Zero to Peak Displacement and Acceleration. 

Table 4-ill presents values for velocity, displacement, 
acceleration, and period for week end and working-
hours microseisms. Unit 3 and unit 2b are the geologic 
members of the Bandelier tuff previously described. 

Conclusions 

The microseisms recorded on Mesita de Los Alamos 
are comparable to those presented in the Hof report. 

3 
In 

most cases, the microseisms recorded on Mondays are 
twice the magnitude of those recorded on Sundays. There 
appears to be no discernible difference in the magnitude 
of the microseisms in the more competent (unit 2b) as 
compared to the more friable (unit 3) tuff. 

Microseisms 
Microseisms, Sunday, October 23, 1966, 11:15 A.M. 

Geolo~c Member Orientation Veloci~ Diselacement Acceleration Period 
Unit 3 Vertical 1. 14 0.027 72 o. 15 
Unit 2b Vertical 1.14 0.025 72 o. 10 
Unit 3 Transverse 1. 37 o. 043 53 0. 20 
Unit 2b Transverse 1. 37 o. 030 60 0.14 
Unit 3 Radial 2. 51 o. 070 115 o. 20 
Unit 2b Radial 1. 36 0.032 57 0.15 

Microseisms, Monday, October 24, 1966, 10:10 A.M. 
Unit 3 Vertical 2. 51 o. 076 99 0.16 
Unit 2b Vertical 1. 83 o. 047 72 o. 16 
Unit 3 Transverse 2. 97 o. 071 103 o. 15 
Unit 2b Transverse 3.20 o. 107 96 0. 21 
Unit 3 Radial 2,05 o. 068 61 o. 21 
Unit 2b Radial 3. 65 0.116 116 0.20 

Velocity ~/sec. 
Displacement ~· 
Acceleration ~/sec/sec. 
Period sec. 
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Traffic Effects 

The transportation of large quantities of shielding 

to the experimental building will be necessary. The vi

brations generated by heavy truck traffic could be of a 

magnitude requiring engineering design of equipment sup

ports to attenuate these vibrations. The effects of heavy 

of the area. It appears that attenuation of vibrations was 

greater in the more competent tuff (unit 2b) than in the 

more friable tuff (unit 3). 

The vibrations generated by the truck braking are of 

the same order of magnitude as those of the truck pass

ing. The road was rough, however, and much of the vi-

truck traffic were studied. bration was generated when the truck tires hit holes in the 

road. For a smooth road
4 

vibrations from the truck pass-

Procedure ing were an order of magnitude lower than vibrations from 

A trailer truck was loaded with two 12, 200-kg weights. the braking action. Braking action on a smooth road 

The total weight of truck and weights was 26, 592 kg. This resulted in vibrations approximately one-half of the mag-

truck traveled along an unimproved road past two seismo- nitude of the same action on a rough road. 
4 

A study of 

graph stations. The seismographs were oriented perpen- the frequency of vibrations indicated a predominance 

dicular to the road at 37 and 89 m from the center line of between 8 and 14 cps. 

the road, respectively. After records were taken of The Fourier spectra for all stations indicate a re-

vibrations caused by truck traffic, the truck was stopped sponse across the spectra. However, a general peaking 

at a point closest to the seismograph stations. It was around 2. 3, 4. 5, 8. 5, and 13 cps was noted, and the at-

assumed that the braking action of the truck would gen- tenuation at these frequencies was not as pronounced as 

erate a greater magnitude of vibration than the passing the attenuation at other frequencies. No amplification of 

of the trucks. signals was noted at any frequency, although the forcing 

function may be considered repetitive. 

Computation of Results 

The data obtained from the seismometers and ampli

fiers were recorded simultaneously on 13 channels by the 

Model 4D camera. Magnetic tape records were also ob

tained on a CEC Model UR 3300 recorder but were not 

digitized because they were not considered necessary for 

this report. Two methods were used to derive results 

from these data. In one method the seismic wave forms 

were measured and the results were processed by the 

CDC 6600 computer to calculate values of velocity, dis

placement, and acceleration. The maximum values of 

vibration for the braking action are given in Table 4-IV. 

In the other method the records for the truck passing the 

stations were digitized, and a computer program was used 

to generate Fourier spectra for this event. These spectra 

are illustrated in Figs. 4-15 and 4-16. 

Conclusions 

The vibrations generated by truck braking action 

are 30 to 40 times greater than from natural microseisms 

30 

References 

1. R. Willden and E. E. Criley, "Study of the Possibil

ity of Seismic Hazards in the Vicinity of Los Alamos, 

New Mexico," U.s. Geological Survey, Open-File 

Report, 1966. 

2. W. V. Mickey, "Seismic Wave Propagation," U.S. 

Department of Commerce, Coast and Geodetic Sur

vey, 1964. 

3. G. J. Hof, "Seismic Noise Study at Los Alamos Scien

tific Laboratory," Sandia Corporation Report 

SCTM170-62(25), 1962. 

4. W. V. Mickey, J. F. Devine, and A. V. C. Meyer. 

"Project Gas buggy, Response of the Mesita de Los 

Alamos to the Gasbuggy Experiment and Induced 

Vibrations," U.S. Department of Commerce, Coast 

and Geodetic Survey, E. s. S. A. , April 1968. 



! 

!i: .. 
u 
;;: .. .. 
0 
u 

I!! 
::> ... 
:::; ... 
ll 
c 

"' .. 
"' ::> 
~ 

Table 4-IV 
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Fig. 4-15. Peak amplitude values; Fourier spectra. Fig. 4-16. Peak amplitude values; Fourier spectra. 
Seismograph located 37m from the 
center line of the road. 

Seismograph located 89 m from the 
center line of the road. 
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5. DEFORMATION CHARACTERISTICS 

To correlate the geological composition of Mesita 

del Buey to that of Mesita de Los Alamos and to describe 

the geological composition of Mesita de Los Alamos, a 

stratigraphic section of the Tshirege Member was mea

sured at Mesita del Buey near Pajarito Reservoir No. 2 

and the geologic units of the section were correlated with 

a section previously measured at Mesita de Los Alamos 

near the proposed location of the experimental building 

(Figs. 5-1 and 5-2). Correlations of the geologic units 

were made by the lithology of the units and their weather

ing characteristics. The units were also traced south

ward from Mesita de Los Alamos to Mesita del Buey. A 

datum was established on the prominent marker bed of 

tuff between units 1a and ib, which is light orange and 

weathers to a slight notch. It is a persistent and readily 

identified geologic feature that is present where the two 

units are exposed on the plateau. 

Units ib and 2a thicken slightly from Mesita de Los 

Alamos southward to Mesita del Buey (Table 5-0; unit 2b 

thins about 47 ft. The difference in unit 2b' s thickness 

on the two mesas may be due to the direction of the ejec

tion of the ash flow that formed this unit and the origin of 

the flow (an area west of the Pajarito Plateau) and in part 

to topography that existed in pre-Bandelier time. The 

thickness of the Tshirege Member decreases rapidly east 

of the section at Mesita del Buey to the vicinity of White 

Rock, where the tuff lies directly on the basalt. 

The basalt formed a topographic high in pre-Bandelier 

time. The upper part of unit 3 is eroded on both mesas. 

The thickness of the remaining part of unit 3 is 45 ft at 

Mesita del Buey and 98 ft at Mesita de Los Alamos. 
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Fig. 5-1. Test site locations. 

The altitudes of the two test areas at Mesita de Los 

Alamos are 6, 970 and 6, 990 ft; the altitude of the test 

area at Mesita del Buey is 6, 935 ft. The test areas on 

both mesas are in unit 3 but at different stratigraphic 

positions in the unit (Table 5-IO. 
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Fig. 5-2. Stratigraphic sections of the Tshirege Member of the 
Bandelier tuff at Mesita de Los Alamos and at Mesita 
del Buey. 

Table 5-I 

Thickness of Geologic Units at Stratigraphic Sections 
Mesita de Los Mesita del 

Geologic 
Units 
3 

2b 

2a 

1b 

1a 

Alan1os a/ Buey b/ 
(ft) - (ft) -
98 

76 

51 

21 

74 

45 

29 

60 

23 

16 

Remarks 
Upper part eroded 

Lower part covered 
y Altitude at top of section--7, 034 ft 

I?! Altitude at top of section --6, 935 ft 

The physical characteristics of units 2a and 3, 

which will support the Meson Physics Facility struc
tures, apply to both Mesita de Los Alamos and Mesita 

del Buey. 

The foundation material in the Los Alamos area is 

composed primarily of a welded volcanic ash, usually 
deposited as an ash flow. As such it is an anisotropic 

material which exhibits different characteristics depend
ing on the orientation of the sample being tested. It is re
markable that the foundation material can be cut with a 
saw or bulldozer, but can maintain its integrity while 
having a vertical face 100 ft high. Bearing capacity of 
the more competent tuff may conservatively be estimat-

2 ed at 10 tons/ft . Modulus of elasticity values of from 
20, 000 to over 150, 000 psi are common, depending on 

the density of the material and the degree of welding. 

The degree of welding is classified at Los Alamos 
as nonwelded, moderately welded, and welded tuff. The 
transition between nonwelded (porosity as much as 60%) 
to welded tuff (porosity as small as 15%) is due to com
paction and fusing by heat of the crystals, crystal frag

ments, and rock fragments in the ash matrix. The de
gree of welding and the amounts and size of pumice, la
tite, and rhyolite rock fragments determine the physical 
characteristics of the tuff; i. e. , porosity, density, and 

bearing capacity. 
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Table 5-II 

Thickness of Geologic Units at Test Areas 

Mesita de Los 
Alamos~ 

Geolog!c Units (ft) 

3 54 

2b 76 

2a 51 

1b 21 

1a 74 

~ Altitude at test area--6, 990 ft 

£/ Altitude at test area--6, 970 ft 

£_/ Altitude at test area--6, 935 ft 

Mesita de Los Mesita del 
Alamos~ Buey £_/ 

(ft) (ft) 

34 45 

76 29 

51 60 

21 23 

74 16 

Remarks 

Lower part 
covered 

Precision Leveling elasticity. The pressures at various depths can be pre-

The equipment used for the precise readings con- dieted if the characteristics of the foundation are known. 

sisted of: a Wild-Herrbrugg Instruments, Inc. , N-3 pre- In the unit 3 tuff, it is difficult to obtain a core 

cision level with optical micrometer; a Keuffel and Esser sample to test for modulus of elasticity because the sam-

Co. , precise level rod; a rod level; and a thermometer. ple disintegrates when it is disturbed. It is necessary to 

In general, the procedures and instrumentation of determine modulus of elasticity values by testing samples 

the precise leveling program conformed to U.S. G. S. taken at or near the surface and by estimating values at 

second-order practice. Field notes included all pertinent depths based upon geological and physical characteristics 

data and comments. of the tuff. Samples may be taken close to the surface by 

The reliability of the reading obtained under field con- excavation with hand tools. This method was used to de-

ditions is probably good to the nearest 0. 001 ft. Although termine modulus of elasticity values for Pajarito Reser-

the optical micrometer scale can be interpolated to voir No.2 and for the locations on Mesita de Los Alamos. 

0. 0001 ft by estimation between the 0. 0005-ft scale grad- Because the tuff is an anisotropic material, correct ori-

uations, other variables such as bubble creep, air refrac- entation was maintained during the tests. The results 

tion, superimposing of the cross hairs on the eye grad- of these tests are considered conservative in that lateral 

uation, eye strain, relief of internal stresses in the tri- pressure was not used to simulate the in situ condition of 

pod, and movement occasioned by the shifting weight of the tuff. The ash matrix contains intrusions of pumice, 

the level man while taking the readings tend to offset the latite, and rhyolite. These intrusions are usually small, 

seemingly higher accuracy capabilities of the equipment. i.e., approximately 6 to 10 in. 
3

, and do not adversely 

affect deformation characteristics. An intrusion in a tuff 

Factors Affecting Accuracy of Theoretical Analysis 

Modulus of Elasticity 

A deformation analysis of Mesita de Los Alamos 

should be an elastic analysis based on Hooke's law. Two 

variables in this analysis are (1) the pressure at various 

depths and distances from the load and (2) the modulus of 

34 

sample, however, will greatly affect that sample's 

strength and modulus of elasticity. Samples which exhib

it values much smaller than the average value of a group 

should be disregarded and a new average value established. 

The value of the modulus of elasticity obtained from 

tests conducted on tuff samples is representative of the 
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in situ modulus for the sample area, or is conservative. 

Strata Depth 

The depth of each stratum may be estimated by bor

ings. Indications of changes in strata are a change in the 

unit weight of the tuff or an increase in resistance to pen

etration. There is no precise correlation between unit 

weight and modulus of elasticity. 

It is necessary to estimate the modulus of elasticity 

at various depths by using the modulus of elasticity at the 

surface, the unit weight of the material, and the results 

of borings taken in the more competent tuff. This has 

been done for the analytical analysis of the load test on 

Mesita de Los Alamos. 

Foundation Stiffness 

To compare theoretical analysis to empirical data, 

the stiffness of the foundation must be established. For 

tests involving water tanks, the load is imposed on the 

foundation material through a thin steel plate. It may be 

assumed that the foundation is flexible and that the analyt

ical approach such as the Boussinesq equation for ver-
1, 2 d tical stress or Newmark's chart will apply. Test loa s 

imposed on Mesita de Los Alamos were composed of steel 

counterweights, which were relatively stiff; therefore, it 

was necessary to determine what effect this stiffness will 

have on the theoretical analysis .. An analysis by Timo

shenko and Goodier 
3 

indicated that for a circular surface 

footing the theoretical settlement of a rigid footing is 

approximately 7-1/2% smaller than the corresponding aver

age settlement due to the same total load uniformly dis

tributed under the footing. 

The distribution of pressure under the rigid circular 

footing is not uniform: a concentration of pressure exists 

around the perimeter of the footing, and the smallest val

ue of pressure is at the center. Since the footing is rigid, 

this uneven distribution of pressure results in the smaller 

theoretical settlement. Timoshenko' s analysis was based 

upon the pressure exerted on metal by a rigid die. 
4 

Casagrande states that, for a perfectly elastic soil, 

the reactions of a rigid footing would be larger on the per-

imeter than in the center of the footing, but for sand the 

opposite would be true. The volcanic tuff in Los Alamos 

is more like an elastic than an inelastic material, and a 

larger stress concentration would be expected around 

the perimeter of the footing. 

The preceding assumptions are based on rigid foun

dations. It was necessary to consider empirical results 

to determine the rigidity of the test weights. The pres-

sure coefficients at various depths, assuming a foundation 

19 ft x 9 ft 9 in. and using the Newmark chart, are given 

in Table 5-ill. The total pressure at the center of the 

short edge is approximately 0. 8 times the total pressure 

at the center of the long edge. The total pressure at the 

corner is approximately 0. 6 times the total pressure at 

the center of the long edge. Assuming that the deforma

tion ratio will be the same, the theoretical distribution of 

the total deformation around the perimeter of the test load 

can be determined. In Table 5-IV the measured deforma

tion Is compared to an assumed average deformation (with 

the assumption that the foundation is rigid) and to a theoret

ical deformation assuming that, for this foundation, the 

Newmark chart and the Boussinesq equation for vertical 

stress are valid; i.e. , the foundation is flexible. The 

average percentage difference is twice as much for a 

rigid as for a flexible foundation. This indicates that 

redistribution of stress occurs in the tuff, allowing the 

use of the Newmark chart and the Boussinesq equation for 

this analysis. 

Table 5-ill 
Newmark Pressure Coefficients 

Center of Center of 
Def!th (ft) Lo~ Edjie Short Edge Corner 

5 94 80 46 

8 78 63 43 

10 68 52 39 

15 48 38 31 

20 32 25 24 

30 17 15 15 

40 11 11 11 

60 5 5 5 

Total 353 289 214 
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Table 5-IV 

Mesita de Los Alamos 

Location No. 1 

Measured 
Deformation Average Difference 

11/23/66 Deformation From 
Corner ( ft) 11/23/66 Aver!!:S:e 

NW 0. 0115 0.0143 -0.0028 

w 0.0162 o. 0143 0.0019 

sw 0.0097 0.0143 -0.0046 

s 0.0172 0.0143 0.0029 

SE 0.0127 o. 0143 -0.0016 

E o. 0112 0.0143 -0.0031 

NE o. 0110 0.0143 -0.0033 

N 0.0248 0.0143 0.0105 

Average 0.0143 0.0143 

Qualitative Tests 

Two loadings, one a structure constructed of iron 

counterweights (Iron House) and the other a water reser

voir, were observed during construction and filling, re

spectively, to establish procedures for tests to be conduct

ed later. Subsoil information was not available for these 

projects, nor was it possible to maintain the integrity of 

the bench marks. It was decided that only qualitative re

sults could be obtained. 

Iron House 

The characteristics of the tuff under the Iron House 

are unknown. It may be assumed that it is a competent 

material. However, fill had been placed over the tuff 

approximately 6 to 10 ft deep on the south side of the Iron 

House, with lesser amounts on the east side. Most of the 

benchmarks did not penetrate the fill; two on the east side 

of the building did penetrate the fill. 

The area covered by the Iron House was approximate

ly 44 x 19ft, with the load being imposed around the pe

rimeter of the building. Counterweights 19 ft long, 3 ft 

3 in. wide, and 2 ft thick were used as a floor. This floor, 

3!; 

Difference 
Theoretical Deformation 

Percentage 
Distribution and Newmark 

Newmark Theoretical Percentage 
Difference Chart Deformation Difference 

-19.5 0. 0114 0.0001 0.9 

13.3 0.0152 o. 0010 7. 2 

-32.0 o. 0114 -0.0017 -15. 0 

20.3 0.0190 -0. 0018 -9.5 

-11. 2 o. 0114 0.0013 11. 4 

-21. 7 0.0152 -0.0040 -26.3 

-23. 1 0. 0114 -0.0004 -3.5 

73.3 0.0190 0.0058 30.5 

26.8 13. 1 

no doubt, helped to distribute the load across the width 

of the building. The total load was in excess of 1, 000 
2 tons, or approximately 1. 2 ton/ft . 

Reference points were 3/4-in. -diam reinforcing 

bars, 5 ft long, driven into the ground allowing 6 in. to 

project. 

A small amount of creep occurred, but whether in 

the tuff or in the fill is unknown. Some heaving occurred 

on the east reference points. 

Pajarito Reservoir No. 3 

The volcanic tuff at Pajarito Reservoir No. 3 is 

classified as hard. The tuff near the edge of the mesa 

is broken and fractured. The tuff under the tank may be 

assumed to be competent with a modulus of elasticity of 

approximately 150, 000 psi (unit 2b). 

The capacity of Pajarito Reservoir No. 3 is one 

million gallons, or approximately 4, 160 tons. The head 

of water is 35 ft, resulting in a uniform pressure on the 

bottom of the tank of 2, 180 lb/ft2• 

Reference point N-0, which is located approximate

ly 1 ft from the edge of the tank, was deformed 0. 0050 ft 



under load. This compares to a deformation of 0. 0104 ft 

for N-1 and 0. 0077 ft for E-1, which are located an equal 

distance from the edge of the tank at Pajarito Reservoir 

No. 2. Reference point N-2, which is located approxi

mately u ft from the edge of the tank, deflected o. 0042 

ft. This compares to an average of 0. 0054 ft for Paja

rito Reservoir No. 2. 

Comparison of Calculated to Empirical Deformation 

Pajarito Reservoir No. 2 

This reservoir is at the intersection of Pajarito Road 

and Rex Drive (Fig. 5-3). It has a capacity of 1. 5 mil

lion gallons and imposes a total load of 6, 250 tons over 

an area of 5, 740 ft
2
, or about 2,180 lb/ft2. The maximum 

head of water is 35 ft. The radius of the tank is 42 ft, 

7 in. The bottom of the tank is at elevation 6, 935 ft. 

Reinforcing bars were driven into undisturbed tuff 

at locations E-0. E-1, etc., as shown in Fig. 5-3. Prior 

to the filling of the tank on September 10, 1966, readings 

were taken on these bench marks to establish a base for 

measuring future deformation. Readings were then taken 

approximately every two weeks to establish a record of 

creep for the loaded area. On January 11, 1967, the 

tank water level was lowered to 4. 5 ft to measure re

bound. The tank was refilled and readings with 29. 75 ft 

of water were taken on January 18, 1967, and with 33.0 

ft of water on March 6, 1967. 

Assumptions. The water reservoirs impose loads 

on the soil in agreement with Boussinesq' s theory, and 

the Newmark chart applies. The solution for the theore

tical deformation under load was derived using the New

mark chart. The pressure at predetermined depths in 

the foundation material was computed, and the deforma

tion at these depths was calculated using Hooke's law. 

This analysis assumed that the foundation material is an 

isotropic uniform material. 

Volcanic tuff of both the units 3 and 2b strata was 

excavated and tested by the Zia Company's Material 

Testing Laboratory. The samples were oriented in three 

directions for testing: vertical, north-south (horizontal), 

and east-west (horizontal). Average values for the mod

ulus of elasticity for the unit 3 tuff were as follows: 

\--

UJ 

> 
a: 
0 

X 

UJ 

a: 

Vertical 21,390 psi 

East-West 15, 340 psi 

North-South 14, 080 psi 

26.5' 

\\ "'" \ \ \ ~ 

~-~ /N-3 
o_ _vN-2 -~ 

-~ 

1_1 

0 :so 60 

GRAPHIC SCAlE IN FEET 

ROAD 

Fig. 5-3. Plan, Pajarito Reservoir No. 2. 

A value of 20, 000 psi for the modulus of elasticity 

was used in the calculations for deformation for unit 3 

tuff. The depth of this stratum was assumed to be 50 ft. 

Over 75% of the total deformation occurs in the first 50 

ft below ground level. 

The value for the modulus of elasticity in the ver

tical direction at the surface of the unit 2b tuff was 

approximately 100,000 psi. This value was used in the 

calculations for the tuff from 50 to 7 5 ft below the sur

face. Below this stratum a value of 150, 000 psi was 

used, based on borings taken on Mesita de Los Alamos. 
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Calculated versus Empirical Deformation. To mini

mize error, five readings representing one month under 

full load were averaged to obtain the empirical deforma

tion curves given in Fig. 5-4. These curves represent 

the measured deformation as a function of distance from 

the center line of the tank in the north and east directions. 

The calculated deformation curve was derived using the 

Newmark chart, and the modulus of elasticity determin

ed by tests conducted by The Zia Company. 

The agreement between calculated and empirical de

formation is approximately the same as the agreement 

between the deformation recorded in the east and west 

directions. The agreement is poorest near the tank and 

becomes more favorable as the distance from the tank 

increases. Near the tank the localized effect of the tank 

ring wall may cause some deviation from theoretical pre

diction. 

In general, the theoretical deformation is within 

0. 002 ft of the empirical deformation at the greater dis

tances from the tank, and is conservative closer to the 

tank. 

Mesita de Los Alamos 

Surplus Atlas silo counterweights were used to im

pose loads on Mesita de Los Alamos. The dimensions 

and weights of the counterweights are as follows: 

Weight Total 
Each Weight 

No. Size (lbs) (tons) 

39 19. 0 X 3, 25 X 1. 0 ft 26,887 524.3 

21 19. 0 X 3. 25 X 0. 5 ft 14,638 153. 

11 9. 0 X 3, 25 X 1. 0 ft 12,712 69.9 

The area on which the weights were imposed was 

first leveled to undisturbed tuff. A 4-in. layer of pulver

ized tuff was placed and compacted over this area to 

assure an equal distribution of load to the undisturbed 

tuff below. Empirical data obtained from the load test 

were used to determine the type of analysis; i. e. , flex

ible or rigid foundation. 
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Fig. 5-4. Pajarito Reservoir No. 2, deformation versus 
distance. 

On October 24 and 25, 1966, counterweights weigh-

ing 750 tons were placed at location No. 1 on Mesita de 

Los Alamos. Three counterweights, 19 ft x 3. 25 ft, 3 in. 

x 1 ft, were placed on the bottom followed by five counter

weights, 9 x 3. 25 x 1 ft, to distribute the load. The remain

ing counterweights were then placed with the 19-ft dimen

sion in the east-west direction. The total area on which 

the load was imposed was approximately 185 ft
2

; the tot-

al load imposed was 4. 05 ton/ft
2

. Deformation was re

corded for five weeks, at which time all creep appeared 

to have stopped. On December 9 and 10, 1966, the 

weights were transferred from location No. 1 to location 

No. 2, where 4. 05 ton/ft
2 

were imposed on the tuff. The 

final reading at this position was taken on Decerrber 27, 

1966, which allowed two weeks for deformation. It was 

noted that most of the deformation occurred during the 

first two-week period at location No. 1, and that little 
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would be gained by applying the load at location No. 2 for 

a longer time. 

On December 27 and December 28, 1966, the test 

wl'ights were transferred from location No. 2 to location 

No. 1. Three counterweights measuring 9 x 3. 25 x 1 ft 

were placed on the bottom followed by three counterweights, 

9 x 3. 25 x 1 ft to distribute the load. The remaining coun

terweights were then placed with the long direction run

ning east-west. Additional bench marks were driven into 

the ground at the four corners of the new configuration 

prior to the placing of the counterweights. The total area 

on which the weight was imposed was 87. 5 ft
2

; the load 

imposed on this area was 8. 55 ton/ft
2

. 

On March 8, 1967, the test weights were relocated 
2 

to location No. 2, where 8. 55 ton/ft were imposed on the 

tuff. Additional bench marks were driven at the four cor

ners of the new configuration as was done at location No. 1. 

Deformation was recorded and the effect of creep was 

noted. This test was discontinued when contractor' s 

equipment was moved into the immediate area. 

Assumptions. The Newmark influence chart for 

computation of vertical stress and a computer program 

using the Boussinesq equation for vertical stress were 

used to determine the stress at various depths below the 

surface. The deformations at these depths were deter

mined using Hooke's law. 

Values for the modulus of elasticity were obtained 

from the study conducted by the Albuquerque Testing Lab

oratory (1966). In the unit 3 tuff, in the vicinity of the 

test areas, values of 25, 600, 30, 600, and 23,300 psi were 

determined from tests. A value of 25, 000 psi was used 

in the calculation for deformation for the unit 3 tuff. At 

location No. 1 the depth of stratum for unit 3 tuff was 

assumed to be 50 ft based upon information from test bor

ing No. 12, (Albuquerque Testing Laboratory, 1966). At 

location No. 2, based upon information from test boring 

No. 15, the depth of stratum for unit 3 tuff was assumed 

to be 25 ft. The unit 2b tuff was assumed to have a modu

lus of elasticity of 160, 000 psi based upon the test conduct

ed at elevation 6, 932 on a sample from test boring No. 12. 

Deformation was calculated for a depth of 85 ft after which 

the additional increments of deformation were consider

ed negligible. 

Calculated versus Empirical Deformation. 

Location No. 1, 4. 05 ton/ft
2 

To minimize error, a total of five readings repre

senting a period of over one month was averaged to ob

tain the empirical deformation curves given in Figs. 5-5 

and 5-6. These curves represent the measured defor

mation as a function of distance from the center line of 

the test load in the north (Fig. 5-5) and in the east 

(Fig. 5-6) directions. A review of readings taken on a 

secondary bench mark indicates that the primary bench 

mark was not disturbed. Very little creep is indicated 

by the readings taken during this month, and the differ

ence between the high and low readings for a particular 

bench mark may be attributed to survey inaccuracy. 

The results of this phase of the load test indicate a 

close correlation between empirical and calculated de

formations. The largest deviation noted was 0. 001 ft 

with the exception of the closest east bench mark, which 

was probably disturbed during erection of the load test 

weights; a much smaller difference was noted between 

empirical and calculated values at location No. 2 for a 

bench mark at a similar location. 

2 
Location No. 1, 8. 55 ton/ft 

A total of seven readings representing a five-week 

period were averaged to obtain the empirical deformation 

curves given in Fig. 5-7. These curves represent the 

measured deformation as a function of distance from the 

center line of the test load in the north and in the east 

directions. A review of readings taken on a secondary 

bench mark indicates that the primary bench mark was 

not disturbed. Very little or no creep is indicated by 

the deformation recorded during this five-week period, 

and the difference between the high and the low readings 

for a particular bench mark may be attributed to survey 

accuracy limitations. 
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Fig. 5-7. Deformation versus distance: location No. 

(8. 55 ton/ft\ Masita de Los Alamos . 

Agreement within 0. 001 ft is noted from 10ft to 

40 ft from the center line of the test load. A larger dif

ference is noted 5 ft from the center line of the test load 

but the deformation-distance curve is steep at this point 

and the locations of the bench marks with respect to the 

center line of the test load are not precisely known. The 

agreement between empirical and analytical results is 

good. 

2 
Location No. 2, 4. 05 ton/ft 

This loading was imposed at location No. 2 for ap

proximately two weeks. The bench marks for location 

No. 2 were modified to allow more precise readings, 

and the accuracy of the readings at this location is con

sidered good. The average of two independent readings 

was used to derive the empirical results shown in 

Figs. 5-8 and 5-9. Very little creep is indicated for the 

two-week period. As seen in Figs. 5-8 and 5-9, the 

agreement between empirical and analytical results is 

exceptionally good. 
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Location No. 2, 8. 55 ton/ft 

This loading was imposed on the tuff at location 

No. 2 on March 8, 1967. Upon inspection of the test 

load, it was determined that localized failure had occurr

ed and that the weights were leaning to the north and west. 

The northerly lean was 3-1/4 in. in 12 ft which, after 

two weeks, had become 2-3/4 in. in 12 ft. The westerly 

lean was 2-3/4 in. in 12 ft, and after two weeks the test 

load was plumb in the east-west direction. 

Figures 5-10 and 5-11 record the deformation due 

to the 8. 55 ton/ft
2 

loading. The agreement between theo

retical and empirical deformation is not as good as for 

the 4. 05 ton/ft
2 

loading, but it is within 0. 002 ft at all 

points 10ft or more from the center line of the test load. 

Usually the theoretical deformation is greater than the 

empirical results and is therefore conservative. Figures 

5-10 and 5-11 are based on the readings taken March 10, 

1967; readings taken after this date were discounted be

cause of increased construction activity in the area. 

Computer Analysis for Deformation. A computer pro

gram was written to calculate deformation at various dis

tances from the center of the test load using Boussinesq' s 

equation for vertical stress and Hooke's law. Results of 

this computer analysis are shown as triangles on Figs. 5-5 

through 5-11. The correlation between computer and 

empirical results is good. 

Deformation Under Sustained Loading 

The deformation of the tuff at selected bench marks 

was studied to determine if a creep factor could be asso

ciated with the Bandelier tuff. The bench marks selected 

were those closest to the test load which, therefore, ex

perienced the greatest deformation. By choosing these 

bench marks, the inaccuracies attributed to surveying are 

reduced compared to the total deformation. 

Pajarito Reservoir No. 2 

The test load at this location cannot be considered 

steady because the water level within the tank is constant

ly changing. The tank gauge readings are shown on Figs. 
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5-12 and 5-13. There appears to be no discernible 

creep recorded at bench mark N-1 or E-1 over the five 

months of observation. The variations in the readings 

may be attributed to survey inaccuracies or water

level fluctuations. 

Mesita de Los Alamos, Location No. 1 

Figures 5-14 through 5-17 are records for bench 

marks S-0, E-0, N-0, and W-0, respectively, for the 

test at location No. 1 for the period between October 21, 

1966, and March 17, 1967. The reliability of readings 

taken after March 17, 1967, should be discounted be

cause of construction activity in the area. Particular 

attention should be given to the deformation under load 

during (1) the time period October 26 to November 30, 

1966, when a test load of 4. 05 ton/ft
2 

was imposed on 

the tuff and (2) the time period between December 28, 
2 

1966, and March 3, 1967, when a test load of 8. 55 ton/ft 

was imposed. Another interesting comparison is one of 

deformation prior to initial loading, after the 4. 05 ton/ft
2 

load was removed. 

October 26 to November 30, 1966. During this 

period E-O and W-0, Figs. 5-15 and 5-17, respectively. 

show no creep; N-0, Fig. 5-16, shows minor creep 

under sustained load; and S-0, Fig, 5-14, shows a small 

negative creep (recovery) under sustained load. The 

change in readings at N-O and S-0 could be attributed 

to survey inaccuracies or to a redistribution of stress 

in the tuff. During this five-week period there was no 

indication of a large amount of deformation due to creep. 

The load imposed during this period was 4. 05 ton/ft
2

. 

December 28, 1966, to March 3, 1967. During 

this nine-week period a load (8. 55 ton/ft
2

) which ap

proached the ultimate bearing capacity of the tuff was 

imposed. S-0 (Fig. 5-14) and N-0 (Fig. 5-16) located 

5 ft, 4-1/2 in. from the center line of the test load re

corded larger deformations than E-O and W-0, which 

were located 10 ft from the center line of the test load. 
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For all four bench marks, there is little indication of an 

increase in deformation due to creep. 

Irrecoverable Deformation. At S-0 a large (0. 01 ft) 

permanent deformation was recorded between the no-load 

condition on the undisturbed tuff and the no-load condition 

after the 4. 05-ton/ft
2 

load was removed. This large per

manent deformation did not occur from the time the 

4. 05-ton/ft
2 

load was removed to the time the 8. 55-ton/ft
2 

load was removed. For bench marks E-0, N-0, and 

W-0. the permanent deformation from a no-load condition 

on undisturbed soil to a no-load condition after the 

4. 05-ton/ft
2 

load was removed is much smaller (about 

0. 004 ft). There appears to be no further permanent de-
2 

formation caused by the application of the 8. 55-ton/ft 

load. 

Mesita de Los Alamos, Location No. 2 

Figures 5-18 through 5-20 record the deformation 

experienced at E-0, N-0, and S-0 at location No. 2. 

E-0 was located 10 ft from the center line of the test 

load; S-0 and N-0 were located 5 ft, 4-1/2 in. from the 

center line of the test load. Unfortunately, the test load 

at location No. 2 was not imposed for a long enough peri

od to obtain a good record of creep deformation. However, 

all three records indicate that from December 12 to De-

cember 27, 1966, a large amount of creep deformation 

did not take place. From December 28, 1966, to March 3, 

1967, a period of approximately 9 weeks during which 

there was no load imposed at location No. 2, negative 

creep (recovery) did not take place either. For location 

No. 2, after the load was removed, bench marks E-0, 

N-0, and S-0 were either at or below the same elevation 

as prior to the original loading of 4. 05 ton/ft
2. The test 

load of s. 55 ton/ft
2 

imposed at location No. 2 on March 8, 

1967, caused the volcanic tuff to yield. Localized failure 

caused the test load to lean towards the north 3-1/4 in. 

in 12 ft and towards the west 2-3/4 in. in 12 ft. After 

approximately two weeks under load, the north-south 

lean had been reduced to 2-3/4 in. in 12 ft, and in the 

east-west direction the test load was plumb. This can be 

attributed to a localized failure of the volcanic tuff on the 

west side of the test load followed by a localized failure 

on the east side. At N-0 and S-0, which were the closest 
2 

bench marks to the test load, the 8. 55 ton/ft load caused 

a deformation comparable to that experienced at location 

No. 1, even though localized failure occurred under the 

test load. It is proposed that the localized failure re

sulted in a shear and bearing failure of the tuff around 

the perimeter of the test load, and that the effect of this 

failure beyond the perimeter is negligible. 

Conclusions 

The test conducted on Mesita del Buey and on Mesita 

de Los Alamos did not answer all of the questions that a 

designer could ask. The effects of vibratory loading and 

of numerous repetitive loadings on deformation must 

still be determined. The tests do give adequate infor

mation for the design of foundations to limit deformation 

with respect to static loading, and thus encompass the 

majority of loadings to be imposed by the Meson Physics 

Facility. 

Deformation under Load 

Newmark's chart or the Boussinesq equation for 

calculating vertical stress may be used to determine the 

stress in the tuff. The application of Hooke's law will 

yield values for deformation due to this stress. Empir

ical results indicate a correlation between this theoreti-

cal approach and actual deformation. Incorrect values 

for the modulus of elasticity of the foundation material 

are the more likely reasons for errors. Care must be 

taken to assure that the modulus of elasticity used in de

sign is representative of the ~ situ modulus of elastic-

ity of the volcanic tuff in the vicinity of the loaded area. 

Deformation under Sustained Loading 

Based upon the tests conducted for this study, the 

following is proposed. The initial defonnation under 

load is comprised of an elastic deformation and a penna

nent deformation. This permanent deformation is about 

20% for the unit 3 tuff; it would be less for the unit 2b 

' I 
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Fig. 5-20. Deformation versus time: location No. 2, Mesita de Los Alamos, bench mark S-0. 

tuff. This permanent deformation occurs with the initial 

loading and is not recoverable. It is caused by a break

down of the tuff, probably under the first 2 ton/ft2 load. 

After the permanent deformation has taken place, 

usually in the first few hours of loading, the tuff reacts 

as an elastic material. The effects of vibratory loading 

on creep is not yet known. 
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Los Alamos National Laboratory 
Los Alamos.New Mexico 87545 memorandum 

To: Brent Bowen, H-8, MS-490 oATE August 11, 1981 

THAU: 
MAIL STOP/TELEPHONE 49 5, 7-3021 

FROM: Leonard Lane, LS-6 SYMBOL. LS6-81-285 

suBJecT: ESTIMATED RAINFALL FREQUENCIES FOR LOS ALAMOS 

Based on the isopluvials in NOAA atlas-2 for 6-hr and 24-hr precipitation depths, I have computed the rainfa11 frequency estimates shown in Table 1 and Fig. 1. As you know, precipitation depths are interpolated from the isopluvials after locating the point of interest on the maps. As this requires locating the same point on a series of 12 maps, there may be some slight registration differences in the printing, and precise interpolation between isolines is difficult, there is the possibility of an error while reading the maps. I would suggest an independent computation of the values shown in Table 1. 

I also went back to your original records and tabulated the maximum 24-hr precipitation depths for Los Alamos. These data are plotted in Fig. 2. Also shown in Fig. 2 are the corresponding estimates from NOAA Atlas-2. Notice that the NOAA Atlas-2 estimates are some 20% higher than the observations suggest. These differences are i11ustrated in Fig. 3. However, the relationship shown in Fig. 3 is linear and very close to a straight line. This suggests to me that although there are differences in the absolute amounts of maximum 24-hr precipitation for the return periods, the relationships between amounts for the various return periods are very weU represented by the NOAA Atlas-2 estimates. 

In view of the differences between observed data and NOAA Atlas-2 estimates shown in Figs. 2 and 3, the NOAA Atlas-2 estimates may be high for the 24-hr period. However, since no data were available on shorter time periods (1 hr, 6 hr, etc.) the quality of these estimates (Table 1) are unknown. In the absence of actual data for periods shorter than 6-hr, I would recommend use of the data shown in Table 1. 

If you should have an opportunity to check my calculations in Table 1 or if you have any information on shorter time periods I would like to know. Thank you for the use of NOAA Atlas-2 and the opportunity to use your records. 

LL:em~~~ 
xc: W. Purtymun, H-8 

J. Rogers, LS-6 
J. Nyhan, LS-6 
T. Hakonson, LS-6 



\BLE 1. Precipitation Fre~uency Estimates for Los Alamos, NM (106°19'W, 35°52'N, 
Elev. = 7410 Ft) rom Precipitation Frequency Atlas, "NOAA Atlas-2" 
(Miller, et. al., 1973).1 

RETURN ESTIMATED RAINFALL DEPTHS IN INCHES FOR THE 
PERIOD GIVEN TIME PERIOD AND THE GIVEN RETURN PERIOD 

Tr 15-MIN 30-MIN 60-MIN 2-HR 3-HR 6-HR 24-HR ANNUAL2 

(YEARS) PJ5 PJo P6o p2 PJ P6 p24 PA 

2 0.56 0.77 0.98 1.11 1.20 1.36 1.76 17.99 
5 0.72 1.00 1.26 1.42 1.53 1.74 2.32 24.06 
10 0.82 1.13 1.43 1.62 1.75 2.00 2.67 25.79 

25 0.95 1.31 1.66 1.89 2.04 2.32 3.14 27.93 

50 1.07 1.49 1.88 2.13 2.30 2.61 3.57 29.03 

100 1.19 1.64 2.08 2.36 2.55 2.90 4.00 30.24 

1. Source: Miller, J.F., Frederick, R.H., and Tracey, R.J. 1973. NOAA Atlas-2, "Precipitation
Frequency Atlas of the Western United States, Volume IV-New Mexico," U.S. Dept. of Commerce, 
NOAA, National Weather Service, Silver Spring, MD. 

2.Source: Abeele, W.V., Wheeler, M.L., and Burton, B.W. 1981. "Geohydrology of Bandelier 
Tuff" Los Alamos National Laboratory report, Manuscript in press. 

3. Interpolated values. 
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ATIACHMENT 1 

A Reasonable Worst-Case Water Balance for LANL Hazardous Waste 
Disposal Areas, With Emphasis on TA-54 

The water balance for LANL's hazardous waste disposal areas submitted to EID by LANL on November 1, 1984, did not adequately estimate the potential for infiltration at those areas. Since this submittal was LANL's second attempt at a water balance, the EIO drew up the following water balance. 
1. Precioitation 

The EID is aware of four precipitation stations relevant to LANL hazardous waste disoosal areas. The data we currently have available from these stations is shown on page two. 

These records show that winters at White Rock - and, presumably, at TA-54, which is only two miles away - are significantly drier than at Los Alamos or TA-59/TA-3. Since the non-summer months are the anes most likely to 
experie~ce precipitation in excess of evapotranspiration (ET) requirements, applying precipitation data from TA-59/3 or from Los Alamos to TA-54 will tend to overestimate both annual precipitation at TA-54 and the proportion of that precipitation that may be available for infiltration. 

For the Los Alamos station, a LANL employee has estimated the frequencies of occurence of annual precipitation totals that equal or exceed given values (Lane, 1981). These are: 

RETURN PERIOD 
2 years 

5 
10 
25 
50 

100 

ANNUAL PRECIPITATION IN INCHES 
17.99 (i.e., 17.99 is the median 

annual precipitation) 
24.06 
25.79 
27.93 
29.03 
30.24 

To round out this picture, it is desirable to gain some idea of past rainfall from the interpretation of local tree-ring data. In one careful recent study, the authors found no reason to discard their initial premise that the quantity of annual precipitation for the Santa Fe area has remained roughly the same for the last 1000 years (Rose, Dean, and P:binson, 1981). Their work showed that excursions in 10-year averages of annual precipitation at Arroyo Hondo have not exceeded about three inches in the 1000-year record they examined. 



l'rccipil:ll ion O;lt:t Relevant to a l.J.1tf'r H:llancf' al T.ANT. Disposal Areas 

Annual Location Average Precipitatii)n hy Nonth in Tnch<'s Total 

J F N A H J J A s 0 N D White Rock 0.25 0. :u. 0.24 0.32 1.20 1. ')0 :1. 2 <) 3 J1R 1. 73 1.02 0.39 0.67 13.50 (9 years of record hf'rc; ,~J,•vation circa 6700') 

TA-.59/TA-3 0.82 0.(17 1.14 0.82 1.16 ]. 10 J.LO 3.86 1.73 1.47 0.99 0.97 17.93 (33 years combined record; rlevation circa 7400') 
I 

!'-:) 

I 
Los Alamos 0.84 0.70 ]. 0 l 1.01 ]. 25 1.13 3.29 1. (,9 2.01 1. 61 0.70 0.93 18.37 (60 years of record; elevation 7410') 

TA-.'>4 
(13.45) (5 years of record; .1nmwl lot:1l based on 75% of TA-59/1, ;~s pf'r AprH·nd i x TT, p. 41; elevation circa 6700') 

· (Data from Appendix Ir, Cahin and Lesperance, and 



LANL's water balance cites an article which apparently throws a dark cloud on all of dendroclimatalogy, but we have not yet been able to access this article. Only note that, if rising C02 levels in the air are a competent cause of decreased tree ring response to moisture, even on semi-arid sites low in other plant nutrients, the effect will be to bias dendroclimatologists toward over-estimating past rainfall. LANL's water balance analyzes possible infiltration from a synthetic rainfall year composed of each of the highest monthly precipitation totals recorded at TA-59/3. This gives an annual total of 57.47 inches, almost twice the estimated 100-year annual precipitation. This figure is roughly equal to the average annual precipitation in Vancouver, B.C.; it is not clear that such a precipitation year could ever occur at Los Alamos without the climatic conditions that may have prevailed here in the Pleistocene. Hence, EID believes LANL's precipitation scenarios to be overly conservative. 
A recent LANL study (Abeele, Wheeler, and Burton, 1981) used methods which were not explicit to study Los Alamos tree rings. In the period examined (which ap~arently extended at least back to 1523), the maximum annual precipitation indicated by the tree ring data was roughly 40 inches, in 1597. 

A more reasonable approach than that of the LANL water balance might be to analyze the water bala~ce under a suite of reasonable worst-case assumptions. :f significant infiltration could occur under any of these regimes, ore m~st determine both the robustness of this result and where this infiltrated water would be likely to go. T~e synthetic precipitation regimes that will be examined for TA-54 are shown on page 4. 
For LANL disposal areas at roughly the elevation of TA-59/3, the first scenario on page 4 represents typical, rather than worst-case, conditions. The remaining sections of this report will focus on TA-54; generalizations to wetter areas are left to the reader. Note that the second and third synthetic records shown on page 4 slightly exceed the 100-year annual rainfall at Los Alamos. 

2. Runoff 

The LANL water balance estimates runoff at a flat 20% of incident precipitation, ostensibly based on an SCS Curve Number of 82. There are at least four reasons why this approach will overestimate runoff: 
a. Precipitation is assumed to occur as rainfall only. The months of greatest interest experience significant snowfall; snow is less likely to produce runoff than rain. 

b. To apply the SCS method, the frequency spectrum of individual storm magnitudes must be known in detail. Appendix II assumes storms deposit an average of roughly 1.25" of rain per storm; this is far too great. 

c. What is locally runoff may become infiltration elsewhere, e.g. by running down a ramp into an active pit. 
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"Worst-Case" Precipitation s,:,•n:ll·iq:; fnr TA-5h 

Annual 
SCCI1.11- i 0 Precipitation hy Nnnr:h Total 

.T F H A M .T .T A s 0 N D I . Wet dcc;tde o.~v. (). 711 I. 01 1. 0 I 1.25 l. :n :1 • :~ <) J. (J<J 2.01 1.61 0.70 0.93 18.37 at TA- ')t, ~ da t:1 shown is thl' .1vf'rar,e recorded for Los AL1n10s. 

2. Wet single 0.82 0.67 ]. 14 0.82 1. 16 ]. 10 ].70 J. R(, 4.55 6. 77 6.60 2.85 33.54 yea_r at TA-54; d."lta shown .1rc monthly autumn maxima from TA-59/3: halanct~ of year is average TA-59/3 data. 

I 3. Wet single 2.81 1. R7 4. 11 3.23 3.50 3.!10 1.20 3. 1)(, ]. 73 1.47 0.99 0.97 31.14 -t>. year at TA-54; d.1t:1 ~hown :11·c monthly spring maxima from T/\-'11)/J: h.11.-1nc0 of year is average TA-59/3 data. I 



d. Moist (neither wet nor dry) antecedent moisture conditions are assumed 
in the LANL water balance. Most storms will occur with dry antecedent 
conditions. 

A reasonable worst case analysis would assume that the precipitation of 
greatest interest (that is, precipitation with the greatest potential for 
infiltration) falls either as slow-melting snow or as individual storms of 
less than 0.5 11 in magnitude. These conditions will produce little or no 
runoff from TA-54, and no abstraction for runoff will be made in the water 
balances to follow. 

3. Interception and Depression Storage 

To the extent that evapotranspiration (ET} figures are computed from data 
for crops or natural vegetation that receive water from rain, snow, or 
artifical sprinkling, these ET figures already include interception 
losses. While in forested areas or other situations involving a high leaf 
area index, or in situations involving roofs, interception is important, 
it is not likely to be very important at TA-54 due to the sparse plant 
cover. The potential interception from a 211 grass lawn has been estimated 
to be on~y 0.01~ (Lull and Sapper, 1969); other estimates and references 
can be found in Dunne and Leopold (1978). In the following analyses, an 
interception of zero will be assumed. 

In order for depression storage to be significant in preventing 
infiltration, impervious depressions must be present. These conditions 
are not, to our knowledge, present at TA-54 to any significant extent. 

4. Evapotranspiration 

Discussions of evapotranspiration (ET} are often lent an unnecessarily 
abstract quality by the use of the ~potential .. ET (PET) concept. PET 
cannot be measured either directly or indirectly; nevertheless several 
traditional formulae exist to predict what it would be if it could be 
measured. What can be measured is the actual ET of a site, and this has 
unfortunately not been measured at any of the LANL disposal areas. 

Observation of low moisture levels in the tuff at TA-54, and the apparent 
invariance of this low level with depth beyond a certain depth, lend 
credence to the idea that infiltration is small at TA-54 (e.g., Ajrahams, 
Weir, and Purtymun, date unknown). Since runoff is not large eit1er, 
except perhaps in summer thunderstorm events, a close upper bounc for the 
average annual actual ET is simply the precipitation that falls en the 
site. 

In a wet year, transpiration by plants, as well as evaporation from bare 
soil and snow, will increase above this average value. Winter 
transpiration alone will not increase very much, however, and will hardly 
increase at all if only winter-dormant species are involved. Summer 
transpiration will also increase in a wet year, but not indefinitely and 
not to the extent that would be possible in denser vegetation communities. 
The upshot is that while ET will be greater in wet years, there is no 
guarantee that it will increase sufficiently to prevent infiltration. The 
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incontrovertible evidence that infiltration does occasionally occur is 
discussed in a later section. 

The Blaney-Criddle method for computing the consumptive use of an 
irrigated perennial crop will be used to predict the maximum ET that could 
be experienced in a given month (i.e., the PET). This empirical formula 
uses day length and mean air temperature to calculate PET. ·The version of 
this formula used here (Soil Conservation Service, 1970, cited in Dunne 
and leopold, 1978) is more recent, and significantly different, than that 
used in Appendix II (Cruff and Thompson, 1967). The table below gives the 
PET for mature alfalfa (a highly water-intensive crop) grown in los 
Alamos. That is, these values purport to predict consumptive water use by 
freely-irrigated alfalfa in Los Alamos. 

Month k PET 

J 0.63 0.39 in. Here PET= 0.3937(0.142Ta + 
F 0.73 0.49 in. 1.095)(Ta + 17.8)kd when Ta 
M 0.86 0.91 in. 3oc, and PET = 0.3937(Ta · 
A 0.99 1.89 in. ~ 17.8)kd when Ta JOC. 
M 1.08 3.68 in. Here PET is in inches, k is the 
J 1.13 5.84 in. crop coefficient for alfalfa 
J 1.11 6.53 in. shown above, and d is a day 
A 1.06 5.42 in. 1en~th ~ariable (Dunn and s 0.99 3.63 4 n. Le0ccid, 1978). 
0 0. 91 1.99 in. 
N 0 . .78 0.70 in. 
0 0.64 0.42 in. 

Annual Tota 1: 31.86 in. 

The potential ET for bare crushed tuff backfill, or with a cover of sparse 
grass and widely spaced trees, will be less than the PET for alfalfa shown 
above. Note that the annual PET computed for TA-54 in LANL's water 
balance was 41.89", using an earlier version of the Blaney-Criddle 
formula. This is unreasonably high. 

Regional actual ET values have been measured for vegetation types that may 
approximate in some cases, and bracket, in other cases, the LANL 
situation. The following actual ETs show, in a broad way, that ETs for • 
forested land tend to be greater than those for brush or grass and are in 
every case less tnan that for the alfalfa ciscussed above (cases cited in 
Rich and Thompson, 1974): 

Cover Tyoe location Season ET for Season 

grassland co June-Sept. 9.5 inches 
grassland UT May-Nov. 10.0 
brush UT May-Nov. 13.9 
pine AZ May-Oct. 23.6 
aspen co June-Sept. 18.8 

The following annual values for ET have been obtained in three 
instrumented watersheds south of Flagstaff on the Mogollon Rim. These 
watersheds lie in elevations between 5000' and 8000' and have soils 
derived from basalt and volcanic cinders which range from clay to clay 
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learns and which restrict infiltration. Actual ET figures were obtained by subtracting streamflow from precipitation, and so contain interception, snow sublimation, and any ground water recharge (this last is believed to be very small) (Baker, 1982). 

Dominant Vegetation Type 

Utah Juniper Alligator Juniper Ponderosa Pine (lower elevation) (medium elevation} (highest elevation) 
Annual 
Precip. 18.03 in. 20.71 in. 25.50 in. 
Annual 
ET 16.97 15.94 19.94 
Basal area 
per acre 60 ft2 20 ft2 125 ft2 
These watersheds are located at approximately the latitude and elevation of Los Alamos ard receive annual precipitation, on the average, that is at least that received at LANL's disposal areas. Although the basal areas shown do not define dense forests, these ET values include whatever brush and rerbacecus spec~es that may be present in t~e understory, and the :ransp4ratory abili:y of these associations is probably at least that present at TA-54. 

At LANL, deep-rooting plants (including all trees) are prevented from growing on backfilled areas at Area G, and at any other areas where hazardous materials (such as tritium) may be drawn to the surface by transpiration. Trees will certainly send roots preferentially into disposal pits, both because it is mechanically easier to grow there and because increased infiltration in those areas may create a more favorable moisture environment for plant growth. Studies cited in a LANL report (Rogers, 1977) document tritium uptake by plants at Area G. 

It follows that the Arizona watersheds provide a reasonable high estimate of actual ET for LANL disposal areas. ET at TA-54 could not reasonably be expected to be greater than 20 11 except in the wettest years, and on the average would be so~ewhat less than the 16-17 11 experienced in the juniperdominated watersheds. It is reassur~ng that these numbers are at least in the same range as the incident precipitation at LANL. 

Unfortunately, the only way to ~ priori distribute, without actual measurement, these annual estimates of ET among the 12 months of the year is to refer to the estimates of PET we have made above. Assuming these estimates are good ones, and assuming we are happy with a 12-interval discretization of the year's hydrology, we must then translate PET into actual ET. 

If the soil is thoroughly penetrated by roots, and if the plants involved are actively transpiring, ET will proceed at the PET rate until the soil moisture tension reaches some threshold level, after which it will fall off according to some {unknown) relationship. The ratio of ET/PET when 



moisture is limiting has been investigated by many researchers, with conflicting results that apparently depend on factors unique to the particular experiments. Reviews of this work along with the results of experiments in New Mexico can be found in the bibliography (Sammis, et.al., 1979; Gregory and Hanson, 1976; Al-Khafaf, et.al., 1979; Spurr and Barnes, 1973; Dunne and Leopold, 1978). 

In the dormant season, when ET is of most interest to us (and of least interest to the agricultural researchers), ET/PET apparently falls off more quickly than when roots are active. According to one review, soil evaporation falls off to·an ''insignificant value" after 0.2 to 0.4 inches of water has evaporated, due to the for~ation of a dry soil mulch at the surface (Dunne and Leopold, 1973). 

It follows from the above discussion that it is crucial to know the species, active seasons, rooting depths, and cover densities of vegetation both now and in the future at LANL's disposal areas, if we are to 
~nderstand the present and future water balance at those areas. Even though the native vegetation appears to have been capable of establishing an ET reaime that has led to a constant and lew moisture content in the tuff at depth, the treeless shallcw-roo:ed vegetation that has been described as present at TA-54 now may net either be able to extract water as efficiently, or for as many months of the year, as the original vegetatlcn. 

In the present rcugh-and-ready analysis, vegetative dormar.cy {and the "dry-soil-mulch" .effect) are not considered beyond the extent they may already be incorporated into the Blaney-Criddle formula. The present analysis may, therefore, overestimate winter ET and underestimate winter infiltation. to some extent. 

Actual ET for the ith month is computed as follows: 

where: 

ET = (PET/AWC)(SM;-1 + SMi)/2 

PET is potential evapotranspiration in inches 
AWC is the available water capacity of the soil in inches SMi-1 is the soil moisture at the end of the previous month in inches, and 
SM; is the soil moisture at the end of the current month in inches. 

SMi is. in turn, 

SM; = SMi • if 0 ~ SMi • ~ A'rJC, and = AWC if SMi I ;;• AWC 

where SM;' = SM;-1 +P-ET. 

Eliminating ET gives SMi' = [SMi-1 (1- PET/2AWC) + P] I (1 + PET/2AWC). 
This is the linear assumption of Thornthwaite applied to discrete monthly intervals, i.e., ET/PET when soil moisture is limiting is proportional to the difference between soil moisture level and field capacity. Other 
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assumptions could be used, but the main conclusions that will be reached 
are, we believe, robust with respect to the functional form of the ET/soil 
moisture relationship. 

5. Soil Moisture Storage 

In the interest of time, the approach used in Appendix II to model 
moisture storage in the soil is provisionally applied here. Note that the 
discharge and storage of soil moisture is assumed to take place evenly 
throughout the soil profile in this approach, and soil and tuff beneath 
the average rooting depth is assumed to not contribute to ET. It almost 
certainly does contribute to ET, as will be discussed later. 

In the water balances below, the value for available water capacity (AWC) 
given in Appendix II of 4.96 inches (for crushed tuff) is used. By 
comparison Appendix II uses an AWC value of 5.43 for undisturbed soil. 

6. W~ter Balances 

The water balance which obtains from Scenario 1 precipitation is shown as 
Case 1 in the fo:lowing table ana graphically on page 12. The soil 
moisture cycle represented by case 1 is quickly reached from a variety of 
initial conditions, as shown in Cases 3 and 4, and perturbations, such as 
a very wet ~onth as shown in Case 2, quickly d7e cut. Under Scenario 1, 
Aoril arrives with the soil just reaching field capacity, and no 
infiltration ever occurs; actual ET is equivalent to precipitation.* 
Kecall that this .represents a fairly wet year at TA-54, and represents a 
typical year at the Los Alamos weather station (or at TA-59/3, which has a 
similar elevation and precipitation record). 

If a single wet month occurs in the fall, or if the soil should enter the 
fall nearly saturated due to unusually heavy rains in September, 
infiltration will occur in every subsequent month until April. As can be 
seen in Case 2, the total amounts of infiltration can be significant under 
these assumptions. 

Scenarios 2 and 3 result in very large amounts of infiltration in several 
months, giving up to 7 months of infiltration in the case of Scenario 2. 
These scenarios, which have long return periods (~>100 years at TA-54) 
will not be discussed further. 

At TA-54, winters (and April) are significantly drier than at Los Alamos, 
on the average. Neve~theless, it is hard to see why infiltration would 
not occasionally occur there, as it does at Los Alamos, during periods of 
wet weather. Unlike at the Los Alamos station, however, PET exceeds 
rainfall in every month except December, and the propect of several months 
of infiltration occurring after a wet fall ~onth does not seem to be very 
likely, unless those following months are also unusually wet. 

*Actually, in a soil at field capacity, slow drainage does in fact occur. 
Note that we have essentially assumed, in the above, that a dense crop of 
mature alfalfa is ready, all the time, to transpire moisture at TA-54. In 
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l.i\~!1. l·.';tlo·r B:d:lllcr: Case I: SL<'·1dy-St ;JI ,. 

------------------- . ---~ ----- ·-·- --- - --- -- - ---
J ,, 11 I·\· h tlar Apr ~kay .Jun .lui 1\ ll ;"). Scp Oct Nov Dec 

------------ ----·------ -- ---------------
Prccip. 0. 811 o. 70 1. 01 1. 01 I. 25 I. 11 ).2fl 1. (>9 2.01 I. 61 0.70 0.93 

------- ------------------- --· 

PET 0.19 I) .It 9 0.91 I. 89 3.61-l 5. ~v. (). •,) 5 .lt2 3.63 1. 99 0.70 0.1.1 
-----· --- --- -- -- -----------

Soil Hoistun~ I,. f> I t,. Hit '·· 95 '•. 2 2 2.85 1 '') . ) . :.>.10 'l. ()(, 2.89 3.27 3.49 4. 11 
- ·- ----- - -------- -- -- ------------

ET 0. )It O.lt7 0.90 1. 75 2.62 7..')1 2. ',J 2.93 2. I 7 I. 23 0.48 0.31 
-----

Potential 
Infiltration 0 0 0 0 0 {) () 0 0 0 0 0 a 

I 

------- -------------

Case 2: Very \-1,, I. i·lnv··•nhf'r 

-------- ---- ---- ---------- ----

Precip. O.Slt 0.70 1. 01 1. 01 I. 25 I. 3 J "). 29 ).()<) 2.01 l. 61 6.60 0.93 
--------

PET 0.19 0.'•9 0.91 1.89 3.68 ,. ,,, 
.) • ') I (). 'iJ 5 I 'l • I~ 3.63 1. 99 0.70 0.41 

Soil Moisture 4. 96 ~~. 96 4.96 4.22 2.85 I. 52 2.30 3.06 2.89 3.27 4. 96 . 4.96 

ET 0.39 0.49 0.91 1. 75 2.62 2.57 2.51 2.93 2.17 l. 23 0.58 0.41 
----

Pntf'nti.1l 
Tnfi1tt·,,tinn (). '• 'i 0.71 0.10 0 0 () 0 0 0 0 1,. )] 0.5~ 



J.t\~1. l\;Jlf'r na 1 a nee: Case 3: Bt'ginning f•-on, the willing point in Hay 
--------- ---

.1.-.n F1·h ~Ia r A ·-r May .ltrn .ltrl AtrL So•p Oc l Nov Dec 
--------

Prec· i p. O.M 0.70 I. 01 1.01 I. 25 1.13 3.29 1. (,9 2.01 I. 61 0.70 0.93 
----

rET 0.39 0 .lt9 0.91 1.89 3.68 y. 81, 6.53 ') ·'' 2 3.63 1.99 0.70 0.41 
----- --------

Soil Noisturc I,. (,0 I,. RJ 4. 94 4.21 0* 0. w. :>. J(} 3.02 2.87 3.25 3.48 4.10 
------ --- -----

ET 0 • 3L, 0.23 0.90 l . ]It 0 -'• <) I. 97 2.83 2. 16 1. 23 0.47 0.31 
------

Potf'nti:ll 
Infiltration 0 0 0 0 0 0 0 0 0 0 0 0 -I 

Case 4: fif'r,innin1~ witl1 soil at field cap<1city in January 

Precip 0. 8lt 0.70 1.01 1. 01 1. 25 1.13 "1. 29 3.69 2.01 I. 61 0.70 0.93 
---------

PET 0.39 0.49 0.91 1.89 3.68 5. 8'• 6.53 ') .1~2 3.63 1.99 0.70 0.41 

Soil Moisture lt.96 lt. 96 4.96 4.22 2.85 0.84 2. 16 3.02 2.87 3.25 3.48 . 4.10 

ET 0.1') O.lt9 0.91 1. 75 2.67 0 .f, C) J. 97 2.R3 2. J 6 1. 23 0 .It] 0.31 

Pnt~nti:tl 

Inf i It r.1t ion 0 ·'' ') 0. 21 0.10 0 0 0 0 0 0 0 0 0 

,•.- in i l i al month 



Potential Evapotranspiration, Computed Average Actual Transpiration, and Precipitation at Los Alamos, NM 

( -

l .. - ---~--------~-----t------+---·· ---.----- -i·---····· t ... t t ---- •.. ·---- • 
>..I I . ' F .... .: .... -- . 

' t', "' 
t-- ' 

C ?O:ential ET (E:aney-Crid~le alfalfa). See text for assumptions. 6. average actual:.:- u:-.der Lcs Ala;:-.os prec:?itatio:-: (Scenario 1). ~ee te~:t :or assunptior.s. 
8 avera£e Los Ala=os ?recipitation. 
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the case of bare or nearly-bare soil, actual ET values will be lower, and infilitration higher, than the figures given. 

7. Evidence of Infiltration 

The average relative humidity at Los Alamos is circa 40% (DOE, 1979). The soil moisture tension which will equilibrate with this humidity is more than 1000 bars (for pure water) (Hillel, 1980). The circa 4% wetness found in the tuff in some investigations (Abrahams, Weir, and Purtymun, date unknown) is, presumably, much greater than the wetness which would produce 1000 bars of tension. {Unfortunately, moisture tensions do not appear to have been measured in the field at LANL to date). This high ~etness must either be a "fossil" wetness remaining from past climates (presumably> 1000 years ago; see section 1) or a quasi-equilbrium established in the present infiltration, percolation, and ET regirr,e. Even the 1% wetness reported for tuff at depth (30-80 meters) at TA-49 (Abeele, Wheeler, and Burton, 1981) appears to result in a suction that is less than the wilting point (see the calculated moisture characteristic curve in this same publication). 

Cne of the papers cited above (Abrahams, Weir, and Purtymun, date unknown) ~easured little infiltration below ten feet with most infiltration not sinking belcw a deoth of six feet. Unfortunately, these results cannot be applied direc:ly to TA-54 because: 1) the degree of welding in the tuff ;;ay net be t~e sarr.e; 2) the clayey layer which was so effective in 
~~eventing infiltration may not be continuous at the experimental site, let alone at TA-5.4, where soil cover is not continuous; and 3) disposal pits hawe no developed clay layer to impede infiltration. Note that if moisture tension is constant with depth, a net downward water flux is occurring, assuming the osmotic tension is constant with depth. Therefore the constant soil-moisture-with-depth curves shown in the above publications are consistent with the existence of net infiltration. Soil moisture tensions would have to increase roughly 3 bars every 100 ft to counteract the effect of gravity. 

Measurements at a neutron probe hole in backfilled material in Area G (location unknown to us) sho~ed a total of 9.44 inches of infiltration in 1978 and 1979, due at least in part to an extemely wet November in 1978. Prcmpt infiltration to 25 meters was also observed at Area C (Abeele, Wheeler, and Burton, 1981). It is unfortunate that LA~L has not installed (to cur knowledge) a set of comparable long-term soil moisture holes that would allow construction of a wetness spectrum from the "high"infiltration areas at LANL•s western boundary to the low-infiltration areas on its eastern boundary. 

One detailed LANL report (Rogers, 1977) shows photographic evidence of wet patches alternating with dry patches in tuff following a large storm event. In addition, water was observed to issue into an open disposal pit from the soil/tuff interface during this storm event, and to run out from open joints into the pit. These processes will presumably occur with or without crushed tuff backfill and suggest that flow patterns in the tuff will focus in excavated (higher permeability) areas, as would be predicted theoretically. 

GM:egr 
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H,y~rologic cbl!ractcristics of l".n esh :'lov 

tu~f at Frijoles Mesa, Los fl~s ~,ty, New Mexico 

By 

williem D. Purtymun and John H. !brohf'!:.B 1 Jr. 

Albuquerque, N. Mex. 

A.bstract 

The spe·.::1~ic yield of rm cs:h :!'low tuff is related to porosity 
while the coe~ficient of permeability is independent of the porosity 
and is related to the pore size distribution. Fluid :mcver.:ent in the 
lower third of the flov as it cools could result in larger horizont!'~ 
permeability in direction of movement then vertical permee.billties. 
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lb'drologic characteristics of en aah f'lov tu:f':f 

at FriJoles Mesa, Ios Almoos County 1 New Mexico 

~ 

William D. Purtymun and John H • .Abrabams, Jr. 

Work done in cooperation v1 th the' 

u.s. Atomic Energy camn1as1on 

FriJoles Mesa in IDs Al8DX)a County is about 5 miles eouth ot 

the city ot Los Alamos 1 1n north-central 1few Mexico. 1'he mesa is 

Wlderlain by a series of ash tella tmd ash nova JZDre than 900 

feet thick. The eydr<>J.osic characteristics, porosity, speci:f'1c 

yield, pore-size distribution, end coef'ficient ot pe.rmeability of 

the upperm::>st tlov were detemined in a study made in cooperation 

with the Los Al!IIOOS Scientific Laboratory at Los Alamos, ftew Mexico. 
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!he eah flov is coawosed o~ rb)'oli te tutt end ia ea mucb u 

a:J :teet thick Dttfll" the center ot tbe mna. It 1a a l18ht gray to 

llsbt pinkish grey, containiz:w pherlocryata ot quertz, s8llid1ne, 

dwitrU'ied puad.ce, J'tqollte 8Dd l&t1te rock frltfPI*l'ta in a sround 

me88 ot dfJV"itri:tled sl.Baa ahard.a. The eeh flov exhibits zonsl 

vsriet.:.ons ot weldillS ot • alJaple coolitl8 unit (aaith, 1961) by 

cheJ:lSea in porosit7 in a vertical HC:tioo. 1'he srnter poroaiti .. 

occur 1n the upper Blld bMel pug ot tbe tlov. Smeller poroai ties 

( zotae ot denser wl41ng) occur in tbe lower third ot the now. 1'hl 

pon a.:ae d1atr1buti011 1tld1catee that the 1-.er pore size decreaM8 

Vi th iocreeaed depth. 

1!le specific yield or the turt 1a Nle:ted to tbe porosity ltD1 

with a general deereaae 1n po:roaity tb8Jrtt 1a e decrease in speci:f:l.c 

yield (f:I.a· 1}. 'fbe coeft'1c1er:rt ~ pcM•biltty is related to pore 

..:__ifiiUl'! l (c!Jftion ozt. Pij!) belOi'il near be£e. 
aize distribution ratber thea poroei t;r. 1M pel'UIIHb1l1 ty decreases 

.t 1Dcl"HM4 4epth Yith a decntUe in pore aise s:reater than o .1 J1lll 

('tabla l). 
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Figure 1 The relationship ot specific yield to porosity of an 

ash flov tuff'. 
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Table 1.--Jtldrologic cheracteristics of en e.sh flow tu.ff, 

Frijoles Mesa, Ios ft~ermos County, New Mexico. 

(analyses by the U.S. Geol. &lrvey) 

Height 
PoJ.ity 

Coefficient of' Pore size 
above base permeability distribution 

of flow (percent) (gallons per day (percent of 
(feet) per square foot) porosity) 

Vertical Borizontsl >.Ol nm < .01 Din 

59 54 2 

47 50 3 3 39 61 

47 511 6 5 26 74 

40 51 4 4 20 80 

29 49 1 

22 41 .1 2 20 80 

20 47 2 2 15 85 

19 42 1 .8 

12 38 ·9 l 

1 51 1 17 83 

1 49 ·9 2 10 80 
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The variations 1n vertical am horizontal permeabilitiea in 

the lover third of the nov~ be due to fiuid movement and 

compaction of the ash flow as it cools. Fluid mavement of the 

flow as it cools could result in elongation of the pores in a 

horizontal plane and permeabill ty alorc tbe direction of JOOvement 

may be greater than that taken verticell.y or at right &r~gles to 

this movement. Three of the five horizontal permee.bill ties in 

the lower third of the flow renect a l8l'8er horizontal permea

bility (table l); bovever, the permeabillties were taken in random 

directions aDd no attempt was made to orient them in the probable 

direction of movement of the flow as it cooled. 
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Illustrations 

F1sure 1.--Relationship of specific yield to porosity of an 

ash :flow tuff. 
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Tflbles 

TPble 1.--Hydrologic chnracterist~cs ot an~sh flov tuff, 

Frijoles Mesa, L:.ls Alamos County, lfew Mexico. 
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GEOHYDROLOGY OF BANDELIER NATIONAL MONUMENT, NEW MEXICO 

by 

William D. Purtymun and Howard Adams 

ABSTRACT 

Bandelier National Monument is located on the eastern slopes of the Sier
ra de los Valles and the Pajarito Plateau. The Pajarito Plateau was formed 
by a series of ash flow and ashfall of rhyolite tuff. Perennial and intermittent 
streams have cut the surface of the plateau into a number of narrow 
southeast-trending mesas separated by deep canyons. Perennial surface 
flow occurs in Canon de los Frijoles and in the upper and middle reaches of 
Alamo, Capulin, Medio, and Sanchez Canyons. Of the five springs in and ad
jacent to the Monument, three discharge from perched aquifers and two 
from the main aquifer. Water in the deep main aquifer moves south to 
southeast in the Monument. Along the western edge of the Monument, the 
intrusion of volcanic rock of the San Miguel Mountains forms a barrier to 
the movement of water from the recharge area in the Valles Caldera. About 
4{}.4 km~ of the drainage area in the upper and middle reaches of Canon de 
los Frijoles, Alamo. Lummis and Capulin Canyons were burned over b:v a 
wildfire (the La Mesa Fire) in June 1977. The geohydrology of the area was 
determined to assess the availability of surface and ground water in the 
Monument and to determine the impact of the wildfire on these water 
resources. 

I. INTRODUCTION 

Bandelier National Monument is located on the 
eastern slopes of the Sierra de los Valles and Pajarito 
Plateau, west of the Rio Grande, in north-central 
New Mexico (Fig. 1). The elevation ranges from 1620 
m along the Rio Grande in the southeast corner of 
the Monument to 3109 min the northwest corner on 
the crest of the Sierra de los Valles. The major part 
of the Monument is on the Pajarito Plateau. The 
plateau forms a broad apron around the flanks of the 
mountains, with its surface sloping gently from 
mountains toward the Rio Grande. The eastern edge 
of the plateau is terminated along the deep canyon 

of the Rio Grande. Southeast trending streams have 
cut the surface of the plateau into a series of long 
narrow mesas separated by deep canyons. 

Near the western boundary of the Monument, ex
truded volcanic rocks form the San Miguel Moun
tains, which bifurcate the plateau into an east and 
west segment. The crest of the mountains (St. 
Peter's Dome) rises to an elevation of about 2580 m. 
North of the San Miguel Mountains near the Monu
ment boundary, the western part of the plateau is 
uplifted about 100 m along a north-south trending 
fault scarp. South and east of the San Miguel Moun
tains the plateau slopes gently toward the canyon of 
the Rio Grande. 

1 
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Fig. 1. 
Physiographic features in the vicinity of 
Bandelier National Monument. 
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The wide range of elevations results in climate 
and vegetation changes from the Rio Grande to the 
crest of the Sierra de los Valles. Average precipita
tion increases from about 23 em along the river to as 
much as 76 em along the crest of the mountains. The 
average precipitation on the plateau is about 46 em, 
with about 70% ofthe precipitation occurring in late 
June, .July, and August during summer thunder 
showers. 

The average July temperature at the lower eleva
tions is about 23°C and on the plateau about l9°C, 
while average January temperatures along the river 
are -6°C and on the plateau -7°C. Juniper-grass 
lands with Russian Olive, some willow, cottonwood, 
and salt cedar are found along the river. The eastern 
two-thirds of the plateau is covered with pinon and 
juniper, while the western third and lower slopes of 
the mountains are covered with pine. Spruce, fir, 
and aspen intermingle with pine on the upper slopes 

2 

of the mountains. Alpine meadows are found on the 
south-facing slopes of the mountains. In June 1977, 
the La Mesa Fire consumed about 61.9 km2 of pinon, 
juniper, spruce, aspen and pine in and adjacent to 
the Monument. 

The purpose of this report is to present the general 
geohydrology in and adjacent to the Monument in 
order to evaluate the effects of the wildfire on the 
water resources. The study was made in cooperation 
with the National Park Service at Bandelier 
National Monument. It is based on hydrologic data 
collected by the Monument and by the Los Alamos 
Scientific Laboratory (LASL). The report includes 
data through 1978. 

The data are expressed in metric units. The fol
lowing table, conversion from metric to English 
units, is included for the convenience of the reader . 

To Convert From To Multiply By 

em In 3.94 x w-l 
m ft 3.28 
km Jnl 6.22 X 10- 1 

ma acre-ft 8.11 x w-• 
km 2 mi2 3.85 X I0- 1 

Lis gal/min 15.8fl 
rna;., ft 3/s 85.3 
£/s/m gal/min/ft 4.82 
m2/da~· ft 2/day 10.76 
m3/s/km2 ft 3/s/mi2 91.5 
kg ton 1.10Xl0 3 

kg/km 2 lh/mi2 5.71 

The generalized geology is presented as a basis for 
understanding the hydrology of the area. Detailed 
geology can be found in Hoss et al. (1961), Smith et 
al. (1962), Griggs (1964), Bailey et al. (1969), and 
Smith et a!. (1970). H 

The Monument is located on the southeastern 
Hank of the Valles Caldera, thus most of the rocks 
that outcrop are from volcanic cycles of eruption 
from the Caldera (Fig. 1). The generalized geologic 
map groups the outcrops in the area from oldest to 
youngest as the Galisteo Formation, Santa Fe For
mation, basaltic rocks of the Rio Grande, volcanic 
rocks of the Valles Caldera, volcanic rocks of the Pa
jarito Plateau, and alluvium (Fig. 2 and Table I). 
The volcanic rocks of the Pajarito Plateau 
<Bandelier tuff) are a part of the eruption sequence 
of the Valles Caldera, but are shown separately on 
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Fig. 2. 
Generalized geologic map of Bandelier National Monument (see Table II for description of 
units). 

the map as they form the upper surface of the Pa
jarito Plateau (Fig. 2). The volcanic rocks of the Val
les Caldera form the Sierra de los Valles and San 
Miguel Mountains, while the basaltic rock of the Rio 
Grande outcrops along the Rio Grande. A large ar~a. 
of basalts occur east of the river. Alluvium is found 

along the Rio Grande and in the canyons cut into the 
plateau in the southern part of the area (Fig. 2). 

The Monument is located on the western side of 
the Rio Grande depression, a structural basin that 
extends from southern Colorado through central 
New Mexico into northern Mexico.6 Major faults 
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TABLE I 

GENERALIZED STRATIGRAPHY OF MAP l 1NITS 

Map Unit 

Alluvium 

Volcanic Rocks of 
the Pajarito Plateau 

Volcanic Rocks of 
the Valles Caldera 

Basaltic Rocks of 
the Rio Grande 

Santa Fe Formation 

Galisteo. Formation 

Description 

River gravels of recent age in Capulin and Sanchez Canyons; 
Old alluvium and pediment gravels of late Pliocene or 
early Pleistocene age in lower Capulin and Medio Canyon 
and midreach of Sanchez Canyon. All are shown as QTg 
in Figure 2. 

Bandelier Tuff ( Qb) composed of ashflow and ashfalls of 
rhyolite tuff in units ranging from nonwelded to welded. 

Cerro Toledo Rhyolite (Qct) of rhyolite tuff and tuff 
breccias; Tschicoma Formation (Tt) of dacite and quartz 
latite forming thick massive flows and domes of the 
Sierra de Valles; Bearshead Rhyolite (Tb) of rhyolitic 
volcanic flows, domes, and intrusions; and the Paliza 
Canyon Formation (Tp) olivine-augite basalt, andesite
olivine basaltic andesite, and dacite and quartz latite 
in massive flows and domes. 

Basaltic andesites of the Tank Nineteen basalts and 
basaltic lavas and tuff of Cerro del Rio (TQb) and 
including interbedded sediments containing basaltic debris. 

Arkosic siltstone and sandstone with lenses of 
clay and pebbly conglomerate (Tsf). 

Shales, siltstone and conglomerate (Tg). 

along the western boundary of the Monument are 
part of the faulting associated with the Rio Grande 
depre~sion (Fig. :! ) . 

(U.S. Geol. Survey Gaging Station), about 18 km 
upstream from the mouth of Canon de los Frijoles, is 
about :ri X 103 km2 in southern Colorado and 
northern :Sew Mexico. 

II. SURFACE WATER 

Major canyons that originate in or cross the 
Monument are Canon de los Frijoles, Lummis, 
Alamo, Capulin, Medio and Sanchez. All are 
tributaries to the Rio Grande. 

A. Rio Grande and Cochiti Reservoir 

The Rio Grande is the master stream in north 
central New Mexico. The drainage area above Otowi 
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The discharge at Otowi for 78 years of record to 
1978 has ranged from 1.7 m3/s in 1902 to 691m3/sin 
19:!0. During 19ii the discharge ranged from 4.8 m3/s 
to 14 m3/s, with 5.3 X lOS m3 of water passing 
through the station. The daily sediment concentra
tions in 19ii ranged from 53 to 17 500 mg/l, with 
about 8.1 X 108 kg of sediments carried by the 
station.7 

During 1978 the discharge at Otowi ranged from 
6.8 m3/s to 114 m3/s with 8.6 X lOS m3 of water pass
ing through the station. The daily sediment con
centrations ranged from 76 to 6000 mg/l with about 



TABLE II 

CAPACITY OF COCHITI RESERVOIR 
BASED ON ELEVATION 

Elevation Storage 

(m) (ft) (rna) (Ac-ft) 

1621.5 5,320 56.7 X 10e 46,0W 
1624.6 5,330 72.4 X we 58,730 
1627.7 5,340 90.5 X we 73,410 

1.1 X W9 kg of sediments carried through the 
station.8 

Since 1973 a part of the flow of the Rio Grande has 
been impounded at Cochiti reservoir, about 9.6 km 
south of the Monument. Water impounded by the 
reservoir extends up the canyon into the Monument. 
In 1977, the maximum impoundment was at an 
elevation of 1622.4 m or near the mouth of Alamo 
Canyon (Fig. 3).7 In 1978, the maximum impound
ment reached an elevation of 1625 m. The capacity 
of the reservoir, based on elevations, is shown in 
Table II. 

Based on surface water records at Otowi and 
Cochiti before construction of the reservoir, it was 
estimated that the Rio Grande gained about 0.71 
m3/s of ground water inflow in a 41.6 km reach of the 
river from Otowi to Cochiti.9 Seepage investigations 
of the river in 1963 and 1964 indicated that 0.42 m3/s 
were discharged to the river in the reach between 
Otowi and the mouth of Canon de Frijoles. In the 
reach from Canon de los Frijoles to Cochiti the river 
was losing water to the sediments and volcanics un
derlying the river c hannel. 10 

B. Chaquihui Canyon 

Chaquihui Canyon heads on the eastern edge of 
the Pajarito Plateau and has a drainage area of 4.7 
km2 above the Rio Grande (Table Ill). Only a small 
part of the drainage area is within the Monument 
(Fig. 3). The channel is cut into tuff, basalts, and 
volcanic sediments, and has a steep gradient of 
about 9%. The middle reach of the canyon has 
perennial flow for a short distance from springs and 
seeps (Doe Spring) in the volcanic sediments. 

C. Canon de los Frijoles 

Canon de los Frijoles heads on the eastern slopes 
of the Sierra de los Valles and has a drainage area of 
51.5 km2 abO\·e the junction with the Rio Grande 
(Fig. 3). Almost all of the drainage area lies within 
the Monument. The canyon in the upper reach west 
of the Upper Crossing (Site No. D) is underlain bv 
some andesite and latite, but is mainlv cut into th~ 
tuff. East of the upper crossing and ~cross the Pa
jarito Plateau the channel is cut into the tuff to near 
the Rio Grande where basalts and volcanic sedi
ments underlie the channel. The basalts have 
limited downcutting of the canyon to the west. The 
gradient of the channel in the upper reach is about 
7%, while to the east across the plateau the slope 
decreases to about 3%. ~ear the Rio Grande where 
the channel is cut into basalts the gradient increases 
to about 7%. 

The surface flow in the canyon is perennial and 
generally extends to the Rio Grande except for short 
periods during the summer. The base flow is from 
springs that emerge from a densely welded tuff at an 
elevation of about 2570 km in the north and the west 
forks of the canyon as it cuts into the slopes of the 
Sierra de los Yalles (fig. :3). 

The C.S. Geological Survey made a series of low
t1ow measurements in the canyon from 1958 through 
1960 in order to determine increases or decreases in 
discharge in the various reaches of the canyon (Fig. 
3). 11

•
12 Stream discharge increased slightly from the 

springs in the upper canyon downstream to the Site 
I\o. D. Upper Crossing (Table IV). The Upper Cross
ing is near the major fault that crosses the cam·on 
(Fig. 2). The flow increase in this reach of the ~an
yon is probably due to thinning of the alluvium west 
of the fault (return flow from alluvium), to seepage 
from coalluvium on the canyon walls, and in part to 
the fault zone as water from higher elevations moves 
downward through the brecciated zone. The canvon 
walls west of Upper Crossing range from 120 to 250 m 
in height. Surface flow decreases across the plateau 
by evapotranspiration with some loss of water into 
the alluvium and underlying tuff. The alluvium in 
the canyon appears to be thin, probably less than 6 
m. East of the Monument Headquarters the al
luvium thins further and the channel is cut onto 
basalts and volcanic sediments. 

A surface water gaging station was operated near 
the Upper Crossing during 1960-62 (Table V). The 
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Fig. 3. 
Drainage area and location of hydrologic stations. 

drainage area above the station was 23.1 km2
• The 

annual runoff (i.e., drainage area to volume of run
off) ranged from 6.4 to i.l em. This station was 
moved in 196:3 into a reach of the canyon above the 
Monument Headquarters (Fig. 3). The drainage 
area a hove the relocated station was about 45.3 km 2• 

Runoff at the lower station ranged from 1.5 to 3.3 em 

6 

as the result of surface waters Joss across the plateau 
(Table V). 

The gaging station above the headquarters was ac
tivated in July 19i7 after the wildfire. The fire 
burned about 26.2 km2 or about 58% of the drainage 
area ahove the station. Runoff in 1978, after the 
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TABLE III 

DRAINAGE AND BURN 
AREAS OF CANYONS 

Drainage 
Area• 

Canyon kJD2 mP 

Chaquihui 4.7 1.8 
Slope 1 to Rio Grande 0.8 0.3 
Canon de Frijoles 51.5 19.9 
Slope 2 to Rio Grande 1.3 0.5 
Canyon 3 to Rio Grande 2.3 0.9 
Slope 4 to Rio Grande 1.3 0.5 
Lummisb 19.7 7.6 
Alamo 49.7 19.2 
Slope 5 to Rio Grande 1.0 0.4 
Capulin 51.0 19.7 
Slope 6 to Rio Grande 0.8 0.3 
Medio 17.1 6.6 
Sanchez 19.9 7.7 

Total 

---------
•At Rio (;rande. 

bTributary to Capulin. 

burn, was 128.2 X 10• m3 or about the same as oc
curred at the station (1964-69) before the fire (Table 
V). Though it appears that the volume of runoff ha:-; 
not changed, the time of collection and retention of 
precipitation in the drainage area has decreased. 
This resulted in larger discharge from runoff event". 

Burn Area 
The largest runoff event ( 1964-69) was 0.53 m3/s in 

.June 1965. During the post-fire period, July 1977 
through September 1978, 20 runoff events exceeded 
the discharge of 0.53 m3/s in 1965 (Table VI). The 
largest events, 51 m3/s and 88.5 m3/s were in July 
1978.'·" 

kJD2 

26.2 

6.0 
11.1 

3.1 

46.4 

mi2 

10.1 

2.3 
4.3 

1.2 

17.9 

The burn removed most of the vegetation in the 
drainage area, thus reducing the holding capacity of 
precipitation. This has resulted in larger discharge 
yields from summer storms. The maximum yield 
prior to the burn was 0.012 m3/s/km 2

• In a smaller 
canyon to the north the yield for a season of summer 
runoff events in 1967 averaged 0.024 m3/s/km2 

•
13 The 

discharge yield since the fire for the 20 events in 
Canon de los Frijoles has ranged from 0.015 to 1.95 
m3/s/km2

• The discharge yield is highly variable as 
the precipitation from summer storms is highly 
localized and rainfall intensity varies in a long nar
row drainage area such as Canon de los Frijoles. 

TABLE IV 

LOW-FLOW MEASUREMENTS OF RITO DE LOS FRIJOLES 
(m3/s) 

1958 1959 1960 --
Site No.• 10-20 4-16 4-29 6-3 9-3 10-12 5-16 6-20 Av 

A 0.025 0.014 0.008 0.003 0.025 0.014 0.015 
B 0.040 0.025 O.Oli 0.017 0.040 0.025 0.027 
c 0.059 0.042 0.034 0.034 0.045 O.o:34 0.041 
D 0.054 0.076 0.045 0.040 0.059 O.o:34 0.051 
E 0.034 0.074 0.042 0.034 0.028 0.042 0.02~ 0.040 
F 0.042 0.068 0.031 0.034 0.031 0.02.1) O.o:38 
G 0.034 0.062 0.037 0.034 0.028 0.048 ().028 O.o:38 
H 0.037 0.074 0.031 0.031 0.028 0.042 0.02:~ O.o:38 
I 0.034 0.045 0.031 0.034 0.023 0.040 0.02:~ o.m2 
,J 0.020 0.014 0.034 0.008 0.019 

---------
•For location, see Fig. 3. 
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TARLEV 

ANNUAL RUNOFF AT GAGING STATIONS 

Water 
Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1978• 

•After burn. 

Volume 

1()4 m• Acre-feet 

164.3 1332 
145.5 1180 
152.9 1240 

71.5 580 
102.3 830 
90.6 735 
83.0 673 

155.4 1260 
128.2 1040 
128.2 1040 

Runoff 

em in. 

7.11 2.8 
6.35 2.5 
6.60 2.6 

1.52 0.6 
2.03 0.8 
2.03 0.8 
1.78 0.7 
3.30 1.3 
2.78 1.1 
2.78 1.1 

Note: 1960-62 drainage area 23.1 km1 (8.9 mi1); 

1964-69 and 1978 drainage area 4.:;.:~ km 2 (17.5 mi1 ). 

D. Lummis Canyon 

Lummis Canyon heads on the Pajarito Plateau 
and has a drainage area of 19.7 km2 above the Rio 
(;rande (Fig. :l). About 6.0 km2 or 30% of the 
drainage area was burned over in the 1977 fire. The 
canvon is cut into the tuff in the upper and middle 
rea:·hes and into the basalts and sediments along the 
Rio (;rande. The gradient of the channel is about 
4%. 

Stream 11ow in the canyon is a result of snowmelt 
runoff or summer type storms. On July 5, 1977, after 
the burn, precipitation in the drainage area 
produced a runoff event, with a discharge estimated 
at (i.Il m3/s. The drainage area discharge yield for the 
event was o.:l:l m3/s/km2

, or slightly less than the 
OAI m3/s/km2 that occurred in Canon de los Frijoles 
on the same day (Table VI). 

E. Alamo Canyon 

Alamo Canvon heads on the flanks of the Sierra de 
los \"alles and has a drainage area of 49.7 km2 above 
the Rio Grande (Table II). About 11.1 km2 or 22% of 

8 

the drainage area was burned over in 1977. The up
per and middle reach of the canyon cuts mainly into 
the tuff and small segments of other volcanic rocks, 
while the lower reach above the Rio Grande is cut 
into basalts and sediments (Fig. 2). The gradient of 
the channel in the upper reach west of the Monu
ment boundary is about 7%, while in the middle and 
lower reach of the canyon the gradient is about 4%. 

Stream now in the upper, middle, and part of the 
lower reach is perennial. The base flow is from 
springs and seeps in the upper reach of the channel. 
Flow decreases eastward in the canyon as water is 
lost to evapotranspiration and infiltration into the 
underlying alluvium and volcanic rocks. Base flow in 
.July 1977 was 0.002 m3/s at Station K, 0.001 m3/s at 
Station L, and 0.0006 m3/s at station 0 (Fig. 3). 

On July 5, 1977, precipitation produced a runoff 
event similar to that in Canon de los Frijoles and 
Lummis Canyon. The discharge was estimated at 
7.6 m3/s. The drainage area yielded about 0.15 
m3/s/km2 or less than occurred from the same storm 
in Canon de los Frijoles and Lummis Canyon. The 
percent of burn in the drainage area decreased from 
42% in Canon de los Frijoles to 30% in Lummis and 
22% in Alamo, with runoff yield of 0.41 m3/s/km 2

, 

0.:33 m3/s/km2
, and 0.15 m3/s/km2

, respectively for 
the same storm. 

F. Capulin Canyon 

Capulin Canyon heads on the Pajarito Plateau 
but also receives part of the drainage from the San 
Miguel Mountains. The drainage area is about 51.0 
km2 above the Rio Grande. About 3.1 km2 or 6% of 
the drainage area was burned over in 1977. The 
channel is cut into tuff and volcanics in the upper 
reach west of the Monument boundary. East of the 
boundary on the Pajarito Plateau the middle reach 
is cut into the tuff and older sediments of the Santa 
Fe Formation. The lower reach is underlain by 
gravels, some recent and some older sediments. The 
gradient of the channel in the upper reach is about 
6% and in the middle and lower reaches is about 4%. 

Stream now in the upper, middle, and part of the 
lower reaches of the canyon is perennial. The base 
11ow is from springs and seep in the upper reach of 
the canyon. Base flow in July 1977 was 0.02 m3/s at 

' I 



TABLE VI 

MAXIMUM DISCHARGES ABOVE 0.54 m3/s (19 cfs) AND Rl'NOFF 

JULY-SEPTEMBER 1977-7S 

Date Time 

July 5, 1977 (Unknown) 
July 8, 1977 (18:00) 
July 9, 1977 (19:30) 
July 27, 1977 (15:30) 
Aug. 12, 1977 (08:45) 
Aug. 12, 1977 (15:15) 
Aug. 16, 1977 (01:30) 
Aug. 17. 1977 (20:15) 
Aug. 19. 19i7 (20:30) 
Aug. 20. 1977 (15:15) 
Aug. 20, 1977 (21:30) 
Aug. 22, 1977 (16:30) 
Sept. 2, 1977 (15:45) 
Sept.3, 1977 (14:30) 
Oct. 4. 1977 (17:00) 
.June 30. 1978 (13:00) 
.July 12. 1978 (15:00) 
.July 21. 1978 (13:45) 
Aug. 9. 1978 (20:30) 
Sept.24. 1978 (06:00) 

Stations Nand 0 (Fig. 3). Stream flow east of Sta
tion 0 (Base Camp) decreases with evapotranspira

tion and infiltration into gravels that make up the 
stream channel. 

G. Medio Canyon 

Medio Canyon heads on the southern flanks of the 
San Miguel Mountains and has a drainage area of 
about 17.1 km2 above the Rio Grande. Only the mid

dle reach of the canyon is within the Monument. 
The upper reach of the channel west of the Monu
ment boundary is cut into the volcanic rocks as
sociated with the Valles Caldera. The middle reach 
is cut into the tuff while the lower reach above the 
Rio Grande is underlain by older gravels, basalts 

and associated sediments. The gradient of the upper 
reach is about 13%, while in the middle and lower 

Discharge Runoff 

m'/s ft1/s m1/s/km2 ft3/s/mP 

18.5 653 0.408 37.3 
2.18 77 0.048 4.4 
2.55 90 0.056 5.1 

10.8 382 0.238 21.8 
10.9 386 0.241 22.1 
0.68 24 0.015 1.4 
1.42 50 0.031 2.8 
1.05 37 0.023 2.1 
6.63 234 0.146 13.4 

14.7 519 0.325 29.7 
7.48 264 0.165 15.1 

10.1 358 0.223 20.0 
1.59 56 0.035 3.2 
2.10 74 0.046 4.3 
1.25 44 0.028 2.5 
8.38 296 0.185 16.9 

51.0 1800 1.13 103 
88.5 3030 1.95 173 

1.39 49 0.031 2.8 
0.99 35 0.22 2.0 

reaches the gradient is about 4%. The stream flow in 
the upper reach of the canyon is perennial, fed by 

springs and seeps in the volcanic rocks. 

H. Sanchez Canyon 

Sanchez Canyon heads on the western flanks of 
the San Miguel Mountains and has a drainage area 
of about 19.9 km2

• Only a small part of the canyon is 
within the Monument (Fig. 3). The channel is cut 

into the tuff and other volcanic rocks west of the 
Monument boundary and into gravels and sedi
ments both recent and older as it extends eastward 

across the Monument to the Rio Grande. The 
gradient of the channel west of the boundary is 8% 
and east of the boundary to the Rio Grande is about 
4%. The middle reach of the canyon contains peren
nial flow from small springs and seeps (Fig. 3). 

9 



I. Other Drainage Areas 

Six smaller drainage areas are located near the 
Monument boundary adjacent to the Rio Grande 
(Fig. 3). All, except one described below, are steep 
slopes at the end of the mesas between major can
yons. The slopes contain no well defined stream 
channels. Runoff from the slopes is intermittent and 
occurs in many small channels during excessive 
precipitation. Slope 1 contains a small seep area 
high on the canyon wall. The seep is in sediments as
sociated with basalts and is covered by an area of 
vegetation. 

The one exception is Canyon 3 below Canon de los 
Frijoles with a drainage area of 2.3 km2 (Fig. 3). The 
upper reach of the canyon is cut into the tuff and 
near the Rio Grande it is cut into basalts and sedi
ments. The gradient of the channel is about 8%. 

III. GROUND WATER 

Ground water occurs as springs in or adjacent to 
the Monument. Some of these springs form base 
flow in several of the canyons. Five springs, two ad
jacent to and three within the Monument are 
described. There are no wells or test holes within the 
Monument. Hydrology of the Main Aquifer of the 
Los Alamos area (deep ground water body) is 
described from data collecterl adjacent to the 
Monument .3·"-'
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A. Springs 

Springs adjacent to the Monument are Doe and 
Turkey Springs (Fig. 4). Doe Spring discharges from 
sediments below a basalt flow in Chaquihui Can
yon. The spring is a large seep area on the north wall 
of the canyon. The seep area forms several deep 
pools in a short reach of the canyon. Turkey Spring 
discharges from volcanic rocks associated with the 
Valles Caldera. The spring discharge is about 1.41./s. 
This spring maintains surface flow in the upper 
reach of the canyon tributary to Capulin Canyon 
(Fig. 4). 

Springs in the Monument are located in the North 
Fork of Canon de los Frijoles (Station 3), Apache 
Spring (Station 7), and near the mouth of Canon de 
los Frijoles (Station 10). 
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The spring at Station 3, North Fork of Canon d~ 
los Frijoles, discharges from volcanics associated 
with the Valles Caldera. The source, perched aquifer 
in fractured, densely welded latites, is rather large as 
the discharge from this aquifer in both the north and 
west fork of the canyon forms the base flow in Canon 
de los Frijoles (Fig. 4). Base flow in the canyon below 
the junction is about 0.015 m8/s. Recharge to the 
aquifer is probably from a shallow water bearing 
zone in the Valles Caldera. 

The spring at Station 7 (Apache Spring) dis
charges from a welded unit of tuff on the north side 
of Canon de los Frijoles (Fig. 3). The water body, 
perched in the tuff, is small as flow from the collec
tion tank (built by Civil Conservation Corps in the 
1930s) is <0.06 lis. 

The spring near the mouth of Canon de los Frijoles 
(Station 10) discharges from volcanic sediments as
sociated with basalts. The discharge is about 0.1l/s 
and is from the main aquifer. 

About 20 springs and seeps discharge from the 
main aquifer along the Rio Grande north of Canon 
de los Frijoles. There are no springs and seeps south 
of Canon de los Frijoles along the Rio Grande.' 0 

B. Main Aquifer of the Los Alamos Area 

The surface of the main aquifer rises westward 
from the Rio Grande from basalts and associated 
sediments into a fanglomerate which lies below the 
tuff. North of the Monument along the western edge 
of the Pajarito Plateau the surface of the aquifer lies 
at a depth of 300 to 375m; the surface slopes gently 
eastward at about 10 m/km. The water in the aquifer 
moves from the major recharge area in the V a lies 
Caldera eastward to the Rio Grande, where a part is 
discharged through seeps and springs north of the 
mouth of Canon de los Frijoles. 

Tests of the main aquifer (in two test holes) on the 
plateau north of the Monument indicated a trans
missivity of 450 m3/day with 72 m of penetration of 
the aquifer and 750 m3/day with 152 m of penetra
tion. The test, at a pumping rate of 5 l/s, indicated 
specific capacity of 3.3 l/s/m and 4.6 t/s/m of draw
down for a 24-hr test. Based on the gradient of the 
potentiometric surface of the aquifer and hydrologic 
characteristics of the aquifer, the rate of movement 
in the aquifer was calculated to be about 120 m/yr. 

' I 
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Generalized contours of the potentiometric sur
face of the main aquifer were extrapolated from the 
Los Alamos area to the north into the eastern part of 
the Monument using the additional control of a well 
in Cochiti Canyon southwest of the Monument and 
wells and test holes east of the Rio Grande. 11 The Rio 
Grande above the mouth of Canon de los Frijoles is a 
gaining stream (ground water discharge to the river) 
while below the mouth of the canyon the river is a 
losing stream (river recharging the aquifer). Thus 
the surface of the aquifer north of Canon de los Fri
joles along the Rio Grande is at or slightly above the 
river level while the surface of the aquifer to the 
south is at an elevation below the river level (Fig. 5). 

The movement of water in the southern part of the 
Monument trends more to the south than southeast 
in the Los Alamos area. A small ground water 
depression forms west of the river south of the 
Monument.20 This depression, offset west of the 
river, extends into the Bernalillo-Albuquerque area 
to the south.21 The major faults along the western 
edge of the Monument and the intrusion of volcanic 
rocks of the Valles Caldera that form the San Miquel 
Mountains apparently restrict the movement of 
water in the western part of the Monument and west 
of the Monument boundary from the main recharge 
area in the Valles Caldera. Depth to the top of the 
main aquifer at Monument Headquarters is es
timated to be 108 m. and at Base Camp in Capulin 
Canyon at 185 m (Fig. 5). 

IV. QUALITY OF WATER 

Water quality data were obtained from samples of 
surface water in the Rio Grande and Canon de los 
Frijoles and several springs prior to the wildfire in 
19ii (Table VII). After the fire, two sets of samples, 
1977 and 1978, were collected in and adjacent to the 
Monument of surface water in major canyons and at 
springs (Table VIII). Routine analyses of these sam
ples included calcium, magnesium, sodium, car
bonate, bicarbonate, chloride, fluoride, nitrate, total 
dissolved solids (TDS), total hardness, specific con
ductance and pH. 

Samples of base flow and runoff events were col
lected in Canon de los Frijoles and Alamo and 
Capulin Canyons by Monument personnel. These 
samples were analyzed by Environmental Consul
tants Inc. (Clarksville, Indiana). The analyses in- • 
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eluded a number of different constituents. Those 
showing the largest change were barium, calcium, 
bicarbonate, manganese, magnesium, lead, phenol, 
and zinc, as shown in Table IX. 

A. Surface Water 

Water samples are routinely collected from the 
Rio Grande at Otowi north of the Monument and 
from the Rio Grande below Cochiti Dam south of the 
Monument. Water in the river contains principal 
ions of calcium and bicarbonate (Tables VII, VIII). 
The chemical quality ofthe water in the Rio Grande 
will vary at a given station during the year because 
of dilution of base flow with storm runoff from 
various parts of the drainage area (Fig. 6). 

Water samples have been collected from Canon de 
los Frijoles at the Monument Headquarters since 
1957. The principal ions in the stream water are 
calcium and bicarbonate. The water is typical of 
mountain streams in the area with TDS ranging 
from 84 to 168 mg/.t for samples collected prior to the 
fire in 1977. Variations in constituent concentrations 
occurs as the result of increase discharge due to 
storm runoff resulting in dilution of base flow (Table 
VII). Debris washed into the stream after the fire 
caused a slight increase in some chemical con
stituents (Table VIII). 

During the 1958-60 low-flow investigations, water 
samples were collected at various stations and 
analyzed for calcium-carbonate, sodium, and 
chloride (Table X). The average calcium-carbonate 
and sodium concentration increased only slightly 
downgradient; chloride varied considerably but also 
generally increased downgradient. 22 The slight in
crease in constituent concentrations is caused by 
minerals taken into solution from the alluvium. 

In July 1977 after the fire, water samples were col
lected from six stations above and below the burn 
(Fig. 4). These stations and one additional station 
were sampled a year later in June and July 1978. A 
graphic comparison by station of calcium, sodium, 
chloride. TDS, and bicarbonate of samples taken in 
1977 shows a general increase in these constituents 
downgradient in the canyon. The largest increase oc
curs between stations 5 and 6 where the stream 
enters the burn area (Fig. 7). Chemicals leached 
from the fire debris in the burn area enter the stream 
increasing certain chemical concentrations. In 1978, 
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Fig. 5. 
Generalized contours on the potentiometric surface of the main aquifer. 

the constituents increased at station 6 (near Monu
ment Headquarters), then decreased slightly at the 
Rio Grande. A comparison of the constituents in 
1977 to those in 1978 show considerable variation 
but below station 6 a general decrease in most con
centrations is indicated. 

The burn brought about a slight increase in 
calcium, bicarbonate, chloride, fluoride, and TDS in 
base flow at the Monument Headquarters (Fig. 8). 
TDS concentrations increased after the fire from 110 
mg/l in March 1977 to 214 mg/l in July 1977. After 
July, the TDS concentrations declined slightly (Fig. 

13 
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TABLE VII 

CHEMICAL QUALITY OF SURFACE AND GROUND WATER, AUGUST 1957-MARCH 1977 

mlfl 
Total 

Station Location Date Ca M« Na co, HCO, Cl F NO, TDS Hard 

Adjacent to Monument 

Rio Grande at Otowi 3-R-77 44 7 23 () 124 8 0.4 0.8 316 138 

Rio Grande at Cochiti 3-8-77 44 8 22 0 1:16 2 0.4 0.4 308 142 

~Sprin11 10-27-74 13 2 13 () 66 4 0.5 0.8 138 42 

Test Well-Plateau 3-11-77 9 1 II 0 56 3 0.2 0.3 106 28 

5 Frijoles. Upper CJ'OIISing 5-13-66 6 3 13 0 34 I 0.2 0.4 111 28 

ln1ide Monument 

7 Apache Spring 6-7-61 --- --- 5 () 67 1 0.1 0.1 --- 44 

R ~·rijnle~. Mon. Hdq 
1957-1976 

!llo. of Analyses 13 13 23 23 2:1 23 22 22 13 23 

Minimum 6 2 5 0 34 <1 <0.1 0.1 84 28 

Maximum II II 15 0 82 8 0.9 1.6 168 68 

Averal(e 9 5 10 0 56 3 0.3 0.4 137 39 

Standard Deviation I 2 3 () II 2 0.2 0.3 25 9 

3-8-77 8 2 10 () 48 2 0.2 <0.4 110 30 

9 Frijoles at Rio Grande 9-12-73 13 3 II () 56 4 <0.1 0.4 174 44 

10 Sprin~t 9-1-73 II 4 9 0 611 6 0.2 0.8 206 44 
10-3-74 I :I 2 1:1 () 66 4 0 .... 0.8 138 42 

Specific 
Conductance 

(pmho) pH 

390 8.0 

390 8.2 

130 7.1 

130 7.7 

80 7.4 

120 7.1 

23 23 
70 7.1 

145 8.4 
106 7.6 

17 0.3 

120 7.9 

120 7.8 

120 7.4 
130 7.1 
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TABLE VIII 

CHEMICAL QUALITY OF SURFACE AND GROUND WATER, Jl!NE 1977-SEPTEMBER 1978 

Station Location 

Adjaa!nt to Monument 

Rio Grande At Otowi 

Rio Grande at Cochiti 

Doe Spring 

Test Well-PlAteau 

Turkey Spring 

IMide Monument 

01 
01 

02 
!12 

03 
03 

04 

05 
05 

Frijoles, North Fork 

Frijoles, West Fork 

Spring, North Fork 

Frijoles, Connuence 

Frijoles above Bum 

Date 

3-6-78 

3-7-78 

9-20-78 

10-27-77 

7-10-77 
7-10-78 

7-8-77 
6-27-78 

7-8-77 
6-27-78 

7-8-77 
6-27-78 

6-27-78 

7-8-77 
6-27-78 

06 
06 

Frijoles, UpperCm8sing 7-8-77 

07 
07 

OR 
08 
Oil 
OR 
08 

09 
09 
09 

10 
Jf) 
Ill 

6-27-78 

Apache Spring 7-8-77 

FrijoiPs, Mon. Hdq 

Frijoles at Rio Grande 

Spring to 

7-10-78 

7-10-77 
11-1-77 
3-8-7A 

6-26-78 
3-12-79 

7-10-77 
9-14-77 
6-26-il! 

9-14-77 
6-26-71l 
9 20- iR 

SiO, 

69 

63 

70 

79 

60 

66 

69 

55 

48 
63 
26 

65 

67 
fi:l 

Ca 

38 

36 

8 

8 

24 
23 

13 
7 

10 
4 

12 
8 

6 

10 
6 

17 
9 

13 
10 

32 
13 

II 
6 

34 

22 
n 

n 
Ill 
R 

MIC 

9 

R 

.1 

3 
4 

2 
2 

3 
2 

6 

<I 
4 

3 

5 
6 

<I 
3 

3 

mall 

K Na CO, HCO, 

24 

25 

II 

17 

2.5 II 
II 

3.2 5 
9 

0.7 9 
II 

2.3 8 
15 

9 9 

0.2 9 
I!; 

1.1 9 
10 

3.1) 14 

tO 

1.9 10 
22 
10 
II 

2!i 10 

4.5 13 
li 
II 

II 
II 
II 

f) 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 
0 

0 
0 

0 
() 

0 
0 
0 
() 

0 

0 
0 
0 

0 
() 

f) 

139 

15fi 

78 

58 

104 

100 

48 
46 

48 
40 

66 
54 

48 

62 
46 

84 
.16 

60 
!l6 

120 

78 
185 

66 
56 

124 
102 
74 

fi2 
fifi 
78 

SO, Cl 

<I 

.', 

9 

fi 

6 

II! 
<I 
II 

<I 

<I 

6 

12 

5 

2 

!j 

<I 

fi 

22 

9 

:I 

fi 

SJ>et'inc 
Total Conductance 

F NO, TDS Hard _(!lmho) 

O.!i <0.4 394 

0.5 <0 1 410 

0.5 0.4 160 

0.2 0.2 149 

0 2 <0.1 166 
0.3 <0.1 11!8 

0.1 0.1 1M 
0.2 0.1 158 

0.2 0.1 164 
0.3 <0.1 168 

0.1 0.1 150 
0.3 0.1 174 

0.2 0.1 158 

0.1 0.1 140 
11.2 <0.1 162 

0.1 
0.2 

0.1 
o.:l 

0.2 166 
0.1 164 

0.1 222 
0.1 Ito 

0.2 0.3 214 
0.3 1.6 190 
0.6 7.0 162 
IJ.:l 0.1 120 
0.2 <0.1 162 

<0.1 0.5 24fi 
fl.2 0.4 11!2 
o.:1 <O.t 126 

05 
11.4 
o ... -l 

0.3 ):IR 
0.2 IIR 
0.4 Ifill 

131 

123 

33 

36 

80 
87 

44 
32 

34 
19 

44 
23 

38 

26 
31 

56 
39 

54 
so 

96 
32 
27 
44 
2!i 

102 
72 
.'>2 

41 
47 
70 

.150 

3.10 

140 

130 

250 
215 

130 
120 

130 
90 

130 
120 

120 

100 
110 

170 

130 

200 
160 

220 
180 

120 
150 
130 

260 
210 

180 

140 
1511 
1411 

Total 
llranium 

pH I!IKI_!_I__ 

ll .. 'o 

1!.:1 

7.fi 

i.R 
1!.4 

2.0 ± IJ.:l 

7.:1 1.9 ± O.fi 
i.l! 

i.R 2.!i ± 0.6 
i.i 

7.R 2.-'i ± 0.6 
7.9 

7.9 

7.7 2.1! ± 0.6 
79 

7 .fi :1.4 ± o.R 
1!.0 

i.a 2.11 ± o.6 
i.i 

7.6 5.!i ± 0.1! 
7.9 
R.2 11.2 ± 0.1 
l!.fl 
1!.:1 11.2 ± 0.4 

7.5 li.R ± l.fl 
R.:, 
7.M 

7.M 
lUI 

Temp 
(•C) 

19 

10 

16 

Ill 

15 

17 

i 

1:1 

li 
17 

Ill 
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TABLE VIII (coat) 

CHEMICAL QUALITY OF SURFACE AND GROUND WATER, JUNE 1977-SEPTEMBER 1978 

•• S,eelfle 1'otlll 

Totlll ColldueliiiiCI! Uranium Tentp 

Slatloe Loeatloa Data 810, Ca Ml K Na co, HCO, so. Cl F NO, TDS Hard (Jimho) ~ (JIII/II ("C) 

- - - - - -

II Alamo Canyon 1-10.17 ... 13 3 4.1 3 0 50 ... 2 0.2 0.2 148 44 140 7.2 2.5 * 0.6 II 

II 7-10.78 20 6 3 ... 4 0 34 <I I 0.2 <0.1 68 29 100 7.0 

12 Alamo Canyon 7-10.17 ... 29 4 6.3 8 0 98 ... I 0.1 0.1 176 90 29) 7.6 2.4 * 0.6 15 

12 7-10.78 51 19 6 ... 9 0 80 II 2 0.3 <0.1 114 71 200 8.1 

13 Alamo Canyon 7-10.17 ... 33 II 4.0 II 0 122 ... 3 0.1 0.3 232 104 240 7.7 3.7 * 0.8 22 

13 7-10.78 43 24 6 ... 9 0 82 6 3 0.6 <0.1 178 83 210 8.2 

14 Capulin Canyon 7-10.17 ... 15 3 2.3 10 0 72 ... 3 0.1 0.1 148 51 170 7.7 19 * 0.6 17 

14 1-10.18 89 12 II ... 10 0 66 <I 3 O.li <0.1 162 Ill 145 11.5 

15 Capulin Canyon 7-9-71 21 4 4.6 8 0 92 ... 2 0.2 0.1 178 70 220 7.8 2.4 * 0.6 18 

Ill 7-10.78 •• 14 4 ... 10 0 72 <I 3 0.4 <0.1 162 54 lfiO 8.:1 
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13 

15 

TABLE IX 

CHEMICAL QUALITY OF BASE FLOW AND STORM RUNOFF 
(Analyses in mg/ l) 

Type 
of 

Location Flow Date Ba Ca Fe HCOI Mg Mn -- -- - - --

Frijoles, Mon. Hdq. Storm 8-12-77 1.5 164 42 262 9 9.3 
Base 8-27-77 <O.fi 100 2.4 92 14 0.4 
Base 9-15-77 <O.fi 101 0.8 88 13 <0.1 
Base 10-1-77 <O.fi 19 0.9 89 6 <0.1 
Base 2-8-78 <0.5 3 <0.5 67 1 <0.1 
Storm 6-19-78 1.3 1)8 240 112 28 14 

Alamo Canyon Base 9-1-77 <0.5 87 0.6 80 11 <0.1 
Base 10-6-77 <0.5 20 <0.5 8!) fi 0.1 
Base 6-2-77 <O.fi 6 <O.fi 9fi 1 <0.1 

Capulin Canyon Storm 8-17-77 0.8 112 3.7 52 20 1.2 
Base 9-9-77 <O.fi 65 <O.fi 72 13 <0.1 
Base 4-30-78 <0.5 fi <O.G 81 I <0.1 
Base 11-30-78 <0.5 6 <O.G .')6 7 <0.1 

Pb Phenol Zn 

0.58 0.068 0.6 
<0.03 <O.OOfi <0.5 
<0.03 <0.001 <0.5 
<0.03 <0.001 0.6 
<0.03 0.003 <0.5 

1.0 0.023 1.2 

<0.3 <0.001 <0.5 
<0.:3 0.002 <0.5 
<0.3 <0.001 <0.5 

<0.3 <0.001 <0.5 
<0.3 <0.001 <0.5 
<0.3 <0.001 <0.5 
<0.3 <0.001 <0.5 
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Fig. 6. 

Calcium, sodium, chloride, total dissolved solids, and bicarbonates at Otowi and Cochiti 

on the Rio Grande. 

8). Sodium and fluoride varied slightly but showed 

no significant trend (Table VIII). These constituents 
in base flow have shown a general decline in con

centration as the fire debris and ash are removed 

from the channel by continued runoff. 

Samples of base flow and storm runoff were col

lected in Canon de los Frijoles, indicating barium, 

calcium, iron, bicarbonate, manganese, lead, 

phenol, and zinc concentrations were elevated in 

storm runoff when compared to base flow (Table 

IX). Phenol is attributed to decay of vegetation. 

Other constituents, with the exception of lead, can 

be attributed to the runoff from the bum area. Lead 

could be from automobile emissions, as it was not 

reported in a similar runoff event in Capulin Can

yon. which is remote from vehicle traffic (Fig. 9). 

Three surface water samples were collected in 

Alamo Canyon in July 1977 and 1978 above, within, 

and downgradient from the bum (Fig. 4). The water 
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TABLE X 

AVERAGE CALCIUM BICARBONATE, 
SODIUM, AND CHLORIDE 
AT LOW-FLOW STATIONS, 

1958-60 

Low-Flow 
Stations 

c 
D 
E 
F 
G 
H 
I 
,J 

mg/t 

CaCO, Na Ct 

30 8.2 2.0 
30 8.8 1.6 
31 8.8 1.8 
32 9.0 1.9 
32 8.6 1.8 
32 9.2 1.8 
33 9.3 1.7 
34 10.5 2.5 

' I 
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STATION 9 STATIONS 

~ 
1977 1978 

Fig. 7. 
Calcium, sodium, chloride, total dissolved solids, and bicarbonate in surface water from 
Canon de los Frijoles. 

contains principal ions of calcium and bicarbonate 
!Ta hie VIII). A comparison of the water quality at 
the three stations in 1977 shows the effect of the 
burn, with a slight increase of calcium, sodium, 
bicarbonate, and TDS (Fig. 10). Analyses of samples 
collected in 1978 indicated a decrease in most of 
these constituents,. Three analyses of base flow for 
barium, calcium, iron, bicarbonate, magnesium, 
manganese, lead, phenol, and zinc are shown in 
Table IX. Only calcium and magnesium decreased 
during the year. The remaining constituents varied 
but showed no significant trends. 

Surface water below the burn in.Capulin Canyon 
was sampled in 1977 and 1978 (Fig. 4). The base flow 
contains principal ions of calcium and bicarbonate 
(Table VIII). The concentrations of calcium, bicar
bonate, and TDS generally increase downgradient in 
the canyon. The concentrations of these constituents 

decreased from 1977 to 1978 when compared at in
dividual stations. 

Samples of base flow and storm runoff at Station 
15 (Base Camp) were analyzed for barium, calcium, 
iron, bicarbonate, magnesium, manganese, lead, 
phenol, and zinc (Table IX). Barium, calcium, iron, 
and manganese concentrations were elevated during 
runoff events. Bicarbonate varied but showed no 
significant trend. Phenols and lead were below 
analytical limits. 

B. Ground Water 

Ground water from springs in and adjacent to the 
Monument has been analyzed for routine chemical 
constituents. Included in ground water data are one 

19 
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Fig. 8. 
Base flow chemical constituent variation in 

Canon de los Frijoles before and after the La 
Mesa Fire. 

chemical analysis from a test hole completed in the 

main aquifer on the plateau north of the Monument. 
Doe and Turkey Springs are located adjacent to 

the Monument (Fig. 4). The principal ions in water 

from Doe Spring are sodium and bicarbonate (Fig. 

11). The TDS is low, below 200 mg/l with a water 

temperature of 18°C (Tables VII, VIII). The prin

cipal ions in water from Turkey Spring are calcium 

and bicarbonate (Fig. 11). TDS is under 250 mg/l 

with water temperature of 19°C. 
Three springs in the Monument are at Station 3 

(North Fork of Canon de los Frijoles), Station 7 

(Apache Spring), and Station 10 (near mouth of 

Canon de los Frijoles). The discharge of the spring at 

Station a torms a part of the base flow in Canon de 

los Frijoles. The water contains principal ions of 

calcium and bicarbonate (Tables VII, VIII). TDS are 

less than 175 mg/l with a water temperature of 

about 10°C. Station 7 is a small seep with principal 

ions of calcium-sodium and bicarbonate (Fig. 11). 
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Fig. 9. 

Base flow and starm runoff chemical con-

stituent variations in Canon de los Frijoles and 

Capulin Canyon after the La Mesa Fire. 

TDS are low, less than 150 mg/.t, with a water 

temperature of 9°C. Water from the spring at Sta

tion 10 contains principal ions of sodium and bicar

bonate with a water temperature of about 19°C. 

TDS are less than 200 mg/l (Tables Vll, VIII). 

The chemical quality of water from the seep at 

Station 7 (Apache Spring) has shown some effect of 

recharge from the burn area. In July 1977, after the 

fire, the TDS were 222 mg/l, while in 1978 they had 

decreased to 110 mg/l. It is apparent that recharge 

to the small perched aquifer is rapid, usually within 

a month. Between the fire in early June and samples 

collected in early July there were only three periods 

of precipitation. The chemical quality of water from 

the other springs (outside the burn area; Doe, 

I I 
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Fig. 10. 
Calcium, sodium, chloride, total dissolved solids, and bicarbonate in surface water in 
Alamo and Capulin Canyons. 

Turkey, Stations 3 and 10) have shown no signifi
cant changes between sampling periods. 

Water from the main aquifer at a test well north of 
the Monument on the plateau contains principal 
ions of sodium and bicarbonate (Fig. 11). The TDS 
are less than 150 mg/.t at a water temperature of 
21 °C. 

The quality of water from Doe Spring and Station 
10 is quite similar in chemical constituents, both 
have the same chemical concentrations and prin
cipal ions of sodium and bicarbonate (Fig. 11). The 
spring discharges from the main aquifer near the Rio 
Grande. The water quality of these springs is com
parable to the water from the test well on th~ 
plateau. 

C. Suspended Sediments 

Soils in the drainage area of Canon de los Frijoles 
above the gaging station near the Monument Head
quarters are derived from the weathering of tuff and 
volcanic rocks of the Valles Caldera. Overland runoff 
moves loose, erodible particles from the land surface 
into the stream channel. Once in the channel the 
sediment particles are transported by the stream 
either as suspended or bed sediments. The 
suspended sediments are classified as having a mean 
diameter <6 mm (6 mm is the intake size of the DH-
48 samples used in the study). Only the suspended 
sediment loads were determined for base flow and 
two small runoff events. 
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Fig. 11. 
Calcium, sodium, chloride, total dissolved 
solids, and bicarbonate in ground water from 
springs and a test hole. 

The base flow in Canon de los Frijoles, about 0.03 
m3/l, carries a small amount of suspended sediment. 
The average suspended sediment concentration in 
base flow for a 15-day period in July 1977 was about 
140 mg/l at the Monument Headquarters. During a 
24-h period the stream carried about 381 kg of 
suspended sediments in 2.7 X lOS m3 of water 
through the station. The suspended sediments yield 
of the base flow is about 8.4 kg/km2

• 
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TABLE XI 

DISCHARGE AND SEDIMENT 
CONCENTRATION OF 

TWO STORM RUNOFF EVENTS, !!Iii 

Suspended 
Discharge Sediments 

Date and Time (m1/s) (ft'/s) (mg/t) 

Aug. 12 7:45 4.13 146 39,600 
11:15 0.48 17 11,200 
16:10 0.18 6.5 4,930 
17:20 0.10 3.7 1.310 
18:05 0.08 2.9 1,2i'i0 
20:15 0.07 2.5 560 

Aug. 20 14:20 0.11 3.8 785 
15:20 12.3 433 98,800 
15:50 8.86 313 94,600 
16:25 5.49 194 54,100 
17:30 1.95 69 29,600 
19:00 0.85 30 12,600 
19:30 0.71 25 8,820 
20:00 0.62 22 7,120 

The suspended sediment load in storm runoff in
creased as the vegetation cover holding the soil in 
place was destroyed in the fire. Also, the burned area 
is in the upper reaches of the canyon where channel 
gradients are steep. The resulting high flow 
velocities increase the transport of suspended sedi
ments. Two runoff events were used to illustrate the 
amount of sediment transported through the gaging 
station near Monument Headquarters after the fire. 

The maximum discharge on August 12, 1977 was 
4.1 m3/s with a maximum suspended sediment con
centration of 39.6 X lOS mg/l (Table XI). The mean 
discharge for the 15.2 h event was 0.14 m3/s with a 
mean suspended sediment concentration of2.1 X 103 

mg/l. About 16.6 X 103 kg of suspended sediment!" 
were carried through the gaging station in 7.9 X 103 

m3 of runoff. The suspended sediment yield for the 
event was 3.7 X 102 kg/km2

• 

The maximum discharge of the second event, 
August 20, 1977, was 12.3 m3/s with a maximum 
suspended sediment concentration of 98.8 X 10' 
mg/t (Table XI). The met~'ll. discharge for the 5.7 h 



event was 0.57 m3/s with a mean suspended sedi
ment concentration of 5.8 X lOS mg/l. About 6.7 X 

104 kg of suspended sediments were carried through 
the gaging station in 11.6 x 103 m3 of runoff. The 
suspended sediment yield for the event was 1.5 X 103 

kg/km2
• 

V. SUMMARY AND CONCLUSIONS 

Canon de los Frijoles contains a perennial stream 
from the mountains across the plateau to the Rio 
Grande. Four other canyons (Alamo, Capulin, 
Medio and Sanchez) contain perennial streams in 
short reaches from the flanks of the mountains on to 
part of the plateau. The base flow in these canyons is 
from springs and seeps along the base of the moun
tains. Low-flow investigations in Canon de los Fri
joles indicate decreased flow across the plateau 
where water is lost to evapotranspiration and in
filtration into the underlying volcanic rocks and 
sediments. 

Gradients in the stream channels are greater on 
the flanks of the mountains, decreasing across the 
plateau. The gradient increases in lower Canon de 
los Frijoles because the basalt in the channel has 
limited the downcutting of the canyon to the west. 
The 1977 wildfire occurred mainly in the upper 
reaches of the canyons in areas of the greater chan
nel gradients. This results in increased flow 
velocities during summer storms and increased tran
sport of suspended sediments from erosion. 

Available data on runoff from summer storms in
dicates the discharge yield increased from 0.012 
m3/s/km 2 to a maximum of 1.95 m3/s/km 2 in Canon 
de los Frijoles in a 15 month period after the burn. 
The discharge yield of a single runoff event in Lum
mis and Alamo Canyons was 0.33 m3/s/km2 and 0.15 
m3/s/km2

, respectively. The loss of the vegetative 
cover by burn has resulted in decreased collection 
and retention time for runoff resulting in larger dis
charge from runoff events. As the vegetation cover 
increases in the drainage area through seeding and 
natural growth, the discharge yield and suspended 
sediment yield will decrease. 

The chemical quality of surface water in Canon de 
los Frijoles changed slightly after the burn. The 
most noticeable change was an increase in calcium, 
chloride, bicarbonate, and TDS. Analyses taken 
over a 21-month period after the burn indicated a 

general decline in most of these constituents. 
Similar analyses of surface water in Alamo and 
Capulin Canyon indicate similar results over a 12-
month period. 

Analyses of samples collected of summer storm 
runoff compared with base flow in Calion de los Fri
joles indicated that higher concentrations of barium, 
calcium, iron, bicarbonate, manganese, lead, 
phenols, and zinc occurred in storm runoff than in 
the base flow. 

Precipitation and runoff from the burn area will 
remove the fire debris allowing the quality of water 
of the streams to return to normal. The past two 
years data indicates the water quality of the base 
flow should return to normal three to five years after 
the fire. 

Ground water occurs as springs and seeps in and 
adjacent to the Monument. There are no wells or 
test holes in the Monument. Two springs in Upper 
Canon de los Frijoles discharge from a perched 
aquifer. The spring in the north fork of Canon de los 
Frijoles (Station 3) discharges from a perched 
aquifer which is probably recharged from the upper 
water bearing zone in the Valles Caldera to the west. 
The spring contributes a part of the base flow for the 
stream in the canyon. Station i (Apache Spring) is a 
small spring on the north wall of Canon de los Fri
joles which discharges from a perched aquifer of 
limited extent. The TDS in the water from Apache 
Spring increased shortly after the burn, indicating 
rapid recharge. Turkey Spring, west of the Monu
ment boundary, contributes a part of the base flow 
in a tributary to Capulin Canyon. This spring lies 
outside the burn area and was unaffected by the fire. 

Two springs, Doe Spring in Chaquihui Canyon 
north of the Monument and the spring at Station 10 
in lower Canon de los Frijoles, discharge from the 
main aquifer. The main aquifer lies at a depth of300 
to 375 m along the western edge of the plateau north 
of the Monument. The surface slopes gently toward 
the Rio Grande where a part of the water is dis
charged into the river. :;-./orth of the Monument the 
Rio Grande is a gaining stream with ground water 
discharged to the river, while to the south along the 
eastern boundary of the Monument, water from the 
river is lost into the underlying rocks. Contours on 
the potentiometric surface of the aquifer north of the 
Monument indicate water in the aquifer moves to 
the southeast. In the Monument the movement 
changes to a more southernly direction. Major 
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recharge to the main aquifer is from the Valles 
Caldera. In the eastern part of the Monument, the 
intrusion of volcanic rocks which form the San 
Miguel Mountains have restricted the movement of 
water in the aquifer causing a ground water depres
sion to form west of the Rio Grande and south of the 
Monument. 
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WATER SUPPLY AT LOS ALAMOS DURING I98I 

by 

W. D. Purtymun, N. M. Becker, and M. Maes 

ABSTRACT 

The municipal and industrial water supply for Los Alamos during I98I consisted of 
1506 x I 06 gal. from wells in three fields and 45 x I 06 gal. from the gallery in Water 
Canyon. Another 0.08 x I06 gal. of water were pumped to waste during testing of Well 
LA-6. About 2.6 x I 06 gal. of water from Guaje Reservoir and 2.I x I 06 gal. of water 
from Los Alamos Reservoir were used for irrigation; thus, the total use was about I556 
x I 06 gal. Water-level trends in the wells were as anticipated under current production 
practices. Pumps in several wells that failed in I98I are now being repaired or have 
been repaired. The new well, PM-4, was placed in service in the early summer of I982. 
Chemical quality of water from the wells and distribution system is in compliance with 
state and federal regulations related to municipal use. 

I. INTRODUCTION 

This report summarizes pumpage and aquifer condi
tions for wells in the Los Alamos, Guaje, and Pajarito 
well fields (Fig. I). These wells supply most of the water 
used for municipal and industrial purposes in Los 
Alamos and the Los Alamos National Laboratory. The 
gallery in Water Canyon supplies the rest needed by the 
system. A summary of surface water from Guaje and 
Los Alamos Reservoirs used for irrigation is included in 
the report. Chemical quality of water from the wells, 
gallery, and surface water sources is discussed. A section 
of the report includes geohydrologic and construction 
data of the new well PM-4. 

This report is a joint effort between Group H-8 of the 
Laboratory and the Utilities and Engineering Division of 
the Zia Company (Zia U/E). Its purpose is to ensure a 
continuing historical record and to provide guidance for 
managing water resources and long-range planning for 
the water supply system. One summary report and 10 
annual reports have been issued as a result of these 

studies.l-1 1 A separate report extrapolates water-level 
trends in the well fields to 1983 under current produc
tionY 

The Zia U/E, the Department of Energy (DOE) 
support contractor at the Laboratory, maintains and 
operates the water supply system. Water is pumped from 
wells, through transmission lines, and is lifted by booster 
pumps into reservoirs for storage and distribution to the 
community and Laboratory areas (Fig. I). Water from 
the gallery flows by gravity through a microfilter station 
and pumps into one of the system reservoirs for distribu
tion. Zia U/E collects monthly records of hours of 
operation on each ·well, along with daily and monthly 
production records. Monthly average nonpumping and 
pumping water _levels are computed from air-line pres
sure data recorded continuously at each well. These data 
provide input for calculating pumping rates, drawdown 
(difference between nonpumping and pumping water 
levels), specific capacity (pump rate per unit drawdown), 
and other well-field statistics included in this report. 
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Fig. 1. Location ofwellfields, supply wells, and gallery water supply. 

The well and surface water sources used for water 

supply at Los Alamos have been renumbered by the 

New Mexico State Engineer. The DOE and Zia U/E well 

and surface water nomenclature are shown with the old 

and new designation of the State Engineer in Appendix 

A. The appendix is also included in the report as a 

reference and to document the changes. Appendix B lists 

all bore-hole (well) logs that have b~en videotaped during 

well rehabilitation. 

Hydrographs have been prepared for I observation 

well, I standby supply well, 15 supply wells, and the 

gallery in Water Canyon. The hydrographs for the wells 

2 

show annual nonpumping and pumpin~ \u::· 

specific capacity, and annual pumpage for th~ · · 

the wells have been in production. The h~ Jr. · · 

the gallery present annual production anJ Y • 

age discharge rates. Appendix C contains r.:' · 

and production information for each surrh ·· · 

gallery annually for the period of rt:.:,,r.: ' 

quality of water from wells, the gallery. anJ ·;'·· 

are shown in Appendixes D and E. Data:: .. :.· 

PM-4 is presented in Appendix F. Clln,rr--· · 

Appendix G, Geologic Logs: and AppenJ1
' H ' 

Development Test. 
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II. WELL-FIELD CHARACTERISTICS 

Production from the three well fields decreased 
61 x 106 gal. from 1567 x 106 gal. in 1980 to 1506 x 106 

gal. in 1981 (Table 1). Months of heaviest pumpage in 
1981 were May, June, and July. Production during these 
months was 509 x 106 gal., decreasing from 631 x I 06 

gal. from a similar period in 1980. The months of least 
pumpage were January, February, and December. Pro
duction for these 3 months was 283 x 106 gal. up from 
264 x I 06 gal. for a similar period in 1980. 

Differences in demand for periods of heavy to light 
production (late spring/early summer to winter) are due 
mainly to the use of water for lawn and yard irrigation. 
Water levels in the wells fluctuate with production. The 
highest water levels were during months of least pump
age, whereas the lowest water levels were during months 
of greatest production. 

Projected demand for the Laboratory and community 
were made for the period 1981 through 1990 based on 
past production (Fig. 2). The projected demand shows an 
annual increase of about 25 x 106 gal. Actual annual 
water use is variable. dependent mainly on the amount of 
precipitation occurring during the summer. Increased 
precipitation reduces pumpage amount required for lawn 
and yard irrigation. The 1981 production fell below the 
projected amount by about 175 x 106 gal. 

The peak demand period for 1981 was for the 21-day 
period, June 8 through June 28, when pumpage was 
167 x 106 gal., or about 7.9 x 106 gal./day. Peak demand 
was down about 102 x 106 gal. from the peak demand 
period in 1980 (Table II). 

Total production from the well fields and gallery has 
been about 40 84 7 x 106 gal. Of this amount, the wells 
have produced 38 992 x 106 gal., or about 95% (Table 1). 
The gallery in Water Canyon has produced about 
1855 x 106 gal., or the remaining 5% of the production 
since 194 7. Annual production for 1981, percentage of 
pumpage by well fields, and percentage of pumpage by 
individual well are given in Table III. Average annual 
pumping rates for the individual well for the period 1973 
through 1981 is shown in Table IV. 

A. Los Alamos Well Field 

The Los Alamos well field is composed of six supply 
wells and one observation well. Production in 1981 was 
from five supply wells. The sixth well, LA-6, is on 
standby status for emergency use only. Pumpage from 

the well field decreased 3 x 106 gal. from 339 x I 06 gal. in 
1980 to 336 x 106 gal. in 1981. The well field produced 
about 22% of the total produ.ction in 1981 (Table III). 

About 44% of the production was from the lower part 
of the well field (LA-IB, LA-2. and LA-3) and about 
56% was from the upper part of the field (LA-4 and 
LA-5). The average annual nonpumping levels in the six 
wells and observation well declined 2 to 11 ft from 1980 
to 1981, even though pumpage was slightly less in 1981 
than in 1980 (Figs. 3 through 9). The distribution of 
pumpage should be about 40% from the lower field 
(LA-IB, LA-2, and LA-3) and about 60% from the 
upper field (LA-4 and LA-5). This will result in uniform 
water-level declines throughout the field. Well LA-4 was 
out of service for 3 months during 1981. 

Well LA-6. on standby status, pumped about 
0.08 x 106 gal. for testing and pump maintenance during 
the year. Water was pumped to waste, not into the 
system. 

The average annual pumping rates in the individual 
wells did not change significantly in 1981 from those 
rates in 1980 (Table IV). No significant changes oc
curred in specific capacities of the producing well in 
1981 from 1980 data, which would have indicated well 
deterioration. 

B. Guaje Well Field 

The Guaje Well Field is composed of seven wells (Fig. 
1 ). Pumpage from the field decreased 16 x I 06 gal. from 
485 x 106 gal. in 1980 to 469 x 106 gal. in 1981. The field 
produced about 30% of the total production in 1981 
(Table III). 

Water levels responded to pump age amounts (Figs. I 0 
through 16). In general, water-level declines of about 2 ft 
occurred in 1981 in wells G-1, G-1 A, and G-2. when 
compared to 1980 water-level data. Well G-2 was out of 
service for about 7 months during 1981. Production 
increased slightly from well G-3; however, pumping rates 
and the specific capacity of the well continued to decline 
indicating some pump wear or damage and well de
terioration (Fig. 13). Water levels declined about 10ft in 
1981 when compared to 1980 levels. 

Water levels in well G-4 increased slightly, whereas at 
well G-5 the levels declined when 1981 data was 
compared to 1980 data (Figs. 14 and 15). Well G-4 was 
out of service for about 9 months, and well G-5 was out 
of service about 6 months in 1981. No significant change 
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Year 

1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

Total 

4 

TABLE I 

PRODUCTION IN MILLIONS OF GALLONS 

FROM WELLS AND GALLERY 
1947-1981 

Los Alamos Guaje Pajarito Water Canyon 

Field Field Field Gallery 

147 0 0 84 
264 0 0 97 
302 0 0 92 
547 3 0 54 
702 68 0 39 
448 350 0 48 
444 372 0 39 
380 374 0 40 
407 375 0 33 
437 506 0 23 
350 378 0 40 
372 395 0 60 
391 478 0 54 
530 533 0 48 
546 624 0 54 
577 597 0 67 
539 654 0 51 
627 665 0 45 
447 571 99 72 
450 613 127 82 
373 464 481 56 
345 474 584 65 
331 435 569 80 
360 423 595 65 
412 484 657 37 
380 467 662 40 
406 475 685 49 
369 453 802 35 
356 431 749 42 
343 531 817 41 
345 515 614 57 
302 444 690 45 
289 456 662 44 
339 485 743 32 
336 469 701 45 

14 193 14 562 10 237 1 855 

Production 
Total 

i 
'~ 

231 
,,, 

361 i 
394 I 
604 ·~ 

809 
846 
855 
794 
815 
966 
768 
827 
923 

1111 
1224 
1241 
1244 
1337 
1189 
1272 
1374 
1468 
1415 
1443 
1590 
1549 
1615 
1659 
1578 
1732 
1531 
1481 
1451 
1599 
1551 

40 847 
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Fig. 2. Water production and use 1947-81 and projected demand 1981-90. 

was noted in the nonpumping water level of well G-6 in 
1981, when compared to I980. 

Overall pumping rate changed little from the Guaje 
Well Field in I98I, when compared to I980 data {Table 
IV). Pumping rates increased in some of the individual 
wells to offset the decline of 42 gpm in well G-3 and 26 
gpm in well G-6. There were no significant changes in 
specific capacities of the wells except in well G-3. The 
specific capacity of well G-3 has declined from 5.3 
gpm/ft of drawdown in I976 to 2.3 gpm/ft of draw down 
in I981. 

C. Pajarito Well Field 

The Pajarito Well Field is composed of three wells 
(Fig. I). Pumpage from the field decreased about 
42 x I06 gal. from 743 x 106 gal. in I980 to 70I x 106 

gal. in I981. The field produced 45% of the total 
production in I98I (Table III). 

Water levels in wells PM-I, PM-2, and PM-3 re
mained about the same in I98I as in I980 (Figs. I7 
through.I9). Combined pumping rate for the three wells 
was 3335 gpm in I98I compared to 3347 gpm in I980. 
No significant changes were found in specific capacities. 

TABLE II 

No. of Days 

Total Production 
(gal) 

Ave. Daily Production 
(gal) 

No. of Days Exceeding 
(gal) 

10 X 106 

9 X 106 

8 X 106 

7 X 106 

<7 X 106 

June JJ. 

July 12 

1976 

32 

299 X J()' 

9.3 X 106 

14 

9 

4 

3 
2 

PEAK DEMAND PERIODS 
1976-1980 

Demand Period 

May 31· 

June 18 

1977 

19 

149 x 106 

7.8 X 106 

2 
4 

4 

4 

June 9-

June 28 

1978 

20 

149 x 106 

7.4 X 10' 

7 

8 

July 24-

Aug. 7 

1979 

15 

JJ5 X 106 

7.7 X 106 

4 

6 

June 15-

July 18 

1980 

33 

269 X 106 

8.2 x 106 

15 

6 

June 8-

June 28 

1981 

21 

167 X 10' 

7.9 X 106 

3 

7 

8 

5 



TABLE III 

PRODUCTION PERCENTAGES, 1981 

Production in Per Cent by Per Cent by 
Million Gal Well Field Total Production 

Los Alamos Well Field 
LA-1 0 0 0 
LA-18 73.9 22 5 
LA-2 34.4 10 2 
LA-3 41.5 12 3 
LA-4 89.4 27 6 
LA-5 96.5 29 6 
LA-6" 0.08 0 <1 

Subtotal 335.7 100 22 

Guaje Well Field 
G-1 81.6 18 5 
G-1A 131.2 28 9 
G-2 38.3 8 2 
G-3 66.6 14 4 
G-4 8.2 2 
G-5 66.7 14 4 
G-6 76.5 16 5 

Subtotal 469.1 100 30 

Pajarito Well Field 
PM-1 98.5 14 6 
PM-2 370.1 53 24 

PM-3 232.4 33 15 

Subtotal 701.0 100 45 

Water Canyon Gallery 
Subtotal 45.5 100 3 

Total 1551.3 100 

---------
"Well pumped to waste. 
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TABLE IV 

AVERAGE ANNUAL PUMPING RATE OF WELLS 
AND DISCHARGE FROM GALLERY 

1973-1981 
(in gpm) 

1973 1974 1975 1976 1977 1978 1979 1980 1981 

Los Alamos Well Field 
LA-I 0 0 0 0 0 0 0 0 0 
LA-IB 553 540 537 526 504 546 565 536 536 
LA-2 297 302 290 267 255 286 323 287 300 
LA-3 346 316 313 285 284 306 348 300 301 
LA-4 589 594 591 584 586 594 588 578 579 
LA-5 460 460 450 462 468 476 472 463 456 
LA-6" 572 569 551 486 0 0 0 0 0 

Subtotal 2817 2781 2742 2610 2097 2208 2296 2164 2172 

Guaje Well Field 
G-1 375 275 376 366 353 351 343 329 307 
G-IA 531 520 519 512 502 494 494 494 519 
G-2 429 447 456 452 450 452 448 443 446 
G-3 277 273 273 463 444 428 382 299 257 
G-4 206 214 346 337 352 316 296 266 316 
G-5 541 560 549 536 541 538 522 512 523 
G-6 364 360 348 325 307 289 295 322 296 

Subtotal 2723 2750 2867 2991 2949 2868 2780 2665 2664 

Pajarito Well Field 
PM-1 459 606 616 607 592 593 592 591 589 
PM-2 1388 1381 1383 1369 1375 1365 1362 1359 1355 
PM-3 1320 1313 1312 1410 1406 1398 1393 1397 1391 

Subtotal 3166 3299 3310 3386 3373 3356 3347 3347 3335 

Water Canyon Gallery 
Subtotal 93 67 80 78 108 86 84 61 87 

Total 8800 8896 8999 9065 8528 8518 8507 8237 8258 

"Well on standby. 
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Fig. 3. Annual average nonpumping water level and 
annual production, Los Alamos Well LA-1. 

Fig. 4. Annual average nonpumping and pumping water 
levels, annual average specific capacity, and 
annual production, Los Alamos Well LA -1 B. 

D. Pump Failure and Rehabilitation 

8r--------------------------------------, 

During 1981 four wells were out of service because of 
pump failure. The line shaft of LA-4 failed. That well has 
been out of service since early or mid September 1981; 
the pump has not been out of the well since 1969. At that 
time, the well was opened to 1964 ft; the cased depth of 
the well was 1965 ft. The pump was pulled for repair in 
March 1982. 
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Oil tubing ruptured in the line shaft of well G-2 in late 
May 1981. The well was out of service for about 9 
months. The pump was pulled in June, repairs were made 
and it was placed back in the well in January 1982. 
Before June 1981, the pump had not been removed from 
the well since it was installed in 1951 during construction 
of the well field. The well was opened to 165 I ft, and the 
total depth of the cased well, when completed, was 1970 
ft. Well development in 1981 used a brush as a "surge 
block." A section of 1/2-in. galvanized air line in the well 
at 1707 ft prevented sand cleanout down to 1970 ft. 
About 70 ft of screen is below the depth of 1707 ft. The 
70 ft of screen is 16% of the total 425 ft of screen in the 
well. A bore-hole TV log of the well indicated water 



I I I I " I I II I I I I I! I 

0.---------------------------------------~ 
NON PUMPING 

350 

:: 6 

' 4f--.E SPECIFIC CAPACITY -

-€ 2r-
c •••• . . . . . . . . . . . . . . . . . . . . . . . . . -
co 0 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

45 50 55 60 65 70 75 80 
YEARS 

Fig. 5. Annual average nonpumping and pumping water 
levels, annual average specific capacity, and 
annual production, Los Alamos Well LA -2. 

~ 
_J 
LiJ 
> 
LiJ 
_J 150 

ffi 200 

i250 

~o~------------------------------------__1 

--' c: 

~ 

6.---------------------------------------~ 
4 f- SPECIFIC CAPACITY -
2r- • • • • • • • • • •••••• • • • • ••••••••••••• -

g QL---------------------------------------------~ 

I I 
85 

Fig. 6. Annual avenzge nonpumping and pumping water 

IOOr-----------------------------------------~ 

Q 75 

.. 
co 

45 
I I 
50 

I I I I I 

55 
I I I I I I I I 

60 65 
YEARS 

I I I I I I I I I I I I I I I I 
70 75 80 85 

levels, annual average specific capacity, and 
annual production, Los Alamos Well LA -3. 

9 



I I I I I I I IiI I I I I I I I I I I I I 

250 

:= 
...J 
w 
> w 
...J 
a: 
w 
t:x 
~ 

40 

Fig. 7. Annual average nonpumping and pumping water 
10 - .-----------------------, levels, annual average specific capacity, and .................... ...... 81-c:: ..... E 61-...... SPECIFIC CAPACITY .... .. 

g, 4 

5 1001 

~ 15C:I

~ 200~ 
t5 250~ 
~ 
~ 300 

350 

6 
\\!::: 4L c 

.€ 2 
0 0 "' 

45 50 55 60 65 70 75 
YEARS 

~NG 

.... ........ .............. 
SPECIFIC CAPACITY 

Fig. 8. Annual average nonpumping and pumping water 
levels, annual average specific capacity, and 
annual production, Los Alamos Well LA-5. 

10 

80 

\\!::: 
c: 

~ 
0 

"' 

0 

"' 

-
-

85 

annual production, Los Alamos Well LA -4. 

... . . . . . . . . . . . . ...... . 
SPECIFIC CAPACiTY 

... 
PRODUCTION 

Fig. 9. Annual average nonpumping and pumping water 
levelS, annual average specific capacity, and 
annual production, Los Alamos Well LA -6. 

--------------------------· -·-·-



1 I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I 1 I 
150,----------------------., 

8 - .... ..... ..... 61- • -' . .... 
. 5 41- . .. -5 SPECIFIC CAPACITY 

.... ••• 
0 2t- ..... -
til 

0 

150 

125 t- PRODUCTION -

CD 100 t- -
Q 
"" 75 
0 

t- -
til 50 1- -

rl -25 

0 

~I I I ~~ 5 1 I I 1661 I I 1
6
1
5

1 I I l.,bl I I 1
7

b1 I I ~~0 1 I I 1J, 

YEARS 

Fig. 10. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Guqje Well G-1. 

cascading through screened sections at depths of 285 to 
295 ft, 300 to 310 ft, and 320 to 330ft. The water level 
on December 18, 1981 was at 355ft and on January 11, 
1982, was at 333 ft. The water level in G-2 fluctuates due 
to Well G-1A pumping about 1250 ft to the southeast. 
Wells in the lower part of the Guaje Well Field are so 
close that water levels are affected by other wells when 
they are being pumped. 

Well G-4 was taken out of service in August 1980. 
The pump failed, so it was pulled out and replaced. The 
well was to be returned to service in July 1981; however, 
the line shaft froze and the pump was again pulled for 
repairs. The well was placed back in service in early 
November 1981. During the time the pump was out of 
the well, the well was cleaned with a brush that acted as a 
surge block. 

The completed depth of well G-4 was 1965 ft in 1951. 
When the pump was out of the well for repairs in 1975, 
the well was opened to 1750 ft. Damaged sections of 
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Fig. Jl. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Guqje Well G-IA. 

screens in the 1 0-3/4-in.-o.d. casing were at depths of 
1270 to 1290 ft, 1312 to 1332 ft, and 1383 to 1393 ft. 
These section,s were so badly damaged that a 7-1/2-in.
o.d. liner 536 ft long was set to a depth of 1750 ft. The 
top of the liner was "belled out" and set in blank casing 
at a depth of 1214 ft. Sand had accumulated in the well 
in 1981 to a depth of 1150 ft before it was rehabilitated. 
Sand was cleaned out to a depth of 1172 ft before the 
pump was placed back in the hole in early June 1981. 

The submersible pump failed in well G-5 in January 
1981. It was replaced and back in operation by April. 
The pump failed again in mid September 1981 and was 
not repaired by the end of the year; both failures were 
electrical. The total depth of the well case is 1840 ft; 
however, the well has only been opened to 700 ft since 
1958. It was cleaned out to 912 ft in 1975, and two badly 
damaged sections of screen were found at 710 to 714 ft 
and at 738 to 740 ft. No attempt was made to install a 
liner, because the well's production and production rate 

11 
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were above normal for wells in Guaje Well Field. This 
well had filled to a depth of 700ft by February 1977, so 
the well was developed and cleaned with a brush in early 
1981. Sediments and scale from casing and screen were 
cleaned out to a depth of about 700 ft in 1981. 

Present priorities are to repair the pumps that have 
failed and to return the wells to service: however. well 
and pump rehabilitation will be continued when time and 
money are available. As previously reported in the 1980 
report, wells to be considered for rehabilitation and 
inspection are LA-5, G-3, and PM-2. The sequence of 
the listing does not indicate priority. 11 

The pump at well LA-5 was pulled for inspection and 
repair in 1962. Zia U/E reports that a larger line shaft is 
needed to keep the pump in adjustment. and the motor 
needs to be rewound. 

The pumping rate of well G-3 has declined, indicating 
wear on the pump and some well deterioration. The 
pump was pulled from G-3 in 1976, but since that time. 
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Fig. 13. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Guqje Well G-3. 

the pumping rate has decreased from 463 gpm to 299 
gpm in 1980. The specific capacity has also declined 
from 5.3 to 2.8 gpm/ft of drawdown. 

Well PM-2 is a high-yield well that has been in 
operation since 1966. The pumping characteristics in
dicate no obvious problems with the pump: however. the 
period of operation (62 000 h) has exceeded the manu
facturer's recommended life (35 000 h) of the pump. 
Because the well is a high-yield producer (24% of total 
production), failure during the summer could cause a 

short-term water shortage (Table II). 
A number of bore-hole TV logs have been made of 

wells before and after well rehabilitation. These logs are 
on file with Group H-8. and a list of these logs is 
presented in Appendix 8. 
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Fig. 14. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Guaje Well G-4. 

III. WATER CANYON 

The gallery in Water Canyon is dug into the Bandelier 
Tuff, which forms the surface outcrops along the moun
tains. The gallery collects the flow in a fractured, 
moderately welded to welded tuff overlying a nonwelded 
(few fractures) tuff that tends to perch the water in the 
overlying tuff. The production from the gallery increased 
13 x 106 gal. from 32 x 106 gal. in 1980 to 45 x 106 gal. 
in 1981 (Table I). The gallery produced about 3% ofthe 
water supply at Los Alamos during 1981. The annual 
discharge for 1981 was 87 gpm, up 26 gpm from 61 gpm 
in 1980 (Fig. 20). The gallery is a valuable source of 
water supply. Production in 1981 exceeded that of four 
wells (LA-2, LA-3, G-2, and G-4), at a large savings in 
energy. Well production in Los Alamos and Guaje Fields 
has to be boosted by pump 1500 to 2000 ft into the 
community and Laboratory areas for distribution, 
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Fig. 15. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Guqje Well G-5. 

whereas the supply from Water Canyon flows by gravity 
into the system. 

IV. GUAJE AND LOS ALAMOS RESER VOIR 

Guaje Reservoir in upper Guaje Canyon has a 
capacity of 0.25 x 106 gal., with a 5.6-mi2 drainage area 
above the intake. The purpose of the reservoir is 
diversion rather than storage; perennial flow is main
tained by springs· in the canyon above the reservoir. 
Water flows by gravity through about 6.8 mi of trans
mission line to irrigate lawns and shrubs at the Cumbres 
Junior High School and Guaje Pines Cemetery. The line 
from the reservoir is not connected to the municipal 
distribution system. The amount used for irrigation in 
1981 was 2.6 x 106 gal., a decrease of 2.4 x 106 gal. from 
5.0 x 106 gal. in 1980. 
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Fig. 16. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Guqje Well G-6. 

Los Alamos Reservoir in upper Los Alamos Canyon 
has a capacity of 13.4 x I 06 gal., with a 6.4-m? drainage 
area above the intake. The reservoir is used for storage 
and recreation. Water flows by gravity through about 
2.6 mi of transmission lines to irrigate lawns and shrubs 
at the Laboratory's Health Research Building, Los 
Alamos High School, and Mesa School. The line from 
the reservoir is not connected to the municipal distribu
tion system. The amount of water used for irrigation in 
1981 was 2.1 x I 06 gal., a decline of 0.2 x I 06 gal. from 
2.3 x 106 gal. used in 1980. 

V. CHEMICAL QUALITY OF WATER 

Water quality is monitored to determine if the water 
from the wells meets state and federal requirements for 
municipal supplies. 14

"
15 Water samples are collected at 
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Fig. 17. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Pajarito Well PM-I. 

the wells and at six locations (at five fire stations and at 
Bandelier National Monument). Water used for munici
pal supply at .Bandelier National Monument is supplied 
from the Los Alamos system. Comparing the maximum 
chemical concentrations from wells and distribution 
system with state and EPA standards shows that all 
constituents were below the standards with the exception 
of fluoride (Table V). Fluoride of 3.0-mg/£ concentration 
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Fig. 18. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Pqjarito Well PM-2. 

occurred in a sample from well LA-IB (Appendix D). 

High fluoride concentrations in water from well LA-IB 
are characteristic of those found in the well since its 

completion in 1960. Mixing in water from the other wells 

lowers the fluoride concentrations to within the stan
dards at the distribution station. Maximum fluoride 
concentrations in wells other than LA-I B were 1.6 mg/ .t, 
which are below the standard of 2.0 mg/.t. 

Water from well LA-6 is not used for municipal 
supply because arsenic concentrations in the water 
exceed the standards. The water could not be mixed with 

other waters from the well field to reduce the arsenic 
concentrations in the distribution system to a level below 
the standards. 13 Arsenic concentrations in water from 
well LA-6 in 1981 were still high at 0.274 mg/.t. 
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Fig. 19. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Pqjarito Well PM-3. 

Water samples from well PM-4 were collected during 
the aquifer test in August 1981. The new well had not 

been added to the system at the end of the year. 
Preliminary analyses indicated that the chemical quality 
of water met the standards for municipal use. When 
water from the well is turned into the system, the long
term hydrologic and chemical characteristics of the well 
will be studied. 

Chemical analyses of water from specific wells and 

distribution sites and some miscellaneous analyses from 
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TABLE V 

CHEMICAL QUALITY OF WATER REQUIRED FOR MUNICIPAL USE 
(concentrations in mg/l) 

Analysis 

Silver 
Arsenic 
Barium 
Cadmium 
Chloride 
Chromium 
Fluoride 
Mercury 
Nitrate (N03) 

Lead 
Selenium 
Total dissolved solids 

References I 4 and I 5. 

Maximum Concentrations 

Supply Wells 
and Gallery Distribution 

<0.003 <0.003 
0.038 0.026 
0.15 0.08 

<0.002 <0.002 
16 17 
0.039 0.046 
3.0 1.4 

<0.0002 
11 17 
0.009 0.004 

<0.005 0.00'7 
390 224 

Standards" 

0.05 
0.05 
1.0 
0.01 

250 
0.05 
2.0 
0.002 

45 
0.05 
0.01 

1000 

Note: Analyses of wells LA-6 and PM-4 (new well not on line) were not included in tabulation because 
their water was not used as part of water supply during I 981. 



the distribution system and supply wells are shown in 
Appendix D. 

Routine chemical analyses are performed on water 
from the six distribution stations, individual supply wells, 
and Los Alamos and Guaje Reservoir. These analyses 
determine if there is any deterioration of the water 
quality with continued production and distribution; rou
tine chemical analyses are presented in Appendix E. 
Slight changes in chemical quality occur seasonally from 
periods of light pumpage (winter) to heavy pumpage 
(summer). Quality of water data collected in 1981, when 
compared to data collected in previous years, is within 
the expected levels caused by the seasonal variations. 

VI. CONSTRUCTION OF SUPPLY WELL PM-4 

Construction of well PM-4 in the Pajarito Well Field 
began in January 1981 with drilling the pilot hole, and it 
was completed in August 1981 when the well was test 
pumped. The well is located on the Pajarito Plateau 
about 4000 ft north of well PM-2 (Fig. 1). Drill cuttings 
collected in 10-ft intervals were used in conjunction with 
the geophysical logs to describe the material penetrated 
by the well. The pilot hole was drilled 14-3/4 in. in 
diameter to a depth of 2920 ft. The geophysical logs run 
were (1) dual-induction, (2) microlaterolog-microlog, (3) 
compensated neutron-formation density, and ( 4) temper
ature log. Well construction details are presented in 
Appendix F. 

Stratigraphic units penetrated by the well in descend
ing order are the Bandelier TufT, the Basaltic Rocks of 
Chino Mesa, the Puye Conglomerate, and the Tesuque 
Formation (Table VI). Drilling-time log is based on a 15-
in. bit using air foam to about 970 ft, drilling mud to 
2970 ft with a bit pressure about 20 000 lbs. Strati
graphic nomenclature use is as described by Griggs. 16 

The detailed geologic log is found as Appendix G. 
The top of the Main Aquifer of the Los Alamos Area 

(the only aquifer capable of municipal and industrial 
water supply) was encountered at a depth of about 1060 
ft in the lower part of the Basaltic Rocks of Chino Mesa. 
The lower part of the Puye Conglomerate and Tesuque 
Formation are within the saturation zone at the well. 

The well was developed (removal of drilling mud, silt, 
and clay from formation and gravel pack) by jetting the 
perforated casing with water, followed by swabbing and 

bailing. Additional development was performed by 
pumping (stop and start to allow backwash of gravel 
pack). Step testing determined pumping rates of the 
permanent pump at 825, 999, 1205, 1348, 1507, and 
1536 gpm (see Appendix G for development details 
about pumping and hydrologic data collected from step 
test). At a 1536-gpm pumping rate, the maximum 
drawdown at the end of 3 h of pumping was 51 ft with a 
specific capacity of 30.1 gpm/ft of drawdown (Fig. 21 ). 
The pumping rate of the permanent pump was based on 
step tests and set at about 1500 gpm. After the well and 
collection system are complete and well water from the 
well is placed in the system, an aquifer test will determine 
hydrologic characteristics of the well and aquifer. 

VII. SUMMARY AND CONCLUSIONS 

Well-field operations in 1981 were satisfactory even 
though pumps failed on several wells during the year. 
Distribution of pumpage in the Los Alamos Well Field 
(60% from wells LA-4 and LA-5; 40% from wells 
LA-1B, LA-2, and LA-3) should be continued. This has 
stabilized the rapid water-level decline seen in the lower 
part of the well field resulting in a uniform water-level 
decline throughout the field. 

Although the first priority is to repair the pumps that 
have failed and return the wells to service, well and pump 
rehabilitation should be continued. Wells to be con
sidered are LA-5, G-3, and PM-2, and are discussed in 
Sec. II.D, "Pump Failure and Well Rehabilitation," of 
this report. 

The pump house and collection system for well PM-4 
were completed and the well was placed in service in the 
early summer of 1982. Well PM-5 is now under con
struction and should be completed by late 1983. 
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APPENDIX A 

WELL NOMENCLATURE AND STATE ENGINEER'S DESIGNATIONS 

State Engineer 

DOE and Zia U/E New Old 

Los Alamos Field 
LA-IB RG-485 RG-485 
LA-2 RG-485-S-5 RG-496 
LA-3 RG-485-S-4 RG-495 
LA-4 RG-485-S-3 RG-494 
LA-5 RG-485-S-2 RG-493 
LA-6 RG-485-S RG-492 

Guaje Field 
G-1 RG-486-S-5 RG-491 
G-IA RG-486-S-4 RG-490 
G-2 RG-486-S-3 RG-489 
G-3 RG-486-S-2 RG-488 
G-4 RG-486-S RG-487 
G-5 RG-486 RG-486 
G-6 RG-486-S-6 RG-485 thru RG-496-Comb-S 

Pajarito Field 
PM-I RG-487 RG-485 thru RG-496-Comb-S-2 
PM-2 RG-487-S RG-485 thru RG-496-Comb-S-3 
PM-3 RG-487-S-2 RG-485 thru RG-496-Comb-S-4 
PM-4 RG-487-S-3 RG-485 thru RG-496-Comb-S-6 
PM-5 RG-487-S-4 RG-485 thru RG-496-Comb-S-7 

Water Canyon 
Gallery RG-488 RG-485 thru RG-496-Comb-S-5 

---------
Notes: 

a. Los Alamos Reservoir (1503, 1802, and 1802 amended) and Guaje Reservoir (1802-B) numbers will 
remain the same. 

b. Total combined diversion of water from wells RG-485 through RG-488 and surface water points of 
diversion 1503, 1802. 1802 amended, and 1802-B shall not exceed a total of 5531.3 acre-feet (about 
1802 x I 06 gal. per annum. 

c. Received by DOE (Los Alamos) December 28, 1981, from State Engineer Office (Albuquerque). 



APPENDIX C 

ANNUAL CHARACTERISTICS OF AQUIFERS 

Well LA-1 

Pump Pumpage Pump Water Level 
Time (million Rate Non pump 

Year (h) (gal) (gpm) (ft) 

1947 3468 54.0 259.5 
1948 2988 34.7 193.6 
1949 1361 26.7 327.0 
1950 563 10.5 310.8 19.0 
1951 1215 14.6 200.3 59.0 
1952 286 3.4 198.1 40.0 
1953 0 0.0 0.0 36.0 
1954 0 0.0 0.0 44.0 
1955 690 9.7 234.3 51.0 
1956 39 0.0 0.0 33.0 
1957 0 0.0 0.0 33.0 
1958 0 0.0 0.0 10.0 
1959 0 0.0 0.0 13.0 
1960 0 0.0 0.0 13.0 
1961 0 0.0 0.0 59.0 
1962 0 0.0 0.0 84.0 
1963 0 0.0 0.0 90.0 
1964 0 0.0 0.0 95.0 
1965 0 0.0 0.0 76.0 
1966 0 0.0 0.0 70.0 
1967 0 0.0 0.0 52.0 
1968 0 0.0 0.0 42.0 
1969 0 0.0 0.0 38.0 
1970 0 0.0 0.0 37.0 
1971 0 0.0 0.0 51.0 
1972 0 0.0 0.0 49.0 
1973 0 0.0 0.0 55.0 
1974 0 0.0 0.0 53.0 
1975 0 0.0 0.0 58.0 
1976 0 0.0 0.0 69.0 
1977 0 0.0 0.0 74.0 
1978 0 0.0 0.0 68.0 
1979 0 0.0 0.0 38.0 
1980 0 0.0 0.0 40.0 
1981 0 0.0 0.0 51.0 
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APPENDIX C (cont) 

Well LA-1B 

Pump Pump age Pump Water Level Specific 
Time (million Rate Non pump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1960 415 36.3 1457.8 7.0 111.0 104.0 14.0 
1961 3727 124.7 557.6 54.0 154.0 100.0 5.6 
1962 3936 129.1 546.7 72.0 169.0 97.0 5.6 
1963 3649 117.4 536.2 74.0 170.0 96.0 5.6 
1964 4174 130.3 520.3 81.0 183.0 102.0 5.1 
1965 3007 97.9 542.6 63.0 170.0 107.0 5.1 
1966 2589 83.9 540.1 50.0 169.0 119.0 4.5 
1967 2519 84.9 561.7 39.0 153.0 114.0 4.9 
1968 2183 74.0 565.0 32.0 147.0 115.0 4.9 
1969 2244 75.7 562.2 22.0 142.0 120.0 4.7 
1970 2369 79.7 560.7 22.0 143.0 121.0 4.6 
1971 2633 89.1 564.0 31.0 162.0 131.0 4.3 
1972 2215 75.3 566.6 31.0 163.0 132.0 4.3 
1973 2628 87.2 553.0 37.0 170.0 133.0 4.2 
1974 2282 73.9 539.7 35.0 161.0 126.0 4.3 
1975 2308 74.4 537.3 42.0 168.0 126.0 4.3 
1976 2521 79.6 526.2 50.0 176.0 126.0 4.2 
1977 2782 84.2 504.4 47.0 167.0 120.0 4.2 
1978 2306 75.6 546.3 42.0 162.0 120.0 4.6 
1979 1354 45.9 564.6 13.0 134.0 121.0 4.7 
1980 1955 62.9 536.3 21.0 146.0 125.0 4.3 
1981 2299 73.9 537.7 26.0 144.0 118.0 4.5 
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APPENDIX C (cont) 

Well LA-2 

Pump Pumpage Pump Water Level 
Specific 

Time (million Rate Non pump Pump Draw Capacity 
Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1947 963 27.6 477.7 
1948 3659 59.3 270.1 
1949 1654 41.8 421.2 
1950 614 15.6 423.5 59.0 285.0 226.0 1.9 
1951 2415 57.7 398.2 111.0 305.0 194.0 2.1 
1952 1980 46.3 389.7 101.0 300.0 199.0 2.0 
1953 2201 47.2 357.4 100.0 301.0 201.0 1.8 
1954 2601 56.8 364.0 116.0 
1955 2223 49.4 370.4 110.0 
1956 1805 44.2 408.1 84.0 
1957 1066 29.6 462.8 53.0 277.0 224.0 2.1 
1958 1166 3l.l 444.5 60.0 270.0 210.0 2.1 
1959 1599 40.7 424.2 71.0 303.0 232.0 1.8 
1960 2169 51.6 396.5 76.0 305.0 229.0 1.7 
1961 2149 44.4 344.3 101.0 313.0 212.0 1.6 
1962 1823 35.7 326.4 111.0 314.0 203.0 1.6 
1963 1999 40.7 339.3 127.0 332.0 205.0 1.7 
1964 1924 34.2 296.3 137.0 347.0 210.0 1.4 
1965 1911 39.8 347.1 121.0 330.0 209.0 1.7 
1966 1070 21.4 333.3 108.0 340.0 232.0 1.4 
1967 238 4.9 343.1 78.0 304.0 226.0 1.5 
1968 502 11.3 375.2 64.0 305.0 241.0 1.6 
1969 155 3.8 408.6 50.0 297.0 247.0 1.7 
1970 341 7.2 351.9 59.0 310.0 251.0 1.4 
1971 1787 31.8 296.6 88.0 318.0 230.0 1.3 
1972 2189 39.3 299.2 96.0 322.0 226.0 1.3 
1973 2625 46.7 296.5 106.0 334.0 228.0 1.3 
1974 2033 36.8 301.7 109.0 325.0 216.0 1.4 
1975 2310 40.2 290.0 103.0 320.0 217.0 1.3 
1976 2488 39.9 267.3 113.0 322.0 209.0 1.3 
1977 2775 42.5 255.3 118.0 314.0 196.0 1.3 
1978 2299 39.5 286.4 112.0 338.0 226.0 1.3 
1979 1353 26.2 323.0 75.0 316.0 241.0 1.3 
1980 1960 33.8 287.4 84.0 318:0 234.0 1.2 
1981 1911 34.4 300.0 94.0 336.0 242.0 1.2 
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APPENDIX C (cont) 

Well LA-3 

Pump Pumpage Pump Water Level Specific 

Time (million . Rate Nonpump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1947 1476 64.9 732.8 

1948 3647 82.5 377.0 

1949 1505 41.7 461.8 

1950 2793 57.8 344.9 97.0 231.0 134.0 2.6 

1951 3554 66.9 313.7 116.0 233.0 117.0 2.7 

1952 2514 58.6 388.5 94.0 218.0 124.0 3.1 

1953 3104 69.7 374.2 103.0 229.0 126.0 3.0 

1954 2595 57.3 368.0 101.0 225.0 124.0 3.0 

1955 2195 48.7 369.8 91.0 226.0 135.0 2.7 

1956 1849 42.1 379.5 74.0 222.0 148.0 2.6 

1957 1080 26.1 402.8 56.0 219.0 163.0 2.5 

1958 1612 33.6 347.4 49.0 225.0 176.0 2.0 

1959 1821 35.0 320.3 54.0 231.0 177.0 1.8 

1960 2174 38.4 294.4 68.0 230.0 162.0 1.8 

1961 1939 34.7 298.3 85.0 189.0 104.0 2.9 

1962 2361 45.4 320.5 93.0 192.0 99.0 3.2 

1963 2128 42.5 332.9 81.0 197.0 116.0 2.9 

1964 2574 50.4 326.3 104.0 217.0 113.0 2.9 

1965 1961 43.4 368.9 79.0 220.0 141.0 2.6 

1966 2236 46.1 343.6 81.0 219.0 138.0 2.5 

1967 2274 47.4 347.4 86.0 218.0 132.0 2.6 

1968 2127 42.7 334.6 82.0 251.0 169.0 2.0 

1969 2072 40.1 322.6 58.0 246.0 188.0 1.7 

1970 2303 44.0 318.4 55.0 241.0 186.0 1.7 

1971 2556 45.4 296.0 77.0 250.0 173.0 1.7 

1972 2205 39.7 300.1 73.0 251.0 178.0 1.7 

1973 977 20.3 346.3 65.0 248.0 183.0 1.9 

1974 2291 43.5 316.5 73.0 244.0 171.0 1.9 

1975 2306 43.3 313.0 80.0 253.0 173.0 1.8 

1976 2474 42.3 285.0 88.0 260.0 172.0 1.7 

1977 2779 47.3 283.7 89.0 248.0 . ·159.0 1.8 

1978 2308 42.4 306.4 87.0 250.0 163.0 1.9 

1979 1343 28.1 348.1 58.0 243.0 185.0 1.9 

1980 1952 35.1 299.9 61.0 237.0 176.0 1.7 

1981 2297 41.5 301.1 70.0 240.0 170.0 1.8 
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APPENDIX C (cont) 

Well LA-4 

Pump Pump age Pump Water Level Specific 

Time (million Rate Nonpump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1948 1570 42.7 453.3 

1949 940 37.5 664.9 

1950 4350 164.9 631.8 278.0 353.0 75.0 8.4 

1951 4909 173.6 589.4 285.0 357.0 72.0 8.2 

1952 3429 . 119.6 581.3 267.0 339.0 72.0 8.1 

1953 3034 109.1 599.3 264.0 335.0 71.0 8.4 

1954 2133 78.2 611.0 255.0 329.0 74.0 8.3 

1955 2647 94.5 595.0 268.0 341.0 73.0 8.2 

1956 3402 120.2 588.9 273.0 346.0 73.0 8.1 

1957 2844 105.4 617.7 270.0 345.0 75.0 8.2 

1958 2973 110.3 618.3 270.0 342.0 72.0 8.6 

1959 3084 113.5 613.4 275.0 346.0 71.0 8.6 

1960 4084 145.6 594.2 296.0 365.0 69.0 8.6 

1961 3687 129.7 586.3 296.0 365.0 69.0 8.5 

1962 3688 129.3 584.3 286.0 359.0 73.0 8.0 

1963 3718 130.5 585.0 280.0 351.0 71.0 8.2 

1964 4500 155.0 574.1 291.0 361.0 70.0 8.2 

1965 3110 111.4 597.0 279.0 349.0 70.0 8.5 

1966 3279 115.6 587.6 285.0 356.0 71.0 8.3 

1967 2127 77.1 604.1 278.0 350.0 72.0 8.4 

1968 2276 81.7 598.3 280.0 351.0 71.0 8.4 

1969 1694 61.8 608.0 282.0 358.0 76.0 8.0 

1970 2333 83.5 596.5 286.0 363.0 77.0 7.7 

1971 2519 89.0 588.9 287.0 373.0 86.0 6.8 

1972 2322 82.6 592.9 282.0 367.0 85.0 7.0 

1973 2616 92.4 588.7 294.0 377.0 83.0 7.1 

1974 2306 82.2 594.1 286.0 367.0 81.0 7.3 

1975 2319 82.3 591.5 272.0 355.0 83.0 7.1 

1976 2802 98.2 584.1 277.0 373.0 96.0 6.1 

1977 2741 96.4 586.2 278.0 374.0 96.0 6.1 

1978 2248 80.1 594.2 271.0 368.0 97.0 6.1 

1979 2964 104.6 587.9 280.0 376.0 96.0 6.1 

1980 3322 115.3 578.5 284.0 385.0 101.0 5.7 

1981 2573 89.4 579.1 289.0 .393.0 104.0 5.6 
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APPENDIX C (cont) 

Well LA-5 

Pump Pumpage Pump Water Level Specific 
Time (million Rate Nonpump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1948 1171 40.4 575.0 
1949 1763 58.5 553.0 
1950 4052 130.1 535.1 131.0 254.0 123.0 4.4 
1951 6004 187.4 520.2 162.0 272.0 110.0 4.7 
1952 3425 109.6 533.3 147.0 259.0 112.0 4.8 
1953 3278 103.9 528.3 141.0 257.0 116.0 4.6 
1954 2546 80.1 524.4 137.0 259.0 122.0 4.3 
1955 3158 97.3 513.5 145.0 267.0 122.0 4.2 
1956 3476 104.5 501.1 150.0 276.0 126.0 4.0 
1957 2868 86.0 499.8 150.0 277.0 127.0 3.9 
1958 3009 89.9 498.0 151.0 277.0 126.0 4.0 
1959 3088 93.5 504.6 155.0 280.0 125.0 4.0 
1960 4088 119.1 485.6 168.0 288.0 120.0 4.0 
1961 3534 100.3 473.0 165.0 288.0 123.0 3.8 
1962 3735 107.7 480.6 172.0 
1963 3726 105.0 469.7 171.0 
1964 4236 118.8 467.4 184.0 
1965 1740 50.5 483.7 180.0 
1966 2817 79.3 469.2 180.0 
1967 2533 73.7 484.9 168.0 
1968 2233 63.3 472.5 161.0 300.0 139.0 3.4 
1969 2402 68.5 475.3 161.0 298.0 137.0 3.5 
1970 2353 66.1 468.2 157.0 300.0 143.0 3.3 
1971 2659 74.4 466.3 155.0 302.0 147.0 3.2 
1972 2301 64.4 466.5 153.0 304.0 151.0 3.1 
1973 2476 68.3 459.7 156.0 308.0 152.0 3.0 
1974 1903 52.5 459.8 154.0 306.0 152.0 3.0 
1975 2318 63.9 459.4 149.0 309.0 160.0 2.9 
1976 2799 77.6 462.1 150.0 310.0 160.0 2.9 
1977 2665 74.8 467.8 147.0 303.0 156.0 3.0 
1978 2274 64.9 475.8 145.0 299.0 154.0 3.1 
1979 2964 84.0 472.4 149.0 301.0 152.0 3.1 
1980 3316 92.2 463.6 153.0 300.0 147.0 3.2 
1981 3523 96.5 456.5 158.0 304.0 146.0 3.1 
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APPENDIX C (coot) 

WeD LA-6 

Pump Pumpage Pump Water Level Specific 

Time (million Rate Nonpump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1948 116 4.9 704.0 

1949 2451 95.8 651.4 

1950 4490 167.9 623.2 83.0 136.0 53.0 11.8 

1951 5882 201.6 571.2 115.0 160.0 45.0 12.7 

1952 3168 110.3 580.3 108.0 151.0 43.0 13.5 

1953 3177 113.8 597.0 95.0 139.0 44.0 13.6 

1954 2894 107.1 616.8 92.0 135.0 43.0 14.3 

1955 2911 108.0 618.3 97.0 140.0 43.0 14.4 

1956 3438 125.8 609.9 106.0 149.0 43.0 14.2 

1957 2833 102.4 602.4 107.0 152.0 45.0 13.4 

1958 2957 106.9 602.5 108.0 131.0 43.0 14.0 

1959 3096 108.3 583.0 115.0 158.0 43.0 13.6 

1960 4084 138.6 565.6 130.0 172.0 42.0 13.5 

1961 3284 112.5 571.0 129.0 171.0 42.0 13.6 

1962 3886 129.4 555.0 135.0 175.0 40.0 13.9 

1963 2953 102.9 580.8 125.0 171.0 46.0 12.6 

1964 4244 138.3 543.1 132.0 172.0 40.0 13.6 

1965 3145 103.8 550.1 120.0 160.0 40.0 13.8 

1966 3173 104.0 546.3 129.0 169.0 40.0 13.7 

1967 2511 85.4 566.8 118.0 158.0 40.0 14.2 

1968 2111 71.6 565.3 109.0 150.0 41.0 13.8 

1969 2402 81.6 566.2 109.0 151.0 42.0 13.5 

1970 2337 79.1 564.1 106.0 149.0 43.0 13.1 

1971 2472 82.5 556.2 119.0 160.0 41.0 13.6 

1972 2317 79.2 569.7 117.0 155.0 38.0 15.0 

1973 2638 90.6 572.4 118.0 155.0 37.0 15.5 

1974 2337 79.8 569.1 120.0 156.0 36.0 15.8 

1975 1571 51.9 550.6 113.0 151.0 38.0 14.5 

1976 175 5.1 485.7 96.0 

1977 82.0 

1978 33 l.l 572.7 77.0 142.0 65.0 8.8 

1979 6 0.2 555.6 80.0 146.0 66.0 8.4 

1980 4 0.1 520.8 82.0 l42.0 60.0 8.7 

1981 2.3 0.08 579.8 84.0 141.0 57.0 10.2 
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APPENDIX C (cont) 

Well G-1 

Pump Pumpage Pump Water Level Specific 
Time (milliQn Rate Non pump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1950 0 2.8 0.0 195.0 
1951 1168 37.7 538.0 202.0 309.0 107.0 5.0 
1952 2476 75.5 508.2 213.0 295.0 82.0 6.2 
1953 3275 97.3 495.2 221.0 292.0 71.0 7.0 
1954 2616 77.8 495.7 221.0 290.0 69.0 7.2 
1955 2406 70.5 488.4 226.0 295.0 69.0 7.1 
1956 2958 83.2 468.8 235.0 303.0 68.0 6.9 
1957 2098 55.9 444.1 236.0 307.0 71.0 6.3 
1958 2460 68.1 461.4 238.0 308.0 70.0 6.6 
1959 2952 82.4 465.2 245.0 314.0 69.0 6.7 
1960 3564 96.0 448.9 254.0 325.0 71.0 6.3 
1961 4236 112.4 442.2 260.0 333.0 73.0 6.1 
1962 3431 93.6 454.7 258.0 342.0 84.0 5.4 
1963 4519 114.9 423.8 265.0 348.0 83.0 5.1 
1964 4374 113.8 433.6 269.0 352.0 83.0 5.2 
1965 3530 90.7 428.2 268.0 352.0 84.0 5.1 
1966 4074 102.6 419.7 269.0 363.0 94.0 4.5 
1967 2615 69.9 445.5 266.0 362.0 96.0 4.6 
1968 2996 78.9 438.9 264.0 366.0 102.0 4.3 
1969 2657 68.3 428.4 266.0 376.0 110.0 3.9 
1970 2712 64.7 397.6 264.0 377.0 113.0 3.5 
1971 2908 67.9 389.2 258.0 378.0 120.0 3.2 
1972 2865 66.1 384.5 264.0 389.0 125.0 3.1 
1973 2997 67.5 375.4 271.0 403.0 132.0 2.8 
1974 2767 62.3 375.3 283.0 412.0 129.0 2.9 
1975 2467 55.7 376.3 293.0 411.0 118.0 3.2 
1976 2962 65.1 366.3 
1977 2734 57.9 353.0 275.0 426.0 151.0 2.3 
1978 2656 56.0 351.4 270.0 419.0 149.0 2.4 
1979 2998 61.7 342.9 271.0 422.0 151.0 2.3 
1980 3459 68.3 329.0 273.0 428.0 155.0 2.1 
1981 4427 81.6 307.2 275.0 444.0 169.0 1.8 
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APPENDIX C (cont) 

Well G-lA 

Pump Pumpage Pump Water Level Specific 
Time (million Rate Nonpump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1954 108 4.6 709.9 
1955 1531 53.0 577.0 265.0 316.0 51.0 11.3 
1956 3130 107.7 573.5 273.0 323.0 50.0 ll.5 
1957 2470 87.0 587.0 274.0 327.0 53.0 11.1 
1958 2670 92.5 577.4 279.0 331.0 52.0 11.1 
1959 2965 102.7 577.3 284.0 333.0 49.0 11.8 
1960 3641 122.8 562.1 291.0 342.0 51.0 11.0 
1961 4297 147.3 571.3 298.0 350.0 52.0 11.0 
1962 3972 136.1 571.1 295.0 344.0 49.0 11.7 
1963 4525 149.7 551.4 301.0 350.0 49.0 11.3 
1964 3852 129.3 559.4 302.0 353.0 51.0 11.0 
1965 3505 116.5 554.0 302.0 353.0 51.0 10.9 
1966 3964 133.4 560.9 306.0 355.0 49.0 11.4 
1967 2720 91.3 559.4 302.0 351.0 49.0 11.4 
1968 3089 103.2 556.8 302.0 352.0 50.0 11.1 
1969 2695 90.7 560.9 303.0 356.0 53.0 10.6 
1970 2772 92.5 556.2 300.0 357.0 57.0 9.8 
1971 3313 111.8 562.4 303.0 361.0 58.0 9.7 
1972 2879 94.0 544.2 302.0 361.0 59.0 9.2 
1973 2760 87.9 530.8 302.0 362.0 60.0 8.8 
1974 2974 92.7 519.5 307.0 355.0 48.0 10.8 
1975 2740 85.3 518.9 304.0 351.0 47.0 11.0 
1976 2983 91.6 511.8 302.0 350.0 48.0 10.7 
1977 2942 88.7 502.5 302.0 350.0 48.0 10.5 
1978 2631 77.9 493.5 300.0 345.0 45.0 11.0 
1979 2974 88.0 493.9 301.0 345.0 44.0 11.0 
1980 3480 103.2 494.4 305.0 345.0 40.0 12.4 
1981 4212 131.2 519.1 307.0 347.0 40.0 13.0 
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APPENDIX C (cont) 

Well G-2 

Pump Pumpage Pump Water Level Specific 
Time (million. Rate Nonpump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1951 123 3.9 528.5 259.0 
1952 2372 78.3 550.2 279.0 327.0 48.0 11.5 
1953 3254 105.6 540.9 290.0 334.0 44.0 12.3 
1954 2682 86.3 536.3 291.0 335.0 44.0 12.2 
1955 2487 78.8 528.1 299.0 345.0 46.0 11.5 
1956 3109 95.8 513.6 310.0 357.0 47.0 10.9 
1957 2458 76.1 516.0 311.0 360.0 49.0 10.5 
1958 2707 80.1 493.2 315.0 361.0 46.0 10.7 
1959 2938 84.6 479.9 320.0 363.0 43.0 11.2 
1960 3535 96.6 455.4 328.0 370.0 42.0 10.8 
1961 3982 105.3 440.7 336.0 375.0 39.0 11.3 
1962 4076 99.8 408.1 338.0 374.0 36.0 11.3 
1963 4563 105.7 386.1 344.0 379.0 35.0 11.0 
1964 4541 105.3 386.5 346.0 380.0 34.0 11.4 
1965 3535 82.6 389.4 346.0 381.0 35.0 1l.l 
1966 3994 94.7 395.2 349.0 383.0 34.0 11.6 
1967 2743 67.6 410.7 344.0 379.0 35.0 11.7 
1968 2732 66.5 405.7 344.0 379.0 35.0 11.6 
1969 2679 68.6 426.8 344.0 381.0 37.0 l1.5 
1970 2431 62.8 430.5 343.0 381.0 38.0 11.3 
1971 3420 87.4 425.9 345.0 384.0 39.0 10.9 
1972 2887 73.4 423.7 348.0 388.0 40.0 10.6 
1973 2816 72.4 428.5 344.0 385.0 41.0 10.5 
1974 3056 82.0 447.2 347.0 390.0 43.0 10.4 
1975 2724 74.5 455.8 341.0 384.0 43.0 10.6 
1976 2990 81.1 452.1 344.0 388.0 44.0 10.3 
1977 2981 80.4 449.5 346.0 388.0 42.0 10.7 
1978 2562 71.6 451.9 345.0 386.0 41.0 11.0 
1979 2975 80.0 448.0 347.0 348.0 41.0 11.0 
1980 3478 92.4 443.0 350.0 389.0 39.0 11.4 
1981 1432 38.3 445.8 352.0 390.0 38.0 11.7 

31 



ii; ll ! ...... 

APPENDIX C (cont) 

Well G-3 

Pump Pumpage Pump Water Level Specific 
Time (million Rate Nonpump Pump Draw Capacity Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1951 192 7.3 633.7 281.0 
1952 2379 65.4 458.2 3IO.O 358.0 48.0 9.5 
1953 3192 76.4 398.9 322.0 360.0 38.0 10.5 1954 2675 66.1 411.8 322.0 370.0 48.0 8.6 
1955 2369 69.4 488.3 316.0 368.0 52.0 9.4 
I956 3I49 87.9 465.2 324.0 380.0 56.0 8.3 
1957 2517 70.2 464.8 324.0 385.0 61.0 7.6 
1958 2562 69.5 452.I 323.0 386.0 63.0 7.2 
1959 293I 74.6 424.2 326.0 395.0 69.0 6. I 
1960 359I 82.5 382.9 335.0 407.0 72.0 5.3 
1961 36I2 79.9 368.7 343.0 4I4.0 71.0 5.2 
1962 4057 83.7 343.9 348.0 4I8.0 70.0 4.9 
1963 4555 86.7 3 I 7.2 352.0 422.0 70.0 4.5 
1964 4487 78.6 292.0 355.0 424.0 69.0 4.2 
1965 3498 65.6 3 I2.6 350.0 4I9.0 69.0 4.5 
1966 3991 73.7 307.8 353.0 420.0 67.0 4.6 
1967 2752 52.9 320.4 344.0 418.0 74.0 4.3 
1968 3086 56.5 305.1 341.0 418.0 77.0 4.0 1969 2672 50.8 316.9 338.0 4I 7.0 79.0 4.0 
1970 2736 55.4 337.5 336.0 4I9.0 83.0 4.I 
1971 3337 64.2 320.6 342.0 423.0 81.0 4.0 
1972 2838 50.9 298.9 341.0 421.0 80.0 3.7 
1973 2843 47.3 277.3 341.0 4I8.0 77.0 3.6 
1974 3006 49.3 273.3 342.0 424.0 82.0 3.3 
1975 2632 43.1 272.9 341.0 428.0 87.0 3. I 
I976 297I 82.6 463.4 374.0 462.0 88.0 5.3 
1977 2961 78.9 444.I 368.0 463.0 95.0 4.7 
1978 2590 66.4 427.5 360.0 458.0 98.0 4.4 
1979 3014 69.0 381.0 360.0 465.0 I05.0 3.6 
1980 3448 61.8 298.6 363.0 468.0 105.0 2.8 
1981 4315 66.6 257.2 372.0 482.0 I 10.0 2.3 
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APPENDIX C (coot) 

Well G-4 

Pump Pump age Pump Water Level Specific 

Time (million Rate Nonpump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1951 12.5 357.0 477.0 120.0 

1952 2401 56.9 395.0 374.0 474.0 100.0 3.9 

1953 2677 55.2 343.7 380.0 472.0 92.0 3.7 

1954 2256 58.8 434.4 383.0 526.0 143.0 3.0 

1955 1172 22.7 322.8 378.0 481.0 103.0 3.1 

1956 1800 33.9 313.9 377.0 491.0 114.0 2.8 

1957 1324 24.2 304.6 373.0 498.0 125.0 2.4 

1958 1970 35.9 303.7 370.0 490.0 120.0 2.5 

1959 1819 31.6 289.5 378.0 494.0 116.0 2.5 

1960 2457 37.0 251.0 385.0 509.0 124.0 2.0 

1961 2787 45.0 269.1 389.0 512.0 123.0 2.2 

1962 2738 41.7 253.8 386.0 505.0 119.0 2.1 

1963 3519 46.4 219.8 388.0 504.0 116.0 1.9 

1964 3561 42.9 200.8 396.0 499.0 103.0 1.9 

1965 2100 23.8 188.9 394.0 492.0 98.0 1.9 

1966 2219 33.6 252.4 391.0 498.0 107.0 2.4 

""'' 1967 2690 44.8 277.6 388.0 509.0 121.0 2.3 

1968 2083 31.4 251.2 386.0 509.0 123.0 2.0 

1969 1309 17.4 221.5 387.0 505.0 118.0 1.9 

1970 606 7.7 211.8 384.0 504.0 120.0 1.8 

1971 1640 21.0 213.4 389.0 503.0 114.0 1.9 

1972 2840 33.3 195.4 391.0 507.0 116.0 1.7 

1973 3006 37.2 206.3 392.0 521.0 129.0 1.6 

1974 2672 34.3 213.9 392.0 519.0 127.0 1.7 

1975 1977 41.0 345.6 403.0 559.0 156.0 2.2 

1976 2859 57.8 336.9 406.0 571.0 165.0 2.0 

1977 2954 62.4 352.1 406.0 589.0 183.0 1.9 

1978 2607 49.5 316.5 398.0 589.0 191.0 1.7 

1979 2974 52.9 296.4 395.0 586.0 191.0 1.6 

1980 2235 35.6 265.7 394.0 580.0 186.0 1.4 

1981 432 8.2 316.4 385.0 573.0 188.0 1.7 
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APPENDIX C (cont) 

Well G-S 

Pump Pump age Pump Water Level Specific 

Time (million Rate Nonpump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1951 6.7 414.0 

1952 2579 73.8 476.9 422.0 480.0 58.0 8.2 

1953 1433 37.8 439.6 425.0 467.0 42.0 10.5 

1954 2617 80.9 515.2 429.0 473.0 44.0 11.7 

1955 2529 80.4 529.9 427.0 472.0 45.0 11.8 

1956 3052 97.0 529.7 431.0 478.0 47.0 11.3 

1957 2385 64.1 447.9 424.0 466.0 42.0 10.7 

1958 1523 49.1 537.3 428.0 477.0 49.0 11.0 

1959 2917 101.7 581.1 435.0 495.0 60.0 9.7 

1960 2828 98.0 577.6 437.0 501.0 64.0 9.0 

1961 3908 134.0 571.5 438.0 507.0 69.0 8.3 

1962 4186 142.0 565.4 440.0 511.0 71.0 8.0 

1963 4528 151.0 555.8 441.0 513.0 72.0 7.7 

1964 4532 150.4 553.1 446.0 516.0 70.0 7.9 

1965 3520 117.1 554.5 443.0 516.0 73.0 7.6 

1966 2555 83.2 542.7 445.0 520.0 75.0 7.2 

1967 2405 80.0 554.4 444.0 519.0 75.0 7.4 

1968 2513 81.2 538.5 443.0 517.0 74.0 7.3 

1969 2649 83.3 524.1 450.0 520.0 70.0 7.5 

1970 2771 88.9 534.7 453.0 521.0 68.0 7.9 

1971 2657 88.3 553.9 450.0 521.0 71.0 7.8 

1972 2902 92.4 530.7 441.0 514.0 73.0 7.3 

1973 3003 97.5 541.1 444.0 515.0 71.0 7.6 

1974 2054 69.0 559.9 440.0 513.0 73.0 7.7 

1975 2266 74.7 549.4 433.0 500.0 67.0 8.2 

1976 2955 95.0 535.8 442.0 504.0 62.0 8.6 

1977 2836 92.1 541.3 444.0 504.0 60.0 9.0 

1978 2608 84.2 538.4 442.0 502.0 60.0 9.0 

1979 2766 86.5 521.5 442.0 502.0 60.0 8.7 

1980 2896 89.0 512.4 442.0 502.0 60.0 8.5 

1981 2124 66.7 523.4 451.0 528.0 77.0 6.8 
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APPENDIX C (cont) 

Well G-6 

Pump Pumpage Pump Water Level Specific 
Time (million Rate Non pump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1964 1912 45.0 392.3 581.0 659.0 78.0 5.0 
1965 3200 74.9 390.1 582.0 660.0 78.0 5.0 
1966 3931 92.2 390.9 585.0 658.0 73.0 5.4 
1967 2454 57.8 392.6 580.0 653.0 73.0 5.4 
1968 2597 56.2 360.7 574.0 647.0 73.0 4.9 
1969 2698 55.6 343.5 568.0 636.0 68.0 5.1 
1970 2765 51.0 307.4 569.0 634.0 65.0 4.7 
1971 2932 42.8 243.3 573.0 629.0 56.0 4.3 
1972 2516 57.0 377.6 578.0 670.0 92.0 4.1 
1973 2991 65.3 363.9 579.0 667.0 88.0 4.1 
1974 2950 63.8 360.5 579.0 665.0 86.0 4.2 
1975 2717 56.7 347.8 577.0 659.0 82.0 4.2 
1976 2966 57.8 324.8 584.0 662.0 78.0 4.2 
1977 2954 54.4 306.9 586.0 659.0 73.0 4.2 
1978 2218 38.4 288.9 581.0 645.0 64.0 4.5 
1979 1030 18.2 295.1 579.0 645.0 66.0 4.8 
1980 1789 34.5 321.5 583.0 670.0 87.0 3.7 
1981 4302 76.5 296.4 586.0 673.0 87.0 3.4 
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APPENDIX C (cont) 

Well PM-I 

Pump Pumpage Pump Water Level Specific 
Time (million Rate Nonpump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1965 2754 99.2 600.3 746.0 786.0 40.0 15.0 
1966 3086 108.0 583.3 740.0 779.0 39.0 15.0 
1967 2870 111.0 644.6 737.0 781.0 44.0 14.6 
1968 1846 68.1 614.8 735.0 769.0 34.0 18.1 
1969 951 34.4 602.9 733.0 766.0 33.0 18.3 
1970 1781 66.2 619.5 733.0 769.0 36.0 17.2 
1971 2728 101.0 617.1 733.0 766.0 33.0 18.7 
1972 2415 84.9 585.9 735.0 762.0 27.0 21.7 
1973 1688 46.5 459.1 736.0 755.0 19.0 24.2 
1974 2649 96.3 605.9 740.0 768.0 28.0 21.6 
1975 2567 94.8 615.5 741.0 766.0 25.0 24.6 
1976 2933 106.8 606.9 744.0 767.0 23.0 26.4 
1977 2969 105.4 591.7 745.0 767.0 22.0 26.9 
1978 2544 90.6 593.3 745.0 767.0 22.0 27.0 
1979 2350 83.4 591.5 744.0 766.0 22.0 26.9 
1980 2786 98.7 590.7 746.0 769.0 23.0 25.7 
1981 2789 98.5 588.6 747.0 769.0 22.0 26.8 
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APPENDIX C (cont) 

Well PM-2 

Pump Pumpage Pump Water Level Specific 
Time (million. Rate Nonpump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1966 221 18.9 1425.3 826.0 889.0 63.0 22.6 
1967 4336 370.0 1422.2 834.0 888.0 54.0 26.3 
1968 3865 328.2 1415.3 838.0 889.0 51.0 27.8 
1969 3304 279.9 1411.9 838.0 890.0 52.0 27.2 
1970 3529 300.6 1419.7 839.0 893.0 54.0 26.3 
1971 4035 339.5 1402.3 841.0 898.0 57.0 24.6 
1972 4611 385.3 1392.7 845.0 902.0 57.0 24.4 
1973 4571 380.6 1387.7 849.0 907.0 58.0 23.9 
1974 5443 450.9 1380.7 853.0 912.0 59.0 23.4 
1975 4644 385.3 1382.8 854.0 913.0 59.0 23.4 
1976 5382 442.0 1368.8 866.0 924.0 58.0 23.6 
1977 3306 272.8 1375.3 868.0 924.0 56.0 24.6 
1978 4743 388.4 1364.9 871.0 928.0 57.0 23.9 
1979 4671 381.8 1362.2 872.0 924.0 52.0 26.2 
1980 5023 409.6 1359.2 873.0 931.0 58.0 23.4 
1981 4551 370.1 1355.4 876.0 934.0 58.0 23.4 

Well PM-3 

Pump Pumpage Pump Water Level Specific 
Time (million Rate Non pump Pump Draw Capacity 

Year (h) gal) (gpm) (ft) (ft) Down (gpm/ft) 

1968 2327 187.4 1342.2 743.0 771.0 28.0 47.9 
1969 3241 254.7 1309.8 746.0 772.0 26.0 50.4 
1970 2905 227.8 1306.9 750.0 774.0 24.0 54.5 
1971 2774 216.3 1299.6 751.0 774.0 23.0 56.5 
1972 2445 192.1 1309.5 752.0 775.0 23.0 56.9 
1973 3256 257.8 1319.6 755.0 778.0 23.0 57.4 
1974 3241 255.3 1312.9 756.0 779.0 23.0 57.1 
1975 3421 269.3 1312.0 757.0 780.0 23.0 57.0 
1976 3171 268.3 1410.2 758.0 784.0 26.0 54.2 
1977 2792 235.5 1405.8 758.0 784.0 26.0 54.1 

f~: 1978 2516 211.0 1397.6 759.0 784.0 25.0 55.9 
1979 2359 197.2 1393.0 760.0 784.0 24.0 58.0 
1980 2796 234.4 1397.2 760.0 785.0 25.0 55.9 
1981 2784 232.4 1391.3 761.0 786.0 25.0 55.6 
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APPENDIX C (coot) 

l 
! 

Water Canyon Gallery L 
Production Discharge 

Time (million Rate 
Year (h) gal) (gpm) 

1947 8760 84.0 159.8 
1948 8784 97.0 184.0 
1949 8760 92.0 175.0 
1950 8760 54.0 102.7 
1951 8760 39.0 74.2 
1952 8784 48.0 91.1 
1953 8760 39.0 74.2 
1954 8760 40.0 76.1 
1955 8760 33.0 62.8 
1956 8784 23.0 43.6 
1957 8760 40.0 76.1 
1958 8760 60.0 114.2 
1959 8760 54.0 102.7 
1960 8784 48.0 91.1 
1961 8760 54.0 102.7 
1962 8760 67.0 127.5 
1963 8760 51.0 97.0 
1964 8784 45.0 85.4 
1965 8760 72.0 137.0 
1966 8760 82.0 156.0 
1967 8760 56.0 106.5 
1968 8784 65.0 123.3 
1969 8760 80.0 152.2 
1970 8760 65.0 123.7 
1971 8760 37.0 70.4 
1972 8784 40.0 75.9 
1973 8760 49.0 93.2 
1974 8760 35.0 66.6 
1975 8760 42.0 79.9 
1976 8784 41.0 77.8 
1977 8760 57.0 108.4 
1978 8760 45.0 86.2 
1979 8760 44.0 83.7 
1980 8784 32.0 60.7 
1981 8760 45.5 86.6 
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APPENDIX D 

CHEMICAL QUALITY OF WATER REQUIRED FOR MUNICIPAL USE AND MISCELLANEOUS 
ANALYSIS, MARCH 1981 

Distribution 
Fire Station I 
Fire Station 2 
Fire Station 3 
Fire Station 4 
Fire Station 5 
Bandelier NM 

Los Alamos Field 
Well LA-18 
Well LA-2 
Well LA-3 
Well LA-4 
WeU LA-5 

Guaje Field 
Well G-1 
Well G-la 
Well G-2 
Well G-3 
Well G-6 

Pajarito Field 
Well PM-I 
Well PM-2 
Well PM-3 

Water Canyon 
Gallery 

Pajarito Field' 
Well PM-4 
Well PM-4 

Standard Criteriab 

Los Alamos Field< 

Aa As 

<0.0003 <0.003 
<0.0003 0.026 
<0.0003 <0.003 
<0.0003 0.012 
<0.0003 0.007 
<0.0003 0.009 

<0.0003 
<0.0003 
<0.0003 
<0.0003 
<0.0003 

<0.0003 
<0.0003 
<0.0003 
<0.0003 
<0.0003 

<0.0003 
<0.0003 
<0.0003 

0.038 
0.010 

<0.003 
<0.003 

0.028 

<0.005 
0.006 
0.050 

<0.005 
<0.005 

0.005 
<0.005 
<0.005 

<0.0003 <0.005 

<0.0003 
<0.0003 

0.050 

<0.002 
<0.002 

0.050 

Well LA-6 <0.003 0.274 

Ba 

0.060 
0.080 
0.080 
0,070 
0.040 
0.048 

0.090 
0.110 
0.090 

<0.020 
0.110 

0.025 
0.054 

<0.020 
<0.020 
<0.020 

0.150 
0.054 
0.120 

Cd 

<0.002 
<0.002 
<0.002 
<0.002 
<0.002 
<0.002 

<0.002 
<0.002 
<0.002 
<0.002 
<0.002 

<0.002 
<0.002 
<0.002 
<0.002 
<0.002 

<0.002 
<0.002 
<0.002 

malt 

Cr F 

0.046 0.3 
0,018 1.4 
0.005 1.0 
0.032 0.5 
0.012 0.4 
0.004 0.4 

0.039 
0.009 
0,038 
0.004 
0,011 

<0.002 
0.008 

<0.002 
0.005 
0.003 

<0.002 
0.004 
0.005 

3.0 
1.6 
0.6 
0.4 
1.2 

0.6 
0.4 
0.8 
0.4 
0.3 

0.3 
0.3 
0.4 

Ha 

<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 

<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 

<0.0002 
<0.0002 
<0.0002 

0.05 I <0.002 <0.002 0.1 

0.028 
0.031 

1.0 

<0.002 
<0.002 

0.010 

0.030 <0.002 

<0.002 0.3 
<0.002 0.3 

0.05 2.0 0.002 

0.019 2.6 <0.0002 

NO, 

17 
8 

<I 

6 
8 

6 

4 

8 
4 
5 

II 

4 

4 

<I 
<I 

45 

21 

'Well completed August 1981, not tied into distribution system, January 1982. Samples collected 8-20-81, 
6 and 12 hours after pumping at rates of 1000 to 1500 gpm. 
'References 14 and 15. 
'Well LA-6 on standby, not used as pan of municipal supply. 

Pb 

<0.003 
0.004 

<0.003 
<0.003 
<0.003 
<0.003 

<0.003 
<0.003 
<0.003 

0.009 
<0.003 

<0.003 
<0.003 
<0.003 
<0.003 
<0.003 

<0.003 
<0.003 
<0.003 

Se 

<0.005 
<0.005 
<0.005 
<0.005 
<0.005 

0.007 

<0.005 
<0.005 
<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 

<0.003 <0.005 

<0.003 
<0.003 

0.05 

0.008 
0.009 

0.01 

<0.003 <0.005 

Fe 
(mafl) 

0.09 
<0.05 
<0.05 
<0.05 
(0.05 
<0.05 

<0.05 
<0.05 
<0.05 
<0.05 
<0.05 

<0.05 
<0.05 
<0.05 
<0.05 
<0.05 

<0.05 
<0.05 
<0.05 

<0.05 

<0.05 
<0.05 

<0.05 

Miscellaneous Analyses 

Grou Grou 
Alpha Beta Uranium 
(pCVt) (pCVl) (lll!'ll 

<0.5 
3.5 

<0.7 
<0.5 
<0.5 

0.6 

14 
3.5 
1.4 

<0.5 
2.2 

1.3 
2.1 
1.2 
0.9 

<0.7 

1.4 
1.2 
0.8 

0.5 

2.2 

2.1 
3.5 
5.0 
4.1 
2.4 
5.8 

9.9 
1.1 
2.0 
4.5 
4.0 

4.8 
4.1 
3.6 
6.4 
7.2 

3.2 
5.3 
3.9 

0.6 

9.3 

<0.4 
3.9 
1.5 
1.1 
0.9 
1.3 

5.1 
4.5 
3.5 
0.9 
4.8 

1.0 
0.7 
0.9 
0.8 
2.4 

2.4 
<0.4 

1.0 

<0.4 

3.1 

f" 
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Distribution 

Date 
1981 

Fire Station I 3-!6 
Fire Station 2 3-16 
Fire Station 3 3-16 
Fire Station 4 3-17 
Fire Station S 3-17 
Bandelier NM 3-17 

Los Alamos Field 
Well LA-IB 3-18 
Well LA-2 3-18 
Well LA-3 3-18 
Well LA-4 3-18 
Well LA-S 3-18 
Well LA-6 3-18 

Guaje Field 
Well G-1 3-18 
Well G-IA 3-18 
Well G-2 3-18 
Well G-3 3-18 
Well G-6 3-18 

Pajarito Field 
Well PM-I 
Well PM-2 
Well PM-3 

Water Canyon 
Gallery 

Pajarito F•eld• 
Well PM-4 
Well PM-4 

Reservoirs 
Los Alamos 
Guaje 

3-18 
3-18 
3-18 

3-18 

8-20 
8-20 

3-19 
3-26 

Si01 

84 
40 
84 
67 
51 
so 

36 
30 
33 
36 
36 
35 

82 
76 
74 
58 
54 

17 
81 
88 

43 

89 
89 

31 
5 I 

Ca 

9 
9 

25 
II 
8 
9 

6 
12 
10 
7 

3 

10 

9 
10 
12 
14 

28 
8 

24 

6 

II 
II 

6 

APPENDIX E 

STANDARD CHEMICAL QUALITY OF WATER FROM THE 
DISTRIBUTION SYSTEM, SUPPLY WELLS AND RESERVOIRS 

Ma K Na 

3.1 1.8 II 
0.4 1.7 74 
7.3 3.2 20 
1.0 2.3 26 
2.2 1.6 21 

2.0 42 

0.3 2.2 162 
<0.1 0.9 72 

0.3 1.4 36 
0.3 1.7 20 

<0.1 1.5 57 
<0.1 1.3 88 

0.6 3.3 25 
0.5 3.1 28 
0.5 3.1 33 

2.1 20 
2.5 2.3 16 

6.9 4.2 
3.1 2.0 
8.4 3.0 

3.4 1.4 

3.8 2.4 
3.6 2.4 

2.0 1.9 
2.3 2.2 

18 
10 
18 

6 

14 
14 

co, 

0 
4 
0 
3 
0 
0 

10 

4 
3 
3 

0 
0 
0 

0 

0 
0 

0 
0 

m&fl 

HCO, PO, 

69 
IH 
ISO 
92 
84 
96 

362 
137 
107 
15 

138 
168 

86 
87 

107 

82 
87 

144 

65 
148 

so 

84 
84 

34 
40 

0.2 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

<0.3 
<0.3 
<1.5 
<1.5 
<1.5 
<0.1 

<1.5 
<1.5 
<1.5 
<1.5 
<1.5 

<1.5 
<1.5 
<1.5 

<1.5 

<0.1 
<0.1 

<0.1 
<0.1 

so, 

IS 
7 

<I 

36 
14 
8 
3 
6 
6 

4 
s 
4 
4 

4 

4 

ct F NO, TDS 

0.3 8.0 142 
1.4 7.1 224 

4 1.0 3.3 206 
2 0.5 17 162 

0.4 8.0 120 
17 0.4 <0.4 114 

II 3.0 5.3 390 
16 1.6 6.2 176 
6 0.6 7.5 127 
4 0.4 4.9 118 
4 1.2 6.2 154 
6 2.6 21 214 

13 0.6 4.4 174 
II 0.4 8.0 164 
6 0.8 4.4 174 
8 0.4 4.9 126 
2 0.3 II 130 

4 0.3 
9 0.3 

10 0.4 

0.1 

0.3 
0.3 

2.6 212 
4.9 140 
4.4 216 

4.4 88 

0.0 127 
0.0 124 

0.7 <0.4 56 
72 <I 0.2 0.4 

'Samples collected 8-20-81, 6 and 12 hours after pumping at rate• of 1000 to 1500 gpm. 

Hard pH 

38 
26 
92 
34 
34 
30 

18 
18 
41 
40 
20 
16 

32 
33 
30 
36 
so 

90 
36 
90 

30 

42 
42 

20 
24 

7.8 
8.5 
8.2 
8.4 
8.2 
7.4 

8.4 
8.6 
8.5 
8.6 
8.8 
8.6 

8.6 
8.5 
8.6 
8.5 
8.4 

8.0 
7.8 
8.3 

8.1 

7.9 
7.8 

7.2 
7.8 

Conductance 
(IUIIho) 

130 
330 
260 
180 
130 
190 

640 
320 
235 
170 
280 
395 

175 
210 
210 
ISO 
m 

260 
125 
2SO 

8S 

210 
210 

70 
80 

Temp 
(•C) 

18 
17 
17 
16 
17 

19 
18 
19 
18 
18 
20 

18 
19 
18 
20 
19 

18 
20 
19 

20 



Notes: 

APPENDIX F 

CONSTRUCTION DETAILS FOR SUPPLY WELL PM-4 
(elevation of land surface, 6917 ft; weU bead, 6920 ft) 

Feet 

Type Length From To 

Surface pipe: 42-in. o.d. 41 0 41 
cemented in 48-in. bole 

Conductor pipe: 28-in. o.d. 923 0 923 
cemented in 34-in. bole 

Casing: blank 16-3/8-in. o.d. 1263 +3 1260 
set in 26-in. hole 

Casing: perforation (louvered) 1594 1260 2854 
16-5/16-in. o.d. set in 26-in. hole 

Casing: blank 16-3/8-in. o.d. 20 2854 2874 
set in 26-in. bole 

Plug: welded to bottom of 2874 2875 
16-3/8-in. casing 

Pilot hole 14-3/4-in. diam 
drilled to depth of 2920 ft 

a. Two 2-in.-diam gauge lines welded to outside of 16-3/8-in.-diam blank casing entering weU at 1256 ft 
below land surface. 

b. One 6-in.-diam gravel feed line entering into annulus between the 28-in.-diam conductor pipe and 
16-3/8-in.-diam blank casing at a depth of 4 ft below land surface. 

c. Perforations, louvered, pressed out from inside 2-3/8-in.long with maximum opening 1/16-in., 13.4 sq. 
in./lin. ft. 

d. Gravel pack around 16-3/8-in. blank and 16-5/16-in. perforated casing in graded size: 

Sieve 
Size Wt% Passing 

4 100 
6 90-95 
8 70-80 

10 5S- 65 
12 4S- S5 
16 17-25 
20 4-8 
30 0-2 

(Gravel, of sound, durable, weU-rounded particles of natural gravel; no crushed rock.) 

.- ·"A :,.---· 0'; 
l.). 
I 

(/-

) 
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APPENDIX G 

GEOLOGIC LOG OF SUPPLY WELL PM-4 
(elevation of land surface, 6817 ft) 

Thickness Depth Thickness Depth 
(ft) ~ (ft) (ft) 

Tshirege Member of Bandelier TufT Otowi Member of Bandelier TufT 
Unit 2b TufT, light pinkish gray, nonwelded 

TufT, gray, moderately welded to moderately welded, quartz and 
quartz and sanidine crystals and sanidine crystals and crystal 
crystal fragments, very few rock fragments, rock fragments of white, 
fragments of dark gray rhyolite and gray to pink pumice, rock fragments 
latite in a gray ash matrix of latite and rhyolite in gray 
Drilling rate: No data 80 80 ash matrix; moderately welded, gray 

pumice fragments 280 to 300 ft; large 

Unit 2a increase in dark gray rhyolite and 

TufT, gray, moderately welded, latite rock fragments 440 to 530 ft. 

quartz and sanidine crystals Increase in large white pumice 

and crystal fragments, sanidine fragments 490 to 530 ft 

fragments of dark gray rhyolite Drilling rate: 1.9 min/ft 320 540 
in gray ash matrix 
Drilling rate: No data 60 140 Guaje Member of Bandelier TufT 

Pumice, white to gray, fragments 
Unit lb up to 1/4-in. A few rock fragments 

TufT, light whitish gray, of latite and rhyolite 
nonwelded to moderately welded, Drilling rate: 2.1 min/ft 60 600 
quartz and sanidine crystals 
and crystal fragments, numerous Basaltic Rocks of Chino Mesa (Unit 3) 
rock fragments of white pumice Basalt, black, dense, traces 

and some rock fragments of of olivine, few vugs lined 

rhyolite in a white to yeUowish- with calcite, some finely divided 

gray ash mafic minerals. lnterflow breccias 

Drilling rate: 1.6 min/ft 20 160 silts, clays, gravels of basalt 
in intervals 640 to 650 ft and 

Unit Ia 680 to 690 ft 

TufT, light gray, nonwelded Drilling rate: II min/ft 90 690 
to moderately welded, quartz 
and sanidine crystals and Basalt, dark gray, dense, 
crystal fragments, numerous olivine and mafic minerals. Inter-
pumice fragments weathered flow breccias silts, clay, and 
to yellowish gray, some rock gravels of basalt in intervals 
fragments of rhyolite in gray ash 760 to 770 ft and 780 to 790 ft. 
Drilling rate: 1.4 min/ft 60 220 Red cmders in interval 740 to 760 ft 

DriUing rate: 3.8 min/ft 110 800 

, 
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APPENDIX G (cont) 

Thickness Depth Thickness Depth 
(ft) (ft) (ft) (ft) 

Basaltic Rock of Chino Mesa (Unit 3) (cont) Tesuque Formation (cont) 
Basalt, black, dense, finely Sandstone, light pinkish gray, 
divided malic minerals. Interflow containing gravel-sized basalt 
breccias, silts, clay, and gravels of fragments with some lenses of 
basalt: consists of several flows siltstone 
Drilling rate: 5.6 min/ft 300 1100 Drilling rate: 5.5 min/ft 290 1870 

Puye Conglomerate (Fanglomerate Member) Sandstone, light tan to light 
Conglomerate, tan to gray, pinkish gray with lenses 
consisting of sands, gravels, of claystone, silty sandstone 
and large boulders of latite, and pebble-sized conglomerate 
quartz latite, rhyolite and basalt Drilling rate: 3.4 min/ft 60 1930 
with lenses of silt, clay, gravels, 
and pumice Claystone and silty sandstone, 
Drilling rate: 3.2 min/ft 80 ll80 light tan 

Drilling rate: 5.0 min/ft 20 1950 
Conglomerate, tan to gray, 
consists of sand, gravels, Basalt, dark gray, dense, some 
and boulders of latite, quartz fmely divided malic minerals, 
Iatite, rhyolite, some basalt; probably represents more than 
lenses of silts, clays, gravels, one flow 
and pumice. Decrease in boulder Drilling rate: 10 min/ft 30 1980 
size material; sands and 
gravels subrounded Sandstone, light tan, with 
Drilling rate: 5. 7 min/ft 200 1380 lenses of claystone, siltstone, 

and pebble conglomerate 
Totavi Lentil Drilling rate: 5.1 min/ft 50 2030 

Conglomerate, light gray, consists 
of sands, gravels, and boulders of Siltstone and claystone, light 
rhyolite, latite, quartzite, some tan with some pebble size 
granitic and pegmatitic material: basalt gravel 
material subrounded to rounded; lenses Drilling rate: 4.0 min/ft 10 2040 
of sands are well sorted 
Drilling rate: 6.0 min/ft 40 1420 Sandstone, light tan, with 

lenses of claystone and 
Tesuque Formation siltstone and pebble basalt 

Sandstone, light pinkish gray, gravels 
with lenses of claystone, siltstone, Drilling rate: 5.8 min/ft 30 2070 
and gravel-sized conglomerate; 
basalt fragments: sandstone, Siltstone and claystone, 
arkosic light greenish tan, some 
Drilling rate: 4.8 min/ft 160 158 ... gravels 

Drilling rate: 7.5 min/ft 20 2090 
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APPENDIX G (cont) 

Thickness Depth Thickness Depth 
(ft) ~ (ft) (ft) 

Tesuque Formation (cont) Tesuque Formation (cont) 
Basalt, dark gray, dense, Siltstone and claystone, light tan, 
few crystals of olivine contains some sand and gravel-
and some mafic minerals, sized basalt fragments 
probably represents more than Drilling rate: 8. 7 min/ft 20 2450 
one flow 
Drilling rate: 13 min/ft 60 2150 Sandstone, silt, tan, containing 

some gravel-sized rock fragments, 
lnterflow zone, light tan some lenses of siltstone, 
consists of basalt fragments and pebbly conglomerate 
in a silt or clay Drilling rate: 6.5 min/ft 130 2580 
Drilling rate: 8.0 min/ft 40 2190 

Siltstone and claystone, light 
Basalt, black, dense, containing tanish gray, with some rock 
some mafic minerals; some light fragments of basalt 
tan clay interflow; represents Drilling rate: 3.3 min/ft 30 2610 
more than one flow 
Drilling rate: IS min/ft 90 2280 Sandstone, silty, light tan, 

with lenses of siltstone 
Claystone, tan, interflow and pebbly conglomerate, 
breccia with sand and rock fragments of basalt 
gravels of basalt Drilling rate: 4.8 min/ft 60 2670 
Drilling rate: 6.8 min/ft 40 2320 

Siltstone and claystone, tan, 
Basalt, gray, dense alternating with gravel-sized fragments 
with intcrflow breccias of of basalt 
basalt gravels to boulders Drilling rate: 6. 7 min/ft 30 2700 
in a tan silt and clay matrix 
Drilling rate: 14 min/ft 30 2350 Sandstone, silty, tan, with 

lenses of siltstone and 
Basalt, dark gray, dense, with pebbly conglomerate, rock 
some mafic minerals; some fragments of basalt 
basalt fragments contain a Drilling rate: 4. 7 min/ft 
coating of caliche 

150 2850 

Drilling rate: 14 min/ft 80 2430 Siltstone and claystone, light 
pinkish tan, with gravel-sized 
fragments of basalt 
Drilling rate: 3.4 min/ft 70 2920 

----------
Note: Geologic description based on drill cuttings and geophysical logs; drilling time from drilling rate 

recorder. 
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APPENDIX H 

STEP AND DEVELOPMENT TESTS OF SUPPLY WELL PM-4 

Development by Pumping 

Pumping Specific 
Date No. of Rate Capacity No. of 
1981 Hours (gpm) (gprn/ft) Backwashes 

8/8 7 256- 674 4-9 9 
8/9 17 674- 1094 9-22 35 
8/18 1.5 1098- 1106 32-38 
8/18 14.25 1413- 1507 27- 34 18 
8/20 3.5 1507-1744 29-30 2 
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Lapse 
Time 

Time (hr) 

08:00 
08:35 
09:00 1 
09:30 1.5 
10:00 2 
10:30 2.5 
11:00 3 
11:05 
11:30 3.5 
12:00 4 
12:30 4.5 
13:00 5 
13:30 5.5 
13:35 
14:00 6 
14:30 6.5 
15:00 7 
15:30 7.5 
16:00 8 
16:30 8.5 
17:00 
17:30 9.5 
18:00 10 
18:30 10.5 
19:00 11 
19:30 11.5 
20:00 12 
20:30 12.5 
21:00 
21:30 13.5 
22:00 14 
22:30 14.5 
23:00 15 
23:30 15.5 

---------

APPENDIX H (cont) 

Step Test (August 20, 1981) 
(Static Water Level, 1060 ft) 

Pumping (feet) 
Rate Pumping 
(gpm) Level Drawdown 

1507 1104 44 
1507 1108 48 
1507 1110 50 
1507 1111 51 
1536 1111 51 
1536 1111 51 
1381 
1348 1108 48 
1348 1108 48 
1348 1108 48 
1348 1108 48 
1348 1108 48 
1205 
1205 I 106 46 
1205 1106 46 
1205 1106 46 
1205 1106 46 
1205 I 106 46 
1205 I 106 46 
999 
999 1101 41 
999 1101 41 
999 1101 41 
999 1101 41 
999 1101 41 
999 1101 41 
999 1101 41 
825 
825 1089 29 
825 1089 29 
825 1089 29 
825 1089 29 
825 1089 29 

Specific 
Capacity 
(gpm/ft) 

34.0 
31.4 
30.1 
29.6 
30.1 
30.1 

28.8 
28.8 
28.8 
28.8 
28.8 

26.2 
26.2 
26.2 
26.2 
26.2 
26.2 

24.4 
24.4 
24.4 
24.4 
24.4 
24.4 
24.4 

28.5 
28.5 
28.5 
28.5 
28.5 

Note: Little or no sand pumped during development by pumping or during step test. 
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WATER SUPPLY AT LOS ALAMOS DURING 1982 

by 

W. D. Purtymun, N. M. Becker, and M. Maes 

ABSTRACT 

Municipal and industrial water supply for Los Alamos during 1982 consisted of 1512 
x 106 gal from wells in three fields and 46 x 106 gal from the gallery in Water Canyon. 
Less than 3 x 104 gal of water were pumped to waste during testing of well LA-6. About 
3.4 x 106 gal of water from Guaje Reservoir and 2.8 x 106 gal from Los Alamos 
Reservoir were used for irrigation; thus, the total use was about 1564 x 106 gal. The 
failure of pumps in several of the wells in 1982 did not result in a water shortage 
because of a low peak demand period in the summer, and some of the lost production 
was offset as supply well PM-4 began production in July 1982. Well PM-5 was 
completed in 1982; however, equipping the well and construction of the pump station 
and transmission line will probably not be completed until early 1984. The primary and 
secondary chemical quality of water from the wells and distribution system is in 
compliance with federal regulations. Radioactivity in the water is low and naturally 
occurring. 

I. INTRODUCTION 

This report summarizes pumpage and aquifer condi
tions for wells in the Los Alamos, Guaje, and Pajarito 
well fields (Fig. I). These wells supply most of the water 
used for municipal and industrial purposes in Los 
Alamos and the Los Alamos National Laboratory. The 
gallery in Water Canyon supplies the balance of water to 
the system. A summary of surface water from Guaje and 
Los Alamos Reservoirs used for irrigation is included in 
the report. Chemical quality of water from the wells, 
gallery, and surface water sources is discussed. A section 
of the report includes geohydrologic and construction 
data of the new well PM-5. 

This report is a joint effort between the Environmental 
Surveillance Group (HSE-8) of the Laboratory and the 
Water, Gas and Waste Water Division of the Zia 
Company Utility Department. Its purpose is to ensure a 

continuing historical record and to provide guidance for 
management of water resource and long-range planning 
for the water supply system. We have issued one 
summary report and eleven annual reports as a result of 
these studies.1

- 12 A report extrapolates water-level trends 
in the well fields to 1983 under current production.O 

The Zia Company Utility Department, the Depart
ment of Energy (DOE) support contractor at the Labo
ratory, maintains and operates the water supply system. 
Water is pumped from wells, through transmission lines, 
and lifted by booster pumps into reservoirs for storage 
and distribution to the community and Laboratory areas 
(Fig. 1). Water from the gallery flows by gravity through 
a microfilter station and is pumped into one of the 
system reservoirs for distribution. The Zia Company 
Utility Department maintains monthly records of hours 
of operation on each well, along with daily and monthly 
production records. Monthly average nonpumping and 
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Fig. 1. Location of reservoirs, well fields, supply wells, and gallery water supply. 

pumping water levels are computed from air-line pres

sure or transducer data recorded continuously at each 

well. These data provide input for calculating pumping 

rates, drawdown (difference between nonpumping and 

pumping water levels), specific capacity (pump rate per 

unit drawdown), and other well-field statistics included in 

this report. 
Hydrographs have been prepared for one observation 

well, one standby well, fifteen supply wells, and the 

gallery in Water Canyon. The hydrographs show annual 

nonpumping and pumping water levels, specific capacity, 

and annual pumpage for the years that the wells have 

been in production. The hydrographs for the gallery 

2 

present annual production and annual average discharge 

rates. Appendix A contains basic pumping and produc

tion information for each supply well and gallery an

nually for the period of record. Appendix B presents 

primary water quality data; Appendix C, secondary 

water quality data; and Appendix D, radiochemical 

water quality data from supply wells and six stations on 

the distribution system. 

Appendices also contain data related to drilling, 

construction, and testing of well PM-5. Data related to 

the construction of well PM-5 is presented in Appendix 

E; a geologic log in Appendix F; development in 

Appendix G; and the step test in Appendix H. 



II. WELL FIELD CHARACTERISTICS 

Production from the three well fields increased 6 x 106 

gal in 1982 (Table I). The months of heaviest pump age in 

1982 were May, June, and July. The production during 

these months was 571 x 106 gal, an increase from 509 x 

106 gal for a similar period in 1981. The months of least 

production were January, February, and November. The 

production for these three months was 277 x 106 gal, 

down from 283 x 106 gal for a similar period in 1981. 

The difference in demand for periods of heavy to light 

production (late spring/early summer to winter) is mainly 

the use of water for lawn and yard irrigation. The water 

levels in the wells fluctuate with this production. The 

highest water levels were during months of least pump

age, whereas the lowest water levels were during months 

of greatest production. 

The projected demand for the Laboratory and com

munity were made for the period 1981 through 1990 

based on past production (Fig. 2). The projected demand 

shows an annual increase of about 25 x 106 gal. The 

actual amount of water used is variable dependent 

mainly on the weather. A cool summer with lots of 

precipitation will result in reduced water demand, 

whereas a hot, dry summer will require additional water 

production. The 1982 production fell below the projected 

demand by about 200 x 106 gal. 

The peak demand period for 1982 was an 18-day 

period, June 23 to July 11, when pumpage was 145 x 106 

gal or about 8.1 x 106 gal/day. The peak demand was 

down about 22 x 106 gal from the peak demand period in 

1981 (Table II). 

The total production from the well fields and gallery 

has been 4 2 405 x 106 gal. Of this amount, the wells have 

produced 40 504 x 106 gal or about 95% of the total 

production used for municipal supply (Table I). The 

annual production for 1982, percentage of pumpage by 

well fields, and percentage of pumpage by individual 

wells are given in Table III. The average annual pumping 

rates for the individual wells and gallery for the period 

1973 through 1982 are shown in Table IV. 

A. Los Alamos Well Field 

The Los Alamos well field is composed of six supply 

wells and one observation well. The production in 1982 

was from four of the wells. Well LA-4 was down for 

repairs during the entire year.Well LA-6 is on standby 

status because of an excessive amount of natural

occurring arsenic in the water. 14 Pumpage from the well 

field decreased 19 x 106 gal from 336 x 106 gal in 1981 

to 317 x 106 gal in 1982 (Table I). The well field 

produced about 20% of the total production in 1982 

(Table III). 

Hydrographs in Fig. 3 show the annual average 

nonpumping water levels and annual production for well 

LA-I, and those in Figs. 4-9 show the annual average 

nonpumping and pumping water levels, specific 

capacities, and production for wells LA-1B, LA-2, LA-3, 

LA-4, LA-5, and LA-6. About 67% of the production 

came from the lower part of the well field (LA-I B, LA-2, 

and LA-3), and about 33% was from the upper part of 

the field (LA-5). As a result of increased pumpage in the 

lower part of the field, the average annual water level 

decline was about 39 ft in 1982 when compared to 

similar water levels in 1981. Pumpage from LA-5 

increased about 6 x 106 gal in 1982 when compared with 

pumpage for 1981. This resulted in an average annual 

water-level decline at the well of about 10 ft. 

The distribution of pumpage should be about 40% 

from the lower field (LA-lB, LA-2, and LA-3) and about 

60% from the upper field (LA-4 and LA-5). This will 

result in a uniform water-level decline throughout the 

field. This was not possible in 1982, because well LA-4 

was out of service for the entire year. When LA-4 is 

placed back in service, the distribution of pumpage ( 40% 

lower, 60% upper field) should be initiated again. 

Well LA-6, on standby status, was pumped about 1 h 

for testing and to collect a water sample for chemical and 

radiochemical analyses. About 3 x 104 gal of water was 

pumped to waste and not into the system. Water levels in 

the well declined about 6 ft in 1982 when compared to 

water levels in the well in 1981. The decline is caused by 

increased production in 1982 from wells LA-5 and LA-3, 

which are located west and east of well LA-6, respec

tively (Fig. 1 ). 

The pumping rate from the field decreased about 703 

gpm from 2172 in 1981 to 1469 gpm in 1982 (Table IV). 

This is mainly because of the loss of well LA-4 during 

the year. The pumping rate of LA-4 has previously 

produced about 580 gpm. Pumping rates were down 

about 135 gpm in the lower part of the field (LA-1B, 

LA-2, and LA-3) as a result of the large decline in water 

level. The pumps lose efficiency (gpm) when greater 

water lift is required. There was a slight, but not 

significant, increase in the pumping rate from LA-5 of 

about 11 gpm (Table IV). 

The specific capacity of the four wells that produced 

water during the year ranged from 1.4 to 4.5 gpm/ft of 

drawdown. There was no significant change in the 
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Year 

1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

Total 

4 

TABLE I 

PRODUCTION IN MILLIONS OF GALLONS 
FROM WELLS AND GALLERY 

1947-1982 

Los Alamos Guaje Pajarito Water Canyon 
Field Field Field Gallery 

147 0 0 84 
264 0 0 97 
302 0 0 92 
547 3 0 54 
702 68 0 39 
448 350 0 48 
444 372 0 39 
380 374 0 40 
407 375 0 33 
437 506 0 23 
350 378 0 40 
372 395 0 60 
391 478 0 54 
530 533 0 48 
546 624 0 54 
577 597 0 67 
539 654 0 51 
627 665 0 45 
447 571 99 72 
450 613 127 82 
373 464 481 56 
345 474 584 65 
331 435 569 80 
360 423 595 65 
412 484 657 37 
380 467 662 40 
406 475 685 49 
369 453 802 35 
356 431 749 42 
343 531 817 41 
345 515 614 57 
302 444 690 45 
289 456 662 44 
339 485 743 32 
336 469 701 45 
317 422 773 46 

14 510 14 984 11 010 1901 

. I 

Production 
Total 

231 
361 
394 
604 
809 
846 
855 
794 
815 
966 
768 
827 
923 

1111 
1224 
1241 
1244 
1337 
1189 
1272 
1374 
1468 
1415 
1443 
1590 
1549 
1615 
1659 
1578 
1732 
1531 
1481 
1451 
1599 
1551 

1558 
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Fig. 2. Water production and use 1947 to 1982 and 
projected demand 1981 to 1990. 

TABLE II 

PEAK DEMAND PERIODS 
1976-1982 

Demand Period 

June II- May 31- June 9- July 24- June 15-
July 12 June 18 June 28 August 7 July 28 

1976 1977 1978 1979 1980 

32 19 20 15 33 
299 X 106 149 X 106 149 X 106 115xl06 269 X 106 

9.3 X 106 7.8 X 106 7.4 X 106 7.7 X 106 8.2 X 106 

14 2 
9 4 7 
4 4 7 4 15 

3 4 8 6 6 
2 5 5 5 5 

June 8-
June 28 

1981 

21 
167 X 106 

7.9 X 106 

3 
7 
8 
3 

June 23-
July II 

1982 

18 
145 X 106 
8.1 X 106 

I 
9 
8 
0 

s 



TABLE III 

PRODUCTION PERCENTAGES, 1982 

Production in Well Field Total Production 

Million Gallons (%) (%) 

Los Alamos Well Field 

LA-I 0 0 0 

LA-IB 108.1 34 7 

LA-2 51.2 16 3 

LA-3 54.9 17 4 

LA-4 0 0 0 

LA-5 102.3 33 6 

LA-6" 0 0 0 

Subtotal 316.5 100 20 

Guaje Well Field 

G-1 69.0 17 4 

G-1A 109.7 26 7 

G-2 25.7 6 2 

G-4 51.0 12 3 

G-4 65.2 15 4 

G-5 38.2 9 3 

G-6 63.6 15 4 

Subtotal 422.4 100 27 

Pajarito Well Field 

PM-1 99.6 13 7 

PM-2 359.3 46 23 

PM-3 238.1 31 15 

PM-4 76.2 10 5 

Subtotal 773.2 100 50 

Water Canyon Gallery 

Subtotal 45.9 100 3 

Total 1558.0 100 

----------
"Well pumped to waste. 
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Los Alamos Well Field 
LA-1 
LA-IB 
LA-2 
LA-3 
LA-48 

LA-5 
LA-6b 

Subtotal 

Guaje Well Field 
G-1 
G-IA 
G-2 
G-3 
G-4 
G-5 
G-6 

Subtotal 

Pajarito Well Field 
PM-I 
PM-2 
PM-3 
PM-4 

Subtotal 

Water Canyon Gallery 
Subtotal 

Total 

8 Well down for repairs. 
bWell on standby. 

TABLE IV 

AVERAGE ANNUAL PUMPING RATE OF WELLS 
AND DISCHARGE FROM GALLERY 

1973-1982 
(in gpm) 

1973 1974 1975 1976 1977 1978 1979 

0 0 0 0 0 0 0 
553 540 537 526 504 546 565 
297 302 290 267 255 286 323 
346 316 313 285 284 306 348 
589 594 591 584 586 594 588 
460 460 450 462 468 476 472 
572 569 551 486 0 0 0 

2817 2781 2742 2610 2097 2208 2296 

375 275 376 366 353 351 343 
531 520 519 512 502 494 494 
429 447 456 452 450 452 448 
277 273 273 463 444 428 382 
206 214 346 337 352 316 296 
541 560 549 536 541 538 522 
364 360 348 325 307 289 295 

2723 2750 2867 2991 2949 2868 2780 

459 606 616 607 592 593 592 
1388 1381 1383 1369 1375 1365 1362 
1320 1313 1312 1410 1406 1398 1393 

3166 3299 3310 3386 3373 3356 3347 

93 67 80 78 108 86 84 

8800 8896 8999 9065 8528 8518 8507 

1980 1981 1982 

0 0 0 
536 536 486 
287 300 269 
300 301 247 
578 579 0 
463 456 467 

0 0 0 

2164 2172 1469 

329 307 313 
494 519 505 
443 446 476 
299 257 239 
266 316 297 
512 523 522 
322 296 281 

2665 2664 2633 

591 589 589 
1359 1355 1386 
1397 1391 1402 

1461 

3347 3335 4838 

61 87 95 

8237 8258 9035 

7 
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Fig. 3. Annual average nonpumping water level and 

annual production, Los Alamos Well LA-I. 
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Fig. 4. Annual average nonpumping and pumping water 

levels, annual average specific capacity, and 

annual production, Los Alamos Well LA-lB. 
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Fig. 5. Annual average nonpumping and pumping water 

levels, annual average specific capacity, and 
annual production, Los Alamos Well LA-2. 
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Fig. 6. Annual average nonpumping and pumping water 

levels, annual average specific capacity, and 

annual production, Los Alamos Well LA-3. 
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Fig. 8. Annual average nonpumping and pumping water 
levels, annual average specific capacity, and 
annual production, Los Alamos Well LA-5. 
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Fig. 9. Annual average nonpumping and pumping water 
levels, annual average specific capacity, and 
annual production, Los Alamos Well LA-6. 

specific capacities of these wells in 1982 when compared 
with previous years. This indicates little, if any, well 
deterioration. 

B. Guaje Well Field 

The Guaje well field is composed of seven wells (Fig. 
1). Two of the wells (G-2 and G-5) were down for repair 
for a part of the year. The pumpage from the well field 
decreased 4 7 x 106 gal from 469 x 106 gal in 1981 to 422 
x 106 gal in 1982. The well field produced about 2 7% of 
the total production in 1982 (Table III). 

Hydrographs in Figs. 10-16 show the annual average 
specific capacity, nonpumping and pumping water levels, 
and production from wells G-1, G-1A, G-2, G-3, G-4, 
G-5, and G-6 . 

Water levels in the wells varied considerably in 1982 
when compared with water levels in 1981. There was a 
water-level decline of 1 to 4 ft in wells G-1, G-4, G-5, 
and G-6. Most production (except from well G-4) 
declined in 1982 from the production in 1981. Water 
levels in well G-1A and G-3 rose 2 to 8 ft in 1982, while 
there was no apparent change in water levels in G-2 
during the year. The well was down for repairs for about 
7 months during 1982. 

9 
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Fig. 10. Annual average nonpumping and pumping 

water levels, annual average specific capacity, 

and annual production, Guaje Well G-1. 

Pumping rates in the Guaje field ranged from 239 to 

522 gpm with a total or combined pumping rate of 2633 

gpm. There was a decline in the total pumping rate of 

about 3 1 gpm. The largest declines were in the rates from 

well G-3 ( 18 gpm), well G-4 ( 19 gpm), and well G-6 ( 15 

gpm). The increase in the rate of well G-2 (30 gpm) was 

from a new pump with increased efficiency. Un

fortunately, the pump failed after 5 months of service. 

There were some slight, but not significant, changes in 

specific capacities in 1982 when compared with 1981 of 

wells G-1, G-1A, G-2, G-3, G-4, and G-6. The specific 

capacity for well G-5 increased from 6.8 gpm/ft of 

drawdown in 1981 to 9.5 gpm/ft of drawdown in 1982 

because of the installation of a new pump. 

C. Pajarito Well Field 

The Pajarito well field is composed of five wells (Fig. 

1). Production during 1982 was mainly from PM-1, 
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Fig. 11. Annual average nonpumping and pumping 

water levels, annual average specific capacity, 

and annual production, Guaje Well G-1A. 

PM-2, and PM-3. Well PM-4, a new well, was placed in 

operation in August 1982. Well PM-5 was completed 

and test pumped in August and September 1982. The 

pumping equipment, well house, and distribution line 

from well G-5 into the system have not been completed 

(February 1983). 

Pumpage from the well field increased 72 x 106 gal 

from 701 x 106 gal in 1981 to 773 x 106 gal in 1982 

(Table 1). The field produced about 50% of the total 

production in 1982. 

The average annual specific capacity, nonpumping 

and pumping water levels, and production for wells 

PM-1, PM-2, and PM-3 are shown in Figs. 17-19. There 

were no significant changes in water levels in 1982 when 

compared with water levels in 1981. There were also no 

significant changes in pumping rates or specific 

capacities in 1982 when compared with previous years. 

Well PM-4 was placed in service in August 1982. The 

well is equipped with a line shaft turbine with the pump 
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Fig. 13. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Guaje Well G-3. 

setting at 1180 ft. The pump is powered by a natural gas 
engine. The well during the 5 months of operation 
produced 76 x 106 gal of water, 10% of the Pajarito field 
production and 5% of the total production (Table III). 

Monthly production and well characteristics of well 
PM-4 are presented in Table V. The pumping rate ranged 
from 1412 to 1505 gpm. The nonpumping and pumping 
water levels rose slightly during the period of operation. 
Specific capacity increased from 30 gpm/ft of drawdown 
in August to 36.8 gprn/ft of drawdown in December. The 
increase of almost 7 gpm/ft of drawdown indicates the 
well is still developing; that is, drilling mud is being 
removed from the gravel pack and aquifer. Based on 

Fig. 14. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Guaje Well G-4. 
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Fig. 16. Annual average nonpumping and pumping 

water levels, annual average specific capacity, 

and annual production, Guaje Well G-6. 
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aquifer performance or specific capacity, well PM-3 (60 

gpm/ft) is first with PM-4 rated second. The production 

rate of well PM -4 is greater than any of the other wells in 

the system . 

The pumping rate from the Pajarito field ranged from 

589 to 1461 gpm with a total or combined pumping rate 

of 4838 gpm (Table IV). There was a slight increase in 

pumping rates of PM-1, PM-2, and PM-3 in 1982 when 

compared with the rate in 1981. With the additional well, 

PM-4, added to the system, the pumping rate from the 

Pajarito field is greater than the combined pumping rates 

of the Los Alamos and Guaje well fields. 

Fig. 17. Annual average nonpumping and pumping 

water levels, annual average specific capacity, 

and annual production, Pajarito Well PM-1. 
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water levels, annual average specific capacity, 
and annual production, Pajarito Well PM-2. 
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Fig. 19. Annual average nonpumping and pumping 
water levels, annual average specific capacity, 
and annual production, Pajarito Well PM-3. 

TABLE V 

1982 

July 
August 
September 
October 
November 
December 

MONTHLY PRODUCTION AND WELL CHARACTERISTICS 
OF SUPPLY WELL PM-4, 1982 

Production in Pumping Rate Water Level (ft) Specific Capacity 

Million Gallons (gpm) Nonpumping Pumping (gpm/ft) 

2.6 1505 
15.4 1412 1050 1097 30.0 
5.4 1428 1051 1093 34.0 

17.7 1457 1051 1091 36.4 

18.8 1482 1049 1090 36.1 

16.2 1473 1047 1087 36.8 

13 



D. Pump Failure and Rehabilitation 

During 1982, three wells were out of service because 

of electrical or pump failure. When the pumps were out 

of the holes, either in 1981 or 1982, the wells were 

cleaned and rehabilitated using a brush on a bailer to 

clean the wall of the casing and screen and the bailer as a 

surge block to move the gravel pack. 

The pump in well LA-4 failed in September 1981. All 

rehabilitation work was completed and the pump was 

returned to the well in March 1983. 

The pump in well G-2 failed in May 1981 and was 

returned to service in February 1982. The pump failed 

again in hne 1982 and was still out of service at the end 

of Decem 1a 1982. 
The pump in well G-5 failed (an electrical failure) in 

September 1981. The well was placed back in service in 

June 1982. 
The present priority is to repair the pumps that have 

failed and return the wells to service; however, well and 

pump rehabilitation should be continued when time and 

money are available. As previously reported in the 1980 

report, wells to be considered for rehabilitation and 

inspection are LA-5, G-3, and PM-2. The sequence of 

the listing does not indicate priority. 11 

The pump in well LA-5 was last pulled for inspection 

and repair in 1962. Zia Company Utility Department 

reports a larger line shaft is needed to keep the pump in 

adjustment, and the motor needs to be rewound. 

The pumping rate of well G-3 has declined, indicating 

wear on the pump and some well deterioration. The 

pump was pulled from G-3 in 1976. Since that time, the 

pumping rate has decreased from 463 gpm to 239 gpm in 

1982. The specific capacity has also declined from 5.3 to 

2.1 gpm/ft of drawdown. 

Well PM-2 is a high-yield well that has been in 

operation since 1966. The pumping characteristics in

dicate no obvious problems with the pump. The manu

facturer's recommended life of the pump is 35 000 h; 

however, careful monitoring of pump performance has 

allowed 71 000 h of operation since the last inspection. 

Because the well is a high-yield producer (23% of total 

production), failure during the summer could cause a 

short-term water shortage (Table III). 

A number of bore-hole TV logs have been made of the 

casing and screen in the wells before and after rehabilita

tion. These logs are on file with Group HSE-8. A list of 

the logs taken before 1982 is found in Reference 12. 

During 1982, a bore-hole log was run of well LA-4 to 

a depth of 1961 ft. Total depth of the well is 1965 ft. 

14 

There was little or no sediment filling the well since it was 

last pulled for repairs in 1965. The well does not pump 

any appreciable amount of sand. Other logs that were 

placed in the file are Tapes 1 and 2 of the completion of 

well PM-5. Depth logged was about 3070 ft. The logs are 

good, showing no breaks or ruptures of the casing or 

screen. These logs are in color. Also, there is another log 

of well PM-4 to a depth of about 954 ft. The well was 

cased with the 923-ft, 28-in. conductor pipe. The hole 

was open from 923 to 954 ft. The log was run to locate 

the zone of lost circulation that occurred in the open 

portion. 

III. WATER CANYON 

The gallery in Water Canyon is dug about 30ft back 

into the Bandelier TufT. The gallery or tunnel is framed to 

keep the walls and ceiling from collapsing. The floor of 

the gallery acts as a catchment basin for a transmission 

line to the microfilter station. The filter station is located 

near S-Site along the southwestern edge of the Labora

tory property. 
The water occurs in a fractured, moderately welded to 

welded tufT. Beneath this tufT is a nonwelded tufT (a few 

fractures) that tends to perch the water in the overlying 

tufT. Recharge to the perched aquifer is rapid. In the 

spring when snow melt occurs, the discharge of the 

gallery increases. The increase in discharge results in a 

large suspended sediment load in the water. When the 

load reaches a certain amount, a turbidity control 

switches the flow to waste to keep it out of the 

distribution system. The average annual discharge rate 

and annual production are shown in Fig. 20. 

The production from the gallery is a dependable 

source of water. Since 194 7, the total production has 

been 1901 x 106 gal (Table 1). The production increased 

about 1 x 106 gal from 45 x 106 gal in 1981 to 46 x 106 

gal in 1982. The average annual discharge from the 

gallery for 1982 was 95 gpm, up 8 gpm from 87 gpm in 

1981 (Table IV). 

The gallery is a valuable source of water supply. 

During 1982, about 3% of the total water supply for Los 

Alamos was obtained from the gallery. The production 

in 1982 exceeded the production from two wells, G-2 

and G-5, at a large savings in energy. Production from 

wells in the Los Alamos and Guaje fields has to be 

boosted by pumps 1500 to 2000 ft into the community 

and Laboratory areas for distribution, whereas the 

supply from the Water Canyon gallery flows by gravity 

into the system. 
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Fig. 20. Annual average discharge and annual produc
tion from the gallery in Water Canyon. 

IV. GUAJE AND LOS ALAMOS RESERVOIRS 

Water from Guaje and Los Alamos Reservoirs was 
used for munipical and industrial supply at Los Alamos 
during the early days of the Manhattan Project. Use of 
water from reservoirs for municipal supply was· discon
tinued about 1959 because of intermittent periods of 
turbidity caused by runoff contaminating the distribution 
lines and the difficulties in maintaining bacteriological 
levels that were below the limits for municipal water 
supply. Both areas have been opened for recreational 
use. The water from the reservoirs has been available for 
irrigation of lawns and shrubs in the community and 
Laboratory through a separate transmission line. 

Guaje Reservoir in upper Guaje Canyon has a 
capacity of 0.25 x 106 gal, with a drainage area above 
the intake of 5.6 mi2

• The reservoir is for diversion rather 
than storage, as perennial flow is maintained by springs 
in the canyon above the reservoir. Water flows by 
gravity through 6.8 mi of transmission lines for irrigation 
of lawns and shrubs at Cumbres Junior High School and 
Guaje Pines Cemetery. The line from the reservoir is not 
connected to the municipal water distribution system. 

Production from Guaje Reservoir used for municipal 
supply from 1947 through 1958 ranged from an esti
mated 24 x 106 gal to 213 x 106 gal (Table VI). There is 
no record of water used for irrigation from 1958 through 
1971. Since 1972 the amount of water used for irrigation 
has ranged from 2. 7 x 106 gal to 9. 7 x 106 gal. The 

TABLE VI 

PRODUCTION FROM GUAJE AND 
LOS ALAMOS RESERVOIRS 

(1947-1958 and 1972-1982) 

Guaje Reservoir• Los Alamos Reservoir 
Year ( 106 gal) ( 106 gal) 

1947 87.8 21.7 
1948 119.8 31.9 
1949 116.1 14.7 
1950 79.9 20.6 
1951 41 10.5 
1952 131 33.6 
1953 58 14.8 
1954 66 16.9 
1955 71 18.1 
1956 24 4.8 
1957 213 54.8 
1958 193 49.4 

1972 5.8 
1973 9.7 
1974 4.9 
1975 5.3 
1976 4.4 
1977 4.1 
1978 2.8 
1979 3.7 1.3 
1980 4.7 2.3 
1981 2.7 2.1 
1982 3.4 2.8 

8Production Guaje Reservoir 19 51-19 58 estimated. 

Note: Municipal supply production, 1947-1958; 
irrigation production, 1972-1982. 

amount used in 1982 was 3.4 x 106 gal, an increase of 
1.3 x 106 gal from 2. 7 x 106 gal used in 1981. 

Los Alamos Reservoir in upper Los Alamos Canyon 
has a capacity of 13.4 x 106 gal, with a drainage area 
above the intake of 6.4 mi2

• The reservoir is used for 
storage and recreation. Water flows by gravity through 
about 2.6 mi of transmission lines for irrigation of lawns 
and shrubs at the Laboratory's Health Research Build
ing, the Los Alamos High School, and Mesa School. The 

15 



line from the reservoir is not connected to the municipal 

distribution system. 

Production from Los Alamos Reservoir used for 

municipal supply from 194 7 through 1958 ranged from 

4.8 x 106 gal to 54.8 x 106 gal (Table VI). There is no 

record of water from the reservoir used for irrigation 

from 1959 through 1978. Since 1978 the amount used 

for irrigation has ranged from 1.3 x 106 gal to 2.8 x 106 

gal. The amount used in 1982 was 2.8 x 106 gal, an 

increase of 0. 7 x 106 from 2.1 x 106 gal used in 1981 

(Table VI). 

V. CHEMICAL QUALITY OF WATER 

The quality of water is monitored to determine if the 

water from the wells and in the distribution system meets 

federal requirements for supplies. Water samples are 

collected at the wells and at six stations (five fire stations 

and Bandelier National Monument) in the distribution 

system. 

Primary drinking water standards are related directly 

to the safety of drinking water supplies. Listed in Ref. 15 

are 10 primary standards. Comparing these standards to 

maximum concentrations from the wells and distribution 

system shows that all constituents were below the 

standards with the exception of fluoride. A fluoride 

concentration of 2. 6 mg/ l occurred in well LA -1 B 

(Appendix B). Mixing with water from other wells 

lowered the fluoride concentrations below the standards 

in the distribution system (Table VII). 

Secondary standards are not related to the safety of 

drinking water, but to the aesthetic quality. Listed in Ref. 

16 are eight constituents. All water from the wells and 

distribution system is below secondary drinking water 

standards, except for iron from the gallery in Water 

Canyon. Iron was 0.325 mg/l compared to the standard 

of 0.3 mg/ l (Appendix C). 

Radiochemical standards are related to the safety of 

drinking water. 1 ~ Radioactivity in water from the wells 

and gallery is low and naturally occurring in the aquifer. 

Gross alpha activity in the first sample from well PM-4 

(20 ± 8.0 X 1 o-9 !lCifml) was above standard ( 15 X 1 o-9 

f.lCi/ml). However, additional samples and analyses 

indicated gross alpha activity was 0.0 ± 0.8 x w-9 

!lCilml. Analyses for 226Ra showed 0.03 X w-9 !lCilml, 

much less than 5 X w-9 !lCilml drinking water stan

dard. The high-gross alpha in the first sample reflects 

contamination of the sample after collection. 

16 

Water from well LA-6 is not used for municipal 

supply because arsenic concentrations in the water 

exceed the primary standards. Water could not be mixed 

with other water from the well field to reduce the 

concentrations in the distribution system to a level below 

the standards. Arsenic concentrations in water from 

LA-6 in 1982 were still high· at 0.185 mglt. Com

parisons of water from well LA-6 with primary stan

dards are shown in Appendix B, with secondary stan

dards in Appendix C, and with radiochemical standards 

in Appendix D. 

VI. CONSTRUCTION OF SUPPLY WELL PM-S 

Construction of well PM-5 began in December 1981 

with the drilling of the pilot hole and was completed in 

September 1982 when the well was test pumped. The 

well is located about 1.5 mi northwest of well PM-4 on 

the Pajarito Plateau at an elevation of 7094 ft. The pilot 

hole was drilled to a depth of 3110 ft. Drill cuttings 

collected in lO-ft intervals were used in conjunction with 

geophysical logs to describe the material penetrated by 

the well. The geophysical logs run in the pilot hole 

(diameter 14-3/4 in.) were (1) Dual Induction-SFL, (2) 

Compensated Neutron-Formation Density, (3) Microlog, 

and (4) temperature log. Details of well construction are • 

presented in Appendix E. 

Stratigraphic units penetrated by the well in descend

ing order are the Bandelier TufT, Basaltic Rocks of Chino 

Mesa, Puye Conglomerate, and Tesuque Formation 

(Table VIII). Stratigraphic nomenclature use in geologic 

logs is as described by Griggs." The detailed geologic 

log is found as Appendix F. 

The top of the Main Aquifer of the Los Alamos area 

(only aquifer capable of municipal and industrial water 

supply) was encountered at a depth of about 1208 ft in 

the fanglomerate member of the Puye Conglomerate 

(Table VIII). The lower member of the Puye Con

glomerate, the Totavi Lentil, and the Tesuque Formation 

are within the main zone of saturation at the well. In 

drilling the well, air foam was used in the upper 1220 ft. 

The contractor indicated perched water may have been 

encountered in the lower part of Unit 2 of the Basaftic 

Rock of Chino Mesa at a depth of 1145 ft. The 

underlying fanglomerate member of the Puye Con

glomerate contains an abundance of silts and clays that 

would form a perching bed for the fractured basalts 

above. 



TABLE VII 

CHEMICAL AND RADIOCHEMICAL QUALITY 

OF WATER FOR MUNICIPAL USE 

Maximum Concentrations 

Supply Wells Distribution 

Chemical Units and Gallery System 

Chemical Standards" 

Primary 
Ag mg/£ <0.0005 <0.0005 
As mg/£ 0.048 0.019 

Ba mg/£ 0.09 0.09 

Cd mg/£ <0.001 <0.001 
Cr mg/£ 0.022 0.040 

F mg/£ 2.6 1.2 
Hg mg/£ <0.0002 <0.0002 
N03 mg/£ 7.6 2.1 
Pb mg/£ 0.005 <0.003 
Se mg/£ <0.003 <0.003 

Chemical Standardsb 

Secondary 
Cl mg/£ 16 41 

Cu mg/£ 0.013 0.020 

Fe mg/£ 0.325 0.056 

Mn mg/£ 0.008 <0.002 

S04 mg/£ 27 10 
Zn mg/£ 0.12 0.91 

TDSC mg/£ 408 274 
pH 8.1 8.5 

Radiochemical Standards3 

137Cs 10-9 ~Ci/m£ 40 ± 60 40 ± 80 
23sPu 10-9 ~Ci/m£ 0.018 ± 0.018 0.011 ± 0.018 
2J9pu 10-9 ~Ci/m£ 0.0 10 ± 0.010 -0.007 ± 0.008 
Gross alpha 10-9 ~Ci/m£ 11 ± 6.0 5.6 ± 1.5 

Gross beta 10-9 ~Ci/m£ 28 ± 6.0 7.0 ± 2.2 

Total U ~g/£ 7.0 ± 1.4 3.4 ± 0.8 
3H 10-6 ~Ci/m£ 4.2 ± 0.6 2.4 ± 0.6 

----------
"Reference 15. 
bReference 16. 
cTotal dissolved solids. 

Standards 

0.05 
0.05 
1.0 
0.01 
0.05 
2.0 
0.002 

45 
0.05 
0.01 

250 
1.0 
0.3 
0.05 

250 
5.0 

500 
6.5- 8.5 

200 
7.5 
7.5 

15 

1800 
20 

17 



TABLE VIII 

GENERALIZED GEOLOGIC LOG OF 
SUPPLY WELL PM-5 

(elevation of land surface, 7094 ft) 

Thickness 
(ft) 

Bandelier Tuff 
Tshirege Member 335 
Otowi Member 375 
Guaje Member 30 

Basaltic Rocks of Chino Mesa 
Unit 2 20 

Puye Conglomerate 
Fanglomerate Member 45 

Basaltic Rocks of Chino Mesa 
Unit 2 125 

Puye Conglomerate 
Fanglomerate Member 35 

Basaltic Rock of Chino Mesa 
Unit 2 180 

Puye Conglomerate 
Fanglomerate Member 325 
Totavi Lentil 80 

Tesuque Formation 
Sandstone 215 
Basalt 40 
Sandstone 80 
Basalt 10 
Sandstone 45 
Basalt and interflow breccias 135 
Sandstone 65 
Basalt and interflow breccias 195 
Siltstone and claystone 45 
Basalt and interflow breccias 360 
Claystone 20 
Siltstone 100 
Sandstone 180 
Claystone 70 

----------

Depth 
(ft) 

335 
710 
740 

760 

805 

930 

965 

1145 

1470 
1550 

1765 
1805 
1885 
1895 
1940 
2075 
2140 
2335 
2380 
2740 
2760 
2860 
3040 
3120 

Note: Top of Main Aquifer at 1208 ft below LSD; 

see Appendix E for detailed geologic log. 

18 

The methods used to develop the well (removal of 
drilling mud, silt, and clay from the formation and gravel 
pack) were circulation by airlift, and jetting the 
perforated casing with water under high pressure fol
lowed by swabbing and bailing. Additional development 
was performed by pumping (stop and start to allow 
backwash of gravel pack). The development by jetting 
lasted about 75 h; development by bailing and swabbing, 
25 h; and development by pumping, 60.5 h. The pump
ing rates used in the development ranged from 660 gpm 
to 1364 gpm. Specific capacities ranged from 5.5 gpm/ft 
to 13.8 gpm/ft (Appendix G). 

A step test to determine the size (pumping rate) of the 
permanent pump was made at rates of 757 gpm to 1259 
gpm. (See Appendix H for details of hydrologic data 
collected from the step test.) The tests were made over 
about an 11-h period with the larger pumping rate at the 
start of the test. At a pumping rate of about 1250 gpm 
for about 3 h, the drawdown was 144 ft with a specific 
capacity of 9.6 gpm/ft. Based on the step test, the 
contractor recommended a pump that will produce about 
1200 gpm (Appendix H). 

The well is in an area where a better yield was 
expected. The contractor used a lot of drilling mud and 
lost circulation material from a depth of about 1200 to 
2400 ft. It is quite possible that the aquifer still contains a 
lot of drilling mud and lost circulation material. When 
the well is put on the line, the specific capacities may 
tmprove as some of the material plugging the aquifer is 
removed. That this has occurred in well PM-4 and other 
wells on the Pajarito Plateau is shown by their increasing 
specific capacities. 

Water from PM-5 is a sodium and bicarbonate type 
and is similar to water from well PM-4 (Table IX). Water 
from well PM-5 has a hardness of 52 mg/£ and total 
dissolved solids of 211 mg/ £. The concentrations of 
constituents in water samples collected during the aquifer 
test are below Primary, Secondary, and Radiochemical 
Standards as set forth by the Environmental Protection 
Agency (EPA) (Appendices B, C, and D). 

The well will not be added to the system until early 
1984 as the system is not complete. The well has not been 
equipped, and the pump station and transmission lines, 
including a storage tank, are needed to complete the 
system. 



TABLE IX 

CHEMICAL QUALITY OF WATER FROM 

SUPPLY WELLS PM-4 AND PM-5 
(August 3, 1982) 

Well PM-4 Well PM-5 

Chemical (mglt) 
Si02 87 86 
Ca 9 14 
Mg 3 4 
K 1.9 2.4 
Na II 24 

co3 0 0 
HC03 70 106 
S04 4 10 
Cl 2 4 
F 0.3 0.3 
N03 2 8 
TDS 165 211 

Hardness 36 52 

pH (no units) 8.2 8.2 

Conductance (11mho) 120 190 

VII. SUMMARY AND CONCLUSIONS 

Field operations during 1982 were satisfactory even 

though pumps failed on several wells during the 

year. The loss of the production from the wells did not 

cause a water shortage as the peak demand period 

during the summer was low. The addition of well PM-4 

during the summer offset the production lost by pump 

failure. 
The distribution of pumpage from the Los Alamos 

well field (60% from wells LA-4 and LA-5; 40% from 

wells LA-lB, LA-2, and LA-3) should be continued 

when well LA-4 is placed back in operation. This will 

stabilize the rapid water-level decline throughout the 

field. 
The first priority is the repair of the pumps that have 

failed and the return of the wells to service; however, well 

and pump rehabilitation should be continued to ensure a 

dependable water supply from the older wells. Wells to 

be considered for rehabilitation are LA-5, G-3, and 

PM-2; they are discussed in Sec. II.D., "Pump Failure 

and Well Rehabilitation," of this report. 
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APPENDIX A 

ANNUAL AQUIFER CHARACTERISTICS 

Well LA-1 

Pump Pumpage Pump Water Level 
Time (million Rate Nonpump 

Year (h) gal) (gpm) (ft) 

1947 3468 54.0 259.5 
1948 2988 34.7 193.6 
1949 1361 26.7 327.0 
1950 563 10.5 310.8 19.0 
1951 1215 14.6 d00.3 59.0 
1952 286 3.4 198.1 40.0 
1953 0 0.0 0.0 36.0 
1954 0 0.0 0.0 44.0 
1955 690 9.7 234.3 51.0 
1956 39 0.0 0.0 33.0 
1957 0 0.0 0.0 33.0 
1958 0 0.0 0.0 10.0 
1959 0 0.0 0.0 13.0 
1960 0 0.0 0.0 13.0 
1961 0 0.0 0.0 59.0 
1962 0 0.0 0.0 84.0 
1963 0 0.0 0.0 90.0 
1964 0 0.0 0.0 95.0 
1965 0 0.0 0.0 76.0 
1966 0 0.0 0.0 70.0 
1967 0 0.0 0.0 52.0 
1968 0 0.0 0.0 42.0 
1969 0 0.0 0.0 38.0 
1970 0 0.0 0.0 37.0 
1971 0 0.0 0.0 51.0 
1972 0 0.0 0.0 49.0 
1973 0 0.0 0.0 55.0 
1974 0 0.0 0.0 53.0 
1975 0 0.0 0.0 58.0 
1976 0 0.0 0.0 69.0 
1977 0 0.0 0.0 74.0 
1978 0 0.0 0.0 68.0 
1979 0 0.0 0.0 38.0 
1980 0 0.0 0.0 40.0 
1981 0 0.0 0.0 51.0 
1982 0 0.0 0.0 98.0 
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APPENDIX A (cont) 

Well LA-IB 

Pump Pumpage Pump Water Level Draw- Specific 

Time (million Rate Nonpump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1960 415 36.3 1457.8 7.0 111.0 104.0 14.0 

1961 3727 124.7 557.6 54.0 154.0 100.0 5.6 

1962 3936 129.1 546.7 72.0 169.0 97.0 5.6 

1963 3649 117.4 536.2 74.0 170.0 96.0 5.6 

1964 4174 130.3 520.3 81.0 183.0 102.0 5.1 

1965 3007 97.9 542.6 63.0 170.0 107.0 5.1 

1966 2589 83.9 540.1 50.0 169.0 119.0 4.5 

1967 2519 84.9 561.7 39.0 153.0 114.0 4.9 

1968 2183 74.0 565.0 32.0 147.0 115.0 4.9 

1969 2244 75.7 562.2 22.0 142.0 120.0 4.7 

1970 2369 79.7 560.7 22.0 143.0 121.0 4.6 

1971 2633 89.1 564.0 31.0 162.0 131.0 4.3 

1972 2215 75.3 566.6 31.0 163.0 132.0 4.3 

1973 2628 87.2 553.0 37.0 170.0 133.0 4.2 

1974 2282 73.9 539.7 35.0 161.0 126.0 4.3 

1975 2308 74.4 537.3 42.0 168.0 126.0 4.3 

1976 2521 79.6 526.2 50.0 176.0 126.0 4.2 

1977 2782 84.2 504.4 47.0 167.0 120.0 4.2 

1978 2306 75.6 546.3 42.0 162.0 120.0 4.6 

1979 1354 45.9 564.6 13.0 134.0 121.0 4.7 

1980 1955 62.9 536.3 21.0 146.0 125.0 4.3 

1981 2299 73.9 537.7 26.0 144.0 118.0 4.5 

1982 3707 108.1 486.0 71.0 180.0 109.0 4.5 
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APPENDIX A (cont) 

Well LA-2 

Pump Pumpage Pump Water Level Draw- Specific 
Time (million Rate Non pump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1947 963 27.6 477.7 
1948 3659 59.3 270.1 
1949 1654 41.8 421.2 
1950 614 15.6 423.5 59.0 285.0 226.0 1.9 
1951 2415 57.7 398.2 111.0 305.0 194.0 2.1 
1952 1980 46.3 389.7 101.0 300.0 199.0 2.0 
1953 2201 47.2 357.4 100.0 301.0 201.0 1.8 
1954 2601 56.8 364.0 116.0 
1955 2223 49.4 370.4 110.0 
1956 1805 44.2 408.1 84.0 
1957 1066 29.6 462.8 53.0 277.0 224.0 2.1 
1958 1166 31.1 444.5 60.0 270.0 210.0 2.1 
1959 1599 40.7 424.2 71.0 303.0 232.0 1.8 
1960 2169 51.6 396.5 76.0 305.0 229.0 1.7 
1961 2149 44.4 344.3 101.0 313.0 212.0 1.6 
1962 1823 35.7 326.4 111.0 314.0 203.0 1.6 
1963 1999 40.7 339.3 127.0 332.0 205.0 1.7 
1964 1924 34.2 296.3 137.0 347.0 210.0 1.4 
1965 1911 39.8 347.1 121.0 330.0 209.0 1.7 
1966 1070 21.4 333.3 108.0 340.0 232.0 1.4 
1967 238 4.9 343.1 78.0 304.0 226.0 1.5 
1968 502 11.3 375.2 64.0 305.0 241.0 1.6 
1969 155 3.8 408.6 50.0 297.0 247.0 1.7 
1970 341 7.2 351.9 59.0 310.0 251.0 1.4 
1971 1787 31.8 296.6 88.0 318.0 230.0 1.3 
1972 2189 39.3 299.2 96.0 322.0 226.0 1.3 
1973 2625 46.7 296.5 106.0 334.0 228.0 1.3 
1974 2033 36.8 301.7 109.0 325.0 216.0 1.4 
1975 2310 40.2 290.0 103.0 320.0 217.0 1.3 
1976 2488 39.9 267.3 113.0 322.0 209.0 1.3 
1977 2775 42.5 255.3 118.0 314.0 196.0 1.3 
1978 2299 39.5 286.4 112.0 338.0 226.0 1.3 
1979 1353 26.2 323.0 75.0 316.0 241.0 1.3 
1980 1960 33.8 287.4 84.0 318.0 234.0 1.2 
1981 1911 34.4 300.0 94.0 336.0 242.0 1.2 
1982 3174 51.2 269.0 161.0 348.0 187.0 1.4 
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APPENDIX A (cont) 

Well LA-3 
,,.., 

Pump Pumpage Pump Water Level Draw- Specific 

Time (million Rate Non pump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1947 1476 64.9 732.8 

1948 3647 82.5 377.0 

1949 1505 41.7 461.8 

1950 2793 57.8 344.9 97.0 231.0 134.0 2.6 

1951 3554 66.9 313.7 116.0 233.0 117.0 2.7 

1952 2514 58.6 388.5 94.0 218.0 124.0 3.1 

1953 3104 69.7 374.2 103.0 229.0 126.0 3.0 

1954 2595 57.3 368.0 101.0 225.0 124.0 3.0 

1955 2195 48.7 369.8 91.0 226.0 135.0 2.7 

1956 1849 42.1 379.5 74.0 222.0 148.0 2.6 

1957 1080 26.1 402.8 56.0 219.0 163.0 2.5 

1958 1612 33.6 347.4 49.0 225.0 176.0 2.0 

1959 1821 35.0 320.3 54.0 231.0 177.0 1.8 

1960 2174 38.4 294.4 68.0 230.0 162.0 1.8 

1961 1939 34.7 298.3 85.0 189.0 104.0 2.9 

1962 2361 45.4 320.5 93.0 192.0 99.0 3.2 

1963 2128 42.5 332.9 81.0 197.0 116.0 2.9 

1964 2574 50.4 326.3 104.0 217.0 113.0 2.9 

1965 1961 43.4 368.9 79.0 220.0 141.0 2.6 

1966 2236 46.1 343.6 81.0 219.0 138.0 2.5 

1967 2274 47.4 347.4 86.0 218.0 1)2.0 2.6 

1968 2127 42.7 334.6 82.0 251.0 169.0 2.0 

1969 2072 40.1 322.6 58.0 246.0 188.0 1.7 

1970 2303 44.0 318.4 55.0 241.0 186.0 1.7 

1971 2556 45.4 296.0 77.0 250.0 173.0 1.7 

1972 2205 39.7 300.1 73.0 251.0 178.0 1.7 

1973 977 20.3 346.3 65.0 248.0 183.0 1.9 

1974 2291 43.5 316.5 73.0 244.0 171.0 1.9 

1975 2306 43.3 313.0 80.0 253.0 173.0 1.8 

1976 2474 42.3 285.0 88.0 260.0 172.0 1.7 

1977 2779 47.3 283.7 89.0 248.0 159.0 1.8 

1978 2308 42.4 306.4 87.0 250.0 163.0 1.9 

1979 1343 28.1 348.1 58.0 243.0 185.0 1.9 

1980 1952 35.1 299.9 61.0 237.0 176.0 1.7 

1981 2297 41.5 301.1 70.0 240.0 170.0 1.8 

1982 3691 54.9 247.0 118.0 246.0 128.0 1.9 
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APPENDIX A (cont) 

Well LA-4 

Pump Pumpage Pump 
Water Level Draw- Specific 

Time (million Rate Nonpump Pump down Capacity 
Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1948 1570 42.7 453.3 
1949 940 37.5 664.9 
1950 4350 164.9 631.8 278.0 353.0 75.0 8.4 
1951 4909 173.6 589.4 285.0 357.0 72.0 8.2 
1952 3429 119.6 581.3 267.0 339.0 72.0 8.1 
1953 3034 109.1 599.3 264.0 335.0 71.0 8.4 
1954 2133 78.2 611.0 255.0 329.0 74.0 8.3 
1955 2647 94.5 595.0 268.0 341.0 73.0 8.2 
1956 3402 120.2 588.9 273.0 346.0 73.0 8.1 
1957 2844 105.4 617.7 270.0 345.0 75.0 8.2 
1958 2973 110.3 618.3 270.0 342.0 72.0 8.6 
1959 3084 113.5 613.4 275.0 346.0 71.0 8.6 
1960 4084 145.6 594.2 296.0 365.0 69.0 8.6 
1961 3687 129.7 586.3 296.0 365.0 69.0 8.5 
1962 3688 129.3 584.3 286.0 359.0 73.0 8.0 
1963 3718 130.5 585.0 280.0 351.0 71.0 8.2 
1964 4500 155.0 574.1 291.0 361.0 70.0 8.2 
1965 3110 111.4 597.0 279.0 349.0 70.0 8.5 
1966 3279 115.6 587.6 285.0 356.0 71.0 8.3 
1967 2127 77.1 604.1 278.0 350.0 72.0 8.4 
1968 2276 81.7 598.3 280.0 351.0 71.0 8.4 
1969 1694 61.8 608.0 282.0 358.0 76.0 8.0 
1970 2333 83.5 596.5 286.0 363.0 77.0 7.7 
1971 2519 89.0 588.9 287.0 373.0 86.0 6.8 
1972 2322 82.6 592.9 282.0 367.0 85.0 7.0 
1973 2616 92.4 588.7 294.0 377.0 83.0 7.1 
1974 2306 82.2 594.1 286.0 367.0 81.0 7.3 
1975 2319 82.3 591.5 272.0 355.0 83.0 7.1 
1976 2802 98.2 584.1 277.0 373.0 96.0 6.1 
1977 2741 96.4 586.2 278.0 374.0 96.0 6.1 
1978 2248 80.1 594.2 271.0 368.0 97.0 6.1 
1979 2964 104.6 587.9 280.0 376.0 96.0 6.1 
1980 3322 115.3 578.5 284.0 385.0 101.0 5.7 
1981 2573 89.4 579.1 289.0 393.0 104.0 5.6 
1982 0 0 0 
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APPENDIX A (cont) 

Well LA-5 

Pump Pumpage Pump Water Level Draw- Specific 

Time (million Rate Nonpump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1948 1171 40.4 575.0 
1949 1763 58.5 553.0 
1950 4052 130.1 535.1 131.0 254.0 123.0 4.4 

1951 6004 187.4 520.2 162.0 272.0 110.0 4.7 

1952 3425 109.6 533.3 147.0 259.0 112.0 4.8 

1953 3278 103.9 528.3 141.0 257.0 116.0 4.6 

1954 2546 80.1 524.4 137.0 259.0 122.0 4.3 

1955 3158 97.3 513.5 145.0 267.0 122.0 4.2 

1956 3476 104.5 501.1 150.0 276.0 126.0 4.0 

1957 2868 86.0 499.8 150.0 277.0 127.0 3.9 

1958 3009 89.9 498.0 151.0 277.0 126.0 4.0 

1959 3088 93.5 504.6 155.0 280.0 125.0 4.0 

1960 4088 119.1 485.6 168.0 288.0 120.0 4.0 

1961 3534 100.3 473.0 165.0 288.0 123.0 3.8 

1962 3735 107.7 480.6 172.0 

1963 3726 105.0 469.7 171.0 

1964 4236 118.8 467.4 184.0 

1965 1740 50.5 483.7 180.0 
~.,, 

1966 2817 79.3 469.2 180.0 

1967 2533 73.7 484.9 168.0 
1968 2233 63.3 472.5 161.0 300.0 139.0 3.4 

1969 2402 68.5 475.3 161.0 298.0 137.0 3.5 

1970 2353 66.1 468.2 157.0 300.0 143.0 3.3 

1971 2659 74.4 466.3 155.0 302.0 147.0 3.2 

1972 2301 64.4 466.5 153.0 304.0 151.0 3.1 

1973 2476 68.3 459.7 156.0 308.0 152.0 3.0 

1974 1903 52.5 459.8 154.0 306.0 152.0 3.0 

1975 2318 63.9 459.4 149.0 309.0 160.0 2.9 

1976 2799 77.6 462.1 150.0 310.0 160.0 2.9 

1977 2665 74.8 467.8 147.0 303.0 156.0 3.0 

1978 2274 64.9 475.8 145.0 299.0 154.0 3.1 

1979 2964 84.0 472.4 149.0 301.0 152.0 3.1 

1980 3316 92.2 463.6 153.0 300.0 147.0 3.2 

1981 3523 96.5 456.5 158.0 304.0 146.0 3.1 

1982 3654 102.3 467.0 168.0 299.0 136.0 3.4 
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APPENDIX A (coot) 

Well LA-6 

Pump Pumpage Pump Water Level Draw- Specific 

Time (million Rate Nonpump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1948 116 4.9 704.0 
1949 2451 95.8 651.4 
1950 4490 167.9 623.2 83.0 136.0 53.0 11.8 

1951 5882 201.6 571.2 115.0 160.0 45.0 12.7 

1952 3168 110.3 580.3 108.0 151.0 43.0 13.5 

1953 3177 113.8 597.0 95.0 139.0 44.0 13.6 

1954 2894 107.1 616.8 92.0 135.0 43.0 14.3 

1955 2911 108.0 618.3 97.0 140.0 43.0 14.4 

1956 3438 125.8 609.9 106.0 149.0 43.0 14.2 

1957 2833 102.4 602.4 107.0 152.0 45.0 13.4 

1958 2957 106.9 602.5 108.0 131.0 43.0 14.0 

1959 3096 108.3 583.0 115.0 158.0 43.0 13.6 

1960 4084 138.6 565.6 130.0 172.0 42.0 13.5 

1961 3284 112.5 571.0 129.0 171.0 42.0 13.6 

1962 3886 129.4 555.0 135.0 175.0 40.0 13.9 

1963 2953 102.9 580.8 125.0 171.0 46.0 12.6 

1964 4244 138.3 543.1 132.0 172.0 40.0 13.6 

1965 3145 103.8 550.1 120.0 160.0 40.0 13.8 

1966 3173 104.0 546.3 129.0 169.0 40.0 13.7 

1967 2511 85.4 566.8 118.0 158.0 40.0 14.2 

1968 2111 71.6 565.3 109.0 150.0 41.0 13.8 

1969 2402 81.6 566.2 109.0 151.0 42.0 13.5 

1970 2337 79.1 564.1 106.0 149.0 43.0 13.1 

1971 2472 82.5 556.2 119.0 160.0 41.0 13.6 

1972 2317 79.2 569.7 117.0 155.0 38.0 15.0 

1973 2638 90.6 572.4 118.0 155.0 37.0 15.5 

1974 2337 79.8 569.1 120.0 156.0 36.0 15.8 

1975 1571 51.9 550.6 113.0 151.0 38.0 14.5 

1976 175 5.1 485.7 96.0 

1977 82.0 
1978 33 1.1 572.7 77.0 142.0 65.0 8.8 

1979 6 0.2 555.6 80.0 146.0 66.0 8.4 

1980 4 0.1 520.8 82.0 142.0 60.0 8.7 

1981 2.3 0.08 579.8 84.0 141.0 57.0 10.2 

1982 90.0 
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APPENDIX A (cont) 

Well G-1 

Pump Pump age Pump Water Level Draw- Specific 
Time (million Rate Non pump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1950 0 2.8 0.0 195.0 
1951 1168 37.7 538.0 202.0 309.0 107.0 5.0 
1952 2476 75.5 508.2 213.0 295.0 82.0 6.2 
1953 3275 97.3 495.2 221.0 292.0 71.0 7.0 
1954 2616 77.8 495.7 221.0 290.0 69.0 7.2 
1955 2406 70.5 488.4 226.0 295.0 69.0 7.1 
1956 2958 83.2 468.8 235.0 303.0 68.0 6.9 
1957 2098 55.9 444.1 236.0 307.0 71.0 6.3 
1958 2460 68.1 461.4 238.0 308.0 70.0 6.6 
1959 2952 82.4 465.2 245.0 314.0 69.0 6.7 
1960 3564 96.0 448.9 254.0 325.0 71.0 6.3 
1961 4236 112.4 442.2 260.0 333.0 73.0 6.1 
1962 3431 93.6 454.7 258.0 342.0 84.0 5.4 
1963 4519 114.9 423.8 265.0 348.0 83.0 5.1 
1964 4374 113.8 433.6 269.0 352.0 83.0 5.2 
1965 3530 90.7 428.2 268.0 352.0 84.0 5.1 
1966 4074 102.6 419.7 269.0 363.0 94.0 4.5 
1967 2615 69.9 445.5 266.0 362.0 96.0 4.6 ' 1968 2996 78.9 438.9 264.0 366.0 102.0 4.3 

,/ 

1969 2657 68.3 428.4 266.0 376.0 110.0 3.9 
1970 2712 64.7 397.6 264.0 377.0 113.0 3.5 
1971 2908 67.9 389.2 258.0 378.0 120.0 3.2 
1972 2865 66.1 384.5 264.0 389.0 125.0 3.1 
1973 2997 67.5 375.4 271.0 403.0 132.0 2.8 
1974 2767 62.3 375.3 283.0 412.0 129.0 2.9 
1975 2467 55.7 376.3 293.0 411.0 118.0 3.2 
1976 2962 65.1 366.3 
1977 2734 57.9 353.0 275.0 426.0 151.0 2.3 
1978 2656 56.0 351.4 270.0 419.0 149.0 2.4 
1979 2998 61.7 342.9 271.0 422.0 151.0 2.3 
1980 3459 68.3 329.0 273.0 428.0 155.0 2.1 
1981 4427 81.6 307.2 275.0 444.0 169.0 1.8 
1982 3678 69.0 313.0 278.0 443.0 165.0 1.9 
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APPENDIX A (cont) 

Well G-6 

Pump Pumpage Pump Draw- ·Specific 
Time (million Rate Nonpump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1964 1912 45.0 392.3 581.0 659.0 78.0 5.0 
1965 3200 74.9 390.1 582.0 660.0 78.0 5.0 
1966 3931 92.2 390.9 585.0 658.0 73.0 5.4 
1967 2454 57.8 392.6 580.0 653.0 73.0 5.4 
1968 2597 56.2 360.7 574.0 647.0 73.0 4.9 
1969 2698 55.6 343.5 568.0 636.0 68.0 5.1 
1970 2765 51.0 307.4 569.0 634.0 65.0 4.7 
1971 2932 42.8 243.3 573.0 629.0 56.0 4.3 
1972 2516 57.0 377.6 578.0 670.0 92.0 4.1 
1973 2991 65.3 363.9 579.0 667.0 88.0 4.1 
1974 2950 63.8 360.5 579.0 665.0 86.0 4.2 
1975 2717 56.7 347.8 577.0 659.0 82.0 4.2 
1976 2966 57.8 324.8 584.0 662.0 78.0 4.2 
1977 2954 54.4 306.9 586.0 659.0 73.0 4.2 
1978 2218 38.4 288.9 581.0 645.0 64.0 4.5 
1979 1030 18.2 295.1 579.0 645.0 66.0 4.8 
1980 1789 34.5 321.5 583.0 670.0 87.0 3.7 
1981 4302 76.5 296.4 586.0 673.0 87.0 3.4 

'· 1982 3763 63.6 281.0 588.0 669.0 81.0 3.5 
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APPENDIX A (cont) 

Well G-5 

Pump Pumpage Pump Water Level Draw- Specific 

Time (million Rate Nonpump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1951 6.7 414.0 

1952 2579 73.8 476.9 422.0 480.0 58.0 8.2 

1953 1433 37.8 439.6 425.0 467.0 42.0 10.5 

1954 2617 80.9 515.2 429.0 473.0 44.0 11.7 

1955 2529 80.4 529.9 427.0 472.0 45.0 11.8 

1956 3052 97.0 529.7 431.0 478.0 47.0 11.3 

1957 2385 64.1 447.9 424.0 466.0 42.0 10.7 

1958 1523 49.1 537.3 428.0 477.0 49.0 11.0 

1959 2917 101.7 581.1 435.0 495.0 60.0 9.7 

1960 2828 98.0 577.6 437.0 501.0 64.0 9.0 

1961 3908 134.0 571.5 438.0 507.0 69.0 8.3 

1962 4186 142.0 565.4 440.0 511.0 71.0 8.0 

1963 4528 151.0 555.8 441.0 513.0 72.0 7.7 

1964 4532 150.4 553.1 446.0 516.0 70.0 7.9 

1965 3520 117.1 554.5 443.0 516.0 73.0 7.6 

1966 2555 83.2 542.7 445.0 520.0 75.0 7.2 

1967 2405 80.0 554.4 444.0 519.0 75.0 7.4 

1968 2513 81.2 538.5 443.0 517.0 74.0 7.3 ''\ 

1969 2649 83.3 524.1 450.0 520.0 70.0 7.5 

1970 2771 88.9 534.7 453.0 521.0 68.0 7.9 

1971 2657 88.3 553.9 450.0 521.0 71.0 7.8 

1972 2902 92.4 530.7 441.0 514.0 73.0 7.3 

1973 3003 97.5 541.1 444.0 515.0 71.0 7.6 

1974 2054 69.0 559.9 440.0 513.0 73.0 7.7 

1975 2266 74.7 549.4 433.0 500.0 67.0 8.2 

1976 2955 95.0 535.8 442.0 504.0 62.0 8.6 

1977 2836 92.1 541.3 444.0 504.0 60.0 9.0 

1978 2608 84.2 538.4 442.0 502.0 60.0 9.0 

1979 2766 86.5 521.5 442.0 502.0 60.0 8.7 

1980 2896 89.0 512.4 442.0 502.0 60.0 8.5 

1981 2124 66.7 523.4 451.0 528.0 77.0 6.8 

1982 1219 38.2 522.0 455.0 510.0 55.0 9.5 
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APPENDIX A (coot) 

Well G-4 

Pump Pump age Pump Water Level Draw- Specific 

Time (million Rate Non pump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1951 12.5 357.0 477.0 120.0 

1952 2401 56.9 395.0 374.0 474.0 100.0 3.9 

1953 2677 55.2 343.7 380.0 472.0 92.0 3.7 

1954 2256 58.8 434.4 383.0 526.0 143.0 3.0 

1955 1172 22.7 322.8 378.0 481.0 103.0 3.1 

1956 1800 33.9 313.9 377.0 491.0 114.0 2.8 

1957 1324 24.2 304.6 373.0 498.0 125.0 2.4 

1958 1970 35.9 303.7 370.0 490.0 120.0 2.5 

1959 1819 31.6 289.5 378.0 494.0 116.0 2.5 

1960 2457 37.0 251.0 385.0 509.0 124.0 2.0 

1961 2787 45.0 269.1 389.0 512.0 123.0 2.2 

1962 2738 41.7 253.8 386.0 505.0 119.0 2.1 

1963 3519 46.4 219.8 388.0 504.0 116.0 1.9 

1964 3561 42.9 200.8 396.0 499.0 103.0 1.9 

1965 2100 23.8 188.9 394.0 492.0 98.0 1.9 

1966 2219 33.6 252.4 391.0 498.0 107.0 2.4 

1967 2690 44.8 277.6 388.0 509.0 121.0 2.3 

1968 2083 31.4 251.2 386.0 509.0 123.0 2.0 

1969 1309 17.4 221.5 387.0 505.0 118.0 1.9 

1970 606 7.7 211.8 384.0 504.0 120.0 1.8 

1971 1640 21.0 213.4 389.0 503.0 114.0 1.9 

1972 2840 33.3 195.4 391.0 507.0 116.0 1.7 

1973 3006 37.2 206.3 392.0 521.0 129.0 1.6 

1974 2672 34.3 213.9 392.0 519.0 127.0 1.7 

1975 1977 41.0 345.6 403.0 559.0 156.0 2.2 

1976 2859 57.8 336.9 406.0 571.0 165.0 2.0 

1977 2954 62.4 352.1 406.0 589.0 183.0 1.9 

1978 2607 49.5 316.5 398.0 589.0 191.0 1.7 

1979 2974 52.9 296.4 395.0 586.0 191.0 1.6 

1980 2235 35.6 265.7 394.0 580.0 186.0 1.4 

1981 432 8.2 316.4 385.0 573.0 188.0 1.7 

1982 3657 65.2 297.0 386.0 578.0 192.0 1.5 
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APPENDIX A (cont) 

Well G-3 

Pump Pumpage Pump Water Level Draw- Specific 

Time (million Rate Nonpump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 
---

1951 192 7.3 633.7 281.0 
1952 2379 65.4 458.2 310.0 358.0 48.0 9.5 

1953 3192 76.4 398.9 322.0 360.0 38.0 10.5 

1954 2675 66.1 411.8 322.0 370.0 48.0 8.6 

1955 2369 69.4 488.3 316.0 368.0 52.0 9.4 

1956 3149 87.9 465.2 324.0 380.0 56.0 8.3 

1957 2517 70.2 464.8 324.0 385.0 61.0 7.6 

1958 2562 69.5 452.1 323.0 386.0 63.0 7.2 

1959 2931 74.6 424.2 326.0 395.0 69.0 6.1 

1960 3591 82.5 382.9 335.0 407.0 72.0 5.3 

1961 3612 79.9 368.7 343.0 414.0 71.0 5.2 

1962 4057 83.7 343.9 348.0 418.0 70.0 4.9 

1963 4555 86.7 317.2 352.0 422.0 70.0 4.5 

1964 4487 78.6 292.0 355.0 424.0 69.0 4.2 

1965 3498 65.6 312.6 350.0 419.0 69.0 4.5 

1966 3991 73.7 307.8 353.0 420.0 67.0 4.6 

1967 2752 52.9 320.4 344.0 418.0 74.0 4.3 

1968 3086 56.5 305.1 341.0 418.0 77.0 4.0 '>\ 

1969 2672 50.8 316.9 338.0 417.0 79.0 4.0 

1970 2736 55.4 337.5 336.0 419.0 83.0 4.1 

1971 3337 64.2 320.6 342.0 423.0 81.0 4.0 

1972 2838 50.9 298.9 341.0 421.0 80.0 3.7 

1973 2843 47.3 277.3 341.0 418.0 77.0 3.6 

1974 3006 49.3 273.3 342.0 424.0 82.0 3.3 

1975 2632 43.1 272.9 341.0 428.0 87.0 3.1 

1976 2971 82.6 463.4 374.0 462.0 88.0 5.3 

1977 2961 78.9 444.1 368.0 463.0 95.0 4.7 

1978 2590 66.4 427.5 360.0 458.0 98.0 4.4 

1979 3014 69.0 381.0 360.0 465.0 105.0 3.6 

1980 3448 61.8 298.6 363.0 468.0 105.0 2.8 

1981 4315 66.6 257.2 372.0 482.0 110.0 2.3 

1982 3550 51.0 239.0 364.0 474.0 112.0 2.1 
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APPENDIX A (cont) 

Well G-2 

( 

'< 
Pump Pumpage Pump Water Level Draw- Specific 

Time (million Rate Nonpump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1951 123 3.9 528.5 259.0 
1952 2372 78.3 550.2 279.0 327.0 48.0 11.5 

1953 3254 105.6 540.9 290.0 334.0 44.0 12.3 

1954 2682 86.3 536.3 291.0 335.0 44.0 12.2 

1955 2487 78.8 528.1 299.0 345.0 46.0 11.5 

1956 3109 95.8 513.6 310.0 357.0 47.0 10.9 

1957 2458 76.1 516.0 311.0 360.0 49.0 10.5 

1958 2707 80.1 493.2 315.0 361.0 46.0 10.7 

1959 2938 84.6 479.9 320.0 363.0 43.0 11.2 

1960 3535 96.6 455.4 328.0 370.0 42.0 10.8 

1961 3982 105.3 440.7 336.0 375.0 39.0 11.3 

1962 4076 99.8 408.1 338.0 374.0 36.0 11.3 
1963 4563 105.7 386.1 344.0 379.0 35.0 11.0 

1964 4541 105.3 386.5 346.0 380.0 34.0 11.4 

1965 3535 82.6 389.4 346.0 381.0 35.0 11.1 

1966 3994 94.7 395.2 349.0 383.0 34.0 11.6 

1967 2743 67.6 410.7 344.0 379.0 35.0 11.7 

1968 2732 66.5 405.7 344.0 379.0 35.0 11.6 

1969 2679 68.6 426.8 344.0 381.0 37.0 11.5 

1970 2431 62.8 430.5 343.0 381.0 38.0 11.3 

1971 3420 87.4 425.9 345.0 384.0 39.0 10.9 

1972 2887 73.4 423.7 348.0 388.0 40.0 10.6 

1973 2816 72.4 428.5 344.0 385.0 41.0 10.5 

1974 3056 82.0 447.2 347.0 390.0 43.0 10.4 

1975 2724 74.5 455.8 341.0 384.0 43.0 10.6 

1976 2990 81.1 452.1 344.0 388.0 44.0 10.3 

1977 2981 80.4 449.5 346.0 388.0 42.0 10.7 

1978 2562 71.6 451.9 345.0 386.0 41.0 11.0 

1979 2975 80.0 448.0 347.0 388.0 41.0 11.0 

1980 3478 92.4 443.0 350.0 389.0 39.0 11.4 

1981 1432 38.3 445.8 352.0 390.0 38.0 11.7 

1982 2833 25.7 476.0 352.0 399.0 47.0 10.1 
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APPENDIX A (cont) 

Well G-1A 

Pump Pumpage Pump Water Level Draw- Specific 

Time (million Rate Nonpump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1954 108 4.6 709.9 
1955 1531 53.0 577.0 265.0 316.0 51.0 11.3 

1956 3130 107.7 573.5 273.0 323.0 50.0 11.5 

1957 2470 87.0 587.0 274.0 327.0 53.0 11.1 

1958 2670 92.5 577.4 279.0 331.0 52.0 11.1 

1959 2965 102.7 577.3 284.0 333.0 49.0 11.8 

1960 3641 122.8 562.1 291.0 342.0 51.0 11.0 

1961 4297 147.3 571.3 298.0 350.0 52.0 11.0 

1962 3972 136.1 571.1 295.0 344.0 49.0 11.7 

1963 4525 149.7 551.4 301.0 350.0 49.0 11.3 

1964 3852 129.3 559.4 302.0 353.0 51.0 11.0 

1965 3505 116.5 554.0 302.0 353.0 51.0 10.9 

1966 3964 133.4 560.9 306.0 355.0 49.0 11.4 

1967 2720 91.3 559.4 302.0 351.0 49.0 11.4 

1968 3089 103.2 556.8 302.0 352.0 50.0 11.1 

1969 2695 90.7 560.9 303.0 356.0 53.0 10.6 

1970 2772 92.5 556.2 300.0 357.0 57.0 9.8 

1971 3313 111.8 562.4 303.0 361.0 58.0 9.7 

1972 2879 g4.0 544.2 302.0 361.0 59.0 9.2 

1973 2760 87.9 530.8 302.0 362.0 60.0 8.8 

1974 2974 92.7 519.5 307.0 355.0 48.0 10.8 

1975 2740 85.3 518.9 304.0 351.0 47.0 11.0 

1976 2983 91.6 511.8 302.0 350.0 48.0 10.7 

1977 2942 88.7 502.5 302.0 350.0 48.0 10.5 

1978 2631 77.9 493.5 300.0 345.0 45.0 11.0 

1979 2974 88.0 493.9 301.0 345.0 44.0 11.0 

1980 3480 103.2 494.4 305.0 345.0 40.0 12.4 

1981 4212 131.2 519.1 307.0 347.0 40.0 13.0 

1982 3618 109.7 505.0 305.0 347.0 42.0 12.0 
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APPENDIX A (cont) 

Well PM-1 

Pump Pumpage Pump Water Level Draw- Specific 
Time (million Rate Non pump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1965 2754 99.2 600.3 746.0 786.0 40.0 15.0 
1966 3086 108.0 583.3 740.0 779.0 39.0 15.0 
1967 2870 111.0 644.6 737.0 781.0 44.0 14.6 
1968 1846 68.1 614.8 735.0 769.0 34.0 18.1 
1969 951 34.4 602.9 733.0 766.0 33.0 18.3 
1970 1781 66.2 619.5 733.0 769.0 36.0 17.2 
1971 2728 101.0 617.1 733.0 766.0 33.0 18.7 
1972 2415 84.9 585.9 735.0 762.0 27.0 21.7 
1973 1688 46.5 459.1 736.0 755.0 19.0 24.2 
1974 2649 96.3 605.9 740.0 768.0 28.0 21.6 
1975 2567 94.8 615.5 741.0 766.0 25.0 24.6 
1976 2933 106.8 606.9 744.0 767.0 23.0 26.4 
1977 2969 105.4 591.7 745.0 767.0 22.0 26.9 
1978 2544 90.6 593.3 745.0 767.0 22.0 27.0 
1979 2350 83.4 591.5 744.0 766.0 22.0 26.9 
1980 2786 98.7 590.7 746.0 769.0 23.0 25.7 
1981 2789 98.5 588.6 747.0 769.0 22.0 26.8 
1982 2820 99.6 589.0 748.0 770.0 22.0 26.8 
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APPENDIX A (cont) 

Well PM-2 

Pump Pumpage Pump Water Level Draw- Specific 

Time (million Rate Nonpump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1966 221 18.9 1425.3 826.0 889.0 63.0 22.6 

1967 4336 370.0 1422.2 834.0 888.0 54.0 26.3 

1968 3865 328.2 1415.3 838.0 889.0 51.0 27.8 

1969 3304 279.9 1411.9 838.0 890.0 52.0 27.2 

1970 3529 300.6 1419.7 839.0 893.0 54.0 26.3 

1971 4035 339.5 1402.3 841.0 898.0 57.0 24.6 

1972 4611 385.3 1392.7 845.0 902.0 57.0 24.4 

1973 4571 380.6 1387.7 849.0 907.0 58.0 23.9 

1974 5443 450.9 1380.7 853.0 912.0 59.0 23.4 

1975 4644 385.3 1382.8 854.0 913.0 59.0 23.4 

1976 5382 442.0 1368.8 866.0 924.0 58.0 23.6 

1977 3306 272.8 1375.3 868.0 924.0 56.0 24.6 

1978 4743 388.4 1364.9 871.0 928.0 57.0 23.9 

1979 4671 381.8 1362.2 872.0 924.0 52.0 26.2 

1980 5023 409.6 1359.2 873.0 931.0 58.0 23.4 

1981 4551 370.1 1355.4 876.0 934.0 58.0 23.4 

1982 4319 359.3 1386.0 874.0 934.0 60.0 23.1 

Well PM-3 

Pump Pumpage Pump Water Level Draw- Specific 

Time (million Rate Nonpump Pump down Capacity 

Year (h) gal) (gpm) (ft) (ft) (ft) (gpm/ft) 

1968 2327 187.4 1342.2 743.0 771.0 28.0 47.9 

1969 3241 254.7 1309.8 746.0 772.0 26.0 50.4 

1970 2905 227.8 1306.9 750.0 774.0 24.0 54.5 

1971 2774 216.3 1299.6 751.0 774.0 23.0 56.5 

1972 2445 192.1 1309.5 752.0 775.0 23.0 56.9 

1973 3256 257.8 1319.6 755.0 778.0 23.0 57.4 

1974 3241 255.3 1312.9 756.0 779.0 23.0 57.1 

1975 3421 269.3 1312.0 757.0 780.0 23.0 57.0 

1976 3171 268.3 1410.2 758.0 784.0 26.0 54.2 

1977 2792 235.5 1405.8 758.0 784.0 26.0 54.1 

1978 2516 211.0 1397.6 759.0 784.0 25.0 55.9 

1979 2359 197.2 1393.0 760.0 784.0 24.0 58.0 

1980 2796 234.4 1397.2 760.0 785.0 25.0 55.9 

1981 2784 232.4 1391.3 761.0 786.0 25.0 55.6 

1982 2831 238.1 1402.0 762.0 785.0 23.0 60.9 
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APPENDIX A (cont) 

Water Canyon Gallery 

Production Discharge 
Time (million Rate 

Year {h) gal) (gpm) 

1947 8760 84.0 159.8 
1948 8784 97.0 184.0 
1949 8760 92.0 175.0 
1950 8760 54.0 102.7 
1951 8760 39.0 74.2 
1952 8784 48.0 91.1 
1953 8760 39.0 74.2 
1954 8760 40.0 76.1 
1955 8760 33.0 62.8 
1956 8784 23.0 43.6 
1957 8760 40.0 76.1 
1958 8760 60.0 114.2 
1959 8760 54.0 102.7 
1960 8784 48.0 91.1 
1961 8760 54.0 102.7 
1962 8760 67.0 127.5 
1963 8760 51.0 97.0 
1964 8784 45.0 85.4 
1965 8760 72.0 137.0 
1966 8760 82.0 156.0 
1967 8760 56.0 106.5 
1968 8784 65.0 123.3 
1969 8760 80.0 152.2 
1970 8760 65.0 123.7 
1971 8760 37.0 70.4 
1972 8784 40.0 75.9 
1973 8760 49.0 93.2 
1974 8760 35.0 66.6 
1975 8760 42.0 79.9 
1976 8784 41.0 77.8 
1977 8760 57.0 108.4 
1978 8760 45.0 86.2 
1979 8760 44.0 83.7 
1980 8784 32.0 60.7 
1981 8760 45.5 86.6 
1982 8760 45.9 94.9 
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APPENDIX B 

PRIMARY CHEMICAL QUALITY OF WATER 
(in mg/l) 

Ag As Ba Cd Cr F Hg N03 Pb Se 

Los Alamos Field 
Well LA-IB <0.0005 0.039 0.06 <0.001 0.022 2.6 <0.0002 1.2 <0.003 <0.003 

Well LA-2 <0.0005 0.013 0.09 <0.001 0.020 1.9 <0.0002 1.8 <0.003 <0.003 

Well LA-3 <0.0005 0.009 0.06 <0.001 0.010 0.7 <0.0002 1.7 <0.003 <0.003 

Well LA-5 <0.0005 0.032 0.07 <0.001 0.010 1.0 <0.0002 1.4 <0.003 <0.003 

Guaje Field 
Well G-1 <0.0005 <0.005 0.06 <0.001 0.008 0.4 <0.0002 1.2 <0.003 <0.003 

Well G-IA <0.0005 0.009 0.04 <0.001 0.006 0.5 <0.0002 1.2 <0.003 <0.003 

Well G-2 <0.0005 0.048 0.03 <0.001 0.011 1.0 <0.0002 0.9 <0.003 <0.003 

Well G-3 <0.0005 0.018 0.02 <0.001 0.005 0.4 <0.0002 1.0 0.004 <0.003 

Well G-4 <0.0005 <0.005 0.02 <0.001 0.004 0.3 <0.0002 1.5 <0.003 <0.003 

Well G-5 <0.0005 <0.005 0.02 <0.001 0.002 0.3 <0.0002 3.0 <0.003 <0.003 

Well G-6 <0.0005 <0.005 0.02 <0.001 0.005 0.3 <0.0002 0.6 <0.003 <0.003 

Pajarito Field 
Well PM-I <0.0005 <0.005 0.09 <0.001 0.010 0.3 <0.0002 1.1 <0.003 <0.003 

Well PM-2 <0.0005 <0.005 0.02 <0.001 0.004 0.2 <0.0002 0.4 <0.003 <0.003 

Well PM-3 <0.0005 <0.005 0.05 <0.001 0.003 0.3 <0.0002 0.7 0.005 <0.003 

Well PM-4 <0.0005 <0.005 0.04 <0.001 0.006 0.3 <0.0002 7.6 <0.003 <0.003 

Well PM-5 <0.0005 <0.005 0.04 <0.001 0.002 0.4 <0.0002 3.0 <0.003 <0.003 

Water Canyon 
Gallery <0.0005 <0.005 0.02 <0.001 0.002 0.1 <0.0002 0.7 <0.003 <0.003 

Distribution 
Fire Station <0.0005 <0.005 0.06 <0.001 0.005 0.3 <0.0002 <0.5 <0.003 <0.003 

Fire Station 2 <0.0005 0.019 0.09 <0.001 0.011 1.0 <0.0002 2.1 <0.003 <0.003 

Fire Station 3 <0.0005 <0.005 0.07 <0.001 0.005 0.7 <0.0002 <0.5 <0.003 <0.003 

Fire Station 4 <0.0005 0.009 0.03 <0.001 0.040 0.5 <0.0002 1.7 <0.003 <0.003 

Fire Station 5 <0.0005 0.012 0.03 <0.001 0.018 1.2 <0.0002 1.1 0.003 <0.003 

Bandelier National Monument <0.0005 0.013 0.04 <0.001 0.012 1.2 <0.0001 0.7 <0.003 <0.003 

Los Alamos Well LA-6 <0.0005 0.185 <0.001 0.014 2.3 <0.0002 0.4 0.006 <0.003 

Primary Standard 0.05 0.05 1.0 0.01 0.05 2.0 0.002 45 0.05 0.01 
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Los Alamos Field 
Well LA-IB 
Well LA-2 
Well LA-3 
Well LA-5 

Guaje Field 
Well G-1 
Well G-1A 
Well G-2 
Well G-3 
Well G-4 
Well G-5 
Well G-6 

Pajarito Field 
Well PM-1 
Well PM-2 
Well PM-3 
Well PM-4 
Well PM-5 

Water Canyon 
Gallery 

Los Alamos Well LA-6 

Distribution 
Fire Station 1 
Fire Station 2 
Fire Station 3 
Fire Station 4 
Fire Station 5 

APPENDIX C 

SECONDARY CHEMICAL QUALITY FOR MUNICIPAL USE 
(concentrations in mg/.t) 

Cl Cu Fe Mn S04 Zn 

16 0.003 0.028 <0.002 27 <0.01 
16 0.006 0.100 0.008 12 <0.01 
4 <0.002 0.007 <0.002 5 <0.01 
2 <0.002 <0.005 <0.002 3 <0.01 

3 0.003 0.007 0.010 <2 0.02 
3 0.013 0.006 <0.002 <2 0.02 
3 <0.002 0.010 <0.002 2 <0.01 
3 0.010 0.018 <0.002 <2 0.12 
3 0.012 0.062 0.002 3 0.09 
3 <0.002 0.012 0.002 4 <0.01 
3 <0.002 <0.005 <0.002 2 <0.01 

6 <0.002 <0.005 <0.002 2 <0.01 
2 0.003 <0.005 <0.002 2 0.04 
8 0.001 <0.005 <0.002 3 0.01 
2 <0.002 0.020 0.003 4 <0.01 
3 <0.002 0.050 0.005 10 <0.01 

<1 <0.002 0.325 <0.002 2 0.02 

4 0.011 0.908 <0.002 2 0.07 

3 <0.002 0.006 <0.002 <2 0.07 
6 0.011 0.030 <0.002 8 <0.01 
7 0.020 <0.005 <0.002 3 <0.01 
3 0.005 0.016 <0.002 2 <0.01 
7 0.004 0.056 <0.002 10 <0.01 

Bandelier National Monument 7 <0.002 0.021 <0.002 9 0.05 

Secondary Standards 250 1.0 0.3 0.05 250 5.0 

TDS pH 

408 7.9 
204 8.5 
162 8.3 
170 8.6 

162 7.9 
152 8.3 
168 8.3 
120 8.3 
126 8.2 
160 8.3 
134 7.6 

188 7.6 
134 8.0 
203 8.0 
169 8.2 
211 8.2 

114 7.5 

222 8.6 

128 8.0 
190 8.3 
200 8.1 
160 8.2 
205 8.3 
196 8.5 

500 6.5-8.5 
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APPENDIX D 

RADIOCHEMICAL QUALITY OF WATER 

1982 1l1cs 238pu 239pu Gross Alpha Gross Beta JH Total U 
Station Date ( IQ-9 ~Ci/ml) (lo-9 ~Ci/ml) ( I<t-9 ~Ci/ml) (10 ~Ci/ml) ( I0-9 ~Ci/ml) ( J0-6 ~Ci/ml) (~s/l) 

Los Alamos Field 
Well LA-18 3-30 -50± 80 --0.004 ± 0.014 --0.004 ± 0.0 12 II t 6.0 6.4 ± 2.4 5.0 ± 1.0 
Well LA-2 3-30 19 ± 40 0.009 ± 0.020 --0.0 19 ± 0.000 9.0 t 4.0 4.1 ± 1.8 0.3 ± 0.6 3.9 ± 0.8 
Well LA-3 3-30 -80 ± 40 0.004 ± 0.012 --0.0 12 ± 0.008 1.5 t 1.4 6.5 ± 2.0 1.2 ± 0.6 4.6 ± 1.0 
Well LA-5 3-30 -10 ± 34 --0.005 ± 0.0 I 0 --0.010 ± 0.010 3.3 ± 2.0 3.8 ± 1.8 0.9 ± 0.6 7.0 ± 1.4 

Guaje Field 
Well G-1 3-30 40 ± 60 --0.006 ± 0.012 --0.012 ± 0.012 0.1 ± 1.2 2.4 ± 1.6 3.4 ± 0.6 0.9 ± 0.8 
Well G-IA 3-30 -2 ± 80 0.007 ± 0.030 --0.007 ± 0.020 0.3 ± 1.0 28 ± 6.0 1.8 ± 0.6 1.0 ± 0.8 
Well G-2 3-30 -7 ± 38 0.005 ± 0.016 -0.014 ± 0.012 0.8 ± 1.2 0.8 ± 1.4 0.3 ± 0.6 0.9 ± 0.8 
Well G-3 3-30 -40 ± 40 0.004 ± 0.014 --0.0 13 ± 0.000 1.0 ± 1.2 2.1 i 1.6 4.1 ± 0.6 1.6 ± 0.8 
Well G-4 3-30 40 ± 60 0.0 14 ± 0.038 0.0 I 0 ± Co.600 1.1 ± 1.2 1.2 ± 1.4 0.2 ± 0.6 1.0 ± 0.8 
Well G-5 3-30 -40 ± 80 -0.005 ± 0.000 --0.016 ± 0.010 1.0 ± 1.0 3.8 ± 1.6 0.7 ± 0.6 1.3 ± 0.4 
Well G-6 3-30 19 ± 40 0.009 ± 0.026 --0.009 ± 0.038 5.9 ± 2.4 7.7 ± 2.2 0.8 ± 0.6 1.7 ± 0.8 

Pajarito Field 
Well PM-I 3-30 -50± 40 --0.0 I 0 ± 0.020 --0.050 ± 0.100 0.7 ± 1.4 8:1 ± 2.4 0.5 ± 0.6 1.8 ± 0.8 
Well PM-2 3-30 20 ± 40 0.0 I 0 ± 0.040 --0.020 ± 0.040 1.1 ± 1.2 1.9 ± 1.6 0.3 ± 0.6 0.0 ± 0.8 
Well PM-3 3-30 30 ± 20 --0.014 ± 0.014 --0.005 ± 0.014 1.0 ± 1.4 13 ± 3.2 4.2 ± 0.6 1.6 ± 0.8 
Well PM-4 8-3 10 ± 48 0.012 ± 0.020 --0.0 12 ± 0.034 0.0 ± 0.8 18 ± 4.0 0.5 ± 0.6 0.8 ± 0.8 
Well PM-5 8-4 36 ± 34 O.DI8 ± 0.024 0.004 ± 0.024 3.9 ± 2.2 3.2 ± 1.6 0.4 ± 0.6 2.2 ± 0.4 

No. of Analyses 16 16 16 16 16 15 16 
Minimum -80 ± 40 --0.014 ± 0.014 --0.050 ± 0.050 0.1 ± 1.2 0.8 ± 1.4 0.2 ± 0.6 0.0 ± 0.8 
Maximum 40 ± 60 O.DI8 ± 0.024 0.010 ± 0.010 II± 6.0 28.0 ± 6.0 4.2 ± 0.6 7.0 ± 1.4 
Average -4 0.003 --0.012 2.6 6.9 1.3 2.2 
2s 75 0.019 0.026 6.6 14.5 2.8 3.8 

Distribution 
Fire Station 3-31 7 ± 60 0.005 ± 0.016 --0.009 ± 0.014 0.6 ± 1.0 3.6 ± 1.6 1.0 ± 0.6 0.8 ± 0.8 
Fire Station 2 3-31 40 ± 80 --0.030 ± 0.040 --0.040 ± 0.060 1.4 ± 1.4 1.5 ± 1.6 1.8 ± 0.6 2.1 ± 0.8 
Fire Station 3 3-31 10 ± 60 --0.004 ± 0.014 --0.017 ± 0.008 1.7 ± 1.6 5.1 ± 2.0 --0.1 ± 0.6 1.6 ± 0.8 
Fire Station 4 3-31 30 ± 30 0.004 ± 0.026 --0.008 ± 0.018 0.8 ± 1.2 2.7 ± 1.6 2.0 ± 0.6 1.4 ± 0.8 
Fire Station 5 3-31 I± 34 0.011 ± O.DI8 -0.007 ± 0.006 2.2 ± 2.0 3.5 ± 1.8 2.4 ± 0.6 3.4 ± 0.8 
Bandelier National Monument 4-1 10 ± 40 -0.004 ± 0.020 --0.017 ± O.DI8 1.8 ± 1.6 3.4 ± 1.8 2.1 ± 0.6 3.4 ± 0.8 
Fenton Hill (TA-57) 3-31 5 ± 34 --0.024 ± 0.036 --0.063 ± 0.024 5.6 ± 1.5 7.0 ± 2.2 0.5 ± 0.6 2.2 ± 0.8 

No. of Analyses 7 
Minimum I ± 34 -0.030 ± 0.040 --0.063 ± 0.024 0.6 t 1.0 1.5 ± 1.6 --0.1 ± 0.6 0.8 ± 0.8 
Maximum 40 ± 80 O.DII ± 0.018 --0.007 ± 0.008 5.6 t 1.5 7.0 ± 2.2 2.4 ± 0.6 3.4 ± 0.8 
Average 15 -0.006 --0.023 2.0 3.8 1.4 2.2 
2s 29 0.031 0.042 3.4 3.5 1.9 2.0 

Los Alamos Field 
Well LA-6 3-30 4 30 ± 40 -0.005 ± 0.000 --0.015 ± 0.030 2.9 ± 2.2 4.0 ± 1.8 0.5 ± 0.6 3.8 ± 0.8 

Secondary Standard 200 15 15 15 20 1800 
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APPENDIX E 

CONSTRUCTION DETAILS FOR SUPPLY WELL PM-5 
(elevation of land surface, 7094; of well head, 7096 ft) 

Feet 

Type Length From To 

Surface pipe: 42-in. o.d. 
cemented in 48-in. hole 40 0 40 

Conductor pipe: 28-in. o.d. 
cemented in 34-in. hole 1180 +2 1178 

Casing: blank 16-3/8-in. o.d. 
set in 26-in. hole 1442 +2 1440 

Casing; perforated (louvered) 

16-5/16-in. o.d. set in 26-in. hole 1632 1440 3072 

Casing: blank 16-3/8-in. o.d. 
set in 26-in. hole 20 3072 3092 

Plug: welded to bottom of 
16-3/8-in. casing 3092 3093 

Pilot hole: 14-3/4-in. diam 
drilled to depth of 3120 ft 3120 0 3120 

----------
Notes: 
a. Two 2-in.-diam gauge lines welded to outside of 16-3/8-in.-diam blank casing enter well at 1436 ft 

below land surface. 
b. One 6-in.-diam gravel feed line enters annulus between 28-in.-diam conductor pipe and 16-3/8-in.

diam blank casing at a depth of about 4 ft below land surface. 

c. Performations, louvered, are pressed out from inside, 2-3/8 in. long with a maximum opening 1/16 in., 

13.4-sq in./lin ft. 
d. Gravel is packed around 16-3/8-in. blank and 16-5/16-in. perforated casings in graded sizes. 

Sieve Size Wt% Passing 

4 100 
6 90- 95 
8 70- 80 

10 55-65 
12 45- 55 
16 17- 25 
20 4-8 
30 0-2 

(Sound, durable, well-rounded natural gravel; no crushed rock.) 
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APPENDIX F 

""' N 
GEOLOGIC LOG OF SUPPLY WELL PM-5 

(elevation of land surface, 7094 ft) 

Thickness Depth Thickness Depth 

(ft) (ft) (ft) (ft) 
----

Tshirege Member of Bandelier Tuff Otowi Member of Bandelier Tuff 

Unit 3 Tuff, light-pinkish gray to gray, nonwelded to 

Tuff, light gray, non welded to moderately moderately welded, quartz and sanidine crystals 

welded, quartz and sanidine crystals, and and crystal fragments, rock fragments of gray 

crystal fragments, few rock fragments of latite rhyolite, latite, and pumice in a pinkish gray 

and rhyolite in a light gray ash matrix 50 50 to gray ash matrix; tan pumice fragments from 

335 to 410ft; ash matrix weathered to a tan 410 

Unit 2b to 500 ft, which also includes increased amounts 

Tuff, gray, moderately welded, quartz and of rock fragments of dark gray latite and rhyolite; 

sanidine fragments, few rock fragments of large white to tan pumice fragments from 500 to 

gray rhyolite and pumice in a gray ash 710ft; rock fragments of dark-gray rhyolite and 

matrix; pumice weathered to a tan silty latite from 590 to 610 ft; pumice fragments tan 

clay from 160 to 170 ft 120 170 from 680 to 710 ft appears weathered; slight 

increase of rock fragments of dark gray rhyolite 

Unit 2a and latite from 650 to 710 ft 375 710 

Tuff, light to dark gray, moderately welded, 

quartz and sanidine crystals, and crystal Guaje Member of Bandelier Tuff 

fragment, few rock fragments of rhyolite, latite, Pumice white to gray, fragments up to 1/2 in., a 

pumice in a gray ash matrix; a few fragments of few rock fragments of dark-gray rhyolite 30 740 

:-vhite ash along with weathered tan pumice 

fragments from 210 to 230 ft 60 230 Basaltic Rock of Chino Mesa 

Unit 2 

Unit lb Basalt, gray, dense with some clays developed 

Tuff. moderately welded, tan to gray, quartz at the top and bottom of flow 20 760 

and sanidine crystals, and crystal fragments. 

few rock fragments of rhyolite, latite. large Puye Conglomerate (Fanglomerate Member) 

fragments of tan pumice (weathered slightly) in Conglomerate, gray to dark gray, gravels, cobbles, 

a gray ash matrix; large tan pumice fragments and boulders of rhyolite, latite, quartz latite, 

from 230 to 240 ft 30 260 some pumice, in a matrix of sand and gravels 45 805 

Unit Ia Basaltic Rock of Chino Mesa 

Tuff, nonwelded, light gray to white, mostly Unit 2 

sanidine crystals, a few quartz crystals and Basalt. dark gray to light red, dense, with 

crystal fragments, a few rock fragments of some interflow breccias with silts and clays; 

rhyolite and tan and white pumice; pumice basalt. black to dark gray, 805 to 820 ft; 

fragments increasing to 330 ft 75 335 basalt, light red. dense, 820 to 860 ft; basalt, 

dark gray, dense with some interflow breccias 

with some silts and clay. 860 to 905 ft 125 930 

------~------



APPENDIX F (cont) 

Thickness Depth Thickness Deplh 
(ft) (ft) (ft) (ft) 

Puye Conglomerate (Fanglomerate Member) Silty sandstone, light tan, with some rock 
Conglomerate, gray, gravels, cobbles, and fragments of basalt and rhyolite 45 1850 
boulders in a matrix of sand (no samples, 
interpretation from geophysical log) 35 965 Sandstone, light gray to light tan with rock 

fragments of basalt and rhyolite 35 1885 
Basaltic Rocks of Chino Mesa 
Unit 2 Basalt, dark -gray dense, thin flow with 

Basalt, gray, dense, alternating with interflow inclusions sandstone, silts, and clays 10 1895 
breccias containing silts and clays 125 1090 

Sandstone (no sample, interpretation from 
Basalt, dark gray to maroon, finely divided geophysical log) 45 1940 
mosaic mineral in a dense matrix, interflow 
breccias with silts and clays 55 1145 Basalt, interflow breccias, includes rock 

fragments of sandstone, and siltstone with silt 
Puye Conglomerate (Fanglomerate Member) and clay 20 1960 

Conglomerate, tan to dark gray, cobbles and 
boulders of latite, quartz latite and rhyolite Silty sandstone (no samples, interpretation 
in a matrix of volcanic-derived sand and gravels from geophysical log) 10 1970 
with an abundance of silts and clays 45 1190 

Basalt (no samples, interpretation from geophysical 
Conglomerate, tan to gray cobbles and boulders of log) 40 2010 
latite, rhyolite, and quartz latite in a matrix 
of silts, clays, sands, and gravels; thin flow of 1nterflow breccias, basalt fragments in silts 
basalts, dark gray, dense, with interflow breccias and clays (no samples, interpretation from geo-
with silt and clay from 1260 to 1320 ft; white physical log) 35 2045 
to light gray ash probably in thin water land beds 
within the conglomerate from 1340 to 1470 ft 280 1470 Sandstone, light tan, a few rock fragments of 

basalt 15 2060 
Puye Conglomerate (Totavi Lentil) 

Conglomerate, light gray, sand, gravels, and Basalt, dark gray, dense, silts and clays at 
boulders of rhyolite, latite, quartzite, some top and bottom of flow 15 2075 
granitic and pegmatitic material; subrounded to 
rounded; lenses of sand are well sorted 80 1550 Sandstone, light-pinkish gray, fine grained, 

subrounded particles 65 2140 
Tesuque Formation 

Silty sandstone. tan to gray. lenses of siltstones, lnterflow breccias, basalt and sandstone fragments 
fine-grained sandstone and pebbly conglomerate, in silts and clay, light-pinkish gray 20 2160 
arkosic; slight increase in grain size from I 720 
to 1765 ft 215 1765 Basalt, dark gray, dense, few matrix minerals in 

dense matrix; possible interflow breccia from 
Basalt, dark gray. dense with some interflow 2190 to 2200 ft 80 2240 
breccias with silt and clay 40 1805 

.,.. lnterflow breccia. basalt and sandstone fragments 
w in silt and clay matrix 35 2275 
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APPENDIX F (cont) 

~ 

Thickness Dept!: Thickness Depth 

(ft) (ft) (ft) (fl) 

Basalt, dense (no samples, interpretation from geo- Interflow breccia alternating with thin flows of 

physical log) 60 2335 basalt, tannish gray; basalt fragments dark gray 

with silts and clays; tan siltstone and very fme-

Siltstone and claystone (no samples, interpretation grained tan sandstone 50 2690 

from geophysical log) 45 2380 
Basalt, greenish gray, dense, white to yellow 

Basalt dense (no samples, interpretations from geo- feldspar, some augite, and olivine, weathering 

physical log) 30 2410 of matrix minerals 50 2740 

Basalt, greenish gray to dark gray, dense, phenocrysts Claystone, tan with a few fragments of dark-gray 

of feldspar up to I /8 in. in length, dark -reddish dense basalt 20 2760 

augite, some olivine in a fine-grained matrix; a few 

small vugs; increase in olivine 2450 to 2470 ft giving Siltstone, tan to very light-pinkish gray, arkosic, 

basalt a greenish case 60 2470 includes fragments of basalt, quartzite, and granite 

debris; thin lenses of white water-laid volcanic 

Interflow breccia, basalt fragments in silts, ash, 2780 to 2800 ft and 2820 to 2860 ft 100 2860 

clays, and sand; light red to grayish red, 24 70 to 

2490 ft; purple, 2490 to 2500 ft; light-greenish Sandstone, light-pinkish gray, arkosic, sand-sized 

gray, 2500 to 2510 ft 40 2510 particles subrounded to rounded of feldspar, quartz, 

and quartzite, a few fragments basalt, quartzite, 

Basalt, light-greenish gray to dark gray, dense, and granite debris; thin lense of white water-laid 

few small vugs less than 1/8 in. long, few small volcanic ash, 2870 to 2910 ft 100 2960 

phenocrysts of feldspar, augite, and olivine in 

dark -gray matrix 50 2560 Sandstone, tan, arkosic, sand-sized particles sub-

rounded, abundance of volcanic debris, basalt latite, 

Basalt, dark gray, augite and some feldspar, a and some rhyolite, minor amounts of matrix minerals; 

few small vugs up to 1/4 in. in length lined thin lenses of white water-laid volcanic ash, 3010 

with quartz and feldspar crystals 80 2640 to 3030 ft 80 3040 

Claystone, tan to buff arkosic, a few fragments 

of basalt, 3060 to 3070 ft 70 3110 



,....._ .. 

Date 
1982 

8-4 
8-5 
8-6 
8-10 
8-11 
8-27 
9-8 
9-9 
9-10 
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APPENDIX G 

DEVELOPMENT OF SUPPLY WELL PM-5 
(development by pumping) 

No. of Pumping Rate Specific Capacity 
Hours (gpm) (gpm/ft) 

9.5 666- 785 5.5-6.8 
11.5 799- 887 6.7- 7.9 
12.0 838-910 /.7-9.2 

1.5 785- 933 10.4- 10.9 
3.0 799- 875 11.0- 11.4 
4.0 922- 1033 12.3- 13.8 
3.0 1281- 1348 9.4-11.8 

13.0 1227- 1364 8.8- 11.8 
3.0 1259 8.9- 10.7 

----------
Notes: 
a. Well development by jetting 75 h. 
b. Well development by bailing 25 h. 
c. Well development by pumping 60.5 h (above). 

No. of 
Backwashes 

3 
9 
8 
6 
6 
4 
3 
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APPENDIX H 

STEP TEST OF SUPPLY WELL PM-5 

Lapse Pumping Draw- Specific 
Time Rate Pumping down Capacity 

Time (min) (gpm) Level (ft) (gpm/ft) 

9:45 0 
10:00 15 1251 1333 125 10.0 
10:30 45 1259 1343 135 9.3 
11:00 75 1259 1347 139 9.1 
11:30 105 1251 1349 141 9.9 
12:00 135 1251 1351 143 9.8 
12:30a 165 1235 1352 144 9.6 
13:00 195 1227 1351 143 8.6 
13:30 225 1218 1352 144 8.5 
14:00 255 1200 1352 144 8.4 
14:30 285 1033 1337 129 8.0 
15:00 315 1043 1336 128 8.1 
15:30 345 1043 1335 127 8.2 
16:00 375 1043 1336 128 8.1 
16:30 405 899 1323 115 7.8 
17:00 435 899 1322 114 7.9 
17:30 465 899 1321 113 8.0 
18:00 495 743 1307 99 7.5 
18:30 525 757 1306 98 7.7 
19:00 555 757 1305 97 7.8 

-----------
aDecreased gpm slightly as pumping water level broke suction. Pump setting was about 1360 ft. 

Note: Static water level, 1208 ft below Land Surface Datum. 

*U.S. GOVERNMENT PRINTING OFFICE:1984-776-026/4015 
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GEOLOGICAL SURVEY RESEARCH 1969 

DEVELOPMENT OF GROUND-WATER SUPPLIES ON THE 
PAJARITO PLATEAU, LOS ALAMOS COUNTY, NEW MEXICO 

By WILLIAM D. PURTYMUN and JAMES B. COOPER, 
Santa Fe, N.Mex., Albuquerque, N. M~x. 

Work tfcme in oooperatWil fOUl!, the U.B . .Atomk 1Dner11fl Oomm48aion 
ana the Loa .Alamos Scientific La.boratOfll 

.Abatruct.-The Pajarito Mesa well field, completed in 1966 on the Pajarito Plateau, contributed 37 percent of the total water supply to Los Alamos in 1967. Two ~ells in the field are capable of yields of 1,400 gallons per minute each. This yield is about three times that of any of the other 13 supply wells in the water-supply system. The high yield ot the two wells is attributed to the occurrence of coarse volcanic debris and arkosic sediment in the Puye and Tesuque Formations of the Santa Fe Group tbat meke up the main aquifer beneath the Pajarito Plateau. 

~"::r;he town of Los .Alamos and laboratories of the 
~.Atomic Energy Commission and the Los .Alamo!: 
Scientific Laboratory are located on the Pajarito Pla
teau in north-central New Mexico (fig. 1}. Since the 
community was established in 1943 the demand for 
water, created by population growth and the expan
sion of the laborwtories, has equaled and at times ex
ceeded the amount of water that had been developed. 

The initial water supply was obtained from small 
streams and springs in the mountains west of the 
town. These sources soon became inadequate, and in 
1949 a ground-water supply was established. Since 
conversion of the water-supply system to ground-water 
sources, the U.S. Geological Survey has assisted the 
U.S . .Atomic Energy Commission in the development 
and management of the ground-water supply. 

HYDROGEOLOGIC CONDITIONS OF THE PAJARITO 
PLATEAU 

The Pajarito Plateau forms a topographically high 
area that slopes gently eastward from the flanks of 
the Sierra de los Valles toward the Rio Grande (Kel
ley, 1952, p. 93) ~ The plateau is formed by rocks of 

the Santa Fe Group of middle ( ¥) Miocene to Pleisto
cene ( ? ) age, and Yolcanic rocks of Pliocene and Pleis
tocene age (Griggs, 1964, fig. 8). Figure 2 is a dia
grammatic section showing the geologic units in the 
Los .Alamos area. 

The Santa Fe Group comprises the Tesuque and 
the Puye Formations, and the basaltic rocks of Chino 
Mesa. These formations crop out along the eastern mar
gin of the Pajarito Plateau. The permeable sediments 
of the Tesuque Formation are the main aquifer pene
trated by the wells in Los .Alamos and Guaje Canyons. 

Base from Geoloa•c m•p 
of New Mex•co, 1928 

0 

106' 

Santa Fe0 

w 
0 

Mod•f•ed from Gnaas (1964) 

20MILES 

FIGURE 1.-:\Iap of the Los Alamos area, showing topographic features mentioned in the text. 

Bl49 U.S. GEOL 8UJlVEY PROF. PAPER U0-8, PAGES Blf .. BIS3 



B150 GROUND WATER 

G-5 

EXPLANATION 

~ 
~ 

Bandelier Tuff 

~ 
~ 

Puye Formation 

Baaaltic rocks of Chino Meaa 

T~~c:bic:oma Formation 

· T•uque Formation 

-Basalt in the Tesuque 
Formation 

I 
Well 

He<>"f/ lim 11ioau1 HCt;, 
tllat ,:, .. u or ,... rtlw OJ>ftl 
Co tlw aquifer 

Top of main aquifer 

Comp1led by W. D. 

0 
APPROXIMATE SCALE 

LOCATION Or WELLS AND 
LINES or SECTION 

Jl'IGUB.E 2.-Diagra.mmatlc section of geologic units in the Los Alamos area. 

.. 



PURTYMUN AND ·coOPER B151 

The Tesuque Formation consists of friable to moder
ately well cemented light-pinkish-gray to light-brown 
silt..~ne and sandstone that contains lenses of con
gloL,.ate and clay and some interbedded basalt flows. 
The sedimentary rocks were derived from two sources. 
The lower part of the formation penetrated by wells 
in Los Alamos and Guaje Canyons consists principally 
of .fine arkosic quartz sand derived from source areas 
to the east of the Rio Grande. The upper part consists 
of very coarse arkosic quartz sand, latitic gravels, 
and volcanic detritus, derived from sources both east 
and west of the Rio Grande (Griggs, 1964, p. 22). 

The Puye Formation is a poorly consolidated con
glomerate channel-fill deposit overlain by a fanglom
erate composed of volcanic debris. The channel-fill 
deposits are gray and consist of fragments of quartzite, 
schist, gneiss, and granite, ranging in size from sand 
to boulders. The fanglomer81te is generally gray and 
consists of pebbles and cobbles of rhyolite, latite, 
quartz-latite, and pumice, in a matrix of silt and sand. 
Sorting is poor, but tongues and lenses·of fairly well 
sorted pumiceous siltstone and water-laid pumice are 
present within the fanglomerate. The rocks were der
ived from flows associated with the volcanic rocks of 
the Jemez Mountains. 

The basaltic rocks of Chino ·Mesa consist of basalt 
and basalt breccia that overlie the Puye along the Rio 
Gra_;rle and interfinger with the conglomerate to the 
w~.~neath the Pajarito Plateau (fig. 2). The basalt, 
which thickens southward along the river and thins 
westward, originated from volcanic vents near Chino 
.Mesa (fig. 1). 

The volcanic rocks consist of the Tschicoma Forma
tion of Pliocene age and the Bandelier Tuff of Pleisto
cene age. The Tschicoma Forma.tion forms the moun
tains of the Sierra de los Valles, and is present in the 
subsurface beneath the western edge of the plateau 
(fig. 2). The deposits are composed of la.tite, quartz
latite flows, and pyroclastic rocks. The Tschicoma 
Formation is overlain by the Bandelier Tuff along 
the flanks of the mountains. The Bandelier Tuff a 
series of ash flows and ash falls of rhyolitic tuff, c~ps 

the Pajarito Plateau and unconformll!bly overlies the 
Puye Formation and basaltic rocks of Chino Mesa in 
the ~ntral and eastern parts of the pllliteau. The 
Tschi~ma Formation, the Bandelier Tuff, and the 
basaltic rocks of Chino MeSa. contain only small 
amounts of water, which usually is perched above a 
confining layer. 

DEVELOPMENT OF GROUND-WATER SUPPLIES 

The .first water-supply wells drilled in the Las 
Alamo~ a.rea were l~ated along the eastern edge of 
the PaJanto.Plateau I~ Los Alamos Canyon and Guaje 
Canyon, which are tributary to the Rio Grande (fig. 
~) · The ~ells were located in the canyons rather than 
m the higher elevations of the Pajarito Plateau in 
order to keep drilling depths to a minimum and to be 
as close as possible to the then-known a.quifers in the 
~a~ta Fe Group. The wells yielded satisfactory quan
tities of water, 500 gallons per minute or more, and 
several of them have been in continuous service for 
20 years or more. In 1967, six wells located in Los 
Alamos Canyon and seven wells located in Guaje Can
yon supplied 63 percent of the total amount of water 
( 1.3 billion gallons) used by Los Alamos (table 1). 

In 1963, because of increasing water demands and 
lack of additional space for new wells in Los Alamos 
an~ ~uaje Canyons, new locations were sought on the 
PaJarito Plateau. Test drilling on the plateau indi
cated that the main aquifer, entirely . within the 
Tesuque Formation in the lower part of Los Alamos 
and Guaje Canyons, rises stratigraphically westward, 
and that beneath the central part of the plateau the 
lower part of the overlying Puye Formllition is satu
rated and becomes a part of the aquifer. 

These data, as well as extensive knowledge of the 
surface geology, suggested that the saturated portion 
of the Puye Formation and the sediments in the upper 
part of the Tesuque Formation would yield consider
able quantities of water to a well that penetrated 
deeply into the zone of saturation. Even though wells 
on the plateau might need to be as much as a thousand 

TABLE !.-Pumping rate, total pumpage, and apecific capacities of wells in Los Alamos Canyon Gua1e Canyon and Pa1arito Mesa well 
ftelda, 1967 ' ' ' ' 

Pumping rate (lpm) Total pumpage Speclflc ca~acltJ (gpm per ft 
of raw own) 

Location Number 
ofwellB Ranee :M!lllons Peroent Range 

From 
Averace or or Average 

To pllons total From To 

~ ~oe Canyon-------------------------- 6 360 565 495 373 28 2 14 6 

p ~&J~ MYOD------------------------------- 7 395 560 425 465 35 2 13 6 
&J&rlto esa _______________________________ 12 635 1, 425 1,030 481 37 15 26 20 

1.1'-c!l!!ll not IDclude well P-J, wbkh -added to the l}'ltem tn 1miW')' 1068. 
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feet deeper than wells drilled at lower elevations in 
the canyons, the economic savings resulting from 
shorter pipelines and greater choice for well locations, 

ie such drilling feasible. 
"'1'he first deep well, P-1, of the Pa.jarito Mesa well 
field (well-field designation of the U.S. Atomic 
Energy Commission) was drilled in 1964 to a depth 
of 2,500 feet on the Pa.jarito Plateau. It penetrated 
about 1,800 feet of saturated sediments and volcanic 
rocks in the Puye and Tesuque Formations. The 
coefficient of transmissibility at the well and specific 
capacity of the well are greater than that of wells in 
the Los Alamos and Guaje Canyons (table 2). 

Data from well P-1 enabled further interpretation 
of the geology and hydrology beneath the plateau, and 
sites for additional wells were established to the west, 
at even higher elevations on the plateau. In 1965 a. 
second well (P-2) was completed at a. depth of 2,300 
feet, and in 1966 a third well (P-3) was completed 
at a. depth of 2,550 feet. These wells were constructed 

to accommodate pumps capable of producing 1,400 
gpm each. The specific capacity of these we11s on the 
plateau is four to six times greater than that of the 
Los Alamos and Guaje Canyons wells (table 2). 

QUALITY OF WATER 

The chemical quality of water may vary within a. 
1] field owing to local conditions that exist in the 

''m'(uifer in the vicinity of the well. In general the water 
from the supply wells is of good quality for domestic 

use (table 3), as it contains less than 500 parts per 
million of dissolved solids (U.S. Public Health Serv

ice, 1962, p. 33). In the Pajarito Mesa well field the 

quality and temperature of water from wells P-1 and 
P-3 are similar, but water from well P-2 is some 

what different. The major yield to wells P-1 and P-3 
is from the coarse sediments of the Tesuque Forma
tion, whereas a large part of the yield to P-2 is from 
a thick saturated section of Puye Formation. The 
section of each well that is open to the aquifer, either 
throughout the indicated section or at intervals within 
it, is shown on figure 2. 

The silica concentration of water from the three 
wells ranges from 74 to 82 ppm. The silica and cal
cium-magnesium concentrations, particularly of P-1 
and P-3, may require special treatment for some indus
trial uses inasmuch as these constituents will contribute 
scale to tubing and pipP..S when heated. 

PRESENT YIELDS AND RECOMMENDATIONS FOR 
FUTURE SUPPLIES 

Pumpage of ground water at Los Alamos in 1967 
was 1.3 billion gallons. Two wells on the Pajarito 
Plateau produced 37 percent of this total (table 1); 
the heavy pumpage appeared to cause little or no 
change in water levels in the wells. 

Information obtained from the drilling of the three 
deep wells on the Pajarito Plateau shows that the 

upper 1,000 feet of :the Tesuque Formation is com
posed of coarse volcanic debris and arkosic sand. These 
coarse sediments yield larger amounts of water to wells 
than do the fine sediments that predominate in the 
formation farther to the east along the Rio Grande. 

The Puye Formation attains greatest thickness in 
a north-trending depositional basin beneath the cen

tral part of the plateau (fig. 2). Partial saturation of 
the permeable ~nglomerate in the central part of the 
plateau contributes to the higher yields of the wells. 

The main aquifer is at a depth of about 1,200 feet 

along the western edge of the plateau, and the depth 

TABLE 2.-Aquifer characteriltiu of aelected wella in the Loa Alamos area 

Supply well or test 
well I 

Date 
drllled 

L-1B___________ 1960 
L-5____________ 1948 
<T-1____________ 1950 
cr-s____________ 1951 

P-1------------ 1964 
P-2------------ 1965 
P-3------------ 1966 
T-1------------ 1949 
T-2------------ 1950 
T-3------------ 1960 
T-4------------ 1960 
T-5____________ 1949 

Depth (feet) I 

1, 750 
1,750 
2,000 
1,840 
2,500 
2,300 
2,550 

815 
1,205 
1,821 
1, 065 
2,000 

Depth to water 
• (feet) 

40 
170 
265 
445 
740 
835 
740 
750 

1, 166 
1, 173 

968 
970±5 

Pumping rate S&!ic capacity 
(gpm) m per ft of 

wdown) 
Aquifer • 

Coefficient of 
transmissibility 
(gpd per sq ft ) 

560 5 QTst_ ______________ ---- _ _ _ _ _ _ _ _ 17, 000 

485 4 _____ do-------------------------------------
150 5 _____ do_________________________ 12,000 
555 7 _____ do_________________________ 12,000 
640 15 QTsp

1 
QTst_____________________ 55,000 

1,425 26 _____ 00------------------------- 40,000 1,400 38 _____ do _________________________ 343,000 

6 . 5 QTsP---------------~---------- 7, 700 
2 . 6 QTt___________________________ 1, 000 

88 6 QTsp, QTt, QTst________________ 11,000 
16 2 QTsP-------------------------- 2,400 

------- _ ---- ______ ------ QTsp, QTt _____ -- __ ---- ______ -- __ -----------

1 0, supply well In Ouaje Canyon; L, supply well In Loa Alamos Canyon; P, supply well on Pajarlto Plateau; T, test well. 
1 Completed depth of well. • 
I QTsp, Puye Formation; QTst, Tesuque Formation; QTt, Tlcblooma Formation. 

I, 
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TABLE a.-Chemical aMlyseB of toater from selected toells in LO. AlamoB Canyon, Guaje Canyon, and Pajarito Mua toell fields 
[Analyaes by Group H-7 of the Los ~!amos Bclentlfic Labomtory) 

Chemical constituents (perts per mllilon) 
Specific 
conduc-

Supply well• Date Tem- Silica' Cal- Mag- Sodium Car- Blear- Chlo- Fluo- Nltr&te Total Total 
tlvlty 

(micro-
Collected pera- (BIOI) clum neslum (Nal bonate bonate ride ride (NOs) dis- hard- pH mhos 

ture (Cal (Mg) (CaCO,) (HC01) (CI) (F) aolved ness (as at 25°C) 
("F) aollds CaCOil 

lr-1B ___ -- ------------ 5-28-68 87 37 8 1 195 0 262 17 2 0.2 409 24 8. 1 600 L-5 __________________ 
6-18-68 78 36 10 0 105 0 134 0 .9 • 2 191 26 8. 3 232 <t-1 __________________ 
5-28-68 80 84 12 .5 38 0 74 3 .4 . 3 199 32 8. 0 152 <t-5 __________________ 
5-25-68 78 60 18 3 23 0 74 3 .4 . 4 163 56 7. 8 158 

P-1------------------ 6-18-68 83 82 28 5 36 0 122 5 . 3 . 1 246 90 7. 9 248 
P-2------------------ 6-18-68 73 81 13 2 21 0 58 0 . 3 . 3 176 40 7.6 114 
P-3------------------ 6-18-68 81· 74 26 8 33 0 122 7 . 3 . 1 259 98 7. 8 260 

1 2J
1
:pply well In Guaje Canyon; L, supply well In Los Alamos Canyon; P, supply well on Pajarlto Plateau. 

1 analyses are from 111o111ples collected In May lg57. Later 111o111ples have not been anai)'Jed for silica. 

decreases eastward with the gentle slope of the land 
surface to a depth of about 600 feet along the eastern 
edge (fig. 2). The water in the aquifer moves eastward 
toward the Rio Grande, which is the principal area 
for ground-water discharge (Cushman, 1965, p. D33). 

Locations of future wells should be chesen carefuHy 
so as to aYoid the relatively impenneable rocks of the 
Tschicoma Formation and the thick sections of basal
tic rocks of Chino 1\Iesa. These rocks are hard and are 
difficult to drill. Holes drilled in basalt are likely to be 
crooked because, in drilling, the bit may be deflected 
by joints or caYities. If rotary methods are used, it 
ma1: ~ difficult to maintain fluid circulation in the 
hol~'·at places where open joints occur. Additional 
wells capable of yielding from 1,000 to 1,500 gpm of 

water could be located at various sites near the center 
of the Pajarito Plateau. 
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MOVEMENT OF FLUIDS AND PLUTONIUM FROM SHAFTS 
AT LOS ALAMOS, NEW MEXICO 

by 

William D. Purtymun, Raymond Garde, and Richard Peters 

ABSTRACT 

The movement of fluids and plutonium from wastes disposed in shafts 
drilled into rhyolite tuff were studied under normal and test conditions. 
During normal operations of a waste treatment plant at the Los Alamos 
Scientific Laboratory (LASL), a Fe(OH)3 (ferric hydroxide) sludge is mixed 
with cement to form a paste and disposed into the shafts. Under these condi
tions there was no indication of movement of fluids into the tuff; however, 
there was some movement of paste into open joints that intersected the 
shaft. As a special test, some Fe(OH)3 sludge without cement was put into 
an experimental shaft. In this case, fluids moved a few meters from the 
shaft. The fluids carried trace amounts of plutonium from the shaft, but an 
inventory indicated more than 99% remained adsorbed or attached to the 
sludge in the shaft. 

I. INTRODUCTION 

Industrial waste from the LASL Plutonium 
Processing Facility is treated at a plant to remove 
plutonium and other radioactive contaminants. 1 

The wastes are treated by chemical flocculation, 
sedimentation, and filtering processes, which 
produce an effluent that is released to the environ
ment and a contaminated Fe(OH)8 sludge that is 
mixed with a cement paste (waste-cement paste). 
The waste-cement paste is pumped into shafts at a 
controlled burial ground adjacent to the treatment 
plant.2 These shafts are generally 2.4 min diameter 
and range from 4.6 to 19.8 m deep. 

The burial ground is located on the Pajarito 
Plateau, which was formed by a series of ashflows 
and ashfalls of rhyolite tuff.8 At the site, the tuff is 
about 240 m thick and is underlain by a 
fanglomerate composed of cobbles and boulders in a 
matrix of sand and gravels. The main aquifer of the 
Los Alamos area lies at a depth of 350 m within the 
fanglomerate and there are no known perched 
aquifers above it. 4 

This study was conducted in two parts: (1) to 
determine the movement of fluids (water containing 
treated chemicals) and radioactive contaminants 
from a shaft filled with waste-cement paste under 
normal operating conditions, and (2) to determine 
the movement of fluids and plutonium under test 
conditions from Fe(OH)8 sludge released into a 
smaller (60-cm-diam) shaft without the addition of 
cement. The second part of the study was ex
perimental as sludge is not normally released or dis
posed of in this manner at LASL. 

II. MOVEMENT OF FLUIDS AND 
RADIONUCLIDES FROM A WASTE 
CEMENT PASTE FILLED SHAFT 

Test holes (TH) 10 em in diameter and 29.6 em 
deep were drilled at the shaft area in early 1968, 
prior to the development of the disposal field, to es
tablish the geology and hydrology of the tuff. The 
shafts are located in the 18-m-wide berm between 
seepage ponds, which were used for effluent disposal 
in the late 1940s and early 1950s. Normally, the fluid 
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content of the tuff in undisturbed areas ranged from 

4 to 6% by volume.5
•
8 However, because of infiltra

tion of effluents from the ponds, the fluid content of 

the tuff in cuttings from the test holes, drilled prior 

to the development of shafts, ranged from 7 to 12% 

by volume. 
A shaft, located about 60 em north from TH-7, 

was drilled to a depth of 17.7 m and filled with con

taminated cement paste and capped by April1969. 

The cement-paste volume released into the shaft 

was 85 m8
, of which about 28 m8 was fluids. Test 

hole TH-7 A, located about 60 em from the eastern 

edge of the shaft, was completed after the shaft was 

filled. Cuttings from both test holes were analyzed 

for fluid content and gross-alpha and -beta activity. 

The fluid content of cuttings from the test holes 

ranged from 8 to 14% by volume in the upper 3m, 

reflecting the infiltration of fluids from precipita

tion. Prior to use of the disposal shafts, the fluid 

content of the tuff at TH -7, from a depth of 3 to 29.6 

m, ranged from 7 to 10% by volume. After the shaft 

was filled, the fluid content of the tuff at TH-7A, 

from a depth of 3 to 24 m, ranged from 4 to 8% by 

volume, showing a decrease in the fluid content of 3 

to 6% (Fig. 1). Below a depth of 24m there was no 
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Fig. I. 

Change in fluid content of tuff adjacent to 

shaft prior to and after shaft was filled with 

cement paste. 

significant change in fluid content of the tuff. The 

decrease in the fluid content of the tuff adjacent to 

and below the bottom of the shaft is apparently 

caused by the hydration of the cement. During the 

hydration process of the waste-cement paste, fluid 

was extracted from the tuff. 

The gross-alpha activity of cuttings from TH-7 

ranged from 2 to 5 pCi/g, reflecting naturally occurr

ing radioactive isotopes. There was no significant 

change in the activity in cuttings from TH-7A, 

which was drilled after the shaft was filled with con

taminated cement paste. 

Gross-beta activity ranged from <1 to 3 pCi/g in 

cuttings from TH-7 (1968). Activity in cuttings from 

hole TH-7A (1969) indicated only one significant 

change; the sample from the interval 23.5 to 25.0 m 

contained gross-beta activity of 40 pCi/g. The ac

tivity was lower, by a factor of 10 or more, above and 

below that depth interval. This is attributed to the 

test hole intersecting an open joint connected to the 

shaft, which was filled with the cement paste from 

an adjoining shaft. Such cement-paste filled joints 

have been observed when other shafts have been 

drilled adjacent to shafts that were previously filled 

and capped. 

III. MIGRATION OF FLUIDS AND 

PLUTONIUM FROM SLUDGE 

A small volume, 2.9 X lOS t, of Fe(OH)8 sludge 

was used to study the movement of fluids and 

plutonium in the tuff. This study is also applicable 

in evaluating the containment of similar sludge 

(dewatered to 35% solids) that is packaged in 208-t 

drums and stored or buried in disposal pits dug into 

the tuff. 
A 60-cm-diam, 6.1-m-deep shaft was used for this 

study. Four test holes (X series), 12.2 m deep, were 

drilled adjacent to the shaft (Fig. 2). The fluid con

tent and plutonium concentrations from the 

cuttings were determined as baseline data. The test 

holes were later used to monitor the movement of 

fluids for this study. The subsurface fluid measure

ments were made by neutron logging equipment 

prior to and after each disposal event. About nine 

months after the study began, three test holes (C

series) were cored to a depth of about 11 m to 

recover cores for analyses to evaluate the movement 

of plutonium from the sludge. 

' I 
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Plan view of shaft and test holes, X-series for 
monitoring fluid contents of tuff and C-series 
cored for plutonium data. 

A. Movement of Fluids 

About 1.5 X lOSt of sludge, with a fluid content of 
82%, were pumped into the shaft on March 29, 1968. 
The rate of sludge-level decline, measured with a 
continuous water-stage recorder, was about 305 
t/day for the first three days and about 2.2 t/day for 
the remaining 42 days (Fig. 3). Twenty-eight days 
after the study began, the fluids had moved outward 
from the shaft 1 m and downward about 2m (Fig. 
4). The maximum fluid content of the tuff, about 30 
em from the shaft, increased to about 12% by 
volume from a pretest measurement of 4 to 6% by 
volume. 

An additional 1.4 X lOS t of sludge, with a fluid 
content of about 83%, were pumped into the shaft 
on May 13, 1968. The rate of sludge level decline was 
about 260 t/day for 3.3 days, then sharply decreased 
to 0.5 l/day for the remaining 146 days the recorder 
was in operation (Fig. 3). Seven days following the 
second release of sludge into the shaft, the fluids 
had moved outward from the shaft 1.5 m, while the 
downward movement remained at about 2m. The 
fluid content of the tuff 30 em from the shaft in
creased from about 12 to 16% by volume. 

Fine particles in the sludge in the first release 
filled pore space in the tuff in the walls and the bot
tom of the shaft (Fig. 4). As a result, the fluid loss 
rate was slower during the second release and the 
accumulation of sludge at the bottom of the shaft 
caused the fluids to move horizontally from the 
shaft. 

4.0IL...~-............... ~,0!:--................ ,~00;:;-.........,........,'"'"'t1000~-'-......... 4,~oooo 

Houra 

Fig. 3. 
Fluid level declines in shaft receiving sludge on 
March 29 and May 13. 
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Cross section of shaft area showing isofluid 
contents (per cent by volume) in tuff. 

About 150 days after the second release of sludge, 
the fluids had moved horizontally into the tuff more 
than 3m. The vertical movement remained at about 
2 m. The fluid content of the tuff about 30 em from 
the shaft decreased from 16 to 12% by volume as the 
fluids were distributed to a greater distance from 
the shaft. 

The porosity of the ashflow tuff ranges from 35 to 
45% by volume, with fluid contents of less than 
16%. Thus the tuff is not saturated and movement 
of fluid is under unsaturated conditions. Abrahams 
described the energy relationship of fluid to tuff 
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with an average porosity of 40% by volume.7 The 

movement of fluids in the capillary size pores can be 

explained by one or more of the processes noted in 

Table I. The fluid content of the tuff near the shaft 

was 12% by volume after the initial release and in

creased to about 16% after the second release. The 

main movement processes in this fluid content 

range are capillarity and gravity. When the fluid 

content decreased below 10%, the major movement 

processes were diffusion and capillarity. The lack of 

vertical movement of fluids and the fluid content of 

the tuff during the initial period of the test indicated 

the major process of movement was by capillarity 

aided somewhat by gravity. During the later 

periods, the moisture content adjacent to the shaft 

decreased and the movement was mainly by diffu

sion and capillarity (Fig. 4). 
The total volume of fluids in the tuff within the 

8% contour on October 9, 1968, was estimated at 3.1 

X 108 t, of which 1.6 X HY' t were fluids in the tuff 

prior to the study and 1.5 X lOS t were fluids that 

had moved into the tuff from the sludge (Fig. 3). 

The two releases of sludge contained about 2.9 X 108 

t of fluids; thus the inventory accounts for about 

60% of the fluids released. The remaining 40% of the 

fluids are retained in the shaft with the sludge or 

may have moved in the lower moisture range beyond 

the 8% contour. The major mechanism for trans

porting plutonium from the sludge was the fluid 

movement into the tuff. 

B. Movement of Plutonium 

Predisposal concentrations of 288Pu and 289Pu in 
the tuff were <0.02 pCi/g (analytical limits of detec

tion) as determined from cuttings from the four X

series test holes (Fig. 2). The plutonium concentra-

TABLE I 

MOVEMENT PROCESSES AT VARIOUS 

FLUID CONTENTS IN TUFF 

Movement Process 

No apparent movements 
Diffusion & capillarity 
Capillarity & gravity 
Drainage by gravity 

4 

Fluid Content 
(%volume) 

<5 
5 ::dO 
10 ~ 22 
22 ~ 39 

Tension 
(bars) 

15.2 
0.34 

tion in the 2.9 X lOS t of sludge pumped into the 

shaft was about 45 X lOS pCi/t, or about 1.3 X 10-• 

Ci. About 90% of the plutonium was 28'Pu. 

Cores analyzed from the C-series test holes, taken 

about seven months after the second release of 

sludge into the shaft, showed 288Pu was detectable 

only in hole C-1, 30 em from the shaft, at a depth of 

4.6 to 5.5 m. The 289Pu was detectable out to about 

60 em from the shaft at a depth of 5 to 5.5 m (Table 

II). The core from 1.8 to 2.1 m of hole C-1 contained 

0.17 pCi/g of 289Pu. However, this does not indicate 

differential movement between the 288Pu and 289Pu. 

The 289Pu was detectable at greater distances from 

the shaft because of the larger amount of that 

isotope in the sludge. 
The plutonium concentrations decreased outward 

from the shaft, following the same general pattern 

as the movement of fluids. The total plutonium 

(
288fu and 28'Pu) in hole C-1 ranged from 0.33 to 1.52 

pCi/g in the interval4 to 5.5 m, where the fluid con

tent of the tuff reached a maximum of 16% by 

volume on May 20, seven days after the second 

release (Fig. 5). The interval 4 to 5.5 m is opposite 

the sludge remaining in the shaft, which also may 

have contributed fine particles with attached 

plutonium that moved out with the fluids. 

Measurable amounts of plutonium were found in 

about 1.3 m8 of tuff adjacent to the' shaft. The inven

tory in the tuff was estimated using two volumes 

(density of the tuff 1.47 g/cm8) and two concentra

tions. The inner volume had an average concentra

tion of 1.1 pCi/g and a mass of9.8 X lOS g (0.67 m8
), 

and the outer volume a concentration of 0.26 pCi/g 

and a mass of 9.3 X lOS g (0.63 m8
). The amount of 

plutonium in the tuff was estimated at 1.1 X 10-e 

Ci. Compared to the 1.3 X 10-• Ci of plutonium con

tained in the Fe(OH)8 sludge disposed in the shaft, 

the inventory indicates less than 1% of the 

plutonium moved from the shaft into the tuff. 

The plutonium and sludge were probably retained 

by the tuff in part by the filtering of fine particles in 

the fluids by capillary size pores and in part by ad

sorption (ion exchange) in the tuff. 

IV. SUMMARY 

The major transport mechanism for radionuclide 

migration from a sludge released into shafts in the 

tuff is by movement with fluids associated with the 

, I 



TABLE II 

PLUTONIUM ANALYSES FROM C-SERIES TEST HOLE 
NOVEMBER 1968 

Picocuries per Gram 

From To 

1.8 2.1 
2.7 3.0 
3.4 3.7 
4.0 4.3 
4.6 4.9 
5.2 5.5 
5.8 6.1 
6.4 6.7 
7.3 7.6 
8.8 9.1 

10.7 11.0 

... , .... 
..... .-..._ 

napu 

C-1 C-2 

<0.02 <0.02 
0.04 0.02 
0.06 
0.05 <0.02 
0.15 <0.02 
0.12 <0.02 

<0.02 <0.02 
<0.02 <0.02 
<0.02 <0.02 
<0.02 <0.02 
<0.02 

·---·--. ::, 

Fig. 5. 
Cross section of shaft area showing maximum 
fluid content of tuff and sludge level in shaft in 
relation to total plutonium in cores from hole 
C-1. 

wastes. Test holes drilled adjacent to a cement
paste filled shaft indicate no loss of fluids into the 
tuff from the hydration of the cement-paste mix
ture. Thus, movement or transport of contaminants 
is very unlikely because of the lack of fluids. Open 
joints in the tuff intersecting the shaft will allow 
early movement of the contaminated cement paste; 
however, upon hydration of the cement in the joint, 
this movement ceases. 

saepu 

C-3 C-1 C-2 C-3 

0.17 <0.02 
<0.02 <0.02 

<0.02 0.02 <0.02 
0.28 <0.02 

<0.02 0.86 <0.02 <0.02 
<0.02 1.4 0.06 <0.02 
<0.02 0.06 <0.02 <0.02 
<0.02 0.03 <0.02 <0.02 
<0.02 <0.02 <0.02 <0.02 

<0.02 <0.02 
<0.02 

The Fe(OH), sludge released into a shaft during 
the study contained fluids that moved into the adja
cent tuff, carrying some plutonium into the tuff with 
it. Trace amounts of 211Pu were found about 60 em 
from the shaft; however, the inventory indicates 
that 99% of the plutonium was retained in the 
sludge remaining in the shaft. Plutonium that 
moved with fluids in the tuff was probably retained 
by the filtering properties and adsorption (ion ex
change) in the tuff. 
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GENERAL GEOHYDROLOGY OF THE PAJARITO PLATEAU 

by c WILLIAM D_ PURTYMUN and STEVEN JOHANSEN 
Environmental Studies Group 

University of California 
Los Alamos Scientific Laboratory 

Los Alamo:;, New M~xicn 

INTRODUCTION 

The Pajarito Plateau, twenty miles northwest of Santa Fe in 
north-central New Mexico, forms an apron of volcanic and 
sedimentary rocks around the eastern flanks of the Jemez 
Mountains (Fig. 1 ). The plateau slopes gently eastward from 
the mountains toward the Rio Grande where it terminates in 
steep slopes and cliffs formed by down cutting of the river. It 
is dissected into a number of narrow mesas by south-eastward 
trending intermittent streams. 

The main aquifer lies at depth of 600 to 1200 ft beneath 
the surface of the plateau in rocks of the Santa Fe Group. This 
is the only aquifer in the area capable of municipal and indus
trial water supply. 

GEOLOGY 

The plateau is formed by rocks of the Santa Fe Group of 
middle(?) Miocene to Pleistocene(?) age, and volcanic rocks of 
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Pliocene and Plcbtocene age (Gri~gs, 1964). l ill: ~Jrl' 
Group compri·ses the Tesuque and the Puye Formc."r.n" ,~-1 
the basaltic rocks of Chino Mesa. These formations crop out 
along the eastern margin of the Pajarito Plateau. 

The Tesuque Formation consists of friable to moderately 
well cemented light-pinkish-gray to light-brown siltstone and 
sandstone that contains lenses of cong.lomerate and clay. Some 
basalt flows are interbedded in the unit. The sedimentary 
rocks were derived from two sources. The lower part of the 
formation consists principally of fine arkosic quartz sand 
derived from source areas east of the Rio Grande. The upper 
part consists of very coarse arkosic quartz sand, latitic gravels, 
and volcanic detritus, derived from sources both east and west 
of the Rio Grande (Griggs, 1964). 

The Puye Formation is a poorly consolidated conglomerate 
channel-fill deposit overlain by a fanglomerate composed of 
volcanic debris. The channel-fill deposits are gray and consist 
of fragments of quartzite, schist, gneiss, and granite, ranging in 
size from sand to boulder. The fanglomerate is generally gray 
and consists of pebbles and cobbles of rhyolite, latite, quartz
ratite, and pumice, in a matrix of silt and sand. Sorting is poor, 
but lenses of fairly well sorted pumiceous siltstone and water
laid pumice are present within the fanglomerate. The rocks 
were derived from flows associated with the volcanic rocks of 
the Jemez Mountains. 

Basaltic rocks of Chino Mesa consist of basalt and basalt 
breccia that overlie the Puye Formation along the Rio Grande 
and interfinger with the conglomerate to the west beneath the 
Pajarito Plateau (Fig. 2). The basalt, which thickens southward 
along the river and thins westward, originated from volcanic 
vents near Chino Mesa (Fig. 1 ). 

Major volcanic units in the area are the Tschicoma Forma
tion of Pliocene age and the Bandelier Tuff of Pleistocene age. 

WEST 

SURFACE 
WATER 

SITE NO 

9 6541 
r'TTT"1 

a:: 

~ 
8400 a:: w 

V) 
w 
a:: 

!IOOOI6 14 

w z 
0 
N 

- - - - TOP OF MAIN AQUIFER 

~ ~ 8 6 4 

MILES WEST OF RIO GRANDE 

EAST 

2 0 

Figure 2. East-west geologic section through the Pajarito 
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GEOHYDROLOGY-PAJARITO PLATEAU 

The Tschicoma Formation forms the mountains of the Sierra 
de los Valles, and is present in the subsurface beneath the 
western edge of the plateau (Fig. 2). It was extruded through 
~overlies the Tesuque Formation. The Tschicoma volcanics 
'-'composed of latite, quartz-latite flows, and pyroclastic 
rocks. The Tschicoma Formation is overlain by the Bandelier 
Tuff along the flanks of the mountains. The Bandelier Tuff, a 
series of ash flows and ash falls of rhyolitic tuff, caps the 
Pajarito Plateau and unconformably over I ies the Puye Forma
tion and basaltic rocks of Chino Mesa in the central and 
eastern parts of the plateau. 

The Tschicoma Formation, the Bandelier Tuff and basaltic 
rocks of Chino Mesa contain only small amounts of water 
which are perched above the main aquifer. The main aquifer is 
in the lower part of the Puye Formation and Tesuque Forma
tion in the western and central part of the plateau and within 
the Tesuque Formation along the eastern edge of the plateau. 

HYDROLOGY 
The upper surface of the main aquifer rises westward from 

the Rio Grande through the Tesuque into the lower part of the 
Puye Formation beneath the central and western parts of the 
plateau (Fig. 2). The water in the aquifer moves from the 
major recharge area in the Valles Caldera eastward toward the 
Rio Grande where a part is discharged into the river through 
seeps and springs (Fig. 3). 

The major recharge area for the aquifer is the intermountain 
basins formed by the Valles Caldera. The upper parts of the 
sediments in the basins are lacustrine deposits of clay, sand, 
and gravels (Conover and others, 1963), which are underlain 
~olcanic debris resulting from the collapse of the caldera. 
'-'ments and volcanics in the basin are highly permeable and 
are saturated. The basin fill material recharges the main aquifer 
in sediments of the Tesuque Formation. 

Minor amounts of recharge may occur in the deep canyons 
containing perennial streams on the flanks of the mountains. 
The intermittent streams in canyons which are cut into the 
plateau add little if any recharge to the main aquifer. 

Gradient on the surface of the aquifer averages about 60 
feet per mile beneath the plateau in the Puye Formation with 
the depth to water decreasing along with the gentle slope of 
the surface of the plateau from about 1200 feet to the west to 
about 600 feet to the east. The gradient of the aquifer 
steepens to about 100 feet per mile along the eastern edge of 
the plateau as the water in the aquifer moves into the less 
permeable sediments of the Tesuque Formation. The aquifer is 
under water table conditions in the western margin of the 
plateau and is artesian along the eastern edge and along the 
Rio Grande (Fig. 3). 

The Rio Grande is the principal area for ground water dis
charge from the main aquifer. A gain in stream flow of the 
river as it passes through White Rock Canyon was first de
scribed by Spiegel and Baldwin (1963). Cushman (1965) 
estimated that the 11.5 mile reach of the canyon below Otowi 
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Bridge receives a discharge from the main aquifer of 4300 to 
5500 acre-feet annually. 

The first water-supply wells for Los Alamos municipal and 
industrial supply were developed along the eastern edge of 
Pajarito Plateau in 1947. These wells are completed in the 
main aquifer and consist of six wells in the Los Alamos Can
yon field and seven wells in the Guaje Canyon field. Well 
depth ranges from 870 to 2000 feet (Purtymun and Herceg, 
1972). 

Aquifer tests of wells located in the eastern well field, which 
penetrate about 1600 feet of the fine grained sediments of the 
Tesuque Formation, indicate an average coefficient of trans
missibility of 20,000 g/d/ft of the aquifer (Cushman, 1965). 
These wells yield an average of 500 gpm with a specific 
capacity of 8 gpm/ft of drawdown. 

The partial saturation of the coarse volcanic debris of the 
Puye Formation and coarse volcanic debris and arkosic sands 
of the Tesuque Formation has also led to the development of 
high yield wells for municipal and industrial supply in the 
central part of the Pajarito Plateau (Purtymun and Cooper, 
1969). Three wells in the Pajarito field were developed from 
1965 through 1968. These wells range in depth from 2300 to 
2550 feet. The three wells have produced more than 40 per
cent of the 4700 acre-feet of water used at Los Alamos since 
1968. 

Aquifer tests of wells on the plateau indicate a coefficient 
of transmissibility range from 40,000 to 320,000 g/d/ft of the 
aquifer which includes an average of 250 feet of Puye Forma
tion and 1550 feet of the Tesuque Formation. High yield wells 
in this area average 1000 gpm with a specific capacity of about 
35 gpm/ft of drawdown. 

The chemical quality of water may vary within the well 
fields due to local conditions within the aquifer. In general the 
quality of water is good; total dissolved solids range from 
about 200 mg/1 to less than 500 mg/1. Silica concentrations 
range from 35 to 80 mg/1 while total hardness (as CaCO ) 
ranges from 25 to 1 00 mg/1. 3 
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in the soil and tuff at the contaminated 

waste pit near Technical Area 21, 

Los Alamos, New Mexico 

By 
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Abstract 

The contaminated waste pit near Technical Area 21 was investigated 

to determine if waterborne radioactive contaminants had migrated from 

the pit into the adjacent soil and tuff. Thirteen test holes, ranging 

in depth from 25 to 50 feet, were drilled through the soil into the 

underlying tuff in the vicinity of the waste pit. No holes were drilled 

through the base of the pit as only the surface of the pit and adjacent 

land is considered for commercial use. The distribution of moisture in 

the soil and tuff penetrated by the test holes was determined by a 

neutron-scattering moisture probe. Samples of drill cuttings of the 

soil and tuff were analyzed for gross alpha and gross beta-gamma 

radioactivities, and plutonium and uranium. 

The moisture content of the tuff adjacent to the test holes indicated 

that the tuff was not saturated. Radiochemical analyses of soil and 

tuff indicated no radioactive contamination. 

1/ 
Group Leader E-6, Los Alamos Scientific Laboratory 
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Introduction 

The laboratories and test areas of the Los Alamos Scientific 

Laboratory are on the Pajarito Plateau in north-central New Mexico. 

The Pajarito Plateau, formed by a series of ashflow and ashfall tuff, 

is dissected into a number of finger-like mesas that slope eastward 

from the Sierra de los Valles toward the Rio Grande (fig. 1). Solid 

wastes, impregnated with or containing radioactive contamination, 

and sludges and some liq~ids that contain radioactive particles are 

buried in pits dug into the surface of these mesas. 

One of the oldest contaminated waste pits is located near 

Technical Area 21 (DP-West). Between 1945 and 1947 the pit was filled 

with wastes containing mostly alpha radioactive contaminants. 

The area of the waste pit is about 250,000 square feet; the 

original depth was about 20 feet. The present surface of the filled-in 

pit area is irregular. Drainage ia to the south and grasses and oak 

shrubs grow in the fill material. Around the pit the surface of the 

mesa slopes gently to the south towards a small canyon which has nearly 

vertical walls (fig. 2). This canyon is confluent with Los Alamos 

Canyon a short distance downgradient from the disposal pit. At the 

confluence the floor of Los Alamos Canyon is about 400 feet below 

the surface of the mesa. 
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Expansion of laboratory facilities and increased growth of the 

community .. of Los Alamos has causerl a re-ev<'!luatinn of present land 

use to determine if the land is being utilized in the best possible way. 

It was proposed by the Los Alamos Scientific Laboratory and the r.S. 

Atomic Energy Commission that a part of the filled-in contaminated 

waste pit, outside the radius of 1,050 feet from TA-21 (an area approved 

for commercial property), be leveled, filled where necessary, and sealed 

with asphalt, and used for a storage area for trailers and boats. Also, 

the land adjacent to the pit could be utilized for commercial use. 

A joint study, requested by the Engineering Division, LASL, and 

the Construction and Haintenance Branch, AEC, was made by Group H-6 

of the Los Alamos Scientific L3boratory and the Water Resources Division 

of the U.S. Geological Survey to determine if seepage of water from 

precipitation had caused migration of radioactive contaminants from 

the pit into the adjacent soil and tu: ·. The study was confined to 

an area slightly within and corsiderably 1eyond a radius of 1,050 feet 

from Technical Area 21 (fig. 2)--an area approved for commercial 

property. 

Thirteen test holes ranging in depth from 25 to SO feet were 

drilled in the vicinity of the outer edges of the waste pit (fig. 2). 

The log and moisture content of the soil J.nd tuff penetrated by the 

test holes are sho\vn in figures 3 through 15. Samples of soil and 

tuff were collected during drilling of the h 'es ~nd were analyzed by 

Group 1~6 for radioactive contamination. The results of thPse analyses 

are shmvn on tables 1 through 11. 
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Table 1. --Radiochemieal ano.lyscs of scil and tuff from test hole DPS -1. 

Depth :V1aterial Grc"~s-:; alpha Grose; b-~ l.l-.,;mmna Plutonium Uranium 

( ~et) 1/ 1/ 1/ ~ I 
)"-' 

(d/m/ 9)- ("'/-;n/ ..;)- ( .. /m/g)- (;.:.6/6-

0- l Soil 0.4 j. l <U . .+ <u.s 

1- 2 Soil . 5 3.0 < .4 < . 5 

2- 3 Soil . 7 3.6 < .4 < .5 

3- 5 Tuff .3 2.4 < .4 < . 5 

I 
5-10 Tuff .3 6.0 < .4 < .5 

10-Li Tuff .6 2.7 < .4 < .J 

15-20 i'uff . 7 3.6 < .4 < .5 

20-25 Tuff .4 2.2 < .4 < .5 

25-30 Tuff . 3 1.0 < .4 < .5 

30-35 Tuff . 2 1.2 < .4 < .5 

35--40 Tuff . 3 .6 < .4 < . 5 

...,,,,., 40-45 Tuff .4 1.2 < .4 < .5 

45-50 Tuff .4 .0 < .4 < . 5 

1/ Disintegrations per minute per gram. 

?./ Xicrograms per gram. 
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I 
. Table 2.--Radiochemical analyses of soil and tuff from test hole DPS-2. 

Depth Hat erial Gross .::l::,:a · ros" oe t a-;,; amma Plutonium Jranium 
(feet) 1/ 

(d/m/1!,)-
1/ 

( d/m/;;,)-
1/ 

(J/m/:;)- "I (J.J~;,/ g)..:::. 

0- 1 Soil 0.9 l) . 1 <,;,4 <0.5 

1- 2 sr~_1 . ) 2.8 < .4 < .5 

" 3 Soil .8 .6 < .4 < . 5 .:..-

3- 5 Tuff .6 .3 < .4 < ,J 

5-10 Tuff .3 1.8 < .4 < . 5 

10-15 Tuff .6 2.5 < .4 < .5 

15-20 Tuff .6 3.3 < .4 < . 5 

20-25 Tuff . 5 2.1 < ' ·'-+ < . 5 

1/ 
Disintegrations per minute per gram. 

2/ 
~·Iicrograms per gram. 
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TJtle 3.--Radiochemical analyses of soil and tuff from test hole 8PS-3. 

Depth Material Gross aloha Gross bet a -~annna Plutonium ..'r1nium 

(feet) (d/m/g)}j 
1/ 

(d/m/ eJ- (:./m/ ,;)}) 
2/ 

(fJ,/g)-

0- 1 Soil 1.2 12.o <0.4 <v . .J 

1- 2 Soil . 3 4.3 < .4 < . 5 

2- 3 Soil . l 1.6 < .4 < .5 

3- 5 Tuff .l 1.5 < .4 < . 5 

5-10 Tuff .6 1.3 < .4 < • :J 

10-15 Tuff .3 .0 < .4 < . 5 

15-20 Tuff .l .0 < .4 < . 5 

20-25 Tuff .1 .1 < .4 < .5 

25-30 Tuff .l .1 < .4 < . 5 

30-35 Tuff . 5 1.6 < .4 < . 5 

35-40 Tuff .4 • 7 < .4 < .5 

40-45 Tuff .0 .l < .4 < .5 

45-50 Tuff .1 . 7 < .4 < . 5 

1/ Disintegrations per minute per gram. 

2/ Micrograms per gram. 
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Table 4.--Radiochemical analyses of soil and tuff from test hole DPS-4. 

Depth Hate rial 1:;ross 1lpha ,~ross heta-garmna Plutonium Uranium 
(!: e...:t;) ( I I )1/ ..i n1 1 _;-

. I . ) 1/ 
t._l, mi"'-

1/ 
(d/m/6)-

2/ 
()l;/ g)-

0- 1 Soil LJ.3 4.J <0.4 <0.5 

1- 2 Soil 1.1 4.9 < .4 < .5 

2- 3 Soil .0 .0 < .4 < .5 

3- 5 ruff .2 .0 < .4 < .5 

5-10 Tuff .3 1.9 < .4 < .5 

10-15 Tuft .1 1.3 < .4 < .5 

15-20 Tuff . 5 .6 < .4 < .5 

:20-25 Tuil . ':) 4.l < .4 < .s 

1/ 
Jisintegrations minu~.:..; per per .:;ram. 

2/ 
:Iicrograms per .;ram. 
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Table 5. --Radiochemical analyses of soil and tuff from test hol~ DPS-5. 

Depth Naterial Gross alpha Cross b0t.:1-;ar:m;d Plutonium r· . ._,raalum 
(feet) . 1/ 

(d/r..l/-:I,)- (0./m/s)}j (l/m/J)}j ()l;l g)3./ 

0- 1 Soil 0.5 4.5 <C'.4 <u.s 

1- :?. Soil .9 4.8 < .4 < . ') 

2- 3 Soil .3 2.7 < .4 < • 5 

3- 5 Tuff .1 3.4 < .4 < • 5 

5-10 Tuff . 1 1.5 < I < .5 -~ 

10-15 Tuff .4 3.6 < .4 < .5 

15-20 Tuff . 3 1.3 < .4 < .5 

20-25 Tuff . 3 1.6 < .4 < .5 

25-30 Tuff 1.0 7.6 < .4 < .5 

30-35 Tuff .5 J.i < .4 </ • ::> 

35-40 Tuff . 2 . 9 < .4 < . 5 

40-45 Tuff . 2 2.5 < .4 < .5 

45-50 Tuff . 3 4.u < .4 < .::> 

I 1/ Disintegrations per minute per .:;rae .. 

2/ :-!icrograms per gram. 



Table 6. --Radiochemical analyses of soil and tuff from test hole DPS-6. 

Depth ~~aterial Gross alpha Gr0ss beLa-gamma Plutonium Uranium 

(feet) 1/ (.1/m/;)}j (l:/m/g)Y 
2/ 

(d/m/ :;)- (pg/ g)-

0- 2 Soil 0.8 b.l <0.4 <0.5 

2- 5 Soil • 7 4.6 < .4 < • 5 

5-10 Soil and 
tuff .8 4.0 < .4 < . 5 

10-15 Tuff .6 3.3 < .4 < . 5 

15-20 Tuff .8 5.2 < .4 < .5 

20-25 Tuff 1.2 5.7 < .4 < .5 

25-30 Tuff • '3 3.4 < • !+ < .5 

30-35 Tuff .5 2.7 < .4 < .5 

35-40 Tuff . 3 3.6 < .4 < .s 

40-45 Tuff .2 2.8 < .4 < .5 

45-50 Tuff . 2 3. J < .4 < .s 

1/ 
Disintegrations per minute per :;ram. 

2/ 
~·licrograms per gram. 
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Table ?.--Radiochemical analyses of soil and tuff from test hole DPS-7. 

Depth Material Gross alpha Gross oe t a-s amn~; 
(fL!ut) 1/ , I I 'l/ 

C d I m I 6 >-:----··- \'- m oJ-

Pluton:um uranium 
ll ) . 

(0/m/ 0 )- <psl7, ):::! 

0- ') :oil l ·) 
- • J <v . .+ <:). 5 

2- 5 Soil and 
tuff .6 3.9 < .4 < . ) 

5-10 Tuff .2 1.3 < .4 <. . 5 

10-15 Tuff . 3 1.5 < .4 < . 5 

15-20 Tuff .5 2.4 < .4 < . 5 

20-25 Tuff .4 2.7 < .4 < .5 

ll Disintegrations per minute per gram. 

2/ Hicrograms per gram. 
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Table 8.--Ra.diochemical analyses of soil and tu.ff from test hole DPS-8. 

Depth M:l.terial Groe s alpha. Gross 8eta-g~~ Plutonium Uranium 
(feet) l/ (d/m/f;_)- l/ 

~'-"/m/ s;o)-
l/ 

~d/m/.sl-
1/ 

Glsl ~ >-=-

0- 2 Soil 0.6 ;.;; . 
,.~.) <0.4 <0.5 

2- 5 So'' ~ .... .5 4.9 < .4 < ·5 

5-10 Soil and .4 5.8 < .4 < ,5 
Tuft' 

10-15 Tuff -3 3.6 < .4 < .5 

15-20 Tu:f'f .4 2.2 < .4 < -5 

20-25 Tuff .4 1.3 < .4 < .5 

25-30 Tu.ff .1 1.0 < .4 < ·5 

30-35 Tu.ff .6 3.4 < .4 < .5 

35-40 Tuff .2 4.9 < .4 < .5 

40-45 Tuf':f .4 4.6 < .4 < ·5 

42-50 Tuff .4 3.0 < .4 < .5 

y Disintegrations per r.~nute ?er ;r&~. 

?) M1crogr~~ per gram. 
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Table 9.--Radiochereical analyses of soil and tuff fron~ test hole DPS-9. 

Depth M:;.terial Gross alpha Gross beta~~runma P:utonium Uranium 
(feet) 'I I )

1
l 

' I 2'/ (a I ml g).::._' 
~, 

,d m :; - ' .. , i:it ~)- (}-151 ~)-

0- 2 Soil 0.7 2.4 <0.4 <0.5 

2- 5 Soil and ·5 2.1 < o4 < .5 
Tuff 

5-10 'I"..lff .4 3·7 < .4 < .5 

10-15 Tuff o5 1.8 < .4 < .5 

15-20 T-u.ff ·5 3·7 < .4 < .5 

20-25 'Iuff ·3 1.0 < .4 < ·5 

.±/ Disintegrations per minute per gram. 

'3,/ Micrograms per gram. 

I 
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Table 10.--Ra.diochemical analyses :Jf soil and tuff from test hole DPS-10 

Depth Ms.terial Gross alpha Gros3 beta-ga=rra Plutonium Uranium 

(feet) -u 
(d/m/ c;)-

l/ 
(-.:./m/.:;,)-

.l/ 
(j/m/ ~)-

?/ 
~!i/ ~).:. 

0- 2 Soil 0.4 j.l <0.4 <0.5 

2- 5 Soil and .3 ).0 < .4 < ·5 

Tuf'f 

5-10 Tuff .8 2.5 < .4 < -5 

10-15 Tuff .6 2.7 < .4 < ·5 

15-20 Tuff .6 4.3 < .4 < ·5 

20-25 TuN ·5 2.7 < .4 < ·5 

25-30 Tuff .2 2.1 < ,4 < .5 

30-35 Tuf'f 1.0 ·1 < .4 < ·5 

1/ Disintegrations per minute per gra.':l. 

2/ _, Micrograms per gram. 
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Table 11.--Radiochemical analyses of soil and tuff from test hole DPS-11 

Depth lwE.teria.l Gross alpha Gross beta-gamma Plutonium Uranium 
(feet) C' I I ) ~/ 

1 I ll ·, ,., I 
a m .; - (1 I m/;; )..::..! (Jim/~~- .~~Ll;iL-=-

0- 2 Soil 0.3 2.1 <0.4 <0.5 

2- 5 Soil and 
Tuff 

.6 4.0 < .4 < ·5 

5-10 Tuff .4 1.3 < .4 < ·5 

10-15 Tuff .5 1.9 < .4 < ·5 

15-20 Tuff .5 2.8 < .4 < ·5 

20-25 Tuff .5 1.2 < .4 < .5 

25-30 Tuff ·7 3.0 < .4 < .5 

30-35 Tuff 

35-4o Tuff .6 1.9 < .4 < .5 

4o-45 Tuff ·9 2.7 < .4 < .5 

\.w .... 42-20 Tuff ·~ 1.8 < .4 < ·2 

l/ Disintegrations per minute per grarr .. 

g/ Micrograms per gram. 
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Table 12 .--Radiochemical analyses of soil and tuff from test hole DPS-12 

Depth M:l.terial Gross alnha Gross beta-gamma Plutoni'l.ln: Uranium 

(feet) , I )i! ( .. /r.l/ - ).!:.. I . ) 1 / , I ) 21 
1m .j - "" m;'i-s; 

,pg ;~ -

0- 2 Soil 0.8 1.2 <0.4 <0.5 

2- 5 Soil and .4 1.6 < .4 < .5 

I Tuff' 

5-10 Tuff .4 .4 < ,4 < .5 

10-15 Tuff .3 1.0 < .4 < ·5 

15-20 Tuff .4 .0 < .4 < ·5 

20-25 Tuf'f .5 3.0 < .4 < .5 

25-30 'fu.ff .8 .9 < .4 < ·5 

30-35 Tuf'f' .4 .6 < .4 < ·~ 

y Disintegrations per minute per gram. 

?) Micrograms per gram. 

J6 



Table 13. --Radioche:ri cal 9..nalyses of soil and t-:..l.ff' from test hcle DPS-13 

Dept~ H:lterbl Gross alpha Gross beta-~a:~ Plutonium Uranium 
(feet) ' I I ) 11 

(.c.l m c,- 'd/ 1 )l/ \. m; iii- (d/m/;i_)!} 
?/ 

(Jl~;i/ ~ >-=-

0- 2 Soil 1.0 4.5 <0.4 <0.5 

2- 5 Tuf'f ·1 .0 < .4 < ·5 

5-10 Tuff .4 2.1 < .4 < ,5 

10-15 Tuff ·1 2.8 < .4 < '5 

15-20 Tuff' .6 .0 < .4 < -5 

20-25 Tuf'f .8 ·9 < .4 < .5 

25-30 Tuff ·9 1.9 < ,4 < ·5 .I 

30-35 Tuff .4 .4 < .4 < ·5 

I ]j Disintegrations r.·er minUtE per c;ra.m. 

'~.,,< 
gj Microe;rams pe:r gram. 

\ 
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Description of soil and tuff 

The light-brown clay soil cover of the mesa is derived from the 

weathering of the underlying tuff. The .·ranules and sand-size 

particles of the soil consist mainly of quartz and sanidine crystals 

and fragments, and a fe,v fragments ~)f latite or rhyolite. The clay 

minerals making up most of the silt and clay fractions are 

montmorillonite and illite (Staritsky, 1949). The soil is generally 

thickest along the axis of the mesa and thinnest toward the edges of 

the canyon where the tuff is exposed. Near the pit the soil thickness 

ranges from 2 to 6 feet. 

The rhyolite tuff underlying the soil is the Tshirege Member of 

the Bandelier Tuff of Pleistocene age (Griggs, 1964). The deepest 

test holes (depth 50 feet) penetrated only the 1ppermost 1::>hflow. 
the 

The light brownish-gray and/light-brown tuff (both partly weathered) 
crystal 

rure composed of quartz and sanidine crystals and/fragments in a light 

brownish-gray or light-brown ash matrix that is in the process of 

breaking down into clay by weathering. A few rock fragments of latite 

or rhyolite are present. Pumice fragments are weathered to light
the 

brown or light brownish-orange clays. The light-gray andfgrayish white 

tuff (both unweathered) consist of quartz and sanidine crystals and crystal 

fragments and a few rock fragments of pumice and latite or rhyolite in 

a gray ash matrix. The gray ash matrix contains pores that are 

capillary in size. 
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Numerous joints slightly open to closed,occur in most of the 

ashflow tuffs. The majority of the joints are near vertical although 

a few are nearly horizontal. Joints terminating in the soil 

zone are filled with brown clay. 

Water moving through the soil zone to the tuff moves more readily 
into 

into the tuff than/the clay filled joints as the tuff is more permeable 

than the clay. If water should move into an open joint, the extreme 

dryness of the tuff and capillary pores cause the water to be 

rapidly absorbed into the tuff that forms the joint face. 

Joints impede the movement of water because the 

water in the tuff is held in tension within the small pore spaces and 

the joints form breaks in the capillary pores through which movement occurs. 

The total thickness of the Bandelier Tuff underlying the mesa at 

the disposal pit exceeds 800 feet. The tuff is in the zone of 

aeration; the zone of saturation is at a depth of about 1,200 feet 

below the surface of the mesa. 

The fill material, covering the solid wastes in the pit, is 

composed of a mixture of soil and tuff. The tuff is being altered by 

weathering to silt and clay. The thickness of the fill material above 

the wastes is unknown. 
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Distribution of moisture in soil and tuff 

Annual precipitation on the Pajarito Plateau is about 18 inches. 

Although water not removed by surface drainage infiltrates into the 

soil, the downward movement of water is impe(led by th3 dense transition 

zone between the soil and tuff. Little if any water from precipitation 

moves into the underlying tuif, except in areas where the natural soil 

cover has been disturbed (Abrahams and others, 1961). Thus in the waste

pit area it is possible that moisture may have moved downward through 

the fill, thence dmvnward and laterally itcto the tuff due to capillary 

action. Movement of water through the tuff is slow. 

The moisture content in the soil and tuff adjacent to the walls 

of the test holes drilled around the waste pit was determined with a 

neutron-scattering moisture probe and with a portable electronic scaler. 

The scaler readings 1vere converted to moisture content (percent by 

volume) from a calibration chart. The holes were sealed after logging 

to avoid changing the conditions. The logging interval was 1 foot in 

the soil zone and 2 feet in the tuff. The moisture content of the 

soil and tuff, from normal infiltration of precipitation, decreases 

with depth. Significant increases of moisture content with depth in 

the tuff probably indicate lateral movement. 

In the soil zone tl1e moisture content ranged from less than 4 

percent by volume (DPS-10, fig. 12 and DPS-13, fig. 15) near the 

contact of the soil and tuff to 35 percent (DPS-12, fig. 14) above 

the contact. The moisture content of the light brownish-gray and 

light-brown tuff (weathered) ranged from 8 percent to 27 percent by 

volume (DPS-12, fig. 14). The moisture content of the light-gray 

tuff was generally less than 10 percent in test holes pentrating this 

unit. 
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The distribution L)f moisture in the soil and tuff in eight of 

the test holes indicates moisture content generally decreases with 

depth. The moisture content of the soil and tuff in five test holes 

decreased from land surface to depths between 12 and 24 feet [test 

holes DPS-1 (fig. 3), DPS-4 (fi~. ~), DPS-5 (fi~. 7), DPS-6 (fig. 8), 

and DPS-7 (fig. 9): then increases slightly. The moisture increase 

at these depths ranges from 2 percent by volume (DPS-7) to 7 percent 

(DPS-5 and DPS-6). The moisture content of the tuff is in the low 

moisture range, less than 20 percent by volume. The effective porosity 

of the tuff (void space available to tr~nsmit water) is estimated from 

laboratory determination of similar tuff to range between 35 to 40 

percent by volume, thus moisture is being moved by capillary action, and 

the tuff is not saturated. 
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Distribution of radioactivity in soil and tuff 

One hundred twenty-three samples of soil and tuff were collected 

from the thirteen test holes and analyzed for radioactive contamination 

(tables l through 13) to determine if wat..;r had moved contaminants 

into the adjacent soil and tuff. Six samples of soil and tuff were 

collected from an area known to be free of contamination (except by 

fallout) and were analyzed to establish tne natural radiation of the 

soil and tuff. 

The interval sampled varied from hole to hole for the first five 

feet, depending on the thickness of the soil zone; however, each hole 

was sampled in the tuff at five-foot intt.!rvals to total depth. The 

samples (soil and tuff) .. .,ere analyzed for gruci.s alpha and gross beta 

radioactivity and speciiic analyses Lor ?lut0nium and uranium. 

The radioac.t iviLic::s measured on Lite ::>u.Ll anll Lu.LL samples rrom 

the test holes varied in ::;ru::;s -1lpha rau1.oacti..vicy from 0.0 d/m/.,; 

(disintegrations per minute per sram) to 1. '"Ira/:~ and in gross beta 

radioactivity from 0.0 d/::r:, Lo 12.6 "/m/-::,. The J.n<llyses of the sample!s 

collected near the waste pit indicate that they contain no more 

radioactivity than those colL.!..:L..;o from an area far removed from the area 

of waste disposal (table 14). In .scneral, all tb'-! .;uo.a~.:e sample.s (so ·: 

analyzed had a slightly higher gross oeta radioact i.vity than thos<! samptes 

taken at depth. This is probably due to radionuclide absorption of fall-

out material. 
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Table 14.--The range of gross alpha and gross beta 

radioactivities of soil and tuff. 

Samples from test holes in an area 
Samples from test hol c2S near tht.! ,·her.:; there is no radioactive 

radioactive wa:>t~.; .1..0 the pit wasc:e conL.aminatiun 
Material alpha l/ 

:. l . I 

betaY Gross t;ross :11.!-L.l- .. ss J. ~ ;~n......- Gross 

Range ~~.J.Ub~ Ran_se Ran6~ 

Soil 0.0 to 1.2 u.O to 12.6 1.2 to 1.4 4 to 12.0 

Tuff 0.0 to 1.2 0.0 to 7.6 .4 to 1.6 4.5 to 10.8 

1/ Distintegrations per minute per gram. 
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The specific analyses of the samples of soil and tuff, for 

plutonium and uranium, showed no indication of contamination from 

the wastes in the pit. Plutonium was less than 0.4 d/m/g and uranium 

was less than 0.5 pg/g (micrograms per gram). Analyses of soil and 

tuff from an area free from contamination contain~d less than v.4 d/m/g 

of plutonium and less than 0. S pgk, of uranium. 

44 



Conclusions 

I 
The moisture content of the tuff adjacent to the test holes and 

C:dC pit was low, gen<~rally less than 10 pc.rcent by volu;ne, thus the I 
Luri is not saturated. Radiochemical analyses of the soil and tuff from 

the test holes showed no indication of radioactive contamination. The 

amount of water moving into the waste materials is not sufficient to 

cause migration of radioactive contaminates, or else the volume oi and 

rate of movement has not been great enough to move the contaminates 

laterally into the tufi. No information is available on the 

radioactivity beneath the pit. 
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GBOLOGY AND HYDROLOGY OP IIESITA DEL BUBY 

by 

Willi&• D. Purtyaun and Williaa R. Kennedy 

ABB;t'RAC'l' 

Mesita del Buey is used for the dispoaal of wastes con
taainated by radionuclides, of toxic or explosive cheaicals, 
and of classified material&. These are buried in pits or 
shafts dug into the .... surface. The .... , covered by a 
clay-like soil, is underlain by a series of ashtalls of 
rhyolite tufts froa 240 to 590 ft thick. The tufts are above 
the .. in aquifer of the Los Ala.os area which lies at a depth 
of about 1,000 ft. Streaa flow in adjacent canyons is inter
mittent. Water in the alluviua of the strea~connected 
aquifer in the canyon south of the .... is recharged by stora 
runoff, The hydrologic characteristics and conditions of the 
soil, tuff, and seal •terial used to cover the wastes 
indicate DO recharge to the st~connected aquifer or main 
aquifer through the soil, buried wastes, or tuff at llesita 
del Buey. 

IIm«J)UC'l'I<lf 

Mesita del Buey is part of the Pajarito 
Plateau about 4 miles southeast of the co~ 
munity of Los Ala.,s, Mew llezico (Fig. 1). 
The mesa, desicnated Technical Area M, is 
used for the d ispoal of wastes cont~ 
inated by radionuclides, of tozic or explo
sive chemicals, and of classified .. terials. 
These are buried in pits or shafts dug into 
the mea surtaae. Diapo•l operations on 
the meaa b .... Ia 1111. 

The ceolaa &Jill hfdrolou ot llesi ta del 
Buey were st11111s.t. 'l'lle .... , covered by a 
clay-like soli, ta underlain by a series of 
ashflowa and ashfalls of rhyolite tuff, 
The ashflow units underlyinl the .... top 
were mapped. Logs of a supply well and 
test holes in P&jarito Canyon, south ot 
the mesa, were used to correlate the sub
surface geology. JOint syste .. in the upper 
ashflows in the dispoaal areas were ana
lyzed. Hydrologic data on soil and tuft 
moisture, surface water; str~connected 

aquifers, and the main aquifer were col
lected. The erosion rates of the tuff were 
estillated. The study was to determine the 
geohydrologic pattern in relation to the 
disposal operations. 

llesita del Buey is a narrow southeast
trending .... about 2 miles lone and a 
quarter of a aile wide (Fig. 2). The mesa 
surface slopes gently froa an altitude of 
about 6,900 tt near its western margin to 
about 6,600 ft near its eastern end. It is 
bounded on the north by an unn&Md canyon 
and Canada del Buey, and on the south by 
Pajarito Canyon. The canyons have cut 50 
to 100 tt below the surface of the mesa. 
The edges of the .... are vertical or near
vertical cliffs, with steep slopes at their 
bases. The ashflows on the north-facing 
slopes at the foot of the 118s& are covered 
with detrital alluviua, whereas those on 
the south-facing slopes are exposed. 
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Fig. 1. Location of lleaita del Suey. 

GEOLOGY 
The Pajarito Plateau fora. a topo-

graphic high area along the western part of 
the Rio Grande depression in north central 
New Mexico. Mesita del Suey is a part of 
the Pajari to Plateau. The plateau is formed 
by a series of PI~ aahtalls and ash
flows of Bandel.fiiii:il 'lbft· J. In the subsurface 
are the sedi....ef...._ volcanic roclts of the 
Santa Fe Group oi Jliddle lliocene to 
Pleistocene age. The·forwationa in the 
Santa Fe Group, froa oldest to youngest, 
are the Tesuque and Puye with interbedded 
Chino Mesa basalt (Griggs'"baaaltic rocks 
of Chino Mesa"). 
STnATIGBAPBY 
Santa Fe Group. Santa Fe Group fo~tions 
are not exposed at Mesita del Suey, but 
were penetrated by supply well PM-2 in 

2 

Pajarito Canyon near the western part of 
the mesa. The Tesuque Formation consists 
of silty sandstones, sandstones with 
lenses of clay, and pebbly conglomerate. 
The well penetrated about 1,200 ft of 
this formation. The Puye Formation over
lies the Tesuque. The lower 70 ft of the 
Puye is poorly consolidated channel-fill 
deposit; the upper 640 ft is volcanic de
bris. The Chino Mesa Formation is composed 
of basalt flow roclts and interbeddea sed
iments. It overlies the main body of the 
PUye Formation,and only a thin section of 
the Puye overlies the basalts (Fig. 3). 
SUpply well PM-2 penetrated about 270 ft 
of the Chino Mesa basalt. 
Bandelier Tuff. The ash flows and ashfalls 
of the Bandelier Tuff overlie the Chino 
Mesa basalt (Fig. 3). The Bandelier has 
been divided into three members. In 



ascending order, they are the Guaje, Otowi, 

and Tshirege ~·· 
Guaje Mellber. The Guaje Member is an 

ashfall puaice w~- a thin layer of water
laid pumiceoua- tull-tbat rests on the. PUye 
Formation and the Chino lleaa basalt. The 
Gua.]e consists of gray luap-puaice fragments 
as large as 2 in. in diaaeter. Glasa shards 
and crystals of quartz and sanidine are 
present in the cellular structure. The 
upper 2 to 3 ft is reworked puaice and tuff, 
The Guaje does not outcrop at lleaita del 
Buey, but below the surface it varies froa 
about 3n to about 10 ft thick froa west to 
east in Pajarito Canyon. 

Otowi llelllber. The Otowi Member is a 
light gray. nonwelded. puaiceoua, rhyolitic 
tuff. It contains quartz crystals, glass 
shards minor amounts of .. fie minerals, 
an~ varying amounts of rock fragaenta of 
rhyolite. latite, and puaice in a fine
grained ash. The Otowi is mostly aahflows, 
but contains several beds of reworked tuff 
and pumice at the top. It does not outcrop 
at llesita del Buey but is found subsurface 
(Fig. 3). 

Tshirege lleaber. The Tahirege lleaber 
is a series of ashflows of rhyolite tuff 
which have been classified accordinl to de
grees of welding, i.e., nonwelded, .ader
ately welded, and welded tuffs.• The non
welded tuff has high porosity, only light 
cohesion of glassy frasa-nta, and crumbly 
fracture. The .aderately welded tuff has 
less porosity, aoderate cobeaion, alight 
deformation~~ frac-enta, and a soae
what brittl• f!Neture. The welded tuff baa 
low porositr~""- coll"1on, a high degree 
of deforaat1oa_, flattenina of glassy 
fragments. and a brittle fracture. llost of· 
the pores are capillary in size. The fol• 
lowing shows porosity range in each class
ification. 

Nonwelded tuff 
Moderately welded tuff 
Welded tuff 

Ranse (Vol S) 
40 to 60 
30 to 55 

15 to 40 

The Tshirege lleaber has been divided 
into three units, determined by Baltz et 
al. 3 where it outcrops in llortandad Canyo~ 
The Tshirege at llesita del Suey was mapped 
using these units. At llesita del Buey, as 
at llortandad Canyon, Unit 1 has been sub
divided into units la and lb, and Unit 2 
into 2a and 2b (Fig. 2). At llesita del 
Buey, Unit 3, a nonwelded to moderately 
welded puaiceous tuff, is absent. 

Unit 1. The lower unit of the Tshirege 
lleaber consists of two layers, similar 
in lithology but different in color and 
welding. The lower layer is designated 
Unit la and the upper, Unit lb. 

Unit la is a ligbt orange to light 
brown, puaiceous tuff breccia. It con
tains nuaeroua pumice lumps as much as 
6 in. long, with saall quartz crystals 
and rock fragments of latite and rhyo
lite. The tuff ranges froa nonwelded 
to aoderately welded and weathers to a 
steep slope. In places, a vertical wall 
with a talus slope at the base has 
formed. Unit la overlies the reworked 
sediaents at the top of the Otowi Member. 
The upper part of the unit is exposed in 
Canada del Suey along the eastern edge 
of the mesa (Fig. 2). In the subsurface 
at the western part of the mesa, Unit la 
is about 30 ft thick, thinning to less 
than 10 ft to the east. 

Unit lb is a grayish brown tuff con
taining larger quartz crystals but fewer 
and saaller rock fragments of pumice, 
latite, and rhyolite. The unit is mod
erately welded and weathers to a verti
cal wall or steep talus slope. It is 
separated froa the underlying Unit la 
by a notch, caused by weathering in a 
vertical wall, or is recognized as a 
talus slope lying on the bench formed at 
the top of Unit la. Unit lb outcrops in 
lower Canada del Buey east of the mesa. 
Ita thickness averages about 25 ft. 

Unit 2. Unit 2 forms the walls and 
surface of llesita del Buey. It consists 
of several aahflows, divided into lower 
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Fig. 3. Geologic cross section (Bast-West) showing relationship of the Chino Mesa basalt to the Bandelier Tuff. 

Unit 2a and ~pper Unit 2b. 
Unit 2a is a light-gray pumiceous 

tuff that contains rock fragments of 
puaice, latite, and rhyolite, with soae 
quartz crystals in a light-gray ash. 
The pumice fragments are devitrified and 
dark brown. The rock fragments in the 
lower part of the unit may be as long as 
3 in., but they decrease in size ~oward 
the top of the unit. Tbe western part of 
the unit is a IIOderately welded tuff that 
forms a vertical wall along the canyo1111. 
Eastward, the welding decreases to a non
welded unit vhere it for .. a talus slope. 

becomes nonwi1RIIf aa one progresses east
ward. The nonwlded portion is apparent··. 
ly an ashfall containing numerous pumice 
fragments and some reworked tuff. Unit 
lb is somewhat transitional into Unit 2a, 
and the contact is recognized by a grad
ual change in color and by a lithologic 
change. Unit 2a varies from about 85 ft 
thick on the west to about 30 ft thick 

to the east. Most of the thinning oc
curs in the upper ashfall. 

Unit 2b is a light gray to brown, 
weath·ered rhyolite tuff with some peb
ble-size rock fragments of pumice, lat
it~and rhyolite and numerous crystals 
and crystal fragments of quartz and 
·sanidine. It is a moderately welded to 
welded tuff that foras the upper walls 
and surface of the mesa. It forms 
ledges, benches, and vertical walls 
around the edge of the mesa. Unit 2b 
is separated from the underlying Unit 2a 
by an erosional contact, marked by a 
thin layer of silt, sand, and pumice. 
Unit 2b is composed of at least two ash
flows that cooled as a single unit. The 
contact between these two flows is not 
evident where they outcrop, but in pits 
dug at Area "G" (Fig. 2) it is recogniz
ed by increased siae and nwaber of pum
ice fragments with an occasional deposit 
of reworked tuff and pumice. Unit 2b is 
about 60 ft thick. 

Soil and Alluvium. The soil cover is 3 to 
4 ft thick along the axis of the Mesa and 
thins toward the canyon rims where the tuff 

I I 



is exposed. The light, brown, clay-like 
soil is deriY.t froa weathering of the tuff, 
The primary aoil conatituents are quarts 
and feldspar witb-the clay minerals ~nt
morillonite and i1iit~. • 

The alluviua overlying weathered tuft 
in the streaa channels north of the .... 
is probably no aore than 3 to 4 ft thick. 
It consists of sand-size quartz and sani
dine crystals and crystal fragaenta, and 
pebble-to cobble-size fragaents of latite, 
rhyolite, and puaice derived troa weather
ing and erosion of the tuff, 

nte alluviua in Pajarito Canyon, south 
of the aesa, is 20 to 30 ft thick. About 
1/3 mile southeast of Area "G" the canyon 
has cut to base level on the basalt, and 
the alluvium fans out on top of the basalt. 
The canyon heads on the flanks of the moun
tains and contains pebbles, cobbles, and 
boulders of latite and rhyolite, the vol
canic flow rocl's that fora the aountains. 
The sand-grain-size material is derived 
in part from weathered tuff, Grav•ls froa 
pita in this canyon have been used for 
road construction and concrete mix. 

GEOLOGIC STRUC'l't1RB 

The Rio Grande depression near Los 
Alamos is 25 to 30 miles wide. Mesita del 
Buey lies within the depression. The esti-
mated thickness of volcanic rocks and sed
iments overlying the baseaent coaplex of 
Precambrian crystalline rocks is about 
12,000 ft.• 

The 
dip 2 to 3 
ashflon of 

to the southeast. The 
•IMhtlier Tuff thin east-

ward becau. tftMe younger rocks lie on 
top of the older basalt (Fig. 3). The 
basalts originated froa volcanic centers 
to the east, and flow was north and west 
into the area, forming a topographic high 
before the tuff was laid down. 
Joint Systems. The aahflows of the 
Bandelier tuft are broken into a nuaber of 
bloclts by joints, formed by shrinkage 
(tension) as the ashflow cooled. The near-

vertical attitude of moat of these joints 
and the curved form of some, are indicative 
of formation by cooling. The joints are 
more numerous in welded than in nonwelded 
tuffs because the welded tuffs were laid 
down at higher temperatures. 

The joints are classified as master 
and ainor joints. Master joints are nu
merous and long, and aay pass through one 
or more aahflows. A single unit may con
tain several ashtlows emplaced at different 
tiaea, but the joint pattern of the older 
layer may tend to govern formation of 
joints in the younger layer as it cools. 
Also, two or more aahfloWB may be laid down 
in rapid succession and cool as a single 
unit with joints toraing in the flows at 
the aaae t:Lae. 

The master joints are vertical or 
nearly vertical and generally dip 70 d~ 
greea froa the horizontal. The vertical 
trend ·may be straight or slightly curved. 
The dip is deflected slightly when the 
joint entera a unit with different density 
or degree of welding. 

Minor joints dip at angles leas than 
70 degrees. They are aore nuaeroua near 
the tops of aabflows and do not persist 
as they intersect the master joints. 

A joint traced vertically through an 
aabflow aay be closed in places and open 
in others. Locally the opening may be 
as aucb u 2 in. wide, but moat openings 
are less than 1/4 in. wide. Joints ter
minating in the base of the soil zone or 
in exposed tuff on the mesa surface are 
filled with light-brown clay which may ex
tend 3 to 4 ft below the surface. Below 
the brown clay, the joint openings are 
filled, or the joint faces are plated, 
with a light-gray clay. The light-gray 
clay is derived froa weathering of the 
tuff and froa ainerals leached froa the 
tuff by water and precipitated along joint 
openings before developaent of the near
surface brown clay that seals the joint at 
the surface. 

7 
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Fig. 4. Orientation of joints in Unit 2b. 

The master joints are tension joints 
formed by the contraction of the tuff as it 
cooled. In a coolinghomogeneous molten liq
uid, rupture occurs as three vertical frac
tures intersecting at angles of 120 degrees 
and radiating out from numerous centers.• 
If the centers are evenly distributed, the 
fractures bound vertical hexagonal columns. 
A rose diagram illustrating the orientation 
of joints formed from a ho.,geneous molten 
liquid would show three joint sets (a nu.
ber of joints with tbe .... characteristic 
pattern) interseattaa at anglee of 60 
degrees (Fig. 4). 

The het~ characteristics of 
the tuff did not alloW joint sets to fora 
vertical hexagonal colUIIIlS· A rose diagraa 
prepared using tbe orientation of 1,078 
master joints (492 in Area G (Pig. 2~298 
in Area L, and 290 in Areas J and B) showed 
the average of the three joint sets inter
secting at angles of 30 and 90 degrees 
(Fig. 4). The three joint sets, N30°W to 

NSO"W, N60°W to N80"W, and N40"B to N60"B, 
comprise 40% of the joints measured for the 
study. 
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The bloclts formed by the joints range 

from a few square feet to as much as 500 

ft 3 at the surface. In the walls of the 

pits there is about one master joint for 

every 7 ft of horizontal wall. 
HYDROLOGY 

The annual precipitation on the 
Pajarito Plateau is about 18 in. Most 
occurs in July and August as thunder show
ers. Some precipitation infiltrates the 
soil and tuff on the mesa, and the rest 
flows off into the canyons. Part of the 
surface flow in the canyons recharges 
-str~connected aquifers in the stream 
channel alluviua, and tbe rest is lost to 
evapotranspiration. Surface water drainage 
is eastward toward the Rio Grande. Water 
in the main aquifer lies at a depth of 
about 1,050 ft along the western margin of: 
Mesita del Buey and at 850 ft at the east
ern margin. Water in the aquifer moves 
eastward toward the Rio Grande. 
SOIL Alm TUFF MOISTURB 

Part of the precipitation that falls 
on the Mesa surface infiltrates the soil 
and tuff, Where the soil cover has not 
been disturbed, little it any water from 
precipitation infiltrates the underlying 
tutf. 7 

Where the .Oil cover has been dis
turbed, as in the disposal areas, the 
moisture content ot the tuff indicates 
that precipitation may have infiltrated 
to a depth of 10 ft. The moisture ranges 
from 2 to 8% by weight, decreasing with 
depth. Below 10 tt, the moisture content 
ranges from 0.5 to 2~ by weight, showing 
that the moisture is redistributed by 
diffusion. 

Tests ot infiltration of precipitation 
in the tuft used to cover the waste in 
pits showed that moisture from a single 
storm may reach a depth ot 6 ft, but in 
the weeks after the storm it is returned 
to the atmosphere by evaporation. 

Open joints in the ashflow may allow 
precipitation to move into the tuff, The 
joints are now filled to a depth of 3 to 
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4 ft with clay that acts as a seal and pre
vents precipitation froa infiltrating the 
tuff. 
SURFACE WA TBR 

Stream flow in the canyons north. of 
Mesita del Buey is· interaittent flow from 
storm runoff, These canyons head on the 
Pa,iarito Plateau 11nd have a s•ll drainage 
area. Streaa channels in the canyons are 
narrow with few if any cut banks, indicating 
small and infrequent runoff. 

Pajarito Canyon, south of the aesa, 
heads on the flare:s of the mountains to the 
west and has a large drainage area. Tbe 
intermittent flow in the canyon is froa 
sprincr snowmelt and sumaer thunder showers. 
Gravel pits in the canyon usually contain 
ponded water. Soae interaittent return 
flow occurs about 1 mile southwest of the 
mesa, where the alluviua laps on to a 
basalt flow. 
STnEAM-cOHNBCTBD A~IPBRS 

The alluviua in the canyons north of 
llesita del Buey is thin and contains no per
ennial water owing to the.s .. ll aaount of 
runoff. 

The intermittent streaa in Pajarito 
Canyon, however, recharges a perennial body 
of water in the stre~connected aquifer in 
the alluvium. As is typical of streaa
connected aquifers. the water table is high
est during the spring froa snowaelt and in 
late summer froa showers. In the fall and 
early sumaer the water table declines. 
Gravel pits iD the canyon have been dug into 
the top of the· atzoea..connected aquifers. 
MAIN AQUIRa · 

The top of the Min aquifer (capable of 
municipal and indwrtrial water supply) lies 
at a depth of about 1,200 ft along the 
flanks of the mountains to the west and 
slopes gently eastward toward the Rio Grande. 
The aquifer is recharged by precipitation on 
the mountains and in deep canyons cut into 
the western part of the Plateau.• The water 
moves eastward toward the Rio Grande where 
part is discharged into the river through 
seeps and springs. The rate of water 

movement computed froa aquifer tests of 
supply wells is estimated to be 1 ft/day. 9 

Froa Mesita del Buey to the Rio Grande is 
about 4 1/2 ailes, so we esti.ate that any 
water will take over 60 years to move from 
beneath the mesa to the river. 

EROSION RATES OF TUFF 
Vital to the containment of wastes 

buried at Meaita del Buey is the rate at 
which the tuff encompassing the wastes. 
erodes. so .. of the wastes contain radio
nuclides with a very long half-life. 

There is no practical method to deter
aine the erosion rate of the tuff during 
the short tiae that the mesa has been used 
for waste disposal. Erosion rates can be 
approxiaated by relating the age of the 
tuff to its past erosion. Erosion rates 
baaed on these assuaptions are conservative 
because the tuff probably eroded faste» 
initially than at present. The area is 
more stable since the streaa channels in 
Canada del Buey and Pajarito Canyon have 
cut to a temporary base level on the re
sistant basalt. 

Radioaetric dating indicates that the 
tuff was emplaced about 1. 1 million :;ears 
ago.• The thickness of Unit 3 tuff aroded 
froa the surface of the aesa at Area G is 
estimated to be about 80 ft on the basis 
of geologic sections on the plateau where 
this unit is preserved. Its erosion rate 
for the past 1.1 aillion years is about 
7.2 x 10-5 ft/year. Vertical downcutting 
in the canyons has been estimated at 

-4 1.9 x 10 ft/year in Canada del Buey and 
-4 1.6 x 10 ft/year in Pajarito Canyon. 

Wilden and Criley• estimated the vertical 
downcutting in major canyons to be 5 to 

-4 8 x 10 ft/year. At Area G, horizontal 
erosion at the top of the mesa is estimated 
to be about 4.5 x 10-4 ft/year. 

Wastes are buried in the natural con
fines of the tuff to a level 2 ft below the 
mesa surface and then covered and mounded 
over with 6 to 8 ft of tuff, Considering 
the vertical erosion of 2 ft of tuff on the 
mesa top at a rate of 7.2 x 10-5 ft/year, 



it would tal~e 27, 000 years for the mesa top 

to erode to the top of the wastes. 

TI1e edges of t~e pits are 50 ft or 
more from the edge o.L ...the mesa. Consid-er

ing the horizontal erosion of 60 ft of tuff 
at a rate of 4.5 x io•4 ft/y~ar it would 
ta~~e more than 110, 000 years for the tuff 
to erode far enough to expose the wastes 
in the oits. 

WASTE DISPOSAL AREAS 
There are four areas on Mesita del 

Buey used for disposal of wastes contam

inated by radionuclidel\ of toxic or explo

sive chemicals, and of classified materi

als. The disposal areas are pita and 'hafts 

located according to guidelines set up by 
the u. S. Geological Survey, the u. s. 
Atomic Energy Commission, and the Health 

and Engineering Divisions of the Los Alamos 

Scientific Laboratory (Apuendix A). 

Access to the disposal areas is from 

Pajarito noad. The mesa is fenced from 

canyon to canyon at its western margin. 

AI'J!'.A G 

Area G has been designated for the 

dis~osal of solid wastes and packaged 

sludges that contain radioactive nuclides. 
The solid wastes range from rubber gloves 

and elasswear to oarts of buildings or 

truc!~s that cannot be cleaned.' 0 Tbe 

wastes are buried in pits or shafts dug 
into the mesa surface. 

The pits are 100 ft wide, 600 ft long, 

and 30 to 35 ft deep. There is a ramp at 

each end of the loaa dimension to facili
tate entering tbe pit with trucks to dis

pose of the wad..-.. 'ftte wastes are buried 

in 6- to a- ft-d ... layers, and each layer 

is covered with 1 to 2 ft of tuff, Tbe 
pits are filled to 2 to 4 ft below the land 

surface and then covered with 6 to 8 ft of 

tuff, sli~htly mounded for surface-water 

drainaee. 
There are a number of shafts for dis

posal of organic material, oil, or solid 

v~stes. The shafts are 2 to 6 ft in dia
meter and up to G4 ft deep. Special shafts 

for certain types of wastes have been pre-

10 

pared by lining them with concrete or by 

coating their walls with asphalt. The 

entire area surrounding the pits and shafts 

is fenced and locked. 
Tbe pits and most of the shafts ex

tend into Unit 2b, and the deeper (64 ft) 
shafts extend through Unit 2b into the too 
of Unit 2a of the Tshirege Member of the 

Bandelier Tuff, 
AREA B 

Area B has been designated for the dis

~isposal of classified materials. The 

materials are placed in 6-ft-diam shafts 
about 60 ft deep. The area is fenced and 

locked. The shaft currently in use has a 

locked cover. Filled shafts are caoped 

with ~ to 6 ft of concrete. The shafts ex
ten4 through Unit 2b into the top of Unit 

2a. 

AREA J 

Area J is used for the disposal of 

wastes from areas where ezolosive chemicals 

are processed. It consists of pits 50 ft 

wide, 250 ft long, and about 15 ft deep. 

There are ramps at the ends of the long 
dimension of the pits. The area is fenced 

but not loclted. The pits extend into 

Unit 2b. 
AREAL 

Area L is used for the disposal of 

chemicals or possibly toxic materials in 

pits or shafts. The oit is 12 ft wide, 

200 ft long, and about 12 ft dee13 with 

ramps on the long dimension. Shafts are 

6 ft in diameter and about 60 ft dee13. The 

area is fenced and loc~ed. The pit extends 

into Unit 2b, and the shafts e:ttencl throu~h 

Unit 2b into the top of Unit 2a. 

WASTB DIGPOSAL AND THE GEOH1DROLOGIC 

ENVInONME!IT 

Total containment of contaminants is 

of paramount importance in the disposal of 

wastes at Mesita del Buey. Initial con

tainment is accomplished with the burial 

of wastes in pits or shafts. After buria~ 

the major means of transport of contami

nants to the environment would be in the 

hydrologic cycle. 



Transport of contaaination by surface 
runoff on the -- .... unlikely because 
the wastes are bvt.ed. 

Little if a-.-water fro• precipitation 
or surface runoff- -.utrates through the 

' . . 
seal material overlying wastes in filled 
ryits. Titere is not enough water to leach 
the contaminants fro• the wastes and move 
them into the tuff, Tbe botto• of the 
pits are underlain by about ~90 ft of tuff 
along the western part of the .... and 
about 240 ft of tuff along the eastern edge. 
The hydrologic characteristics and condi
tions of the soil, seal .. terial, aDd tuff 
indicate no recharge to the stre~connected. 
aquifers or main aquifer through the surface 
soil, buried wastes, or underlying tuff at 
:&fesita del Buey. 

The natural 110isture content of the un
saturated tuff is in the range in wbicb 
moisture is redistributed by diffusion. 
Contaminants may be transported by diffusion 
if crases or volatile fluids are placed in 
shafts or pits. Diffusion may t~te place 
through the tuff where there are large 
amounts of pore space, through open joints, 
or along contacts between ashflows. 

vertical and horizontal erosion rates 
of the tuff surrounding the waste in pits 
or shafts indicate that under preaeat cli
matic conditions the estt.ated life of the 
pits will be about 27,000 years. Routine 
maintenance to control erosion of the seal 
material will ezteDd this life. 
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APPENDIX A 

GUIDELINES FOR· COHSTR'OCTION OF PITS ON 

MESITA DEL BUEY* 

These guidelines were formed during a meeting held at Los Alamos on June 23, 196D, with the following people in attendance: Salvatore Russo, Eng-3; Ben Willia .. , Eng-3; Dean Meyer, H-1; William Kennedy. H-6; c. w. Christenson, H-7; of the Los Alamos Scientific Laboratory; and Dr. c. v. Theis, F. c. Koopman, and William D. Purtymun of the u. s. Geological Survey. 

Construction 

Pits should be a minimum of 50 ft from the canyon ria. 

Pits should be no deeper than adjacent canyon floors. 

The long dimensions of pits should be parallel (as near as possible) to surface topographic contours. 

Large open joints should be filled with seal material (tuff re.aved froa pit during construction). 

Drainage around open pits should be such that runoff froa precipitation on the mesa does not enter the pit while it is being filled. 

Size and shape of pit are not important. 

Pit bottoms need not be level. 

Burial of wastes 

Burial of wastes in layers (layer of waste covered by layer of tuff) should be continued. 

Wastes should be buried in the confines of the natural tuff.(If the soil zone is exceptionally thick, this 
unusual condition would indicate instability in that immediate area.) The wastes should be buried below the soil zone within the tuff. 

Surface seal of pits 

Pita can be filled with wastes to within 2 ft of the laacl surface. 

Seal .. tarial (tuff) overlying the wastes should be 
6 to a ft thick. 

Tbe surface of the seal material over the pit should 
be slightly rounded. 

Adequate drainage should. be provided to remove runoff froa precipitation on the mesa. 

Drainage ways should be located so that they do not cross the surface of a sealed pit. 

Planting of native vegetation on the surface of sealed ,,its should be considered. 

* From letter to s. E. Russo, LASL Group ENG-3, from F. c. Koopman. u. s. Geological Survey, June 30, 196D. 
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Physical ciAracteristics of the Tshirege Member of 
the Bandelier Tuff ~th reference to use 

as a building and ornamental stone 

By 

W. D. Purtymun and F. C. Koopman , 

I.•Tt reduct ion 

T:be suitability of the Tshire.se Member of the Bandelier Tuff for 
insu2ation, or~nt, building stone, and other uses is dependent on 
its availability, accessibility and physical properties. At the 
requ.i.:S"'c of Mr. Paul Tafoya, Governor of Se.nta Cl.e.ra Indian Pueblo 
and Mr. \o.r. Williair..s, Advisor of the Connnunity Action Pro;-;ra.r:1 at 
Se.n~~a Clara, New Mexico, the information available as to its :;eographi-
cal and geological accessibility and its physical properties are 
presented in this report. The information will be usei'u.l in the 
ConmnL~ity Ac~ion Program fo~ developinc and enlarging the Puye Cliff 
Dwc~ing area as a tourist facility. I~ may also suc0est other uses . for the stone to anyone who lnay be interested. 

-· 
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u The information contained in this report was abstracted from 

repo~s in the files of the u.s. ~eolo~ical Survey, prepared for and 

in cooperation with the U.S. Ato:mic Ener·;y Commission and tl!e University 

of California's, los Alamos Scientific laboratory at los Alamos, New 

Mexico. Tl:c repcr·: s J~JJB.t contai!'.:. ti.:.e in.:forr at ion on the physical 

properties of the tuff were prepared f'!'o;:·. ·ia-':.a col::..ec-::.ed during 

investi~ations related to the dis;,cs~l of solid ~~ate naterials, 

indus-rial effluents, and studies perta.ininh to the development of 

sroWld--wat.er sup::>ly at Lcs A1azoos. 

The fact that sor.:e of the tuff is sui table for building purposes 

was reco~nized by the historical cliff dwellers, and in modern tioes 

by the L:.rildc::.-"s of' the first houses at ws Alamos. It was found to 

lJS.ve .-:cood ir..::rJ..:'...a:':in_: proper"des and good s•.:;ren[;th as 1-:ell as bea.ut:,r. 

It was c;.seJ. to cons-:.!:'Uct :'our fi:::.·eplaces at the Lcs Ala.nos Lod,;c. 

Ar:lon: t::e ne·.rer buildin,-s constr-1c'Led of tuff nrc: the fire tower, 

tl:.csc buildirl{--:s of t:r.e IDs Alamos Building a11..d Loan Conpany, and the 

Gate Res· .. a:.rra.nt. .Alsc, many stone fences, reta.ininc walls 1 d.ra.ina_:e 

ditches, and pro-'cective slope covers are constl"..lCted of tuff at Los 

Ala!::os. A fm; Lome.s and fireplaces in Albuquerque are constructed of 

taff, 

() 
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~-) Availability and accessibility 

n1e tuff is available in lar~e quantities and also reasonably 

accessible because of its favorable :eograp~uc location and Geolo;ic 

occurrence. It is the cap rock of a large plateau lying between t:-te 
.. 

volcanic center, Sierra je los Valles, on the west and the Rio Grande 

on t1.1.t:; ..::as·~ in Non.r1- ~entral New Mexico (fig. 1) . This tuff has 

Fi_..ure l (~e~- ~:non next pe.~e) belongs near here. 

·' I ;1' been sculptured by erosion into a pictures~~e arrangement of canyons, 

mesas, and cliffs roughly parallel to each other and all extending 

outvarr.2 and dmn: slope toward the river, a'WB.y from the volcanic center 

to the west. This slope feature with all of its canyons and mesas is 

called the Pajarito Plateau (Hewitt, 1953). It w.s originally a nearly-

snooth slopir£ surface formed as the result of the accumulation of hot 

volcanic ash material ejected ~ the volcanic center to the west 

(Valles Caldera). 

Rocks exposed on or near the Pajarito Pleateau are the Tesuque 

Forwation, Puye Conglomerate, the Tschicoma Fbrmation, and the 

Bandelier Tuf'f. A generalized east-west geologic section s:10wing 

their relationship in an area south of Santa Clara Indian Reservation 

is shown on fiiSUl'e 2. A detailed description of these fornatione .:an 

\ 
Figure 2 (caption on next pa,:;e) belongs nea::- here. 

be found in Gri~s (1964) and Spiegel and &l.ld'Win (1963). 
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Figare 1.--~p showing topograp!J.c features in the region of the Santa 

Clara Indian Reservation and their relation to the 

Bandelier Tu:ff (shaded) of the Jer"..ez M:nmte.ins. 

~r~:~ 3c~tion s:~wing t~e relation of geologic 

R·.:!S·:.rv-ation. 
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The Bc . .u~eli(;r Ttu'f was ferne,;. ~on: a series of ash falls and 

aah flowes eject eLi f'rom the volcanic center to t~.~e west. It is of 

rhyolitic CCtl'lposition antl conc::.s-:.::> of three ::-,er'bers t!at fore a part 

T..'1e G'...l.a~C Mc:r:.:ocr coP...oists of lie;h:-cray aa~.-.!'all :pur.:ice and water-

lai :l :n.t::li.cee>us -:.:rf. Tl:e base of t.:e unit contains gray l'Llr.Ips of pumice 

::::.a l:l'J.ch as 2 i.ncl1es in le.!'l.t:,--th. The ave!'abe thickness of the Juaje 

ra..'1(_;cS from 20 to 35 feet. Pumice :from the Guaje Member is ~ned for 

. , ..... ~ ... ..,_ 
------·-

in concre~e agcregate . 

T:.~e Otowi Member consists of a light-gray, nonwelded, friable, 

p·rrriceo-..:.s, r!-zyolitc tuff that veathc:::-s to a gentle slope. Its 

t:.id:nr.ss varies and may be c.s nruch c.s 4oo feet 'beneath the central 

·..:ru~~ cf the :p2.e.-'..eau. T:'le nonveld.ed friable U..."lit would not be S\litable 

as a buil~ing stone. 

The T:::;~.iree::e Mc!r.ber overlies the otowi ~ber and it forr...s the 

c.:a..:_:J rock of t::-~e fingcr-lil:e mesas of the Pajarito Plateau. I-.; ;,;as 

:'c::-mcd. of a se:l.'ies of as!l. flows ncmrelJed into a series of rilyoli te 

tuff. Because of its physical properties, described in the following 

section, some layers of the tuff are well sui~ed to use as building 

and ornamental stone. A detailed description of the Tshirebe Member 

is given in the following section. 

The Tshirege Mei:lber is well exposed along the canyon walls and 

is also rea.lily accessible under a thin rmntle of' surfa.ce soil on the 

mesa tops. 

8 
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Physical cha...""a.cte~:is-ticz of t~:e Tsl:irege Member 

of the Bandelier Tuff 

T:~e tui'fs of the ?sbire,-:e Mcl::bcrwere formed by a series of 

a;:;:. f:ovs and as~1 falls which arc desc::.·iued a.s ncnweld.ec, moderately 

vlcl.U.eC:., a::!.d. weJ.dci tui'f. '1'!-.c nom:-cldeC., moderately -welded., and -welded 

tui':., g::-a::le one into tl:!.e other both vertically and hcrizont.a.lly. 
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Welding 

The -welding process of an as:-1-flo-w tuf'f begins after emplacement. 

T'r.e najor ::·actors af'fcc~ing welcling are Lea t at the t:ii:Je of emplacement, 

amount of volatiles in t~c mnos, ra-:c of coolin.-, and thickness of the 

as:r.. flow. The decree of welding ranges from incipient stages marked 

by the sticking together or cohesion of glassy ~en~s to complete 

welding marked by tte cohesion of the surfaces of Glassy fragments 

accompanied by their deformation and elimination of pore space (3mith, 

19t)C). 

2Dnal variation of welding occurs verticall.y within individual 

flows or vi thin a series of flows that have cooled as a single unit. 

Sil:':lg:le ast flow that have cooled as a unit my show a greater degree 

of vrelding near the center than near the upper and lower contacts. A 

series of ash f'lows tbat have been emplaced in rapid succession may cool 

as a single unit with the greatest degree of' welding near the center. 

Variauion of' welding occurs horizontally within individual flows 

with greeter degree velding near the mountains (the source area). The 

degree of velding becomes less eastward across the plateau. 

10 
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T:~e tu...""i's in the los A.J..a.Ioos area are c:!.assified according to 

the J.e ~ree of weldine--i. e. 1 nonwelded. 1 moderately welded, and welded 

tuffa. Welding results in increased cohesion and deforcation of the 

glasay fragments in t;m tuff. Nonweldcd tuff bas high porosity 1 o:r1ly 

slicht cohesion of the gle.ssy fragments 1 and crumbly fracture; modera-tely 

w8lded tuff ras lesser porosity, moderate cohesion, slight defon:ation 

of t!-:..e gle.s;:;y fragments, and a sOI!lcwhat brittle fracture; and welded 

tuff ::as lower porosity, good co:t.esion, a !:igh decree of deformation 

by fla-ttening of glas3y fragments, and a brittle fracture. 

T:.e :ier::;ree of welding influences most of the p;:ysica.l crara.cter::.stics 

of t~:e ind.ivi3.:JB.2. as:.-:~low tuff units. 

Tl·.e following s~1ows a J.arc:e range in porosity in each of the 

vari~tiona of tuff indicating that welding is only one of several factors 

de~e~ir~n~ porosity. 

Range in porosity 
(percent by volume) 

Nonwelded tuff 40 to 60 

MOderately welded tuff 30 to 55 

Welded tuff 15 to 40 

ll 
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Density 

The bulk density of nonwelded tuff is lower than in welded tuff. 

Tr...is is iue to the compaction of the matrix (glass shards and as~:) 

and closer arrangement of the quartz and sa.."lidine, crys:.S.ls, and 

rock l'IUJ!lem .. s in the p!'ocess of welding of a welded tui':!'. T!le 

specific gravity of the tuff mtrix averages ~bout 2.55. TLe range in 

bulk density of nonwelded to welded tuff depends on the porosity (i.e., 

the larr;cr c. y.>orcsity the sraller the buld density). 

The follo,.,"'ing table sLovs a comparison of the bulk densi tics of 

the tuff {.::orrucla.ed. tc welded.) with other building stone. 

No!!W'eJ-:e~ tuff 

f.i:J, .. ::.:;ro.tcly -v:clied tuff 

\..'el "!ccJ tu::f 

Br . ,J_j 
J.C.r.-

Grani tc);.,1 

~ . -1- 1/ 
. :an.;D .. onE.-

1/ 
Concret~ 

. y !~book of ~ysics and ChC!!l.istry, 1958. 

Range in bulk 1ensity 
(lbs. in cu. ft.) 

64- 95 

72-115 

95-1.35 

87-1.37 

165-172 

160-177 

1.34-147 

170-190 
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Bearing capacities 

The bearing capacities of a tuffare dependent upon the density of 

tuff (i.e., the greater bearing capacities occur with the tuff of 

greater density). The density of the tuff is related to welding 

(i.e., density of th~ tuff increases from nonwelded tuff to 

welded tuff). 

Data are available on the bearing capacities of the moderately 

weldeJ tuff. The follo~ing table shows the relationship of density 

change to the resistance to crushing of a moderately welded tuff in 

the area of investigation. 

Bulk density 
(lbs. per cu. it.) 

108 

109 

111 

Resistance to crushing 
(lbs. per sq. ft.) 

48,800 

73,000 

79,200 

112 (probably with pumice inclusion) 69,200 

113 99,200 

114 115,600 

Purr.icc fragment inclusion in a small sample of the tuff *ould 

decrease the bearing capacity as failure *oulci most likely occur 

within.the pumice fragrr.ent. 
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The following table is a comparison of the bearing capacities of 

a moderately welded tuff (density 108 and 114 lbs. per cu. ft.) and 

miscellaneous building stone. The bearing capacity is computed as 

1/5 of rupture strength of the material. 

Building stone 

Moderately welded tuff (108 lbs. per cu. ft.) 

Moderately welded tuff (114 1bs. per cu. ft.) 

1/ Concrete -

1/ Sandstone -

B . k 1/ r1.c -

1/ Marble -

G 't 1/ rant e -

1/ HJnJbook of Chemistry and Physics, 1958. 

Bearin~ capacity 
(lbs. per sq. ft.) 

9,700 

23,000 

23,000 

69,000 

86,000 

219,000 

279,000 

The moderately welded tuff is a good structural buildin0 

stone as its bearing capacity is roughly comparable to concrete 

with a density or weight of about half that of concrete. 

14 
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Thermal conductivity 

The the~al conductivity of the tuff is related to porosity, 

thus, the the~al conductivity of a nom11elded tuff would be less 

t:1an a welded tuff as more pore space is available for insulation. 

The only data available on the thermal conductivity ;.1as made of 

a moderately welded tuff in one area investigated. The following 

table is a companion of the thermal properties of the tuff and 

miscellaneous building stone. A decrease in the~al conductivity 

increases the insulating value. 

Range of thermal conductivity 
(J . .;.·.u. per hr. per sq. ft. and temp. 

Ruilding stone or material gradient oi l°F per in. thickness) 

1/ 
Rock wool -

Hoderately welded tuff 

B . k 1/ rtc -

Concrete (set) ~ 

Sandstone !! 

Marble !! 
. 1/ 

Grantte -

o. 26- o. 29 

. 31- .38 

3 6 

6 - 9 

8 -16 

14 -20 

13 -28 

l/ Handbook of Chemistry and Physics, 1958. 

The moderately welded tuff is a·better insulation than other 

buildin; materials. A building constructed of a moderately welded 

tuff may not need additional insulation. 

15 
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Chemical composition 

The chemical composition of a rock may affect its usefulness 

in a concrete aggregate and for other purposes. The following table 

shows a representative analyses of the tuff. 

C'1et:1ical constituents 

Silica (Si02) 

Alumina (Al 20) 

Ferric oxide (Fe 203 ) 

Ferrous oxide (FeO) 

Hagnesium oxide (MgO) 

Calcium oxide (CaO) 

Sodium oxide (~a 20) 

Potassium oxide (K
2
0) 

Water (:1
2
0) 

Titanium oxide (Ti02) 

Phosphorous oxide (P 205 ) 

Manganese oxide (MnO) 

Carbon dioxide (C02) 

16 

Range in percent 

72.0 -78.2 

11.2 -13.8 

1.1 - 2.1 

' .21- .75 

.02- .33 

• 26- 1.17 

3.5 - 4.5 

4.2-4.7 

.15- 2.8 

.10- .32 

.10- .07 

.00- .98 

< .05 

' I 
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Mineral composition 

The tuff is rhyolitic in composition and contains small rock 

fragments of rhyolite, latite and devitrified pumice and crystals 

anu crystal fragoents of sanidine, and quartz, in a matrix of glass 

shards and welded ash. Dark minerals are scarce although traces of 

crystal fragments of biotite, hornblende, and pyroxene have been 

observed (~ri6gs, 1964). 

Seven samples of a moderately welded tuff were analyzed 

petrographically by C. S. Ross (Nritten communication, July 7, 1960). 

Ross recalculated the proportions of phenocrysts in terms of 

proportion by weight. The results of all seven were similar, one of 

Nhich is presented here: 

Pore space 

Phenocrysts 

Sanidine E 

Quartz 

Magnetite 

Pyroxene 

about 30 percent by volume 

about 20 percent by weight 
I::,- : 2. -:_ f- 7-

12 percent by weight 
, c: , f . --

6 percent by weight 

1± percent by weight 
, _, I 

0.5± percent by weight 

The ground mass is typical devitrified welded 

tufL The devitrification products are very fine-

grained, but show typical cristobalite-feldspar structure. 

Cavities contain radial groups of feldspar and tridymite. 

The rocks contain a few areas of altered andesite, and some 

brown birefracting clay like material (probably montmorillonite). 

17 



i ... 

. . 

r:!"., ~ 
,~ ........ 

! 
' I

t)· .• ••• • 

.. ' 
I' ' ,r ... 
j, 
&· 

I 
~. 

i ~. 

l.i,, ..•. 111•_1:(, 

--

( 

(. 

Pumice, rhyolite, and latite rock inclusions 

Rock inclusions of pumice, rhyolite, and latite are found in 

the tuff. The frequency of occurrence of t!H! rock fra,;ments diifers 

in in" ividual ash flows and at different locations within the same 

ash flo· . .,r. 

The pur..ice fratilllents may be as much as two incht.:s in le:1c::,L:1 and 

one inch in diar.1ctcr. The pumice is soft and friable and shoulc' cause 

no probLem in cuttin.; the tuff. The rhyolite and lai...d.l.! iragments are 

dari< 5ray, hard, and may be as much as t• . .,ro or thre..: inched across. 

These lar:;e rock fra:;ments may cause some difficulty in cut.t:ing the 

tuff so that care should be taken in selectin~ tuff units that are 

void of these larger rock fragments. 

) 
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Weatherin; and erosion characteristics 

The surface of exposed tuff (nonwelded to welded) becomes 

··ca::.c ..... n.~.<..,;u. as .Lt • .1.s exposed to the \"eat her. In this process, 

due to the porosity OJ. t.ae tuff, moisture is absorbed and some 

min~ral::. ~r~ uJ.~::.~lved. The minerals are returned to the surface by 

evaporation as Lhe tuff dries out where they are precipitated to 

form a rind. This rind forms a protective surface which resists the 

\vcaring a\"ay of the surface by wind and water. However, exposed 

puoice fra~ents weather out rapidly to enhance the beauty of the 

stone. 

Lichens grow on tuff where moisture accumulates for brief 

periods. L~chens covered tuff has been used as ornamental stone for 

the ccn::>Lruction of fences and walls of houses in Albuquerque, 

::ew Mexico. 
11''' lift.;· The '.veatherin_s characteristics of the tuff do not affect its 

usc as a buildin6 stone; but on the contrary, it enhances the beauty 

of the s t one . 

19 
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Color 

The color of the tuff ranges fr0t:1 very li:;;ht gray to medium dark 

grav. Some units range from pinkish sray to light pink. Large 

fra0~ents of pumice that appear Much darker than the matrix in some 

u~1ts ennance the color of the tuff. Moderately weldeJ units are 

generally 1 ighter in color than the 1.relded units. The coloring is 

inherent in the tuff and probably the result of minor chan0es in the 

ci1emical constituents and heat of emplace:·tent. Weather in-; of the 

tu£1 changes the color very slightly. 

) 
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0 Natural moisture content 

The natural moisture content of the tuff forming the mesas between 

the eastward-trending canyons is generally less than fiva percent by 

volume. The low moisture content of the tuff is caused by the protective 

cap of clayey soil derived by weathering of the tuff near the surface. 

The soil is thickest near the axis of the mesas and thins toward the 

edges where the tuff is exposed. Precipitation that is not removed by 

surface drainage on the mesa tops infiltrates into the soil; however, the 

doNnNard movement of this water is impeded or stopped by a dense 

transition zone between the soil and tuff and the water is returned to 

the atmosphere by evapotranspiration (Abrahams, Weir, and Purtymun, 1961). 

The low natural moisture content of the tuff decreases the 

C.' 
weight of the cut stone for handling and transportation, and should 

aid in quarrying and cutting • 

(~ 
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Thickness 

The Tshiregc Member, consisting of a series of ash-flow tuffs 

rangin6 rrom nonwelded to welded, is about 800 feet thick along the 

western ~~6e of the Pajarito Plateau. The Tshirege thins eastward 

to less than SO feet. Some of the uppermost ash flows are beveled off 

by erosion eastward across the plateau. Outliers of tuff overlie the 

Puye Con;lomerate along Puye Escarpment. Most all ash flows thin 

eastward from the source area (Sierra de los Valles). 

Nonwelded ash flows in the lower part of the Tshirege Member 

may be as much as 200 feet thick near the center of the plateau. 

Individual moderately welded and welded ash flows in the upper part 

of the Tshirege Member range from 20 to 120 feet thick. The thickness 

of these moderately welded and welded tuff units permits a large 

source of quarry stone. 
t:"'·' 

-

(
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( r Joints 

Joints arc prominent in the tuff. They divide the rocks into 

many irregular blocks, many of which are prismatic or columnar. The 

juint density in a specific area will differ with different degr~~~ of 

welding. The number of joints decreases with a decrease degree of 

welding (:ewer joints are found in nonwelded tuff than in welded tuff). 

i:he nunerically predominant joints are ncar vertical and are persistent 

in len;.;t • an'~ pass throuc;h several groups of tuff units. rhese joints 

tend to curve slightly. The joint face is relatively smooth and will 

add rustic b~auty as use as a buildin:;; stone. The presence of the 

joints should cause no difficulty in cutting the tuff, but aid in 

quarrying blocks of tuff. 
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Conclusions 

Although no studies of Tshirege Member of the Bandelier Tuff 

were made to determine its suitability as a foundation rock, structural 

building stone, ornamental stone, or as an insulating material, the 

information obtained in earlier studies as to its availability, --·· -........ 
accessibility, and physical properties indicates that it is well 

suited to those and other uses. Furthermore, it has already been 

used for those and other purposes, and it promises to be a valuable 

resource to the Santa Clara Pueblo Indians and to other citizens of 

I New Mexico. 
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AIR VOLUME AND ENERGY TRANSFER THROUGH 

TEST HOLES AND ATMOSPHERIC PRESSURE EFFECTS ON 

THE MAIN AQUIFER 

by 

W. D. Purtymun, F. C. Koopman, S. Barr, and W. E. Clements 

ABSTRACT 

Air volumes and energy transfer through test holes 
completed in the Bandelier Tuff and/or Puye Formation were 
monitored for 95 h at test hole DT-10 and for 34 h at test 
holes DT-10 and Alpha. Air transfer caused by atmospheric 
pressure changes at DT-10 during the 95-h study consisted 
of four cycles of four intake periods and four exhaust pe
riods. The 3total volume ~f air taken into the reservoir 
was 2910 m while 1425 m of air were released from the 
reservoir. The largest volume of air transferred was 2400 
m3 during an intake period of 40 h with an atmospheric 
pressure change of 0.46 cmHg. The average energy in the 
air transferred during the intake period was 14.4 x 103 g
caljm3 while the average energy in the air of the exhaust 
period was 19.3 x 103 g-caljm3, 

The 24-h study at test holes DT-10 and Alpha was made 
near the end of an exhaust period. About 1160 m3 of air 
were rel~ased from the reservoir rocks at DT-10 with about 
10 500 m of air released from Alpha. A constriction in 
the casing to accommodate instrumentation reduced the vol
ume of air transferred from DT-10. Energy in air trans
ferred from DT-10 was 19.3 x 103 g-cal/m3 and 12.3 x 103g
cal/m3 from Alpha. 

Atmospheric pressure changes cause water-level fluctu
ations in test holes penetrating the main aquifer. The 
changes in water-levels, atmospheric pressure and rates of 
air transferred during the 95-h study were correlatable, 
The barometric efficiency of the aquifer during the four 
cycles ranged from 51 to 88 percent. Larger barometric ef
ficiencies resulted with smaller volumes of air transferred 
and smaller pressure changes. 

I. INTRODUCTION 
Test holes in the Bandelier Tuff and 

Puye Formation (a conglomerate) in north
central New Mexico transfer air to and from 
the tuff and conglomerate in response to 
changes in atmospheric pressure. The air 
enters the tuff and conglomerate through 
test holes during atmospheric highs and is 
released during atmospheric lows. This 
phenomenon has been recognized throughout 

the world and is especially prominent where 
wells or test holes penetrate unsaturated 
sections of rocks of volcanic origin. 
Though the phenomenon is well known, little 
effort has been made to determine volumes, 
rates, and pressures at which the air 
transfer takes place. A study was made to 
determine some of the parameters related to 
air exchange under normal atmospheric pres
sures. 
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A theoretical model was prepared to ex

amine the air transfer in the reservoir 

rock in response to pressure changes of the 

test holes at land surface. The preliminary 

model is attached as Appendix A. An ana

lytical model describing gas flow through a 

porous soil or rock in response to varia

tion of atmospheric pressure is presented 

as Appendix B. 

The study is of academic interest and 

covers only a short time interval. It may 

be kept in mind that some practical use of 

the phenomenon could be developed. One pos

sible use would be energy extraction from 

reservoir rocks that have above-normal geo

thermal gradients by taking advantage of 

atmospheric pressure changes. 

Changes in atmospheric pressure produce 

water-level fluctuations in wells or test 

holes penetrating confined aquifers. An 

assessment of pressure change on the water 

levels in a test hole was made in conjunc

tion with the air transfer study. 

The study was made in test holes on the 

Pajarito Plateau which lies between the 

Sierra de Los Valles and the Rio Grande in 

north-central New Mexico. The plateau is 

formed by the Bandelier Tuff, a series of 

ashflows and ashfalls of rhyolite tuff.1 The 

tuff underlying this plateau is about 320 

m thick along the flanks of the mountains 

and thins to less than 80 m along the Rio 

Grande. The porosity of the tuff ranges 

from about 15 percent in the welded units 

to as much as 60 percent in the nonwelded 

units. 2 The pores are mainly capillary in 

size. Open joints in the tuff also add to 

the porosity. 

Atmospheric pressure changes resulting 

in slight air pressure change in the tuff 

to depths of 35 m have been detected. 3 The 

exchange of air through bore holes at a 

depth less than 35 m has been detected, in

dicating that a differential pressure does 

exist between the atmosphere and the upper 

35m o! tuff. The soil cover on the mesa 

and case hardening of the tuff exposed on 

the edges of the mesa and canyon walls ap-

2 

parently form a partial barrier to transfer 

of air in and out of the tuff resulting 

from atmospheric pressure changes. 

Underlying the tuff is the Puye Forma

tion that is a conglomerate made up of 

silts, clays, gravels, and boulders. The 

upper part of the conglomerate and overly

ing tuff are in the zone of aeration. The 

main aquifer in the area of study lies at a 

depth of about 330 m and occurs in the 

lower part of the conglomerate. The water 

in the aquifer responds to atmospheric 

pressure changes in test holes in the area. 

A. Test Holes Used in the Study 

The studies were made at two test holes 

south of Los Alamos on the Pajarito Pla

teau. Test hole DT-10 is completed through 

the Bandelier Tuff and into the Puye Forma

tion. Test hole Alpha is completed into 

the Bandelier Tuff. The tuff and upper 

part of the conglomerate are in the zone of 

aeration. 

Test hole DT-10 is 433 m deep; the wa

ter level in the hole is 332 m below the 

land surface. The bore hole, 40.6 em in 

diameter, contains casing 30.5 em in diam

eter that is reduced in diameter to 10.2 em 

at land surface to accommodate instrumen

tation, The casing is 433 m in length, 

with slots cut into the lower 105 m, About 

4 m of the slotted casing extend above the 

water table. About 88 m2 of conglomerate 

and 334 m2 of tuff in the bore wall of the 

hole are exposed to the atmosphere between 

the casing and the bore wall. The reduc

tion of the casing to accommodate the in

strumentation and slots in the lower part 

of the casing restrict the air volume 

transfer. 

Test hole Alpha is located about 1000 m 

west of DT-10. Alpha is completed within 

tuff in the zone of aeration at a depth of 

58 m, It contains casing 61 em in diameter 

that extends to a depth of 3 m, thus about 

106 m2 of tuff in the bore walls of the 

hole are exposed to the atmosphere. In

struments were placed in the casing at a 

I I 



depth of about 3 m, thus the air volume 

transfer was not restricted. 

B. Instrumentation 

The parameters measured during the in

vestigation were bore-hole air velocity, 

temperature, humidity, and atmospheric 

pressure. Air velocities were measured by 

a thermopile air-flow sensing sonde and re

corder which were modified to use battery 

power. A second unit, similarly modified, 

consisted of a dual-thermistor air flow 

sensing sonde and recorder. Thermographs 

were used to measure temperature and humid

ity. Temperatures recorded by the thermo-

graphs were cross-checked 

type temperature sonde and 
by a thermistor

recorder. In-

struments were calibrated and checked in 

the field by use of sling psychrometers, 

anemometers, and thermometers. Microbaro

graph records were cross-checked with the 

LASL Weather Section. 

II. AIR VOLUME TRANSFER 

The four parameters (air velocity, hu

midity, temperature, and atmospheric pres

sure) were recorded for 95 h from October 

10 through 14, 1964, on test hole DT-10 and 

for 24 h on November 14, 1964, on test 

holes DT-10 and Alpha. The air transfer 

into and from the reservoir caused by 

changes in atmospheric 

scribed in cycles. The 

pressure is de

cycles consist of 

an exhaust period (air transfer from the 

reservoir to the atmosphere) and an intake 

period (air transfer from the atmosphere to 

the reservoir) . 

A. Test Hole DT-10 

Four cycles of air transfer from test 

hole DT-10 occurred from 0500 on October 

10 to 0400 on October 14. The four intake 

periods ranged from 4 to 40 h in length for 

a total of 57 h. The volume of air taken 
3 

into the reservoir ranged from 40 m to 

2440 m3 (Table I), Total volume of air 

taken into the reservoir during the four 

intake periods was 2910 m3 

The four exhaust periods ranged from 2 

to 18 h for a total of 38 h. The volume of 

air released from the reservoir to the at-
3 3 

mosphere ranged from 5 m to 540 m • Total 

volume of air released from the reservoir 

14 25 3 During the 95 h the net was m 
increase of air to the reservoir was 1485 

3 
m • 

The largest volume of air transferred 

during the 95 h was during the 40 h intake 

period from 1900 on October 11 to 1100 

on October 13. During this period 2440m3 

of air were taken into the reservoir rock. 

The atmospheric pressure was at 58.22 cmHg 

when the period began and at 58.63 when it 

ended. The atmospheric pressure increased 

during the initial part of the period then 

varied during the remainder of the 40 h 

(Fig. 1). 

TABLE I 

AIR VOLUME TRANSFERRED THROUGH TEST HOLE DT-10 

DURING FOUR CYCLES 

Intake Period Exhaust Period 

Interval Volume Interval Volume 
crcle No. {h2 {m32 {h2 {m32 

1 7 310 18 540 

2 4 40 9 540 

3 40 2440 9 340 

4 6 120 2 5 

3 



Cycle 

+3D~~--~---+~~--~~~1~2--~--~~3~~1~4~ 

Days-October 1964 

Fig. 1. Rate of air transfer in test hole 
DT-10; atmospheric pressure; and 
water level trends in test hole 
DT-9, October 10 through 14, 1964. 

pressure change 
the first 15 h 

The maximum atmospheric 
(0.46 cmHg) occurred during 
of the 40 h period (Table I I) • At this 

3 rate was 114 m /h. time the air-transfer 
The rate of air transferred increased with 
increasing 
on October 
ever, for a 

atmospheric pressure from 2000 
ll to 0900 on October 12; how
short time (0200 to 0400 on 

October 12) the air-transfer rate decreased 
slightly while'\ the atmospheric pressure was 
steadily increasing (Fig. 1). 

The rate of air transfer for each of 
the four cycles varied from a few m3/h to 
the maximum of 114 m3/h. A general in
crease in atmospheric pressure during a 

TABLE II 

MAXIMUM ATMOSPHERIC PRESSURE 

CHANGE DURING FOUR CYCLES 

cx:cle No. Intake 

1 0.15 

2 0.05 

3 0.46 

4 0.10 

1Pressure Increase 
2Pressure Decrease 

cmHg 
1 Exhaust 2 

0.20 

0.20 

0.18 

0.02 

period will result in an increased rate of 
air transfer. The larger volumes of air 
are transferred when maximum atmospheric 
pressure changes take place, resulting in 
periods of longer duration. 

The transition pressure at which the 
periods change is dependent on the dura
tion, volume of air transferred, and amount 
of atmospheric pressure change during the 
previous period. The transition pressure 
is generally greater at the beginning of 
the intake period than at the beginning of 
the exhaust period (Table III). The air 
pressure increases in the reservoir rock 
during the intake period and decreases 
during the exhaust period. 

TABLE III 

crc1e 

1 

2 

3 

4 

4 

TRANSITIONAL PRESSURES OF INTAKE AND EXHAUST PERIODS 

AT TEST HOLE DT-10 

Intake Period Exhaust Period 
Pressure Pressure 

No. Start End Increase Start End Decrease 

58.34 58.44 +.10 58.44 58.32 0.12 

58.32 58.32 .00 58.32 58.22 0.10 

58.22 58.63 +.41 58.63 58.42 0.21 

58.42 58.44 +.02 58.44 58.44 0.00 



Periods of short duration in which 
small volumes of air were transferred oc
curred with only small atmospheric pressure 
changes. This resulted in a period change 
at or near the same transitional pressure 
at which the period began. (Table I and 
III, Cycle 2 intake period and Cycle 4 ex
haust period). 
B. Test Holes, DT-10 and Alpha 

The volume and rate of air transferred 
by test holes DT-10 and Alpha were measured 
during an exhaust period of 24 h on Novem
ber 14, 1964. Although the air transfer 
was in an exhaust period, the atmospheric 
pressure increased about 0.15 cmHg during 
the 24 h. The increased pressure indicated 
that the period was approaching the transi
tional pressure. About 10 500 m3 were re
leased from the reservoir rock through Al
pha whereas 1160 m3 were released through 
DT-10. The average rate of air transfer 
for the 24-h period was 438 m3/h and 48 
m3/h from Alpha and DT-10, respectively. 
The volume of air and the rate at which the 
air was transferred from Alpha was about 9 
times greater than that of DT-10, although 
the area of reservoir rock exposed in DT-10 
was several times greater. It is concluded 
that the constriction of the casing at the 
land surface to 10 em diameter in DT-10 im
peded air transfer and also that vapor from 
the aquifer may have decreased the air per
meability of the reservoir rock. In test 
hole Alpha measurements were made at a 
depth of 3 m, inside the open surface cas
ing, thus, no physical restrictions were 
present that would impede the transfer of 
air. 

III. ENERGY TRANSFER 
The hourly gain or loss of energy 

caused by air transfer through test holes 
was computed for the 95 h at DT-10 and 
during the 24-h exhaust period at DT-10 and 
Alpha. The energy was computed from the 
measured parameters of temperature, 
moisture content, and volume of air trans
ferred by use of psychrometric charts and 

tables at an atmosphere of 58.42 cmHg. 4 The 
tables are based on energy of dry air at 
-l8°C (0°F) that has been made equal to 
2520 g-cal (10 BTU). At -l8°C the energy 
in dry air at a pressure of 58.42 cmHg is 
5.8 x 10 3 g-cal/m3• 

The temperature of the reservoir rocks 
measured in test holes ranged from ll°C at 
30 m to about l9°C at 340 m within the main 
aquifer. The temperature gradient is about 
27°C per km within the normal range of 25°C 
to 35°C per km. 5 

The air temperature for the 95 h of the 
study at DT-10 in October ranged from a 
minimum of 4°C to l8°C. The average tem
perature of the air measured during the 
four intake periods was l3°C while the av-

3 erage moisture content was 4 g/m . The 
estimated energy in each cubic meter of air 
was 14.4 x 10 3 g-cal (Table IV). The a
mount of energy taken into the reservoir 
was about 41.9 x 10 6 g-cal. 

The average temperature of air trans
ferred during the exhaust period was l6°C 
with an average moisture content of 9 g/m 3. 
The estimated energy in each cubic meter of 
air was 19.3 x 10 3 g-cal. The amount of 
energy transferred from the reservoir to 
the atmosphere was 27.5 x 106 g-cal. 

The heat of the reservoir rocks and of 
the aquifer warmed the air taken into the 
reservoir during the intake periods. The 
warmer air coupled with the increased mois
ture content (water vapor from the aquifer) 
resulted in an increase of about 5 g-cal/m3 

in the exhaust periods. The volume of air 
in the exhaust periods was about half of 
the volume of air in the intake periods, 
thus a net gain of about 14.4 x 10 6 g-cal 
was added to the reservoir during the 95-h 
study. 

The 
study 

air temperatures during 
on November 14 ranged from 

the 24-h 

8°C, The average temperature during the 
exhaust cycle at Alpha was 7°C with a mois
ture content of 2 g/m3 (Table V). The en
ergy in a cubic meter of air was 12.3 x 1~ 
g-cal. The total volume of air transferred 
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TABLE IV 

ENERGY TRANSFERRED THROUGH TEST HOLE DT-10 

DURING FOUR CYCLES 

Period 

Time Interval (h) 

Volume of Air (m3) 

Average Temperature (°C) 

Average Moisture Content (g/m3) 

Energy per Cubic Meter (g-cal) 

Total Energy Transferred (g-cal) 

from the reservoir was 10 500 m3 which 

contained about 129.2 x 106 g-cal of en

ergy. 
The avera~e temperature during exhaust 

period at DT-10 was l6°C during the same 24 

h. The moisture content was 11 g/m3 con

taining about 19.3 x 103 g-cal/m3 • The 

volume of air transferred to the atmosphere 

was 1 160 m3 which contained about 22.4 x 

106 g-cal of energy. 

The energy per unit-volume was consid

erably less in the air that was transferred 

from Alpha than that from DT-10 due to the 

water vapor and higher tempe·rature of the 

air released through DT-10. However, the 

amount of energy released from the reser

voir through Alpha was about 6 times great

er than that released through DT-10 due to 

Intake Exhaust 

57 38 

2,910 1,425 

13 16 

4 9 

14.4 X 103 19.3 X 103 

41.9 X 10 6 27.5 X 106 

the greater volume of air transferred 

through Alpha (Table V). 

The larger volume of air transferred 

through Alpha in previous cycles results in 

cooling of the reservoir rocks with advanc

ing Fall weather. The amount of energy in 

the air from Alpha during the exhaust peri

od in November was less than that of the 

intake periods in October at DT-10 due to 

the cooling of the reservoir rocks during 

the previous cycles. 

IV. ATMOSPHERIC PRESSURE EFFECTS ON MAIN 

AQUIFER 

Test hole DT-9 is located about 950 m 

south of DT-10. The 500-m hole is completed 

into the same aquifer as DT-10. The aqui

fer is very sensitive to atmospheric pres

sure changes, earth shocks, and probable 

TABLE V 

6 

ENERGY TRANSFERRED THROUGH TEST HOLES DT-10 AND 

ALPHA DURING A 24-HOUR EXHAUST PERIOD 

Test Hole 

Volume of Air (m 2) 

Average Temperature (°C) 

Average Moisture Content (g/m3) 

Energy per cubic meter 

Total Energy Transferred (g-cal) 

DT-10 

1,160 

16 

11 

19.3 X 103 

22.4 X 106 

Alpha 

10,500 

7 

2 

12.3 X 103 

129,2 X 106 



earth tide effects. These effects (water
level fluctuation) are monitored by a semi
continuous water-stage recorder at DT-9. 

The possible earth tide effects are re

corded by minor water-level fluctuations in 
which the gravitational pull of the moon 

elongates and compresses the aquifer. These 

effects, estimated from the records by 
eliminating atmospheric effects range from 
0.3 to 0.9 em of water-level fluctuation. 

Water-level fluctuations are also re-
corded from earth shocks. In general these 
must be the result of strong earth motion. 
Records of the Alaskan earthquake of 1964 
caused a water-level fluctuation of more 
than 30 em. Smaller fluctuations have oc-
curred, generally less than 3 em, which are 
attributed to major quakes in Mexico or 
Central America. These fluctuations are 
caused by expansion and compaction of the 
aquifer by surface waves of the earthquake. 

Changes in atmospheric pressure cause 
water-level fluctuations. During a storm 
of December 1967 a fluctuation of over 18 
em was recorded. Minor changes in atmo
spheric pressure also cause water-level 
fluctuations. Water levels were plotted for 

the 95-h period along with atmospheric 

pressure and rates of air transfer at DT-10 
(Fig. 1). Since the relationship is re
versed the water levels on the figure are 

inverted for comparison. Increase in at-

mospheric pressure causes water-level de-
cline while a decrease in pressure causes a 

water-level rise. The changes in water 
levels, atmospheric pressure and rates of 
air transfer are correlatable. 

The barometric efficiency of the aqui

fer can be expressed in terms of a column 

of water. The ratio of water-level changes 
to pressure change expresses the barometric 

efficiency of the aquifer (Table VI). The 

barometric efficiency ranged from 51 to 88 
percent for the four cycles. The smaller 
pressure changes with smaller volumes of 
air transferred resulted in the greater 
barometric efficiency. 

The aquifer penetrated by DT-9 is not 
homogeneous but is made up of three differ
ent rock types (conglomerate, volcanic flow 
rock, and sandstone) with three different 
coefficients of transmissibility and prob
ably three different head (water) pressures 
in each unit. The variation in barometric 
efficiency is the result of the different 
pressures within each unit. 

V. CONCLUSIONS 
The larger volume of air transfer oc

curs when atmospheric pressure change is at 

a maximum which results in air transfer pe
riods of a long duration. The transitional 

pressure at which periods change is depend
ent on the amount of pressure change, dura

tion of the period and volume of air trans

ferred during the previous period. The 

transitional pressure at which periods 
change increases during the intake period 

and decreases during the exhaust period. 

TABLE VI 

Cycle No. 

1 

2 

3 

4 

BAROMETRIC EFFICIENCY 

Max 
Max Atmospheric 

Atmospheric Pressure 
(cmHg) (cmllzO) 

.35 4.8 

.25 3.4 

.63 8.6 

.12 1.6 

Max 
Water-level Barometric 
Fluctuation Efficiency 

(cmHzO) (%) 

3.0 63 

2.6 76 

4.4 51 

1.4 88 

7 



The variation in barometric efficienc~ 

of the aquifer is the result of variation 

in head pressure in the different rock 

units of the aquifer. The larger baromet

ric efficiency occurs with smaller atmo

spheric pressure change and a decrease in 

efficiency with increased pressure change. 
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APPENDIX A 

PRELIMINARY THEORETICAL EXAMINATION OF AIR VOLUME 

TRANSFER THROUGH TEST HOLES 

Elementary theoretical considerations 

were made to gain insight into the phenome

non behind the observations of air transfer 

through test holes. The basic problem ap

pears to be one of response of flow in the 

test hole - reservoir rock system to pres

sure changes at the mouth of the hole. The 

governing equations for flow in the hole 

and in the porous reservoir can be speci

fied. An immediate consequence of the sys

tem structure is that the limiting flow is 

flow within the porous rock, hence this as

pect is the focus of the analysis. 

The steady flow through a porous medi

um (reservoir rock) is described by Darcy's 

law for fluid of constant density 

8 

].J > 
!(" u -'V (p + prl), (1) 

~here 1l is the fluid viscosity (ML-lT- 1), 

k the permeability (L 2), pis pressure 

(FL- 2), pis density (ML- 3), u is velocity 

(LT- 1), and n is an arbitrary potential with 

units of (T- 2). (l is generally used to 

account for gravity in the seepage of water 

through soils. 

A simple derivation of (1) from the 

fundamental equations for fluid flow will 

guide us in the extension to some nonsteady 

aspects of the flow. Writing the fundamen

tal momentum-conservation equations 

1 > 
- 'V p - 'V 1i + F. (2) 
-p 

If the time dependence and inertial terms 

are neglected in (2) and if the friction 

term F is mad~ proportional to the velocity 
> > 

through - ~ u = F the res lts E p u q. 
(1). Note that this is fundamentally dif-

ferent from the Stokes hypothesis for more 

pure fluid systems which puts the frictional 



stress proportional to the rate of strain 
or velocity gradient. The present analysis 
retains the time dependence but neglects 
inertial effects. The analysis is made for 
air flow rather than liquid, therefore the 
role of gravity is reduced and Eq. (2) can 
be simplified to 

> 
au + ll ti' rr Pl< 

1 
- -'V p • p (3) 

The assumption of constant density simpli
fies the mass continuity equation to 

> 
'V • u = o. (4) 

The calculation of the divergence of either 
Eq. (1) or (3), neglecting gravity, and use 
of Eq. (4), results in a soluble equation 
for the pressure field from which the veloc
ity can be calculated using Eq. (1) or (3), 

(5) 

Equation (5) forms a basis of a series of 
simple models described below, each with 
its interpretive value. 

(a) Two-dimensional, radially symmetric 
steady-state flow in a plane parallel to 
ground level (Fig. A-1). In this coordinate 
system, Eq. (5) becomes 

o, (6) 

where r is the radial distance from the 
center of the hole. Equation (6) can ~e 
solved by the substitution, r = es or s = 
ln r. Introducing the boundary conditions 
at the wall of the test hole, r 0 , p = 0 and 
u = u 0 , the solution is 

p (r) 

u (r) 

ro 
+ r uoro(ln r) 

ro 
uo r (7) 

Positive u, u 0 is directed from the wall 
radially outward. The selection of p = 0 

as a boundary con~ition is arbitrary and 
p = 0 is not an absolute value but a depar
ture from some equilibrium value. The gradi
ent of p, and not p itself, is important. 

Notice from Eq. (7) that the velocity 
drops off as the inverse of the distance 
from the wall. Hence u drops to 10% of u 0 
at 10 r

0
. Choice of 0.1 u0 as a cutoff for 

effects of the bore hole with r 0 = 0.2 m 
suggests that the flow involves a volume 
with a radius of 2 m. 

(b) Two-dimensional time dependent 
symmetric flow in a plane parallel to the 
ground level. Equation (3) yields the same 
pressure field as treated in (a). Intro
ducing a periodic condition on pressure at 
the wall and p = const. at r - Nr 0 gives a 
pressure field, 

p = sin vt Nro .;;....;;..;..;.....__.;...;;.. ln --, (8) 
ln N r 

where v is the frequency of the impressed 
boundary condition; a is its amplitude. 

The periodic solution of Eq. (3) with 
the pressure field given by Eq. (8) is of 
the form 

z 

Fig. A-1. Schematic diagram of three-di
mensional air transfer. 
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u(r,t) = (rlnN) ( 2 ! z)[k~ sin uk 2 cos ut~ 
k u +~ 

(9) 

Equation (9) shows that the velocity lags 

the external pressure by an amount 

-1 ~· 11 tan (- i)'l() - '! . (10) 

This supports qualitatively the results 

depic-ted in Fig. 1 where the velocity max

ima appear to be 1-3 h behind the pressure 

extremes. 

(c) Three-dimensional, axisymmetric 

steady-state flow. The three-dimensional 

analog to section (a) is a readily tractable 

problem and it can provide some insight in

to the limitations of the assumptions in 

(a). The starting point is again Eq. (5), 

which in circular cylindrical coordinates 

is 

(11) 

The coordinate z is oriented along the axis 

of the bore hole. Equation (11) can be 

solved by the technique of separation of 

variables, setting p(r,z) = R(r)~(z). This 

yields a pair of ordinary differential equa

tions for Rand ~. The equation for R, 

0 ' (12) 

has a solution 

K0 
and r 0 

are modified Bessel functions of 

the second and first kind respectively and 

are tabulated in many references (e.g. 

Abramowitz and Stegun (Ref. 1). The bound

ary condition of finite p at large r makes 

az = o. 
The equation for ~ gives some condi

tions on the parameter, m; • 

(14) 

10 

has solutions of the form 

~ _ b eimz + b -imz. 
"' - 1 ze (15) 

Choosing the real solutions, 

~ = b3 cos mz + b4 sin mz. (16) 

If z is chosen to be zero at ground level 

and increases downward, the boundary condi

tions can be specified as ~ = 0 at z = 0, 

p(r0 
z) =' az. The linear pressure gradient 

in the shaft is a reasonable hypothesis to 

account for flow into ca < 0) or out of 

ca > 0) the hole, although any specified 

pressure function would work as well. The 

first boundary condition makes b3 = 0. All 

wavelengths, m, contribute to ~ according 

to a weighting function (Fourier coeffi

cient) determined by the second boundary 

condition on ~. 

sin mz S(m)dm. (17) 

S(m) is determined using the properties of 

the Fourier transform 

S(m) 
z 
J 
0 

az sin mz dz 
li4 

S(m) a [4 sin mz* - !* cos mz*]. 
04 m 

(18) 

In (18), z* is the bottom of the test hole. 

S(m) is, as shown in Fig. A-2, heavily 

weighted toward low wavenumbers, m + 0. 

The transform pair, (17) and (18) determine 

the form of ~(z) = az everywhere; the form 

of S(m) which also affects R(r) (i.e., Eq. 

(13) is the most valuable result of the 

present treatment). Putting together the 

solution for p: 
00 

p(r,z) = J 
0 

p (r,z,m)S(m)dm 
m 

oo K
0 

(mr) 
f S(m)K

0
(mr

0
)az,dm, 

0 

(19) 
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Fig. A-2. Plot of the modified Zeroth order 
Bessel functions of the first 
kind (1

0
) and second kind (K
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where S(m) is given by (18). Equation (19) 

can be evaluated numerically using tabula

ted functions and the velocity can be simi-
1arly evaluated from 

k 
00 K

1 
(mr) 

J mS(m) dm 
)J 0 K0 (mr 0) 

_ ka 00 K0 (mr) 
J S(m) dm, 

)J K0 (mr) 
0 

which is just an application of (1). Rather 

than go into detailed evaluations, it is 
appropriate here to examine the results 
qualitatively. First the vertical compo

nent is constant at all heights for a given 
r but drops off according to K0 (mr) for 

larger r. K
0

(mr) behaves like [-tn(mr)] 
for small mr hence the three-dimensional 

flow exhibits properties very similar to 
the two-dimensional case in (a). The pres
ent case has some appealing aspects such as 
finite pressure for large r, and shows the 
nature of the streamlines in the reservoir 
rock; but the basic ideas of disturbed vol

ume and time lag behavior are not likely to 
be much different. 

The extension of case (c) to a time
dependent problem is conceptually straight
forward and would be a reasonable extension 
to the present analysis. Some of the assump
tions in this treatment in which second
order corrections could be made are: 

(1) constant density 
(2) neglect of gravity effects (related 

to (1)). However, these are likely to con

tribute only small adjustments to the re
sults described above. Modeling experiments 
with pressure described as different func

tions of time and depth in the shaft would 

also be interesting additions. 
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APPENDIX B 

GAS FLOW IN A HOMOGENEOUS ISOTHERMAL POROUS SOIL OR ROCK 

DUE TO VARIATION OF ATMOSPHERIC PRESSURE 

Atmospheric pressure variations induce 

pressure gradients in the soil and rocks of 
the earth's surface which result in a flow 

of the interstitial gas. An analytical mod
el describing this flow can be developed 

from Darcy's law and the principle of con
servation of mass. 

Consider a homogeneous isothermal po

rous medium having a porosity E (ratio of 

void to bulk volume) and permeability k [L 2]. 

The dynamic viscosity of the interstitial 
gas will be denoted by n [M L-lT- 1]. We 

assume that the movement of the interstitial 

gas is governed by the local pressure gradi

ent through Darcy's law. 

+ 
v k =-n ( 1) 

-1 -2 where P is the pressure [M L S ] and v is 

the volume flow rate per unit geometric area 

perpendicular to the direction of the flow. 
It should be noted that v has units of ve

locity [L T- 1]. Darcy's law is valid for 

Reynolds numbers less than 5. Reynolds num

bers several orders of magnitude less than 

this are expected for atmospheric pressure

induced flow in soil or rock and, hence, 

the use of Darcy's law is justified here. 

If we now look at a small volume t of 

the porous medium and consider conservation 

of mass for the interstitial gas, then it 

is required that 

a J J ... .... at P£dT a- (p~)·ds. (2) 

12 

where p is the density [M L- 3 ] and ds is the 

outward directed normal unit area vector to 
t • Making use of the divergence theorem, 

equating integrands in the result, and elim

inating~ by the use of Darcy's law gives 

(3) 

The isothermal condition requires that P/p = 
constant; therefore, Eq. (3) can be written 

as 

aP .. k :t ... 
~ v• (PVP) . 
e~t £11 (4) 

We now make use of the fact that atmospheric 

pressure variations p are small compared to 

the mean pressure P
0 

and write 

(5) 

Substituting Eq. (5) into Eq. (4) and line
arizing the result gives 

which can be written as 

where 

v2p • _a2 !£ 
lt' 

(6) 

(7) 

(8) 



It should be noted that (7) is simply a 
diffusion equation for the pressure pertur
bation with the diffusion coefficient being 
a- 2 We will now discuss the solution of 
Eq. (7) for some particular cases. 

CASE I: Transient Solution for a Gener
al Time-Dependent Pressure Perturbation at 
the Surface of an Infinitely Deep Plane Med
ium. 

For local atmospheric pressure perturba
tions at the earth's surface the earth may 
be considered flat and of infinite extent 
and depth. In this case the problem can be 
considered one-dimensional. We will choose 
the z-axis perpendicular to the earth's sur
face with the positive direction upward. 
The boundary conditions are 

p ( 0, t) p* ( t) (9) 

p( -"', t) =finite value, (10) 

where p*(t) is the atmospheric pressure per
turbation at the surface. For transient 
solutions the initial condition will be 
chosen as 

p ( z, 0) o, (ll) 

which requires no perturbation at t = 0 and, 
hence, no gas flow initially. 

Under these conditions the transient 
solution for a general time-dependent per
turbation at the surface can be found by 
use of Laplace transforms and is 

1 -!:t rt _ 1/2 
p = - zazv J p*(t - ~)~ 

0 

exp(- ja2z2~-l)d~. 
(12) 

CASE II: Linear Pressure Perturbation at 
the Surface of Case I. 

As an example of the use of the general 
solution (12) in Case I we now consider a 
linear pressure perturbation of the form 

p = a t, ( 13) 

where a is a constant. Atmospheric pressure 
variation associated with the passage of a 
frontal system can to a first approximation 
be represented by this type of ramp function. 

Substituting Eq. (13) in Eq. (12) and 
carrying out the indicated integration yields 

z z - !s_ p = (at+~ aa. z )erfc( -~a.zt 1 + 

~ z z -1 aa.z(tltr) exp(-~a. z t ) (14) 

where erfc denotes the complementary error 
function defined by 

erfc(x) = 1- erf(x) = Zv ·i:xp(- u2)~u. (l 5 ) 
X 

The resulting velocity field is found 
by applying Darcy's law to Eq. (14). This 
gives 

v =- Zaa.(k/ n)(t/11')~(~a.zt-\r~erfc(-!a.zt-~) 
1 z z -1 2 + exp(- ,-a. z t ) ] . 
.. (16) 

At the surface (z = 0) Eq. (15) reduces 
to 

v(z = 0) =- Zaa.(k/n)(t/11') ~=- Za(£k/(nP ,..)'p t ~. 
0 (17) 

Hence, in this case the volume flux from 
the surface will vary as t~ as long as the 
linear pressure ramp continues. 

CASE III: Established Sinusoidal Pressure 
Variation at the Surface. 

Diurnal pressure variations have an os
cillating nature. If we assume a pressure 
perturbation at the surface of the form 

p* ( t) cp sin (w t), (18) 

and if we only consider times such that the 
initial condition is unimportant, then the 
solution to Eq. (7) for the boundary condi
tions of Eq. (18) and Eq. (10) is 

13 



p cp exp(Bz)sin(wt + Bz) (19) 

where 

B=(w/2)\x. (20) 

The corresponding velocity field is 
again found from Darcy's law and is 

v = ; ~ +exp(~z) { sin(w t + ~z) + cos( wt + ~z) }· 

( 21) 

At the surface (z = 0) Eq. (22) becomes 

v(z;:O)= + [£kw/( 1'\P0 )]sin(wt + 11'/4). 
(22) 

ALT:366{140) 
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It should be noted that the velocity is 45° 
out of phase with the assumed surface pres
sure perturbation. 

For average soils we 
k = l0- 8cm2 , and n = 1.8 
A reasonable estimate of 
we can let the period of 

can choose E = 0.5, 
-4 -1 -1 x 10 g em s • 

cp/P
0 

is 0.01 and 
oscillation be 24 

hours. These values yield an amplitude of 
the surface velocity (flow rate per unit 
area) to be 4 x l0- 4cm s-1 • 
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GEOHYDROLOGY OF WHITE ROCK CANYON OF THE 
RIO GRANDE FROM OTOWI TO FRIJOLES CANYON 

by 

W. D. Purtymun, R. J. Peters, and J. W. Owens 

ABSTRACf 

Twenty-seven springs discharge from the Totavi Lentil and Tesuque For
mation in White Rock Canyon. Water generally acquires its chemical 
characteristics from rock units that comprise the spring aquifer. Twenty
two of the springs are separated into three groups of similar aquifer-related 
chemical quality. The five remaining springs make up a fourth group with a 
chemical quality that differs due to localized conditions in the aquifer. 
Localized conditions may be related to recharge or discharge in or near 
basalt intrusion or through faults. Streams from Pajarito, Ancho, and Fri· 
joles Canyons discharge into the Rio Grande in White Rock Canyon. The 
base flow in the streams is from springs. Sanitary emuent in Mortandad 
Canyon from the treatment plant at White Rock also reaches the Rio 
Grande. 

I. INTRODUCfiON 

The Los Alamos Scientific Laboratory (LASL) 
and the communities of Los Alamos and White Rock 
are located on the Pajarito Plateau west of the Rio 
Grande. The eastern edge of the plateau terminates 
along White Rock Canyon. This canyon is formed by 
downcutting of the Rio Grande (Fig. 1). The eleva
tion of the Rio Grande is about 1680 m at Otowi 
decreasing to 1620 m at the confluence of Frijoles 
Canyon, about 18 km to the south. The western rim 
of the canyon is formed by the Pajarito Plateau, 
which rises as much as 340 m above the river. The 
eastern rim of the canyon is formed by the uplands of 
La Mesita and Cerros del Rio that rise above the 
river 200 m to 380 m, respectively. 

The Pajarito Plateau, west of the Rio Grande, is 
drained by Los Alamos, Sandia, Mortandad, Pa-

jarito, Water, Ancho, Chaquihui, and Frijoles Can
yons. The area east of the river is drained by Canada 
Ancha and several smaller, unnamed canyons. With 
two exceptions, the canyons drop precipitiously into 
White Rock Canyon. The channels in Los Alamos 
Canyon and Canada Ancha slope steeply to the river 
(Fig. 2). 

Sanitary effluent from the treatment plant at 
White Rock forms a perennial flow in lower Mortan
dad Canyon that discharges into the Rio Grande. 
Base flow in streams in Pajarito and Ancho Can
yons is from spring discharge from the Totavi Lentil. 
The springs provide perennial flow to the Rio 
Grande. The flow in lower Frijoles Canyon is inter
mittent, with discharge reaching the river when 
evapotranspiration rates are low. Some water is dis
charged directly into the river from alluvial fans at 
the mouth of Los Alamos and Frijoles Canyons. 
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Fig. I. 
Topographic features adjacent to White Rock 
Canyon. 

Twenty-seven springs and seeps are located in 
White Rock Canyon from Otowi to Frijoles Canyon. 
Of these, seven are located on the east side of the Rio 
Grande. These springs discharge ground water from 
the upper surface of the main aquifer of the Los 
Alamos area (west of White Rock Canyon), which 
rises westward from the river through the Tesuque 
Formation. 1

•
2 To the east the aquifer remains within 

the Tesuque Formation. East of the river, basalts in
truded in and through the Tesuque Formation (at La 
Mesita and Cerros del Rio) form a partial barrier to 
ground water movement toward the river.3 

In 1964, a study was made of the geohydrology of 
the White Rock Canyon.• The chemical quality of21 
springs and 3 streams was described. These springs 
and stations on the streams are used as a part of the 
present water quality monitoring system. The 
springs and streams are sampled on an average of 
every two years for chemical and radiochemical 
analyses. The purpose of this paper is to update the 
1964 report. This will provide a better basis for in
terpreting of water quality data for the annual report 

2 

issued by LASL, "Environmental Surveillance at 
Los Alamos."H 

II. GEOLOGY 

White Rock Canyon is located near the center of 
the Espanola Basin, which contains sediments and 
interbedded basalts.8 The canyon was formed by the 
downcutting of the Rio Grande through the basaltic 
rocks of Chino Mesa. The basaltic rocks form the rim 
and upper parts of the canyon walls (Figs. 3, 3A, 3B, 
3C). The Puye Formation underlies the basalts and 
is exposed in the canyon above the siltstones, sand
stones, and interbedded basalts of the Tesuque For
mation. The latter forms the lower part of the can
yon walls and floor. 

The Tesuque Formation and the Totavi Lentil 
(lower member of the Puye Formation) are described 
in detail as these units contain springs and seep 
areas. The description of the units is drawn largely 
from Griggs and are described from oldest to 
youngest.9 

The Tesuque Formation is a sequence of light
colored sediments laid down as coalescing alluvial 
fan and flood plain deposits in the Rio Grande 
depression. It is composed of moderately well
cemented beds of fine to coarse grained arkosic silt
stone and sandstone and some conglomerate and 
clay lenses. The Tesuque Formation also contains 
some volcanic debris and interbedded basalts. North 
of the confluence of Water Canyon and the Rio 
Grande the sediments are mostly fine-grained. They 
are shown in Figs. 3A-3C as TS(FG). South of the 
confluence of Water Canyon and the river, the out
crops of the Tesuque Formation contain interbedded 
basalt flows. The sediments above and below the 
basalts contain volcanic debris that is much coarser 
than the sandstone that is found in the Tesuque For
mation to the north. These basalts and coarser sand
stones are shown in Fig. 3C as TS(CG). The coarser 
sandstones and interbedded basalts are younger 
than the main body of the Tesuque Formation that 
is present from Otowi to Water Canyon. 

The Puye Formation consists of two members. 
The lower member is a channel fill deposit named 
the Totavi Lentil. The upper member, the 
fanglomerate member, is composed of volcanic 
debris. 

' I 
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Generalized location of springs in White Rock Canyon. 
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The Totavi Lentil overlies the Tesuque Formation 
along the Rio Grande to a point below Ancho Can
yon. Here it wedges out between the underlying 
Tesuque Formation and the overlying basaltic rocks 
of Chino Mesa (Fig. 3C). The Lentil consists mainly 
of subrounded to well-rounded quartzite and quartz 
pebbles and boulders. Sorting is generally poor, but 
well-sorted lenses of silt and sand are present. The 
thickness ranges from a few meters to about 15 m. 
The Totavi Lentil is shown in Figs. 3A-3C as 
QTp(TL). 

The fanglomerate member of the Puye Formation 
is a gray fanglomerate composed of rhyolite, latite, 
quartz latite, some basalt, and water laid pumice in 
a matrix of silt and sand. The fanglomerate overlies 
the Totavi Lentil south of Los Alamos Canyon and 
wedges out between the lentil and basaltic rocks of 
Chino Mesa about 3 km south of Otowi. The 
fanglomerate does not outcrop along the eastern 
edge of White Rock Canyon. The fanglomerate 
member is shown as QTp in Fig. 3A. No springs or 
seeps issue from the fanglomerate member. 

The basaltic rocks of Chino Mesa consist of 
numerous reddish-brown to black basalt flows. 
These are vesicular to dense and include interflow 
zones of clay, silt, and basalt fragments. The basalts 
rest on the Tesuque Formation south of Ancho Can
yon and on the Totavi Lentil and fanglomerate 
member north of Ancho Canyon. Along Los Alamos 
Canyon, younger basalt flows overlie the 
fanglomerate member. Basalt intrusion through the 
Tesuque Formation forms numerous plugs in La 
Mesita and Cerros del Rio. The basaltic rocks of 
Chino Mesa are shown in Figs. 3A-3C as QTb. The 
basaltic rocks of Chino Mesa contain no springs or 
seeps. 

Recent alluvium along the Rio Grande consists of 
silt to boulder-size debris of a variety of materials. 
Near Otowi the alluvium may be as much as 8 m 
thick; southward it forms a thin sheet overlying the 
Tesuque Formation. At the mouth of Los Alamos, 
Sandia, Mortandad, Pajarito, Ancho, and Frijoles 
Canyons large alluvial fans are deposited, causing 
the water to flow against the east canyon wall. The 
alluvium along the Rio Grande is not shown on Figs. 
3A-3C as it was not of consequence to this study. 
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III. HYDROLOGY 

Water from springs generally acquires its chemical 
characteristics by solution of minerals in the rock 
units that compose the aquifer. Based on similar 
water quality and aquifer characteristics, the springs 
have been separated into four groups: Group I
springs that discharge from the Totavi Lentil; Group 
II-springs that discharge from the Tesuque Forma
tion coarse-grained sediments; Group III-springs 
that discharge from Tesuque Formation fine-grained 
sediments, and Group IV -springs that discharge 
near intrusion basalts or faults having a slightly dif
ferent chemical characteristic because of localized 
conditions of the aquifer. These Group IV springs 
discharge from the fine-grained Tesuque Formation 
along the east side of the canyon. They are in the 
area of numerous basalt flows and intrusions that 
form La Mesita and Cerros del Rio. 

High f1ow in the Rio Grande has covered some of 
the springs at times when samples were collected, so 
that in some years these data are missing. A near 
complete set of data was collected in 1978. These 
chemical data are considered to be representative of 
the quality of water from the individual springs. The 
missing data were filled in from the most recent 
years. 

The chemical analyses were performed to deter
mine the types of water and if chemical quality 
changes takes place with time. No samples were col
lected and analyzed for bacteria. 

In comparing data from individual springs and 
streams over the years, some slight variation in 
chemical quality is evident. The chemical variations 
are small and are due to seasonal influences such as 
changes in air temperature and the effects of 
evapotranspiration on spring discharge. The varia
tions in water quality are within the range normally 
expected and are not considered significant. 

Radiochemical analyses of spring and stream 
water are performed along with chemical analyses. 
Radiochemical analyses are for gross alpha, gross 
beta, 137Cs, 238Pu, 239Pu, 3H, and total U. The con
centrations of 137Cs, 238Pu, 239Pu, and 3H have been 
below limits of detection in samples collected since 
1967. During 1978 the limits of detection for 137Cs 
was <120 pCi/.t: 238Pu, and 239Pu were <0.02 pCi/.t: 

' I 
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and 3 H was <1500 pCi/.t. 8 Thus, only the gross 

alpha, gross beta, and total U in water from the 

springs and streams are discussed. This radioac

tivity is natural. taken in the solution by the ground 

water moving through the aquifers. 

A. Springs 

The Group I springs (Totavi Lentil) are all on the 

west side of the river. They range in elevation from 

17:37 m in Sandia Canyon to the north to 1683 m near 

Pajarito Canyon and then increase in elevation to 

the south to 1737 m near Ancho Canyon where the 

Totavi Lentil wedges out between the coarse-grained 

Tesuque Formation and basaltic rocks of Chino 

Mesa (Figs. 3A-3C). Springs in this group form the 

base flow in Pajarito and Ancho Canyon {Table 1). 

Discharge from all but two of the springs reaches the 

Rio Grande. The discharge in Sandia Canyon {San

dia Spring) and Water Canyon {Spring 5AA) is 

depleted by infiltration into the alluvium and 

evapotranspiration before reaching the river. 

Discharge from the Group I springs is a calcium 

and bicarbonate water {Fig. 4). The average sulfate 

and chloride concentrations are about 4 mg/.t. Total 

dissolved solids (TDS) range from 112 to 210 mg/.t, 

with an average concentration of 163 mg/.t {Table 

II). 

The Group II springs (Tesuque Formation, coarse

grained sediments) are located on both sides of 

White Rock Canyon. Six of the springs (Springs 5A, 

5B, 6, 6A, 7 and 8) are located at the edge of the 

channel (Fig. 2). These springs discharge about 30 

l/s directly into the river. Springs in or near Cha

quehui Canyon (Springs 8A, 9, 9A, and Doe) are 

located 40 to 60 m above the river. They provide 

water for large areas of vegetation. All discharge 

from Doe and Spring 9A is lost to infiltration or 

evaporation before reaching the river. Spring 10 dis

charges <0.1 /,/s from the edge of the alluvial fan at 

the mouth of Frijoles Canyon. 

The discharge from the Group II springs is a 

sodium and bicarbonate water. The average sulfate 

and chloride concentrations are about 3 mg/l. The 

TDS range from 154 to 262 mg/l, with an average 

concentration of 183 mg/.t. 

The Group III springs (Tesuque Formation, fine

grained sediments) are located on the west wall of 

8 

the canyon below Otowi (Fig. 3A). The springs form 

large seep areas that are covered with vegetation. 

There is no discharge to the river because of the large 

losses to evapotranspiration. 

Discharge from the Group III springs is also a 

sodium and bicarbonate water. Chemical concentra

tions in general are higher than in the Group I and 

Group II springs. Sulfate concentrations are about 

10 mg/.t while chlorides are low at 3 mg/.t. The TDS 

ranges from 194 to :236 mg/.t, with an average of 215 

mg/.t. 
There are five springs in Group IV, La Mesita, 

Ancha, 2A, 3B, and Canada (Fig. 2, Table II); these 

springs are located on the east side of the river. 

These springs discharge from the fine-grained Tesu

que Formation where there are numerous basalt 

flows and plugs as well as faults. 

La Mesita Spring is a seep area in and adjacent to 

a small channel that drains the steep western side of 

La Mesita (Fig. 1). La Mesita is formed by a series of 

intruded basalts. The seeps are in a part of the fine

grained Tesuque Formation. At the source are the 

remains of a gallery set into the bank above the 

channel. The water from the gallery was probably 

used by the now abandoned Denver and Rio Grande 

Railroad. La Mesita spring is about 20 m above the 

Rio Grande (Fig. 2). The spring discharges into the 

channel. The channel below the springs contains 

heavy growth of shrubs and trees, and only when 

evapotranspiration rates are low does water from the 

spring reach the Rio Grande. The discharge from La 

Mesita Spring is a sodium and bicarbonate water. 

Sulfate is about 12 mg/.t, chloride 6 mg/.t, and TDS 

about 286 mg/.t. 

Ancha Spring is located about 2.6 km east of the 

Rio Grande in a small canyon cut into the Cerros del 

Rio (Fig. 2). The small canyon is a tributary to 

Canada Ancha. Water from the spring issues from 

near the contact of the basalt with underlying 

volcanic sediments. Water from the spring does not 

reach Canada Ancha. Discharge from the spring is a 

calcium and sulfate water. Sulfates are 212 mg/l, 

chloride 5 mg/l, and TDS 508 mg/l, about twice 

the TDS concentrations found in other springs in 

White Rock Canyon. 
Spring 2A is located on the east side of the river at 

about river level. The spring appears to discharge 

from fine-grained sediments of the Tesuque Forma

tion; however, the chemical characteristics differ 

I I 
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Group I (T ... vi Laa&il) 
Sandia Sprinc 
Sprinc 3 
Spri~t~3A 

Spri111 3AA 
Spri111 4 
Spri~t~4A 

Spriftl:; 
Spri111 l;AA 
Aacho Sprinc 

Gnup II (TAIUIIue Fa. C.U. GraiMII) 
Sprinc :;A 
Spri111 :;u 
Spri111 6 
Spriftl 6A 
Spri111 7 
Sprinc 8 
SpriftlllA 
Sprinc 9 
Sprinc 9A 
Doe Sprinc 
Sprinc 10 

Gnup Ill (T--.ue Fa. FIM GraiMII) 

Sprinc 1 
Sprinc 2 

Grwp IV (T ..... ue Fa. FiMGraiMII Nau 
8uak la&nuiM • Fallha) 

La M•ita Sprinc 
Ancha Sprinc 
Sprinc 2A 
Sprinc 38 
Cal\ada Sprinc 

TADU:I 

RECORDS OF SPRINGS IN WHITE ROCK CANYON 

Elevati011 Temp 
(a) TOIJOCrapWe Situati011 (•C) ---

17:17 Seep a~a in and adjacent to channel :!:! 
169.') Oravel ~elface above river :!".l 
Ul91; Gravel terrace above river :!".l 
1688 Gravel terrace above river 19 
168.1 Gr.vel elope above river 19 
16113 Grravel terrace above channel 21 
1&118 Gravel on 1teep adope above river 21 
17:;& Seep in channel form» poola 18 

1737 Graveia underlyinc bualt in channel 22 

1641; Fractu,. in bualt at ed11e of river 21 

1646 Steep alope at ed!!e of river 16 

uwo Fracturea in baaalt at ed!!e o1· river 23 

1638 Fractu,. in b-It at river level :l".l 
1637 Slope at qe of river 21 
1637 Slope at ed11e u( river :!".l 

1682 Seep in channel on canyon wall :!".l 

1679 Lar1e aeep area above river 20 
1684 Seep area on c:anyon wall 19 

1707 Seep area in channel and canyon wall 21 

1634 Ed1e of alluvial fan above river 19 

1711 Seep area on alope abov'e river 18 

1707 Seep area on llope above river 17 

1700 Seep area in and above channel 17 

1760 Seep area in channel, volcanic aedimenta 21 
1671; Gravel alon& edie of river 22 

1676 Terrac:e on alope above river 20 

1682 Seep area in Cai141da Ancha 19 

DiiiCharce 
at 

Rio GraMe 
Wa) Remark• ----

0 Sandia Canyon 
I 
:I 

<1 
:u 

:17 Pajaritu Canyon 
O.ti 
0 Water Canyon 
4.:1 Ancho Canyon 

1.7 
11.6 
:1.6 
9.5 

II 
4.4 
1.6 
0.5 
0 Chaquihui Canyon 
0 Chaquihui Canyon 

<I io'rijole» Canyon 

0 
0 

<I Hemaino1 of 11allery above channel 

0 
<I 

2 
0 



mqll 
140 120 100 80 60 40 20 0 200 400 600 

Co 
No 

Fig. 4. 

TDS 

GROUP 1 
(TOT AVI LENTIL) 

GROUP II 
(TESUQUE Fm CGl 

GROUP m 
(TESUQUE Fm FGl 

GROUP Dl 
(LA MESITA SPR.l 

GROUP J:lZ 
(SPR 2Al 

GROUP Dl 
(ANCHA SPRl 

GROUP Cl 
(CANADA SPR. l 

Graphic comparison of chemical character
istics of water from springs. 

from other springs in the canyon. The discharge to 
the river is estimated at less than 0.1 l/s. The dis
charge from spring 2A is a sodium and bicarbonate 
water. The sulfates are about 7 mg/l, chlorides 2 
mg/.t, and TDS 270 mg/.t. 

Spring 3B is located east and about 30 m above 
the Rio Grande. The main discharge is from the top 
of a low mound on a moderate slope. The mound is 
composed of a blue clay containing gravels of 
rounded quartz and quartzite. The surface of the 
area is covered with black vescular basalt and red 
scoria. Numerous seeps supporting a thick cover of 
salt grass occur in the area. About 2l/s of discharge 
from the spring and seeps reach the river. Discharge 
from spring 3B is also a sodium and bicarbonate 
water. Sulfates are 16 mg/.t, chlorides 4 mg/l, and 
TDS are elevated at 500 mg/l. 

10 

Canada Spring is located east of the Rio Grande in 
the channel of Canada Ancha. It is a seep area in 
fine-grained sediments of the Tesuque Formation 
adjacent to a basalt plug. The discharge from the 
spring is a calcium and bicarbonate water. Sulfates 
are 106 mg/.t, chlorides 3 mg/.t, and TDS 298 mg/.t 
(Table II). 

Gross alpha, gross beta and total U in water from 
the springs and streams are due to natural radioac
tivity taken into solution from the aquifer (Table 
III). Concentrations of gross alpha and gross beta 
were similar in Group I, II, and III springs. The con
centration of total U in Groups I and II was slightly 
higher than Group III springs. 

Gross alpha, gross beta, and total U were generally 
higher in Group IV springs (La Mesita, Ancha, 2A, 
3B, and Canada) than in water from Groups I, II, or 
III. Gross alpha, gross beta, and total U concentra
tion in water from Spring 3B has been consistently 
higher than water from any of the other springs in 
the canyon. The radioactivity is natural occurring, 
leached from the rock units of the aquifer. Water 
from the Group IV springs is also highly mineralized. 

The chemical quality of water from the four 
groups of springs is quite good. The maximum con
centrations of SO •• Cl, F, N03, and TDS are well 
below drinking water standards (Table IV). The con
centrations of gross alpha, and total U in water from 
the Groups I, II, and III springs were below drinking 
water standards. 10 Measurements of gross alpha in 
water from the Group IV springs (La Mesita, Ancha, 
2A, and 3B) range from 5.5 to 13 pCi/.t or above the 
standard of 5 pCi/l. This may be due to presence of 
2•Ra. Additional analyses are necessary to validate 
the water for domestic use. Total U in the Group IV 
is well below drinking water standards. 11 

B. Streams 

Streams from Mortandad, Pajarito, Ancho, and 
Frijoles Canyons enter the Rio Grande between 
Otowi and Frijoles Canyons. Base flow in Mortan
dad is sanitary effluent from the treatment plant at 
White Rock. Base flow in Pajarito and Ancho Can
yons is from springs discharging from the Totavi 
Lentil near the Rio Grande. Base flow in Frijoles 
Canyon is from a series of headwater springs located 
about 13 km west of the Rio Grande on the flanks of 
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TABLE III 

GROSS ALPHA, GROSS BETA, AND 
TOTAL URANIUM IN WATER FROM SPRINGS 

(Analy~et in pCi/l except aa noted) 

Min Max 
Grot•_ Alpha 

X • -
Group I <0.5 2.4 1.4 0.9 
Group II <0.5 2.1 0.9 0.6 
Group III 0.9 1.0 1.0 0.1 
Group IV 

La Mesita 6.3 
Ancha 8.0 
Spring2A 5.5 
Spring38 13.0 
Canada 3.2 

GrottBeta 
Min Max X • -

Group I 1.1 5.4 3.4 1.5 
Group II 0.2 3.6 2.6 1.1 
Group III 1.8 3.9 2.8 1.5 
Group IV 

La Mesita 7.0 
Ancha 11.0 
Spring2A 4.5 
Spring 38 11.0 
Cai!ada 5.1 

Total U• 
Min Max i' 8 

Group I <0.01 1.9 0.6 0.6 
Group II <0.1 1.3 0.5 0.6 
Group III 2.2 2.3 2.2 0.1 
Group IV 

La Mesita 14.0 
Ancha 14.0 
Spring2A 8.0 
Spring 38 20.0 
Canada 3.7 

--------
·~~-gil. 

the mountains. A comparison of the chemical 
characteristics of the four streams is shown in Fig. 5 
and detailed analyses are presented in Table IT. 
Stream samples are collected above the confluence 
with the Rio Grande. 

The chemical quality of water in Mortandad Can
yon is typical of treated sanitary effluent. Sodium is 
75 mg/t, sulfate 37 .mg/t, chlorides 29 mg/t, nitrates 
60 mg/t, and TDS at 552 mg/t (Table IT). Moat 
chemical constituents are higher than found in 
natural waters of the region. 

Base flow in Pajarito Canyon is principally a 
calcium and bicarbonate-type water similar to that 
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discharging from springs in the Totavi Lentil (Table 
ll). Sulfates are about 6 mg/t, chlorides about 5 
mg/t, and TDS about 186 mg/t. The base flow in 
Ancho Canyon is a sodium and bicarbonate water. 
Though the main base flow is from springs in the 
Totavi Lentil, water from the coarse-grained sedi
ments of the Tesuque Formation is added to the 
flow. Consequently, the flow increases downgradient 
in the canyon. Sulfates and chlorides are about 2 
mg/t and TDS 160 mg/t (Table II). 

A wildfire in June 1977 burned about 26 km2 of the 
drainage area in upper Frijoles Canyon. Investiga
tion of the chemical quality of the stream at 
Bandelier National Monument Headquarters (about 
4 km from the river) indicates slight post-fire in
creases in calcium, bicarbonate, chloride, fluoride, 
and TDS in the base flow when compared to data 
collected from 1957 through March 1977.12 Analyses 
of the water from Frijoles stream at the Rio Grande 
in July 1977 indicated slightly higher concentra
tions of calcuim, bicarbonate, and TDS when com
pared to analyses of water collected in November 
1979 (Table II). Principal ions in 1979 were calcium 
and bicarbonate with sulfate concentrations of 4 
mg/t, chlorides 3 mg/t, and TDS 138 mg/t (Table 
II). With continued flushing of the burn area by 
storm runoff and recovery of the vegetative cover, 
the quality of water in the stream will return to nor
mal within 3 to 5 yr. 

Gross alpha, gross beta, and total U concentra
tions are normal in water from the stream near the 
Rio Grande, with the exception of gross beta (18 
pCi/t) from Mortandad Canyon (Table V). Treated 
sanitary effluents almost always contain higher gross 
beta activity than natural waters due to higher con
centrations of potassium.7 

The chemical quality of water from the streams is 
generally quite good. The concentrations of SO., Ct, 
F, N01, and TDS meet the drinking water standards 
with the exception of N01 in sanitary effluents in 
Mortandad Canyon. The N01 of the effluents is 
about 20 mg/t greater than permitted for domestic 
use (Table IV). The gross alpha and total U are 
below standards or criteria.10 

The release of sanitary effluent in Mortandad 
Canyon has little or no effect on the chemical quality 
of water in the Rio Grande because of the dilution 
factor. The discharge of effluent at the Rio Grande is 
<0.03 m1/s compared to the mean discharge of the 
Rio Grande of about 30 m3/s. 11 



TABLE IV 

COMPARISON OF MAXIMUM CONCENTRATIONS OF SELECT CHEMICAL 
AND RADIONUCLIDE CONCENTRATIONS WITH DRINKING WATER STANDARDS 

mg/t Gross Total 
so. Ct F N03 TDS Alphab uc 

Standards• 600 250 1.6 45 1000 5 1800 
Springs 

Group I 9 6 0.8 2 210 2.6 1.9 
Group II 7 5 0.5 <2 262 2.1 1.3 
Group Ill 13 3 1.0 <2 236 1.0 2.3 
Group IV 212 6 0.4 32 508 13 20 

Streams 
Naturald 6 5 0.5 2 246 2.5 0.9 
Effluent• 37 29 0.9 60 552 <0.5 0.5 

---------
•USEPA National Interim Primary Drinking Water Standards and NMEID Water Supply 
Regulations. 10

'
11 

bpCi/t. 
CJ.Lg/l, 
dPajarito, Ancho, and Frijoles stream. 
•Mortandad stream, sanitary effluent. 
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Graphic comparison of chemical character
istics of water from streams. 

TABLEV 

GROSS ALPHA, GROSS BET A, AND TOTAL U 
IN WATER FROM STREAMS 

(Analyses in pCVt except as noted) 

Gross Gross Total 
Stream Alpha Beta u• 

Mortandad <0.5 18 0.5 
Pajarito 2.5 4.3 0.4 
Ancho <0.5 2.2 <0.1 
Frijoles <0.5 3.4 <0.4 
---------
•p.gjt. 

IV. SUMMARY AND CONCLUSIONS 

Twenty-seven springs are located in the reach of 
White Rock Canyon from Otowi to the confluence of 
Frijoles Canyon. Chemical quality of water from the 
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springs is separated into four groups. Three groups 
have similar aquifer related chemical quality. Group 
I springs discharge a calcium and bicarbonate type 
water from the Totavi Lentil. Group II springs dis
charge a sodium and bicarbonate type water from 
coarse-grained sediments of the Tesuque Formation. 
Group III springs discharge a sodium and bicar
bonate water from fine-grained sediments of the 
Tesuque Formation. Water from Group III springs 
contains slightly higher chemical concentrations 
than the water from Group II springs. Group IV con
sists of five springs, La Mesita, Ancha, 2A, 3B, and 
Canada, each having slightly different chemical 
characteristics because of localized conditions of the 
aquifer. In general, chemical constituents in water 
from the Group IV springs are higher than those 
found in Groups I, II, and III springs. 

Chemical quality of water from individual springs 
has varied slightly in samples collected from 1964 
through 1979. The variations are normal due to 
seasonal variations and are not considered signifi
cant. 

Four streams enter the Rio Grande in White Rock 
Canyon from Otowi to the confluence of Frijoles 
Canyon. The quality of water in Mortandad Canyon 
reflects the quality of treated sanitary effluent 
released from the plant at White Rock. The effluent 
has little or no effect on the quality of water in the 
Rio Grande because of the dilution factor. The 
quality of water in Pajarito Canyon reflects the base 
flow from Group I springs in the Totavi Lentil. The 
quality of water in Ancho Canyon reflects mainly the 
base flow from Group I springs in the Totavi Lentil, 
which is modified slightly by some discharge from 
the coarse-grained sediments of the Tesuque Forma
tion before the stream reaches the Rio Grande. Base 
flow in Frijoles Canyon is from springs about 13 km 
west of the Rio Grande. The wildfire in June 1977 in 
the drainage area of Frijoles Canyon had only slight 
effect on the quality of water at the river. 

The chemical quality of water from the springs 
and streams is good. The concentrations of S04 , Ct, 
F, N03, and TDS are below drinking water stan
dards with the exception of N03 in sanitary effluents 
found in Mortandad Canyon. It should be noted that 
no bacteria samples were collected and analyzed. 
Thus, the chemical quality may be good, but the 
water from the springs and streams may not be 
potable due to bacteria. 
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RADIOCHEMICAL ANALYSES OF SAMPLES FROM 
BENEATH A SOLID RADIOACTIVE WASTE DISPOSAL PIT 

AT LOS ALAMOS, NEW MEXICO 

by 

W. D. Purtymun, M. A. Rogers, M. L. Wheeler* 

ABSTRACT 

Solid radioactive wastes are disposed of by burial in pits excavated in 
rhyolite tuff at the Los Alamos Scientific Laboratory (LASL). Contaminants 
in the waste include fission products, uranium, and transuranic elements. 
In 1976, horizontal core holes were drilled beneath a waste disposal pit that 
was used from 1963 to 1966. Samples of the core were analyzed for gross 
alpha, gross beta, total uranium, ""Sr, 137Cs, 238Pu, 239

•
2'"Pu, and 241 Am. The 

measured gross alpha, gross beta, and uranium concentrations were above 
minimum detection limits; concentrations of the remaining radionuclides, 
all of which are man-made isotopes, were below the minimum detection 
limits. Statistical comparisons were made of the gross alpha, gross beta, 
and uranium data to identify any significant variations from natural con
centrations in the tuff. The comparisons demonstrated that none of the 
radioactivity detected in the samples can be attributed to migration from the 
disposal pit. 

I. INTRODUCTION 

Shallow land burial has been used for disposal of 
solid radioactive wastes at LASL since the early 
1940s. Previous studies have shown that there is lit
tle potential for migration of radionuclides from the 
wastes because of the geologic and hydrologic 
characteristics of the disposal sites. '· 2

•
3 The purpose 

of this investigation was to determine whether any 
radionuclides have migrated downward from a waste 
pit used in the early 1960s. Horizontal core holes 
were drilled beneath the pit from a nearby canyon 
wall, and samples of the core were analyzed for 
radioactive constituents known to be present in the 

pit. The results of these analyses were then com
pared with expected background values from non
contaminated areas. 

*Authors listed in alphabetical order. 

II. THE STUDY SITE 

A. Description and Location 

The LASL technical areas (T A) are located on the 
Pajarito Plateau, a topographic high along the 
western side of the Rio Grande Valley in northern 
New Mexico. The Plateau slopes gently eastward 
from the base of the Sierra de los Valles to the cliffs 
overlooking the Rio Grande (Fig. 1). Southeast 
trending streams have dissected the Plateau into 

1 
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Fig. 1. 
Physiographic features of the Los Alamos area 

showing location of Mesita del Buey. 

narrow finger-like mesas. The majority of LASL's 

facilities, including waste disposal sites, are located 

on the tops of these mesas. 

In 1956, Area G, T A-54, was designated for the 

disposal of solid radioactive waste (Fig. 1). The 

wastes range from rubber gloves and glassware to 

parts of obsolete buildings and equipment that can

not be decontaminated. They are buried in pits 

ranging in size from 9 to 30 m wide, 45 to 180m long, 

and 4 to 10m deep. The waste is placed in layers 1 to 

~ m deep, and each layer is covered with approx

Imately 0.5 m of crushed tuff. The pits are filled to 

within 1 m of the land surface, and covered with 1.5 

to 2 m of crushed tuff. This final cover is slightly 

mounded above the original grade to encourage sur

face runoff. Some wastes are placed in vertical 

shafts, which range from 0.6 to 1.8 m in diameter, 

and up to 20 m deep.' 

Solid waste Pit 3 at Area G was selected as the 

study location. It is typical of disposal pits at LASL 

(size and types of waste) and the surrounding terrain 

provided ready access to a drilling location. Further, 

there are no disposal shafts adjacent to Pit 3; possi

ble lateral migration from wastes below the bottom 

of the pit is not a concern. 

Pit 3, excavated in 1963, is 30 m wide, 160 m long, 

and about 8 m deep.' Waste was placed in the pit in 

seven layers, which were separated by crushed or 

broken tuff. A final cover of 3 m of crushed tuff was 

2 

placed over the waste. Waste disposal records in

dicate the quantities and location of waste in the pit. 

The inventory of radionuclides in the pit shows that 

the amount of 3H, 90 Sr, mixed activation and fission 

products is uncertain. A partial inventory shows 64 

curies of 239
'
240Pu and 58 curies of 241 Am when the pit 

was covered.4 The total amounts probably do not ex

ceed these figures by a factor of 2. The records also 

show about 10 curies of uranium, primarily 235U and 
238U. The pit was filled and the final cover completed 

in 1966. 

B. Geology 

The surface and underlying rocks of the Pajarito 

Plateau are ash flows and ash falls of rhyolite tuff 

from the Jemez volcanic complex.5 The tuff is un

derlain by partially lithified sediments, basalt, and 

other volcanic rocks. The study location, in Area G, 

is near the eastern end of one of the mesas (Mesita 

del Buey) forming the Plateau. This mesa trends 

southeast, and is about 3.2 km long by 0.4 km wide. 

The surface slopes from an elevation of about 2100 m 

near the western end to about 2010 m at its eastern 

end at Area G. It is bounded on the north and south 

by canyons cut 15 to 30 m below the mesa surface 

and several small side drainages serate the edge of 

the mesa. 
The sides of the mesa are vertical or near-vertical 

cliffs, with steep slopes at their base. The ash-flow 

tuffs on the north-facing slopes of the canyon walls 

are generally covered with talus, while those on the 

south-facing slopes are exposed. The surface of the 

mesa has a thin soil zone, up to a meter thick along 

the axis of the mesa and thinning toward the canyon 

rim where the tuff is exposed. 

The Tshirege Member of the Bandelier Tuff forms 

the upper surface and underlies the mesa at Area 

G. 5
'
6

'
7 It is a rhyolite tuff composed of a basal ash 

fall, followed by a series of ash flows. The Tshirege 

has been divided into several units, with the lower 

four present at Mesita del Buey (Fig. 2) .8 These 

units are typically nonwelded to moderately welded, 

and composed of quartz and sanidine crystals and 

crystal fragments, with some rock fragments of 

latite, rhyolite, and pumice in an ash matrix. The 

units are distinguished from each other by the 

degree of welding, color, and the size and relative 
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proportions of the crystal, rock and pumice frag
ments. The Bandelier Tuff contains numerous ver
tical or near vertical joints. These joints may be 
open or closed, or may have a filling of clay or 
caliche. Most of the joints do not cross into forma
tions underlying the Bandelier Tuff. 

C. Climatology 

The climate of the Pajarito Plateau is semiarid; 
annual precipitation ranges from 35 to 50 em and 
potential evaporation is on the order of 150 em. 
Summer rainfall accounts for about 70% of the an
nual precipitation. The mean annual temperature is 
goc with extremes of 35°C in the summer and 
-25°C in the winter. 

D. Hydrology 

The undisturbed soils have significant accumula
tions of clay at the soil-tuff contact. 9 This clay is 
relatively impermeable, and retards the downward 
movement of infiltrated precipi-tation. As a result, 
the underlying tuff is quite dry, with moisture con
tents usually ranging from 2 to 5% by volume below 
a few meters. 

The hydrologic characteristics of the undisturbed 
tuff vary with the degree of induration. The tuff has 
a saturated hydraulic conductivity on the order of 
I0- 3 em/min, and the conductivity decreases rapidly 
with decreasing water content.'" At a water content 
of 5% by volume, the hydraulic conductivity of the 
tuff is less than 10-s em/min,'" and water movement 
is primarily in the vapor phase through the bulk tuff 
or open joints. 

The hydrologic characteristics of disturbed 
crushed tuff, used as a final cover over the waste 
trenches, are comparable to those of undisturbed 
tuff.'" The hydraulic conductivity is somewhat 
higher because of greater effective porosity. 
Measurement of moisture distributions in the 
crushed tuff overlying buried waste show that the 
highest moisture contents (15-20% by volume) occur 
at depths of less than 3m, with a continual decrease 
in moisture content below that depth. The high 
values are associated with spring snowmelt or sum
mer thunderstorm activity, and within a few weeks 
the infiltrated water is returned to the atmosphere 
by evaporation or transpiration.7 

There is no known perched water at Area G 
between the surface of the mesa and the main 
aquifer of the Los Alamos area. The main aquifer 
(capable of municipal and industrial water supply) 
lies at a depth of 250 m below the surface of the 
mesa. The movement of water in the aquifer is from 
the recharge area, an intermontane basin west of Los 
Alamos, to the Rio Grande where a part of the water 
is discharged to the river through seeps and 
springs." 

Stream flow in the canyon north and south of Area 
G is intermittent and occurs only during periods of 
heavy precipitation or spring snowmelt. The inter
mittent stream in the canyon to the south recharges 
a small body of water in the alluvium. The alluvium 
in the canyon north of Area G does not contain any 
perched water because of the relatively small 
amount of surface runoff in that drainage. 

3 
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Fig. 3. 
Southeastern part of Area G, showing location 

of waste pits and drill pad. 

III. METHODS OF STUDY 

A. Sample Collection 

For this study it was necessary to collect samples 

of the tuff from beneath Pit 3 for radiochemical 

analyses. Horizontal drilling to collect the samples 

was selected for two reasons. 

1. Vertical holes would penetrate the wastes and 

possibly lead to cross-contamination of the 
samples. 

2. Previous attempts at vertical coring in the tuff 

led to poor sample recovery. 
A drill pad was constructed in a small canyon east 

of the pit (Fig. 3). Five horizontal holes (Fig. 4) were 

cored under the pit using air as a cuttings carrier to 

avoid contamination of the core by drilling mud or 

water. During drilling operations the air and cut

tings from the holes were discharged into a closed 

tank partly filled with water. The water retained 

most of the cuttings. The air from the tank was ex

hausted through high-velocity filters to retain any 

remaining dust that might otherwise have been 

transmitted to the atmosphere. Water and cuttings 

from the tank were monitored for radioactive con-

4 
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Orientation of core holes beneath Waste Pit 3, 

Area G. 

tamination, as was the ambient air in the area. No 

contamination was detected in the water, cuttings, 

or air. 
The completion data on each core hole were 

published in a summary report by Reynolds 

Electrical and Engineering Company, 12 while the 

geologic desciption of cores from the holes was 

presented in a LASL publication. 13 

The starting elevation of each hole was below the 

bottom of the pit, and the holes were oriented at in

itial angles slightly above the horizontal. As coring 

of a given hole progressed, the angle decreased 

because of gravitational rotation of the coring as

sembly and drill stem. (The coring angle and com

pass orientation were determined periodically with 

down-hole survey instruments.) At some distance 

from the drilling face, the hole angle passed through 

the horizontal, and assumed a negative angle, 

plunging gently downward beneath the pit (Figs. 5 

through 9). Thus, the core holes were not at a cons

tant depth beneath the pit. Cores recovered for 

analyses ranged in depth from 0.0 to 3.4 m at the 

near (eastern) edge of the pit, to 3.1 to 7.2 m at the 

far (western) edge of the pit (Table I). 

' I 
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Three of the stratigraphic units of the Bandelier 

Tuff were penetrated by the core holes. All holes 

were initiated in Unit 2b. Core holes MH-2 and MH-

5 were completed in Unit 2b, holes MH-3 and MH-4 

were completed in the upper part of Unit 2a, and 

hole MH-1 was completed in Unit lb. The recovery 

for a given core run varied from 37 to 100%. 13 As the 

core was logged, samples were collected at intervals 

of about every 1.5 m from the collar to within 5.5 m 

of the pit, and at intervals of about every 0.3 m from 

that point to the end of the hole. '3 

B. Radiochemical Analyses 

The core samples were analyzed for gross alpha, 

gross beta, 9"Sr, 238Pu, 239
•
240Pu, 241 Am, 137Cs and total 

uranium. The following is a brief description of 

6 

analytical methods. Detailed methods of analyses 

are presented in LA-7263-MS. 8 

The tuff cores were dried, ground, and sieved 

through No. 12 ( ~1.7 mm) screens. Separate ali

quots of the prepared tuff were taken for each 

analysis. Tuff for gross alpha and gross beta analyses 

was leached with hot acid and the leachate 

evaporated onto a stainless steel planchet before 

counting in a thin window, dual gas proportional 

counter. Analytical results for gross alpha are 

reported with respect to 239Pu as a standard, and for 

gross beta with respect to 90Sr-90Y as a standard. Ali

quots of tuff for 238Pu and 239
•
240Pu analyses were 

spiked with 242 Pu to determine recovery percentages, 

while for 241 Am the aliquots were spiked with 243Am. 

The Pu and Am were isolated by ion exchange, 

electroplated on a stainless steel disk, and counted 

on an alpha spectrometer. Aliquots of tuff for 137Cs 



TABLE I 

HOLE LENGTH AND DEPTH BELOW PIT 
AT NEAR AND FAR EDGE 

Core Holes 

MH-1 MH-2 MH-3 MH-4 MH-5 

Total distance cored (m) 87.5 

Hole length at near 53.2 
edge of pit (m) 

Hole length at far 84.6 
edge of pit (m) 

Depth beneath pit at 3.4 
near edge (m) 

Depth beneath pit at 7.2 
far edge (m) 

---------
8 Completed beneath pit. 
bCompleted in fill within pit. 

analyses were counted directly with a Ge(Li) detec
tor, coupled with a multichannel analyzer. Tuff for 
90Sr analyses was dissolved with acid. The sample 
was extracted with HDEHP to remove the eoy 
daughter and any interfering radionuclides. Stable 
Y was added as a chemical carrier. After allowing 
the eoy to re-equilibrate with the 90Sr, the sample 
was re-extracted, the Y purified, and the sample 
counted on a gas proportional counter. Aliquots of 
tuff for total uranium analyses were irradiated by 
epithermal neutrons in a nuclear reactor and then 
counted with a Ge(Li) gamma ray spectrometer. 

The minimum detection limits (MDL) for gross 
alpha and gross beta activity are 0.8 and 0.03 pCi/g, 
respectively. The MDL for 137Cs is 0.5 pCi/g; for 
238Pu, 239

·
240Pu and 241 Am, 0.005 pCi/g; for 90Sr, 1.0 

pCi/g; and for total uranium, 0.4 J.Lg/g. 

82.9 86.9 92.7 73.2 

53.6 51.8 54.9 67.1 

82.98 82.3 87.8 73.2b 

1.2 0.6 0.8 0.0 

3.1 3.1 4.4 0.3 

IV. RESULTS AND DISCUSSION 

A. Strategy 

The Bandelier Tuff contains naturally-occurring 
radionuclides, which emit alpha and/or beta radia
tion, including uranium. The presence of gross 
alpha, gross beta or uranium concentrations above 
expected background values would indicate possible 
migration of radionuclides from the waste pit to the 
underlying tuff. Further, elevated values in samples 
from beneath the pit compared with those from 
beside the pit, would be an additional indication of 
migration from the pit. Detection of the artificially 
produced radionuclides, 90Sr, 137Cs, 238Pu, 239

•
240Pu, 

and' 241 Am, would indicate migration from either the 
waste in the pit, or from surface deposition of fallout 
from atmospheric tests. 

7 



TABLE II 

NATURAL AND FALLOUT 

CONCENTRATIONS OF RADIOACTIVITY 
AND RADIONUCLIDES IN REGIONAL 

SOILS AND SEDIMENTS 

(Concentrations in pCVg except as noted) 

Min Max X 

Gross Alpha 0.1 18 4 
Gross Beta 0.2 13 5.2 
111Cs <0.01 1.06 0.32 
111Pu <0.001 0.010 <0.001 
111Pu <0.001 0.045 0.008 
10Sr <0.01 10 0.25 

Total u• <0.1 5.1 1.8 

·~gig. 

Concentrations of man-made radionuclides occur

ring in surface soils and sediments have been deter

mined for the period 1974-1978 in the area sur

rounding LASL, and are presented in Table II,B The 

natural uranium content of the tuff varies from unit 

to unit. 14 Concentrations measured in samples from 

outcrops are summarized in Table III. The data in 

Tables II and III are included for comparison with 

the analytical results for samples collected adjacent 

to and under the pit. 

B. Analytical Results 

The analytical results for samples from the core 

holes are summarized in Tables IV through VIII. 

Shown in the tables are the minimum, maximum, 

mean (x), and twice the standard deviation (2S) for 

the number of analyses made in each core hole. The 

MDL for each analysis is shown in the respective 

table. The± value following the minimum and max

imum values is the analtyical errors (lS) associated 

with that particular analysis. In order to conclude, 

at the 95% confidence level, that a particular 

radionuclide is present in a sample, the reported 

value minus twice the analytical error must exceed 

the stated MDL. If the reported value minus twice ' 

the analytical error is less than MDL, it can only be 

8 

TABLE III 

URANIUM CONCENTRATIONS IN OUTCROP 

SAMPLES OF BANDELIER TUFF 
(concentration, ~g/g) 

Unit Min Max 

2b 
2a 
lb 

3.9 
4.9 
7.2 

6.3 
8.2 
8.2 

X 

5.0 
7.1 
7.8 

concluded, at the 95% confidence level, that the 

radionuclide was not detected in the sample at con

centrations above the MDL. 

Each set of analyses is grouped according to the 

core holes from which the samples were collected. 

The analyses are further divided into those samples 

adjacent to the pit, and th~se samples underlying 

the pit. Data that might reflect naturally-occurring 

radioactivity (gross alpha, gross beta and uranium) 

were further subdivided into those samples from 

Unit 2b, Unit 2a, and Unit lb. Unit lb was en

countered only in core hole MH-1 (Fig. 5). 

A total of 354 samples were analyzed for gross 

alpha and gross beta (Tables IV and V). Of these, 

191 samples were from under the pit, and 165 sam

ples were from the area adjacent to the pit. All 

measured concentrations were above the minimum 

detection limits. 
A total of 107 samples from the five core holes 

were analyzed for total uranium (Table VI). These 

included all samples showing alpha activity sub

stantially above the mean value. Fifty-eight of the 

samples were from the area adjacent to the pit, while 

the remaining 49 samples were from under the pit. 

All measured concentrations were above the 

minimum detection limits. 
A total of 43 analyses were made for 137Cs from 

samples from the five holes. Of these, 11 were from 

the area adjacent to the pit, and 32 were from under 

the pit (Table VII). The 137 Cs concentrations were at 

or below the MDL of 0.50 pCi/g. 

Forty-four samples from the five core holes were 

analyzed for 238Pu and 239
•
240Pu (Table VII). Of the 44 

samples, 11 were from the area adjacent to the pit 



TABLE IV 

GROSS ALPHA ACTIVITY IN SAMPLES FROM CORE HOLES 
ADJACENT TO AND UNDER PIT 3 

(concentrations in pCVg) 

No. of 
Analyses Min Max X 2a 

Adjacent to Pit 
Unit2b 

MH-1 22 2.0 ± 1.0 5.6 ± 2.4 3.5 2.0 
MH-2 27 1.9 ± 1.0 5.7 ± 2.4 3.0 1.8 
MH-3 18 1.9 ± 1.0 5.1 ± 2.2 2.7 2.0 
MH-4 21 2.0 ± 1.0 3.9 ± 1.6 2.8 1.0 
MH-5 65 1.6 ± 1.0 4.7 ± 2.0 2.9 1.2 

Unit2a 
MH-1 12 2.9 ± 1.4 8.7 ± 3.6 4.0 3.2 

Under Pit 
Unit2b 

MH-2 51 2.6 ± 1.2 6.4 ± 2.8 4.3 2.0 
MH-3 52 2.1 ± 1.1 6.1 ± 2.6 3.8 1.8 
MH-4 37 2.6 ± 1.2 8.3 ± 3.4 3.6 2.0 
MH-5 5 2.6 ± 1.2 3.3 ± 1.6 3.0 0.6 

Unit 2a 
MH-1 14 3.2 ± 1.4 5.5 ± 2.4 4.3 1.2 
MH-4 18 2.6 ± 1.2 5.6 ± 2.4 3.8 2.0 

Unit lb 
MH-1 12 7.3 ± 3.0 13.0 ± 6.0 9.7 4.4 

---------
Note: MDL gross alpha 0.8 pCi/g, referenced to 289Pu as standard. 

and 33 were from the area under the pits. All 
analyses were below the MDL of 0.005 pCi/g. 

Forth-three samples from the five core holes were 
analyzed for 24-J Am (Table VIII). Of the 43 samples, 
1:~ were from the area adjacent to the pit and 30 were 
from the area t.~nder the pit. The analyses were below 
the MDL of 0.005 pCi/g. 

Forty-three samples from the five core holes were 
analyzed for 90Sr (Table VIII). Of the 43 samples, 11 
were from the area adjacent to the pit and 32 were 
from under the pit. All the analyses were below the 
MDL of 1.0 pCi/g. 

C. Discussion 

Gross alpha, gross beta, and uranium concentra
tions in the samples were all above the minimum 

detection limits. For each type of analysis, a com
posite of the sample analyses from all holes 
penetrating a particular unit under the pit was com
pared statistically with a composite of analyses for 
samples in the same unit in the area adjacent to the 
pit. Further, the analyses were grouped according to 
geologic unit and compared with each other. All 
comparisons were made at a 95% confidence level. 

The comparison of results showed no significant 
differences in gross alpha, gross beta, or uranium 
concentrations in samples from under the pit com
pared with those away from the pit for Units 2a and 
2b. Unit lb was not encountered in the area away 
from the pit because of its stratigraphic position. 
The comparisons did show differences in gross 
alpha, gross beta, and uranium concentrations 
between units; results for 2a and 2b were similar, 
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TABLE V 

GROSS BETA ACTIVITY IN SAMPLES FROM CORE HOLES 

ADJACENT TO AND UNDER PIT 3 

(concentrations in pCVg) 

No. of 
Analyses Min Max X 2a 

Adjacent to Pit 
Unit 2b 

MH-1 22 1.6 ± 0.6 6.1 ± 1.4 3.5 2.2 
MH-2 27 0.8 ± 0.6 3.5 ± 1.0 2.0 1.4 
MH-3 18 1.1±0.4 5.2 ± 1.2 2.2 1.3 
MH-4 21 1.1 ± 0.6 3.8 ± 1.0 1.9 1.6 
MH-5 65 0.7 ± 0.6 3.7 ± 1.0 1.8 1.2 

Unit2a 
MH-1 12 2.4 ± 0.8 6.2 ± 1.4 3.8 2.4 

Under Pit 
Unit2b 

MH-2 51 -0.5 ± 0.4 5.0 ± 1.2 2.8 1.8 

MH-3 52 1.3 ± 0.6 6.3 ± 1.4 2.8 2.0 
MH-4 37 1.4 ± 0.6 5.1 ± 1.2 2.4 1.8 

MH-5 5 1.7 ±u.s 3.0 ± 0.8 2.2 1.0 
Unit2a 

MH-1 14 1.7 ± 0.8 4.3 ± 1.0 2.8 1.6 

MH-4 18 1.1 ± 0.6 4.5 ± 1.2 2.3 1.8 
Unit lb 

MH-1 12 4.2 ± 1.2 6.5 ± 1.4 5.4 2.2 

---------
Note: MDL gross beta 0.03 pCi/g, referenced to 90Sr as standard. 

but concentrations in Unit lb were significantly 

higher for all three types of analysis. 

The analyses for man-made radionuclides in

dicate that such radionuclides are not present in the 

samples at concentrations above detection limits. 

The differences in gross alpha and gross beta con

centrations between Unit lb and Unit 2a or 2b are 

substantially greater than the magnitude of the 

minimum detection limits. Thus, man-made 

radionuclides known to be in the pit cannot be 

responsible for these differences. 
The differences in measured uranium concentra

tions between the various units are of the same 

magnitude as the measured differences in gross 

alpha concentrations. Thus, the elevated concentra-

10 

tion or uranium (an alpha emitter) in Unit lb is 

considered to be the primary source of the higher 

gross alpha values for the unit. Other naturally

occurring alpha emitters, such as those belonging to 

the thorium decay series, are known to be present in 

the tuff, 15 and are also likely contributors to the 

elevated alpha values. Concentrations of uranium in 

outcrop samples (Table III) are similar to those in 

samples from beneath and beside the pit in the 

respective units. 
The pattern of elevated gross beta concentrations 

was similar to that for gross alpha and uranium, and 

could not be accounted for by measured concentra

tions of man-made beta emitters. However, tritium 

(3H), a naturally-occurring beta emitter, is also a 
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TABLE VI 

TOTAL URANIUM IN SAMPLES FROM CORE HOLES 
ADJACENT TO AND UNDER PIT :l 

(concentrations in J.Lg/g) 

No. of 
Analyses Min Max X 2a 

Adjacent to Pit 
Unit 2h 

MH-1 9 4.4 ± 1.0 .S.O ± 1.0 4.7 0.4 
MH-2 11 4 . .S ± 1.0 .S.O ± 1.0 4.7 (J.:l 
MH-:l 10 4.8 ± 1.0 .S.2 ± 1.0 4.9 ().;l 
MH-4 10 4.:l ± 1.0 4.R ± 1.0 4.6 0.4 
MH-.S 16 4 . .S ± 1.0 6.2 ± 1.2 4.9 O.H 

Unit 2a 
MH-1 2 4.7 ± 1.0 .S.O ± 1.0 4.R 0.4 

Under Pit 
Unit 2b 

MH-2 9 4.1 ± 0.8 G.4±1.0 4.H 0.9 
MH-:l 9 4.G ± 1.0 .s.:l ± 1.0 4.7 O.G 
MH-4 4 4.7 ± 1.0 .S . .S ± 1.0 .'i.O 0.7 
MH-G 2 .'i.O ± 1.0 .'i.9 ± 1.2 .S.4 I.:l 

Unit 2a 
MH-1 7 4.9 ± 1.0 s.:l ± 1.0 !) . 1 0. 1 
MH-:l .S.l ± 1.0 G.! 1.0 
MH-4 7 4 . .S ± 1.0 s.:l ± 1.0 G.O 0 .:) 

Unit lb 
MH-1 10 6.7 ± 1.4 R.6 ± l.R 7.4 1.2 

---------

Note: Total uranium MDL, 0.4 mg/g. 

known contaminant in the waste pit, primarily as 
tritiated water (HTO). The possible migration of 
tritium was not investigated in this study because 
the cores were obtained by drilling with air. 
Tritiated water vapor in the air would thus be mixed 
with any tritiated water in the core, rendering 
uHeless any data on tritium content of the samples. 

The movement of tritium (as tritiated water 
vapor) from disposal pits and shafts has been 
documented. 16

•
17 The tritiated water is incorporated 

in the natural f1ow of moisture in the tuff. This 
migration appears to be due primarily to the move
ment of water vapor through the open joints and 
fractures of the tuff. The movement through the 
hulk of the tuff is restricted, but is greater in zones of 
higher effective porosity. 

It is thus feasible that tritium, while not 
specifically analyzed for, contributed to the elevated 
gross beta concentrations observed in Unit lb. Only 
qualitative interpretations of possible tritium con
centrations are possible; the technique used for gross 
beta determination is very imprecise for measure
ment of tritium concentrations. However, several 
observations argue against the possibility that the 
obHerved gross beta variations resulted from tritium 
in the samples. The concentration of potassium (and 
the associated 4°K, a natural beta emitter) vary by a 
factor of two among units. 15 It was previously noted 
that concentrations of uranium and thorium (and 
their associated decay chains) vary between Units 
1 b and 2a or 2b. Both decay chains contain 
numerous beta emitters, which would contribute to 

11 
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TABLE VII 

CESIUM AND PLUTONIUM IN SAMPLES FROM CORE HOLES 
ADJACENT TO AND UNDER PIT 3 

(concentrations in pCVg) 

No. of 
Analyses Min Max X 2cr 

187Cs 
Adjacent to Pit 

MH-1 2 -0.10 ± 0.40 0.20 ± 0.60 0.05 0.42 
MH-2 2 -0.10 ± 0.80 0.00 ± 0.40 -0.05 0.14 
MH-3 2 0.03 ± 0:20 0.30 ± 0.80 0.11 0.32 
MH-4 2 0.00 ± 0.16 0.06 ± 0.16 0.03 0.08 
MH-5 2 -0.03 ± 0.06 0.04 ± 0.04 0.01 0.10 

Under Pit 
MH-1 11 -0.06 ± 0.36 0.50 ± 1.20 0.09 0.36 
MH-2 7 -0.15 ± 0.60 0.20 ± 0.80 0.03 0.26 
MH-3 6 -0.03 ± 0.12 0.30 ± 0.40 0.08 0.24 
MH-4 6 -0.05 ± 0.40 0.04 ± 0.40 0.01 0.08 
MH-5 2 -0.17 ± 0.40 -0.07 ± 0.12 -0.12 0.14 

zaapu 
Adjacent to Pit 

MH-1 3 -0.003 ± 0.006 0.001 ± 0.008 -0.003 0.004 
'\ 

MH-2 2 -0.002 ± 0.002 0.000 ± 0.002 -0.001 0.002 
MH-3 2 -0.001 ± 0.001 0.000 ± 0.002 -0.000 0.000 
MH-4 2 -0.001 ± 0.001 0.001 ± 0.002 -0.000 0.002 
MH-5 2 0.001 ± 0.002 0.001 ± 0.010 0.001 0.000 

Under Pit 
MH-1 13 -0.003 ± 0.003 0.001 ± 0.002 0.000 0.002 
MH-2 6 -0.001 ± 0.002 0.001 ± 0.008 0.002 0.008 
MH-3 5 -0.001 ± 0.001 0.000 ± 0.002 0.000 0.000 
MH-4 6 -0.002 ± 0.002 0.000 ± 0.002 -0.001 0.002 
MH-5 2 -0.001 ± 0.002 0.000 ± 0.004 0.000 0.002 

2"Pu 
Adjacent to Pit 

MH-1 3 -0.004 ± 0.006 -0.001 ± 0.002 -0.002 0.004 
MH-2 2 0.000 ± 0.002 0.001 ± 0.002 0.001 0.000 
MH-3 2 -0.001 ± 0.001 0.000 ± 0.002 0.000 0.002 
MH-4 2 -0.001 ± 0.001 0.000 ± 0.002 0.000 0.002 
MH-5 2 -0.002 ± 0.001 '-0.001 ± 0.006 -0.001 0.002 

Under Pit 
MH-1 13 -0.001 ± 0.003 0.003 ± 0.003 0.000 0.002 
MH-2 6 -0.002 ± 0.003 0.002 ± 0.010 0.000 0.002 
MH-3 6 -0.001 ± 0.002 0.003 ± 0.004 0.000 0.004 
MH-4 6 -0.002 ± 0.002 0.001 ± 0.002 0.000 0.002 
MH-5 2 -0.001 ± 0.003 -0.003 ± 0.006 -0.002 0.002 

--------- --· --~--- ----

12 Note: MDL for 187Cs, 0.50 pCi/g; 288Pu, 289Pu, 0.005 pCi/g. 
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TABLE VIII 

AMERICIUM AND STRONTIUM IN SAMPLES FROM CORE HOLES 
ADJACENT TO AND UNDER PIT 3 

2'1Am 
Adjacent to Pit 

MH-1 
MH-2 
MH-3 
MH-4 
MH-5 

Under Pit 
MH-1 
MH-2 
MH-3 
MH-4 
MH-5 

sosr 
Adjacent to Pit 

MH-1 
MH-2 
MH-3 
MH-4 
MH-5 

Under Pit 
MH-1 
MH-2 
MH-3 
MH-4 
MH-5 

(concentrations in pCVg) 

No. of 
Analyses 

3 
3 
3 
2 
2 

12 
5 
5 
6 
2 

2 
2 
3 
2 
2 

12 
7 
6 
5 
2 

Min Max 

0.000 ± 0.002 0.001 ± 0.002 
0.000 ± 0.002 0.001 ± 0.002 
0.001 ± 0.002 0.002 ± 0.006 
0.000 ± 0.002 0.003 ± 0.002 
0.000 ± 0.002 0.000 ± 0.092 

0.000 ± 0.002 0.004 ± 0.004 
0.000 ± 0.002 0.001 ± 0.004 
0.000 ± 0.002 0.003 ± 0.006 

-0.002 ± 0.006 0.002 ± 0.002 
0.000 ± 0.002 0.000 ± 0.002 

0.40 ± 0.20 0.50 ± 0.20 
0.00.± 0.40 0.20 ± 0.20 
0.10 ± 0.20 0.80 ± 1.80 
0.00 ± 0.08 0.10 ± 0.20 
0.10 ± 0.20 0.10 ± 0.20 

0.02 ± 0.20 0.40 ± 0.20 
0.05 ± 0.20 0.20 ± 0.20 

-0.03 ± 0.40 0.40 ± 0.20 
0.00 ± 0.20 0.10 ± 0.20 

-0.10 ± 0.20 0.20 ± 0.20 

Note: MDL for 2
'

1Am 0.005 pCi/g; 90Sr, 1.0 pCi/g. 

X 2u 

0.000 0.002 
0.000 0.002 
0.001 0.002 
0.001 0.002 
0.000 0.002 

0.000 0.002 
0.001 0.002 
0.001 0.002 
0.000 0.002 
0.000 0.000 

0.45 0.14 
0.10 0.28 
0.43 0.70 
0.05 0.14 
0.10 0.00 

0.24 0.44 
0.15 0.32 
0.14 0.36 
0.06 0.10 
0.05 0.42 

the observed differences. Finally, the elevated gross 
beta concentrations were observed in the lowest unit 
penetrated (lb), with lower concentrations in the 
overlying Units 2a and 2b. If tritium in the waste pit 
were the source of the elevated gross beta concentra
tions, the concentrations would be higher im-

mediately adjacent to the bottom of the pit. For 
these reasons, the possible presence of tritium in the 
samples is not considered to be the source of the 
observed differences in gross beta concentrations 
among stratigraphic units. Rather, these variations 
are attributed to natural beta emitters in the tuff. 

13 



V. SUMMARY AND CONCLUSIONS 

A. Summary 

Solid radioactive wastes from LASL are disposed 

of by burial in pits excavated in rhyolite tuff at 

LASL disposal sites. The semiarid climate, coupled 

with relatively low permeabilities of soil and un

derlying tuff, restricts the downward movement of 

water within waste materials. This study was per

formed in an attempt to detect the migration of 

radionuclides in waste to the tuff immediately un

derlying a waste pit. 
Waste Pit 3, used from 1963 to 1966 was selected 

as the study location. Disposal records identified the 

presence of 3H, 90Sr, mixed activation and fission 

products, 239
•
240Pu, 241 Am, and uranium as contami

nants in the waste. 
The tuff at the study location has been divided 

into several stratigraphic units, distinguishable from 

each other by chemical and physical properties. The 

natural concentrations of uranium, as well as other 

natural radionuclides, vary from unit to unit. 

In 1976, horizontal core holes were drilled in a fan

shaped array beneath the disposal pit from a drill 

pad in an adjacent drainage. The depth of the core 

holes beneath the bottom of the pit varied from 

nearly zero to more than seven meters. Samples of 

tuff adjacent to and beneath the pit were analyzed 

for radionuclides known to be present in the pit, as 

well as for gross alpha and gross beta radiation. The 

analytical results from samples beneath the pit were 

compared statistically with those from samples from 

beside the pit. The analytical results were also 

grouped according to stratigraphic units, and com

parisons were made between units and with outcrop 

data for the respective units. 

B. Conclusions 

The man-made radionuclides known to be present 

in the pit, 90Sr, 137Cs, 238Pu, 239
•
240Pu, and 241Am, were 

not present in the samples at concentrations above 

the minimum detection limits. 
Gross alpha and gross beta radiation, as well as 

uranium, was detected in the samples. However, the 

tuff contains naturally-occurring radionuclides, in

cluding uranium. There are no statistically signifi

cant differences in the concentrations of gross alpha, 

14 

gross beta, or uranium in samples from under the pit 

compared with those adjacent to the pit within 

respective stratigraphic units. 
Uranium concentrations varied between 

stratigraphic units, but the mean values from the 

cores were statistically indistinguishable from con

centrations measured in outcrops. Similar 

variability in gross alpha concentrations between 

units is attributed to the observed variability in 

uranium, as well as to other naturally-occurring 

radionuclides. 
Gross beta variations were also observed between 

stratigraphic units. Tritium, a known contaminant 

in the waste pit and a weak beta emitter, was not 

analyzed for because of potential cross

contamination with atmospheric tritium. However, 

the pattern of beta variations (increasing downward 

from the pit) provides a strong argument that 

tritium from the pit is not the source of the observed 

variability. Rather, the variations are attributed to 

other naturally-occurring radionuclides. 

Thirteen years elapsed between the initial use of 

the disposal pit and this investigation. The state of 

the waste containers in the pit is uncertain, but 

many were undoubtedly ruptured at the time of dis

posal through compaction by heavy earthmoving 

equipment. Further, much of the waste, including 

some contaminated soil, was not in containers. Thus 

most of the radionuclides in the pit can be assumed 

to be available for dissolution by moving soil 

moisture. The actual rates of such dissolution are 

not known. 
The expected water flow velocities in the solid and 

crushed tuff, on the order of fractions of a em/year, 

suggest that no migrating solutions would be detec

table at depths of more than a few centimeters 

beneath the pit. That expectation is not con

tradicted by this study, in that no radionuclides 

were detected in the samples whose presence can be 

attributed to migration from the pit. 
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GEOLOGIC DESCRIPTION OF CORES FROM 
HOLES P-3 MH-1 THROUGH P-3 MH-5, AREA G, TECHNICAL AREA .54 

by 

William D. Purtymun 
Merlin L. Wheeler 

Margaret Anne Rogers 

ABSTRACT 

Five horizontal holes were cored beneath Pit 3 near the southeast edge of 
Mesita del Buey at Area G. The pit, filled and covered by 1966, contains 
solid radioactive wastes. The holes were cored to obtain samples of the tuff 
underlying the pit to determine if there has been any migration of 
radionuclides by infiltration of water in the past lO yr. The five holes were 
collared in Unit 2b of the Tshirege Member of the Bandelier Tuff; three of 
the holes plunged downward into Unit 2a. This report describes the rock 
units penetrated by core holes and the joint characteristics observed. The 
locations of core samples selected for analyses are related to the floor of the 
pit. 

I. INTRODUCTION 

l\Iesita del Buey is a narrow. southeast-trending 
mesa near the eastern margin of the Pajarito 
Plateau (Fig. ll. The mesa slopes gently from an 
ele\·ation of about 2100 m near its western edge to 
about 2000 mat its eastern edge. It is covered with a 
thin clay soil, underlain by a series of ashflows of 
rhyolite tuff. 1 Southeast-trending canyons to the 
north and south of the mesa have cut 15 to 40 m 
below the mesa surface. 

SCALE 
0 5km 

FiR. I. 

WH:TE 
ROCK 
AND 

PAJARITO 
ACRES Area G. Technical Area .')4 (TA-54). has been 

designated by the Los Alamos Scientific Laboratory 
( LASL) for the disposal and storage of solid radioac
tive wastes. These wastes are placed in shafts or pits 
dug into the surface of the mesa. Studies made b\ 
the U. S. Geological Survey in 19i3-i4 emphasized 
the need to determine if any contamination from 
these wastes had moved into the underlying tuff." 

Location of Mesita del Buey on the Pajarito 
Plateau. 
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Pit 3. one of the older pits in Area G. was ex
cavated in 1963 and covered by 1966. It is located in 
the southeastern part of the area (Fig. 2). Since Pit 3 
waste was buried over 10 yr ago, this area is one of 
the better sites at LASL for studying the possible 
migration of radionuclides. Five horizontal holes 
were cored under Pit 3 using air as a cuttings carrier 
to avoid contamination of the core by water (fig.:)). 
A vertical hole was also cored through the tuff and 
into the top of the underlying basalt. to obtain 
geologic information. The coring was done during 
the period from April 6 through May 2:3, 1976. b~· 

Re\'nolds Electrical and Engineering Compan~· 

(REEC'ol of Las Yegas. ::\evada. Construction and 
completion data for each core hole were published in 
a summan· report prepared by REECo.3 

The holes were oriented to pass about 1 m 
beneath the pit. The elevation of the floor of the pit 
ranged from 2021.:3 to 2021.6 m above sea level. The 
core holes were collared at elevations ranging from 
2019.fl to 2019.9 m and were oriented at angles of 
00°.'17' to 4°00' above a horizontal plane (Table ll. 
As coring of a given hole progressed. the vertical 
angle decreased due to gravitational forces and rota
tion of the coring assembl:-.- and drill stem. At some 
distance from the collar. the hole returned to 
horizontal and assumed a negative angle plunging 
gently downward beneath the pit. 
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·"uuthr·a,tern part 1Jf Area (; .o,/uncing lucatiun 
,,j u ustl' pit.' und drill pad. 

During drilling operations. the air and rutting~ 
from the hole were collected through air lines and 
discharged into a closed tank partially filled with 
water. The water retained most of the rutting~. The 
air from the tank was exhausted through high
velocity filters to retain any remaining du,..t that 
might otherwise have been tram:mitted into the at
mosphere. \\' ater and cuttings from the tank \\·ere 
monitored for radioactive contamination. a!' \HI~ 
ambient air in the area. ::\o contamination wa:-; 
detected in the water. cuttings. or air. 

The cores were about 4.R em in diameter. Each 
was packaged in plastic wrap and boxed according 
to hole and distance from hole collar. Later. in 1 he 
laborator~·. the cores were described. and sectir>n" ot 
core were remO\·ed for radiochemical analyse". 

Core runs varied in length from 1..'1 to 6.1 m. In 
most runs, the first part of the core was lost due to 
abrasion in the core barre I and erosion oft he core h\· 
the cuttings carrier (air). Thus all cores were 
described from the end of a run. A core was sampled 
about every 1.5 m to within a distance of.') .. ') m oft he 
pit. From that point onward the core was sampled 
about ever~· 0.:3 m. Where possible. e\·ery other sam
ple included joints or fractures within the core Core 
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TABLE I 

SUMMARY OF CORE HOLE DATA 

Hole collar elevation ( m) 
Initiai angle above horizontal 
Hole orientation 
Distance to horizontal (m) 
Total distance cored (m) 
Total core recovered(%) 
Cnit 2b cored (m) 
Cnit 2b core recovered(%) 
Cnit 2a cored (ml 
l'nit 2a core recovered(%) 
Hole length at near 

edgeofpit (m) 
Hole length at far 

edge of pit (m l 
Depth beneath pit 

at near edge (ml 
Depth beneath pit 

at far edge (m) 

P-3MH-l 

2019.6 
00°57' 

S73°W 
12 
87.5 
56 
45.1 
75 
42 .. 5 
37 

53.2 

84.6 

3.4 

~ •) 
1.-

"Completed beneath pit. 
bCompleted in fill within the pit. 

sections. 5 to 6 em in length. were stored in glass jars 
pending radiochemical analyses. 

A radiochemical analyses sheet and core log were 
prepared. The sample number, depth. and designa
tion of sample type were noted. BLK designated 
core with no joints or fractures; JO, core with open 
joint, light weathering on the joint surface: .JFB: 
core with joint filled or plated with brown clay: and 
. JFC. core with joint filled or plated with caliche and 
minor amounts of brown clay. Laboratory numbers 
ranged from MAR- 77.00751 to MAR-77.01104. *for a 
total of 354 samples selected from the 5 core holes. 

*Laboratory numbers, Anal:\'tical Chemistry Data 
Base, Group H-8, LASL. 

Core Holes 

P-3 MH-2 P-3 MH-3 P-3 MH-4 · P-3 MH-5 

2019.R 
03. 0 00' 

S72°W 
34 
82.9 
74 
82.9 
74 

53.6 

1.2 

3.1 

2019.7 
03°15' 

N90°W 
38 
86.9 
59 
85.4 
58 

1.5 
100 

51.8 

82.3 

0.6 

3.1 

II. GEOLOGY 

2019.8 
03°00' 

N70°W 
28 
92.7 
51 
69.5 
s·) '-

23.2 
49 

54.9 

87.8 

0.8 

4.4 

2019.9 
04°00' 

:\.')1 ow 
42 
73.2 
(,") 

73.2 

67.1 

0.0 

0.:1 

Mesita del Buey IS underlain by the Tshire~e 
Member of the Bandelier Tuff. The geolog~· and 
hydrology have been described in previous reports.'' 
The units of the Tshirege :\1ember important to this 
study were Cnit 2b (Qbt2 b) and the underlying l'nit 
2a (Qbtz.) . 

Vnit 2b is a light gray to light pinkish-hro\\'n. 
moderate!:-; welded tuff that contains quartz and 
sanidine crystals and crystal fragments in an ash 
matrix. The unit contains some fragments of latite. 



rhyolite, and pumice. which vary in size from less 
than 1 em to over 5 em in length. The pumice frag
ments. light to dark gray. are devitrified and in
crease in size and frequency near the contact with 
L'nit 2a. Unit 2b color changes from a light pinkish
brown at the hole collars to light gray above the con
tact with the underlying unit. It is a moderately 
welded tuff at the hole collars grading into a non
welded tuff at the contact. 

The contact zone between Units 2b and :2a is a 
medium sand composed of quartz. sanidine. and 
reworked tuff in a matrix of ash. It is slightly more 
cohesive than the lower part of Unit 2b and the un
derlying l'nit 2a. 

The cored upper part of Unit 2a is a light gray. 
nonwelded tuff composed of quartz and sanidine 
crystals and crystal fragments with some rock frag
ments of latite. rhyolite, and pumice in an ash 
matrix. The pumice fragments are light gray to dark 
brown and decrease in size downward from the con
tact. 

The two units at Area G dip gently to the 
southeast. Unit 2b. forming the upper surface and 
edge of the mesa. thins to the southeast as the result 
of deposition and erosion. Unit 2a also thins to the 
southeast: however, this is the result of deposition of 
the flow over a topographic high on older basalts.5 

The thickness of Unit 2b in the southeast part of 
Area G (Pit 3) is about 11m and is composed of a 
single ash flow. At the contact with Unit 2a the sand 
ranges from less than 2 em to as much as 8 em thick. 
dipping gently to the southeast. In this area. Unit 2a 
is about 10m thick and is composed of two ashflows. 
Only the upper flow was penetrated by the core 
holes. 

After completion of core hole P-3 MH-5, the last 
horizontal hole under Pit 3, a vertical hole was 
drilled ,to the Bandelier Tuff-basalt contact. The 
hole penetrated about 48.i m of the Bandelier Tuff 
before entering the basalt. No cores or cuttings of 
the tuff were recovered, so correlation oft he various 
units or members of the Bandelier Tuff was not 
possible. The hole was completed in the basalt at a 
depth of SO m. 

III. HORIZO~TAL CORE HOLES 

The horizontal core hole,. were corecl from a drill 
pad located in a ,;mall cam·on east of Pit:\ and wen· 
oriented to penetrate different areas beneath the pit 
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(Figs. 2 and 3). Pit 3 is 30 .. ') m wide. 200m long. and 
about 9 m deep. It was laid out with a north-south 
orientation and had ramps with slopes of 6:1 at one 
end and 4: 1 at the other end of the long dimension 
to allow trucks to enter and discharge wastes. The 
wastes within the pit were buried in 1..3- to 2-m 
layers. and covered with 0.2 to 0.6·m of tuff that was 
excavated when the pit was dug. The pit was filled 
to 0.5 to 1 m below the surface of the mesa and then 
covered with 1..5 to 3m of tuff. slightly mounded to 
encourage surface runoff. The pit was completed in 
the lower ashflow of Unit 2b. The contact between 
Unit 2b and Unit 2a lies at a depth of 3 to 3 .. '1 m 
below the floor of the pit. 

Core hole P-3 MH-1. cored to a distance of 8i .. '1m. 
assumed the horizontal at about 12 m then plunged 
gently downward through Unit 2b into Unit 2a (fig. 
4). The hole entered the area beneath the southern 
part of the pit at a distance of 53.2 m from the hole 
collar and a depth of 3.4 m below the pit floor and 
exited at a distance of 84.6 m and a depth of i.2 m 
below the pit floor (Table ll. Sample numbers in 
this interval were MAR-ii .00i84 through :\1AR-
ii.00805 (see Appendix A). -

Core hole P-3 MH-2. cored to a distance of 82.9 m. 
assumed the horizontal at about 34 m and then 
plunged downward in l'nit 2b (Fig. 5). The hole en
tered the area beneath the pit at a distance of .'1:3.6 m 
from the hole collar and a depth of 1.2 m below the 
pit floor. The end of the hole was 3.1 m below the pit 
floor (Table 1). Sample numbers in this interval 
were MAR-ii.00838 to MAR-ii.00888 (see Appen
dix B). 

Core hole P-3 MH-3. cored to a distance of 86.9 m. 
assumed the horizontal at about 38 m and then 
plunged downward through Unit 2b into the uppL r 
part of Unit 2a (fig. 6). The hole entered the area 
beneath the central part of the pit at a distance of 
51.8 m and a depth of0.6 m from the hole collar and 
a depth of 0.6 m below the pit floor and exited at a 
distance of 82.3 m and a depth of 3.1 m below the pit 
f1oor. The entire hole was within Cnit 2h !Table II. 
The sample numbers in this interval were :\IAR-
11.00901 through :\lAR-11.00945 (see Appendix C'l. 

Core hole P-:l :\IH-4. cored to a di,;tance o!~12.-;' m. 
as~umed the horizontal at about 2~ m and then 
plungE·d clmvnward through t 'nit 2h into t 'nit :.';! 

(Fig. I I. The hole entered the an·n henP<lt h t h(· 
northern two-t hire!:- of tlw pit. The point ul E·ntn 
beneath the pit wa,.. :14.~lm from the hole l'(>llar and 
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0.8 m below t~e pit floor and the point of exit was at 
87.8 m from the hole collar and 4.4 m below the pit 
floor. The sample numbers in this interval were 
MAR-77.00980 through MAR-i/.01032 (see Appen
dix D). 

Core Hole P-3 MH-5. cored to a distance of 73.2 
m, assumed the horizontal at 42 m and then 
plunged gently downward in Unit 2b (Fig. 8). The 
hole entered the area beneath the northern half of 
the pit at a distance of 67.1 m and terminated 
beneath the pit at a distance of 73.2 m (Table J). 
The hole appeared to have penetrated the crushed
tun backfill in the pit. The hole terminated at a 
depth of!J.:l m below the pit floor. On!~· O.G m oft uti 
wa,; recovered in the tl.l- m length of holt~ cort>d 
bent>ath the pit. The sample number;.; berwath tlw 
pit were :\1..\H-ii.OI 100 through :\IAY-ii.OII0-1i,;l't' 
Appendix E I. 
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IV. JOINT CHARACTERISTICS AND CORE 
RECOVERY 

The orientation of joints and fractures in the 
north-south walls of Pit 3 was determined after the 
pit was dug. prior to the disposal of war<tes. The ma
jor joints were vertical or near vertical with dips 
greater than 70°. The joints were filled or pia ted 
with brown clay or caliche. A few were open with 
only light weathering of the joint face .. Joints open at 
depth within the pit were totally filled with clay 
beneath the thin soil zone. 

There were 199 joints logged in core,.: from l'nit :Zb 
(Table m .. Joint,.: filled or plated with brown cia~· 

made up 'i:Z 0
o of the joint,.:, joint" that were llJWn 

with ,;]ightl~· weathered "urface,; mach· up ]~1°o. 

while joint;; fillt>d or plated with calichP and mirwr 
amount,.: of brown dm made up th(:' remaining \1°o. 



TABLE II 

JOI~T CHARACTERISTICS OF CORE 

Unit 2b 
.Joints open. 
slight weathering 
on joint face 

.Joints filled 
or plated 
with brovm cia:-· 

.Joints filled 
or plated 
with caliche 

Unit 2a 
.Joints liJlf'n. 
slight weathering 

,Joints filled 
or plated with brown clay 

No. of 
Joints o/c 

38 19 

144 ~') 
1-

17 9 

3 18 

14 82 

There \vere 17 joints logged in Unit 2a. of which 82% 
were filled or plated with brown clay and the 
remaining 18% were open with a slightly weathered 
surface . .Joints filled or plated with caliche did not 
occur in this unit. 

The joint orientation for 166 joints in Unit 2b of 
Pit 3 indicated two major sets. N40°W to ~70°\V 
and ~20°E to N60°E (Fig. 9). The number of joints 
in these two sets comprised 57% of the joints 
measured. A rose diagram of 1078 joints in Unit 2b 
at Mesita del Buey indicated three major joint sets: 
~:30°\V to N50°W, N60°W to N80°W, and N40°E to 
::\60°E (Fig. 9). These three joint sets constitute 
40% of the 1078 joints measured.5 The orientation of 
the major joint sets at Pit 3 and on Mesita del Buey 
were comparable. These are tension joints. which 
formed as the ash flow cooled. 

The joint frequency in Pit 3 averaged one joint for 
every 2.2 m along the pit wall. This frequency com
pares favorably with the joint frequency found in 
other pits in the area, which ranged from one joint 
for every 1.8 to 2.1 m of pit wall. 

The joint frequency in Unit 2b for holes P-3 MH-
1, P-3 MH-2, and P-3 MH-5 was one joint per 0.9 to 

MESITA DEL BUEY 
N 

WEST EAST 
120 80 40 0 40 80 120 

NUMBER OF JOINTS IN EACH 10° SECTOR 

AREA G-PIT 3 

->I> 
c-0 

~ 
& 6Q 

~--~~~~~~~~~~---L--~EAST 
20 10 0 10 20 30 

NUMBER OF JOINTS IN EACH 10• SECTOR 

Fig. 9. 
Joint orientation in Unit 2b on Afesita del 
Buey and in the u·alls of Pit 3, Area G. 

1.0 m of core recovered. or one joint per 1.:2 to 1.-! m 
of holes cored (Table Ill). This joint frequency is 
higher than that observed in Pit 3. which wa:" one 
joint per :2.:2 m. The joint frequency in holes P-:~ 

MH-3 and P-3 i\lH-4 was one joint per 1.6 to 1.7 m 
of core recovered. or one joint per 2.8 to ~L3 m of 
holes cored (Table IIIl. This frequency brackets the 
observed frequency in Pit 3. The joint frequenc~· in 
Unit 2a was one joint per 0.8 m (P-3 l\lH-:il. 1.:2 m 
(P-3 MH-4l. and :2.6 m (P-3 MH-1 l of core 
recovered. Minor joints were probabl~· not com
pletely mapped on the wall of the pit, because of dif
ficulties in identif\ing them. H(m·ever. the,.;e minor 
joints were prominent in the cores. which tended to 
break along joint faces. Thus. as seen in hole,- P-:3 
MH-1, P-:3 MH-:2. and P-:3 l\IH-5. joint frequency 
was higher in the cores than in the pit walk 

An e\·aluation was made to determine if varia
tions in joint frequency or core recover~· were related 
to the orientation and intersection of the core hole,; 
with the major joint sets. ;\o relatinmhip wa,;; e,;;

tablished. 

-
I 
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TABLE III 

CORE RECOVERY AND JOINT FREQUENCY 

P3 MH-1 P3 MH-2 P-3 MH-3 P-3 MH-4 P-3 MH-5 

Core recovered (%) 
Joint frequency (per m) 8 

Joint frequency (per m)b 

'Per meter of core recovered. 
bPer meter of hole cored. 

75 
0.9 
1.2 

Variations in the tuff such as degree of welding. 
size of pumice and other rock fragments. and orien
tation of joints intersecting the core will affect the 
amount of core recovered. Other factors such as the 
type of coring assembly, the drilling pressure. the 
rotation speed. length of the core run, and the 
volume and velocity of the cuttings carrier also af
fect core recovery. Core recovery in Unit 2b for holes 
P-3 MH-1, P-3 MH-2, and P-3 MH-5 ranged from 74 
to 75%, while in holes P-3 MH-3 and P-3 MH-4 
recovery was lower, at 52 and 58% (Table ll. Core 

recovery in Unit 2a was 37 % for hole P-3 MH-1. 
100% for hole P-3 MH-3, and 49% for hole P-3 MH-
4. This unit is very friable. In hole P-3 MH-3 the 
core barrel was pushed into Unit 2a with little or no 

rotation or circulation of air to remove cuttings: 
thus recovery was 100%. 

The majority of joints logged in the cores intersec

ted the core at angles of 30° to 90°. Intersection of 

the core at angles of less than 30° caused some of the 
core to break up in the barrel because of drill stem 

and outer coring assembly rotation. As a result. 
these sections of core were eroded and dispersed by 

the the cuttings carrier (air). 
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V. CONCLUSIONS 

Cores were obtained at depths ranging from ()to 

7.2 m beneath the pit. from two units of a rhyolite 
tuff. The core holes were oriented to enter different 
locations beneath the pit. The sections of the core 
from beneath the pit were sampled at inten·als of 
0.3 m for radiochemical analyses. When po::;::;ihle. 

every other sampled section included a joint or frac
ture. Sufficient samples were obtained from the five 
core holes to aid in evaluating possible migration of 

radionuclides from solid wastes in the pit into the 

underlying tuff. 
Core recovery from the five holes ranged from .'1:2°o 

to 75%. with joint frequencies ranging from 0.9 to 

1.7 m of core recovered. The largest percentage of 
the joints were filled or plated with brown clay. The 
remainder were open with joint faces slightly 

weathered or plated with caliche. Joint orientations 

on the mesa and in the pit indicate that the joints 
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APPENDIX C 
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APPENDIX D 
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19. )lk)iature content and lithologic log of test bole 

~2, Technical Area 49 ----------------------------- 33 

20. tt>iature content and lithologic log of teat hole 

~3, Technical Area 49 ----------------------------- 34 

21. M:>iature content and 11 thologic log of test hole 

~4, Technical Area 49 ----------------------------- 35 

22. Moisture content and lithologic log of test hole 

1~1, Technical Area 49 ---------------------------- 36 

23. Moisture content and lithologic log of test hole 

lOM-2, Technical Area 49 ---------------------------- 37 
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~e distribu~ion of ooisture u1 the soil and underlying tuf~ at 

Technical Area 49, Frijoles Mesa, 

Los Alamos Count.y, Nev Mexico 

By 

W1lliat:1 D. Purtycun 

Abs-cract 

T1.;enty-three moiature test holes ·.,..ere constructed in February 

and March 1960 to ~tudy the coisture distribution in the soil and 

underlying tul'f at Technical ri;·ea 49, on the northern segment of 

Fri~oles Mesa, in north-central Ne"· ~exico. Radioactive contaminants 

are buried. vithin the tuff i:l this area, and sufficient infiltration 

of ·.;a.ter from precipi ta.ticn cculd cause the: to move into r..earby 

surface and ground-,,'B.ter supplies. 

Moisture measur~ents, tabulated in this report, indicate that 

o::ll.y small and insignificant amounts of ,.;ater inf'il trate the soil 

and underlying tuff i:l Tech."'li.cal Area 49, except at sites where 

construction work ~~s disturbed the ~3tural soil cover or changed 

the patte~ of surface drainage. 



The periodic =oisture measurements, made by a neutron-scattering 

coisture probe for a 2-year period, i.ndicated the moisture content of 

the soil and transition zone varied dae to veather conditions. The 

coisture content of the t:.U':f' recained. the same, varied due to weather 

ccnd1 tions, or increased slightly in the upper f'ew f'eet of' tuf'f' 1n 21 

ot the test holes. The ooisture content in the tuff, .. to a depth 

of 16 feet, in tva test holes increased from l~~ to 28 percent by 

·:olUI:le, !.ndicat!.ng ::owe i!'lf!.ltrat!.on of water. 
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Introduction 

Technical Ares 49 (TA-49) is ieea•ei on the northern segment of 

Fr~cles Mesa in Los Alamos County, about 5 miles south of the city 

of Los Alamos, in north-central New Mexico (fig. 1). The mesa is 

Figure 1. --Index r:::ap or· part of !.m~ Al..ai::o~ and adjacent 

cmmties, !1e"W Hexico, shovi~ the location of Tec..":.ical 

Are~ 49 (T..~.-49) and Fr::..jc-le:; Mesa. 

-.:.=...:.e:::lai•~ by a. oeri~s of a.sh falls and nows of rbyoli te tuff oore 

t~ :;,-..JO feet thick. Tl:le surface of the mesa slopes gently east\nU'd 

a:X,ut 150 feet per oile and contains shaJ.lov arroyos vbich drain 

i..:lto de¢p-cut eastward-trending car.yons that 'boU.Dd the UleSa on the 

~rth and south. 

TA- 49 is used .:iS a test area by the Los Ala.Dx>s Scientific 

:.abo1-atory. Hit.llin TA-49 are smaller test aree.s known as Areas 1, 

c., 3, -+, 5, 6, and 10 (fig. 2). All other locations vi thin T.A-49 

Figure 2. --Location of test areas and moisture-measurement 

test holes in TA-49, Los Alamos County, N. Mex. 

are knovn as Area 9. 

Clayey soil caps most of the mesa and. overlies a transition zone 

between the soil and the underlying welded rhyolite tu.t~{"except in 

Areas 2 and 10 where a layer of ~ter-laid pumice oc~~s between the 

transition zone' and the clayey-soil cover}-. 
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Radioact.i ve contaminants are buried in the tuff' in Areas l, 2, 

3, .. , and 10 at depths liP to 100 feet belov the surface cf the mesa. 

S~icient infiltration of vater from precipitation could remove 

these contm:lin.ants from the tuff and move them out-ward. bto the deep 

cacyons that bound the mesa, or perhaps even t:JOVe them cbvnward to 

the cain ground-water body vhich lles 1,000 to 1,200 feet belov the 

su:face of the ~eaa. 

This study was oade in cooperation vi th the Los Ala!::Os Scientific 

LaboratorJ to determine the ooisture distribution in ~e soil cover 

anc! underlying tuff at ~-49. '!Venty-tbree test holes were drilled 

in FebruarJ and :mch 1960 to stud:,· the thickness of the soil and 

the changes in moisture content in ~e soil and underlying tuff. 

The test holes range in depth from 9 to 50 feet and are leee'eed 

'"' ... " ..... aPE:sMi\test areas, roadside drainage ditches, and arroyos. The holes 

vere drilled vith a wagon drill vhich used air to remove the cuttings. 

All holes except those L~ Area 3 were 1r:~led to diameters slightly 

greater than 2 inches .• and plastic t-ubing '-m.s forced into the holes 

by tb.e hydraulic lift of the w.gon drill so as to insure a tight fit 

bet-.;een the lJ&.lls of the holes and the tubing. Three test holes in 

Area 3 vere drilled 2. 5 inches in diameter, and the annular space 

between the hole wall and tubing we packed w1 th ground tuff. 

Moisture content of the soil cover and tuff was measured at 

•~rious depths in the plastic-lined holes with a neutron-scattering 

:::1oisture probe 'Which had previously been calibrated for use in 

~le.stic tubing. The IJOisture-content measurements made in these 

ho.!.es are believed to be vi thin 1 percent of the natural c.oisture 

co~~ent of :he soil ~r tuff. 
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The test holes are designated by ,irea number, "M" !'or moisture 

test, and the number of the hole within the frea. Test hole 2M-3 is 

in Area 2, is a moisture-test hole, and is the third bole drilled in 

that trea. In Area 1 a subscript "A" ws added to an offset bole 

d.r'...l.led. near test hole lM-3. The locations of the test boles are 

based on the Los Alamos grid system, which is a rectang..;.lar system 

of squares numbered in feet south and east of established base lines 

( f!.g. 2) • 

The report "Geology and hydrology of Technical Area 49, Frijoles 

Mesa, Los Alamos County, Nev Mexico," by James E. Weir, Jr. and 

W~iam D. Purtymun, on file vith the Atomic Energy Co~ssion at 

Los Alamos, contains basic data obtained during the first six mnths 

of the study. This report as a continued study summar!.zes ooisture-

content measurements cade in the 23 test boles in the TA-49 area during 

the period March-April 1960 to March-April 19()2. Included, also, are 

11 t.hologic logs ot the test holes and other data pertinent to the 

continuation, by the Los Alamos Scientific LaboratorJ, of moisture 

measurements in these test boles. 

5 
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DeEicripticr. o! the Eoil and underl:,•int; tuf1' 

During the drilling of the test holes, the air-retarned ~~ttings 

;;ere observed, and a visual lithologic log 'ia& made (tables l-2,5). 

The ·transition zone could not be disting~ished, in the sample 

cuttings, from the overl;yir.g clayey-soil zone. Tberei'ore, ~e clayey 

soil and the transition zone were logged as a single \.Ulit. 
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Rhyolite t.v.if 

The moisture test holes are bo-ctotled in a sin¢le ash flow 

cocposed of 1-1elded rh;yoli te t.uff, which is as much as 00 feet thick 

near "Che center of the mesa. The air-returned cuttings of tuff that 

"Jere logged during drilling or the test holes varied in color from 

lioht bro'Wilish-red, light tan, light piDk, and very light. gray to 

1.mite. Unweathered tuff' is very l:!..ght (!.ray to 'White. The darker 

colors probably represent different. degrees of weathering that 

occurred prior to development of the soil cover or weathering that 

is occurrir~ at present because of variations or moisture content 

in tbe tuff. 

The tuff' contains phenocrystG of quartz and sanidine ranging 1n 

size from medium to coarse sand, gray devitrif'ied pumice fragments 

up to three-quarters of' an inch, and gray to light-brovn rhyolite 

and lati te fragments. Some of' tbe quartz crystals are clear and 

have vell developed crystal faces; others are dipyramidal in crystal 

form and contain white globular inclusions. Mineralogic analysis 

indicates the tuff also contains a small percentage of' magnetite 

aDd pyroxene and some clay, 'Which is probably mozlDorilloni te. 
4 . 

~'" ~,.,, ~.,t·,~ ':- • .- ... iJt,.., 

Natural ooisture content in the tuf'f';1rangelt fran 0.8 to 8. 7 

percent by volume. Porosity ranges from 38 to 54 percent by volume 

and specific retention from 16 to 27 percent by volume. The higher 

:i:)Orosities occur near the surface. Vertical permeability ranges 

from 0.1 to 6 gpd (gallons per day) per square foot. The horizontal 

permeabil1 ty ranges from 0. 2 to 5 gpd per square foot. 
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Percolation oi' "Wat.er could cccu: through open joints ·.•here the 

soil cantle has been :.tripped off, :..cavin:; the tt.O..f:f exposed. Movea!nt 

of ",..&.ter through the Ul'ljo!nted tuff · ... ould be slov, as L"l.d1cated by 

t!le range of pertleab:.li ties of 0.1 ":.o 6 gpd. per square foot. 



Water-laid pumice 

A layer of fairly '-lell sorted, wter-worr. pumice !ragments was 

found in test holes in Areas 2 and 10. The la.yer is 2 to 4 feet 

thick and overlies the transition zone and is overlain by clayey 

soil. The pumice is bro'Wilieh-gre.y to brown, il1 tb cell"..ll.ar structure 

c! frothy glass containing phenocrysts of' quartz and sanidine. A 

f'ev layers of' clay and oome intermixed bro'Wil clay vere found in the 

pumice layer along io11 th roots. 

The layer of' pumice probably is highly permeable, because 1 t is 

loosely consolidated and the fragments are well sorted and well 

rounded. The clay layers probably impede downward moYement of water. 
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Transition zone and clayey soil 

The 'transition zone is composed of partly weathered, but angular, 

t~!' !'ragnents in a matrix of brown clay which contains a few roots. 

Thickness ranges f'rcm a f'ew inches to 4 feet. The zone grades up'Ward 

into claye-J t~oil except where it is overlain by pumice. The base of' 

tbe transition zone grades into and is irregularly disconfor.cable 

w1 t.h the top of' the underlying tutf'. Joints and cracks in the upper 

part of the tuff' are clay filled. 

The brc'Wil clayey soil which occurs on most of the cesa contains 

percentages of' particle sizes estimated as follows: 20 percent sand, 
~(I 

)0 percent silt, and ~ percent clay. Ss.nd-size particles are cr;stals 

and fragments of quartz. 

The soil thickness appears to depend upon the amount of water 

available for \leathering the underlying tutf'. The thickest soil 

zones are found alons shallow slow-draining ditches, arroyo channels, 

and relatively flat areas where water collects and stanis (fig. 2). 

So~ and transition zone thiCkness, combined, range trc: l to 9 feet 

in the test holes. 

The clay in the transition zone is nearly impervious and 

virtually eliminates percolation through this zone. The weathered 

angular tuff' f'ragments usually are isolated in the clay I:J.atrix and 

contribut.e little.to the bulk permeability of the zone. 

Percolation of' wter through l:.be clayey soil is small where the 

soil is relatively undisturbed. An:y movement of water ":.l:lrough the 

soil wuld be very slow and vould occur only during exceptionally lang 

wet periods, wich are rare in the region. 
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The rood metal used :!.::1 some of the test and parkiDg areas 

ccnsist of crushed tuft, sometimes mixed w1 th soil. A fill of 

c..-ushed tut'f alone 'WOuld transmit water rapidly, but a.n admixture 

ot soil !.I:lpedes infiltration of water. 

ll 
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Moio~u.-e uis~ribu~ion in the soil 

Moisture oeas~ts reported in tables l through 23 cover 3 

2-year period. Three to four series of ~easureiilents were !:lade .!.n 

1960, t'-10 in 1961, and one in 1962. The tables of individual test 

holes shov depths belo'J HI (height of i:J.sti"Ul:lent lThich is at the 

"tO? of the shield or the neutron probe), depths bel~A land surface, 

:.::lB.~erial i.:n ..,.h:!.cll the moisture oee.surement ws made, and moisture 

contel"lt in perce."'lt by volume at various dates acd depths. The log 

of the test hole appears beneath the :::1oisture mee.surements and 

remarKs concerning Changes in moisture content below the logs. 

The :::oisture oeasurements in the till and soil cover, "Which 

includes the transition ~ne, varied due to prevailing ·~ther 

condi tiona. The coiature content L"l the test holes '-m.s highest in 

March and April as the result of late winter snow and generall:; •.19.s 

l="West L"1 the r10ntb.s Aug.lSt through October due to the high 

evapotranspiration rate during the su:m:1er and early tall. The 

:noisture content also varied with prevailing veather conditions in 

the fill and pumice of test hole 2M-2 and in the pumice of test holes 2 ~-' hi 

lOM-1. Mo significant change in moisture content occurred in the 

::;::umice of test hole~ :It 1 ~ 10M-2. 
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The moisture content of the tuff in test holes 2M-3, ;M-1, ;M-2,4~·~ 

4M-2, 4M-4, 5M-l, 5M-2, 9M-l, and 9M-2 varied or increased slightly 

dole to prevailing ·Heather conditions or because ot new drninage 

constructed near the holes. The increases in moisture content were 

sl.ight and, in most instances, vere confined to the upper few feet 

of the tuff. 

Test boles 1M-3 and 1M- ;'A sboved an increase in IllOisture content 

i:l the tuff ""'t to a depth of 16 feet. The moisture content increased 

f'rom 142- percent to 28 percent by volume in the 2-year period, vhich 

L"ldicates some infiltration of w'B.ter. This condition w.s caused by 

ponding of w.ter :L."l a nearby arroyo due to construction -work (fig. 2). 
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Conclus:i.on.s 

The ooisture measurements made during the 2-year period of 

obser·~ation :.ndicate that · .. -ater, from precipitation, rarely 

i!lf'il trates the undinturbed .s'::lil cover into the underlying tuff'. 

The increase or variation in moisture content in the tuff', which 

1~us observed in test. holes lM- 3 and 1M- )A, is caused primarily by 

changes in the !"'.atural. conditions t.bat existed prior to constr..tction 

i~ the area. Drainage in the arroyo south of test holes 1.1-1-3 and 

U.~- 3A., ·.mere 1rater :.s presently impounded, ::;hould be improved, or 

... -a t.er r:ay :::.cnre into the radioacti·;e rna terials buried in Area l 

'n t.."lin t~e next few years. 
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'.fable 1. --Moisture content and 11 thologic log of test hole lM-1, 
Tecr..nical Area 49 

L:>ca.tion: lo4 + 408 
85 + 48E 

Depth Moisture content (percent by volume) 
Depth tel ow 
belov land Mar. May June-~-.- M.ar. sept. Mar. 

HI surface 28, 3, 29, 5, 28, 5, 8, 

(feet) (feet} Material 1960 1960 1960 ::.960 :!.961 ::.961 1962 

3 1 Soil 37-5 35 30 17.5 36.5 29 38 
4 2 do. 23-5 25 24.5 14 31 15 30 

5 3 do. 6.5 6.5 6. 5 5·5 5-5 5.5 6 

6 4 do. 9 10 9.5 7 6.5 7·5 8 

8 6 Tuff 9-5 9-5 9· 5 7·5 7 7.5 8 

10 8 do. 6 6 5.5 5-5 5-5 5-5 6 

12 10 do. 3.5 3·5 3.5 3-5 3-5 3-5 4 
14 12 do. 3·5 3-5 3-5 3-5 3 3 3-5 
16 14 do. 3 3 3-5 3 3 3 3·5 
18 16 do. 3·5 3-5 3 3 3 3 
23 21 do. 4 3-5 3-5 3-5 4 
28 26 do. 3·5 3 3 3 3·5 
33 31 do. 3·5 4 4 4.5 4.5 

38 36 do. 12 12 9-5 7-5 
43 41 do. ~~ 4 3-5 4 4 
48 46 do. 4 4 4 4 4 

---

Lithologic leg 
---- --- ---------

Description of materi:ll Thic.kness Depth 
(feet) (feet) 

Soil, brovn, clayey 4.6 4.6 
Tuff, light brownish red 7.4 12 

Tuff, white to very light gray 3 15 
Tuff, light pink 34 49 

Remarks 

-----

No si;nificant change in moisture content in the tuff except at 36 feet 

belo-w" land surface, which probably is a clay-filled crack that is drying out 

since penetration by the test hole. 

15" 
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Table 2.--Moisture content and lithologic log of tee~ hole lM-2, 
Technical Area 49 

Location: lo4 + 635 
83 + 39E 

--- -------

Depth Moisture content (percent by volume) 
Depth "='elow 
below land 

HI s-.J.rface Mar. Mar. May June Oct. 

(feet) (feet) 
29, 7 

---- Material __ {£Q __ ~--- 1Jill 19f)O _ 19lo 

3 
4 
5 
6 
8 

10 
12 
14 
16 
18 

1.5 Tuff 37 38 39·5 39 37·5 
2.5 do. 8.5 7·5 9 11 10.5 

3.5 do. 4.5 4.5 4.5 5 4.5 

4.5 do. 4.5 4.5 4.5 4.5 4.5 

6.5 do. 4 3·5 4 4.5 4.5 

8. 5 do. 4 3·5 3 3 3 
10.5 do. 3 3·5 3 3 3-5 
12.5 do. 3 3 3 3 3 
14.5 do. 3 3 3 3 
16.5 do. 3 3 4 3 

U tho logic log 

·- - -- -------- --- -------- - - -

Description of' material 

Fill, broken tuff' 
Soil, brown 

Tllickn~ss 
~feet J 

0.5 
0.5 

Tuff, vhi te to very light gray 18 

Remarks 

Mar. Aug. Mar. 
28, 29, .& 

15}61 __ J..96i_ 2... 

40 
16.5 

4.5 
4.5 
4 

<3 
<3 
<3 
<3 
<3 

DeptQ. 
(feet) 

0.5 
1 

19 

38 23 
12.5 7 

7. 5 6 
6 5 
4.5 4 

<3 <3 
<3 <3 
<3 <3 
<3 <3 
<3 <3 

No significant change in moisture content of the tuff' below 2. 5 feet below 

l.aiJd surface. 



Table 3.--Moisture content and lithologic log of test hole lM-3, 

Technical Area 49 

Locaticn: 105 + 92S 
84 + 95E. 

Depth Moisture content (percent by volume) 

Depth te~ow 

below !.and Mar. Mar. Apr. June Oct. Mar. Aug. Mar. 

HI surface 16, 30, 21, 29, 5, 28, 29, 8, 

(feet) (:feet) Material 1960 1960 1960 - 1960 1960 J_2QJ_ __ _l9§J_ __ ].9E)?_ 

3 1 Soil 37 32 27 

4 2 do. 45 41.5 39·5 36 33.5 36.5 31.5 

5 3 do. 27 23 27 26 10.5 19 15.5 

6 4 do. 21 18 18.5 21 2~ 25 21 

7 5 Tuff 18 16 20.5 21.5 26 23 

8 6 do. 24.5 24.5 26.5 25.5 25 28 25.5 

9 7 do. 27 27 27 26 27 26 

10 8 do. 28 27.5 27.5 26.5 26 27.5 26.5 

12 10 do. 30 30 30 28.5 27.5 28.5 29 

13 ll do. 32 33 32 

~4 12 do. 29.5 29 29 29.5 28 28.5 29 

16 14 do. 34 30.5 29·5 27.5 27.5 27 27.5 

18 16 do. 39 35·5 35·5 32.5 30 31 30 

20 18 do. 40 36.5 34 26.5 26 24.5 

---- ---------------- --- -----

U tho logic log 

---- -- --------- -

Description of material 

Soil, brown, clayey 
Tuff, light brownish red 

Remarks 

Thickness 
(feet) 

4 
15 

Depth 
(feet) 

4 
19 

31.5 
34.5 
16.5 
21.5 
23.5 
27 
29 
33 
30 
31 
29.5 
28 
29.5 

Moist·.1re content varies in soil zone and tuff. Ponded water nearby may be 

infiltrating the tuff. 
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Table 4 • --Moisture content and 11 tho logic 
Tecr.nical Area 49 

log of test tole 1M-3A, 

Location: 105 + 92S 

Depth 
below 

HI 
(feet) 

4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
21 
23 
25 
28 
33 
38 
43 
47 

85 + 02E 

Depth Moisture content (percer:t by volume) 
below 

land Apr. May June Oct. Mar. 
surface 21, 3, 30, 5, 28, 

(feet) Material 1960 1960 1960 JSlf)O l~l 

1 Soil 40.5 35-5 25 38.5 
2 do. 37-5 38.5 30 33-5 42 
3 do. 31.5 31 31 25.5 39-5 
4 Tut'f' 33 ;o 31.5 27.5 38 
5 do. 32 31.5 33 28.5 39 
6 do. 30.5 31.5 32 29 39-5 
7 do. 27 28 28 28.5 34.5 
8 do. 24.5 23 25.5 27 31 
9 do. 18.5 23 26 29.5 

10 do. 21.5 30 
ll do. 19.5 24 27.5 31 
12 ~o. 13 28 
13 do. 13 16 9 23-5 
14 do. 8.5 15 
15 do. 7-5 8 ll 
16 do. 7 
18 do. 
20 do. 5 5-5 

,. 
t:l 

22 do. 
25 do. 5 4 4.5 
30 do. 4.5 4 4 
35 do. 4 4 4 
40 do. 4 4 4 
44 - do. 4.5 4 4 

... 
L1 thologic lOg 

Description of naterial 

Soil, brown 
Tuff', light gray 

Remarks 

Thickness 
(feet) 

~-2 
45.8 

July 
13, 
l~l 

;4.5 
31.5 
26 
27.5 
29.5 
30.5 
30.5 
29.5 
30 
31.5 
31 
30 
24 
18 
14 
u.s 
7 
6 
4.5 

Depth 
(feet) 

3.2 
49 

Aug. 
29, 

J96l 

36.5 
29-5 
32 
30 
30 
31.5 
29.5 
29 
28.5 
31 

29 

19 

13.5 
9·5 
6.5 

4 
4 
4 
4 
4 

Mar. 
8, 

l9()~ 

~ 
40.5 
34.5 
31.5 
31 
31.5 
27.5 
26.5 
26.5 
28 

27.5 
23 
19.5 
17 
15.5 
12 
8 

4.5 
4.5 
4.5 
4.5 
4.5 

Moisture contents in soil varied due to prevailing weatl:er conditions. 

M:listure c c:ntent in tuff increased from 7 to 20 feet uelO'W' land surface due 

to infiltration of water from nearby pond in arroyo. 
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Table 6.--Moisture content and lithologic log of test hole 2M-2, 

Technical Area 49 

Locat!.on: 10'7 + 125 
100 + 05E 

Depth Moisture content (percent by volume) 

Depth telow 
below land Mar. May ():t. Apr. Aug. 

HI surface 28, 3, 7, 3, 31, 
( fee!l_L!:_eet ) Material J~Q 196D__ 196.Q_l3Q_J. 196;1. 

2 1 
3 2 
4 3 
c:: 4 
/ 

6 5 
7 6 
8 7 
9 8 

10 9 

Fill 37 32.5 23 41 36 

do. 34 33·5 26.5 32.5 28.5 

do. 32.5 32.5 29· 5 38 33 
do. 23 23.5 18 33·5 31 

do. 20.5 19 15 24 26.5 

Pumice 12.5 11.5 8.5 10 9· 5 
do. 7 6.5 6. 5 5 5.5 

do. 29·5 30.5 25.5 29.5 

do. 6 6 5.5 7.5 5.5 

Ut!'lologic log 

Description of material 

Fill, crushed tuff and soil 
Pumi~ tan 

Remarks 

Thickness 
(feet) 

5.5 
4.5 

Mar. 
8, 

1962 

36 
30 
32.5 
29 
22.5 
ll 

5.5 
28.5 

6 

Depth 
(teet) 

5·5 
10 

-------

1-k:listure contents of fill and pumice varied due to prevailing weather condi tiona. 

High moisture content at 8 feet is probably a clay layer in the pumice. 
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Table 7.--Moisture content and lithologic log of test hole 2M-3, 
Technical Area 49 

Locat!.on: 1c6 + 66s 

Depth 
be1ov 

HI 
(feet) 

3 
4 
5 
6 
7 
8 
9 

10 
12 
14 
16 
18 
20 

96 + OlE 

Depth 
~e1ov Moisture content (percent by volume) 

land Mar. Apr. May June oct. 
surface 13, 1, ;, 29, 7, 
(feet) Material 1960 1960 1960 1960 1960 

1 Soil 33.5 33 30.5 24 14 

2 do. 35 35.5 33·5 31 16.5 

3 do. 40 40 37·5 35 17 
4 do. 37·5 33·5 30 31.5 21.5 

5 do. 22 21 20 19.5 15 
6 Tuff 17.5 18 17 ·5 17 13-5 
7 do. 12 14.5 
8 do. 11.5 12.5 13.5 13.5 ll.5 

10 do. 5.5 6 6.5 7·5 8. 5 

12 do. 4.5 5 5 5 6 
14 do. 5 5 5 5 5·5 
16 do. 5 5 5 4.5 5 
18 do • 4.5 4.5 

L1 thologic log 

Description of material 

Soil, brovn, clayey 
Tuff 1 light gray 
Tuff, light pink 

Remarks 

Thickness 
(feet) 

5 
ll 
3 

APr. 
3, 

1961 

33·5 
25 
19 
32 
13.5 
13 

12 
8. 5 
7 
5·5 
4.5 

Depth 
(feet) 

5 
16 
19 

sept. 
5, 

196f 

22 
14.5 
15.5 
24 
10 
u.s 

11 
8 
6 
5.5 
5 
4.5 

No significant change in moisture content in the tuff belov 10 feet. belov 

lanci surface . 

'"1.\ 

Mit. 
8, 

1962 

22.5 
16.5 
29 
11.5 
12.5 
ll. 5 

8.5 
7 
6.5 
6.5 
4.5 
4. 5 



Table 8. --Moisture content nnd 1i thologic log of test hole 3M-l, 

Technical Area 49 

Locati~n: 115 + 97S 
82 + 03E 

De'Pth 
below 

HI 
(feet) 

2 
3 
4 
5 
6 
8 

10 
12 
14 
16 
18 
20 
23 
28 
33 
38 
43 
48 

De'Pth MOisture content (percent by volume) 

'telow 
land Mar. A'Pr. May 

Si.U'face 
(feet) Material 

17, 5, 4, 
1960 1960 1960 

1 Tuff 35-5 35-5 33·5 

2 do. 16 15-5 16;5 

3 do. 6 6 7 

4 do. 4.5 ~~. 5 4.5 

5 do. 4 3-5 3-5 

7 do. 3·5 3-5 3-5 

9 do. 4 4 4 

11 do. 3-5 3-5 4 

13 do. 3·5 3-5 

15 do. 4 3.5 3.5 

17 do. 3-5 

19 do. 3-5 4 

22 do. 
27 do. 
32 do. 
37 do. 
42 do. 
1~7 do. 

Litho logic log 

Description of material 

Soil, brown, clayey 
Tuff, light gray 

Remarks 

June Ctt. Mar. AUg. 
30, 7, 28, 29, 

1960 l96C 1961 1961 

33-5 30 40 38.5 
18.5 18 33 34.5 

8 7. 5 12 13.5 
5 5-5 6 8.5 
4 4 4.5 6 

3-5 3· 5 3-5 4 
4 3· 5 3-5 3.5 
4 3-5 4 3-5 
3-5 <3.5 3. 5. 3.5 

3-5 <3-5 3-5 3-5 
4 3-5 3-5 3-5 

3-5 
<3.5 <3-5 <3.5 
<3-5 <3.5 <3.5 
<3·5 <3-5 <3.5 
<3.5 <3-5 <3- 5 
<3.5 <3-5 <3.5 
<3-5 <3-5 <3-5 

Thickness Depth 
(feet) (feet) 

0.9 0.9 
49.1 50 

Mar. 
20, 

1962 

36.5 
14.5 

9 
7 
6.5 
5 
4 
3-5 
3·5 
3.5 
3-5 

<3-5 
<3-5 
<3.5 
<3.5 
<3.5 
<3.5 
<3.5 

Moisture content increased in the tuff to a de'Pth of 5 feet below land surface 

due to change in drainage during the fall of 1960. 



Table 9.--Moisture content and lithologic log of test hole 3M-2, 
Technical Area 49 

Locet!.on: ll4 + 82S 
&:? + 67E 

Depth 
below 

HI 
(feet) 

3 
4 
5 
6 
8 

10 
12 
14 
16 
18 

------------------

Depth 
'"::elow Moisture content (percen~ by volume) 

land Mar. APr.- -May -J'Une-~t.- r;far. 

surface 11, 7 4 29 7 28 
I I I I I 

( feet_)_Ma_t~rial_ 1L-96=-..:0=----=19()Q_ _12§2_ _ ~~_Q_ 1~~ _ 

l. 5 Soil 39 38 38 38 36. 5 40. 5 
2.5 do. 30 31.5 33.5 33 33.5 39 
3 • 5 Tuff 17 17 15 . 5 17 17 17 
4. 5 do. 10 10 ll 14 
6.5 do. 5·5 5.5 5.5 6 
8.5 do. 5.5 5.5 6 4.5 

10.5 do. 3.5 3.5 3.5 3.5 
12 • 5 do. 4 3. 5 3 • 5 <3. 5 
14. 5 do. 4. 5 4. 5 4. 5 4 
16.5 do. 3.5 3.5 3.5 3.5 

Uthol.ogic log 

Description of material 

Soil, brawn, clayey 
Tuff, light gray 

Remarks 

Thickness 
(feet) 

2.6 
16.4 

Depth 
(feet) 

2.6 
19 

Aug. ~---; 

29, 201 

~96~-~~ 
39· 5 44 
1~1 30 
29 17 
15 12.5 

6 4.5 
5 4 
3.5 <3.5 
3.5 4 
4 3·5 

3. e> 3.o 

No significant change in moisture content occurred in tte tuff below 4.5 
feet below land surface. 



Table 10.--Moisture content and lithologic log of test hole 3~3, 
Technical Area 49 

Location: 114 + 568 
79 + 96E 

Depth Moisture content (percent by volume) Depth belov 
belov 

HI 
(feet 2 

2 
3 
4 
5 
6 
8 

10 
12 
14 
16 
18 

land Mar. Apr. May June ():t. 
surface 17, l, 4, 29, 7, 

(feet} Material 1960 1960 1960 1960 1960 

1 Fill 25.5 30.5 27 25 23 
2 dO. 38 42 38.5 38.5 37.5 
3 do. 11.5 10.5 8.5 8.5 7.5 
4 do. 6.5 6.5 6.5 7 7.5 
5 Soil 7 7 8 8 
7 do. 5·5 5.5 6 
9 Tu.ff 4.5 4.5 4.5 

ll do. 4.5 4.5 4.5 
13 do. 3·5 4 4 
15 do. 4 4 4 
17 do. 3.5 3·5 3·5 

IJ.thologic log 

Description of material 

Fill, crushed tuff 
Soil, brawn 
Tuff, light gray 

Remarks 

Thickness 
(feet) 

4 
3 

13 

No significant moisture changes occurred in the tuf'f. 

Mar. 
28, 

1961 

36.5 
41.5 
ll.5 
6 
7 
6 
4 
4 
3·5 
3· 5 

<3-5 

Depth 
(feet) 

4 
7 

20 

Aug. 
29, 

1g61 

33 
39 
10.5 
8 
8 
6 
4.5 
4.5 
3.5 
3.5 

<3·5 

Mar. 
20, 

lg62 

30.5 
40 
10 
7·5 
8 
7 
4.5 
4.5 
3·5 
3.5 

<3.5 



Table 11.--Moisture content and lithologic log of test hole 4M-l, 
Technical Area 49 

Location: 121 + 298 
96 + 44E 

Depth 
Depth telov Moisture content (percent by volume) 
be1ov land Mar. Apr. May ~t. Mar. Mar. 

HI s,..lrfe.ce 
(feet) ( !'eet) Material 17, 7, 2, 7, 29, 20, 

1960 1960 1960 1960 1961 1962 

2 1 Soil 32.5 31.5 25 20 31.5 32 

3 2 Tuff 18.5 18.5 21.5 25 32-5 37 
4 3 do. 10.5 10 13.5 15 21.5 24.5 

5 4 do. 6 6 12.5 
6 5 do. 6. 5 5·5 6 12.5 
8 7 do. 4 4 4.5 6. 5 

10 9 do. 3-5_ <3-5 <3-5 5 
12 11 do. <3.5 <3·5 <3·5 4.5 
14 13 do. <3-5 <3.5 <3.5 4 

16 15 do. <3- 5 <3-5 <3.5 4 
18 17 do. <3-5 <3.5 5 
23 22 do. <3-5 <3-5 3-5 
28 27 do. <3-5 <3-5 3-5 
33 32 do. 4.5 4 4 4 4 
38 37 do. <3-5 <3.5 <3·5 
43 42 do. 3-5 3·5 3-5 3.5 3-5 
48 47 do. 3-5 3.5 4 

Lithologic log 

Thickness Depth 
Description of material (feet) (feet) 

Soil, brown 1.9 1.9 
Tuff, light gray 13.1 15 
Tuff, light brovn 2 17 
Tuff, light gray 32 49 

Remarks 

Septe:lber 19, 1961.--Casing broke off at ground level and bole filled ;;ith 

water. Harch 20, 1962. --i:\eeding high. No significant cbange in moistu:-e 
con~ent of the tuff occurred 4 feet be1ov land surface prior to September 
1961. 

25 



Table 12.--Moisture content and lithologic log of test hole 4M-2, 
Technical Area 49 

Location: 120 + 578 
94 + 70E 

Depth 
Depth '"::elow Moisture content 

belHICM land Mar • May June- -ret • 

(percent by volume) 

Mar. sept . Mar. 
S"'.l.rface ~ 29 5 

( ) ( ) 23, J, ' ' 
29, 8, 20, 

fee_t_:___:__f_e_e_t __ Ma_t~rial_~-"-96_0 __ 1~96_0_ 1960 1960 1961 1961 1962 

2 0.5 Soil 10 8 11 
3 1. 5 Tuff 30. 5 28 26. 5 26 
4 2 . 5 do. 11. 5 
5 3. 5 do. 
6 4. 5 do. 6.5 
8 6. 5 do. 

10 8.5 do. 
12 10.5 do. 
14 12.5 do. 
16 14.5 do. 
18 16.5 do. 

15.5 
5 
7 
4.5 
5 
5·5 

<3·5 

17 
5·5 
8 
4.5 
5·5 
5·5 

<3·5 
<3·5 

16 
6 
8 
4.5 
5.5 
6 

<3.5 
<3.5 

U thologic log 

31 
38 
29.5 

5.5 
6. 5 
4.5 
5 
5 

<3.5 
<3.5 

31.5 
25 
8. 5 
7 
5 
4 
5 
4 

<3.5 
<3.5 

Thickness Depth 
Description of material (feet) (teet) 

Soil, brown 1.2 1.2 
Tuff, light gray 6. 8 8 
Tuff, light brown 1 9 

25 
34 
18 

7 
7 
4 
4.5 
!~ 

5 
<3.5 

________ Tu~f=f, light~r_a~y ____________________ ll ________ 2_o ______________ _ 

Remarks 
----------------------------------------
No significant change in moisture content occurred belov 3. 5 feet belav land 

sur:'ace in the tuff. 



~ble 13.--Moisture content and lithologic log of test hole 4M-3, 
Technical Area 49 

Locati::::.: l22 + 765 
96 + 94E 

Depth 
be1ov 

HI 
(feet) 

3 
4 
5 
6 
7 
9 
ll 
13 
15 
17 
19 

--- -- -------------

De'pth 
tel.ow Moisture content (percent by volume) 

land Mar. May June - c:Et. --'Mar-.----------
surface 

( !'eet) Material 17, 3, 29, 7, 20, 
1960 12§Q__ _ __1.2(59 __ -~~J?_ _ _l96g__ -- --

1 Fill 39 32 25 21.5 32.5 

2 do. 39·5 38.5 37 37 41.5 

3 do. 28.5 25 24 26 37.5 
4 Tuff 10.5 9 9·5 9·5 22.5 

5 do. 5.5 5 5·5 6.5 19.5 

7 do. 5 5 5.5 18.5 

9 do. 3.5 4 4 8 

ll do. 3.5 3·5 3·5 4 

13 do. 3.5 3·5 3·5 4 

15 do. 4.5 4.5 4.5 4.5 

17 do. 3·5 4 4 

Lithologic log 

Description of material 

Fill, crushed tuff 

Thicknes 
(feet) 

3 
16 

Depth 
(feet) 

3 
19 Tu:tf, light gray 

------------

Remarks 

-----

---------------------------- --------------

Marc!:. 29
1 

1961. --CUing broke off at ground level and hole filled ;;i th vater. 

Marc:: 20, 1962.--Moisture reading high. 
No significant change in moisture content in the tuff prior to March 1961. 

J..l 



Table 14.--Moisture content and lithologic log of test hole 4~4, 
Tee hnic al Area 49 

Location: 118 + 725 
94 + 94E 

Depth Moisture content (percent by volume) 
Depth below 
below land Mar. Al)r. May- June Let. Mar. Sept. !lbz. 

HI surface 18, 7, 3, 29, 7, 27, 8, 20, 
(feet) (feet} Material 1960 1960 1960 1960 1960 1961 1961 1962 

3 1 Soil 35 35.5 32.5 31 21 33·5 23.5 33 
4 2 do. J9.5 40 38.5 39 34 36.5 34 34.5 

5 3 Tuff' 21 21 20 21 20.5 19.5 26 23 
6 4 do. 10 8.5 7 7·5 8.5 6.5 8 8. 5 

8 6 do. 6 6 6.5 5.5 6.5 7 
10 8 do. 4.5 5 5 4.5 4.5 5 
12 10 do. 4 4 4 3· 5 3·5 4 

14 12 do. 4 3.5 3·5 <3.5 <3.5 <3.5 
16 14 do. <3· 5 <3.5 <3·5 <3.5 <3.5 <3·5 
18 16 do. <3.5 <3.5 <3.5 <3.5 

-------------------------------------------------
Lithologic log 

Deseription of material 

Soil, "::rown 
Tutf, light gray 
Tuft, light brown 

___ _:'!U1't:==.::....~'~~ght gray 

Remarks 

Thickness Depth 
(feet ) (feet ) 

2.9 2.9 
9·1 12 
3 15 
4 19 

No significant changes in moisture content occurred in the tuff below 6 feet 
belOW' land surface. 



Depth 
below 

HI 
(feet) 

3 
4 
5 
6 
8 

10 
12 
14 
16 
18 
20 
25 
30 
35 
40 

Table 15. --Moisture content and 11 thologic log of test hole 5M-l, 
Technical Area 49 

Location: 1ll + 325 
94 + 36E 

Depth 
'":lelow Moisture content (percent by volume) 

land Mar. Apr. Apr-.- May O::t. Apr. 
s':.ll'face 14, 7, 30, 6, 5, 6, 

\feet) Material 1960 1960 1960 1960 ~0 1961 

0.5 SoU 11.5 30 34.5 14.5 <3.5 37·5 
1.5 do. 11.5 30 34.5 33 12 36 
2.5 Tuff 10 11 11.5 10.5 6 7 
3.5 do. 7. 5 7 8 7.5 6 6.5 
5.5 do. 8 9·5 8. 5 8 7·5 
7.5 do. 8 9 8 7·5 7.5 
9.5 do. 6.5 6.5 6 

11.5 do. 4.5 4.5 4.5 4.5 4.5 
13.5 do. 4.5 5.5 5 4.5 4.5 
15.5 do. 4.5 4.5 4.5 4 4 
17.5 do. 4.5 4 4 
22.5 do. 4 4 4 
27.5 do. 4.5 4 4 
32.5 do. 4.5 4 4 
37.5 do. 4.5 4 4 

U thologic log 

Description of material 

Soil, brown 
Tuff, light gray 

Remarks 

Thickness Jepth 
(feet ) (teet ) 

2.2 2.2 
36.S 39 

Aus· 
28, 

1961 

6.5 
17 

5·5 
5.5 
7 
7 
5·5 
4.5 
4.5 
4 
4 
4 
4 
4.5 
4 

No significant changes in moisture content occurred in the tuff below 5. 5 
feet below land surface. 

Mar. 
20, 

1962 
28 
34 

6 
6.5 
7·5 
8 
6 
4.5 
5.5 
4.5 
4.5 
4 
4.5 
4.5 
4.5 



Table 16.--Moisture content and lithologic l::;~g of test hole 5M-2, 
Technical Area 49 

Locati::::: lll + 058 
92 + 38E 

l)ept.h 
Depth below Moisture content (percent by vol~e) 

below land Apr. May oct. Apr. Aug. Mar. 
HI surt"ac e 1, 2, 7, 3, 31, 9, 

(feet) (feet) Material 1960 -~-1~0 1961 1_261 __12§g ___ _:__ - ----- ---

3 1 Soil 37 33 25.5 37 36.5 36.5 
4 2 do. 40.5 37·5 35 40.5 37·5 44 

5 3 do. 28 27 22.5 38.5 24.5 38.5 
6 4 Tuff 25.5 26.5 25 26 23-5 24.5 

7 5 do. 22 20 22 20.5 21 28 
8 6 do. 11..5 10 11..5 14.5 14 14 

10 8 do. 7 7 7.5 9 10 12 

12 10 do. <3-5 <3.5 <3-5 3.5 3-5 4.5 
14 12 do. <3·5 <3.5 <3.5 <3-5 3-5 3·5 
16 14 do. <3-5 <3-5 <3.5 <3-5 <3-5 <3.5 
18 16 do <3-5 <3-5 <3-5 <3-5 3-5 

---------------------------------- ----

L1 thologic log 
-------------------------- ----------- --

Description of material 

Soil, brown 
Tuff, white to light gray 

Remarks 

Thickness 
(teet) 

3-3 
15-7 

Depth 
(feet) 

3-3 
19 

No significant changes in moisture content occurred in the tuff belO'W' 

6 feet below land surface. 



Table 17.--Moisture content and lithologic log of test hole 6M-1, 
Technical Area 49 

Location: 100 + 15S 
68 + 83E 

Depth 
Depth 'telow Moisture content (percent by volume) 
below 

HI 
(feet) 

3 
4 
5 
6 
7 
8 
9 

10 
l2 
14 
16 
18 

land Mar. APr. May June Q:t. Mar. 
surface 14, 5, 3, 30, 7, 28, 

( f'eet) Material 1960 1960 1960 1960 1960 1961 

1 Soil 48 37 28 23 16 32.5 
2 do. 42.5 44 41.5 37.5 28 42.5 
3 do. 45 45.5 45 44.5 43 46.5 
4 do. 44 44.5 43.5 43.5 45 
5 do. 38.5 39 39 38 41 
6 do. 34.5 37 36 34.5 36 
7 do. 20.5 23.5 23 22 22 
8 do. 15.5 19-5 19 19.5 19 

10 'l'uff 10 10 8 8.5 9 7 
l2 do. 6 6 6 6 6.5 5-5 
14 do. 6.5 7 8 8 8. 5 7 
16 do. 4.5 4.5 4.5 4. 5 4.5 4 

Lithologic log 

Description of material 

Soil, dark brawn, moist 
Tuf'f', light yellowish brawn 
Tuff, light gray 

Remarks 

Thickness 
(feet) 

9 
1 
9 

Depth 
(teet) 

9 
10 
19 

No significant change in moisture content occurred in the tuff. 

3\ 

Aug. 
29, 

1961 

31.5 
42 
44.5 
42.5 
39 
36.5 
30 
21 

8 
5.5 
8 
4. 5 

Mar. 
20, 

1962 

29 
39·5 
~.5 
42 
38.5 
35 
24.5 
21 

9 
6.5 
9 
4.5 



Table 18.--Moisture content and lithologic log of test hole 9M-l, 
Technical Area 49 

Location: ll6 + 675 

Depth 
belO'W' 

HI 
(feet) 

3 
4 
5 
6 
7 
8 

10 
l2 
14 
16 
18 

88 + 44E 

Depth MOisture content (percent by volume) 
'celow 

land Jer, Mar. May (kt. May 
surface 16, 30, 3, 7, 6, 
(feet) Material 1960 1960 1960 1960 1961 

1 Soil 43 40.5 30.5 8 29 
2 do. 44 42.5 33·5 12.5 ;8.5 

3 do. 40.5 40 37-5 14 41.5 
4 do. 32 31.5 28 19-5 27.5 

5 do. 24.5 24.5 22.5 16.5 20 
6 do. 20 20.5 19 14 18 
8 Tuff 18.5 20 20 18 18.5 

10 do. 13.5 u.s 13 12 12 
12 do. 10.5 13.5 10 14.5 15 
14 do. 10 8. 5 8 7·5 6.5 
16 do. 14 7·5 6 

U tho logic log 

Description of material 

Soil, brO'W'Il 
Tui'f, light tan 

Remarks 

Thickness 
(feet) 

6.9 
12.1 

Aug. 
29, 

1961 

13-5 
35-5 
19-5 
20 
16.5 
15 
18 
12.5 
15.5 

7·5 
6.5 

Depth 
(feet) 

6.9 
19 

Mar. 
20, 

1962 

;6 
28.5 
33.5 
27 
20.5 
15.5 
15 
15.5 
12.5 

9·5 

Moisture content in the tuff varied to a depth of 16 feet. This is probably 

due to a new channel cut near the moisture hole. 



Table 19.--Moisture content and lithologic 
Technical Area 49 

log of test hole 9M-2, 

Location: ll3 + 405 

Depth 
below 

HI 
(feet) 

3 
4 
5 
6 
7 
8 

10 
12 
14 
16 
18 

98 + 15E 

Depth Moisture content (percent by volume) 
below 

land Mar. APr. Apr. May Oct. Apr. 
surface 14, 1, 30, 6, 7, 6, 

(:teet) Material 1960 1960 1960 1960 1960 1961 

1 Soil 36.5 31 30 32 24.5 29 
2 so. 37.5 42 41 43 38 41 
3 do. 38 45 45 45 45.5 45.5 
4 do. 45 46.5 45 46 44.5 47 
5 do. 41.5 44 42 43 42 46 
6 do. 23.5 26.5 24.5 26.5 26.5· 31.5 
8 Tuff ll.5 12.5 10.5 14.5 14.5 17 

10 do. 4.5 4.5 4.5 6.5 5.5 5.5 
12 do. 4.5 4.5 4.5 5 4.5 4.5 
14 do. 7 9 8 6.5 6 
16 do. 11.5 8.5 7 6.5 6 

L1 tho logic log 

Description o:t material 

Soil, brown 
Tuff, light gray 

Remarks 

Thickness 
(:teet) 

6.9 
12.1 

Depth 
(:teet) 

6.9 
19 

Sept. 
14, 

1961 

28 
38.5 
43.5 
45 
45 
29.5 
17 

6.5 
4.5 
6.5 
7 

Mar. 
8, 

,).<;162 

29 
4>o 
44.5 
46.5 
45.5 
30 
17.5 

6.5 
4.5 
5 
6 

No significant changes in moisture content occurred in the tuff below 10 :teet 
below land surface. 

~ 

' 



Table 20.--Moisture content and lithologic 
Technical Area 49 

log of test hole 9~3, 

Location: 117 + ces 

Depth 
belov 

HI 
(feet) 

3 
4 
5 
6 
7 
8 

10 
12 
14 
16 
18 

104 + 57E 

Depth Moisture content (percent by volume) 
be~ow 

land Mar. Apr. May Cct. Apr. 
surface 14, 30, 6, 7, 6, 

(feet) Material 1960 1960 1960 1960 1961 

1 Soil 43.5 34 38.5 ll 39·5 

2 do. 42 ;4 39.5 13 41 

3 do. 4;.5 41.5 42.5 ;6.5 46 

4 do. 8 6.5 7. 5 7 11 

5 Tuff 6 6 6. 5 6.5 

6 do. 5·5 5·5 6 6.5 5·5 
8 do. 5·5 5·5 6 5 

10 do. 5 5 5 4.5 

12 do. 4.5 4.5 4.5 4.5 

14 do. 4.5 4.5 4.5 4 

16 do. 4.5 4.5 4.5 4 

Lithologic log 

Description of material 

Soil, brown 
Tuff, light reddish brown 
Tuff, light brovn 

Remarks 

Thickness 
(teet) 

4.2 
13.8 

1 

Sept. Mar. 
19, 

196l 

;o 
26 
40 
7.5 
7.5 
6. 5 
6 
5.5 
4.5 
4.5 
4.5 

Depth 
(feet) 

4.2 
18 
19 

20, 
1962 

35.5 
33 
41.5 

7 
7 
6.5 
6 
5.5 
4.5 
4.5 
4.5 

--------

No significant changes in moisture content occurred in the tuff. 
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Table 21.--Moisture content and lithologic log of test hole 9M-4, 
Technical Area 49 

Location: ll3 + 935 
100 + 40E 

Depth 
Dept'!:. "::elov Moisture content (percent by volume) 
belO\i land Mar: May - ~t.- J\PT. sept: 1o1S.r. 

HI surface 25, 3, 7, 6, 8, 8, 
(feet) (feet) Material 1960 1960 1960 1961 1961 1962 -- --·---------

3 "1 Fill 19 27 20 27 5.5 21.5 
4 2 do. 26.5 25.5 28.5 31 4. 5 5.5 
c; 3 do. 21.5 39 32 38 6 7 ,. ,. 

4 do. 39· 5 28 30 32 6.5 6.5 0 

8 6 do. 22 25 25 21 20.5 
10 8 do. 21.5 22.5 20 22 20.5 
12 10 do. 5.5 5.5 5.5 5·5 5 
14 12 do. 4 4 3·5 4 4 
16 14 Tuff <3.5 <3·5 3.5 3·5 <3·5 
18 16 do. <3.5 <3.5 <3·5 <3. 5 <3-5 

U thologic log 
------------------------ --------

Description of material 

Fill, soil and crushed tuff 
Tuff, light gray 

Remarks 

Thickness 
(feet) 

12.4 
6.6 

Depth 
(feet) 

12.4 
19 

No significant changes in moisture content occurred in tl:e tuff. 
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Table 22. --Moisture content and lithologic log of test hole lOM-1, 

Technical Area 49 

Location: lo4 + 96S 

Depth 
below 

HI 
(feet) 

2 
3 
4 
5 
6 
8 

10 
12 
14 
16 
18 
20 
24 
26 

llO + 31E 

Depth !wbisture content (percent by volume) 
belov 

land May ~t. Mar. Sept. Mar. 

surface 4, 5, 29, 5, 9, 
(feet) Material 1960 1960 1961 1961 1962 

0.5 Soil 8 <:;.5 26.5 6 17 

1.5 do. 22 5.5 27.5 10 18 

2.5 Pumice 23.5 8 14.5 31.5 16.5 

3.5 do. 4.5 5.5 7 23 1;. 5 

4.5 do. 5 4 4.5 19·5 15.5 

6.5 Tuf'f <3.5 <3-5 <:;.5 <3·5 ; 
8.5 do. <3-5 <3.5 <3·5 <:;.5 <3.5 

10.5 do. <3.5 <3.5 <3·5 <3·5 <;.5 

12.5 do. <3-5 <3-5 <3·5 <3-5 <3.5 

14.5 do. <3.5 <:;.5 <3·5 <3·5 <:;.5 

16.5 do. <3-5 <3-5 3-5 3-5 ;.s 
18.5 do. 3·5 3·5 3-5 3.5 

22.5 do. 3·5 3-5 3-5 3-5 
26.5 do. 4 4 4 4 

------------------------------

Lithologic log 

Description of material 

Soil, brovn 
Pumice, light gray 

Tu.f'f 1 light gray 

Remarks 

Thickness 
(feet) 

2.4 
2.1 

24.5 

Depth 
(feet) 

2.4 
4.5 

29 

---·--

----- ------------

No si8nificant changes in moisture content occurred in the turf. 
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Table 23.--Moisture content and lithologic log of test hole lOM-2, 
Technical Area 49 

Location: 104 + 54S 
lo8 + 69E 

. - -·- ----·- --
Depth Moisture content (percent by volume) 

Depth below 
below land -- ---

HI surface Mar. May Ckt. Mar. Sept. Mar. 

(feet) (feet) Material 28, 4, 5, 29, 5, 9, 
196Q__J:9Qo 1960 1961 196l_J.962 _______ 

2 1 Fill 37 33 14 36 24.5 33 
3 2 do. 39 36.5 15 35 ll 22 
4 3 do. 32 33 12 14 5-5 7 
5 4 do. 19 22 15 ll 6.5 10 
6 5 Pumice 27 28.5 32.5 31 28.5 28.5 
8 7 do. 6.5 6 6.5 6.5 6.5 6 

10 9 do. 5 4.5 ~~. 5 4.5 5 4.5 
12 11 do. 3-5 3.5 3-5 3-5 <3.5 3-5 
14 13 Tuf'f <3.5 <3-5 <3-5 <3.5 <3-5 <3-5 
16 15 do. <3-5 <3.5 <3.5 <3-5 <3-5 <3-5 
18 17 do. <3-5 <3-5 <3· 5 <3.5 <3.5 <3-5 
20 19 do. <3.5 <3-5 <3.5 <3-5 

---- --------

Lithologic log 

------------ - ----- -- --------------- ------- - -

Description of material 

Fill, soil and crushed tuff' 1 mixed 
Pumice, light gray 
Tuff' 1 light gray 

Remarks 

Thickness 
(feet) 

4 
8 
8 

Depth 
(t'eet) 

4 
12 
20 

No significant changes in moisture content occurred in the pumice or tuf'f'. 
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Tl:..e disposal o:: industrial ef'f'luents in ~brtandad 

Canyon, Los Alamos County, NeH Mexico 

By 

William D. PJ.rtymun 

/,bstract 

The U.:::. Geological .movey in cooperation with the U.S. Atomic 

Energy Commission and Jroups H-6 and H-7 of the Los Alamos Scientific 

Laboratory made a study of the disposal area for low-level radioactive 

industrial effluents in Mortand.ad Canyon. The study was made to 

deterr~ne the movement of c::::'i'luents in -che disposal area and to 

evaluate the pos.:;it..i..._ity of -.;·:mtaJllination of surface llOO ground water 

outside the disposal ~rea. 

MJrtiUld.ad Canyon is ..:ut into the Bandelier Tui'f, which forms the 

Pajari to Plateau. ilie drainage aroo above a.nd 'i·li t:r.in the disposal 

area is small. ~e alluviuo is thin in the uppe~ canyon but thickens 

eastward into the rd.ddle and lower canyon. 

The canyon has no natural perennial strea.wi'low. Sl.Lrface water 

entering the disposal area is ston:r, runoff, waste \:ater from cooling 

process at New Sigr.a and 'J::;,-48 and. industrial effluents fron:. the 'i-laste 

treatment plant at Tr\-50. Tr~e storm runoff, was·~e wate::.- and effluents 

infiltrate into the alluvi~ to recharge a body of water perched in 

the alluvit.ur• overlying the ttct'f. As the water moves through the 

alluviuc some is lost to evapotranspiration while the remainder 

infiltrates into the tuff. 
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An inventory of surface water and water in the alluviUffi from July 

1963 to June 1965 indicated that a greater amount of water was lost into 

tl:.e tuff in the upper canyon tban in the tid:ile and lowc:r canyon of the 

disposal area because the alluviu.'n cverlying the tUl'f in the upper 

canyon is more perneable (siity sand) than the a::..luvium overlying the 

tu.ff' in the middle and lower canyon (sandy silt). TLe m.....r-.vel!lent of water 

in the tuff is dowmm.rd beneath the disposal area into the unsaturated. 

volcanic rocks and s-::d:Lwents of the Puye Conglorue:cate. 

The urpcr part o:f' the ~;.ain aq·..1.ifer in the Los i\ .. ..l.a.rn.os area is in 

the Puye Conglome1~te, about 1,000 feet beneath the canyon floor. The 

water in the u.ain aquifer i.s movint; at about 70 feet per year toward. the 

Rio vrande. The R.ic Grande, at·..>ut 6 mL.es east of the disposal area, 

is the natural dir;~~Ja.:'t;C: .:J.:J.'ec. for the main c..quifer. 

The ::her.-.i.cal and :cadic-..:!1er.U..cal quality of water in the alluvium 

improves .:1 ::rvmgradient in the :lisp::.,sal area due to dilution of the effluent 

by st~--,rr-' runoff :;1nd waste :ater, [;:ld. by ads,)!-ption of certain ions and 

ra:lionucli,les b~- :·Lay minera:s. '..later in the rain aquifer shawed no sicn 
of checical or radi -,.::hetical contamination. 

The geology and hydr:)logy A. M:>rtandad Canyon is ideal for the 

disposal of low- ..Level radiou.cti·:c. ·.::.d'.lu.ents. Tne snall drainage area 

and the volume of allmriLL (t0 absor1 the stom runoff) reduces chances 

for storn:s to flus!-. ~~va.mina~~ez to the RL Jrande. Chemical and radio

chemical conta.:nrlnaticn is ~ :.nfined tv t:-~e di::;pcsal o.rea. The disposal 

area has an envlron.'!lc.::J.t t::Ut :·c:=:uces the cont2.r.l.ination in the effluents 
and the slow movement of water in the r.ain aquifer beneath the disposal 
area would allow ion-exchal)f;e and half life decay of any ra.dionuclides 
that should reach the aquifer so that no contaLunation would remain in 

the water when it reached its natural discharge area. 
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Introduction 

Radioactive liquid wastes resulting from the many research a~d 
development projects Rssociated with nuclear energy are produced at 
Los ALsmos. These wastes were discharged untreated into deep canyons 
at Los Alamos prior to 1950. Waste treatment began in 1948 and a 
treatment plant was completed and put into operation during 1950. 
Since that tiwe radioactive liquid wastes lJB.ve been treated before 

beinG discharged into the environment (Christenson, 1959, p. 816). 
T.te plant construction in 1950 was within the city and effluents ·v1ere 
discbarsed into an adjacent canyon. New technical areas were constructed 
and old technical areas were relocated on the Pajarito Plateau s-Juth 
of the city during the period 1958 to 1963. The new laboratories 
produced an increased volUI!le of liquid \-lastes. A new centrally located 
treatment plant to process radioactive wastes was built at Technical 
.Ar~ T.A.-50 south :Jf Los Alamos in 1962 and ·Has put in operation in the 
latter part of J'\.Jle 1963. Liquid ·Hastes are collected through an 
acid-sM.'e:::· s~rster.; for treatment at the plant. Treatn:.ent consists of 
che:-.1ical or ion excba.n('e processing before effluents are discharged 
into the disposal area in Mortandad Canyon. 
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The U.S. Geological ~1rrey in cooperation ~ith the u.s. Atomic 

Energy Commission and Groups H-6 (Environmental studies) and H-7 
(Waste Treatment Section) o~ the Los Alamos Scienti~ic Laboratory 

mde a study of -r.he geology and hydrology o~ the disposal area in 

!rbrta.ndad Canyon. The study was made to determine the movement of 

e~~luents in the disposal area, and to evaluate the possibility of 

contaminating surface and ground v~ter in areas beyond the disposal area. 

The cooperation o~ nucerous personnel o~ the U.S. Atomic Energy 

Commission and the Los Alamos Scienti~ic Laboratory was appreciated. 

The s~pport of W. R. Kennedy, H-6, LASL, and C. W. Christenson, H-7, 
IASL, who pr:Jvided technical advise and supervised the laboratory's 

chemical and ra:liochernical analyses of alluvium and water is 

acknaw ledged. 
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Previous investigations 

Early studies to locate a site suitable for the long term discharge 

of treated low-level radioactive effluent were made by c. W. Christenson 

and W. R. Kennedy of the Los Alamos Scientific laboratory and J. H. 

Abrahams, Jr., of the u.s. Geological Survey. The results of the 

study indicated that the location of the plant near Technical area 35 

would be centrally located and relatively isolated. A preliminary 

study of the geology and hydrology of MJrtandad Canyon was summarized 

in an open file report for the period October 1960 to June 1961 (Baltz 

and others, 1963). An article in the U.S. Geological SUrvey Annual 

Review (Abrahams and others, 1962) describes the movement of water in 

the alluvium. 
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Geography 

Mortandad Canyon is a narrow east-southeast-trending canyon, 9.5 

miles long on the Pajarito Plateau in Los Alamos and Santa Fe Counties, 

New Mexico. The head of the canyon is three-fourths of a mile south 

of Los Alamos in the western part of the plateau. The mouth is in 

White Rock Canyon of the Rio Grar.de at the east side of the plateau 

(fig. 1). The Canyon floor slopes gently from an altitude of 7,300 

Figure 1 (caption on next pace) belongs near here. 

feet near the head of the canyon tc about rne mile west of the Rio Grande 

where it drops from an altitude of 6,300 feet to 5,440 feet at the 

Rio Grande. The drainage area of the canyon and its tributuries above 

t'l:le confluence with Canada del Buey is !lbout five square rr.iles. 

The area of investigation was the part of 1-L-l"tandad Canyon 'West 

of the Los Alamos-Santa Fe County line (fig. 2). Near the Los Ala.rnos-

Fibtl!'e 2 (caption on next page) beloncs __ n_e_a_r_h_e_r_e_. ------

Santa Fe County boundary, the ca~von floor is relatively flat and is 

600 to 700 feet '-lide. The canyon narrows to the west, and in the 

vicinity of -well T-8 the floor of the ca~von is only about 100 feet 

-wide. West of well T-8 the canyon bottom is 30 to 8o feet wide and in 

many places is boulder strewn and irregub.r. The canyon ... alls are 

st~ep and in some places are near vertical. 
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Stands of lar~e pon1erosa pines interspersed with junipers and 

pinon pines grow on the floor of the canJ~n in the eastern pert of the 

area. \~estwardly, the junipers and pinons decrease in number and the 

canyon floor is chiefly a covered meadow of sparse grass and large 

ponderosa pines. The narrow part of the canyon contains relatively 

dense stands of spruce, fir, ponderosa pine, deciduous trees, shrubs, 

and grass. 

Efrluent and Ten ~1te canyons are tributaries to MOrtandad Canyon 

in the area of i::westigatiun. 'Z:.~e r:J.iJ.dle part cf Ten Site Canyon and 

the lm1er part of Effluent Cany0n are narrow and steep walled and La·re 

irreglL.ar bculder strew:-: ix. ttorr.s. The strea."":l. cl;anr..el is precipitous 

in places. T"ne up~.er par-t af :.hese triht .... >tn.I7 canyons are relatively 

broad and contain only a fe'.·' thiL patches -:;f aLuviun and soil resting 

on be~xock. Tl1e ve~etation is about the same as ax~itited in the 

narrOi·l part of Mcruandad--fir, s-:-ruce, and pon6.cr-::n>a pir..e -w:.tn some 

deciduous trees, shr.1~ ·s, C~.nri ,__;.i.·asses. The ~ .1tfall from t=.e waste 

treatment plant TA-50 is into Ef'fluent Canyon. 
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Geology 

An investigation of MOrtandad Canyon as a site for disposal of 

treated lo~-level radioactive wastes was made prior to its use as a 

disposal area by Baltz, Abrahams, and Purtymun in 1963. This section 

on geology has been largely taken from that report. 

MOrtandad Canyon is on the Pajarito Plateau which is capped by the 

rhyolitic volcanic rocks of the Bandelier T~f of the Pleistocene age, 

(Griggs, 1964, p. 46). The Bandelier Tuff rests unconformably on the 

Santa Fe Group of Middle(:) Miocene to Pleistocene(?) age. Tl1e lower 

part of the Santa Fe Group consists of silty sandstone, sandy siltstones 

~ith occasional siltstone and pebbly conglomerate called the Tesuqu~ 

Formation by Spiegel and Bald~in (1963, p. 39). No wells have been 

drilled to the base of the Tesuque Formation on the Pajarito Plateau; 

thus, the nature of the rocks below the Santa Fe Group in this area is 

unkno·wn. 

The Tesuque Fc.r:tiE.tior: is -•erlain by the Pu;;-e Conglomerate of the 

s~nt~ Fe Gro~p (Griggs, i964, p. 28). T.~e Puye Conglome~ate consists 

of' the Tctuvi Lentil aver'..ain b;y the fanglomerate member. The Totavi 

Lentil is a dep;;>sit of ancient rb·er grave::.s composed of sand pebbles 

and boulders :Jf qULJ.rtzi te, Granite, and volcanic rocks. T:1.e Fanglomerate 

member is composed of si:t, sand, and pebble ta boulder breccia derived 

from volcanic rocJ~s. The flows of the -::-asaltic rocks of Cl-..ino Mes'3. 

are intcrbe:ided i-7ith the fa.nglomer:_.c.e member ~Jcneath the plateau. 
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The surface rocks in the disposal area in Mortandad Canyon are 

the Tschirege Member of the Ba.nd,elier Tuff and Recent alluvium (fig. 2). 

The sub-sm-face rocks in well T-E:, a test well drilled near the center 

of the disposal area, are tl:e lower part of the Ts!rlrege and the Otowi 

and :iuaje Menicers of t.i.1e Band.eilcr T'...lf'f, t:J.e fanglomerate member of the 

P..zye Conglomerate and the ~s.:~.ltic rocks of Chino Mesa (table 1). A 

description ..i.s given of these formations because of their hydroloe;ic 

importance to the Usposa~ ,:.,f low-level radioactive effluents in 

M::;rtandad Canyon. 



Puye Conglomerate 

The fanglomerate member of the Puye Conglomerate of Pliocene(?) 

age is the oldest stratibrapr~c unit penetrated at well T-8 (table 1). 

T:.'le well is bottomed in sediments that are probably a short distance 

above the Totavi Lentil, which is the basal unit of the Puye Conglomerate. 

:t-bst of the fanglomerate member consists of gravels, sand, silt, and 

clay, but the basaltic rocks of Chino Mesa occur between the depths 

of 58o and 725 feet and split the fanglomerate member into a main 

(lower) part and an upper part. 

TL1e main part of the fanglomerate consists of light-tan to light

gray tuf'f and tuffaceous, pebbly san:i betveen the depths of :JlO and 

1,o65 feet. Mbst of the sand is composed of fine to coarse quartz and 

angular quartz-crystal fragments with some pebble fragments consisting 

of pUDice, basalt, rhyolite and latite. Water was found in well T-8 

at the dep~h of 990 feet and rose in the hole to a depth of 962 feet 

below land surface. The fanglo~erate member between the depths of 

725 and 970 feet above the tuffaceous unit consists of sand, silt, 

and clay with an abundance of interbedded gravels composed of latite, 

basalt, rhyolite, and andesite fragoents. 

The UlJper part of the fanglomerate merr.ber, between the depths of 

490 and 58o feet, is similar to the beds below the basalto The fanglomerate 

bet-.:een 490 and 500 feet is light-tan, slightly tuffaceous, and fine to 

coarse-grained sand containing rhyolite and latite fragments. No water 

was found in the upper part of the fanglomerate member; hovever, water 

in~roduced into the hole Jurinc drilling was perched at a depth of about 

570 feet on a layer of silty, sandy clay resting on the basalt. A test 

indicated the abscmce of fo.rnBtional water in this inter-val. 
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Table 1.--Geolor,ic section of well T-8 

1 1 1 6 IDeation: NE~lE~-l:;-, sec. 23, T. 19 vl., R. E. 

Altitude: 6,872 feet above mean sea level datum. 

Total depth: 1,065 feet. 

Depth to v1ater: 962.8 feet. 

Geolo~ic section: 

T:1icl-:ness 
{feet) 

Recent alluvium: 

Silty sands and gravels ------------------------
Bandelier tui':f': 

Tshirege Member: 

Unit l - Nom•elci.ed pumiceous rhyolite tuf':f, 

some pUlT'.ice fragments 1Meathe~d to clay - 20 

Otmli Member: 

Depth 
(feet) 

4o 

6o 

NoiiWelded pumiceous rlzyolite tuff --------- 385 445 
Gua.je Member: 

Lump pumice ------------------------------- 45 
Puye Co.rJblomerate: 

F!::.nglomerate Member: 

Silt, sands, and gravels consisting of 

latite, baaa1t, and.;site and rhyolite 
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Table 1.--Geologic section of well T-8 - Continued 

stratieraphic unit 

Basaltic rock>of Chino Mesa: 

Dense dar}-;. gray basalt, i.:1te:cfo:r:-:;ationa.l 

tuiTaeE::OUS gravels occur bet-ween the depths 

T'r:i cJ:.nes s 
(feet) 

of 705 to 715 feet ---------------------------- 145 

Fa.nzlomcrate ~1e..--;;ber: 

Silt, sands and gravels composed of 

latite, basalt, andesite and rhyolite 

from dertcs of 725 to 970 feet. Tuff 

and tuf'facer,us ne:..,bly sands of q:l.artz 

and fra.cz:..ents :.f basalt, pw..ice, r::yoli te 

occur from 97C -co 1,065 feet ----------- 340 

19 
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Basaltic rocks of Chino Mesa 

Several flows of brown to dark-gray basalts are interbedded with 

the fanglomerate member between the depths of 580 and 725 feet. The 

drill cuttings are chiefly fragments of greenish-gray glass and feldspar 

crystals with a few large fragments of black basalt. Yellowish-tan 

tuffaceous sand, which seems to be a bed of interflow sediments, occurs 

near the base of the unit from 705 to 715 feet. Los& of water and 

drilling mud during the construction of well T-8 indicated open joints 

are numerous in the basalt. 
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Bandelier Tuff 

The Bandelier Tuff of Pleistocene age is the surface formation 

in Mortandad Canyon and is present also in the sub-surface where it 

rests unconformably on the Puye Conglomerate. The Bandelier Tuff is 

rhyolitic and consists in ascending order: of the Guaje Member, a 

lump pumice; the Otowi Member, a nonwelded tuff; and the Tshirege 

Member, a series of nonwelded to welded tuff units. The Tshirege 

Member forms the outcrops in the disposal area (fig. 2). 

21 



Guaje Member 

fhe Guaje Member was penetrated in well T-8 between the depthli of 

445 and 490 feet. It censists chiefly gf rounded fragments of white, 

gray, and tan pumice in a matrix ef glassy ash. Quartz, feldspar 

crystal fragmeats, and pink and red rock fragments also occur in the 

pumice. 
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Otowi Member 

The Otowi Member overlies the Guaje !-!ember and was penetrated in 

well T-8 between the depths of 60 and 445 feet. The Otowi Member consists 

of a light-gray to light-pinkish gray nonwelded rhyalitic tuff. It is 

made up of quartz and sanidine crystal and fragments af latite, rhyolite, 

and pumice in a matrix of fine ash shards. Several layers consist mainly 

of pumice fragments; some of which are as much as l inch across. 
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Tshirege Member 

The Tshircge ~lember is exposed in the walls of Mortandad Canyon 

and forms the mesas to the north and south (fig. 2). The contact, an 

irregular erosion surface, between the Tshirege Member and the under

lying Otowi Member can be observed in Sandia Canyon north of Mortandad 

Canyon. Althcugh the contact is concealed in Mortandad Canyon, it is 

probably an erosional unconformity. 

The £shirege Member was divided into lithologic units in the 

disposal area and mapped accordingly (fig. 3). The three units, Unit 1, 

2, and 3, 

Figure 3 (caption on next page) belongs near here. 

in ascending order, vary in degree of welding; this affects the rates of 

infiltration of water. 

Unit 1: The lower part of the Ishirege Member consists of two 

ledge-forming layers of nonwelded to moderately-welded pumiceous tuff 

breccia that are generally similar in lithology, but are slightly 

different in color and weathering characteristics. 

The lower layer is d massive orange-weathering pumiceous tuff 

breccia which forms a low ledge above the alluvium. It is composed of 

pink colored fragments of pumice ranging from 1/8 inch to 6 inches in 

the longest dimension and, quartz and sanidine crystals and obsidian 

and rhyolite fragments in a fine glassy ash matrix. The weathered outer 

1 to 3 inches of tuff forms a hard rind that protects the soft inner 

rock from weathering. fhis basal layer is present across much of the 

Pajarito Plateau. 
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The upper layer of unit 1 rests conformably on the lower laye~ 

and weathers to dull grayish-brown and light orange. It is a tuff 

breccia with a fine-grained, ash-shard matrix similar to the lower 

layer but with smaller pumice fragments and an increase in the amount 

of quartz crystals and dense volcanic rock fragments. It is slightly 

less resistant to erosion than the basal layer and forms a round ledge 
set back from the lower layer. West of well MC0-4 both layers form a 

vertical cliff along the north wall of the canyon. The layers can be 

distinguished here because a soft bed of pumice at the base of the 

upper layer weathers to a persistent notch in the cliff. 

The thickness of the lower layer varies because it is deposited 

on the erosional surface at the top of the Otowi Member. Its thickness 

can be determined only at well T-8 where it is about 70 feet thick. 

The upper layer is fairly uniform in thickness ranging from 18 to 22 

feet thick in the disposal area. Total thickness of Unit 1 is about 

90 feet at well T-8. 
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Unit 2.--Unit 2 of the Ishirege Member rests conformably on 

Unit 1 and seems to be transitional into it. It is a light-gray 

moderately welded pumiceous tuff consisting of angular fragments of 

pumice, dense rhyolite, and latite fragments as large as 4 inches across. 

Also present are fragments of quartz and sanidine crystals. It weathers 

dull gray and grayish-brown with a hard rind several inches thick at the 

surface. A lower layer weathers to a rounded slope set back from Unit 

1 along the eastern part of the disposal area. An upper layer in this 

area is resistant to erosion and forms ledges and benches above the 

rounded slopes of the lower layer. Westward from well HC0-4, Unit 2 

forms the sheer cliff in the narrow part of Mortandad, Effluent, and 

'L~n Site Canyons. .Lhe thickness vf the unit ranges from 110 to 120 feet. 

Unit 3.--Unit 3 of the l'shirege .Hember rests conformably on 

Unit 2 and grades do·,..nward into it. Unit 3 consists chiefly of a 

light-gray to light-tan nonwelded to moderately welded tuff. It is 

composed of lenses ~t large pumice fragments, quartz and sanidine 

crystals and fragments, and latite and rhyolite rock fragments in a 

fine ash-shard matrix. Most of Unit 3 is relatively soft and has been 

eroded to fonn round slopes; A hard rind several inches thick forms on 

the weathered surfaces. The upper 40 to 50 feet is moderately resistant to 

erosion and forms flat mesas and benches with steep sides north and south 

of Mortandad, Effluent, and Ten Site Canyons. Unit 3 is about 110 feet 

thick in the area west of MC0-2 and is the stratigraphically highest part 

of the Bandelier Tuff preserved in this part of the Pajarito Plateau. 

27 



Alluvium 

Alluvium of Recent age rests unconformably on the Bandelier Tuff 

in Mortandad Canyon. The alluvium consists of detritus eroded from 

the Tshirege Member which forms the sides of the canyon. The alluvium 

between the outfall from TA-50 in Effluent Canyon and well MC0-2 in 

Mortandad Canyon (fig. 2) consists of boulders, cobbles, and pebbles of 

tuff intermixed with sand, silt, and clay. The sand consists of fine to 

course-grained crystal fragments of quartz and sanidine. The thickness 

ranges from zero to several feet in Effluent and upper Mortandad Canyons 

to 18 feet at well HCv-2. 

The alluviutn east of well HC0-2 is thicker and consists of two 

distinctive units. Samples from observation wells and access tubes 

constructed in the canyon show that the upper part of the alluvium is 

chie!ly a coarse-grained, silty sand. 'fhis unit rests on brown, sandy 

silt. which constitutes a l1Ner unit of alluvium. 

rhe alluvium is about 40 feet thick at well MC0-3. The upper 28 

feet consists mainly of silty sand, and the lower 12 feet consists of a 

tan, sandy silt resting on Unit 1 of the Tshirege Member. The alluvium 

is about 48 feet thick at well HC0-4. The upper 34 feet consists of 

coarse silty sand which laps onto Unit l of the Tshirege Hember near the 

edges of the valley. 'fhe lower 14 feet consists mainly of brown sandy 

silt \vhich rests on the Otowi Nember. The alluvium is about 80 feet 

thick at well f-1C0-6. The upper 55 to 60 feet is silty sand. The lower 

20-25 feet is br~~ sandy silt. The upper unit laps onto Unit 1 of the 

Tshiregc Nember near the edges of the valley and the lower silty unit 

rests on the Otowi Hember. 
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The thickness of the alluvium in the canyon east of well ~~0-6 is 

unknown. On the basis of extrapolation of gradients and comparison of 

the Jepth of Sandia Canyon to the north, the alluvium at the Los Alamos

Santa Fe County line (fig. 2) is probably 80 to 120 feet thick. 

The alluvium in Mortandad Canyon has a complex history of deposition 

and erosion. The lower unit of alluvium contains much sandy silt which 

probably is the product of weathering in place of the Bandelier Tuff. 

The upper sand unit is chiefly the product of mechanical erosion. 

Alluviation is occurring at present, and small fans of coarse detritus are 

accumulating at the bottom of the steep slopes and at the mouths of some 

ef th~ tributary canyons. The increase in the amount of surface water 

(~-1aste water and efflue:.1ts from the technical areas) has caused the 

alluvium to be eroded in the canyon west of ·well t-~C0-3 and to be 

redeposited a short distance to the east. This is generally the eastern 

limit of surface water flow during prolonged discharge of waste water. 

\~ater was found in the alluvium during the construction of observation 

wells and access tubes from well MC0-1 to \vell MC0-7 (fig. 2). The 

water is perched on the Bandelier Tuff. The occurrence of water in the 

alluvium is discussed in a later section of this report. 
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Hydrology 

The study of the hydrology of the disposal area was made to determine 
the movement of low-level radioactive effluents discharged from the 
waste treatment plant TA-50. Hydrologic data were collected from October 
1960 to June 1965. 

A net· of shallow observation wells and access tubes were constructed 
in 1960 and 1961 to study the movement of water in the alluvium and 
underlying tuff. Twenty observation wells and thirty-one moisture access 
tubes were constructed; however, only observation wells and access tubes 
mentioned in the text are designated by ktters and numbers. They are 
numbered consecutively down-gradient from west to east and are identified 
by the following letters: 

Prefix MCO -Observation well. 

Prefix MC~~ - Access tube. 

Observation wells were completed in the alluvium and cased with 
2, 3, or 4-inch diameter plastic pipe. Access tubes, used to determine 
distribution of moisture and density of adjacent material, were completed 
in the alluvium by casing 4-inch diameter holes with 2-inch plastic pipe. 
The annular space between the hole wall and the plastic pipe was filled 
with alluvium and compacted to near the density of the adjacent material. 
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Access tubes MCM-1, 2, 3, 4, and 5 were constructed to study the 

distribution of moisture in the tuff. MCM-1 and 2 are in Effluent Canyon 

and upper Mortandad Canyon. The holes were drilled into the tuff at an 

angle of about 30 degrees from benches about 50 feet above the stream 

channel to positions of about 25 feet below the stream. The holes were 

cased with 2-inch plastic pipe and the annular space was filled and 

compacted with crushed tuff. Access tubes MCM-3, 4, and 5 were constructed 

by augering a 5-inch hole through the alluvium into the top of the tuff. 

A 4-inch steel casing was set into the top of the tuff to seal out tbe 

water from the alluvium. A 3-inch diameter hole was then augered into the 

tuff through the steel casing. A 2-inch plastic pipe was then set into 

the tuff and the annular space filled with crushed tuff which was compacted 

to near the density of the undisturbed tuff. fhe distribution of moisture 

in the alluvium and underlying tuff was determined in the access tubes by 

a neutron-scattering probe. 

A deep test well (T-8) was drilled in 1960 to determine the geologic 

units beneath the canyon and the hydrologic characteristics of the main 

aquifer. Well T-8 is completed at a depth of 1,065 feet in the main 

aquifer. It is cased with 8-inch steel casing with the lower 110 feet 

slotted. It is near the center of sec. 23, T.l9 N., R.6 E. 

Two 6-inch modified Parshall flumes (GS-1, GS-2) were permanently installed 

in the stream channel in 1962 and were equipped with recorders to obtain a 

continuous record of surface Nater flow in the disposal area. Surface water 

and alluvium sampling stations are numbered downgradient from ~~est to 

east and are identified by the following letters: 

Prefix MCS - Suriace water or alluvium sampling station. 
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The disposal area was divided into three parts, the upper canyon, 

middle canygn, and lower canyon (fig. 2), to facilitate the study of the 

relationship between the surface water and water in the alluvium. The 

upper canyon extends from the TA-50 outfall in Effluent Canyon to well 

MC0-2 in Mortandad Canyon. In this reach the canyon is relatively 

narrow and contains only thin alluvium (0-18 feet) and is underlain by 

Unit 2 of the lshirege Member of the Bandelier Tuff. The middle canyon 

extends from well MC0-2 to ~~0-4. In this reach the canyon begins to 

widen and the alluvium thickens from 18 feet at MC0-2, to 48 feet at MC0-4, 

and is underlain mainly by Unit 1 of the Tshirege Member, and near MC0-4 

by the Otowi Member. The lower canyon extends from well MC0-4 to MC0-6. 

In this reach the canyon becomes progresiively wider and the alluvium 

thickens from 48 feet at well MC0-4, to 80 feet at MC0-4, and is 

underlain by the Otowi Member. 

Mortandad Canyon heads on the Pajarito Plateau. It has a relatively 

small drainage area consisting of about 0.5 square mile above gaging 

station 1 with an additional 0.8 square mile in the disposal area 

(u~per, middle, and lower canyons). This includes about 0.4 square 

mile in Ten Site Canyon that is tributary to Mortandad in the lower 

canyon. 

The stream channel in the upper and middle canyons is well defined, 

containing gravels and boulders from ashflows of the Tshirege Member 

of the Bandelier Tuff. In the lower canyon, east of well MC0-4 the 

stream channel is discontinuous, braiding out into the canyon floor. 

(fig.2). 
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Surface Water entering the disposal area consists of waste water, 

storm runoff, and industrial effluents. fhe volume of water entering 

the disposal area was determined by records from gaging station GJ-l. The 

volume ~f water entering the middle canyon was determined from ~ging 
.. 

station GS-2 near ~ell MC0-2 {fie;. 2). Ver-;:;- littJ e surface i-12.ter except 

storm runoff entered the lower canyon during the period of July 1963 to 

June 1965. As surface water moves eastward through the disposal area, 

losses occur by evapotranspiration and by infiltration'into the alluvium. 

The surface water infiltrating into the alluvium recharges a small body 

of water perched on the underlying tuff because the tuff is less permeable 

than the alluvium. As the water moves eastward in the alluvium it is 

lost into the tuff. 

The main aquifer of the Los Alamos area is at a depth of about 

990 feet below the floor of the middle canyon. The source of recharge 

to the aquifer is unknown, but the slope of the potentiometric surface 

of the main aquifer suggests that the major recharge area are deep canyons 

cut into the western part of the Pajarito Plateau or in the Sierra de los 

Valle~. The movement of water in the aquifer is eastward beneath the 

Pajarito Plateau toward the-Rio Grande where part is discharged through 

a series of springs or directly into the river channel. 
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Surface water 

Two surface water gaging stations (gaging stations 1 and 2) were 

established in February 1962. No records were obtained from gaging 

station 1 during the winters of 1962-63 and 1963-64 because the gage 

well was frozen. Continuous discharge of waste water from TA-48 in the 

winter of 1964-65 kept the gage well from freezing and records were 

obtained. No record of surface water discharge was obtained frcm gaging 

station 2 during the winters 1962-63, 1963-64, and 1964-65. The discharge 

at gaging station 2 during the winter of 1964-65 was estimated usinJ the 

control maintained at gaging station 1 during this period. 

Sources of surface water entering the disposal area from March 1962, 

when record began, to June 1963 consisted of waste water from IA-48 and 

New Sigma and storm runoff. Industrial effluents from fA-50 were added 

to the surface flow from July 1963 to June 1965. 

Technical Area TA-48 is about one-half mile west of gaging station 1 

and it discharges waste water from a cooling process into effluent 

Canyon. When discharge occurs the amount varies from 3 gpm (gallons per 

minute) to as much as 30 gpm at gaging stat ion GS-1. New Sigma is about l't

miles west of gaging station 1 and discharges waste water from a cooling 

process into Mortandad Canyon. When discharge occurs the amounts range 

from 50 gpm to more than JOO 6Pm at gaging station GS-1. The recorded mont~" 

amounts of waste water from IA-48 and New Sigma were as much as 5.8 

million gallons (fig. 4). 

Figure 4 (caption on next page) belongs near here. 
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Figure 4.--Sources of surface water entering the disposal area 
in Mortandad Canyon. 
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The amounts of surface water resulting from storm runoff varies; 

however, the larger amounts generally are in July, Au3ust, or September 
when a large amount of precipitation occurs in a short interval of time. 
Runoff in the first 6 months of 1965 was maintained by the continuous 
discharge of ~o1aste ,.,..ater and above nonnal precipitation that occurred 
during these months. 

Industrial effluents from TA-50 are discharged into the disposal area 
at rates of 250 gpm to 300 3P~ in slugs of 20,000 gallons. The average 
monthly dischar~e from July 1963 to June 1965 was about one million 
gallons (fig. 4). 

Surface flow in the .'isposal area from industrial effluents e~tends 
from the TA-50 outfall to near gaging station 2 (fig. 2). Surface flow 

from waste :v-ater from TA-48 generally extends to near Station NCS-5; 
however, when industrial effluents 1re concurrently discharged tha 
combined flow may extend to near 3tation :·1CS-7 for short intervals of 
time. t\aste water from New Sigmc. _ischarging continuously at rates 

ranging from 200 gpm to 300 ~pm at · :~ing station 1 causes surface flow 
to reach Station XCS~7 after 4 or 5 days depending on such factors as the 
amount of water in the alluvium of the upper canyon and the quantities of 
waste water from TA-48 and effluents from TA-50 being discharged concurrently. 

The leading edge of surface flow continues to advance toward Station 
MCS-8 as storage builds up in the alluvium by continuing discharge or 
runoff. Periodic discharge of effluents during time of high storage extends 
the leading edge of the surface flow further east•.rard for short periods of 
time. Storm runoff during the period of investi~ation extended east of the 

MCS-9, however, all surface flo1-1 was contained within the disposal area. 
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Surface water losses 

Surface water losses in the disposal area are by evapotranspiration 

and infiltration into the alluvium. Evapotranspiration is the return of 
water to the atmosphere by evaporation and by transpiration of plants. 

U.S. Weather Bureau pan evaporation data (1953-01) at Santa Fe extra
polated to Los Alamos indicated evaporation at about 55 inches annually, 
or, if applied to the upper canyon a loss of about 5 million gallons. 

A method described by Hantush (1959, p. 8) used the monthly mean tempera

ture to compute the potential evapotranspiration. The estimated evapo

transpiration can be assumed if the soil moisture is at near field capacity, 
a condition existing in a part of the upper canyon. The annual evapo

transpiration loss in the upper canyon for the four year period was 

estimated to be 23 inches over an area of 143,000 square feet or 

approximately 2 million gallons a year. As the area of soil moisture 

in the upper canyon varies during the year, loss to evapotranspiration 

probably ranges from 2 to 5 million gallons annually with the largest 

losses occurring in June, July, and August when the monthly mean 

temperatures are at a maximum, which also correspo~~~ to a period of high 

plant consumption. 

Surface water loss by infiltration into the alluvium occurs in the 

upper and middle canyon but the amount of surface water entering the lower 

canyon is negligible. The area of greatest loss of surface water (upper 
or middle canyon) is dependent on the amount, rate, and time duration of 
surface flow entering the disposal area at gaging stationGS-1, and the 

amount of storage in the alluvium of the upper canyon. 

37 



Records available for 14 months in the period March 1962 to June 

1963 prior to the operation of the waste treatment plant show that the 

loss by seepage and evapotranspiration was about 45 percent (12.2 million 

gallons) in the upper canyon and about 55 percent (14.7 million gallons) 

in the middle canyon. Two periods of discharge of waste water from New 

Sigma during August-September 1962 (6.2 million gallons) and March-April 

1963 (10.3 million gallons) caused complete saturation of the alluvium 

in the upper canyon, so that in effect surface water was perched on the 

water in the alluvium and flow extended into the middle canyon. 

Racords available for 20 months in the period July 1963 to June 

1965 during operation of the waste treatment plant show that the losses 

were about 73 percent (40.9 million gallons) in the upper canyon and 

about 27 percent (14.9 million gallons) in the middle canyon. The 

increased percentage of loss in the upp&r canyon (73 percent) for the 

period July 1963 to June 1965, a perigd when more water entered the 

disposal area, was due to a lower, more uniform rate of surface flow 

entering the disposal area and only partial saturation of the alluvium 

in the upper canyon. 
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Quality of surface water 

Liquid wastes, products of research by the Los Alamos Scientific 

Laboratory, are treated at the waste treatment plant at TA-50. rhe 

liquid wastes contain a varying amount of chemical and radiochemical 

constituents. However, the treatment of the influents to reduce harmful 

contamination is about the same regardless of the chemical and radio

chemical quality of the liquid wastes. The chemical composition of the 

influent is changed by the addition of certain chemicals during treatment. 

The chemicals are added at several stages during treatment. Sodium 

hydroxide is added to the liquid wastes as it arrives at the plant to 

neutralize the acid and to raisQ the pH. Ferric sulfate and calcium 

hydroxide are added as the influent enters floculator clarifiers; this 

precipitates out the radioactivity that was carried in suspension or was 

otherwise insoluble. The precipitate is collected as a sludge in 

settling basins, dried, mixed with vermiculite, placed in barrels, and 

buried in disposal pits on the plateau. Flocculation removes most of the 

plutonium and fission products. If, however, the liquid waste still 

contains excessive radioactivity it is acidized with nitric acid and 

passed through ion exchange columns where artificial resins remove most 

of the remaining radionuclides, generally strontium 90, cesium 137, and 

other fission products. The waste is again treated with sodium hydroxide 

to raise the pH to about 11 before transfer to holding tanks prior to 

disposal. 
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Careful control is maintained throughout the entire treatment 

operation by frequent collection and analyses of the influent at the 

different stages of treatment. The resulting effluent is discharged 

into the disposal area when the radioactivity is less than 10 percent 

of theY~ (maximum permissible concentration) as-recommended by the 

International Committee on Radiation Protection. 

The wastes vary in chemical and radiochemical constituents 1..rhen they 

arrive at the treatment plant; however, the resulting effluent reflects 

the chemical treatment (fig. 5). Concentrations of sodium, calcium, 

Figure 5 (caption on next page) belongs near here. 

carbonate, bicarbonate, and chloride are higher than tbat in the native 

water and, if acidized tor the ion exchange columns, high nitrate as well as 

as pH and conductivity are characteristic of the effluent (table 2). 

Waste water is discharged into the disposal area from Net.;r Sigma 

and TA-48 from cogling processes in the laboratories. The water is 

originally from the municipal supply from Los Alamos. No chemicals are 

added; however, the chemical quality may have been changed slightly by 

use, due to evaporation losses. The chemical quality of the waste water 

discharged into the disposal area did not change significantly during 

the study (table 2). Beta-gamma emitters in waste water from Ne•v Sigma 

for March 1963 were above background. The cause of the contamination 

is unknown. Other radioactivity was background. 
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Figure 5.--Graphic comparison of the chemical quality of effluent 

discharsad in to Mortandad Canyon from TA-50. 
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The chemical quality of surface water in the disposal area 

(after July, 1963) varied due to slight changes in chemical quality 

of the effluents, the amount of dilution of the effluents by waste 

water or storm runoff, and to ion and base exchange processes between the 

relatively unstable chemical combinations in the industrial effluents 

and the alluvial materials. Chemical constituents generally decrease 

dmmgradient in surface water consisting of industrial effluents and 

waste water while that of base flow (drainage from qank storage) shat·ls 

no apparent trend of chemical changes (table 2). 

Radiochemical analyses of surface water in the disposal area shows 

varying amounts of radioactive contamination. Plutonium was reported 

from most of the samples as was beta-gama emitters. There was a general 

decrease in the amount of radioactive contamination in the surface 

water downgradient in the disposal area. 
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Water in the alluvium 

Surface water intiltrates into the alluvium to recharge a body of 

water perched on the underlying tuff. rhe movement of water in the 

alluvium is downgradient to~vard the east. As the water moves, part is 

lost to evapotranspiration and part is lost by infiltration into the 

tuff. The monthly water level measurements in observation wells and 

the volume of alluvium compiled from data obtained during construction 

of observation wells and access tubes were used to compute the volume 

of saturated alluvium in the disposal area. 'i'he storage of water in 

the alluvium was calculated from the volume of saturated alluvium by 

using a 25 percent porosity. 1'he amount of water in transit storage 

varies because of variations in the amount of surface water entering the 

disposal area (fig. 6). Surface water recharge at present is sufficient 

Figure 6 (caption on next page) belongs near here. 

to maintain water in the alluvium as far downgradient as well MC0-7 

(fig. 2). 

The distribution of moisture in the alluvium was determined by a 

scaler and a neutron-scattering moisture probe lowered into access tubes 

cOl:lpleted in the alluvium. The moisture content of the alluvium on the 

floor of the upper canyon is as much as 40 percent by volume during 

complete saturation. In the capillary fringe (above the zone of 

saturation) the moisture content ranged from 20 to 30 percent by volume. 

Above the capillary fringe the moisture content ranged from 10 to 20 

percent. 
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The alluvium in the middle and lower canyons contains three distinct 

zones of moisture. The moisture content of the alluvium in the capillary 

fringe ranged from 20 to 30 percent by volume and rose 4 to 6 feet above 

the zone of saturation. Above the capillary fringe the moisture content 

of the alluvium ranged from 4 to 8 percent to a depth of about 8 feet 

then varied from 10 to 38 percent by volume from 8 feet to the surface 

depending upon prevailing weather conditions. 

A moisture gradient in the upper 8 feet of alluvium occurs after 

measureable precipitation. The gradient ranges from 30 to 38 percent at 

a depth of 1 foot to less than 10 percent at a depth of 8 feet. The 

measurements made after the precipitation show a decrease in the moisture 

contents of the alluvium in the upper 8 feet with no change occurring in 

the zone bel~f (range 4 to 8 percent). Thus, the precipitation on the 
I 

floor of the canyon outside the stream channel infiltrates to a depth of 

8 feet and then is returned to the atmosphere by evapotranspiration. 



Movement of water 

The observation wells were used to determine the rate of movement 

of water through the alluvium. The rate of movement of water in t'12 

alluvium changes due to the amount of water in transit storage. The 

changes in the amount of water in transit storage either increases or 

decreases the water table gradient which is the major factor in determin

ing rate of movement. 

The hydrologic characteristics of the alluvium were determined by 

two aquifer tests of MC0-2. The field coefficient of permeability from 

these tests ranged from 6,000 gpd per sq. ft. (gallons per day per 

square foot) to 6,500 gpd per sq. ft. 'J.'he well is completed in a 

silty sand. The coefficient of permeability was used to determine the 

rate of movement and the amount of water entering the middle and lower 

canyons by percolation through the alluvium. 

The rate of movement of water in the middle and lower canyon was 

computed from coefficient of permeability of 6,000 gpd per sq. ft., an 

average gradient of 140 feet per mile and a porosity of the alluvium 

of 25 percent by volume. The movement of water in the alluvium in the 

middle and lower canyon is about 85 feet per day. 
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Th~ alluvium in the upper canyon is able to store and to transmit 

water into the tuff if the surface flow at gaging station GS-1 is less than 

30 to 35 gpm. When the surface discharge exceeds this rate over a period 

of t~e the alluvium will become saturated as the tuff is unable to 

receive the excess. 

The surface flow infiltrates into the alluvium near the leading edge 

of the stream but will continue along the entire stream due to the slow 

eastward movement of the water in the alluvium and continuing loss into 

the tuff. The front of the saturation zone is represented by a mound, 

which moves downgradient in the stream. When the amount of surface flow 

becomes less than the amount of water lost by moving downgradient in the 

alluvium and into the underlying tuff, the front of the surface flow 

will adjust to the point where infiltration is equal to the amount lost 

into the alluvium and tuff (Abrahams and others, 1962, p. B-93). 

The phenomenon of building a groundwater mound in the alluvium 

occurs on a small scale 8 to 25 times a week with the discharge of 

industrial effluents in the upper canyon. It occurs on a larger scale 

when the discharge of waste ~ater and storm runoff is combined with 

industrial effluent and may extend into the middle canyon. It results 

in differential rates of movement of the effluents and confuses the 

interpretation of chemical and radiochemical quality of water from 

individual discharges of effluent. 
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Water los1e1 into the tuff 

Water losses from the alluvium into the tuff were estimated for 
the upper, middle, and lower canyons of the disposal area (fig. 7). 

Figure 7 (caption on next page) belongs near here. 
The losses were determined by a c~parison of the amount of surface 
water entering the upper and middle canyons, the average monthly amounts 
of water moving through the alluvium in various sections of the canyon 
and monthly changes in storage in various sections of the canyon.(table 3). The 
losses estimated by evapotranspiration (Hantush method) in the upper 
canyon are also shown 

on figure 7. 

Surface water recharge to the zone of saturation in the alluvium 
in the upper canyon is rapid because the alluvium is highly permeable 
and is relatively thin. The upper canyon was able to absorb almost 
all of the streamflow that occurred in the canyon over .a two year period 
except during discharge of waste water from New Sigma. The waste 
water discharged from New Sigma July 1963 and June 1964 caused near 
saturation of the alluvium in the upper canyon as did the waste water 
from TA-48 and storm runoff from November 1964 to June 1965. 
These periods of recharge are reflected by the increase of water in 
transit storage in the middle and upper canyons. The increase of water 
in transit storage in each section of the canyon is accompanied by 
increased losses into the tuff. 
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Larger amounts of water were lost into the tuff in the upper 

canyon than in the middle and lower canyons. rhe weathering of the tuff 

to silt and clays has progressed more rapidly in the middle and lower 

canyons than in the upper canyon thus decreasing the permeability. This 

is shown by the average loss per square foot into the tuff in the various 

sections of the canyon from July 1963 to July 1965. 

Upper Canyon 
Middle Canyon 
Lower Canyon 

Average loss 
(gpd per sq ft) 

0.4 
• 1 
.04 

Periodic moisture measurements are made in the tuff underlying the 

alluvium in the upper canyon (MCM-1 and 2), middle canyon (MCM-3), and 

lower canyon (MCl-1-4 and 5) to determine moisture distribution. The 

moisture content of the tuff in the upper canyon ranged to a maximum of 

28 percent by volume. Over a three month period the moisture content 

of the tuff beneath the stream varied as much as 6 percent at given 

depths. The tuff in the middle canyon (MCM-3) ranged to a maxtmum 

of about 36 percent by volume. The moisture content varied as much 

as 4 percent by volume at given depths showing some movement of water 

into the tuff. In the lower canyon the moisture content of the tuff 

(MCM-4 and 5) ranged to a maxtmum of 48 percent by volume. There is very 

little or no change of the moisture content at given depths. Gamma-

radiation logs indicate the tuff underlying the alluvium in the lower-

canyon contains a fine material (weathered tuff composed of a large amount 

of clay)that is of low permeability, thus restricting the amount of 

water moving downward from the alluvium. 

51 



Quality of water 

Industrial effluents discharged into the disposal area are diluted 

by waste water and storm runoff. The amount of dilution varies and is 

reflected in the chemical and radiochemical quality of the water in 

the alluvium. The dilution occurs largely in the upper canyon as the 

water moves through the alluvium {fig. 8). It was observed that the 

Figure 8 (caption on next page) belongs near here. 

chemical contamination decreased downgradient; however, individual 

chemical constituents varied due to slight changes of the chemical 

quality of the industrial effluent as well as the amount of dilution 

of the effluents with waste water and storm runoff (table 4). 

The sodium ions may mve at a faster rate than chloride ions 

indicating that some chemical constituents move at differential rates. 

Some of these ions lag behind as a result of physical and chemical 

affinity of the ions in solution to the ions of the clay minerals. 

The sodium concentrations began to increase in well NC0-1 in 

August 1963, well MC0-2 in September 1963, well MC0-3, HC0-4, and 

NC0-5 in October 1963, with no significant change in sodium concentra

tions in well MC0-6 until July 1964. Chloride ions began to increase 

in well HC0-1 in September 1963, well NC0-2 in December 1963 and not 

until February 1964 in wells MC0-3, }~0-4, and MC0-5. Chlorides have 

not changed significantly in well HC0-6 to June 1965. 
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The various chemical constituents generally varied with time in 

individual wells; however, the larger amount of change occurred in well HC0-1 

in the upper canyon (fig. 9). The chemical constituents from well MC0-2 

Figure 9 (caption on next page) belongs near here. 

and MC0-4 have increased steadily during the period of July 1963 to 

June 1965 (figs. 10 and 11). Slight variations in individual constituents 

Figure 10 (caption on next page) belongs near here. 

Figure 11 (caption on next page) belongs near here. 

in these wells are due to dilution and differential movement of water 

owing to "slug" type discharge with waste water. Water from well NC0-6 

had changed very little until June 1964. Since that time there has been 

only a slight increase in most chemical constituents (fig. 12). 

Figure 12 (caption on next page) belongs near here. 

The degree of change of the chemical constituents in the water 

decreased downgradient in the disposal area. This is due in part to 

the relative unstable chemical combination in the effluent adjusting 

to the environment and in part to dilution of the industrial effluents 

with waste water and storm runoff which infiltrate at a greater distance 

from the point of effluent discharge. The slower movement and the 

longer time in transit storage allows chemical changes to occur before 

the water reaches the eastern-most part of the disposal area. 

•. 
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The radiochemical contamination varied throughout the disposal 

area with the larger amounts occurring near the effluent outfall in 

the upper canyon in well MC0-1. Plutonium contamination of varing 

BJIX)unts occurred in water :from all the wells and was greatest in well 

MC0-1 (fig. 13). The variations of amounts of plutonium in water from 

Figure 13 (caption on next va.ce) belongs near here. : 
the wells is due to variable composition of the erfluents, to slug type 

discharge of the effluent and dilutiun of erfluents with waste water 

and storm runoff. Urani"Jm was reportel from well MC0-5 prior to the 

discharge of effluents into the canyon from T/1.-50. T'ne uranium may 

be from waste water discharged. from New Sigma.. Beta-ganm:a el:Eliters 

were found in water from wells throughout the disposal s;;:sten (fig. 14). 

Figure 14 (caption on next page) be~ongs near here. 

They were highest in the upper canyon at well MC0-1 and generally 

decreased downgradient in the disposal area. Periods of high beta-ga.rnrm 

emitters occurred in well MC0-1, Decemuer 1963, 1,843 pc/1 (picocuries 

per liter) and November 1964, 2,224 pc/1; well MC0-2, November 1964, 

1,494 pc/1; and well MC0-3, Noveruber 1964, 1,787 pc/1 during the two 

year period July 1963 to J~e 1965. 

Dilution of the industrial effluents with storm runoff and waste 

water reduces the concentration of radioactivity carried downgradient in 

the disposal area. The binding of the radionuclides in the effluents to 

the alluvial material in the disposal area also aids in reducing the 

amount of radioactivity in the water moving through the alluvium or into 

the tuff. 
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Adsorption of radioactivity in the alluvium 

The chemical quality of the industrial effluents change as they 

move as surface or ground water in the disposal area due to their 

relatively unstable chemical combinations. l'he changes occur as 

adsorption of certain ions in the alluvial material as the effluent 

adjusts to the environment. One of the factors facilitating the 

adsorption, retention, and exchange of moat of the radionuclides in 

the alluvial material is the high pH (average about 11) of the 

industrial effluents and the mineral composition of the alluvial 

materials. 

The alluvial materials in the disposal area are derived by 

weathering from the Tshirege Member of the Bandelier Tuff. The pre

dominant minerals are quartz, sanidine, and the clay minerals; 

montornorillonite and illite. Rock fragments are latite, rhyolite, 

rhyolitic tuff, and pumice. The larger size fragments (pebbles, cobbles, 

and boulders) are mostly rhyolitic tuff. The porosity of the fragments 

of tuff and pumice is large (20 to 60 percent by volume in microscopic 

voids). rhe surfaces around these microscopic voids, as well as outer 

surfaces of these rock fragments, are in the process of weathering into 

clay. The quartz and sanidine are also weathering and are coated with 

microscopic platy crystals of clay minerals. The end product of 

weathering in the tuff is mainly the clay minerals montomorillonite and 

illite, which have high base exchange capacities. Clays attached to 

the quartz, sanidine, tuff, and pumice fragments vary due to the degree 

of weathering; however, all contain some clay minerals, and thus 

facilitate the adsorption and retention of radionuclides. 
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Distribution of radioactivity relative to particle size 

Samples of' alluvial material in the stream chan.l'lel of' the disposal 

area were collected and mechanically separated. The separation was 

ma.de into seven fractions ranging from silt to granule size. A 

cumulative curve for the particle size distribution of' alluvium 

from station MCs-1, MCS-4, and MCS-7 show a general increase of' 

finer material downgradient in the disposal area {fig. 15). Tne 

Figxre 15 (caEtion on next page) belongs near here. 

increase was due to the reworking of material in the stream channel 

resulting in finer particle sizes further downgradient. 

The seven fractions from each sampling station were analyzed for gross 

alpha, beta, aDd gam:na radioactivity and radioactive strontium. It was 
bserved 1 

~hat the distribution of' the radioactivity corresponds roughly with 

the size and mineral composition of' the various partiCl.es. In general 1 

more radioact~vity was found in the smaller grain size material {silt, 
' 

clay, very fine sand, and fine sand) and decreases with increasing 

particle size {table 5). The silt and clay, very fine sand, and fine 

sand are made up mainly of clay minerals or products that are rapidly 

weathering to clays. The granules contain greater gross beta activity, 

gross gamma activity and radioactive strontium per unit weight than 

do the more siliceous medium, coarse, and very coarse sand particles 

at station MCS-1. This is because the granules consist mainly of' 

tuff' and pumice having high microscopic porosity and are in the process 

of weathering to clay. 
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Table 5.--Gross alpha, beta, and gamma radioactivity and radioactive 

strontium of respective fractions of alluvium from 

station MCS-1. (Analyses by the Los Alamos Scientific 

Laboratory, Group H-7) 

Particle Counts .Per minute per gram (d.J~ weight} 

Fraction Size Distribution Cumulative Gross Gross Gross Radioactive 

(millimetc rs) (percent hy (percent hy Alpha gamm Be'ta strontium 
weight) weight) activity activity activity 

Silt and clay .074 - 1.0 1.0 45 128 1,751 42 

Very fine sand .074 - .147 3·5 4.5 33 75 799 49 

Ri Flne sand .147 - .295 .5 5.0 24 61 771 27 

Medium sand .295 - .589 13.5 18.5 15 33 396 23 

Coarse sand ·589 - 1.17 25.5 44.0 8 32 414 17 

Very coarse 1.17 - 2.36 34.0 78.0 5 24 239 15 

sand -

Granule 2.36 - 3·96 22.0 100.0 4 35 425 .31 
~ ---~ '------



Relative distribution of radioactivity in the disposal area 

Distribution of the radionuclides in the seven particle size fractions 

show that radioactivity has a greater affinity for the silt and clay, 

very fine sand, and fine sand; bo~ever, these fractions make up less 

than 5 percent (by '~>Ieight) of the total amount o:f' alluvium (silt and 

clay to granule size fraction) at MCS-1 and MCS-4. Silt and clay, 

very fine sand, and fine sand increase from MCS-4 to MCS-7 where they 

make up about 14 percent (by veight) of the alluvium. Thus, most of 

the radionuclides are found in the mediu:rr., coarse, and very coarse sand 

and granu:e particle size fraction si~ly because more of this coarse 

material is available (fig. 15). 

The radioactivity decreases witt. depth in the alluvium. Gross 

alpha activity 1ecreases alout 7C percent and gross ga.m!IE. activity about 

98 percent between the surface anc a depth of 3 feet. Radioactive 

strontium was retained in the upper foot of alluvi~~. 

MOst of the radionuclides are retained or adsorbed on the alluvial 

materials between Station MCS-1 and station MCs- 3 (fig. 16). The 

Figure 16 (caption on n~~ page) belongs near here. 

environt!1€nt :rmintained by the effluents in tr...at part of the can;yon 

{nainly a high pH) facilitates retention and adsorption of radionuclides 

with the alluvial materials in this reach of stream channel. 
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A decline of gross alpha and beta activity occurred in the. upper 

canyon from April 1964 to June 1964, a period when a large discharge 

of waste water was released (fig. 16). The radionuclides dislocated 

by the waste water were deposited with the translocated sediment; 

however, as they were dispersed over a larger area fUrther sampling and 

analyses of alluvial material east of ~3 failed to show an increase 

in radioactivity. As a result, the radiochemical quality of the water 

in ·the alluvium in the disposal area bas remained good because the 

conTentrations of radioactivity is reduced by dilution of the effluents 

with waste water and storm runoff and by retention and adsorption of 

the radionuclides by the alluvial materials. 



Main aquifer 

The top of the main aquifer of the Los Al.a.mos area at well T-8 

in the disposal area in MO.rtandad Canyon is approximat~ly 990 feet 

below land surface. The water is confined in the lower part of the 

fanglomerate member of the Puye Conglomerate. When the base of the 

confining bed was penetrated, water rose in the hole to 962.6 feet 

below land surface. The well was drilled to a total depth of 1,o65 

feet, about 8o feet into the upper part of the main aquifer. Unsaturated 

t~ and pumice sediments, and basalt occurred between the perched water 

in the alluvium and the main aquifer. Although no perched water was 

present in the unsat"..U'B.ted. materials, potential perching beds are 

present. These beds retard improvement of contaminates downward. 

Tne gradient on the eastward-sloping potentiometric surface of the 

main aquifer in the vicinity of well T-8 is about 70 feet per mile, 

and the water is generally moving eastward toward the Rio Grande. The 

general slope of the potentiometric surface indicates that the recharge 

area. is to the -west, in the deep canyons cut into the western part of 

Pajarito Plateau or the east flank of the Sierra de los Valles. 

A -water stage recorder was operated on ~ll T-8 for about a year 

after completion of the well in early 1961 and periodic water level 

measurements were mde when the recorder was removed. Diurnal changes 

were reflected by slight -water-level fluctuations. The water-stage 

records and periodic water level measurements indicated no periods of 

differing recharge because the average water level in the well remaiued 

constant. 
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M::>vement of water in main aquifer 

An aquifer test was made to determine the hydrologic characteristics 

of the part of the IIBin aquifer tapped by well T-8. The water -was bailed 

at an average rate of 16 gpm during a 2-hour test. The residual dra.wdawn, 

5 minates after vailing ended~ was 0.35 foot. Recovery to the original 

-water level ~as complete 8 minutes after bailing ended. It -was impossible 

to determine the total amount of drawdown and rate of recovery during the 

first 5 minutes after bailing ended due in part to the depth to water and 

rapid rate of recoverJ. Thus, the coefficient of transmissibility and the 

permeability computed from the data obtained in the bailing test are 

considered to be only approximations. 

The coefficient of transmissibility is defined as the rate of flow, 

in gallons per day, of water under a unit hydrologic gradient at pre

vailing temperature through a ~-foot wide vertical strip equal to the 

thickness of the aquifer. ~1e coefficient of transmissibility is determined 

from the rate of drawdown or recovery of the water level during or after 

a period of Fumping or bailing, and the rate of withdra-wal which is a 

method devised by Theis {:935,p. 522) and later 1escribed by Wenzel 

(1942, p. 96). The coefficient of transr:lissibility is calculate1. to be 

2,4o0 gpd per ft (gallons per day per foot) for the part of the main 

aquifer penetrated by well T-8. This figure nay be slightly higher or 

lower than the actual transoissibility, because the rapid recovery of the 

water level resulted in fewer measurements that are usually considered 

necessary to determine the rate of recovery. The field coefficient of 

permeability {estimated f'rom the tra.nsraissibility) is about 30 gpd sq. ft 

for the lower part of the fanglomerate member of the Puye Conglomerate at 

well T-8. 
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The movement of water in the fanglomerate member at well T-8 

was estimated from the available hydrologic data, gradient of the 

potentiometric surface 70 feet per mile, coefficient of permeability 

2 of 30 gpd/ft and an estimated porosity of the aquifer of 25 percent by 

volume. The movement of water in the aquifer penetrated by well T-8 

probably is about 0.2 foot per day or about 70 feet per year. 

The distance from the disposal area to the Rio Grande (natural 

discharge point for ground water) is 6 miles. At a rate of movement 

of about 70 feet per year it would take more than 100 years for any 

contamination remaining in the water to reach the river. 

Because of the time elapsed between the end of the bailing test 

and the drawdown measurement, the total amount of drawdown is not 

known. However, by using the transmissibility, the specific capacity 

(gallons per minute per foot of drawdown) is est~ated to be about 1 

gpm per foot of drawdown (Bentall, 1963, p. 334). 



Quail ty of water in IIBin aquifer 

Chemical analyses of water from well T-8 show that it is low in 

dissolved solids and is soft. Calcium, magnesium, and sodium are in 

almost equal amounts and are the principal cations. M:lre than 90 

percent of the anions are bicarbonate. The temperature of the water 

(67 degrees F) is similar to that of other test wells on the Pajarito 

Plateau that have been completed into the top of the main aquifer. 

Samples of water collected during the investigation show no 

significant change in chemical constituents (table 4). 

Radiochemical analyses indicate that the concentrations of radio

nuclides are low and show no signs of contamination from industrial 

effluents discharged into Mortandad Canyon. 
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Movement of ground water from the disposal area 

Low-level radioactive effluents, waste water, and storm runoff 

infiltrate into the alluvium of the disposal ar~ to recharge a body 

of water perched in the alluvium overlying the lhnd.elier Tuff. As the 

water moves downgradient (eastward) some is lost to evapotranspiration 

while the largest amounts infiltrate into the underlying tuff. The 

greater loss into the tuff occw-s in the upper canyon of the disposal 

area because the alluvium is more permeable overlying the tuff. In 

the lower part of the middle canyon and lower canyon the l~~er unit of 

alluvium consists of a sandy silt that is of low permeability that reduces 

th~ amount of water lost in to the tuff. 

The movement of water is dowJ:IWard through the tuff; however, the 

rates of movement of the water varies due to different hydrologic 

characteristics of the tuff. The fanglomerate member of the Puye 

Conglomerate and the 't:e.saltic rocks of Chino Mesa underlying the tuff 

contain some lenses of silt and clay tmt would tend to perch and 

distribute over a large area the water moving downward to the main 

aquifer. The min aquifer of the Los Alamos area is overlain by about 

1,000 feet of unsaturated volcanic rocks and sediments. The mov~nt 

of water in the main aquifer is eastward toward the Rio Grande where 

part is discharged through a series of springs above the river channel 

and directly into the channel. It would take more than 100 years for 

the water in the upper part of the min aquifer to move :from the 

disposal area to the natU-~1 discharge area along the river. 
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. \ Conclusions 

Mortandad Canyon is the reajor dis~osal area for low-level radio

active effluents at Los A~os. It is an isolated canyon cut into the 

Bandelier Tu-f'f', which fo~ t!le Pajarito Plateau. The drainage area of 

the canyon above and within the disposal area is small. The alluvium 

in the canyon, derived from ileathering of the tuff, is thin in the upper 

canyon but thickens eastward into the middle and lower canyon. The 

sr:1all drainage area and the volUI:ie of alluvi:.U!l (to at sorb the storm 

r..tnoff) reduces the chances for sudden storr.is to :produce eno1J€h runoff 

to flush contaminates from the disposal area to the Rio Gran~e. About 

1,000 feet of uns~turated volcanic rocks and seJimeLts of the Bandelier 

Tu:f"f, P..tye Conglo:r::erote and ':asaltic rocks crf Chino Mesa overlie the 

main aquifer in the disposal area. The mcvement of the water in the 

upper part of the main ag; .. lifer is slov1, about 70 feet per year. The 

slow :movement of the ·1-1ater in the aquifer i-lould a:U.cw ion-exchange and 

half life decay of radicnuclides of any contaminates that should reach 

t!le aquifer, so that no con-':amination would remain in the i7ater ;.;hen 

it reaches its natural discharge area. 

Cbemical and radiochcr..ical quality of water (.,;urf'ace and ·uater in 

the alluvium) of the dispc:::al area i.qlrovcs dcn.:ne:radient from the point 

effluent discharge. This is due to: 1) dlution of the effluent vlith 

storm runoff and waste water in the disposal area; and 2) by ad~orption 

of certain ions and radionuclides by clay minerals in the alluvium. 
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The geology and hydrology of the disposal area in Mbrtandad Canyon 

is ideal for the disposal of low-level radioactive effluents. The 

effluents are confined within the disposal area and the environment 

{physical and chemical) is such as to fUrther reduce checical and 

radioch~cal contamination of the effluents. 
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UNDERGROUND MOVEMENT OF TRITIUM 
FROM SOLID-WASTE STORAGE SHAFTS 

by 

William D. Purtymun 

ABSTRACT 

Tritium from contaminated wastes placed in storage shafts has 
been transported by moisture into the adjacent tuff. A study made to 
determine the extent and geologic factors governing this movement 
indicates that 100 pCi/ml levels have moved westward a distance of 
105 ft in 4 yr. Major movement has been along the contact between 
th~ two ashflows penetrated by the shafts, with secondary transport 
through open joints and through the tuff matrix. Evaporation from 
surface soil and tuff and transpiration from plants has been a contribu
ting factor in the release of tritium to the atmosphere. 

INTRODUCTION 

Shafts in Area G, Technical Area 54 on the 
Mesita del Buey, are used for the storage of solid 
wastes (Fig. 1). 'Ple surface soil in this area is 
underlain by a aeries of ashflowa of rhyolite tuff,l 
into which the shafts are completed. 
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Shafts 1 through 14 were drilled with a bucket 
auger in the spring of 1966, and are Z and 3 ft in 
diameter and ZO ft deep. Wastes, packaged in 
plastic bags or metal containers, were placed in 
these unlined (except shaft 14) shafts, which were 
capped with concrete when filled. Storage recorda 
indicate that the shafts were filled and capped prior 
to 1970 and that all except shaft 14 received some 
waste contam.inated with tritium. 

,. a .. 10 • 045 •M 

Shafts 39 through 48 were drilled, also with 
a bucket auger, in June 1970. They are Z ft in di
ameter and ZS ft deep. Samples of tuH were col
lected as the shafts were being drilled to determine 
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Planview of shafts and teat holes in Area 
G, TA-54. 



the levell of tritium in mohture in the tuff. The 

moisture content of the tuff waa determined and tri

tium analyaea were made on water distilled from 

the tuff sample• (Table I). 

The water diatilled from the tuff contained 

above-background concentration• of tritium, indi

cating leakage of tritium from the wastes in the 

nearby ahafta 1 through 13. The largest concentra

tions of tritium were in moiature from samples 

collected in ahafh 47 and 48. These two shafts are 

adjacent to shafts lZ and 13 (Fig. 1), which re

ceived an unknown amount of tritium associated 

with a clasaified shipment of wastes in July 1966 

and September 1966. 

A study waa made in Auguat 1970 to deter

mine the extent of the movement of tritium with 

moiature into the tuff and to delineate aome of the 

geologic factors related to this movement. Four

teen teat holea were laid out and drilled, 1Z to the 
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TABLE I 

TRITIUM ANALYSES OF MOISTURE 
FROM DRILL CUTTINGS 
SHAFTS 39 THROUGH 49 

Moiature 
Depth Content Tritium 

~ (11/o bi wtl h!Ci/mll 

Z5 1. z 5Z, 800 

15 z. 0 7,400 
Z5 1. 0 15, 100 

15 1. 1 116,000 
Z5 1. 4 6,800 

15 1, 4 70,700 
Z5 o. 9 10, 600 

15 1. z 3, 100 
Z5 o. z Z3,000 

15 1. 6 4,640 
Z5 0,6 1. 780 

15 1. 0 Zll, 000 
Z5 0,8 178,000 

15 0.9 30,800 
Z5 0.5 6,810 

15 0.9 ZZl,OOO 
Z5 0.7 1, 180,000 

15 z. 3 171, 000 
Z5 0.8 3ZS, 000 

west of the burial shafts and Z to the east. Thia con

centration of observation pointa to the west waa cho

sen becauae shafts 39 through 48 (to the eaat), which 

were open at the time, permitted air exchange from 

the tuff to the atznosphere and could have affected 

natural migration of tritiated moiature through the 

tu!f. 

The test holes, 6 in. in diameter and 50 ft 

deep, were drilled with a power auger. Tuff sam

ples representing 5-ft intervala were collected from 

the auger cuttings. The holes were thoroughly 

cleaned before each 5-ft sample run, and the re

sults of the tritium analyses indicated that there 

was little, if any, crosa-contamination betvteen 

samples from successive 5-ft intervals. 

The samples of tuff cutting• were collected in 

plastic baga and returned to tl".e laboratory for anal

ysi.s. Each sample was placed in a 600-ml beaker, 

filling it to about 3 em from the top. A 50-ml 

beaker was neatled in the top of the cuttings, and a 

large watch glass filled with ice waa placed on the 

top of the 600-ml beaker. The beaker and tuff were 

heated to drive out the water vapor which condensed 

on the bottom aide of the watch glau. The conden

sate dripped into the 50-ml beaker and was retained 

for further analysis. Preparation of surface soil 

and tuff samples were made in this same manner. 

Water from vegetation in the area was ana

lyzed to determine if the vegetation contained triti

ated moisture or was transpiring it to the atmoa

phere. To estabUsh tritium content, a sample of 

vegetation was collected, cut into small pieces, and 

aubjected to the same distillation process as the 

soil and tuff aamples. Transpired moisture waa 

collected aa a condenaate in a plastic bag tied over 

a plant or a portion of the plant for Z4 h. 

A 0. 5-ml aliquot of the water obtained from 

the aoil, tuff, or vegetation waa mixed with 15 ml 

of a dioxane-base liquid acintillation cocktail and 

co\111ted in a liquid 1cintillation counter for 100 

minutes. Jnatrument background waa determined 

by asaaying a similarly prepared sample containing 



only blank reagents. The detection limit for the 
above method was about 5 pCi/ml of water. 

PHYSICAL CHARACTERISTICS OF THE TUFF 
The te1t holu and the burial •hafts penetrated 

two uhflow•. The upper flow is about 17ft thick at 
the •haft•, thinning slightly to the wut due to ero
lion of its upper 1urface, and dipping somewhat to 
the 1outheast. The 1hafts were completed into the 
top of the lower ashflow which ia about 40 ft thick. 

The ashflows are 1ilnilar in compolition. 
Both are moderately welded light gray tuff com
poled of quartz and unidine cry1tals and crystal 
fragments, with rhyolite, latite, and pumice rock 
fragments in a matrix of gray ash. Laboratory de
terminations indicate that porosity of the tuff ranges 
from 36 to 44o/o by volume. The contact between the 
upper and lower flow• is characterized by a zone of 
reworked tuff fragments and by an increase in the 
lize and number of the pumice fragments in the 
bue of the upper uhflow. Within Area G, the 
zone of reworked tuff may be very thin or nonexis
tent, or as much as 3 ft thick. 

During cooling, the a•hflow• were broken into 
a number of large blocks by vertical or near verti
cal joint•. Since both flow• cooled u a lingle unit, 
the joints extend through both. Joint opening• may 
range to a1 much as 1/Z in., with thole terminating 
at the 1urface of the men being filled with a light 
brown clay to a depth of 3 to 4 ft. The joint fre
quency il about 1 per 7 ft of lateral diltance as 
oburved in the walls of 11 1torage pits at TA-54. 

Meaaurements of moilture content of the 
1amples indicated that precipitation had infiltrated 
into the tuff to a depth of over 10ft. The moilture 
content in thil 10-ft interval ranged from 3 to So/o 
by weight, decreaaing with depth. From a depth 
of 10 ft to 50 ft the moisture content ranged from 
0. 4 to about 3% by weight. Thia low value liea in 
the regizne where moisture tran1port ia primarily 
by di!fuaion in the vapor pha1e. The movement of 
the tritium il by exchange with natural airborne 
moiature in the tuff. 

UNDERGROUND MOVEMENT OF TRITIUM 

Tritium concentrations were determined for 
water distilled from 140 aamplea of tuff collected 
from the 14 teat holes (Table ll). In general the 
tritium concentrations increased to a maximum be
tween depths of 10 and 30 ft and then decreased with 
depth. 

Isotritium contour• were constructed at depths 
of 10 to 15 ft, ZO to Z5 ft, 30 to 35 ft, and 40 to 45 
ft (Figs. Z and 3). Test holes and burial shafts 
were u•ed for control points on Fig. Z while only 
the te1t hole• were used on Fig. 3. The irregular
ities in the iaotritium contours ju•t ea1t of the 
•hafts are due to the movement of the tritium through 
open joints which provide a much more rapid means 
of migration than movement through the tuff matrix. 
The effect of these joints is apparent only near the 
1hafts due to the clo•e •pacing of control points 
used in con1truction of the contours. West of the 
shafts where control points (test holes) are located 
on ZO ft centers the effect of the joints on movement 
of the tritium. is not apparent. The contours are 
elongated to the west of the shafts showing the prin
cipal movement of the tritium. 

Isotritium contours were also constructed for 
a vertical plane extending east and west through 
abaft 13 (Fig. 4). The contoure 1how that the major 
movement of tritium took place along the contact 
between the two ashflows. The abundance of pum
ice fragments in the lower part of the upper ashflow 
and the pruence of the reworked tuff between the 
two flow• cau1es a greater porolity and permeabili
ty in the contact region u compared to the matrix 
or joints in the overlying or underlying tuff. The 
tritiated moilture migrating along the contact 
1erves a• a 1ource for movement into the upper 
and lower uhflow1. 

A comparilon of the ilotritium contours in 
planview (Fig•· Z and 3) ju1t above and below the 
contact 1how1 that migration of the tritium wu ·not 
uniform along the contact but greater in a westerly 
direction. This is due to a thickening of the layer 
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TABLE II 

TRITIUM ANALYSES OF MOISTURE FROM DRILL CUTTINGS 
TEST HOLES A THROUGH N (pCi/ml) 

Depth 

..J!!L 
0- 5 
5-10 

10-15 
15-20 
20-25 
ZS-30 
30-35 
35-40 
40-45 
45-50 

Depth 

.....!!tL 
0- 5 
5-10 

10-15 
15-ZO 
ZO-ZS 
ZS-30 
30-35 
35-40 
40-45 
45-50 

A 

68,000 
94,700 

196,000 
159,000 
471,000 
275,000 
140,000 
211,000 
116, 000 
79,000 

....!:L 

42 
30 

131 
197 
445 
430 
512 
330 
278 
235 

B c 

5,370 7,510 
11, 800 22,300 
8, 270 55,500 

12,900 44,800 
13, zoo 39,700 
9,850 32,800 
6,390 22,900 
4,470 13,900 
4,590 4,790 
4, 170 4,950 

I J 

41 77 
144 267 
182 3, 720 
320 5,490 
195 7,210 
207 6,340 
196 969 
140 1,230 
144 966 
136 844 

of reworked tuff lying along the contact which in

creases the rate of movement in that direction. 

The tuff in the ashflow1 ia not homogenous. 

It is broken by joints, and porosity varies within 

the tuff matrix. The contact between the two ash

flow• adds to the inhomogeneity. Thua the extent 

of the migration can only be approximated. About 
4 yr after the wastes were stored in shafts 1Z and 

13, a 100 pCi/ml contour baa moved to a distance 

of about 105 ft west of the ahaft1 alon1 the contact 

between the two aahflow1 (Fil• 4), and the 100 pCi/ 
ml contour extrapolated beneath the shafts is at a 

depth of about 97 ft below the surface of the mesa. 

There ia a second contact beneath the lower ash
now (Fig. 4), however, and thia contact would llow 
the vertical migration of tritiated water vapors 

through the tuff by allowing them to move laterally 

along the more permeable contact. In general, the 

D __L _F_ _G_ 

383 294 531 729 
6,310 1, 100 538 1, 610 

13,800 439 632 4, 190 
14,300 1, 010 1,860 7,060 
18,800 744 Z, 6ZC 9,310 
19;900 611 3,750 9, 370 
15,000 516 3, 190 7,490 
9,200 742 z, 160 6,550 
4,380 918 1, 405 3,680 
1, 470 816 1, 107 3, 650 

__!S_ L __!:!_ N 

42 37 4,830 zso 
154 157 6,680 z, 410 
405 249 6, 920 6, 140 
876 zos 7,480 8,790 
912 145 5,780 9,400 

1,060 127 4, 100 9,820 
1,060 lZZ 3,690 9, 290 

728 87 Z, 780 7,760 
801 57 3,020 6, 250 
569 44 2, 550 4,710 

volume of tuff containing the tritiated moisture has 

assumed the shape of an irregular lens, shortened 
to the east and elongated to the west (Fig. 4). 

Little water from precipitation infiltrates 
through the soil into the underlying tuff.l There is 
not enough water to leach the tritium from the 

wastes and move it through the 240 ft of dry tuff and 
610 ft of dry volcanic rocks and sediments to the 

main aquifer that lies at a depth of about 850 ft at 

Area G. 

RELEASE OF TRITIUM TO THE ATMOSPHERE 

Intake of air during periods of high atmos
pheric preuure and exhaust of air during periods 

of low preuure have been noted for burial shafts 
and test holes in the tuff in Area G. The soil and 

weathered surface tuff forms a partial barrier 

against the exchange of air between the underlying 
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Fig. 4. Isotritium concentrations in picocuriea 
per milliliter of moisture in section east 
and west of shaft 13. 

tuff and the atmosphere. a Air was puxnped from 

shaft 47 to determine if measurable amounts of 

tritiuxn could be released to the atmosphere during 

an atmospheric low. 

The air in the shafts is nearly saturated with 

water vapor. The measured relative humidity 
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Fig. 3. Isotritiuxn concentrations in picocuries 
per milliliter of moisture in planview at 
depths of 30 to 35 ft and 40 to 45 ft. 

varied from 94 to 98o/o at a temperature of about 

70"F. Prior to receiving wastes, shaft 47 was 

sealed at the surface and air pumped out of the un

lined shaft at a rate of about z. 5 cfm for Z4h. Mois

ture was collected in a condenser at the pump and 

analyzed for tritiuxn. The tritium concentration 

was 577, 000 pCi/ml of water, about half the con

centration found in moisture from a sample of tuff 

collected from a depth of Z5 ft (Table I). 

A number of samples of surface soil were col

lected west of shaft 13 out to a distance of 1 ZO ft 

(Table m). Tritiated moisture concentrations gen

erally decreased with distance from shafts 1Z and 

13. The sample collected at 80ft consisted of tuff 

since there was no soil cover at that point. We 

therefore conclude that tritiuxn is being released to 

the atmosphere as a result of evaporation of soil 

moisture near the shafts. 

In an effort to determine whether or not vege

tation has any influence on the transfer oftritiated 

moisture from the disposal shafts to the atmo

sphere, five samples of vegetation and moisture 
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TABLE m 

MOISTURE CONTENT AND TRITIUM ANALYSES 
OF MOISTURE FROM SOIL AND TUFF 
WEST OF SHAFT 13, AUGUST 5, 1970 

Diltanc;e Moisture Content Tritium 
{ftl {"!obi wtl (J2Ci/mll 

5 8.8 1, 100 
10 17.3 327 
zo 10. z 131 
40 7,0 40 
60 6.4 68 
80 2.7 122 

100 7. 1 30 
lZO 8. z 21 

transpired from vegetation were collected in the 

immediate vicinity of the disposal shafts (Table IV). 

These analyses indicate that there is an uptake of 

tritium by plants from the soU and tufi and that 

tritiated moisture is being transpired to the atmo

sphere. Measurements from two samples col

lected about 0. 5 miles west of the shafts are in

cluded for comparison. No. attempt was made to 

determine the amount of tritiated moisture being 

released to the atmosphere due to transpiration 

from plants and evaporation from surface soil ad

jacent to the shafts. 

STORAGE OF TRITIUM-CONTAMINATED WASTES 

Containment is the goal of every waste stor

age operation. To attain this goal, newpackaging 

techniques for tritium-eont&nlinated wastes were 

initiated. Small items are placed in 55 gal drums, 

which are then filled with asphalt, sealed, and low

ered into the shafts. Large objects present a more 

complex problem. The walls and bottom of the re

ceiving shaft are coated with asphalt, and the waste 

is emplaced in the shaft and encased in asphalt. 

Additional measures would provide even better 

containment performance for these disposal shafts. 

Location and depth should be chosen to preclude the 

penetration of two ash.flows. This may not always 

be possible due to the location of the disposal site. 

Furthermore, the frequency of joints and frac

tures in the ashfiow tuffs makes it difficult to lo

cate shafts where _open joints and fractures do not 

intersect the walls. Therefore, the walls of all 

shafts should be coated by spraying with a.sphalt to 

help retain the tritium by sealing any contact be

tween ashfiows as well as any open joints or frac

tures, and by decreasing the porosity of the tufi 

matrix. 

SUMMARY 

The transport of tritium is by exchange with 

the natural water in the tuff and subsequent move

ment of this moisture in the vapor phase. Primary 

movement from the shafts was along the contact 

between two ashflows, and secondary movement 

was through open joints and through the tuffmatrix. 

TABLE !V 

6 

TRITIUM ANALYSES OF MOISTURE FROM PLANTS 

Type of Type of 
Location Plant Sample 

40 ft South of Shaft 13 Ragweed DIS 
40 ft South of Shaft 13 Tumble Weed DIS 
At Shaft 13 Unknown SWT 
85 ft North of Shaft 13 Chamisa SWT 
At Shaft 14 Unknown DIS 
0. 5 Mile West of Area G Chamisa SWT 
0. 5 Mile West of Area G Unknown SWT 

DIS - Analyses made of moisture distilled from plant by heating, 
SWT - Analyses made of moisture transpired from plant. 

Tritium 
!pCi/mll 

39Z 
398 

101,000 
17' 700 
7,970 

<5 
<5 



Thil migration baa caused lOOpCi/ml concentra

tions of tritiated moisture to be displaced about 

105 ft weat of the ahafta in 4 yr. Since the tuff ia 

not homogenous, the tritiwn-contazninated volwne 

baa formed the shape of an irregular lena truncated 

to the eaat of the abaft and elongated to the weat. 

Tritiated moisture baa migrated to the surface 

of the meaa where evaporation from the aoil and 

exposed tuff and transpiration from plants ia re

leasing it to the atmosphere. Thia effect ia moat 

noticeable in an area adjacent to the ahafta and de

creaaea with distance outward. 

CK:449(160) 

New storage techniques include encasing triti

wn-contazninated waatea in asphalt to prevent mi

gration from the a haft a. Additional precautions 

could be taken by spraying the walla of all shafts 

with asphalt in order to aeal contacts between aeh

flowa and open joints and fractures and to reduce 

the porosity of the tuff matrix. 
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ABSTRACT 

The facilities of Los Alaroos Scientific Laboratocy are located on 
the Pajarito Plateau in North-Central New Mexico. The plateau is fanned 
by ashfall and ashflow units of the Bandelier Tuff. The tuff is under
lain by volcanic debris of the Puye Formation which in places interfingers 
with the Basaltic Rocks of Chino Mesa. The Puye Fonnation is underlain by 
sediments of the Tesuque Formation. 

Southeastward intennittent streams that drain into the Rio Grande 
have cut deep canyons into the Bandelier Tuff. The intennittent runoff 
in the canyons occur from stonn nmoff and the release of treated sewage 
or industrial effluents. The effluents do not reach the Rio Grande as 
surface flow. 

There are two major grol.Dld water systems in the canyons. A near 
surface ground water system occurs in the larger canyon in the alluvitun 
which is underlain by the tuff. This system is recharged by the inter
mittent stonn runoff or release of effluents. A deep grol.Dld water system, 

. the main aquifer, occurs in the lower part of the volcanic debris and 
sediments of Puye and Tesuque Formation. 

The movement of water from the recharge area in the Valles Caldera 
and canyons cut into the flanks of the roountains and western part of the 
plateau eastward toward the Rio Grande, where a part is discharged into 
the river. 

There are sixteen drainage areas on the plateau that encompass the 
Laboratocy Reservation. Hydrogeologic data have been collected in twelve 
of these areas. The remaining four areas are small with no well defined 
drainage, thus, have not warranted study. 

Treated sewage effluents are released into Drainage Area 4 (Acid
Pueblo Canyon), 5 (DP-Los Alamos Canyon), 6 (Sandia Canyon), 10 (Pajarito 
Canyon) and 11 (Water Canyon). Pueblo Canyon receives the largest volume 
of effluents from the two comrm.mity sewage treatment plants. The volume 
released into the remaining drainage areas are small. The chemical quality 
of the sewage effluents released into the canyons have dominated the chemi
cal quality of the water in the stream and shallow ground lvater aquifer in 
the alluvium of the canyons. 
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Two drainage areas, 5 (Los Alaroos Canyon) and 7 (Mlrtandad Canyon) 

are currently receiving effluents from treatment plants that operate to 

reduce radionuclide concentrations. Drainage Area 6 (Sandia Canyon) re

ceives some effluents as the result of blow-down from the power plant at 

TA-3. Drainage Area 11 (Water Canyon) receives some water from industrial 

process at nearby technical areas. These canyons also receive se\.,rage ef

fluent as previously mentioned. 

The chemical quality of \.Jater in the streams or shallow aquifers 

in the alluvium of these canyons reflect the chemical quality of the type 

of effluent released, such as sewage or industrial effluents. The base 

flow in these canyons are from the release of effluents. In general, the 

chemical quality of the water improves downgradient from the effluent out

fall as the chemical ions in the effluent adjust to the environment. 

Drainage Area 4 (Acid-Pueblo Canyon) received industrial effluents 

containing radionuclides until 1964. Drainage Area 5 (DP-Los Alaroos Can

. yons) received this type of effluents from 1952 to present, and Drainage 

Area 7 (?-1ortandad Canyon) also received this type of effluents from 1963 

to present. 

Residual radionuclides remain in the Acid Pueblo Canyon drainage 

although the release of effluents ceased in 1964. The radionuclide con

centration decreased downgradient in the canyon from the old effluent out

fall. The radioactive materials are attached to the alluvial materials in 

the stream channel. They, in part, are resuspended in water in the stream. 

Radionuclides in solution in the stream and shallow aquifer in 

alluvium and attached to alluvial material are found in DP-Los Alamos 

Canyon. The concentrations generally decrease down stream from the out

fall in DP Canyon and below the j1.mction of iDP with Los Alamos Canyon. 

The radionuclides have an affinity for the alluvial material in the chan

nels of both canyons. There is no high build up of radionuclide near the 

effluent outfalls. Storm runoff during the summer, transports and dis

perses the alluvial material and attached radionuclides do\in the canyon 

to the Rio Grande. 

Radionuclides in solution in the stream and shallow aquifer in the 

alluvial material are found in ~brtandad Canyon. The concentrations also 
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decrease downgradient fran the effluent outfall. Although the radionuclides 
are dispersed bt stonn nmoff down the canyon, there has been no transport 
off the Laboratory Reservation. This is due to the small drainage area 
that results in low volumes of storm nmoff and thick sections of un
saturated alluvium that has been able to adsorp all nmoff since hydrologic 
observations began in 1960. 

The chemical quality of water from perched aquifers in the Puye 
Formation and Basaltic Rocks of Chino Mesa in Pueblo Canyon indicate re
charge from the stream in Pueblo Canyon. There is no indication of contami
nation of these perched aquifers by radionuclides released from the treat
ment plant at TA-45 from 1943 to 1964. 

The chemical quality of water from eight test wells completed into the 
main aquifer have shown no change during the period of study. The quality 
of water reflects no contamination by sewage or industrial effluents. 
Radionuclides occuring in the waters are natural and do not indicate any 
contamination from the release of industrial effluents on the plateau. 

XI 



I. INTRODUCTION 

The Community of Los Alamos and the Laboratories of the Los 

Alamos Scientific Laboratory are located on the Pajarito Plateau 

in north-central New Mexico. The community and the Laboratory 

have grown from a few hundred people in 1943 to over 16,000 with 

about 4,000 employed in the Laboratory, 

Geologic and hydrologic studies began in 1947 to evaluate the 

water resources of the area and to study the problems associated 

with the treatment and release of industrial and sewage effluents 

into canyon disposal areas. The purpose of this report is to 

evaluate the impact of the Laboratory on the surface and shallow 

ground water aquifers in the alluvium in canyon drainage areas 

and to provide compilation of basic data for future reference. 

The study covers drainage areas that form discharge points from 

ERDA-LASL controlled property. 

The study includes geologic and hydrologic conditions in the 

drainage areas including channel geology, occurrence and movement 

of surface and ground water, chemical and radiochemical quality of 

water, radiochemical analyses of sediments, transport of sediments 

in storm runoff (in canyons where data is available), particle-

size distribution of sediments, and flood-frequency and maximum 

discharge in the drainage area, The study also includes basic data 

collected in the surveillance monitoring program, 1949-1972, special 

studies, and in part develops new data necessary for completion of 

the study. 

A. Geography 

The Pajarito Plateau fonms an apron 8 to 16 km wide and 32 to 

40 km long around the eastern flanks of the Sierra de los Valles 
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(Fig. 1). The surface of the plateau slopes gently eastward from 

an altitude of about 2290 m along the flanks of the mountains to 

about 1430 m along the eastern edge where it terminates along the 

Puye Escarpment and White Rock Canyon. The plateau is drained by 

southeast and eastward trending streams that have cut deep canyons 

into the surface of the plateau. 

The Rio Grande lies to the east of the plateau, It drops from 

an altitude of about 1680 m at Otowi (mouth of Los Alamos Canyon) 

to about 1630 m at the junction with Frijoles Canyon, North of 

Otowi the Rio Grande lies in a broad valley, while to the south 

it is confined in a deep narrow canyon (White Rock Canyon). 

The mountain peaks of the Sierra de Los Valles rise to an 

altitude of about 3,525 m near the head of Santa Clara Canyon and 

to an altitude of 3110 m near the head of Frijoles Canyon, The 

crest of the north~south trending range of peaks and ridges forms 

a surface water divide. Streams originating on the eastern slopes 

and Pajarito Plateau flow directly ·into the Rio Grande. Streams 

on the western sloped follow a more circuitous course and enter the 

Rio Grande 48 km to the south. 

The climate and vegetation change westward from the Rio Grande 

to the crest of the Sierra de Los Valles along with the change in 

alti~e. The average precipitation increases from about 23 em 

along the Rio Grande to as much as 76 em along the crest of the 

mountains. The average precipitation on the plateau is about 

46 em. About 70 percent of this amount occurs in July and August 

during summer thunder showers. 

The average July temperatures at the lower altitude is about 

23° C and on the plateau is about 19° C while average January 

·Z-
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shown on Fig. 2. 

A detailed discussion of the geology of the area is present

ed by Griggs 1 and Bailey et a1. 2 

1. Santa Fe Group 

The Santa Fe Group in ascending order, consists of the Tesu

que Formation, the Puye Formation, and basaltic rocks of Chino 

Mesa. 

The Tesuque Formation is a sequence of light-colored sedi

ments laid down as coalescing alluvial-fan and flood-plain depos

its in the Rio Grande depression. These sedimentary rocks were 

derived from highlands to the north, and possibly in part from 

the Sangre de Cristo Mountains to the east. The separate beds 

are composed of friable to moderately well-cemented, light-pink

grey to light-brown siltstone and sandstone that contain lenses 

of conglomerate and clay. Bedding generally is poorly developed 

except locally in fine-grained material. 

The Puye Formation consists of two members, The lower mem-

ber is a poorly consolidated, channel-fill deposit. A fanglomer

ate overlies the lower member and is composed of volcanic debris. 

The lower member of the Puye Formation overlies the Tesuque 

Formation along the Jio Grande and in Los Alamos and Guaje Canyons, 

It is grey, poorly consolidated conglomerate consisting of frag-

ments of quartzite, schist, gneiss, and granite ranging in size 

from sand to boulders; well-sorted lenses of silt and sand are 

present sporadically. The materials making up the conglomerate 

were derived principally from igneous and metamorphic rocks to 

the north and northeast. They were deposited on a broad flood 

plain and in channels of the ancestral Rio Grande. A zone near 
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temperature at the valley is ~6° C and on the plateau -7° c. 

At higher altitudes on the mountain crests, temperatures are low-
-

er so that snow on the peaks lasts until late May or early June. 

Cottonwoods, willows, and box elders are found along the Rio 

Grande and in the lower part of the canyons cut into the plateau. 

The eastern two-thirds of the plateau is covered with pi~on and 

cedar while the western third and lower flanks of the mountains 

are covered with pine, Spruce, fir, and aspen intermingle with 

the pine on the upper slopes of the mountains, Alpine meadows 

are found on some of the south facing slopes of the higher peaks. 

The upper surface of the plateau is sparsely covered \'lith 

gamma grass while a variety of grasses occur in the canyon floors. 

The banks of the perennial streams are stabilized with this growth 

of grass. 

B. Geology 

Drainage areas or streams that head on the flanks of the 

mountains are cut into the rocks of· the Tschicoma Formation. Can-

yons on the Pajarito Plateau are cut into and areunderlain by the 

Bandelier Tuff. Along the eastern edge of the pleateau, the channel 

is cut through the Puye Formation into the Tesuque which floors the 

valley north of Otowi and forms the lower canyon walls along the 

Rio Grande in Whit~ock Canyon. The basaltic rocks of Chino Mesa 

are in places interbedded in the sediments of the Puye Formation. 

The rock units described, from oldest to youngest, are the 

Tesuque Formation, Puye Formation and basaltic rock of Chino Mesa 

of the Santa Fe Group; the Tschicoma Formation and Bandelier Tuff 

of the volcanic rocks of the Jemez Mountains, and alluvium and 

soil of recent age. The generalized stratigraphic relations are 

--4-
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the top is composed of a mixture of pegmatitic rocks and volcanic 

debris. This mixed zone represents a chang! in source of sedi

ments from igneous and metamorphic terrane to the north to the 

igneous and volcanic terrane to the west. 

The upper member of the Puye Formation is a fanglomerate 

composed of pebbles, cobbles, and boulders of rhyolite, latite, 

quartz latite, and pumice in a grey matrix of silt and sand. 

These rocks were derived from flows associated with the volcanic 

rocks of the Jemez Mountains. Sorting is poor, but tongues and 

lenses of fairly well-sorted pumiceous siltstone and water-lain 

pumice are present within the fanglomerate. The degree of cemen

tation varies from friable to well-cemented. In upper Guaje and 

Los Alamos Canyons, the fanglomerate member consists of angular 

boulders; eastward it grades to silt, sand, gravels, and rounded 

boulders. 

The basaltic rocks of Chino Mesa originated from volcanic 

vents on the Cerros del Rio to the southeast of the Los Alamos 

area. The basalts cap the mesas of Cerros del Rio and form the 

steep walls of White Rock Canyon. The basalts flowed north and 

northwest into the Los Alamos area interfingering with the Puye 

Formation. 

The basalts consist of five units which range in color from 

grey to black. They contain varying amounts of olivine, pyroxene, 

and plagioclase feldspar and range from fine~grained to glassy. 

Individual flows vary in thickness from a few feet to over SO 

feet. Sediments may be found between the individual flows. 

The basalts outcrop in the lower parts of the major canyons 

that drain the Pajarito Plateau from Otowi to Frijoles Canyon in 

-7-



White Rock Canyon. 

2. Volcanic rocks of the Jemez Mountains 

Volcanic rocks of the Jemez Mountains along the eastern 

flanks of the Sierra de los Valles and on the Pajarito Plateau 

consist of the Tschicoma Formation and the younger Bandelier Tuff, 

The Tschicoma Formation is composed of undifferentiated latite 

and quartz latite flows and pyroclastic rocks that are highly 

fractured and jointed; some intervals contain weathered zones and 

interflow breccia. These rocks form the core and flanks of the 

Sierra de los Valles. 

The Bandelier Tuff is composed chiefly of ashfall and ashflow 

tuff and some thin, water-lain sediments. The formation has been 

divided into three members: Guaje, Otowi, and Tshirege, from the 

oldest to the youngest. The Bandelier Tuff forms the upper part 

of the Pajarito Plateau. Physical characteristics of the tuff are 

presented as Appendix A. 

The Guaje Member of the Bandelier Tuff is an ashfall pumice 

and water-laid pumiceous tuff that rests unconformably on older 

rocks. The base of the unit contains grey lump-pumice fragments 

as much as 2 inches in length. Glass shards and crystals of 

quartz and sanidine are present in the cellular structure of part

ly devitrified pumice. Rounded pebble-size fragments of light

red rhyolite are present near the top. 

The Otowi Member of the Bandelier Tuff is a light-grey, non

welded, pumiceous rhyolite tuff that weathers to a gently slope; 

it is conformable with the underlying Guaje. Quartz crystals, 

glass shards, minor amounts of mafic minerals, and varying amounts 

of rhyolite, latite, and pumice fragments included in a fine-grained 

·8~ 



ash compose the tuff. Most of the rock fragments are rounded. 

The Otowi consists of ashflows primarily but it contains several 

beds of silt and water-laid pumice near the top. 

The Tshirege Member of the Bandelier Tuff, is composed of a 

series of ashflows of rhyolite tuff that contains at least one 

thin, water-laid bed near the top. The Tshirege unconformably 

overlies the Otowi and forms the caprock of the fingerlike mesas 

of the Pajarito Plateau. The rhyolite tuffs range from nonwelded 

to welded. The thin, water~laid bed is composed of material de~ 

rived from the underlying tuff. 

3. Alluvium and soil 

Alluvium from the Sierra de los Valles and the Pajarito 

Plateau has been deposited in the canyons of the plateau. Near 

the heads of the canyons bedrock commonly is exposed in the lower 

parts; but further down the canyons alluvium may be several hun

dred feet wide and as much as 80 feet thick. 

Alluvial deposits in the canyons heading on the flanks of 

the Sierra de los Valles contain cobbles and boulders with accom-

panying clay, silt, sand, and gravel derived from the Tschicoma 

Formation and Bandelier Tuff. Deposits in the canyons heading on 

the Pajarito Plateau contain clay, silt, sand, and gravel derived 

from the Bandelier Tuff. 

Clayey soil derived from weathering of the Bandelier Tuff 

covers most of the fingerlike mesas of the Pajarito Plateau. 

4. Structure 

The Rio Grande depression is a structurally low area that 

constitutes the valley through which the Rio Grande flows. 3 The 

Pajarito Plateau is part of the depression although it forms a 



topographic high area along the western margin of the valley. 

The most prominent structural features _of the Pajarito Pla

teau is the Pajarito fault zone which trends northward along the 

western edge of the plateau. It is a part of the complex fault 

system that formed the Rio Grande depression. The fault zone con

sists of normal faults that are downthrown to the east and dis-

place rocks of the Bandelier Tuff, Puye Formation, and Tschicoma 

Formation (Fig. 2). The displacement, estimated from the fault 

scarp west of S~Site, is from 120 to 150 m. The amount of dis

placement decreases northward where, at a point north of Los 

Alamos, all visible traces of the fault disappear (Fig. 3). The 

movement along the fault zone has been in small increments which 

began prior to the deposition of the Bandelier Tuff and continued 

into post-Bandelier time. The displacement of the older rocks is 

greater than the displacement of the younger rocks. The major 

fault in this zone extends into and displaces the Precambrian rocks, 

North of Los Alamos and east of the Pajarito fault zone, two 

normal faults (Fig. 3) cut the Bandelier Tuff, the Puye Formation, 

and the Tschicoma Formation. These faults, downthrown to the west, 

form a graben between them and the Pajarito fault zone. They are 

a part of the fault system which formed the Rio Grande depression. 

Beneath the central part of the Pajarito Plateau a north

trending depositional basin is formed in the Tesuque Formation. 

The basin is filled with volcanic debris of the Puye Formation, 

overlain by the Bandelier Tuff. The eastern edge of the basin is 

formed by thick flows of basalt from Chino Mesa, 3 to 6 km west 

of the Rio Grande. 

A gravity survey indicated that the deepest part of the 
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Fig. 3. Major faults and contours on the top of the main 

aquifer of the Los Alamos area. 
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Rio Grande depression (top of the Precambrian rocks) is in a 

north-trending trough near the center of the plateau. The bottom 

of this sediment-filled trough lies about 1,500 m below sea level 

(Fig. 2). 

C. Hydrology 

The master stream of north-central New Mexico, the Rio Grande 

flows southeastward along the eastern edge of the Pajarito Plateau 

and ultimately receives all runoff from the eastern flanks of the 

Sierra de los Valles and Pajarito Plateau. Rito de los Frijoles 

and Santa Clara Creek to the south and north of the drainage areas 

studied are the only perennial streams that discharge into the Rio 

Grande. Intermittent streams that cross the plateau flow into the 

Rio Grande only during periods of excess precipitation. 

Surface flow in the intermittent streams is from either efflu

ents released from industrial waste treatment plants and sewage 

treatment plants of from precipitation recharge of small aquifers 

in the alluvium along the canyon bottom~ . 

A perched water body occurs in the Puye Formation and basaltic 

rocks of Chino Mesa in lower Pueblo, Los Alamos, and Sandia Canyon. 

The main aquifer (aquifer capable of water supply) lies at a depth 

of about 370 m along the western edge of the plateau and at a depth 

of about 180 m along the eastern edge. 

The Bandelier Tuff is above the main zone of saturation and 

does not contain any known bodies of perched water in the Los 

Alamos area. Hydrologic characteristics of the tuff are presented 

in Appendix B. 

1. Surface Water 

Records from the gaug~ng station at Otowi on the Rio Grande 

-12-
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indicate that for 71 years of record the average discharge is 

about 43 m3/sec. The drainage area above Otowi is about 14,300 

sq. miles in southern Colorado and northern New Mexico. The 

maximum discharge of 691 m3/sec occurred on May 2, 1920 and is 

the greatest since at least 1884 and probably since 1741, The 

minimum discharge of 1.7 m3/sec occurred in July of 1902. 4 To-

tal sediment load passing the gauging station at Otowi during 

1969 was 1.6 x 106 t. Some extremes listed for chemical quality 

and sediment loads for the period 1946 through 1969 are listed 

below. 5 

Dissolved solids: Maximum, 1,030 mg/1 Aug. 5, 1963; minimum, 

135 mg/1 May 1-31, 1969. Hardness: Maximum, 702 mg/1 Aug. 5, 1963; 

minimum, 83 mg/1 May 22-26, 1960, June 22-28, 1968, Specific 

conductance: Maximum daily, 1,310 micromhos Aug. 5, 1963; mini

mum daily, 165 micromhos June 13, 1952. Water temperatures (1948-

'~ 69): Maximum 31° C Aug. 4, 5, 1954; minimum, freezing point on 

many days during winter months. Se·diment concentrations (1947-

69): Maximum daily, 43,500 mg/1 Aug. 21, 1955; maximum daily, 

11 mg/1 July 27, 1963. Sediment loads (1947-69): Maximum daily, 

3.3 x 105 t Aug. 23, 1961; minimum daily, 2.7 t July 27, 1963. 

Perennial flow occurs in the upper reaches of Los Alamos, 

Pajarito, Canon de Valle and Water Canyon. The flow is from 

perched water zones in the Tschicoma F~rmation and Bandelier Tuff . 
. 

Perennial flow in sections of Pueblo, Los Alamos, Sandia, and 

Mortandad are from the release of effluents from industrial 

waste treatment plants, sewage plants, and blow down water from 

cooling process. These effluents do not leave the boundaries of 

-13-



the ERDA property as surface flow but infiltrate to recharge 

small bodies of water in the alluvium of the canyon bottoms, 

Only during periods of excessive precipitation, snowmelt, or 

heavy summer showers, does runoff from most of the stream reach 

the Rio Grande. Occurrence of surface water is treated in each 

major drainage area investigated in this report. Hydrology of 

Santa Clara, Guaje Los Alamos, and Frijoles Canyon as related to 

low-flow investigations are presented in Appendix C. 

2. Water in the alluvium 

Water in the alluvium is recharged from surface flow from 

either effluents, cooling water, or storm runoff. Water in the 

alluvium occurs in Pueblo, Los Alamos, Mortandad, and Pajarito 

Canyon and probably is perched seasonally in the upper reach 

and perennially in the lower parts of other canyons that receive 

effluents or runoff from the Pajarito Plateau and Sierra de los 

Valles. The occurrence of water in the alluvium is treated in 

each of the major drainage areas investigated in this report, 

3. Perched Water in the Puye Formation and basaltic rocks 

of Chino Mesa 

Perched water recharged from water in the alluvium occurs 

in lower Pueblo, Los Alamos and Sandia Canyons. A part of this 

perched water discharges from springs in Los Alamos and Sandia 

Canyons. The movement and quality of water in the perched aquifer 

are treated as a part of this report. 

4. Main aquifer of the Los Alamos area 

The main aquifer in the Los Alamos area is in the Santa Fe 

Group. The potentiometric surface (Fig. 3) rises from the Rio 

Grande westward through the Tesuque Formation into the lower 
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part of the Puye Conglomerate which interfingers with Tschicoma 

Formation (Fig. 2), The position of the potentiometric surface 

in the Tschicoma Formation is not known beneath the western edge 

oftheplateau. Brecciated zones within the Tschicoma Formation 

may contain water but where encountered in wells such zones have 

not yielded more than 0.3 to 0.6 1/sec. 

The gradient of the potentiometric surface beneath the Pa~ 

jarito Plateau averages about 370 m along the western edge of the 

plateau to about 180 m at the confluence of Pueblo and Los Alamos 

Canyons. Water in the aquifer moves eastward toward the Rio 

Grande where some water is discharged through springs in the 

channel and along the banks (Fig. 3). Recharge to the main aquifer 

occurs on the flanks of the mountain or from the Valles Caldera to 

the west of Los Alamos. 6 The movement of water in the supply 

wells in lower Los Alamos Canyon is estimated to be about 110 m/yr. 7 

Aquifer tests in the main aquifer south of tos Alamos also indicates 

slow movement of water in the range 55 m/yr to 220 m/yr. The 

transit time from recharge of the aquifer to discharge along the 

Rio Grande is unknown; however, tritium age dating of water from 

supply wells in Los Alamos, Guaje, and the Pajarito well field 

indicate that the water has been in transit from the recharge 

area for periods much greater than 50 years. Tritium analyses 

(electolysis enrichment methoa) were below limits of detection 

(0.5 tritium units). 

The main aquifer is separated from water in the alluvium in 

canyon bottoms and from the perched aquifers in lower Pueblo. 

Los Alamos, and Sandia Canyons by from 200 to over 300 m of 
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of unsaturated volcanics and sediments, Geologic and hydrologic 

data collected during testing and monitoring of test holes pene

trating the main aquifer are considered in a latter part of the 

report. 

D. Method of Investigation 

The study areas include all drainage areas on ERDA controlled 

property. The drainage areas were outlined on the basis of point 

of discharge at ERDA-LASL boundary (Fig. 4). All data that was 

available concerning the geohydrology of surface water, shallow 

ground water in the alluvium, and transport of sediments was used. 

List of published and unpublished reports that were used are found 

in Appendix D. 

1. Chemical analyses of water 

The chemical quality of surface and ground water in the 

alluvium was determined by methods as outlined in "Standard methods 

for examination of water and waste water"8 and ''Methods for the 

Collection and analyses of water samples." 

The average concentration of sodium (Na), Chloride (CL), 

fluoride (F), nitrate (N0 3), total dissolved solids (TDS), specific 

conductance, and pH of a number of analyses for a sampling sta

tion is used in the tables in the text of this report to show 

trends in concentration in the disposal area, and over a period of 

time at a single station. These specific ions and chemical char

acteristics were used as they will readily reflect quality of 

water change that may occur. Complete chemical analyses from 

each station for the period 1967-1972 is ~resented in Appendix E 

for the drainage areas. 
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2. Radiochemical analyses of water 

The radiochemcial data is presented in two parts for each 

hydrologic regime, surface water, water in alluvium, perched 

aquifers and main aquifer, covering the periods 1958 through 1967 

and 1968 through 1972. During the period 1958 through 1967 

analyses were made for gross beta and plutonium. The procedures 

for analyses for plutonium used Bismuth Phosphate Coprecipitation 

Method. This method had a limits of detection of 0.5 pCi/1 

(picocuries per liter). The limits of detection for gross beta 

activity during this same period was 14 pCi/1 and total uranium 

0.5 ll&/1. 

During the period 1967 through 1972, analyses were made for 

gross alpha and beta, 238Pu, 239Pu, 3H, and total uranium. Pro

cedures used for sample preparation and gross alpha, beta, and 

gamma screening are outlined in Radioassay Procedures for Envir

onmental Samples. 10 The determination of specific alpha emitters 

was performed using an alpha spectrometer and internal tracers for 

recovery corrections. Purification and concentrations were done 

by ion exchange and electrodeposition or by coprecipitation. 

Uranium was determined fluorometrically unless specific uranium 

isotopes were required. The methods used in the period 1967 

through 1972 were better in that the limits of detection were 

lower. Limits of detections for gross alpha and beta activity 

were 1 pCi/1, plutonium 0.05 pCi/1 and total uranium 0.4 }lg/1. 

The average concentration of a number of analyses for a sam

pling station is used in the tables in the text of this report 

to show general trends in concentrations in the disposal area. 
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Many of the individual analyses are below the limits of detec~ 

tion. The limits of detection rather than zero has been used to 

compute the average, Complete radiochemical analyses from each 

station for the period 1967-1972 is presented in Appendix C for 

the drainage areas. 

3, Radiochemical analyses of sediments 

Stream channel bed material is referred to as sediments, 

These sediments were collected with 7,6 em scoop across the main 

channel to a depth of about 3 em. Suspended sediments are classed 

as having a mean diameter less than 6 mm and are those sediments 

that remain in suspension in water for a period of time without 

contact with the bottom. The suspended sediments were collected 

with a single-stage sampler, cumulative sampler, or a DH-48 sam

pler during flood or storm runoff. 

The procedures used for radiochemical analyses of channel 

bed sediments and suspended sediments are outlined in ''Standard 

Analytical Procedures for Soil."11 · Plutonium was analyzed by 

using an alpha spectrometer after concentration and purification 

by ion-exchange chemistry with internal tracers added for recovery 

corrections. 

4. Particle-size Distribution of Sediments 

The particle-size distribution was made by mechanical shaker 

(Ro-Tap) through a series of different size mesh screens. The 

size distribution was made of the sediments having a particle 

size diameter of less than 3.96 millimeters, according to the 

Wentworth Grade Scale. The particle-size distribution 
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Grade 

Granules 

Sand 

Very Coarse 

Coarse 

Medium 

Fine 

Very Fine 

Silt and Clay Less 

Size Range 

. (Millimeters) 

2,36 ... 3.96 

1.17 - 2.36 

.589 - 1.17 

.295 - .589 

.147 ~ .295 

.074 - .147 

than .074 

is expressed as percent by weight of the channel bed sediments. 

The sediments are derived from chemical and mechanical 

weathering of the acid volcanic rocks (Tschicoma and Puye Forma

tions and Bandelier Tuff). The granules are composed principally 

of tuff, pumice, latite, and rhyolite rock fragments with minor 

amounts of quartz and sanidine crystals. The fractions of fine 

to coarse sand consist mainly of quartz and sanidine crystals and 

crystal fragments with minor amounts of rock fragments. The silt 

and clay fraction are composed mainly of clay minerals montmoril

lonite and illite. 

5. Inventory of Plutonium in Sediments of Drainage Area 

4, 5, and 7 

Drainage Area· 4 (Acid-Pueblo Canyon), Drainage Area 5 (Los 

Alamos -DP Canyon) and Drainage Area 7 (Mortandad Canyon) have 

received treated liquid effluents that have contained some plu

tonium. An inventory was made to determine the amount of pluton

ium released into the canyon in preceeding years. 

-20-
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Plutonium in the waste when released is adsorbed or re

tained with the finer material in the channel alluvium. The 

concentrations of plutonium tend to build up at the point of 

effluent discharge in the channel during the fall through the 

spring. This large concentration is reduced by transport during 

storm runoff, especially the heavy summer showers. 

The fine particle in the alluvium in the channel have the 

greater affinity for the plutonium; however, most of the pluton

ium is in the coarser alluvium as it is more abundant. The 

finer sediments in the alluvium are carried out of the canyons 

(Acid-Pueblo and DP-Los Alamos) as suspended sediments with the 

storm runoff, while the larger materials are being transported 

as bed material. The bed material lags behind, moving short 

distances with each succeeding runoff event. 

Storm runoff reaches the Rio Grande from Acid-Pueblo and 

DP-Los Alamos Canyons. There has been no runoff in the drainage 

area of Mortandad Canyon to the Laboratory boundary (Santa Fe

Los Alamos County Line) since hydrologic investigation began in 

the canyon in 1960. This is due to the small drainage area and 

the thickness of unsaturated alluvium in the canyon. 

The inventory is based on (1) mass of sediments in a section 

of the channel, and (2) the average concentration of plutonium in 

sediments in that section. 

The annual amounts of plutonium released from the Treatment 

Plants into the canyon were compiled from records furnished by 

H-7. The estimate from the TA-45 Plant 1943-1950 was taken from 

LA-5282-MS. The mass of sediments is compiled from channel width, 
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length of section, a thickness of 0,15 m, and a specific gravity 

of 1.57. The mass of the sediments and concentration of plu~ 

tonium were used to compute the amount of plutonium in the sec~ 

tion. The inventory in the canyon was made from data collected in 

1968, 1970, and 1972 and is presented in the Drainage Areas 4, 5, 

and 7 sections of the report. 

6. Flood-Frequency and Maximum Discharge 

The sixteen drainage areas considered in the study contain 

only intermittent streams at the ERDA Boundary, with the exception 

of Drainage Area 13 (Ancho Canyon). The lower reach of Ancho 

contains a perennial stream fed by springs from the main aquifer 

in the lower part of the Puye Formation and upper part of the 

Tesuque Formation. 

There are three gauging stations on the plateau; mouth of 

DP Canyon, mid-reach of Los Alamos Canyon and upper Mortandad Can

yon. Tiiere are no·gauging stations on the channels of the sixteen 

drainage areas, thus, theoretical flood-frequency and maximum dis

charge were compiled from a method devised by Scott. 12 The methods 

used, consist of defining the relationship between existing flood 

data and the physical and climatic characteristics of the gauged 

sites or drainage basin. The data was extrapolated by use of re~ 

gression analyses using this relationship and basin characteris

tics to determine flood frequency and maximum discharge. 

The peak discharges of 2, 5, 10, 25, and SO year recurrence 

intervals were determined for each of the drainage areas contain

ing a well defined channel from nomographs presented by Scott 

for Region 1 which includes the Rio Grande water shed in north 

central New Mexico. 
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The climatic data used with the nomographs as determined at 

Los Alamos was a mean minimum January temperature of 8° F and a 

maximum 24 hour 2 year rainfall of 4.3 em .. The area of each drain~ 

age area, in square in km2 above the ERDA-LASL Boundary was deter

mined by use of a planimeter. The main channel slope, was com~ 

piled from elevations taken from topographic maps. Using points 

at 10 and 85 percent of the distance from discharge point at the 

boundary and drainage divide. The difference in altitude between 

those two points divided by the distance between the points was 

used to compute the main channel slope for drainage areas. The 

channel slopes are present as dimensionless ratios of average 

vertical distance change (negative to horizontal distance travers-

ed). 

The flood frequency or "recurrence interval" is the average 

interval of time between floods of a given magnitude. A flood 

\vith a recurrence interval of SO years is the annual flood that 

is equaled or exceeded once in SO years, with long term average. 

The concept implies no regularity in the time of recurrence of a 

given magnitude flood. It is possible for two or more SO year 

floods to occur within a short period of time, or many more than 

SO years may elapse before the occurrence of one SO year flood. 

Frequencies may be expressed in terms of probabilities, i.e. 

the probability of the occurrence of a 10 year flood in any given 

year is 1 in 10 or 0.1; the probability of a SO year flood in any 

given year is 1 in SO, or 0.02. 

II. DRAINAGE AREA 1 (BARRANCA CANYON) 

Barrance Canyon contains an intermittent stream. Runoff 

occurs during heavy summer thunder showers and possibly some sno\'1 
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melt in the upper reaches of the canyon, There is no effluent 

discharge into the canyon from either sewage or industrial waste 

treatment plants. No data is available on chemical or radiochemi

cal quality of the storm runoff. 

A. Radiochemical analyses of sediments 

Samples of sediments from the stream channel were collected 

in Barranca Canyon above the junction with Guaje Canyon, about 

0.5 miles east of the boundary (Fig. 5). 

Particle size distribution of sediments in the stream channel 

was made of the sample collected in 1965, The sediments were de

rived from the Bapdelier Tuff and Puye Formation. 

Particle-size Distribution of Sediments. 

Grade 

Granules 

Sand 
Very Coarse 

Coarse 

Medium 

Fine 

Very Fine 

Silt and Clay 

Distribution 

(percent by weight) 

10 

17.5 

27.0 

21.0 

11.5 

5.5 

7.5 

Radiochemical analyses were made of sediments collected 

November 24, 1965 and February 5, 1970. No activity found in the 

sediments were in the range as would be expected from world wide 

fallout. 
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11 ... 5 .... 65 

Gross alpha 3 c/m/g 

Gross beta 1 c/m/g 

Gross Gamma 28 c/m/g 

2 .... 5 ... 70 

Gross alpha 2 pCi/g 

Gross beta 3 pCi/g 

Gross gamma 1 pCi/g 

Plutonium-238 0,005 pCi/g 

Plutonium-239 .007 pCi/g 

B. Flood-frequency and Maximum Discharge 

Barranca Canyon heads on the Pajarito Plateau at an altitude 

of about 2, 195 m. The flood frequency and maximum discharge are 

based on the following data: 
2 

Drainage Area - 4.9 km 

Main Channel Slope - 0.039 

Frequency 

2-year 

5-year 

10-year 
25-year 

SO-year 

III. DRAINAGE AREA 2 (BAYO CANYON) 

Maximum Discharge 
(m3/sec) · 

1.5 
4.1 

6.7 
12 
14 

Bayo Canyon contains only an intermittent stream. Runoff 

occurs during heavy summer thunder showers with some possible snow 

melt in the upper reaches of the canyon. There is no effluent dis-

charge into the canyon; however, prior to 1965, a technical area 

used for testing, was located in the canyon. The site was aban-

doned and the area was cleaned up in 1965. 
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A. Chemical analyses of storm rtinoff 

Chemical analyses was made of storm runoff that occurred at 

Station 1 in August 22, 1957 (Fig. 6). 

Determination 

Chemical (mg/1) 
Sodium 
Carbonate 
Bicarbonate 
Chloride 
Fluoride 
Nitrate 

Specific Conductance (~mhos) 

pH 

Concentrations 

4,8 mg/1 
0 mg/1 

117 mg/1 
8,0 mg/1 
1.0 mg/1 

2.0 mg/1 
227 

7.2 

No radiochemical analyses were performed on the sample, 

B. Radiochemical analyses of sediments 

Two sediment sampling stations were established in the can

yon. They are located near the middle of the canyon (Station 1) 

and the other about Bayo Canyon above the junction with Los Alamos 

Canyon about 2.4 km east of the boundary (Station 2), 

Particle size distribution of the sediments at the two sta-

tions are shown below. The sediments are derived from the Bande-

lier Tuff and Puye Formation: 
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Particle~size Distribution of Sediments 

Distribution 
· · · ·cpercerit bY weight) 

Grade Station 1 Station 2 

Granules 2.0 2.0 

Sand 
Very Coarse 40.5 24.5 

Coarse 40.5 46.5 
Medium 10.5 16.0 

Fine 3.5 6.5 
Very Fine 1.5 1.5 

Silt and Clay 2.0 2,5 

Radiochemical analyses were made of sediments from the two 

stations collected November 24, 1965 and February 5, 1970. The 

activity is in the range that would be expected from world wide 

fallout. 

Determination 

Gross alpha 
Gross beta 
Gross gamma 
Plutonium-238 
Plutonium-239 

Determination 

Gross alpha 

Gross beta 

Gross gamma 
Plutonium-238 
Plutonium-239 

Station 1 
11-24-65 

1 cm/g 
<1 cm/g 
<1 cm/g 

Station 2 
ll-24-65 

3 cm/g 
21 cm/g 

<1 em/ g 

C. Flood-frequency and Maximum Discharge 

Station 1 
2-5~70 

<1 pCi/g 
<1 pCi/g 
<1 pCi/g 
<0.001 pCi/g 

.004 pCi/g 

Station 2 
2-5-70 

<1 pCi/g 
<1 pCi/g 

<1 pCi/g 
< .001 pCi/g 

.004 pCi/g 

Bayo Canyon heads on the Pajarito Plateau at an altitude of 
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about 2,036 m, The flood~frequency and maximum discharge at the 

boundary is based on the following data: 

Frequency 
Freguency 

2-year 
5-year 

10-year 
25-year 
50-year 

IV. DRAINAGE AREA 3 

Drainage Area ~ 9,8 km2 

Main channel slope ~ 0,028 

Maximum Discharge 
(m3/sec) 

2,4 

6.1 
8,5 

17 
19 

Drainage Area 3 is on the south facing wall of Los Alamos 

Canyon. No major drainage channel developed in the 0,25 km2 drain

age area. No data are available on chemical or radioachemical 

quality of storm runoff. 

V DRAINAGE AREA 4 (ACID-PUEBLO CANYON) 

Stream flow is perennial in the upper and lower reaches of 

Pueblo Canyon from the release of treated sewage effluent from the 

Pueblo and Bayo Plants (Fig. 7). Storm runoff adds to the volume 

of flow either from winter snow melt or summer thunderstroms,. Dur~ 

ing the period 1951 through 1963, industrial effluents from TA-45 

were released into Acid Canyon, a small tributary to Pueblo Canyon. 

The Central Sewage Treatment Plant released effluents into the 

middle reach of the canyon from 1947 through 1966. 

The stream flow in Pueblo Canyon recharges a shallow body of 

ground water in the alluvium. As the water in the alluvium moves 

downgradient~ water is lost to evapotranspiration while some moves 

into two shallow perched water bodies in the Puye Formation and 
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Basaltic Rocks of Chino Mesa (Fig. 8) 

A. Sewag~ and Industri~l Treatment Plants 

Sewage has been treated and released at three plants in Pue

blo Canyon during the interval between 1951 and 1971. The oldest 

plant in operation is the Pueblo Plant which began operations in 

the mid 1940's and is still in operation. The yearly volume of 

sewage effluent released increased from 375 x 103 m3 in 1956 to 

875 x 103 m3 in 1961. 

The release in 1970 was about 780 x 103 m3 • From April through 

September, about 90 percent of the effluent is pumped to the golf 

course for irrigation. 

The central treatment plant operated from the late 1940's to 

about 1966 when the effluent was then treated at the Bayo Plant. 

The earlier release from the plant ranged from 570 x 103 m3 to 

760 x 10 3 m3 annually; however, after 1954, when a part of the ef

fluents were pumped to the power plant for use, the releases into 

Pueblo Canyon dropped, ranging from 75 x 103 m3 to 150 x 10 3 m3 

per year to 1966 when all the effluents were then treated at Bayo 

Plant. 

The Bayo Plant became operational in 1963 with the effluent 

released into Pueblo Canyon. The plant was enlarged and in 1966 

began treating sewage previously processed at the central treat

ment plant. The release in 1972 was about 900 x 103m3 . 

The industrial waste treatment plant at TA-45 was in operation 

from January 1951 through June 1963. Several small batches of 

waste were treated until June 1964 prior to complete abandonment 

of the plant. Plutonium, the major waste contaminate, was removed 
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from liquid wastes by chemical treatment with ferric sulfate and 

lime, which forms a flocculent that precipitates to the bottom of 

settling tanks. The precipitate (ferric hydroxide) carries near

ly all of the plutonium with it. The sludge is removed from the 

bottom of the tank, packaged, and buried in pits, 

An average of 9 x 103 of waste were released into Acid Canyon 

between 1946 and 1951, The volume of waste released increased 

from 15 x 103m3 in 1951 to a maximum of about 65 x 103m3 in 1962, 

then decreased to about 0.7 x 103 m3 in 1964 as the new plant at 

TA-50 became operational. The wastes were released from the treat

ment plant in batches of 55 m3 to 75 m3 rather than by continuous 

flow. The effluents were released into Acid Canyon, The effluents 

made up the bulk of the flow in the canyon except some occasional 

runoff from storms. 

1. Chemical quality of sewage and industrial effluents 

The chemical quality of effluents from the Pueblo, Central 

(now abandoned), and the Pueblo Sewage treatment plants have re

mained about the same over the years. 
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Chemical Quality of Sewage Effluent 

(Average of a number of samples, analyses in mg/1 
except as noted). 

Plant 
Year 1952 
Number of Samples 1 

Calcium --
Magnesium ~-

Sodium --
Carbonates --
Bicarbonates 176 
Phosphate --
Chloride 32 
Fluoride 1.6 
Nitrate 40 
Dissolved Solids 350 a 

Hardness --
Conductanceb 540 
pHc --

a Estimated, Ref. 12 p 270 
b Micromhos at 25° C 
c No units 

Pueblo 

1961 1971 

1 2 

-- 26 
..... 3 
94 88 

0 0 
121 120 

35 --
34 36 
1.6 . 8 

30 66 
400 a 420 

49 74 
620 500 

7.0 72 

Central 
1972 1952 1961 

4 1 
14 ..... 

6 .... 
76 -- 114 
0 -- 0 

140 210 158 

-- -- 22 
31 30 46 

. 7 1.6 2.6 
26 35 43 

~03 370 a 400 a 

66 -- 37 
~75 570 620 

7.2 -- 7.1 

Bayo 
1971 1972 

2 4 
13 14 

2 5 
89 78 

0 0 
160 118 
-- --
30 55 
1.5 1.2 

31 57 
374 408 

41 55 
500 450 

7.2 7.3 

The chemical ions and physical characteristics are greater than found 

in natural occurring water. Metal ion analyses of effluent from the 

Pueblo and Bayo Plants were made in 1971 and 1972. The results in-

dicated some trace amounts of metal ions in the effluents. 
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The chemical ions and physical characteristics are greater than 

found in natural occurring water, Metal ion analyses of effluent 

from the Pueblo and Bayo Plants were made in 1971 and 1972. The 

results indicated some trace amounts of metal ions in the effluents. 

Metal Ion Analyses 

(Average of three analyses in parts per billion) 

Pueblo Bayo 

In Solution 

Cadmium 1.3 ,91 

Beryllium .29 1,4 

Lead <1. 0 3.8 

Mercury o.s < .02 

Particulates 

Cadmium .48 .30 

Beryllium < .25 < .25 

Lead 6.5 4.7 

Mercury .34 .OS 

The chemical quality of the effluents released into the canyon 

reflects the quality of influents to the plant and chemicals used 

to neutralize undesirable constituents and remove radionuclides, 

The effluents are highly mineralized when compared to naturally oc~ 

curring waters. The high pH is the result of treatment of the ef

fluents with lime as part of the process to remove radionuclides. 

In general, the chemical ion concentrations vary with the ever 

changing quality of the influents. 
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Chemical Analyses of Industrial Effluents!! 
(Analyses in mg/1, except as noted) 

Year 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 
Calcium 14 74 116 96 55 15 10 80 82 28 76 27 4 
M:lgnesium 3 49 60 0 38 16 5 5 1 2 1 1 
Sodium 46 162 35 87 105 57 680 78 118 87 102 99 69 
Carbonates 38 3 68 289 138 336 162 467 100 154 82 60 
Bicarbonates 132 46 140 314 284 280 599 193 530 140 201 151 130 
Chloride 54 290 57 18 9 9 229 1 83 48 61 24 10 
Fluoride 5 2 10 4 4 14 80 3 10 7 2 2 z 
Nitrate (N)b/ 24 130 178 10 24 2 200 12 3 7 4 1 1 
Hardness 46 390 537 240 88 195 90 219 225 70 200 68 10 
Conductance£/ 1200 1380 600 630 795 650 1110 640 450 
pH 9.1 11~5 11.4 11,2 11,0 11.8 11.6 11.0 10.9 10.8 10.5 

a Weekly composite sample (one analysis from each years record) 
b N X 4.4 = N03 
c M[crornhos at 25° C 

2.Radiochemical gualitl of Sewage and Industrial Effluents 

Radiochemical analyses of sewage effluent from the Pueblo and 

Bayo Plants have been made on samples collected in 1971 and 1972. 

The results show only traces of radionuclides which are background~ 

Radiochemical Analyses of Sewage Effluents 
(Average 7 samples collected in 1971 and 1972 

in pCi/1 except as noted) 

Determination 
Gross alpha 
Gross beta 
Plutonium-238 
Plutonium-239 
Cesium-137 
Tritium 
Total Uraniuma/ 

a/ ~g/1 

Pueblo 

1 

9 
0.05 
0.05 

350 
1 J 000 . 

1.6 
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Bayo 
2 

30 

0.05 
0.05 

350 
1,000 

1.8 



The volume of effluent and concentrations of gross alpha, 

gross beta, total plutonium and tritium released as effluent after 

treatment at the plant for the period 1951 through 1964 were com

piled from plant records by Group H-7 (H7-LAE~434). 

Average Annual Radiochemical Quality of Effluents 
released from TA-45 (1951-1964) 

Year 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

Amount 
(M3) 

22080 

28540 

27610 

38910 

39910 

39720 

43310 

40580 

46110 

40870 

52850 

64110 

30880 

891 

a Estimated 

Gross 

alpha 

111 

144 
139 

112 

102 

150 

200 

94.6 

38 
86.5 

176 

115 

232 
94 

Picocuries per liter 
Gross Total 

beta 

31000 
9600. 

19000 

26000 

150 

Pu 

59.3 
38.5 

41.7 

56.2 

54.8 

26.4 

20.7 

22.4 

26.5 

64.1 

100 

61 

97.4 

45 

3H -a 

(x 103 ) 

.140 

110 

110 

77 
75 

76 
69 

74 

65 

73 

57 
47 

97 

1300 

Major treatment during operation of the plant was to reduce 

the amount of plutonium received in the liquid waste. During the 

period 1943 through 1964, about 170 millicuries of plutonium 

were released into the canyon. 
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Annual Amount of Radionuclides Released 
with Effluents from TA ... 45 

Millicuries 
Gross Gross Total 

3Ha Year alEha ··beta Pu 

1943-50a 143b 

1951 2.4 1.3 3090 
1952 4.1 1.1 3140 
1953 3.8 1.2 3040 
1954 4.4 2.2 2990 
1955 4.1 2.2 2990 
1956 6.0 1.0 3020 
1957 8.7 .9 2990 
1958 3.8 .9 3000 
1959 1.8 1.2 2990 
1960 3.5 1270 2.6 2980 
1961 9.3 507 5.2 3010 
1962 7.4 1220 3.9 3010 
1963 3.0 803 3.0 3000 
1964 .04 . 1 .04 1160 
Total (1943-1964) -- 170. 

a Estimated 
b LA-5282-MS13 

B. Surface Water 

Stream flow in Pueblo during the period 1951 through 1964 con

sisted of effluents from the two sewage treatment plants (Pueblo and 

Central) and from the industrial waste treatment plant (TA-45) near 

Acid Canyon, a tributary canyon to Pueblo. Precipitation and snow

melt occasionally added to the volume of flow. 

The average discharge from 1957 to 1964 in Pueblo Canyon, just 
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below the junction with Acid Canyon, was about 56 1/sec, from 

September through April and about 14 1/sec from May through August, 

Near test Well 2 (added flow from the central plant) the average 

discharge was about 45 1/sec from September through April and 

14 1/sec from May through August (Fig. 8). The decrease in stream 

flo\i May through August reflected decreased release from the sewage

treatment plants because most of the effluent was used for irrigation 

and cooling water at the power plant. Stream flow during summer 

usually ended near observation well P0-4A but during the summer ex" 

tended to near Pueblo 3 or beyond (Fig. 8). 

The same characteristics of discharge occurred in upper Pue~ 

blo Canyon from the sewage treatment plant during the period 1964 

through 1971; however, stream flow generally ended near or east of 

test Well 2 during the summer and extended to near Hamilton Bend 

Springs in the winter. The new sewage-treatment plant at Bayo be" 

gan operations in 1964 and by 1966 the the Central treatment plant 

was closed. This caused a shift in release of effluent in the low~ 

er part of the canyon. 

The stream flow decreased down the canyon as water moved into 

the alluvium. The alluvium is thin in the upper reaches of the can

yon and thinkens to about 18 m to the east. Slight or little losses 

of surtace water were noted where the alluvium overlies the Tschi

coma Formation (Fig. 8). The alluvium in the stream channel over" 

lying the Tschicoma Formation is thin. The rocks of the formation 

are quite hard and resist down cutting of the stream channel. To 

the east where the channel is underlain by the Bandelier Tuff, the 

alluvium thickens as the tuff erodes and weathers quite easy. As 

the alluvium thickens in this section of the stream, storage 
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capacities of the alluvium increase which is accompanied by an 

increased loss of surface flow as it infiltrates into the allu~ 

vium. Surface water losses also occur to evaporation and trans~ 

piration by plants and trees. 

The surface water loss in the canyon is estimated at about 

5 1/sec per km when discharge at the confluence of Acid and Pue

blo Canyons is about 60 1/sec. As discharge increases, these losses 

increase due to water taken into bank storage which is later partly 

released as the discharge declines. Loss from bank storage occurs 

from evapotranspiration and some water is held as soil moisture. 

Surface water stations for monitoring the chemical and radio

chemical quality of the surface water were established at Acid 

Weir, Pueblo 1, Pueblo 2, and Pueblo 3 in 1954. 

1. Chemical quality of surface water 

The chemical quality of water from Acid Weir from 1954 to 

1964 reflect the chemical quality of the effluent released from 

the treatment plant. 

Chemical Quality of Surface Water at Acid Weir 
(Average of a number of analyses) 

Chemical Constituents 

Chemical (mg/1) 

Chloride 

Fluoride 

Nitrate 
Total Dissolved solids 

Conductance (~mhos) 

pH 

-41-

Period 
1953-1964 1965-1972 

33 77 

3.9 1.4 

83 4.4 

735 320 

670 240 

8.4 7.5 



The water was basic and fluoride and nitrate concentrations were 

h{gh as were total dissolved solids, The high chlorides in the 

period 1965~1972 are probably from leaching from salt~sand mixtures 

stored at the head of the canyon by the county. Runoff in Acid 

Canyon during the period 1964-1972 consisted mainly of storm run

off, release of water from the pool at the High School, and runoff 

from lawn watering in the residential area. The yearly average 

shows general decline in concentrations of fluoride and nitrate 

and in total dissolved solids, conductance, and pH. The chloride 

concentrations have increased 1970 through 1972. 

Chemical Quality of Surface Water from Acid Weir 
(Average yearly analyses in mg/1 except as noted) 

No. of Conduci 
pHb/ . Year samples Na Cl F N0 3 TDS tance~ 

1953 9 29 4.1 157 43SC 670 

1954 10 37 5.2 242 545c 840 

1955 6 36 5,2 304 640c 980 

1956 10 32 5,7 5C 583 8.6 

1957 3 72 23 3.8 36 345c 530 7.9 

1958 6 66 25 5.] 23 350c 540 8.1 

1959 3 87 45 4.0 26 400c 610 8.3 

1960 1 85 44 3.9 16 335c 515 8.6 

1961 1 78 29 2.0 29 420 480 8.5 

1962 2 94 39 2.2 26 400 380 9.4 

1963 2 72 24 2.0 13 356 400 8.3 

1965 1 38 14 1.7 4 246 240 7.6 

1970 2 98 165 1.7 4 437 520 7.7 

1971 1 41 52 . 9 4 276 220 7.1 

1972 2 86 73 1.9 4 305 395 7.4 

a Micromhos at 25° C 
b No units . 
c Estimated 
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Surface water stations were established at Pueblo 1, Pueblo 2, 

and Pueblo 3 in Pueblo Canyon (Fig, 8), The chemical quality of 

the water at the three stations reflect the chemical quality of 

the sewage effluent from the Pueblo, Central (abandoned) and Bayo 

Plants. 

Chemical Quality of Surface Water at Pueblo 1, 2, and 3 
(Average of a number of analyses) 1953 through 1972 

Chemical (mg/1) Pueblo 1 Pueblo 2 Pueblo 

Chemical (mg/1) 

Chloride 30 30 28 

Fluoride 2,0 1.6 1.7 

Nitrate 52 34 13 

Total Dissolved Solids 365 342 409 

Conductance (llmhos) 450 410 400 

pH 7.3 7.5 7.4 

3 

The chemical quality of water at Pueblo 1 shows little or no 

effect of the release of effluent from the industrial waste treat-

ment plant at TA-45 which ceased operations in 1964. 
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Quality of Surface Water at Pueblo 1 

(Average of Yearly Analyses in mg/1 except as noted) 

No, of Conduc"'/ 
pH~/ 

Year samples Na Cl F N0 3 TDS tance!. 

1953 9 31 2.2 61 3Soc/ 535 

1954 11 30 2.4 77 350c 541 

1955 6 32 3.3 153 470c 725 

1956 8 35 2.5 14 445 8.0 

1957 6 65 24 2.3 38 275c 426 7.5 

1958 12 56 24 1.6 30 280c 435 7.5 

1959 5 62 26 1.4 35 320c 496 7.4 

1961 1 45 16 1.0 22 340 360 7,7 

1962 2 70 28 1.6 53 403 480 6,9 

1963 2 60 33 2.0 35 348 360 7.2 

1970 2 81 40 1.4 44 374 400 7,0 

1971 1 82 28 1.0 57 376 400 7,0 

1972 2 75 41 3.3 53 416 430 7.1 

a Micromhos at 25° C 
b No units 

c Estimated 

The chemical quality of water at Pueblo 1 reflects the chemi-

cal quality of the effluent from:the Pueblo Sewage Treatment Plant. 

The chemical quality of water at Pueblo 2 reflects the com-

bined release of sewage effluent from 1953 to 1964 from the Pueblo 

and Central Plant, and after 1964 only the release from the Pueblo 

Plant. 



Quality of Surface Water at Pueblo 2 
(Average Yearly Analyses 

No. of 
Year samples Na 

1953 8 
1954 9 
1955 2 
1956 9 
1957 4 63 
1958 12 64 
1959 5 72 
1961 1 38 
1962 1 61 
1963 3 71 
1964 2 84 
1970 2 81 
1971 1 72 
1972 2 73 

a Micromhos at 25° C 
b No Units 

c Estimated 

Cl 

32 
32 
34 
34 
27 
27 
31 
12 
25 
30 
31 
44 
28 
39 

in mg/1 except as noted) 

COndUC-
F N03 TDS tance!f 

1.2 42 3oss./ 470 
1.2 60 310~ 475 
2. 5 64 360c 557 
2.4 26 444 
2.3 25 280c 437 
1.7 24 265c 409 
1.5 . 35 ~2sc 497 
1.0 13 294 Z85 
1.2 30 325 320 
1.5 40 398 302 
2. 0 40 390 420 
1.3 22 402 410 

. 6 26 330 360 
3.3 31 363 395 

pH2/ 

8. 2 
7.6 
7.8 
7.3 
7.8 
7.2 
7.5 
7. 5 
7. 5 
7.3 
7.7 

The quality of water at Pueblo 3 from 1957 through 1964 reflects 

return flow from Hamilton Bend Springs and flow through the alluvium. 

The quality of water at Pueblo 3 in 1970 through 1972 reflects main

ly the quality of sewage effluent released from the Bayo Plant. 
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Quality of Surface Water at Pueblo 3 
(Average Yearly Analyses in mg/1 except as noted) 

No.of Condui~ 
pHb 

Year samples Na Cl F N03 TDS tance 

1957 1 48 18 2.0 20 210 320 7.9 

1958 7 51 22 1.4 22 215 331 7.6 

1959 5 71 32 1.6 20 310 478 7.4 

1961 2 59 17 • 7 18 465 440 7.7 

1963 1 65 28 2.0 9 362 420 7.5 
1964 - 2 115 47 2.0 22 455 435 7.8 

1970 2 84 22 1.0 61 376 344 7.0 

1971 1 74 26 1.2 66 416 380 6.9 

1972 2 76 39 3.3 44 385 450 7,3 

a Micromhos at 25° c 
b No Units 
c Estimated 

Metal ion analyses were made of surface water from Acid Weir, 

Pueblo 1, Pueblo 2, and Pueblo 3 in 1971 and 1972, The analyses 

show some traces of metal ions. 

Metal Ion Analyses 
(Average of t\'IO analyses in llg/ 1) 

Metal .Ion Acid Weir Pueblo 1 Pueblo 2 Pueblo 3 

In Solution 
Cadmium 3.3 3.7 3.9 3,2 

Beryllium .25 ,25 ,25 ,25 

Lead 3,0 2.0 3,0 5,2 

Mercury 0.02 .OS .02 ,14 

Particulate 
Cadmium .35 7.0 .25 ,75 

Beryllium . 25 .25 .25 ,25 

Lead .16 7.1 2,8 11,1 

Hercury .11 .34 .06 .14 

2. Radiochemidal Quality of Surface Water 

The treated effluents were released directly into Acid Canyon, 

thus the direct release~ effluents into the canyon and lack of 
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dilution of radioactivity in the surface flow in Acid Canyon 

was greater than in Pueblo Canyon, The plutonium and gross beta 

activity generally decreased downgradient from Acid Weir in Acid 

Canyon to Pueblo 3 in Pueblo Canyon, Due to the "slug'·' type of 

release, the radiochemical quality varied according to the time 

the sample was collected, 

The highest concentration of plutonium reported in Acid Can

yon was 17.1 pCi/1 at Acid Weit in May 1959, with Pueblo 1, 2 and 

3 having plutonium concentrations of less than the limits of de

tection ( <0,5 pCi/1). Another high period of plutonium occurred 

in surface water during April 1963 when the plutonium was 13.6 

pCi/1 at Acid Weit, <0,5 pCi/1 at Pueblo 1 and <0.5 pCi/1 at Pue

blo 2. 

Plutonium in Surface Water 
(Average of a number of analyses in pCi/1) 

Year Acid Weir Pueblo 1 Pueblo 2 Pueblo 3 

1958 4.2 0.6 <,5 .7 
1959 4.5 <.5 <.5 <.5 
1960 0.6 <,5 
1961 1.3 <.5 <.5 <.5 
1962 2.0 <.5 2.7 
1963 7.6 <.5 1.0 <.5 
1964 <.5 <,5 
1965 <.5 

The highest concentrations of gross beta activity occurred in 

July 1959, The activity decreased from 586 pCi/1 at Acid Weir to 

2,610 pCi/1 at Pueblo 1. The samples were collected during the: 

decline of a release of industrial effluents. 
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Gross Beta in Surface Water 
(Average of a number of analyses, pCi/1) 

Year Acid Weir Pueblo 1 Pueblo 2 Pueblo 3 

1958 694 75 55 326 
1959 285 447 <14 <14 
1960 245 .... ~ 27 
1961 225 <14 <14 52 
1962 110 <14 18 
1963 78 <14 22 17 
1964 -..,. 20 22 
1965 <14 ~ ... .,. ... ..~ 

The above concentrations of plutonium and gross beta activity 

reflect the changing conditions in the canyon while the industrial 

effluents were being released, 

The radiochemical results of surface water analyses in 1970 

through 1972 show the condition in the canyon when the source of 

the plutonium and other radionuclides in the water is due to re

suspension from those nuclides previously adsorped or exchanged 

with ions of the alluvial materials in the channel sediments. Plu-

tonium and gross beta activity are higher in Acid Canyon (Acid 

Weir) than in Pueblo Canyon. In general, the concentrations de

crease downgradient in the canyon, The residual of industrial 

effluents is still within the Acid~Pueblo Canyon system, 

Radiocnemical Analyses of Surface Water 1970 through 1972 
(Average of 5 analyses in pCi/1, except where noted) 

Acid Weir . Pueblo 1 Pueblo 2 Pueblo 

Gross alpha <3 <1 <1 <1 
Gross beta 153 36 15 14 

3 

Plutonium"'238 .08 .08 .os .OS 
Plutonium .... 239 1. 87 .07 .27 .06 
Cesium-137 <350 <350 <350 <350 
Tritium 1970 <1000 <1000 <1000 
Natural Uraniuma 1.3 1,0 1,0 1.0 

a M" 1crograms per liter -48-
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C; Water in Alluvium 

Stream flow infiltrates into the alluvium to maintain small 

bodies of water perched on the underlying tuff and Puye Formation, 

The water in the alluvium moves downgradient and water is lost 

into the tuff and fanglomerate. 

The laboratory analyses indicate that the coefficient of perm

eability of the tuff ranges from 3 x 10~ 5 m/day for a welded tuff 

to 9 x 10-l m/day for a nonwelded tuff, Water moving through the 

tuff does not completely saturate the matrix because of noncommuni

cating pore space which are mostly of capillary size. Infiltration 

of water into the tuff is considered small due to the hydrologic 

characteristics of the tuff. Also infiltration of water into the 

Tschicoma Formation is considered small due to the characteristics 

of the rocks (generally seen in outcrops and dense with no open 

fractures) and that there is very little surface water loss in 

the reach of the channel underlain by the Tschicoma. 

The stream channel is cut down to the tuff-fanglomerate con

tact between observation Well P0-4A and Hamilton Bend Spring 

(Fig. 8). The top of the Puye Formation in this area is charac

terized by a water laid lens of tuffaceous sediment. 

As the alluvium thins due to the resistance to erosion of the 

sediment, water in the alluvium is returned to the surface in the 

seep area at Hamilton Bend Spring. A similar resistant layer of 

sediments occurs at Otowi Seep. 

The sediment lenses are thin and underlain by fanglomerate 

debris which is quite permeable. The area underlain by the Puye 

Formation is the major recharge area for the perched aquifer that 

discharges in part in Los Alamos Canyon at Basalt and Los Alamos 
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Springs C1ig, 6), 

A series of shallow observation holes were constructed in 

Acid and Pueblo Canyons (Fig, 5), Drive points and corrugated 

metal pipe were driven or dug 4 to 6 feet into the alluvium to 

obtain samples of water moving through the alluvium. The obser

vation holes in Acid Canyon were designated "AC" (AC-3, AC-4, 

AC-5) while the observation holes in Pueblo Canyon were desig

nated as "PC" (PC-1, PC-2, PC-3, PC .. 4, PC-5, PC-6, PC-7, PC-8, 

PC-9, PC-10, PC·ll). Collection of water samples (pumped) from 

these holes was dependent on stream flow for recharge, therefore 

at times when the stream was not flowing, the hole would be dry. 

Storm runoff occasionally destroyed a hole so that by 1964, most 

of this sampling network was gone. 

In 1957, sixteen test holes were drilled up to depths of 23m 

in the area of Hamilton Bend Springs for additional geologic and 

hydrologic information. Three were incorporated into the moni

toring net PO-lA (destroyed 1967), P0-4A and P0-4B, PO-lA, P0-4A, 

and P0-4B were completed into the alluvium. A fourth test hole 

in this series, P0-3B, was completed at a depth of about 17 m in 

the Puye Formation, and is also used as a part of the monitoring 

net. Recharge is from water in the alluvium. Water in the allu

vium is also discharged at Hamil ton·· Bend Springs and Otowi Seep 

which are a part of the monitoring net. 

1. Chemical Quality of Water in the Alluvium 

Chemical quality of water in the alluvium in Acid Canyon 

(AC-series holes) in the period 1954 through 1964 reflects chemi

cal quality of industrial effluents while water in the alluvium 

in Pueblo Canyon (PC and PO series holes) reflect the quality of 
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sewage effluents predominating, Surface water in the canyon re~ 

charges \'Ia ter in the alluvium, 

The chemical quality of water in the alluvium in Acid Canyon 

varied markedly between sampling periods, but the water was high~ 

ly mineralized. In Pueblo Canyon the chemical quality of water 

in the alluvium was somewhat better, having a lower fluoride ion 
and nitrate concentration and a slight decrease in mineral con

centration as shown by a decrease in conductance, 

The trends or significant changes in the chemical quality of 

water as it moves downgradient through the alluvium in Acid and 

Pueblo Canyons is partly obscured by the dilution effect of snow
melt and storm runoff, changes in volume of effluent released 

from the sewage treatment plants, slug-type release of water from 

the industrial waste treatment plant, and changing of effluents 

released from both sewage and industrial plants. The chemical 

quality of water in Acid Canyon was unstable due to the high pH. 

In Pueblo Canyon the pH of the water in the alluvium decreased 

abruptly to an average pH of 7.5 or less. A general trend, how

ever, during the period of operation of the industrial plant in

dicates that the chemical quality of water generally improves 

downgradient in the canyon. The quality of water was best during 

the winter and early spring when stream flow is at a maximum due 

to increased release of sewage effluents and snowmelt, and poorest 

during the late spring and early summer when sewage effluent 

release and storm runoff is at a minimum . 

... 51-



, I 

Chemical Quality of Water in Alluvium in Acid and 
Pueblo Canyons 1954 through 1965 

(Average of a number of analyses in mg/l_except as noted) 

Observation No of Conduc .. 
pHb Hole analyses CL F N03 TDS tancea 

AC-3 25 30 3.4 38 481 590 10.4 
4 29 38 4.4 35 765 665 10.0 
5 8 26 3.0 65 553 610 9.6 

PC-1 24 27 1.8 22 300C 460 7.5 
2 31 28 2.2 28 542 505 7.4 
3 29 27 2.3 33 430 495 7.5 
4 23 30 1.9 40 432 485 7.3 
5 9 32 1.8 42 315c 485 7.3 
6 37 25 1.3 12 373 380 7.4 
7 21 30 1.6 28 338 470 7.4 
8 16 29 1.1 36 275c 425 7.4 
9 25 29 1.2 16 430 370 7.4 

10 30 27 1.4 19 379 350 7.3 
11 13 29 1.5 28 361 390 7.2 

PO-lA 9 27 1.2 7 327 380 7.4 
P0-4A 15 25 1.7 23 318 400 7.1 
P0-4B 10 28 .9 10 330 370 7.2 
Hamilton Bend 
Springs 31 30 . 8 18 336 405 7.5 
Otowi ~eep 4 33 1.6 2 275c · 422 7,5 
P0-3B 7 13 0.4 6 190 200 7.2 

a Hicromhos at 25° c 
b No Units 
c Estimated 
d Completed in Puye Formation 

Monitoring of water in the alluvium during the period 1970 

through 1972 was performed at Observation Holes P0-4A and P0-4B 

and at Hamilton Bend Springs. The chemical quality of the surface 

water in the canyon which recharges the water in the alluvium. 
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Quality of Water in the Alluvium 1970 through 1972 
(Average of several analyses) 

Station 

No. of Samples 

Chemical (mg/1) 
Calcium 
Magnesium 
Sodium 
Carbonate 
Bicarbonate 
Chloride 
Fluoride 
Nitrate 
Dissolved Solids 
Total Hardness 

Conductanceb 
pHC 

P0"'\>4A 

3 

21 
5 

63 
0 

85 
35 

2.5 
34 

344 
73 

34 7 
7.2 

a Completed in Puye Formation 
b Micromhos at 25° C 

'C No Units 

PQ ... 4B 

1 

12 
10 
66 

0 
116 

30 
1.0 
6 

299 
70 

360 
7.0 

Hamilton 
Bend Spr,-

4 

17 
7 

72 
0 

118 
38 

2,5 
16 

423 
68 

367 
7,6 

5 

27 
10 
28 

0 
76 
32 
4,0 
2,1 

281 
107 
270 

7,0 

Metal ion analyses were made of water from P0-4A and Hamilton 

Bend Springs. Traces of metal ions in the water are a bit lower than 

found in surface water in the canyon, 

Metal Ion Analyses 
(Average of a number of analyses in ~g/1) 

Hamilton . P0-4A Bend Spr, PQ .. 3B 
No of An~lyses I 1 2 

In Solution 
Cadmium 1.1 ,18 15 
Beryllium <.25 <.25 < • 25 
Lead 3.5 4,5 3,0 
Mercury .13 <, 0 2 .25 

Particulate 
Cadmium .68 ,72 5.8 
Beryllium <.25 <. 2 5 <. 25 
Lead 4.5 4.8 18 
Mercury • 2 7 <. 02 .8 
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2, Radiochemical Qu•lity of Water in the Alluvium 

Water in the alluvium is recharged directly from stream flow; 

thus as with the surface water, concentrations of plutonium and 

gross beta activity were highest in Acid Canyon due to the direct 

release of effluents and lack of dilution by sewage effluents 

which occurs in Pueblo Canyon. In general, as with the surface 

water, the concentrations of radionuclides decrease downgradient 

in the canyons. 

Plutonium in Water in the Alluvium, 1958 through 1964 

(Average of a n'l.ln'ber of. analyses in IX=i/l) 

Years 1958 1959 1960 1961 196Z 1963 1964 

Station 

AC-3 5. 3 2.9 <.5 14.6 18. 2 

AC-4 1.9 41.9 4.0 1.3 

AC-5 4.9 <.5 

PC-1 <.5 <.5 

PC-2 <.5 10.9 

PC-3 1.3 <.5 <.5 <.5 

PC-4 • 5 <.5 <.5 <.5 

PC-5 . 5 . 5 

PC-6 1. 8 <.5 <.5 <.5 <.5 .9 • 8 

PC-7 <.5 <.5 

PC-8 <.5 <.5 

PC-9 • 7 <.5 <.5 <.5 < . 5 

PC-10 <.5 <.5 <.5 <.5 <.5 <.5 <.5 

PC-11 <.5 <.5 2.7 <.5 <.5 . 9 

PO-lA 1.9 <.5 <.5 <.5 

P0-4A <.5 <.5 <.5 <.5 

P0-4B <.5 <.5 <.5 

Hamilton Bend 
Springs <. 5 <.5 <.5 <.5 <.5 1.0 . 9 

Otowi Seep <.5 <.5 <.5 3.8 <.5 . 8 

P0-3B ~.5 . < ,5 <,5 ......,.. <.5 < .5·· < .5 
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1965 

<.5 
<.5 

<.5 
<.5 

<. 5 
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Gross Beta in Water in the Alluvium 1958 through 1965 
(Average of a number of analyses, analyses in picocuries per liter) 

Year 1958 1959 1960 1961 1962 1963 1';'64 1965 

Station 

AC-3 788 347 1260 108 260 

AC-4 810 621 165 198 

AC-5 1080 

PC-1 <14 < 14 <14 ---
PC-2 26 <14 

PC-3 28 22 15 135 

PC-4 337 <14 900 22 

PC-5 <14 <14 

PC-6 32 <14 16 90 <14 31 <14 

PC-7 260 <14 

PC-8 98 <14 

PC-9 53 <14 < 14 48 <14 

PC-10 <14 < 14 <14 48 17 31 <14 <14 

PC-11 144 <14 <14 <14 16 57 <14 

PO-JA 268 <14 <14 --- 18 

P0-4A 69 < 14 <14 <14 <14 

P0-4B 27 <14 <14 <14 

Hamilton Bend < 14 <14 <14 <14 <14 <14 <14 <14 
Springs 

Otowi Seep 38 <14 <14 < 14 87 <14 
P0-3B < 14 <'14 <1·1 < 14 < 14 

a Six analyses, Gross beta re:port:.ed 3/58, 1270 pCi/1; 5/58, 189 ~1, 
6/58 14 P::i/1. 

The maximum concentration of plutonium in water in the allu-

vi urn was 180 pCi/1 from hole AC-4 in May of 1959. Gross beta 
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Radiochemical Analyses of Water in the Alluvium 
1970 through 1972 

(Average of a number of analyses_ in pCi/1) 

Station P0·4A PQ ... 4B Hamilton 
. Bend spr, 

No. of Analyses 3 1 4 

Gross alpha 1 4 2 
Gross beta 6 10 6 
Plutonium 238 .OS .os .as 
Plutonium-239 .06 .OS .06 
Cesium-137 350 350 350 

P0~3B 

5 

1 
6 
.os 
.06 

350 
Tritium 1,100 1,100 1,200 15,000 
Total Uraniuma 1.2 o.s 1,1 0.7 

a M" 1crograms per liter. 

Effluent from the Bayo Plant covered the return flow from Otowi 

Seep. Radiochemical analyses from the three stations were back-

ground with the exception of trace amounts of plutonium~239 and 

tritium reported in one sample from P0-4A and Hamilton Bend Spring. 

D. Radiochemical analyses of Sediments 

Samples of sediments have been collected in Acid and Pueblo 

Canyons from .1954 to the present to determine the amount of ad

sorption of radionuclides with the sediment materials. 

Particle size distribution of the sediments at stations are 

shown on the following table. 

-56-



Particle Size Distribution of Sediments 

Distribution ,, Grade (Percent by weight) 

Granules AC-4 Acid Weir PC-1 PC-5 PC-7 PC-9 Rd. 4 

Sand 4.5 6.5 3.0 10.5 5.0 2.0 1.0 

Very Coarse 47.0 42.5 36.5 34.5 28.0 10.0 17.0 

Coarse 44.0 39.5 50.5 37.0 31. 0 40.0 50.5 

Medium 2.0 6.0 7. 0 11. 0 19.0 21. 0 19.0 

Fine 1.0 1.5 1.0 3.0 11. 5 9.5 7.0 

Very Fine 1.0 1.0 • 5 1. 5 2. 5 6.5 2.0 

Silt and Clay . 5 3. 0 1.5 3.0 3. 0 11. 0 3. 5 

Sediments from the channel at AC-4 and Acid Weir were derived 

from the Bandelier Tuff. In Acid Canyon sediments from PC-1, PC-5, PC-7, 

PC -9 and at State Road 4 were derived from the Tschicoma Formation 

and Bandelier Tuff. Sediments from PC-9 and at State Road 4 may 

contain some reworked material from the Puye Formation. 

Samples of sediments collected from l:he stream channel in the 

period 1954 through 1961 when the industrial plant was in operation were 

analyzed for gross alpha and gross beta activity. , The gross alpha and 

gross beta activity increased in October 1958 due to a release of untreated 

effluents. The gross alpha and beta activity was considerably lower in 

Pueblo Canyon than in Acid Canyon. In general the activity decreased 

with increased distance from the effluent outfall above AC-3. There is no 

apparent build up of radionuclides in the sediments in Acid Canyon due to 

the sediment transport by storm runoff which moves the radionuclide attached 

to the sediments downstream dispersing them over a larger area. 
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Gross Alpha Activity of Sediments from Acid and Pueblo Canyon 

1954 through 1961 (Analyses in picocuries per dry gram) 

Location 1954 1955 1956 1957 1958 1959 1960 ---
AC-3 1600 2600 34 390 2900 360 120 

AC-4 320 500 140 170 1600 220 67 

AC-5 190 120 64 52 100 57 

Acid Weir 34 so 48 

Pueblo 1 35 2 11 5 3 

PC-2 16 3 6 9 3 

PC-4 52 3 41 

PC-5 9 ---~ 4 11 

PC-6 4 4 9 

PC-7 54 2 5 

P0-4A 4 2 

Gross Beta Activity of Sediments from Acid and Pueblo Canyon 

1954 through 1961 

(Analyses in counts per minute per dry gram) 

Location 1956 1957 1958 1959 1960 1961 

AC-3 360 370 11,320 990 1500 70 

AC-4 142 70 10,440 290 730 60 

AC-5 11 90 440 155 480 120 

Acid Weir 830 107 340 3650 

Pueblo 1 < 1 120 so <1 120 

PC-2 17 120 7 40 20 

PC-4 370 90 <1 

PC-5 < 1 <1 

PC-6 60 20 10 

PC-7 10 40 190 

P0-4A 20 70 <1 
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130 
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The radionuclides adsorbed on the sediments are also dispersed 

throughout the canyons by the intermittent release of industrial 

effluents and sewage effluents released into the canyon, 

On November 24 and 25, 1965 a series of sediment samples from 

Acid and Pueblo Canyons were analyzed for gross alpha, beta. and 

gamma activity. 

Radiochemical Analyses of Sediments, November 1965 

(Analyses in counts per minute per dry gram) 

Location Gross Alpha Gross Beta Gross Gamma 

AC-3 Z7 5 <1 

Acid Weir zz zo 6 

PC-1 1 19 16 

PC-5 1 6 <1 

PC-7 3 <1 30 

PC-9 3 3Z 6 

Road 4 4 9 14 

The gross alpha activity decreases downgradient while there appears 

to be no pattern for the distribution of gross beta and gamma 

activity. 

On April 16, 1970 another set of samples were collected of 

sediment in Acid and Pueblo canyons. Analyses indicated residual 

gross alpha, beta, and plutonium-239 in Acid Canyon, In general 

concentrations decreased downgradient from the effluent discharge 

points. 



Radiochemical Analyses of Sediments, April 1970 
(Analyses in picocuries per dry gram) 

Location 
Gross Gross Gross 
Alpha Beta Gamma Pu238 Pu 239 

AC-4 41 11 7 0.19 29.0 

Acid Weir 36 14 7 . 21 25.0 

PC-1 2 2 <1 <. 001 . 04 

PC-2 8 2 2 • 08 4.9 

PC-5 8 12 <1 • 011 4.6 

PC-7 4 2 <1 <. 001 1.2 

PC-9 1 <1 <1 <. 001 . 40 

Road 4 3 4 <1 • 006 1.1 

Additional samples were collected and analyzed from two 

stations in 1971 and 1972. One of the stations is in the middle 

reach of the canyon (PC-6), and the other is at the above boun

dary discharge point at State Road 4. All theree analyses at the 

two stations show residual gross alpha, beta, and plutonium-239 

which was released into the canyon from the treatment plant prior 

to 1965. The plutonium is bound to sediments in the stream 

channel and is subject to transport as suspended or bed load ma

terial during periods of storm runoff. 

Radiochemical Analyses of Sediments 1971 and 1972 
(Analyses in picocuries per dry gram, except as noted) 

1'1::-o State ROad 4 
5-7-71 Io-14-71 10-11-72 5~7-71 10~14-71 10-11-72 

Gross Alpha 7 10 < 1 2 4 < 1 
Gross Beta 2 2 4 2 2 4 
P1utonium-238 .016 .007 .012 .006 .001 < .002 
P1utonium-239 2.93 2.20 2.55 .761 .391 .370 
Cesitnn-137 < 1.5 3.4 <1.5 3.9 
Natural Uranit.IIJil 0.19 .22 .42 .12 .10 .32 

a micrograms per gram 
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E, Inventory of Plutonium in 'Channel Sediments 

The four sections of the channel in the-~anyon considered 

in the inventory are the section in Acid Canyon from the old out~ 

fall at TA-45 to the confluence with Pueblo Canyon, (0--480 m) and 

three sections in Pueblo Canyon from that point to the confluence 

with Los Alamos Canyon (480 to 10,280 m) as shown on Fig. 8. The 

physical characteristics of the four sections of channel are shown 

as follows: 

Physical Characteristics of Channel 
Acid-Pueblo Canyon 

l, 0 to 480 m (Acid Canyon) 
Width 1,5 m Depth 0.15 m 
Sp, g, 1.57 Weight 170 x 106 g 

2. 480 rn to 2,600 rn 
Width 2.5 rn Depth 0,15 rn 
Sp. g. 1,57 Weight 1,790 x 106 g 

3. 2,600 m to 6,800 m 
Width 2.5 m Depth 0.15 m 
Sp. g. 1.57 Weight 2,967 x 106 g 

4, 6,800 m to 10,280 m (Confluence) 
Width 4 m Depth 0.15 rn 
Sp. g. 1.57 Weight 3,278 x 106 g 

The computation showed the concentrations and amounts of plu

tonium at each section of the canyon for February 1970 and October 

1972, and are presented in the following table. 

A. Acid-Pueblo Canron (February, 1970) 
.Concentration Total Pu % of 

Section Station pCi/g Ave mCi Total Pu 

0- 480 AC4 29.1 
Acid Weir 24,8 27,0 4.6 25 

480 .... 2,600 PC--2 4,98 
PC-5 4. 71 4.84 8,7 48 

2,600- 6,800 PC-7 1.15 
PC-9 ,398 ,775 2,3 13 

6,800-10,280 PC-9 • 398 
SR-,.4 1,14 .770 2,5 14 

Total 18.1 100 
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B. Acid~Pueblo Canron (October 2 1'972) 
. .Concentration Total Pu ' of 

Section , Sta t~i'on . )JCi/g '·Ave · mCi · Total Pu 

0- 480 AP ... l 2.5 
AP .... 2 2,3 
AP~3 6.9 
AP-4 so 
AP·S 13 
AP-6 12 
AP-7 11 14.0 2,4 21 

480- 2,600 AP-8 2.1 
pc ... s 2.6 2.4 4,3 37 

2,600- 6,800 AP-9 .36 
AP ... lO 1.2 .78 2.3 20 

6,800-10,280 AP-10 1.2 
SR-4 .37 .78 2.6 22 

Total II. 6 !oo 

The recap of the plutonium inventories in the canyon is pre

sented as follows, for comparison. 

Total Plutonium (mCi) 
Feb. Oct. 

Section (m) 1970 1972 

0- 480 4.6 2.4 
480- 2,600 8.7 4.3 

2,600- 6,800 2.3 2.3 
6,000-10,280 2.5 2.6 

Total 18.1 11.6 

The inventory in Acid-Pueblo Canyon indicates that form the 

outfall to the confluence with Los Alamos Canyon, in February, 1970 

only 18.1 or 11% of the 170 mCi of plutonium released into the can

yon remains in the sediments. In October, 1972·, only 11.6 mCi or 

7% remained of the 170 mCi. The largest changes .occur in the upper 

sections of the canyon (0-2600 m) which contain the greatest amounts 

of plutonium. "The amounts in the lower section (2600 to 10,280 m) 

appear to be somewhat in equilibrium, with the input transport equal 

to output. for the two years of data the transport is about 3.25 

mCi per year. 



F, Flood Frequency and Maximum Discharge 

Acid Canyon heads on the Pajarito Plateau at an altitude of 

about 2,220 m and has a drainage area of about 0,8 km 2 , It is 

tributary to Pueblo Canyon on the western part of the Pajarito 

Plateau. Pueblo Canyon heads on the flanks of the Sierra de los 

Valles at an altitude of about 2,7400 m and has cut a deep canyon 

into the Pajarito Plateau. 

The flood~frequency and maximum discharge at the boundary are 

based on the following data: 

Drainage Area 
Main Channel Slope 

Frequency 

2-year 
5-year 

lO~year 

25-year 
50-year 

22.3 km2 
-0.33 

Maximum-Discharge 
(m3/sec) 

3.1 
7.1 

10 
17 
21 

VI DRAINAGE AREA V (LOS ALAMOS-DP CANYONS) 

Los Alamos Canyon drainage area extends to the drainage divide 

on the flanks of the Sierra de los Valles and enters the Rio Grande 

to the east near Otowi (Fig. 9). Major tributaries are Pueblo Can

yon just east of the AEC boundary and DP Canyon near the center of 

the plateau. DP Canyon is of prime importance, as an industrial 

treatment plant releases low level radioactive effluents into the 

canyon. The alluvium in the canyon is thin in the upper reaches 

and thickens eastward to about 20 feet near the eastern edge of 

the plateau. The alluvium is underlain by tuff in the western 

and central part of the canyon and conglomerate and basalt in the 

eastern part. 
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In the upper reach on the flanks of the mountains~ peren

nial surface flow occurs, A part is impounded at Los Alamos 

Reservoir and is used for lawn irrigation at parts of the Labo

ratory in a system that is independent of the municipal water 

supply. 

Surface flow in the canyon across the plateau is intermit

tent. There is some release of water from the TA~41 cooling tow

er and sewage effluent from TA-2 and TA~41. Storm runoff in the 

canyon during the summer may reach the Rio Grande. The sewage 

effluent, water from the cooling tower, and storm runoff main

tain, along with inflow of water in the alluvium from DP Canyon, 

recharge the water in the alluvium that is perched on the tuff 

(Fig. 9). As the water in the alluvium moves downgradient some 

is lost to evapotranspiration while the rest moves into the under

lying tuff, conglomerate, and basalt. The major area of loss of 

water in the alluvium occurs in the lower reach of the canyon on 

the plateau where the alluvium is underlain by conglomerate and 

basalt. Infiltration of water from the alluvium into the conglo

merate and basalt replenishes the body perched in the basalt in 

Pueblo Canyon. The water from the perched zone discharges from 

the base of the basalts (Basalt Spring) in Los Alamos Canyon to 

the east (Fig. 9). 

DP Canyon heads on the plateau and has a small drainage area. 

The canyon is tributary to Los Alamos Canyon near the center of 

the plateau. The alluvium in the upper reach of the canyon is 

thin or non-existent; however, in the lower reach of the canyon 

the alluvium thickens rapidly to about 6 m at the junction with 
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Los Alamos Canyon, The canyon is cut into and underlain by 

tuff, 

Initial disposal of liquid waste at TA .. 21 was into seep~ 

age pits dug into the tuff near the head of the canyon, In 1952, 

a treatment plant was constructed and put into operation. The 

plant processed 7.5 x 103m3 of liquid waste are released into 

DP Canyon along with the sewage effluent. 

Treated sewage effluent is released into the canyon from the 

plant at the eastern edge of TA~21. The stream flow in the canyon 

is intermittent. Intermittent flow consists of industrial and 

sewage effluents and storm runoff. The industrial and sewage 

effluent maintains an intermittent stream which infiltrates into 

the alluvium in the lower reach of the canyon, Only during storm 

runoff in the canyon does surface flow reach Los Alamos Canyon.: 

A. Sewage and Industrial Treatment Plants 

Sewage from Technical Area 21 is treated prior to release into 

DP Canyon at a plant near the eastern edge of the area. The oldest 

waste treatment or retention facilities for industrial effluents 

have been located at TA-21. Wastes have been handled by three 

different methods in the period 1943 through 1972. 

1. Sewage Treatment Plant 

The sewage treatment plant treats and releases about 

30 x 103 m3 of effluent per year. The plant services the facilities 

at TA-21 and enters the canyon between sampling stations DPS-3 

and DPS-4 (Fig. 9). 

2. Seepage Pits for Industrial Effluent 

The seepage pits near Building 35 are the oldest used for thf 

disposal of liquid wastes at Los Alamos. Wastes from the processing 
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of plutonium at TA~Zl \iere released into pits during the period 

1943 to 1952, The use of the pits was discontinued in 1952 when 

a treatment plant (Building 35) was installed to remove plutonium 

and other radionuclides. The effluents from the plant are releas

ed into DP Canyon, a southeast trending canyon north of the pit 

area. 

The disposal area consists of 4 pits that are about 365 m 

long, 60 m wide and about 2m deep (Fig. 10). The pits are filled 

with about 1.2 m of sand, gravel and boulders with berms extended 

around the individual pits. Effluents were released through a 

distribution system into pits 1 and 2 and through overflow pipes 

into pits 3 and 4 respectively. In January 1967 the outline of 

the gravel portion of the pits was obscured by the growth of 

grasses and weeds and erosion of the berms. A new road has cover

ed part of Pit 1 and construction has destroyed some of the berm 

around Pit 3, 

The pits are probably excavated into Unit 3 of the Tshirege 

Member of the Bandelier Tuff. The lower part of this unit is non

welded tuff grading up into a moderately welded tuff which under

lies the pits. Joints are more numerous in the upper part of the 

unit due to the denser welding. Most of the joints are oriented 

vertical or near vertical. The total thickness of the unit is 

about 34 m. It is underlain by a moderately to densely welded 

tuff. 

The total thickness of the Bandelier Tuff underlying the 

mesa at Building 35 exceeds 240 m. The tuff is in the zone of 

areation; the top of the main zone of saturation is about 350 m 

below the surface of the mesa. 
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The amount of effluents released into the pits during the 

period 1943 to 1952 has beeri estimated to range from 7,5 x 10 3 

to 11 x 103 m3 a year, The concentration of plutonium in the 

effluents during this period has been estimated at 60 c/m/ml 

(counts per minute per milliliter) with an average fluoride con

centration (associated with the wastes) of 160 ppm (parts per 

million). In addition, 39.5 m3 of effluent highly concentrated 

with ammonium citrate was released into the pits from June 1951 

to July 1952, The plutonium concentration of this waste averaged 

about 7,000 c/m/ml and the fluoride concentrations were about 

200 ppm. 

The pits were not used from 1952 to January 1965, Since 

January 1965, pits 1 and 2 have received an average of 280 m3 

gallons a month or a total of 6.8 x 103 m3 of low level radioactive 

effluent from DP-East. 

A study was made in 1953 to determine the retention charac

teristics of the tuff with regard t·o plutonium while another study 

was made in 1961 to determine the movement of plutonium in the 

tuff. 14 The results of these studies are summarized in the follow-

ing sections. 

a. Retention of Plutonium in the Tuff 

Five test holes were drilled in and around the pits in 1953, 

Material from the test holes was analyzed to determine the rela

tive amounts of plutonium and the ion exchange capacities of tuff 

adjacent to and underlying the pits. Location of test holes are 

shown in Fig. 10, The exact location of the TH-3 in pit 1 is un

known, Plutonium and ion exchange capacities of the tuff are 

shown in ~he following tables: 
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Plutonium in Tuff from Test Holes, 1953 

TH.-,1 TH ... 2 TH .. 3 
Depth Plutonium Depth Plutonium Depth Plutonium 

(m) (d/m/g)a ·em) (d/m/ g) a (m2 (d/m/ &2 a 

Surface 70 Surface 9 Surface 8 
0.6 4 0.6 3 0,3 400 
1.2 4 1.2 2 0,6 36,100 
1.8 4 1.8 2 0,9 45,600 

1.8 to 3,0 2 2.4 1 3.6 1,400 
3.0 to 4.3 2 3,0 4 4.6 5,000 

4.6 4 3.6 3 4,9 5,100 
4.3 3 5,2 720" 
4.9 4 5.5 24 
5.5 2 5.8 12 
6.1 3 6,1 12 

TH .... l TH-5 
Depth Plutonium Depth Plutonium 

(m) (d/m/g)a (m) (d/m/g)a 

Surface 410 Surface 32 
0.3 600 0.6 9 
0.6 10 1.2 8 
0.9 80 1.8 4 
1.2 3,400 2.4 3 
1.5 530 3.0 2 
1.8 80 3.3 2 
2.1 1,800 3.6 450 
2.4 40 3.8 1,510 
2.7 380 4.0 1,330 
3.0 2,400 

a Disintegrations per minute per gram. 
b Angle hole, point of intersection with pit. 

Note: TH-1 and TH-2 are vertical holes in earth filled berm. 
TH-3 and TH-4 are vertical holes in pits. 
TH-5 is angle hole of 45 degrees extending under pit. 

Ion Exchange Capacity 

TH-3 at 5.5 m 0.7 milliequivalent per 100 grams 
TH-4 at-1.5 m 3.2 milliecpivalent per 100 grams 
TH-5 at 3.7 m 1.7 milliequivalent per grams 

It was concluded from the study that plutonium is readily retain

ed by the various earth media (clay, sand, and gravel) and that 

-70 .... 

. I 



the retention is greater in the finer materials, 13 The horizontal 

migration of plutonium is very small within 6,1 m of the surface, 

(TH-1 and TH-.,2), Other observations were that the ion exchange 

capacity of the tuff is inadequate to account for the retention 

of plutonium. THe retention of plutonium in the tuff is mostly 

due to absorption, and the effect of ion exchange is of secondary 

importance. 

b. Movement of plutonium in the tuff 

The study in 1961 was to determine the movement of plutonium 

and effluent in the tuff, A shaft (caisson) 9,1 m deep, 1.8 m wide, 

and 3.6 m long was dug near pit 1 (Fig. 10). Horizontal holes 

were cored into the wall of the shaft at 0,6 m depth intervals so 

as to terminate beneath pit 1~ A vacuum cup system was placed 

in the horizontal holes to obtain samples of the effluent moving 

through the tuff for chemical and radiochemical analyses. Six 

additional vertical or near vertical holes were drilled to a depth 

of about 30.4 m around pit 1. The vertical holes and some of the 

horizontal holes in the shaft were used to determine the moisture 

content of the tuff by use of a neutron moisture-scattering probe. 

About 798 m3 of tap water was released into pit 1 in July 1961. 

A month later, 653 m3 of effluent containing plutonium was added. 

It was concluded from the study that plutonium had penetrated to 

a depth of at least 8.5 m in the tuff beneath the pits and that 

this penetration at depth takes place mainly along joints. Clay 

formed in joints and in devitrified fragments by weathering will 

sorb plutonium and result in localized areas of high plutonium 

concentrations. The low concentrations of ~luminum and silica 

in the effluent in all samples indicated the absence of colloidal 
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clays that might provide a means of transporting plutononium 

through the tuff, The chemical quality of the effluent through 

the tuff indicated an inverse relationship between the gross 

alpha (plutonium) and pH of the effluent (high pH, low concen~ 

trations of gross alpha; low pH, high concentrations of gross 

alpha). Hardness and total dissolved solids increased at depth, 

suggesting the dissolution of materials from the tuff, The move~ 

ment of effluents through the tuff is predominantly dowmiard be

neath the pits aided by open joints. 

The ·.amount ~of plutonium that was reported from cores and 

rock samples taken during construction of the experimental fa

cility for the study in 1961 are presented in the following table: 

Gross Alpha in Cuttings from Test Holes 

Horizontal holes in caisson 

Depth No. Average 1 Gross alpha• All Cores 

(IT\) Cores Gross alpha • (Max.) (Mis.) 

1J8 10 3,003 6,613 4 

2~4 7 1, 306 Z,850 11 

3.0 8 1,143 1,87Z 1Z 

1.7 6 8Z1 1,7Z9 414 

4.3 9 749 2,094 1 

4.9 9 73Z 1,305 8 

5.5 4 517 9Z3 141 

6.1 7 183 506 45 

6.7 4 15 zo 11 

7.3 8 40Z 1,038 175 

7.8 10 13 88 2 

8.5 6· 28 156 2 
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Vertical or near vertical holes around pit 

Hole No. No. of 
Depth 

Gross alpha• 
Samples (rn) ( Avg.) (Max.) (Min..) 

10 23 2 3 1 
10 25 24 24 9 

1 
1-A 
2 11 28 698 3,722 142 
3 11 30 3 
4 13 30 1.5 
5 7 28 3 

a/ C t · oun s per m1nute per gram. 
Note: Hole DPW -1A angled at 11 1/2 degrees toward pit 1 

Hole DPW -2 angled at 19 degrees toward pit 1. 

c. Observations January 1967 

7 2 
2 1 
6 1 

Effluents from DP-East have at times partially filled the 

shaft near Pit 1, thus creating a more localized point for infil-

tration of liquids (Fig. 10). Test holes DPW~lA and DPW-3 contain 

ed some effluent at the time of observation, It is supposed that 

the water in DPW-3 moved down the outside of the casing from water 

ponded in the pit. Radiochemical analyses of water from these 

holes contained only backgr~d amounts of gross alpha and gross 

beta gamma radioactivity and no plutonium or uranium. Results 

of analyses of water for tritium shown below are approximations 

and are subject to revision. 

DPW-lA-- 462 dpm 
DPW-3 
Effluent running into shaft - 2,000 dpm 

A sample of weathered tuff collected beneath the gravel fill 

of pit 1 near the shaft contained 978 c/m/g (counts per minute per 

gram) of gross alpha radioactivity. 



The January 1967 measurements of hole DPW~l show the effect 

of the 1,9 million gallons of effluent from DP~East in which the 

maximum concentrations of water have moved from a depth of 3,7 m 

(40 percent, August 1961) to 12m (41 percent, January 1967), 

The hole is next to the shaft. The moisture measurements in 

DPW-2 and DPW-5 show a general decrease in the moisture content 

of the tuff from August 1961 to January 1967, The indication is 

that most of the effluents released into pit 1 have moved down 

in the area of the shaft, a focal point for collection and infil

tration of effluents into the tuff. 

The studies have shown that the movement of the effluents 

in the tuff underlying ~he seepage pits is mostly downward be

neath the pits. The plutonium moves with the effluents and the 

data indicate that most of the plutonium is retained by absorp

tion in the upper 6,1 m of the tuff, Some, however, may move to 

greater depths through open joints. 

The construction of a solid waste disposal pit in the area 

may necessitate the drilling of several holes to determine the 

amount of contamination present as well as the structure and lithop 

logy of the underlying rock. The number and depth of the holes 

would depend on the size, depth and location of the proposed pit. 

3. Industrial Treatment Plant Bldg. 35. 

The industrial waste treatment plant at Bldg. 35 operated 

from 1952 to late 1967. The treatment plant was similar to that 

operated at TA-45. The treatment was virtually the same, with 

plutonium and americium the major contaminates. Many \vastes from 

this area contained high concentrations of inert salts that would 

-74-

' I 



interfere with the usual treatment of plutonium and americium 

wastes, These wastes were treated separately, Chemical wastes 1 

such as hydrofluoric acid used in processing plutonium, were 

neutralized and discharged with other effluents from the plant 

into DP Canyon, 

The sludge at Bldg, 35 was also packaged and buried in the 

solid disposal pits on the mesa. The plant has a somewhat smaller 

capacity than that at TA-45 with an annual d]scharge into DP 

Canyon of 7.5 x 103m3 to 15 x 103m3, After 1967, operations 

were transferred to a new plant at Building 257, 

4. Industrial Treatment Plant Bldg, 257 

The new plant at Bldg. 257 began operation in late 1967 and 

had a slightly greater capacity for treatment of effluents that 

the old plant at Bldg. 35. The treatment of the liquid wastes 

was essentially the same with some modification of newer equip

ment such as pressure type filters rather than gravity flow and 

some changes in filter media. 

A new process introduced at the plant was the treatment and 

disposal of sludges resulting from chemical and physical treatment. 

The sludge from the plant is fed through a pug mill that 

mixes the sludge with cement with the resulting slurry pumped into 

shafts adjacent to the plant. Other wastes containing high con

centrations of chemicals or radionuclides may be processed along 

with the sludges for disposal. The cement sets up, fixing the 

contaminants in the cement. 

The shafts 2.4 min diameter range in depth from 5.5 to 

19.5 m. They are located in berm areas adjacent to old seepage 

pits (Fig. 11). The shafts are completed into the ashflow units 
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of the Tshirege Member of the Bandelier Tuff, 

a, Radiochemical Analyses of TUff from Test Holes and Shafts 

Samples of tuff were collected from the wall of shafts as they were being 

dug and analyses were made of moisture for tri titml, 

Source 

Test Hole B-1 

Test Hole B -3 

Test Hole B -5 

Test Hole B-7 

Test Hole B -9 

Shaft 1 

Shaft 9 

Shaft 24 

Shaft 30 

Shaft 32 

Shaft 34 

Shaft 41 

Tritium Analyses of Moisture from Samples 

of Tuff from Test Holes and Shafts 

Average of a number of analyses 

Number of Picocuries per milliliter 

Samples Tritium 

11 88 

11 317 

11 183 

11 4336 

10 501 

10 5420 

6 1480 

4 4887 

3 5397 

2 1306 

8 2192 

7 495 

The tri titm1 has roved \'lith the rois ture from the old seepage pits into the tuff, 

The tuff is not saturated. There is no free water, as the tuff has a larger 

porosity made up mostly of capillary size pores. \~ere there is a moisture 

gradient, the moisture will tend to move to the lower moisture concentration by 

diffusion and capillary action. 
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5, Chemical Quality of Sewage and Industrial Effluents 

- Samples of effluent from the sewage treatment plant were 

collected immediately below the effluent outfall for chemical 

analyses. The individual analyses varied slightly but were in 

the same general range in the few analyses shown. The effluents 

contained chemical concentrations as one would expect from sew-

age treatment plants. The effluents are similar to the Pueblo 

and Bayo Plants. 

Chemical Analyses of Sewage Effluent 

(Analyses iam2/l exceDt where noted) 

Determinations 12-5-67 5-5-69 8-5-69 

Calcium 20 16 16 

Magnesium 12 4 7 

Sodium 160 230 175 

Carbonate 0 0 0 

Bicarbonate 280 394 190 

Chloride 35 50 35 

Fluoride 3 2 4 

Nitrate ,1 .9 1.3 13 

Dissolved Solids 383 458 442 

Total Hardness 100 55 70 

Specific Conductance• I 580 800 520 

pHb I 7.5 7.4 8.2 

a f ---
Hicrohms 

~/ No units 

The chemical quality of effluent released from the industrial 

plant varied due to the changing quality of water received, In 

general, the effluents released into the c~nyon were highly 

-78-



mineralized as compared to natural occurring water in the area, 

The table show-s one weekly composite collected during the first 

week of July for each year, 1960 through 1972. 

Chemical Quality of Industrial Effluents a 

(Analyses in mg/~ except where noted) 

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 

Calcium 4 1 2 4 4 44 64 56 22 8 26 

Magnesium 2 1 <I 1 1 1 2 10 <1 <I 29 

Sodium 532 485 423 272 413 195 270 690 280 340 270 

Carbonate 314 560 428 118 690 315 1740 130 37 300 300 

Bicarbonate 478 626 558 296 920 430 2036 210 212 505 420 

Chloride 370 405 234 290 665 45 178 598 72 40 113 

1971 

8 

2 

490 

260 

910 

55 
F-- Fluoride 60 140 20 30 140 0.9 15 15 11 44 7 20 

Nitrate (:1) b 67 25 5 10 26 13 104 23 ~5 34 11 48 

Total Hardness 16 7 6 12 15 115 170 180 54 20 185 30 

Conductance c 1600 4000 1860 12ooo 5600 1880 4400 3200 900 2140 2260 2240 

pH.d 11. 3 11.8 11. 4 10. 9 12. 1 11. 7 12. 0 11. 4 9.8 11.511.5 10. 3 

a 

b 

c 

d 

Weekly Composite 1st week of July of year noted 

Micromhos 

No Units 

n x 4.4 = N03 

6. Radiochemical Quality of Sewage and Industrial Effluent 

Radiochemical analyses was made of effluent from the sewage 

treatment plant. The samples were collected below ~he effluent 

outfall. Traces of americium were found in the samples collected 

on 8-5-69 and 7-16-70. The presence of trace amounts of ameri-

cium and plutonium may be due to some contamination getting into 

the sewage collection system from laboratories at TA-21 process

ing or working with these isotopes. 
-79-
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Radiochemical Analyses of Sewage Effluent 

..!_Analyses in picocuries per liter) 

Determination 12.-5-69 5-5-69 8-5-69 Z.-16-70 

Gross Alpha 3 3 < z. 3 

Gross Beta 14 z.o 13 14 

Plutonium 2.38 <; • 05 <. 05 < • 05 • 16 

Plutonium 2.39 <. 05 < • 05 < • 05 • 14 

Americium 2.41 . 07 . 08 

Radium 2.2.6 < • 15 

Tritium <50,000 <50,000 <50, 000 8,000 

The volume of effluent from the waste treatment plant at 

TA-21 has ranged from 6228 to 16,220 m3 annually. The major waste 

treated contained plutonium and americium with some mixed fission 

products. 

Year 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 

Average Annual Concentrations Gross Alpha, Gross Beta, 
and Total Plutonium in Effluents Released 

Picocuries per liter 
Volume Gross Gross Total 

(m3) Alpha Beta Pu 

16220 20 
14400 76 76 
11520 88 88 

9436 120 100 
11690 68 65 
16170 66 64 

9987 58 56 
9138 107 92 
8408 227 206 
9251 626 58 2 

11660 309 251 
12150 2800 174 

6228 26 ... - 181 
9594 140 103 

10920 93 81 
7832 290 290 
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Average Annual Concentrations Gross Alpha 1 Gross Beta, 
and Total Plutonium in Effluents Released 

(Continued) 

Picocuries per liter 
Volume Gross Gross Total 

Year (m3) Alpha Beta Pu 

1967a 3509 ..... .,._ 22 
1968 11360 450 2700 140 
1969 13290 220 4700 120 
1970 10850 4700 140 
1971 9839 3100 72 

1972 8780 1800 148 

al952-1967 Bldg. 35 
1967-1972 Bldg. 257 

The average annual concentrations of gross alpha of the effluents 

released ranged from 26 to 626 pCi/1 during the period of record. 

For four years of record (1968-1972), the gross beta activity ranged 

from 18 to 4700 pCi/1 while total plutonium for 21 years of re-

~.~ cord ranged from 20 to 583 pCi/1. 

Average annual concentrations of tritium, cesium-137, strontium-

89, and 90 of effluents released from the waste treatment plants 

were available for select years. 
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Year 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

Average Annual Concentrations of 

Tritium, Cesium~l37, and Strontium 89t and 90 

Picocuries 'per liter 
4 c 

Tritium Cs T37 Sr 89 

120,000 ... .., 

140,000 ~~-

170,000 
210,000 
170,000 ""'~-

120,000 ...... 
200,000 ~~-

220,000 ..... 
240,000 ....... 

220,000 
170,000 ...... 
160,000 
320,000 
210,000 
180,000 
260,000 

1,100 ..... 

160 
43 

420,000 74 

Sr 90 

~ .. 

..... 

240 
61 

120 

The annual amounts of gross alpha and plutonium were computed 

from average annual concentrations and volumes of effluents. 

Year 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

Annual Amounts of Radionuclides Released with 

Effluents DP-West (DP-35 and 257) 
Millicuries 

Gross 
Alpha 

Gross 
Beta 

Total 
Pu 

1.1 
1.0 
1.1 

. 8 
1.1 

• 6 
1.0 
1.9 
5.8 
3.6 

34 
• 2 

1.3 

.. 8 2-

• 3 
1.1 
1.0 

• 9 
• 8 

1.0 
.6 
. 8 

1.7 
5.4 
2.9 
2.2 
1.1 
1.0 
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Year 

1966 
1967 
1968 
1969 
1970 
1971 
1972 

Annual Amounts of Radionuclides Released lV'i th 
Effluents DP-West (DP~35 and 257) 

(Continued) 
Millicuries 

Gross Gross Total 
Alpha Beta __ P_u __ __ 

1.0 
2.3 
5.1 
2.9 

"'-
31 
65 
51 
30 
16 

• 9 
2,4 
1.6 
1.6 
1.5 

Total --.. 

. 7 
1.3 

30.8 

B. Surface Water, DP Canyon 

Stream flow in DP Canyon is intermittent and is from the re

lease of sewage and industrial effluents. The effluents do main-

tain some perennial flow in various sections of the canyon, how

ever, all effluents move into the alluvium in the lower reach 

of the canyon. The effluents, except for periods of extreme pre-

cipitation, do not reach Los Alamos Canyon as surface flow, but 

move into the canyon as groundwater in the alluvium. 

There are four surface water stations in the canyon (Fig. 9). 

Due to the thin alluvium in the upper and middle reach of the can

yon, and the limited access in the lower canyon, there are no 

observation holes in the alluvium. A surface \-.rater gauging sta-

tion was established at the mouth of DP-Canyon as a part of a 

study to determine transport of radionuclides in storm runoff. 

1. Chemical Quality of Surface Water 

The chemical quality of the surface water in the canyon re

flects the quality of industrial and sewage effluents released 

from the treatment plants. In general, the quality of water im

proves as it moves down gradient in the canyon. The following 
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table presents the average chemical quality for each station 

by years, There has been a general improvement in the quality 

of effluents released into the canyon as seen by a general de~ 

cline of chemical constituents in surface water at DPS-1, The 

quality of the water improves down gradient in the canyon from 

DPS-.1 to DPS~4. A general summary is sho,'ln below, while the 

following table summarizes annual concentrations. 

Station 

No of Analyses 

SOdium 

Chloride 

Fluoride 

Nitrate 

Chemical Quality of Surface Water 
(average of a number of analyses in mg/1 

except as noted, 1967 through 1972) 

, 

DP5-l DPS-2 DP5-3 DPS-4a/ 

19 8 7 26 

357 225 277 140 

161 ..... 74 85 79 

10.9 10.1. 12.1 7.4 

134 66 92 62 

Total Dissolved 
Solids 1175 708 657 695 

Q:mductanceb/ 1560 860 1040 740 

pHC 9.5 9.1 9.1 7.9 

a/ Analyses 1962 through 1972 

b/ Micranhos 
c/ 

No Units 
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Quality of Surface Water at DPS-1, DPS-2, DPS-31 and DPS-4 

(Average of a number of analyses in ng/1) 

No. of 
~03 Conductance a pH b 

Source Year Analyses Na. Cl F '1m 

DPS-1 1967 2 630 410 9.5 104 1740 2440 9.7 

DPS-1 1968 3 670 215 23 381 1950 2730 10.1 

DP5-1 1969 2 375 92 32 53 1100 1700 10.7 

DP5-1 1970 5 241 140 6.0 118 878 1080 9.6 

DP5-1 1971 4 233 76 4.7 .62 893 lllO 9.3 

DP5-1 1972 3 206 137 2.5 88 932 1130 7.9 

DP5-2 1967 1 290 75 8.0 140 669 900 8.5 

DP5-2 1968 2 250 65 9.4 101 746 980 9.4 

DP5-2 1969 2 282 103 12.0 26 716 920 9.8 

DP5-2 1970 2 .. 188 85 13.0 48 714 920 9.1 

DP5-2 1971 1 68 15 3.7 35 642 330 8.2 

DPS-3 1967 1 310 85 10 28 799 -960 8.8 

\"'"..:.~Ps-3 1968 2 325 88 16 -~50 676 1220 9.1 

DPS-3 1969 2 293 75 12 31 409 930 9.0 

DPS-3 1970 2 200 93 10 84 814 1000 9.3 

DP5-4 1962 2 143 134 15 ~0 771 745 7.4 

DP5-4 1963 2 132 113 13 41 742 740 7.5 

DPS-4 1964 3 109 106 5.6 57 734 983 7.8 

DP5-4 1965 2 110 109 15 40 656 910 7.8 

DP5-4 1967 2 253 103 7.7 145 757 990 7.9 

DP5-4 1968 2 200 85 6.2 J70 607 850 8.1 

DPS-4 1969 2 198 60 5.0 35 390 660 8.0 

DP5-4 1970 4 103 45 11 18 464 550 8.5 

DPS-4 1971 4 113 47 5.0 36 531 530 7.8 

- "DPS-4 1972 3 214 58 4.1 30 493 600 8.0 

a/ Micranhos 

b/ l~o Units 
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Select trace metal ion analyses were roade of water fran two 

stations, DPs-1 and DPS-4 in 1971 and 1972. They indicate sc::rce trace metals 

in the surface water. 

Metal Ion Analyses 

(rang.e and average of 5 analyses in llg/1) 

Station 

In solution 

cadmium 
Beryllium 
Lead 
l"J&cury 

Particulates 

cadmium 
Beryllium 
I.ead 
l-Ecury 

DPS-1 
Min Max Av 

0.8 
<0.25 
<1.0 
<0.02 

< .25 
< .25 
<1.0 
<0.02 

13.2 
0.48 
5.0 
0.22 

6.9 
0.30 
1.8 
0.09 

.89 0.43 
<.25 

5.2 2.8 
0.11 0.04 

2. · Radiochemical ·Quality ·of SUrface l-1ater 

DPS-4 
l1in ~..ax 

0.4 
< .25 
<1.0 
< .02 

7.2 

5.0 

< .25 .so 
< .25 
<1.0 4.3 
< .02 

Av 

3.6 
< .25 
1.8 

< .02 

30 
< .25 
1.8 

< .02 

Radioche:nical analyses of surface water frc:m 1961 through 1965 

indicated. sane Gross beta and plutonium in at DPS-4 from the treatm:mt plant 

at Building 35. Analyses fran 1967 through 1972 show a general decrease in 

the ooncentration of radionuclides down gradient in the canyon. 

Gross Beta and Plutonium in SUrface Water at DPS-4 

(average of a number of analyses in picocuries p=o...r liter, 1961-1965) 

No. of Gross 

Year 1\nalyses Beta P1utoniur.t 

1961 2 91 <0.5 

1962 3 139 <0.5 

1963 2 197 0.7 

1964 3 71 0.9 

1965 3 50 0.7 
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SOVItCI 'flAil. lUX• I CROSS CII.OSS 
u.nus ALPHA UTA 

...... 
IIPS•1 1?67 1 6l. 51700 
IIPS•1 1961 3 34 14307 ,.., DPS•1 1969 3 14 2060 
DP5•1 1?70 5 7 1202 
DPS-1 1971 4 22 1392 
DPS-1 1t72 3 13 2469 

DPS•2 1967 1 4 6690 ,.... DP$•2 1961 2 7 4695 
DPS-2 19it 2 22 1055 
DPS-2 1970 2 I 990 
DPS•2 1971 1 5 640 
DPS•2 1972 

,... DPS-3 1967 1 5 290 
DPS•3 19611 2 6 1525 
DPS-3 1969 2 19 941) 
DPS-3 1970 2 24 945 
DPS-3 1971 
DPS-3 197~ 

\.-;os-4 196f 1 -2 1801) 
D?S-4 1968 2 6 625 
DPS-4 1969 4 2 418 ,..... IIPS-4 1970 4 1 457 
DI'S-4 1971 4 3 370 
IIPS-4 1972 l 2 609 

DPS-E 1967 1 3 14 
Dl'S•E 1968 -
liPS•& 1969 2 2 17 
II?S•E: 1970 1 3 14. 
DPS-1 1971 
DPS•.I 1972 

-· 

-----·----·------

DP CA:IYOll 

SUII.FAC'I now SAHPLJ.MC SI'US 

UDJ.OCHIKJ.CAL QUALITY OF VATIII. 

231 239 241 226 
Pa Pu A• •• 

3.17 76.10 1.2~ -.15 
4. 2S 28.12 4.52 .17 
5.55 9.1n 3.511 .24 

.11 2.20 1.19 -.u 
1,16 2.07 .61) -.15 

• 32 5.61 .33 -.oo 

• 31 2.70 .63 -.15 
.30 2.10 oll2 I -.lS 

2.29 3.64 1.70 -.15 
1,14 1.33 ,58 -.15 
5."' • 72 .25 -.oo 
-.oo -.on -.on -.on 

.21 • 77 -.os -.15 

.43 2,63 1.42 .18 
3.05 4,23 1.on -.15 . 
1.40 1.09 .62 -.15 
-.on -.oo -.on -,0(1 
-.oo -.oo -.on -.oo 

,13 ,14 -.os ,35 
.09 .oa ,Oil ,17 
.44 .52 ,35 -.15 
.13 • 21 • 21) . -.oo 
.11 .13 .oa -.on 
.11 .27 .zs -.on 

-.o5 -,o5 -.oo -.15 
-.on -.oo -.on -.on 
-.os -.os .n7 -.oo 

,16 .14 .oa -.oo 
-.oo -.oo -.on -.oo 
-.oo -.oo -.oo -.oo 
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234 ll7 90 
u Ca sr 

32.10 34000 '-86(10 
56.30 13400 11360 
32.63 .3490 800 
12.33 692 568 
12.31 1203 716 
-.on •355 

4.41) 2740 5810 
11.70 3165 2620 
57.3n 2260 350 
26.4S 430 534 
2.11 523 376 
-.on 

9.30 310 2260 
16.2n 1445 3180 
54.1n 530 500 
18.60 395 453 
-.on 
-.oo 

2.05 -240 632 
3.35 -240 435 
2. 71 -243 380 
1.53 •234 233 
1.72 -306 315 
-,01) -:JS4-

-.oo 
-.oo 
-.oo 
-.oo 
-.oo 
-.oo 

3 
II 

3>42(11)0 
200~ 
4 30 
40~ 
35>6 

396100 

660 
413 
670 
381 
195 -
927 
549 
140 
4!19 

410000 
476000 
346250 
162250 
103 z.so 
172500 

-5cooo 

-sooo:~ 
&000 

13$ 
l: 

.on 
.021 
.021 
.02) 
,)3!1 

},lOCI 

,021 
,021 
.02) 
.021 
.o 21 

•,OOCI 

,021. 
.021 
,021 
,01) 

-.C•OCI 
•• ooc• 

-.ooo 
-.00(1 
-:..00(1 
•,00(1 

• 600 
3.30(1 

-.ooo 
-.00\1 
•• ooo 
-. 00(1 
-.00(\ 
-.ooo 
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c. surface ·water~ ·r.os Alanos Canyon 

los Alarros canyon heads on the flanks of the nmmtains anc:I has a 

small perennial stream and a spring that fee:ls into the reservoir. SUrface 

flow bela.-~ the reservOir is intel:mittent due to overflow fran the reservoir and 

stonn runoff. Small ancunts of waste water are released fran TA-2 and sore 

treated sewage effluent :fiom a treatment plant near TA-41. Due to only inter

mittent f1CM below the reservoir, sanples are collecte:i when flow occurs in 

this reach of the canyon. 

· ·1~ · · · 'Chanioal. ·Q1ality ·of ·SUrface ~7ater 

water samples have been collected and analyzei fran above and at 

the reservoir. The following table presents results of sane of the earlier 

analyses. 

Quality of Surface Water at and 

Los Alancs Reservoir 

. : .~lligrams per l~ter 

Date Sodium 

6/7/61 y· 3 

6/12/58 2/ 3 

10/1/52 3/ 3 

!/ 1.1 Mile al:x:we Reservoir 

y 0.2 Mile al:x:we Reservoir 

3/ Reservoir 

Chloride Fluoride 

1.0 0.1 

1.2 .4 

5 2.0 
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lJl'[lhos 

Nitrate Conduct.ance EH 

.2 65 7.4 

.3 80 7.1 

<.1 8.0 
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Ia.ter analyses fl:om 1967 through 1972 are sha.m below. 

Date SOdium 

12/67 8 

4/69 6 

5/71 7 
\ 

5/72 7 

Quality of Water in los Alanos Reservoir 

(Analyses 1967-1972 in rcg/1 except as noted) 

Dissolved 
Chloride Fluoride Nitrate Solids 

3 .2 .4 so 

2 <.1 .4 85 

<1 <.1 .4 110 

2 <.1 .4 98 

a· Micrarhos at 25° C I 

b 1-k> units 

Conductance a pHb 

120 7.3 

110 7.3 

140 7.1 

140 7.0 

The stream flow in the canyon belOfl the reservoir is intenni.ttent. The follCM-

ing table lists miscellaneous analyses taken in this reach of canyon. 

Intenni. ttent Stream FlCI'Il 
(Analyses in m;/1 except as noted) 

Date ·SOdium Chloride Fluoride Nitrate 
Dissolved 
Solids Conductance a pHb 

5/67!/ 38 28 <.1 .9 180 210 7.5 

8/6g!/ 79 26 .5 2.2 250 280 7.7 

12/67!/ 70 35 .3 13 260 290 7.6 

8/57¥ 12 4 1.2 2.3 240 7.6 

4/5aY 9 5 .6 2.2 130 7.5 

6/5a1/ 19 11 .4 5.2 210 7.7 

1/ Near obs. l'lell IN>-1 

2/ Near Obs. Well IN>-4. 5 

3/ Flood Flow at Highway 4 

y Snow melt at Highway 4 

a !1i.croni"los at 25° C 

b 
No Units -:)9-



2. Radiochemical Analyses of Surface Nater 

Radiochemical analyses of surface water fran sources other than 

storm runoff are sha.om. on the following table. The analyses only reflect back

ground radioactivity except the tritium concentration at IA0-4.S. The surface 

flow at IA0-4.S is return flow from the alluvium and the tritium is fran the 

effluents in DP-Can~n. 

Radiochemical Analyses of SUrface ~7at;r in IDs Alarros canyon 

(Average of a number of analyses in picocuries per liter except as noted) 

No of Gross Gross Total !I 
Source Analyses Date Alpha Beta 238Pu 239Pu 3H Uranium 

Reservoir 1 1971 2 2 <.OS <.OS <.4 

At LA0-1 3 1969 <1 17 <.OS <.06 <lxl0 3 .7 

At LA0-1.8 1 1964 <1 4 <.OS <.OS l.S 

At LA0-4.S 1 1967 <1 18 <.OS <.OS 160xl03 1.1 

1/ lJg/1 

D. water in Alluvium, IDs Alarros canyon 
\ 

The alluvium in the canyon ranges from about 6 ft thick at I.AO< 

to about 20 ft at LAO-S. The all~ aquifer is recharged from the release 

of sewage effluent from TA-41, cooling water, and intermittent storm nmoff. 

Recharge also ncves into the aquifer from the alluvium at the mouth of DP 

canyon. There are 9 shallow observation wells in the canyon (Fig ) • 

1. Chemical Quality of ~later in Alluvium 

The chanica! quality of water fran wells in the alluvium fran test 

holes I.AO-C,. I.A0-1, and IA0-1.8 show concentrations of chemical constituents 

a.l:x:>ve \vhat would be expected in natural water. These concentrations are due 

to nmoff fi;c:m storm drains and probably outfalls from Technical Areas, HRL, 

TA-41, and TA-2. 
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OJa]ity of l•7ater in Alluvium 

(Average of a nuni:Jer of analyses in m::r/1 except as noted) 

No. of Dissolved a 

Source Analyses Sodium Chloride Fluoride Nitrate Solids Conductance pH 

uo-c 7 39 47 0.5 2.6 223 265 7.5 

I.N>-1 22 80 38 0.8 '4.4 356 415- 7.4 

IM>-1.8 2 47 30 < .1 .4 203 245 7.4 

LW-2 18 96 49 7.1 17 461 535 7.6 

IA0-3 20 126 52 6.6 is 370 515 7.6 

IA0-4 10 68 38 1.4 9.2 280 340 7.4 

IA0-4.5 14 47 30 0.3 1.7 261 270 7.3 

IA0-5 6 36 36 0.4 .1.3 215 240 7.3 

IA0-6 2 so 30 0.3 .4 211 270 7.4 

a lJitlhos 

The following table presents an annual recap of certain chemical consti-
~....,,,.., . 

tuents from 1967 through 1972 for each test hole. In general there were slight cheni.cal. 

changes at each station during the years 1967 ~ugh 1972. The quality of the \'later 

at IA0-2 reflects the inflow from DP-Canyon which receives industrial effluents. The 

quality of the water inproves down, _gradient in the canyon fran IA0-2 to I.A0-6. 
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Quality of ~Jater in Alluvium 

(Average of a number of analyses) 

Mill~g;:ams per Liter \,.Ull.hoS 

No. of Dissolved 

Source Year .Analyses Sodium Chloride Fluoride Nitrate Solids Conductance pH 

IJ\0-C 1970 1 28 21 1.0 4.4 166 160 7.5 

IW-C 1971 2 37 46 .2 .4 249 190·- 7.5 

uo-c 1972 4 53 74 .4 2.4 253 345 7.5 

IM>-1 1967 2 132. 32 .6 2.1 406 505 7.2 

IA0-1 1968 3 82 33 1.7 1.8 246 335 7.4 

IA0-1 1969 2 83 47 .3 1.8 295 370 7.3 

UJ:>-1 1970 4 54 26 .9 ,J.S 434 335 7.8 

IA0-1 1971 4 74 27 .6 6.6 414 470 7.3 

IM>-1 1972 4 75 so .7 5.7 . 397 475 7.4 

IMJ-1.8 1969 2 47 30 < .1 .4 203 245 7.4 

IA0-2 1967 1 180 73 7.0 7.5 594 760 7.3 

IAC>-2 1968 3 94 39 8.1 9.6 334 440 7.6 

JX)-2 1969 2 37 37 s.o 7.9 369 410 7.6 

IAC>-2 1979 3 96 44 6.3 20 479 510 7. 

LAt:>-2 1971 2 91 33 5.6 18 431 490 7.5 

IN>-2 1972 3 97 55 4.4 24 472 573 7.5 

IA0-3 1967 ·2 139 57 7.5 25 451 550 7.4 

I.A0-3 1968 2 84 .·. 30 8.5 4.4 . 362 405 7.6 

IA0-3 1969 2 us 54 5.0 15 394 500 7.6 

IMJ-3 1970 4 85 43 7.0 13 445 490 7.7 

IA0-3 1971 3 82 40 5.2 17 439 500 7.4 

VD-3 1972 4 109 69 4.9 -~7 484 615 7.5 

I.A0-4 1967 2 100 36 .6 7.0 294 360 7.3 

I.A0-4 1968 3 66 31 1.5 1.8 285 315 7.5 

I.A0-4 1969 2 65 35 2.3 .9 21.7 280 7.5 

LA0-4 1970 1 57 40 2.0 18 284 370 7.1 

IA0-4.5 1963 2 58 32 < .1 . 9 . 277 270 7.6 

LA.0-4.5 1970 5 38 32 .5 1.3 265 275 7.2 

IA0-4.5 1971 3 36 30 < .1 3.9 280 255 7.3 

IA0-4.5 1972 4 55 27 .4 .9 222 270 7 s 
-

IA0-5 1967 1 42 28 .4 2.6. 208 240 .,. 2 
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Source 

I.M>-5 
-AD-s 

'.r.Ao-6 

LA0-6 

No. of Dissolved 
Year Analyses Sodium Chloride Fluoride Nitrate Solids Conductance pH 

1968 2 17 25 .8 .4 224 250 7.2 

1969 2 52 33 < .1 .9 210 240 7.4 

1968 1 49 26 .s < .4 227 295 7.4 

1969 1 51 33 .1 .4 195 250 7.3 

water fran 5 observation wells were analyzed for metal ions in 1971 and 

1972. The average is presented in the following table. In general, the :metal 

ion concentration increases~below the confluence with DP canyon due to the re-

charge oonsisting partly of effluents fran the Industrial Treatment Plant at 

TA-21. 

Metal Ion Analyses of water in Alluvium 

(Average of a nurrber of analyses in \.lg/1} 

Source IAO-C Iro-1 IA0-2 J.H)-3 IA0-4.5 

No of Anri ').yses 4 5 4 5 4 
In Solution · 

cadmium . 2.1 4.5 3.7 2.6 2.8 

Beryllium. < .25 < .25 < .25 .27 < .25 

read 4.8· .· .. 1.3 4.8 1.9 <1.0 

MP~ < .02 .07 < .02 .38 < .02 
Parti te 

-----caartu.um 2.1 .65 1.35 1.30 .55 

Beryllium - 1.7 < .25 .78 .77 .42 

!Bad 22.6 10.7 10.2 12.3 13.2 

Mercury .11 .07 .s .04 "< .02 

2. Radiochemical Analyses of lvater in Alluvi\lin 

The earlier analyses , 1966 and 1968, are shown on the following 

table. Traces of .radionuclides were reported in the canyon. 
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Radiochemical Analyses of Water in Alluvium 1966-1967 

(Aver~ge of a nllr':'.ber of analyses) 

Picocuries per liter 1.12/1 
NO, of Gross 'l'otal 

Source Year Analyses ·~ Beta Plutonium Uranium 

IA0-1 1966 3 17 <.5 < .5 

IA0-1 1967 1 113 <.5 < .5 

I.J0-2 1966 2 32 .6 < .s 

INJ-3 1966 3 32 <.5 2.6 

I.A0-4 1966 2 <14 <.5 < .5 

IA0-4 1967 1 15 <.5 < .5 

IA0-5 1966 1 <14 <.5 < .s 

The recap of radiochenical analyses from 1967 through 1972 are presented on the 

following table. The increase in radionuclides is noted at IA0-2 where the in-

dustrial effluents fran DP canyon recharge the water in the alluvium. As in DP 

cany6n, the concentration of radionuclides decrease downgradient due to ion ex-

change and adsorption with alluvial materials and dilution with water rroving 

through the alluvium. 
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SOURC:! 

'*'·•"tt-.o-c 
LAO•C 
uo-c: 

LA0-1 ..... LA0•1 
I.A0-1 
LA0•1 
LA0•1 
LA0•1 

LA0•1.2 
LA0•1,2 

LA0•1.1 

LA0•2 
LA0•2 

. LA0•2 
LA0•2 
LA0-2 
LA0-2 

LA0-3 
LA0•3 
LA0-3 
LA0•3 
LAO•J 
LA0-3 

LA0•4 
LA0•4 ..... LA0-4 
LA0-4 

LA0•4.5 
LA0-4,5 
LA0-4.5 

t'·'"'·o-lo. s 

""'······ LAO•S 
LAO-S 
LAO-S 

" LA0-6 
LA0-6 

LOS ALA.'IDS CAli!Oif 

ALLUVIAL AQUIF!t OIS!KVATIOif V!LLS 

UDIOCR!ltiCAL QUALITY OP VATER 

YEA& MAX• ' 
. 
CROSS CJlOSS 231 239 241 226 2J4 137 90 3 

SAMPLES AUIIA UTA Pu ,. A• Ia v C:• Sr II.. 

1970 1 -1 4 -.os ·-.os -.01) -.oo -.oo -1000 
1971 2 -1· 3 -.os -.os -.on -.on -.oo -345 -1000 
1972 4 -1 ' ,06 .n7 .13 -.on -.oo -3S3 . -1225 

1967 1 -1 so -.os -.os -.on .19 -.oo - -1961 3 3 37 -.os .na -.os .1ft ,32 -241) -1969 3 -1 36 -.os ,06 -.on -.oo -.oo 
1970 4 -1 76 .os -.on -.on -.no -.oo - ... 
1971 4 1 94 .os .27 -.oo -.oo -.oo -345 20750 
1972 4 1 127 .17 ,18 -.os -.on -.oo -354 19575 

1969 2 1 s -.os -.os -.oo -.no -.no 
1970 1 -1 3 -.os -.os · -.oo -.oo -.oo -
1969 2 1 s -.os -.05 -.oo -.oo -.oo -
1947 1 -1 91 -.os - OS -.on .30 -.oo - -1961 3 3 " -.os .06 -.os -.15 -.oo -250 -1969 2 1 77 .10 .60 ·-.on -.on -.oo - -1970 3 -1 ao -.os .14 -.on -.no -.oo -250 
1971 2 1 101 .15 .33 -.oo -.no -.oo •340 52000 
1972 3 2 111 .09 .19 .12 -.oo -.oo -354 153300 

1967 1 -1 45 -.01 .05 -.og :U -.oo 214000 
1961 3 •. 2 61 .o .oa -.o -.oo -240 12566 7 
1969 2 2 . 49 -.os .06 -.on -.oo -.oo - 350000 
1970 4 2 56 -.os .oa -.oo -.oo -.oo -230 73000 
1971 3 3 9S .07 .oa -.on -.oo -.oo 333 .37667 
1972 4 3 92 .10 ,15 -.o5 -.oo -.oo -355 116150 

1967 1 -1 9 -.os ,06 -.on -.oo -.no - 222000 
1968 3 s 16 .os .os -.os -.15 -.on -240 61000 
1969 2 -1 9 -.os -.os -.on -.on -.oo 55500 
1UO 1 -1 10 -.os -.os -.oo -.oo -.oo 66000 

1969 3 -1 s -.os -.os -.on -.oo -.oo 43noo 
1970, s 1 26 .1)6 .07 -.on -.110 -.oo 777 so 
1971 3 1 s ,07 .o~ -.oo -.no -.oo 24000 
1972 4 2 10 ,09 .06 .os -.no -.oo -353 28175 

1967 1 -1 4 -.1)5 -.05 -.01) -.oo -.oo - 126000 
1968. 2 1 a -.os ,09 -.os -.15 -.oo -240 70000 
1969 2 -1 5 -.05 -.05 -.on -.oo -.oo 55500 

1968 . 1. 2 11 .17 .25 -.oo -.15 -.oo -240 75000 
1969 1 -1 7 -.os •.. .-.os -.on -.01) -.oq -240 51000 

E. Storm Runoff DP - Ios Al.arros Canyon 

A gaging station was constructed at the ItDUth of DP Canyon in the 

Spring of 1967. A sec:orx:l gaging station was established on Ios Alarros Canyon 

ab:>ve the junction with DP Canyon in the Spring of 1968. The follO\'Iing table 

presents a recap of flow events from 1970 through 1972 at each station. 
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Storm Runoff at DP-Canyon Gaging Station 

No. of Total Discharqe 

Year Month Events m3 

1970 April 7!/ 5300 

May 1 615 

June 5 2220 

July 5 3945 

Aug 9 11590 

Sept 4 2465 

1971 April 1 125 

July 9 22200 

Aug 3 11590 

Sept 4 .6660 

Oct 4 10230 

Dec 1 6040 

1972 July 3 740 

Aug 4 1480 

Sept 4 46000 

Oct 2. 50500 

y SllO'o<iltlel. t (7 day) 

Stem Runoff at IDs Alarrcs Gaging Station 

NJ. of . Total Discharge 

Year Month Events m3 

1970 April 17a; 44000 

Jm1e 3 2465 

July .:.4 6290 

Aug 9 51800 

Sept 8 9600 

1971 July 5 13600 
I 
I 

\ 
Aug 1 615 

O::t 2 1970 

1972 Sept 4 37000 ! 

a/ 17 days of snowmelt runoff 
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2, Transport of radionuclides in stonn runoff 
. ' 

A stu:ly to detez:mine transport of radionuclides in storm runoff was 

nade at DPS-4 at the nouth of DP canyon (Fig. 9). 

Storm Runoff and Transp:>rt ·of Radionuclides in DP Canyon, Los Alarros 

County, New Mexico. 15 

ABSTRACT 

Effluents from the waste treatment plant at Los Alarros Scien

tific laboratory's Technical Area 21 are released into DP Canyon. 

The radionuclides remaining in the effluents are l:x:nmd to stream

channel sedinents which are later carried out of the canyon by 

storm runoff. 

A stu:iy was made to determine the rurx:>ff volume, the suspended

sediment load, and t:h:! anount of radio-activity carried out of DP 

Canyon by storm runoff. During the smrmer of 1967, precipitation 

resulted in 23 runoff events that carried ~as 000 kg of suspended 

secl:inents out of the canyon in ~36 800 m3 of water. Less than 

74 llCi of gross alpha e:nitter and ~40 100 llCi of gross beta were 

carried out of the canyon in solution. The suspended sediments 

carried out~ 70 llCi of gross alpha emitters and ~11 300 llCi of gross 

beta emitters. About 31 000 llCi of 90Sr left the canyon in solution, 

as did traces of 2 3 8Pu, 2 3 9Pu, an:i 2 
tt lAm. 

CUmulative sanplers to collect sarcpl~ of sto:r:m runoff (water and suspend

ed sediments) were installed in the wall of the gauging station at DPS-4 in 

1967. Samples were collected of the runoff events during the summer of 1967 

and 1968. The chemical quality of the water is shown on the following table. 

Chemical Quality of Storm Ruooff 
(Average of a number of analyses, 1967 and 1968) 

Year ~:l~b Na Cl- F ro3 'IDS Conductance EH 

1967 14 103 47 4.5 13 354 490 8.6 

1968 10 125 38 4.1 6 343 550 11.6 

Radiochemical analyses of surface runoff for the similar period are presented 

on the following table. 'lhe analyses indicate that some radionuclides are 
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souacz 

DPS•4 
DPS-4 

being tra,nsported. out of the canyon, 

liP CAHYOII 

SURPAC! FLOW iAMPLIKC SIT!S 

RAIIIOCH!KICAL ~UALirY OP WAT!a 

(FLOOD PLOW COKDITIOHS) 

YE.A.a MAX• I CJt.OSS 
SAMPLES ALJ'IiA 

caoss 238 Z39 Z41 226 Z34 137 90 
51' 

3 238 
lETA Pu Pa Aa Jt.a U C• • u 

1967 10 •2 
1961 u 4 

1089 .16 • L9 .27 -.15 1.09 •240 
770 .35 1. 11 .91 -.15 3.44 . 321 

ISl 
444 

Trace concentrations of radionuclides were detected in solution of the 

runoff at DPS-4, thus indicating the transport of radioactivity out of the 

effluent release area. 

In 1968, cunulative saxrplers were installed in the stream channel in los 

Alam:>s Canyon, one above the jtmction with DP Canyon and three below the junc

tion. '!be runoff was collected fran four events; however, plugging of the in

take on sane of the sarrplers during an event caused loss of sample for that 

station. The samples were collected to see if a measurable .:tiOC>\mt of radio-

- -.ooo 
- -.ooo 

activity carried out of DP Canyon diluted with runoff in Los Alam:>s Canyon could 

be detected. 

The average of a mm'ber of water sarnples frcm cumulative samplers at the 

four stations in I.os Ala.ncs are shown on the follo:.-Ting table for the year 1968. 

'Ihe locations are sh:Mn on Fig. 12. 

Average of a number anal:tses ·- (picocuries per liter) 

Number of Gross Gross 
238Pu 239Pu 

Source .Analyses Alpha Beta 

IAS-1 4 <2 12 .08 .10 

IAS-2 1 <2 220 <.05 .19 

IAS-3 4 <2 288 <.05 .12 

IAS-4 1 <2 830 .12 .17 

-98-

, I 



Suspended sedi.n'ents fran the runoff were also analyzed and are shown 

on the following table for the year 1968. 

Average of a number of analyses 
Picocuries oe.r dry gram 

Gross Gross 
Source r~ of Samoles Alpha Beta 

IAS-1 4 5 5 

IAS-2 1 6 52 
.... ' 

IAS-3 4 ·g 38 

IAS-4 1 13 92 

The results indicate that measurable arrounts of radionuclides are found 

in solution and in the suspended sed.:i.rrents in IDs Alarros canyon, having been 

carried out of DP canyon. 

A series of samples were collecte:l of sto.Iltl runoff with a DH-48 secli.Irent 

sampler at the gauging statim in IDs Al.arrcs and DP Canyon in the sum:rer of 

1968. The samples were collected at intervals through an event. 'lbe discharge 

and sediment concentrations were determined. The fluids were separated from 

the suspended sediments and were analysed for gross alpha and gross beta activity. 

'nle investigation was made to de~ if sedi.rrent and radioactivity changed 

with time through a runoff event. The following tables recaps the data. 
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Fig. 12. Channel bed sediment sampling stations in DP-Los Alamos 

Canyons. 
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DP Canyon, July 30, 1968 

In Solution Susperrled Sedime.1t 
Suspended Sallirent (I:Ci/1) (pCi/g) 

Discharge Concentration Gross Gross Gross Gross 
Hour (1/sec) (m/1) Alpha Beta Alpha Beta 

14:50 1540 19,500 <1 1800 39 1120 
15:00 1540 11,200 <1 1700 43 1050 
15:30 1410 20,400 <:1 1080 17 520 
16:15 525 9,920 3 1360 15 670 
17:00 270 4,010 0 1150 48 1170 
18:20 165 1,340 14 1190 47 1680 

A seo:md set of SCIIII)les were collected on July 31, 1968. Discharge, sedi

rrent concentrations arxi gross alpha and gross beta activity were detennined fran 

the sanple in solution and in the suspended sediment. The results are present-

ed as follows: 

DP Canyon, July 31, 1968 

In Solution Suspended Secti1rent 
SUspended Se dinent (pCi/1) (pCi/g) 

Discharge Concentration Gross Gross Gross Gross 
Hour (1/sec) (ng/1) Alpha Beta Alpha Beta 

13:50 56 1,080 <1 920 64 890 
14:20 1730 43,000 <1 1080 9 260 
14:30 1640 26,000 <1 820 14 300 
14:45 2040 13,000 <1 770 10 350 
14:50 1700 11,000 <1 860 52 390 
15:00 1410 37,000 <1 1180 6 210 
15:05 1260 37,000 3 1190 9 210 
15:10 1220 48,000 8 1190 6 180 
15:20 1190 27,000 <1 1090 7 220 
15:30 1020 56,000 14 1220 4 140 
15:40 570 4,900 8 1000 21 650 
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DP Canyon, July 31, 1968 
(Continued) 

In Solutial Suspended Sediments 
Susperrled Sedilrents (pCi/1) (t;:Ci/g) 

Discharge Concentration Gross Gross Gross Gross 

lbu:r (1/sec) (mq,/1) Alpha Beta AlEha Beta 

15:50 480 4800 6 1100 79 610 

16:00 490 4400 8 1070 16 650 

16:10 480 4600 19 1120 20 520 

16:20 440 2500 41 1060 15 790 

A series of samples were collected fran DP Cacyon and Ios Al.arrcs Canyon 

above the confluence with DP for canparison on August 6, 1968. 

DP and Ios AJMos Canyoo, Au;ust 6, 1968 

In Solution Suspended Sedi.Irents 
Suspended Sedinents (icl/l) (pCi/g) 

Discharge Concentration Gross Gross Gross Gross 

lbu:r (1/sec) (m;/1) AlEha Beta AlJ2ha Beta 

DP Can:z:on 
15:35 690 24,000 19 1180 3 227 
15:55 525 18,000 <1 920 3 191 

16:15 450 7,700 3 710 4 300 
16:30 305 5,900 11 800 93 324 
16:45 240 5,400 3 740 2 280 
17:00 210 2,800 8 730 4 420 

17:15 160 1,700 3 760 10 580 

17:30 135 1,800 14 840 2 590 

17:45 120 1,000 3 832 <1 620 

Ios Alancs Can~n 

15:40 2040 20,000 6 16 6 6 
16:10 1560 10,000 <1 14 8 6 
16:25 1130 9,400 <1 11 4 6 
16:45 880 6,800 <1 18 2 4 

16:55 760 5,800 <1 18. 3 6 
17:15 680 4,200 11 17 5 7 

17:40 590 4,800 <1 <1 <1 <1 

Only trace concentrations of gross alpha activity were found in solution 

in the runoff in both DP and los .tU.CIOOs Canyons. Gross beta activity in solution 

and gross alpha and gross beta actiVity indicate transport of radionuclides out 
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of DP canyon which receives industrial effluent. A CC!tpU"ison of the activity 

in the runoff of DP Canyon and I.os Al.am::ls Canyon indicates magni tu:le of measure-

able concentrations being transported. In general, the sectirnent concentrations 

decrease with discharge. In DP Ccmyon, the activity concentrations vary through-

out the event. 

F. Radiochemical Analyses of Seilinents 

Charmel sediments in DP canyon are derived fran weathering of the 

Bandelier Tuff. Sedi."tEnts in Ios Alairos canyon are derived fran \<7eathering 

of the Bandelier Tuff and Tschiccma Formation. 

Particle-size distribution of channel sediments at stations are 

shJwn on the following table. 

Particle-Size Distribution 

(Percent by l'Yeight) 

Source DPS-1 DPS-4 "YD-C IH>-1 IM-3 

Granules 8.0 4.0 16.5 < 0.5 0.5 

Sand 

Very Coarse 48.5 42.5 38.0 23.0 13.0 

coarse 29.0 36.0 32.0 53.0 40.0 

Mediun 8.0 10.5 10.5 18.5 23.5 

Fine 3.0 4.5 2.0 4.0 11.0 

Very Fine 1.5 1.0 .5 .5 4.5 

Silt and Clay 2.0 1.5 .5 .5 7.5 
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Channel sediments were collected in DP Canyon in 1967 and 1968 for 

radiochemical analyses. 

The concentration of radioactivity ani radionuclides in the channel 
... :· , -

sediments is greater near the effluent outfall fran the treatment plant at TA-21 

in DP Canyon with the concentrations decreasing downgradient in DP canyon and 

I.os .Al.aitcs Canyon to the Rio Grande. The radionuclides in the effluent are beinr 

adsorbed or exchanged 't>ti th clay minerals in the channel sediments. Storm runoff _ 

is nov:ing the sedllrents downgradient in the canyon dispersing them over a larger 

area. It appears that there is a build-up in th$ sed.Unents near the effluent 

outfall during the fall, winter, and spring when stoiin runoff is at a minimum. 

Heavy thunder sl'xJwers during the surmner trans;ort the se:limP.nts downgradient in 

the canyon so that a large build up of radionuclides at the outfall does not occur. 

C'l.aimel-··se:i:iments were collect.ed fran DP and los .A.l.anos Canyon in NoVerber, · 

1965 and analyzed for gross alpha, beta, and gaiiml activity. The results are 

shown in the following table. 
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Location 

DPS-1 

DP5-4 

uo-c 

IA0-1 

IA0-3 

.. Rd-4 

Radiochemical Analyses of Sediments, N:wember 1965 

(Analyses in Counts per Minute per Dry Gram) 

Gross Alpha Gross Beta Gross Garrma 

6 566 130 

3 25 8 

2 7 30 

2 8 2 

2 4 12 

1 <1 < 1 

A s.imilar set of sarrp1es were collected and analyzed for gross alpl'l..a, 

gross beta, and plutonium in the spring of 1970. The results are shown on the 

following table. 
.. ... ,·· 

Radiocheni.cal Analyses of Sediments, Februaey and March, 1970 

(Analyses in picccuries per dry gram) 

IDeation Gross Alpha Gross Beta 238Pu 239Pu 

DPS-1 28 391 15.8 2.69 

DP5-4 5 92 .219 1.40 

uo-c 2 1 < .001 < .001 

IA0-1 1 4 .026 .101 

IA0-3 2 9 .09 .189 

IA0-4 2 12 .Oil .153 

I.A0-6 2 9 .032 .364 

Rd-4 2 8 .003 .845 
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Satll?les of s~ts fran the stream channel were collected in Februacy 

1970, from Los A1ancs Canyon, one abJve the j1.mction with DP Canyon and the 

rest downgradient to the Rio Grande (Fig. 12). '!be averages of the samples 

of the channel sediments are shown on the follc:Ming table. 

Average of a number of samples 
Picocuries per dry gram 

Number of Gross Gross 
Source Samples alpha beta Z38Pu Z39Pu 

LAS-1 3 3 45 • 07!../ • 87!} 

LAS-Z z 4 16 . o8!/ z. 39!-1 

LAS-3 4 3 61 . os~/ . so!:.' 
LAS-4 3 1Z 124 . o~./ • 451J 

LAS-S 3 z 16 • OS .16 

LAS-6 z z 9 . oz • 56 

LAS-? z 1 11 • 03 .16 

LAS-8 z z 6 . oz 12 

1/ 
Average Z analyses 

Z/ Average 3 analyses 

San'ples were analyzed from two stations at LAD-3 and State Road 4 in 1971 

and 1972. 
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Radiochani.cal Analyses of Sedilrents 1971 and 1972 

(Analyses in picoc:uries per dry gram except as noted) 

!X)-3 Rd. 4 s/7/71 10/14/71 10/10/72 5/7/71 10/i4/71 10/10/72 

Gross Alpha 3 18 <1 2 <1 <1 
Gross Beta 1 73 2 4 <1 6 
23~ .007 2.45 .037 .007 .003 .004 239Pu .961 1.36 .370 .112 .054 .004 l37cs 103 1.3 3.4 4.6 -- L ~ . ~ ,.. 

'I'otal· Uranium 0.81 .16 .40 .09 .02 .33 

'Dle results of the analyses of channel sediments indicate that stonn rul'X)ff 

is transporti.ng radiatuclides out of OP canyon and into Ios Alartos Canyon arxi 

probably measurable ancunts to the Rio Grame. 
G. Inventory of Plutonium in Channel Sed.iments 

The inventocy of plutalium was made of channel sediment of DP and Los Alarcos 

~,. canyon to the Rio Grame. 'lhe pb¥sical characteristics of the channel used in 

cxrnputing the inventcny for July 1968, August 1968, Februazy 1970, am October 

1972, are sham below. 

Pb¥sical Characteristics of Olanne1 

OP-I.os Al.cmos Canyon 
1. 0 to 1 800 m 

Width 1.5 m 
Sp. g. 1.57 

(OP Canyon) 
Depth 0.15 m 
Weight 459 X 106 g 

2. 1 800 m to 6 600 m (I.os AJ.am:)s Canyon) 
Width 2.5 m Depth 0.15 m 
Sp. g. 1.57 Weight 2 832 X 106 g 

Confluence Pueblo-Los Alarros to Rio Grande 

1. Confluence to 4 800 m 
Width 3 m Depth. 0.15 m 
Sp. g. 1.57 ~'Ieight 3 408 X 106 g 
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~hysical Clla.racteristics of Channel 
(Cont.im.leQ} 

Confluence Pueblo-Ios Alancs to Rio Grande 

2. 4 800 m to 7 2 00 m (Rio Grande) 
Width 4 m Depth 0.15 m 
Sp. g. 1.57 Weight 2 261 X 106 g 

The concentrations of plutonium at each statioo, average at each station, 

and total arrcunt at each section are presented in the following table. 

Concentrations and Total Plutoniun in Sections of Olannel 

DP-I.os Alancs canyon (May, 1968) 

Concentration Total % of 

Section Station JJCi/g Ave. nCi Total Pu 

0-1 800 DPS-1 16.20 
DPS-4 .84 8.5 3.9 78 

1 80Q-6 600 I.AS-3 .65 
IAS-5 .15 .40 1.1 22 

'lOTAL 5.0 100 

Ios Alarrcs Canyon (Jul:£, 1968) 

1 80o-6 6oo I.AS-2 4.39 
I.AS-3 .72 
IAS-4 .68 
I.AS-5 .22 1.5 0.4 

'lOTAL 0.4 

DP-I.os Al..anos Canyon (August, 1968) 

0-1 800 DPS-1 0.41 
DPS-2 1.44 
DPS-3 .91 
DPS-4 .88 0.91 .4 27 

1 80Q-6 600 I.AS-2 .60 
I.AS-3 .37 
I.AS-4 .30 
I.AS-5 .23 .38 1.1 73 

1.5 100 
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Concentrations and Total Plutonium in Sections of Channel 
(Continued) 

Section 

0-1 800 

l 800-6 600 

0-l 800 

1 80o-6 600 

·oP....Ios Alarros Canyon· (February, 1970) 

. Concentration Total Pu 
rrCi Station llCi/9 · Ave. 

DPS-1 
DPs-4 
IAS-2 
IAS-3 
IAS-4 
IAS-5 

18.4 
1.62 

.198 

.156 

.396 

.848 

DP-Ios .Al..arros Canyon 
DP-5 0.76 
DP-6 19 
DP-7 .93 
DP-9 .20 
DP-10 .30 
SR-4 .01 

10,1 

0.4 

4.6 

1.1 
5.7 

(October, 1972) l 

6. 9 3.2 

.17 .s 
3.7 

1/ DP Series Ecology Section 

%of 
'lbtalPu 

81 

19 
Ioo 

86 

14 
100 

ws ·Alanos Canyon [ Confluence IA-Pueb1o to Rio Grande] (May, 1968) 

Confluence-
4 800 IAS-6 

IAS-8 
4 800-7 200 IAS-8 

IAS-9 
'l'Q'm, 

.• 62 
.34 .48 
.34 
.24 .29 

1.6 

l.O 
2.6 

62 

38 
100 

ws Alarros Canyon [Confluence IA-Pueblo to Rio Grande] , (August, 1968) 
Confluence- IAS-6 • 53 

4 800 IAS-8 • 02 • 28 l. 0 100 
4 80o-7 200 IAS-8 .02 

LAS-9 <.01 .01 <.02 
'10'l2U.. r.o 100 

ws Alam::>s Canyon [Confluence IA-Pueblo to Rio Grande] (February, 1970) 
Confluence- IAS-6 ,860 

4 800 IAS-7 ,338 .60 2.0 65 
4 80o-7 200 LAS-8 .591 

IAS-9 .364 .48 1.1 35 
rorAL 3.1 100 
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The inventories a.re considered in DP Canyon (0-1800 m) and Los Alazros 
. - "'·' 

Canyon (1800 to 6600} to the confluence with Pueblo Canyon, Recap is as 

follows: 

TOtal Plutonium (nCi) 

May July Aug. Feb. 
Section (m) 1968 1968 1968 1970 

o-1 800 3.9 .4 4.6 

l 80()-6 600 1.1 0.4 1."1" "1.1 

'!OrAL 5.0 1.5 5.7 

Oct. 
1972 

3.2 

.5 

3.7 

'lhe inventmy in DP-I.os Alarros Canyon for 1968 reflects the transport by 

stotm runoff. The May concentrations decrease through August as the material 

containing plutonium noves out into Los Al.anos Canyon with surme.r runoff. 

'!be channel in this reach (Q-1 800) has a very thin alluvium cover aixi a 

steep gradient. Runoff is above normal due to the developed area. In the low

er reach (May, 1968, February, 1970 and october, 1972), the transport appears 

to have equalized, with input equal to output. 

The inventory in the canyon in May, 1968, indicates that from the outfall 

to the confluence with Pueblo only 5.0 nCi or 21% of the 24.1 nCi (1952-1967) 

released renains in the Canyon. In August, only 1.5 nCi or 6% of the 24.1 rrCi 

rena.ined. TranS!X)rt out of this reach of the canyon by stonn runoff for the 

year was about 3.5 nCi. In February, 1970, about 5. 7 nCi or 21% of the 

27.3 nCi (1952-1969) of plutonium remained in this reach. The October 1972 

saupli.ng indicated about 3. 7 nCi or 8% of 30.8 rrCi · (1952-1972) remained in the 

canyon. 

The inventories are considered in Los Al.arcos Canyon from the junction of 

Pueblo Canyon to the Rio Grande (0-7 200 m) •. The recap of the total azrount of 

plutonil.ml in the t'v'IO sections in this reach of channel are as follows: 
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Los .AlanPs Canyon fran Junction with Pueblo to Rio Grande 
. I 

......., 

TOtal Plutonium (nCi) 
May Aug, Feb, 

Section (m) 1968.· 1968 1970 

Q-4 800 1.6 1.0 2.0 

4 800-7 200 1.0 <,02 1.1 

'IOT:AL 2.6 ~ 1.0 3.1 

'!be inventocy in ws Alarros Canyon fran the confluence of Pueblo to the 

Rio Grande in Hay 1968, was 2.6 nCi which decreased to :::::1.0 in August with 

the transport of plutoniu:n with st.mner runoff. 

'!he inventory of Februaey 1970, c:::atbining both DP-Ios AlaDDs (5, 7 nCi) 

and Acid-Pueblo (18.1 nCi) and below the confluence (3.1 nCi), indicates a 

total of 26.9 nCi of plutalium in the three separate reaches :::::14% of the 

.. arrcunts released into DP-Ios Alarrcs (27. 3 nCi, 1952-1969) and Acid-Pueblo 

(170 ItCi, 1943-1964). If one considers the inventory in each of the three seg-

ments of the three canyat.s or c:crri:>inations of segments and assumes all plutonium 

is tied up in the serliments, the loss of plutoni.u:n or transport to the Rio 

Grande is about 80 to 90% of all plutonium released fran the treatment plants. 

H. Flood Frequency arxl Maxinun Discharge 

ws Alam::>s Canyon heads on the flanks of the Sierra de los Valles at an 

altitude of about 3170 m. '!he flood frequency and naxirm.Jn discharges at botm

dal:y are based 6n the follcwing data. 

Frequency 
Frequency 

2:-yea:r 
5-year 

lo-year 
25-year 
so-year 

Drainage Area 27. 5 knf 
Main Channel Slope - 0.040 

Maxim.ln Discharge 
(ml-/sec) 
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VII. D~GE AREA. 6 (SANDIA CANroN) 

' 
Sandia Canyon heads on the Pajarito Plateau and is tributary to the Rio 

Grande. '1he alluvi.un in the~ reach of the canyon is thin in the western 

part of the plateau, but thickens to al::out 12 m at State !bad 4. '!he alluvium 

is underlain by the Bandelier TUff. 

'lhe stream in the upper reach of the canyon is perennial from the re

lease of effluents fl'CID the sewage treatment plant am po.o~er plant at TA-3 

(Fig. 13). The flew extends eastward to near the center of the plateau where 

all flow is lost to evapotranspiration or infiltration into the underlying 

tuff. Only during heavy thundershowers during the sunner does the int:eJ:m:i.ttent 

stoz:m runoff extend in the canyon across the plateau to the Rio Grande. 

A. Industrial waste Treatment· .Plants 

The sewage treatment plant serves the office-type c:x::nplex of laboratories 

and shops that are centrally located in the TA-3 area. About 75 percent of the 

effluent is cycled into the power plant for cooling purposes. The COiliJined re

lease ·of effluents fran the sewage treatment and power plant is about 2. 3 x 105 

zn3 of effluent per year into Sandia Canyon. Sewage lagoons at TA-53 are lo

cated on the mesa between Sandia and Ios Alarcos Canyons. overflow from the 

lagoons does not reach the channel in either of the canyons. 

B. Surface Water 

Effluents fran the treatment plants and surface water are sanpled at ~ 

stations, scs-1 ani scs-2 (Fig. 13). 

1. Chemical Quality of Surface Water 

'lhe chemical quality of water at SCS-1 below the outfall fran l:oth treat

ment plants reflects the quality of effluent released into the canyon. As 

sh:Jwn on the _follCIWing table, the qllal.ity of the water inproves ~adient in 

the stream. 

-113-



Olemical Quality of SUrface Water, 1969-1972 . 
(Average of a rnmiJer of analyses in mg/1 except as noted) 

Station SCS-1 SCS-2 

N:l. of Analyses 12 12 

SOdium 200 150 

Chloride 282 66 

Fluoride 27.5 3.6 

Nitrate 18 17 

Total Dissolved Solids 1260 730 

Conductance a/ 1515 730 

pHQ 6.4 7.1 

!I Micranhos 
~~ No Units 

'lhe follc:Ming table presents averages of analyses by years of the two 

stations. 

Chemical Quality of Surface Water 
(Average of a n'l.Jti::)er of analyses in m;/1 except as noted) 

tb. of a/ 
Source Year Analyses Na ····-· Cl f: 

ro. 3 -·-. TDS Conductance 

SCS-1 1969 1 375 
SCS-1 1970 3 104 
SCS-1 1971 4 206 

SCS-1 1972 4 117 
SCS-2 1969 1 190 
SCS-2 1970 3 153 
SCS-2 1971 4 153 

SCS-2 1972 4 107 

a/ Micrcmhos at 25° C 

b/ No Units 

45 

55 

49 

48 

50 

75 
75 

64 

55 <.4 . 1738 1120 

.3 28 826 690 

2.1 22 1565 3465 

52 22 913 785 

6.0 12 680 720 

1.7 25 850 840 

2.5 22 795 850 

4.2 4.2 591 510 
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EH 

7.7 

6.9 

5.6 

5.5 

7.9 

7.3 

7.6 
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~~ 

The chemical treatment of water for use at the J;XJWer plant resulted in 

release of hexavalent chrarate. The use of chrcrnate in treatment of water for 

cooling at the power plant \'."aS discontinued in April 1972. The concentrations 

varied downgradient in the charmel, shcwinq no apparent trends. 

Hexavalent Chrana.te in SUrface water 

_ (Average of a nunber of analyses in rrg/1) 

No of 
··station Year Analyses Hexavalent Chranate 

9CS-l 1969 1 0.07 

scs-1 1970 4 8.5 

SCS-1 1971 2 11.2 

scs-1 1972 4 .18 

scs-2 1969 1 2.4 

scs-2 1970 4 5.4 

scs-2 1971 2 7.3 

SCS-2 1972 4 1.3 

Select trace metal ion analyses were made of water fran the two stations. 

The following table shows sare metal ions in the surface water that are probably 

the result of treatrrent of the water used in the cooling process at the Power 

Plant. 
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SOUP.CZ 

SCS-1 
SCS-1 
SCS-1 
scs-1. 

scs-2 
SCS-2 
SCS-2 
SCS-2 

..... 

l£rAL IOO ANALYSES 

(Range and average of a nurrber of analyses :in lfg/1) 

S::S-1~ scs--l2! 
Station Min Max AV Min Max Av 

In Solution 

cadmium <0.25 18.8 8.6 0.4 6.8 3.2 

Beryllium <0.25 <0.25 <0.25 0.28 0.27 

Iead <1.0 25.0 7.5 <1.0 2.5 1.5 

Mercury < .02 < <0.02 <0.02 

Particulates 

cadmium <0.25 2.8 1.4 <0.25 0.56 0.36 

Beryllium <0.25 <0.25 <0.25 <0.25 

!ad <1.0 11.9 8.1 <1.0 1.8 1.2 

Mercury <0.02 0.32 0.15 <0.02 0.43 0.18 

a/ Four analyses 

b/ Three analyses 

2. Radiochernical'QUality of surface Wa1:P..r 

The radioc:henical analyses of surface water fran stations SCS-1 and 

ocs-2 shewed only traces of radionuclides which may have been released with sewage 

influent fran l.al::loratories in the TA-3 canplex. The following table presents an 

anrroal average of radionucJ.4.~ for the years 1969 through 1972:~-{ 

.. sAliDa cuto• _ .. _____ . 

~verage. of a nuni:ler of analyses in J;Ci/1 except as noted) 
. ~ SUKFACI PLOV SAKPLt•c SitES . 

lADIOCRIMICAL QUALitT OF VAtla 

TEAl MAX• I CltOSS CltOSS 238 239 241 226 234 137 90 3 

SAMPLES ALPKA UtA Pv 'II A a Ita v Ca Sr K•. 

1H9 1 -1 a -.05 -.05 -.on -.on -.on 8700 

1970 5 -1 14 .06 .05 -.oo -.no -.no - 32600 

19 71 4 1 u .07 .07 -.IJn -.on -.oo -230 4675> 

19 72 4 1 17 .11 .06 -.no -.on -.oo -uo 3350 

1969 1 -1 11 -.05 -.05 -.oo -.oo -.no ?tOO 

1970 5 -1 11 -.05 -.05 -.on -.oo -.oo - 17000 

1971 4 -1 11 -.05 -.05 -,OIJ -.oo -.oo -240 7'. ·-. 

1972 4 1 16 .oa 06 ,07 -.oo -.oo 753 4 

a/ Analyses in l-19/1 
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c. Water in Alluvium 

Two observation roles were drilled into the alluvium (sco-3 and 

SCQ-4) in the middle and lower reach of the canyon. They did not encounter any 

water. After stom :runoff in the canyon in early Septanber, 1969 water did in

filtrate into the alluvium near role sco-4 ani a sarrple was collected and analyzed. 

1. Chemical Quality of water in Alluvium 

The chemical quality of the water in the alluvium recharged fran 

stcmn runoff showed sane effects fran the effluent released fran the power plant 

with the presence of chranate. 

Sodium 

so 

Analyses of water in Alluvium at sco-4 

(Sept. 196-91 -in3/l ·e."<Cept as noted) 

Chloride Fluoride Chranate Nitrate 

15 <0.1 0.18 .1.3 

~ micranhos 

2. 
' ,.;. .;~<., 

Radiochemical "Ouality of lvater in Alluvium 

Dissolved 
Solids Conductance~ 

320 350 

The radiochemical analyses indicated only background arrounts of 

radionuclides. 

Gross 
Alpha 

<1 

Radiochemical Analyses oft-rater_ in Alluvium at sco-4 

Gross 
Beta 

2 

,. --- - - . 
(Sept. 19~9 1 in pCi/1 except as noted) 

238Pu 

<0.05 <0.05 

Y Mi.cr:ograms per liter 
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D. Radiochemical Anal vses of Sediments 

Sediments fran the stream channel have been collected for particle 

size distribution analysis. The particle size distribution of sediments at 

stations are shown on the following table. 

Stations 
(Distribution by weight) 

Near Near 

Grade SCS-2 SC0-4 State Road 4 

Granules 20.5 9.0 6.0 

Sand 

Very Coarse 23.0 22.5 12.0 

Coarse 35.0 43.5 44.0 

Medium 15.0 14.0 19.0 

Fine 4.5 6.5 11.0 

Very Fine 1.0 2.5 4.0 

Silt and Clay 1.0 2.0 4.0 

Sediments fran the stream Channel near scs-2, sc:o-3 and at State Road 4 

were collected for analyses in 1965 and 1970. The results of the analyses in

dicate only background arrounts of radionuclides. 
--· ... ·- """\ ---------

Radiochani.cal Analyses of sediments 

(Analyses in ~iig-EOO::ept ~ noted} 

Gross GJ:oss 
. - -------· - . 

SOurce (Near) Year Alpha Beta 238Pu 239Pu 

Power Plant 1970 1 2 <0.001 0.004 
scs-2a/ 1965 1 2 

SCS-2 1970 2 1 <0.001 <0.001 
SCS-3a/ 1965 1 17 
SCS-3 1970 1 < 1 <0.001 <0.001 
State Rd 4a/ 1965 2 <1 

State Rd 4 1970 2 2 <0.001 0.003 

a/ 
Cotmts per minute per dry gram 
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E. Flood Frequency and Maxim.Jm Discharge 

Sandia canyon heads on the Pajarito Plateau at an altitude of about 

2290 m and/is tr:il::utary to the Rio Grande. The flood-frequency and maximum 

discharge at the l::oundary are based on the following data: 

FrequencY 

2-year 

5-year 

lQ-yea.r 

25-yea.r 

so-year 

Drainage Area 7.0 knf 
Main Channel slope 0.028 

MaximJm Discharge 
(cubic ft per second) 

2,0 

5.4 

8.s 
16 

18 

J VIII. Drainage Area 7 (Morta.ndad canyon 

Mortandad canyon heads on the Pajarito Plateau and is tributary to t."le Rio 

Grande (Fi:J.l4). ·The main industrial treatlnent plant at TA-50 releases effluent 

into the canyon. The plant began treating liquid waste in 1963. The plant re

leases 54 x 103 m3 of effluent annually into the canyon, An additional 

26 x 103 tO 125 x 103 m3 of waste water from TA-48, New Sigma and stonn runoff 

enter the canyon c-rmually. The stream in the upper reach of the canyon is peremual 

fran the release of iniustrial effluents and cooling water. Sto:cn runoff adds 

to the volme of flow; lrlwever, since 1960, when hydrologic observations began, 

all stonn nmoff as well as effluent has infiltrated into the alluvium west of 

the discharge boundary due to the small drainage area and large volume of l.m

saturated alluvium. The alluvium in the canyon thickens from less than 1 m 
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in the upper reaches to nore than 40 m : at the 1::x:>urXlary. 

The p!rE!nllial flow fran the efflUP.nts and inteJ:mittent stonn runoff re

charges a snal.l body of water in the alluvium that is perched on the u."lderlying 

tuff. As the water in the alluvium rrcves eastward, steady losses to evapo

transpiration with minor losses into the tuff occur so that the water in the 

alluvium is of l.imi.ted extent and does not extend to the surface water discharge 

boundary at the santa Fe-Il:>s Al.arccs County line. 

Ql 
B. Geologic and Hydroloqic Investigations 

Prior to release of effluents into ~rtandad canyon, stuiies were 

made to determine the geologic and hydrologic characteristics of the canyon in 

regard to the disposal of low-level radioactive liquid wastes. A series of 

additional studies have been made in the canyon as it receives the bulk of the 

effluent fran the treatment wastes generated by the lal:oratory. An abstract of 

the results fran these reports is presented in the following section. 

1. Preliminary Report of the Geology and I!ydrology16 

The preliminary report (1963) sumnarizes the studies October 1960 

through J\.U'le 1961 

The u.s. Geological Survey, in cooperation with the u.s. Atani.c Energy 

camti.ssion and the I£>s Al.arccs Scientific Laboratory, selected the upper part 
of ~rtandad canyon near Il:>s Alaitcs, New Mexico as a site for disposal of treated, 
liquid, low-level radioactive waste. This report surrmarizes the part of a study 
of the geology and hydrology that was done fran October 1960 through Jtme 1961. 

Additional ~k is being continued. 

Mort:andad Canyon is a narrow, east-southeast-trerXiing canyon al:out 9-1/2 
miles long that heads on the central part of the Pajarito Plateau at an altitude 

of al:out 7,340 feet. The canyon is trihltary to the Rio Grande. The drainage 
area of the part of Morta.n::lad canyon that was investigated is al:out 2 square 
miles, and the total drainage area is about 4. 9 square miles. 
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The Pajarito Plateau is capped by the Bandelier '1\tff of Pleistocene age. 
M:>rtandad canyon is cut in the Bandelier, arx:1 alluvium covers the floor of the 
canyon to depths ranging from less than 1 foot to as mch as 100 feet. The 
Bandelier is underlain by silt, sand, conglanerate, am interbedded basalt of the 
Santa Fe Group of Miocene, Pliocene, and Pleistocene age. Sane ground \'later is 
perched in the alluvium in the canyon; however, the top of the main aquifer is 
in the Santa Fe Group at a depth of about 990 feet below the canyon floor. 

Joints in the Ban:lelier '1\tff probably were caused by shrinkage of the tuff 
during ccx:>ling. The joints range fran hairline cracks to fissures several inches 
wide. Water can infiltrate along the open joints where the Bandelier is at the 
surface; however, soil, alluvial fill, and autochthonous clay inhibit infiltration 
on the tops of rresas, and probably in the alluvium-floored canyons, also. 

'I'hirty-three test holes, each less than 100 feet deep, were drilled :i..n 10 
lines across M:>rtandad canyon fran the westem margin of the stu1y area to just 
'WeSt of the los Alancs-Santa Fe <:XJtmty line. Ten of the holes \tiere cased for 
observation wells to rreasure water levels and collect water samples fran the 
alluvium. Twenty-three of the holes were cased to seal out water and were used 
as access tubes to accc:m::xlate a neutron-neutron probe for detel::mining the 
misture content of the alluvium and tuff. 

The source of recharge for the perchei grouni-water body :in the alluvium 
in M:>rtandad canyon is the precipitation in the drainage area of the canyon. 
During the winter of 196Q-61, a ~ 1-2 feet thick acetmnll.ated in the narrow 
shaded upper part of the canyon. The alluvium beneath the snowpack received scme 
recharge because of diurnal rrelting during the winter. In March 1961 the snOW'
melt water saturated nest of the thin alluvium in the upper part of the canyon, 
and a surface stream began to flow. The rnaxirmJm flow of the surface stream was 
about 250 gp:n (gallons per minute) • Water fran the stream infiltrated into the 
alluvium at the front of the surface stream and in the reach upstream fran the 
front. A ground-water It'CUl'ld was foll'!led beneath the channel by water infiltrating 
fran the stream. The front of the surface stream and the front of the ground
water rrotmd advanced eastward to al::out the middle of the area studied. Fran this 
p:>int eastward, the alluvium is thick enough to absorb and transmit t.."le arrou.'1t of 
flow in 1961. Late in April the front of the surface stream retreated, and by 
the first of May the surface flow stopped. During and after this pericx:l the 
ground-water mund decayed, and ground-water levels dropped in the upper part of 
the canyon as water drained into the channel and downgradient through the alluvium. 

The anount of recharge was sna1l in the wide lower part of the canyon during 
the pericx:l of study. The rise in ground-water levels and the increase in misture 
content of the alluvium in the lower part of the canyon indicate that water mved 
downgradient by underflow through the alluvium fran the recharge area in the upper 
part of the canyon. Moisture rreasurenents indicate that only a little water 
noved into the underlying Bandelier '1\lff fran the saturated alluvium in the part 
of the canyon studied. 

A deep test well was drilled in M:>rtandad Canyon near the middle of the area 
studied. The top of the rrain aquifer in the well was between the depths of 985 
and 990 feet below the bottan of the canyon. The water rose a.lrtDst 30 feet in 
the well, indicating that confining beds exist in the lower part of the Puye 
COnglarerate. The piezanetric surface of the rrain aquifer slopes eas'boJard, 
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indicati.n9 that the main aquifer is recharged mainly west of the Pajarito Plateau, 

am that it discharges the water near the Rio Grande. Sarrples of water fran 

the rrain aquifer and the alluvium had no radioactivity alx>ve that of a standard 

sanple of water. 

The infiltration and I'l'OV'E=J'l"ent of waste liquid will follow the sarre general 

pattern as that of the perched ground water in the alluvium. The liquid will 

infiltrate in the upper and middle reaches of the part of the canyon studied and 

I'l'OV'e eastward through the alluvium. The data indicate that the alluvium in the 

lower reach will absorb and transnit the predicted discharge of 500,000 gallons 

of waste per week. Little of the liquid will I'l'OV'e downward into the Bandelier 

Tuff in the area studie:i, and probably none will reach the main aquifer in t.he 

Santa Fe Group. The ncvement of ground-water in the part of the canyon east of 

the Ios .Al.an¥ls-Santa Fe County line was not deteJ:mined. 

The clay in the alluvium probably will renove rrost of the radioactive waste 

material by sorption and base exchange. This might eventually build up relatively 

high concentrations of radioactive material which ~d rrove slowly downgradient 

through the alluvium. Further work will be necessary, before and after waste is 

discharge:i fran the plant, to obtain quantitative hydrologic data and to determine 

the ncvenents of the water in the alluvium belCM the area studied. 

A pmg:ress .ret;X>rt was issued in 1964 covering the period 1961 to June 1963. 

Data included are surface water records, quality of water prior to the release 

of effluents as well as radiochemical analyses of sediments fran the stream channel 

..... _. and observation roles. l7 

2. Distribution of Radioactivity in AlluviumlB 

A smrt paper was prepared in 1966 \.mich describes radioactivity in 

the alluvium of M::>rtandad Canyon. 

Fine particles in alluvial material in a disposal area for liquid radio

active wastes at Ios Alarrcs have greater affinity for radionuclides than coarse 

particles: ~, rrcst of the radioactivity is in the coarse material, which is 

rrcre ~. The radioactivity in the alluvium is dispersed by waste water and 

storm runoff and decreases with distance fran the J;X>int of effluent outfall. M:>st 

of the radionuclides are retained in the upper 3 feet of the dep:>si ts, resulting 

in very little change in the quality of the ground water perched in the alluvium. 
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3. Disp?sal of Industrial Effluents in M:>rtandad canyon19 

A report was sub:ni.tte1 in 1967 describing a study to determine the 

rrcve:nent of effluents in M=>rtandad canyon and evaluate the possibility of contamina

tion of surface and ground water outside the canyon disposal area. 

M:>rt:andad Caeyon is cut into the Banielier TUff, which fonns the Pajarito 
Plateau. The drainage area above and within the disposal area is small. The 
alluvium is thin in the upper canyon but thickens eastward into the middle and 
lower canyon. 

The canyon has no natural perennial streamflow. Surface water entering t.'!e 
disposal area is stoJ:m rutX)ff, waste water fran cooling process at New Sigma and 

'm-48, and i.ndustrial. effluents fl:anithe waste treatment plant at TA-50. The 
st:.om runoff, waste water and effluents infiltrate into the alluvium to recharge 
a bcxiy of water perched in the alluvium overlying the tuff. As the water rroves 
through the alluvium sane is lost to evapotranspiration while the rS!'ainder in
filtrates into the tuff. 

An inventory of surface water and water in the alluvium fran July 1963 to 
June 1965 indicated that a greater anount of water was lost into the tuff in the 
upper canyon than in the middle and lower canyon of the disposal area becuase the 

alluvium overlying the tuff in the upper canyon is ncre penneable (silty sand) 

than the alluvium overlying the tuff in the middle and lower canyon (sarXiy silt). 
The ncverrent of water in the tuff is downward beneath the disposal area into the 

unsaturated volcanic rocks and sediments of t.lle Puye Conglanerate. 

The upper part of the main aquifer in the IDs AlamJs area is in the Puye 

Conglanerate, about 1,000 feet beneath the canyon floor. The water in the main 

aquifer is m::wing at about 70 feet per year toward the Rio Gran:ie. The PJ.o 
Grande, alxrut 6 miles east of the disposal area, is the natural discharge for the 
main aquifer. 

The chemical and radiochemical quality of water in the alluvium improves 
downgradient in the disposal area due to dilution of the effluent by storm runoff 
and waste water, and by adso%:ption of certain ions and radionuclides by clay 
minerals. Water in the main aquifer stowed no sign of che:nical or radiochemical 
cx:mtamination. 

The geology and hydl:ology of M:)rtandad canyon is ·ideal for the disposal of 
lao.-level radioactive effluents. The small drainage area and the volutre of alluvium 
(to absorb the storm runoff) reduces chances for storms to flush contaminates to 
the Rio Grande. Cheni.cal and radioche:nical contamination is confined to the dis
J;Osal area. The disposal area has an environment that reduces the contamination 
in the effluents, and the slow nover.ent of water in the main aquifer beneath the 
disposal area ~uld allow ion-exchange and half life decay of any radionuclides 
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that should reach the aquifer, so that no contamination ~uld rerrain in the 

water when it reached its natural discharge area • 

. ......., 4. Occurance of Tritium in the Shallow Alluvial Aquifer, 1966-1969 20 

The occurance and dispersion of tritium in water in the alluvium 

was described in a section of a 1973 report. 

Tritium was detected in the stream-connected aquifer in the alluvium of 

the canyon. Concentrations were greater in the lower part of the canyon. The 

tritium was probably residual fran liquid waste releasei in early operations of 

the treatment plant at TA-50 (1963 through 1966) or fran TA-35 in the late 1950's 

or early 1960's. 

It was estimated in February 1967 that storage of water in the alluvium in 

the lower canyon was about 19.0 million liters. The average tritium concentra-

tion (MD-6, r:tm-7, MX>-7.5, and M:0-8) for February was 490 J::Ci/ml; thus, it 

was estimated that the water in storage contained about 9. 3 Ci of tritium. In 

May 1969 the storage was estimated at 14.4 million liters with an average tritium 

concentration of 80 p:.i/ml or about 1.2 Ci of tritium in the total water in storage. 

The tritium concentrations decrease wit."l time due to the dilution of the 

water with the inflow of waste effluents and stonn runoff into the alluVium 

and tritium losses to eva:potranspiration. 

5. Dispersion and !>1ovement of Tritium in the Shallor,r Aquifer 
21 

A report in 1974 describes the rrove:rent and dispersion of tritium in 

ground water in the alluvium. 

Twenty (20) Ci of tritium discharged into r-Drtandad Canyon in November 

1969 were used to deteJ:m:ine the dispersion and rroverent of the tritium in a 

shallow aquifer in the alluviurn. It took 388 days for the peak concentration 

to :rtDVe 3, 027 m fran the effluent outfall to the eastern end of the aquifer. 

The cxmcentration decreased fran 77,700 p:!i/ml to 310 J::Ci/ml in that distance. 

Ground water in transit storage contained about 0.9 Ci of tritium prior to the 

release of the 20 Ci. About 3.9 Ci of tritium remained in transit storage at 

the end of 1970. The re:raining 17.0 Ci were lost with.evapotranspiration, infil

tration with ground water into the underlying tuff, or suspended with soil rroisture 

al::ove the aquifer. 

The rate of I'COVE!t'ent of ,..;rater in the alluvium and field coefficient of 

permeability were described for the three sections of the canyon using tritium 

and chloride ion as tracers. 
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canyon Type of Velocity of Tracers Coefficient of 
Iocation Unit (lVday) Pe:rmeability (m/da,,-4 

Upt:er coarse Sand 18 141 

Middle Silty-Sand-clay 5 50 

I.ower Silty-Sand-clay 2 7.6 

B. Industrial waste Treatment 

Liquid wastes, products of research by the Ios Al.attos Scientific 

Laboratory, are treated at the waste treatment plant at TA-50. The liquid \'laStes 

contain a varying ancunt of chemical and radiochemical cxmstituents. However, the 

treatment of the influents to reduce hal:mful. contamination is about the same 

regardless of the chemical and radiochemical quality of the liquid wastes. The 

chemical catp:>sition of the influent is changed by the addition of certain che!ni

cals during treatment. 

The chemicals are added at several stages during treatment. SOdium 

hydroxide is added to the liquid wastes as it arrives at the plant to neutralize 

the acid and to raise the pH. Ferric sulfate and calcium hydroxide are added as 

the influent enters fl.occulator clarifiers; this precipitates out the radioactivity 

that was carried in suspension or was otherwise insoluble. The precipitate is 

collected as a sludge in settling basins, dried, mixed with vemiculite, placed 

in barrels, ard buried in disposal pits on the plateau. Flocculation rem:wes 

mst of the plutonium and fission products. If, however, the liquid waste still 

contains excessive radioactivity it is acidized with nitric acid and passed through 

ion exchange columns where artificial resins rerrove rrost of the remaining radionu-

elides, generally strontium 90, cesium 137, and other fission products. The waste 

is again treated with sodium hydroxide to raise the pH to about 11 before transfer 

to h:Jlding tanks prior to disposal. 
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Concentrations of sodium, calcium, carbonate, bicarbonate, nitrate, and 

chlorides, ClS well as total dissolved solids, are higher than founCl in native 

waters. If the wastes are acidized for the ion--exchange colurms, high nitrate 

an:i conductivity are characteristic of the effluent. 

Careful control is naintained thro~hout the entire treatment operation 

by frequent collection and analysis of the influent at the different stages of 

treatment. 'lhe resulting effluent is discharged into the disp:>sal area when 

the radioactivity is less than 10 percent of the MPC (na.x:inn.Jn permissible 

concentration) as recx:mnended by the Intemational Catmittee on Radiation 

Protectioo. 

l. Chemical Quality of Effluent 

'!he liquid wastes vary in chemical and radiochemical coosti tuents when 

they arrive at the plant; l'x:Jwever, the resulting effluents reflect the chemi

cal treatment of a weekly cx:mposite, as shown on the follc:Ming table. 

Chsnical Quality of Effluents a/ 

(Analyses in ng/1 except where noted) 

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 

calcium 40 37 20 56 129 167 25 32 48 12 

Magnesium 3 < 1 4 < 1 < 1 < 1 1 5 2 2 

Sodium 96 280 205 135 100 135 2250 500 740 215 

carb:lnate 139 280 290 130 230 340 2350 158 120 20 

Bicarbonate 199 370 415 160 320 448 2610 282 720 290 

Chloride 10 37 25 19 10 24 52 35 140 10 
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1963 

Flooride 2 
Nitrate (n)b 3 
Cyanide < 1 
Total Dissolved 

Solids 

COnductancec 760 
_pHb 11.3 

Chemical Quality of EffluentsY 
(Analyses in m;/1 except where noted) 

. (Continued) 

1964 1965 1966 1967 1968 1969 1970 1971 1972 

2 3 1 3 2.6 .2 .9 3.2 < .1 
29 6.0 7 7.9 6.0 74 223 280 52.8 

< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 

4258 2132 2118 768 
1980 1760 1280 1380 12090 4500 2400 2520 1140 

11.6 11.5 11.5 11.4\ 11.7 12.1 10.9 9.7 8.9 

a/ Weekly canposite, 1st week of July, filter Sanple~ if ion-exchange column 
used, nitrate and calcium higher. 

Ef N x 4. 4 = ~D3 
£1 MiCl.'OI!hos 

d/ No Units 

The average annual chemical quality of the effluents is presented in the 

following table. 
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'lbe Average Annual Chemical Quality of Industrial Effluent from TA-50. 

Effluent 
Chemical Constituents 

TA-50 
Miili9rams E!:r liter 

Cal- l.Ugne- So- Car- Bicar- Chlo- Fluo- Ni- Dis- -- -'l'Ot:a:r-· Specific 

cium si\.n di\11\ bonate bonate ride ride trate solved hard- ronductance pH 

Year (Ca) ~ (Na) COO ;a) (IJl))) (Cl) QL (00)) solids ~ (\Jilh:>S at 25°C) 

1963o/ 52 1.4 188 302 376 28 1.7 63 . 830 135 1730 11.6 

1964 36 0.9 219 280 386 41 2.5 97 960 94 1950 11.6 

1965 40 0.8 196 278 367 30 2.2 131 860 109 2070 10.9 

1966 52 3.2 151 213 292 17 1.4 50 660 145 1280 11.4 

1967 110 3.1 120 226 306 21 2.3 55 570 289 1520 11.2 

I 1968 100 2.7 153 265 353 28 3.2 63 618 259 1630 11.2 

t; 1969 91 2.3 286 300 428 34 2.7 131 940 235 1990 11.2 

\0 
I 

1970 56 4.8 406 354 472 38 2.1 551 1500 155 2340 11.2 

1971 42 3.9 433 218 641 169 2.7 372 1590 120 2450 9.2 

1972 30 3.6 571 91 506 108 1.2 766 1670 91 2570 8.8 

• 



A measure of the effect of the effluents on plant growth is the sodium

adsorption ratio (SAR} and conductance. 'n1e SAR approximates the base ex

change of sodium in the effluent and is a measure of the alkali hazard that 

oould occur and in turn would effect plant growth in the canyon. It is ex-

pressed in equivalents per million as: 
. Na. 

SAR ;;ea ~ Wg 

'lhe sodium (alkali) hazard is based on SAR of 0. ~ 10, low, ll .,. 18, 

medium, 19 - 26, high; and above 26 very high. 

'lhe salini:ty hazard is based on the oonductance or mineral concentration 

in solution of the effluent that is available for precipitation . into the 

soil that in turn can effect plant grc:Mth. '!be classification is based on 

100 to 250 J,mhos, low; 250 to 750 )Jhzros, medium; 750 to 2250 }.ll'lilos, high; 

and above 2250 ~s very high. The following table shows the sodium (alkali) 

and salinity hazard of the effluent based on average annual concentration. 

Effluent - TA-50 

Sodium Conductance Salinity 
Year SAR (Alkali) Hazard (J,.Lmhos/an) Hazard 

1962 

1963 7.0 IOtl 1730 High 

1964 6.9 !011 1950 High 

1965 8.4 U:M 2070 High 

1966 5.5 U:M 1280 High 

1967 3.1 Ii::M 1520 High 

1968 4.1 IDw 1630 High 

1969 8.1 IoN 1990 High 

1970 14 Medium 2340 ver1 high 

1971 17 Medium 2450 very high 

1972 26 High 2570 very high ' 
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Waste \~ter is discharged into the disposal area fran New Sigma and TA-48 

fran cooling processes in the la.l::loratories. The water is originally fran the 

numicipal supply fran los Alarros. ~To chemicals are added; however, the chemical 

quality may have been changed slightly by use, due to evaporation losses as 

sl'xJwn on the following table: 

Chanica! Q.lality of waste Water TA-48 and New Sigma 

(Analyses ill ng/1 excePt as noted) 

Dissolved a/ 
Source Year Sodium Chloride Fluoride Nitrate Solids Conductance 

TA-48 1962 36 6 0.8 1.3 192 218 

TA-48 1965 44 2 0.8 .4 210 240 
. 

New Sigma 1962 34 4 1.6 1.8 162 180 

New Sigma 1965 32 2 0.4 2.2 599 640 

~ Micra!'lhos 

'Y ;;.B.;... -~Ra;;.;.d;.;.;;i;.;;oc=hemi=';.;;c;.;;al;;;;.....:Qual::.;;;;;:;=ity.;;;.r.....;;;o;.;;f..:E;;;f;.;;f:.::l;.;;u=en;.:.;;.t 

After treatment and release, the effluents contain sane radionuclides. 

The following table presents the average annual concentrations in the effluent. 
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Average Annual Radiochemical Quality of Effluents, TA-50 

JX::i/1 

Arrcmlt Gross Gross Total 

Year (M') AlEha Beta Pu 89Sr gosr 

1963 27390 194 12700 59.4 5430 1450 

1964 51400 70 52000 37.7 1200 1700 

1965 49000 109 16600 71.2 860 1260 

1966 52810 70 7500 31.0 460 670 

1967 59680 128 6300 70.7 890 220 

1968 60290 86 5400 43.0 540 130 

1969 54480 24 6600 120 1000 240 

1970 53180 160 11000 94 250 370 

1971 45680 230 24000 150 270 690 

1972 57080 240 6700 148 ~ 62 96 

a/ 238
Pu 1301 239

Pu 18 

The armual and total atr0m1.t of radionuclides released in effluents fran 

TA-50 is presented in the following table. 

Annual Anount of Radionuclides Released with Effluents, TA-50 

nCi 

Gross Gross Total 
Year Alpha Beta Pu egsr gosr 

1963 5.3 348 1.6 148.7 39.7 

1964 3.6 2670 1.9 64.9 87.4 

1965 5.3 813 3.5 42.1 61.7 

1966 3.7 396 1.6 24.3 35.4 
1967 7.6 376 4.2 53.1 13.1 
1968 5.2 326 2.6 32.6 7.8 
1969 1.3 360 6.5 54.5 13.1 

1970 8.5 585 5.0 13.3 19.7 

1971 10.5 1096 6.8 I 12.3 31.5 

1972 13.7 382 8.4 a 3.5 5.5 
64.7 7352 42.1 449.3 314.9 

a/ 2 3 sPu, 7.4; 239Pu, 1.0. 
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In addition to the effluents released fran the treatment plant at TA-50, 

a smaller plant was operated at TA-35 fran 1956 through 1963. The effluents 

were released into 10-Site Canyon. The volume of effluent '\vas not sufficient 

to ItCVe as surface flow into r"Drtandad canyon. Stonn runoff entered ll.brtandad 

canyon between rn:>-6 and r-co-7. The effluents contained mainly strontium and 

cesium. The armual average concentrations of radionuclides are shown on the 

following table. 

Average Annual Radiochemical Quality of Effluents, TA-35 

pCi/1 

Artount Gross 
Year (r-13 > Beta e'sr 'osr 

1956 682.5 1 370 000 241 000 

1957 1630 1 430 000 130 000 22 600 

1958 1391 119 000 73 000 7 700 

1959 667.5 6 600 oooa/ 38 900 5 990 

1960 1248 76 000 27 200 4 800 

1961 1541 64 oooa/ 5 840 650 

1962 1241 82 oooal 7 410 820 

1963 399.5 310 000 250a/ 250a/ 

a/ Estimated 

The annual and total arrounts of 89Sr :'lr.d 90Sr released fran TA-35 into 

10-Site Canyon are presented in the following table. 
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Annual Arrounts of 8 9Sr and 9 0Sr Released with Effluents, TA-35 

n'Ci 

Year 89sr 9osr 

1956 935 164 

1957 212 36.8 

1958 101 10.7 

1959 25.9 4.0 

1960 33.9 5.9 

1961 9.0 1.0 

1962 8.9 .9 

1963 0.1 0.1 a/ 

1 325.8 223.4 

a/ Estimated 

' 

-134-



C~ Surface Water 

Surface water entering the· canyon consists of effluent from TA-50, storm 

runoff and waste water. 'Ihe effluent from TA-50 for the period 1964 (first 

full year of dischcu'ge) to 1972 has ra."lged from 46 x lo3 to 60 x 103 rn3 or 

an annual average of about 54 x 103 rn3. Waste water from TA-48 has ranged 

from 1.6 x 103 to 2.0 x 103m3 annually. Six (6) release of waste water 

fran New Sigma have occurred ranging fran 2 to 6 weeks in tine. 'Ihe releases 

were 1962 (18 x 103m3), 1963 (37 x 103 rn3), 1964 (19 x 103 rn3), 1965 (18 x 

103 m3), and 1969 (48 x 103m3). '!he average annual runoff and waste water 

entering the canyon fran 1962 throu:rh 1972 has ranged from 26 x 103 to 

125 x 103 rn3 or an annual average of about 63 x 103m3. 'Ihus, over a period 

of time the dilution of effluent to runoff and waste water has been about 

one to one. '!he volume of water entering the canyon is measured at Gauging 

Station 1 (Fig. 14) • '!he following table shows annual volume of effluent, 

storm runoff, and waste water passing through Gauging Station 1. 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

Volume of Effluent Storm Runoff and Waste Water 
at Gau:ring Station 1 

Effluent TA-50 
(x 103 m3) 

27¥ 
51 
49 
53 
60 
60 
54 
53 
46 
57 

Storm-runoff 
and Naste \•later · 

(x 103m3) 

70 
125 

59 
75 
35 
79 
52 
93 
so 
29 
26 

a/ Operations July-Decerrber 
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124 

88 
139 
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147 
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A second gauging station GS-2 was operated about 1370 m daNngradient 

fran GS-1 from March 1962 through Decerri::>er 1965~ The annual surface water ~· 

loss between the two stations ranged fran 51 x 103 m3 to 115 x 103 m3 . The 

loss was to evaJ?Otranspiration and infiltration into the alluvium and under-

lying tuff. Water infiltrating into the alluvium. recharges the water in the 

alluvium that is preched on the underlying tuff. The water in the alluvill!l 

ncved downgradient into the laNer section of the canyon east of GS-1. Dur

ing the period of record, about 74% of the surface water passing through 

GS-1 was lost before reaching GS-2. '!he following table presents the annual 

records of surface water passing by Gauging Stations 1 and 2 and losses 

between the 'bo1o stations. 

Surface Discharge at Gau:;ring Stations 1 and 2 and Loss 

between Stations 1962-1964 (In Cubic Meters) 

Gauging Gauging S\lrface Water 

Year Station 1 Station 2 loss between Stations 

1962a 70 19 51 

1963 152 37 115 

1964 110 28 82 

a/ March through December 

Surface water sarrpling stations are at GS-1, r.£5-3.8, M::S-3.9, and GS-2. 

'Ihe surface flaN at stations .M:S-3.8 and M:S-3.9 is return flc:M from the 

alluvium. 'Ihe increased gradient in the channel causes thinning of the 

alluvium causing water in the alluvium ncving downgradient to flc:M on the 

surface for 30 to 60 m. 

1. Chemical Quality of Surface Water 

The chemical quality of the surface flCM after June 1963 reflects the 

release of treated industrial effluents fran 'm-50. The follc:Ming table 

presents average chemical quality of surface water at the four stations from 

1962 through 1972. 
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Chemical Quality of Surface ~7ater, 1962-1972 
(Average of a n'l.IIl'ber of analyses in I113'/l except as noted) 

Station C.S..-1 r-rs..-.3.8. M::S'!"3, 9 

No. of Analyses 37 16 19 

Sodium 183 134 148 

Chloride 15 20 31 

Fluoride 1.2 2.0 1.3 

Nitrate 24 33 11 

Total Dissolved Solids 494 555 636 

Canductanceb 570 600 720 

prf 9.6 8.4 8.3 

a 5anples collected during release of effluents from New Signa. 

b Mic.tarros 

c No Units 

a GS.,...2 

3 

122 

14 

1.3 

29 

443 

500 

The return flow at .MCS-3.8 and 3.9 indicates dissolution of chenical 

ions in the alluvium as seen by the increase in total dissolved solids 

concentration. Analyses of water at GS-2 were taken during the release 

of waste water fran New Signa Bldg. The follcwing table presents average 

annual quality of water at <E-1 fran 1962 to 1972. 

-137-



Quallty of Surface Water .at Gauging Station 1 
(Ayez:age of a nl.litbe.r of analyses in m;/1 except as noted) 

No. of 
N:)-3 Conductancea pHb Year Analyses Na CL F'l· TDS 

1962 2 40 6 0.8 1.3 212 240 7.6 

1963 2 70 10 1.2 1.3 324 440 8.7 

1964 6 146 19 1.3 63 566 670 9.8 

1965 5 245 16 1.4 36 921 1150 10.2 

1966 3 109 20 1.8 35 412 500 10.4 

1967 2 86 5 1.2 1.3 255 415 10.2 

1968 2 56 13 0.8 .9 194 260 9.4 

1969 1 22 5 <.1 2.2 244 220 9.0 

1970 6 881 16 1.7 40 1309 1190 11.1 

1971 4 139 38 1.9 36 517 620 11.0 

1972 4 221. 15 1.0 44 479 520 7.7 

a. Microhm::>s 
b 

No Units 

The chemical quality varies due to the change in quality of the effluent from 

TA-50. 'lhe nitrate concentrations have increased in the latter part of the 

period due to a greater use of the ion-exchange colurms which use nitric acid 

as part of the treatment process. 

'Ibe following table presents the average annual chemical quality of water at 

MCS-3.8 for the years 1963 through 1971. 
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Quali cy of Surface Nater at r-es-3. 8 
(Average of a mmber of analyses in rrg/1 except as noted) 

~.of l\03 Conductance a pJib 
Year Analyses Na Cl F 'IDS 

1963 2 78 7 0.8 4~8 328 405 8.6 

1964 5 186 36 4.6 119 742 440 8.0 

1965 4 128 11 1.8 19 583 520 8.4 

- 1966 2 100 35 1.5 15 385 540 9.5 

1967 1 149 24 1.4 16 346 460 8.0 

1968 1 115 5 1.0 9.7 318 440 8.2 

1971 1 185 30 3.0 490 1186 1400 8.3 

a Microhncs at 25 ° C 

b ~Units 

'Ihe next table presents the quality of water at M:S~, 9 for the years 1963 

through 1972. 
Quality of Surface Water at M:S-3,9 

(Average of a nurci::ler of analyses in rrg/1 except as noted) 

No. of 
ro3 Year Analyses Na Cl F '100 Conductance a plP 

1963 1 43 6 .4 <.4 221 290 7.7 

1964 3 152 29 .9 114 748 920 8.0 

1965 2 114 12 1.6 37 552 600 9.6 

1966 2 102 32 1.5 15 437 500 8.6 

1967 2 132 20 1.2 15 356 400 7.9 

1968 l. 110 15 2.2 11 1260 - "370 8.3 

1970 1 260 20 1.0 246 662 820 8.5 

1971 3 280 104 1.5 303 1390 1300 8.2 

1972 4 139 39 1.5 299 1098 1235 7.8 

a Microrrhos at 25° C 
b 
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Analyses ~ran Stations M:S-3,8 and M.:S-=:"3,9 are of return flow from the 

alluvium, in which the nitrate increase in the latter part of the period, ;is 

quite prominent. Total dissolved solids also shows a large increase in con-

centration. 

'Ihe following table shows analyses of water at Gauging Station GS-2 

which is mainly waste water from New Sigma Bldg. 

Quality of Surface Water at Gauging Station 2 
(Average of a ntnber of analyses in ng/1 except as noted) 

No. of ID3 Conductance a pJP Year Analyses Na Cl F 'lm 

1962 1 48 6 .a .2 232 250 7.7 

1964 2 151 17 1.8 10.0 544 600 9.5 

1965 1 167 20 1.3 10.0 552 640 10.2 

a Mic:r:oxmos at 25 ° c 
b No Units 

selected rcetal ions were analyzed fran sarrples of water collected at Gauging 

Station 1 in 1971 and 1972 and from MCS-3. 9 in 1971. 

Source 

No. of Analyses 

In Solution 

Cadmium 
Beeylliun 
Iead 
Mercury 

Particulates 

Cadmium 
Beryllium 
Iead 
M:u"cury 

Metal Ion Analysis 
(Average of a mmber of analyses in llg/1) 

Gauging Station 1 

3 

2.6 
.26 

<1.0 
.26 

0.30 
<.25 
1.2 

.41 
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MCS-3.9 

2 

5.4 
<.25 
9.2 
<.02 

0.38 
<.25 

<1.0 
< .02 
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SOUKCS 

cs-1 
Cll•1 
cs-1 
CS-1 
CS-1 
CS-1 

MCS- J, 9 
MCS-3,9 
MCS-3.9 
l1CS•3.9 
l1CS• 3. 9 
HCS-3.9 

""" GS-2 

2, Fadiochenical Quality of Surface Water 
• 

'lh.e surface water in Mortandad Canyon at GS-l and GS-2, prior to the release 

of effluents from 'm-50, contained less than 0. 5 :fCi/1 of plutonium and gross 

beta was near or belCM 14 P:::i/1. The following table presents radiochemical 

quality of water from 1962 through 1965. 

Padiochanical Quality 1967-1965 

Nl. of pCi/1 1:!~/1 

Station Year Anai.::r::ses · Gross Beta Tota1Pu 'lbtal Uranium 

GS-1 1964 6 570 6.0 1.1 

GS-1 1965 5 1200 2.5 .a 
M:S-3.8 1963 2 18 <.5 .7 

.M:S-3.8 1964 5 180 4.5 <.5 

M::S-3.8 1965 4 140 1.2 .8 

.M:S-3.9 1963 1 <14 ~.5 .... 5 

M:S-3.9 1964 3 100 2.9 <.5 

M::S-3.9 1965 2 80 <.5 .... 5 

GS-2 1962 1 < 14 .... 5 <.5 

GS-2 1964 2 490 2.7 .a 
GS-2 1965 4 140 1.2 <.5 

'!here was no analyses of surface water in 1966. '!he follCMing table pre-

sents the radiochemical quality of water fran 1967 through 1972. 

MOaT AM DAD CAJYOM 

SUKFACE F~OV S~~P~lMG SITES 

JADIOCHEMICA~ QUA~lTt OP WATEK 

t!Alt MAX• ' caoss r.aoss 238 239 241 226 234 137 90 3 

SAMPLES A'lol'HA I!.TA Pu Pu A a Ia u Ca 51' H. 

1967 1 -1 343 -.os -,05 -.nn • 38 ,40 -240 -so 

1968 2 -1 292 .46 ,42 -.05 -.15 .a a 255 - -50 

1969 2 10 1174 A.46 6. 6lo -.no -.15 1.111 3020 U9 241 

19 70 a 19 333S 1'1. 81) 5.60 3.0~ -.15 2,01 6336 3U 117 

1971 5 31 1604 25.35 5.06 4,Sl -.15 4,16 H56 233 31 

1972 4 1Z 520 8.68 .97 .77 -.oo -.on 7U 23475 

1967 1 -1 97 -,05 -.05 -.oo -.15 -.oo - 82 

1961 2 1 193 ,12 ,22 -.05 -.15 -.nn -240 -
1969 1 -1 142 • 22 .17 -,0(') -.oo -.nn - 6 

19 70 2 2 309 .35 ,26 -.oo -.on -.:~n 17 391 

1971 4 10 817 3.14 .34 -.on -.lS -.oo 323 167 45 

1972 4 u 523 5.97 .90 ,116 -.oo -.oo •3SO 46933 

1971 1 95 312 1..05 5.00 3.02 -.15 2,03 390 at 211 
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In general the surface water near the effluent outfall contains the 

largest concentrations of radioactivity whiCh decrease with increase distance 

from the outfall. 

D. ~vater in Alluvium 

Water in the alluvium is recharged fran industrial effluents, sto:rm run

off and waste water. As the water in the alluvium mves cbwngradient in the 

canyon, loss to evapotranspiration and into the underlying tuff is of limited 

extent. 

The volume of water in the alluvium was calculated fran the known volune 

of saturation in the alluvium as determined by test drilling, and subsequent z 

water level in test holes as the volurre of water fluctuates, dependent on 

arrount of recharge. 'lhe following table presents the volume of water in stor-

age in the aquifer as of Decarber 31 for the years 1961 through 1972 and 

the annual wlume of surface and ground water loss in the canyon. The calcu

lations are based on volume of inflow at Gau:Jing Station 1 for the year and 

changes in storage. 

Storage in 1\qu:ifer and Surface and Ground Water IDss 

Year 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

Storage in aquife~ 
(X 103m3) 

20 
20 
22 
24 
25 
20 
30 
24 
25 
20 
29 
23 

a Storage as of December 31 
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Annual surface and 
ground wat~ l~ss in canyon 

(x 10 m ) 

70 
150 
108 
123 

93 
129 
118 
146 
108 

66 
89 
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Storage in the aquifer has ranged fran 20. x 103 m3 to 30 x 103 m3 from 

the years 1961 through 1972. The· volume of loss has ranged from 70 x 103 m3 

to 146 x 103 m3• The volume of water in storage has remained fairly constant 

for the period of record, The loss from storage has been essentially equal 

to the volt:n'lla of surface water inflow for the year, thus, the aquifer has 

remained of limited extent, within the project boundaries. 

'!be canyon has been subdivided into three sections to facilitate catpu

tation of storage. 'lhis division is sorretimes used to canpute the rrass of 

radionuclides or chemicals in storage. The foll.owin3 table presents the 

volume of water in storage in the alluvim1 in the three sections of the 

canyon fran 1961 through 1972 as of Decerrber 31. 

Volune in Storage in Three Sections 
of Aquifer, 1961-1972 

Volume in x 10~ m3 a/ 
Year Upper M:lddle loNer Total 

1961 3o2 3.3 13.3 19.8 
1962 2.4 5.7 11.8 19.9 
1963 2ol 3o5 16.5 22.1 
1964 5o9 4.7 l3o2 23.8 
1965 3.9 6.3 l4o9 25.1 
1966 2.8 3ol 14.2 20.1 
1967 6.7 5ol 18.3 30.1 
1968 5.2 4.7 14.3 24.2 
1969 2.9 5.6 16.6 25.1 
1970 2.5 2.9 14.4 19.8 
1971 4.8 7.1 16.9 28.8 
1972 4.4 5.0 13.5 22.9 

a As of Ilec::E!rtJer 31 

Water samples were oollected from ten (10) observation holes (Fig 0 10) 0 

'!be depth to water ranges fran about 1. 2 m at Observation lble MX>-3 to 24 m 

at Cbservation Hole MX>-8. '!he water levels will vary dependent on the 

vo~ume of water entering the canyon as surface flow. 
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1. Chanical Quality of Water in Alluvium 
.. . . ' 

Sartples were collected and analyzed pri_or to the rel(:!ase o~ e!fluents 

from 'm.-50 to provide a base line of the chani.cal quality changes that 'WOuld 

occur in water in the alluvium. 

The followirig table presents a surmnary of the chanical quality of water 

prior to the release of effluents fran TA-so. 

Chemical Quality of Water in Alluvium, 1961-1962 

(average of a number of analyses in m;/1 except as noted) 

Obs. No. of 
Hole Analyses Na Cl F 'ID3 Tns ·Condu:::tancea 

MJ)-1 1 95 10 1.0 0.5 175c 270 
r-ID-2 1 115 12 1.0 1.5 1asC 290 
Mcx:>-3 3 52 7 0 .. 7 0.9 39a 420 
KD-4 3 4a 7 0.7 o.a 370 440 
KD-5 3 2a 7 0.7 o.a 203 270 
MD-6 3 16 a 0.7 1.1 325 350 
M<D-7 3 15 7 0.7 1.1 2a3 240 
MD-7.5 2 la a 0.4 1.4 230c 350 
MD-a 3 16 7 0.7 0.9 175 230 

a Micromhos at 25° C 

b N:> Units 

c Estimated 

plP 

7.1 
7.0 
7.1 
7.2 
6.7 
6.6 
6.7 
6.a 
6.a 

Observation Holes M:X)-1 and M:D-2 were drilled in or near the stream channel 

to depths of less than 2 rn. The chemical quality is essentially the same as the 

stream or cooling water discharge:l fran TA-4a. No sarrples were oollected after 

1962. 

Observation Hole M<D-3 is located 122 m west of the effluent outfall. 'Ihe 

role was drilled to a depth of 3.6 m. The depth to water is about 1 m. The 

average chemical quality of water fran 1961 throu;h 1972 is presented on the 

foll<:Ming table. 

-144-

' I 



"""'"' 

Olanical Quality of Water, MD-3 
(average of a nurrber of analyses in rrg/1 except as noted) 

No. of 
Year Anal~ses· Na CI F 

003. '.I'nc;./ Conductancea EH 1: 

1961 1 59 8 1.0 0.9 250c 380 
1962 2 48 7 0.4 0.8 398 460 
1963 9 109 15 0.9 45 458 540 
1964 10 165 28 2.2 73 673 740 
1965 5 100 13 1.6 22 428 460 
1966 3 89 16 1.2 13 359 400 
1967· 2 100 14 1.2 8.8 253 290 
1968 2 84 12 1.4 5.3 229 310 
1969 2 237 5 3.0 7.0 567 660 
1970 4 210 20 1.0 761 738 790 
1971 4 256 69 2.6 260 964 1215 
1972 4 234 28 1.6 285. 977 1075 

a Mi.crarrhos at 25° C 

b No Units 

c Estimated 

Observation lble MCD-4 is located 1460 m east of the effluent outfall. 

'lbe hole was drilled to a depth of 5.8 m. The water level is about 3. 7 m. '!he 

average chemical quality of water from 1961 through 1972 is presented on the 

following table. 
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Olemical (Uality of Water, M:D-4 
(average of a nurrber of analyses in ng/1 except as noted) 

No. of NJ3 
-~ b 

Year Analyses Na Cl F 'IDS Conductance a EH 

1961 1 52 8 1.0 1.0 210c 320 6.8 

1962 2 44 6 0.4 0.5 371 440 7.2 

1963 9 72 11 o.s 37 387 415 7.4 

1964 10 140 26 0.7 96 605 750 7.6 

1965 5 144 15 1.2 57 455 640 7.9 

1966 - 3 113 26 0.9 26 433 500 7.9 

1967 2 140 22 1.6 18 341 435 7.6 

1968 2 128 10 1.6 . 8.8 296 395 8.0 

1969 2 118 10 <0.1 ~2 293 390 8.2 

1970 5 158 18 0.7 202 624 740 7.8 

1971 4 262 77 1.0 .392 1108 1300 7.6 

1972 4 262 42 1.4 299 1018 1175 7.6 

a Micromhos at 25° C 

b No Units 

c Estimated 

Cbservation Hole MX>-5 is locate1 1841 rn east of the effluent outfall. 'file 

hole was drilled to a depth of about 11, 5 m, 'file water level is about 6 .4 rn. 

'file average chemical quality of water fran 1961 through 1962 is presented on the 

following table. 
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Chenica1 Quality of Water, .MCD-5 
(average of a number of analyses in rrg/1 except as noted) 

No. of N:>3 
Year Ana1vses Na C1 F TDS Conductancea prf 

1961 1 29 6 1.0 1.0 186 220 

1962 2 28 8 0.4 0.6 220 320 

1963 8 36 7 0.4 3.5 222 241 

1964 iO 102 22 0.4 89 494 601 

1965 . 5 101 13 0.3 44 396 496 

1966 4 133 27 0.2 40 411 608 

1967 1 164 13 1.0 0.8 315 350 

1968 2 128 15 0.4 a.a 307 360 

1969 2 118 12 <0.1 28 281 375 

~970 1 131 10 <0.1 20 546 660 

1971 4 209 46 0.4 367 926 1100 

1972 4 199 57 0.5 216 808 955 

a Microhmos at 25° c 
b N::> units 

Observation lble .MCD-6 is located 2234 m east of the effluent outfall. 

The hole was drilled to a depth of 21. 6 m. The water level is about 11 m. 

The average chemical quality of water from 1961 throu::Jh 1972 is presented on 

the fo11CMing table. 
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Olenical Quality of Water, l-m-6 

(average of a nt.Iltber of analyses in nq/1 except as noted) 

No. of 003 Conductance a pHb 
Year analyses Na Cl F 'IDS 

1961 1 

1962 1 

1963 9 

1964 "10 

1965 5 

1966 3 

1967 2 

1968 2 

1969 2 

1970 5 

1971 4 

1972 4 

a Microhrros at 25° C 

b No Units 

c Estimated 

15 7 

28 9 

36 7 

96 21 

104 12 

112 30 

183 14 

120 10 

121 10 

102 18 

226 45 

231 73 

1.0 1.4 140c 210 

0.4 0.8 325 350 

0.4 6,2 218 240 

0.4 95 475 590 

0.4 43 412 470 

0.2 31 462 480 

0.4 16 404 460 

0.9 9.7 312 335 

<0.1 -24 312 370 

0.7 .114 483 550 

o.8 , 409 1000 1195 

o.8 ',246 920 1100 

Observation Hole MX>--7 is located 2554 m east of the effluent outfall. The 

h::>le was drilled to a depth of 20. 7 m. The water level is about 12. 2 m. The 

average chemical quality of water fran 1961 through 1972 is presented on the 

following table. 
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Olemical Quality of l'later, ~a>-7 

(average of a nunber of analyses in rrq/1 except as noted) 

No. of 
Year .P.r.al yses Na Cl F 

N03 TDS Conducta,r'l.cea p'Hb 

1961 1 

1962 2 

1963 6 

1964 10 

1965 . 5 

1966 3 

1967 2 

1968 2 

1969 2 

1970 3 

1971 4 

1972 4 

a Microhrros at 25° C 

b !'b Units 

14 7 

16 7 

23 6 

32 12 

48 8 

71 25 

140 18 

112 15 

122 15 

90 13 

166 28 

170 74 

1.0 1.4 237 220 

0.4 0.7 330 260 

0.4 3.1 222 245 

0.4 33 235 288 

0.4 22 258 310 

0.1 28 309 452 

0.2 15 362 435 

0.2 6.6 314 360 

<0.1 15 360 375 

0.2 35 357 407 

0.6 374 872 995 

0.3 217 785 925 

Observation Hole MD-7. 5 is located 2844 rn east of the effluent outfall. 

The hole was drilled to a depth of 18.3 rn. '!he water level is about 13.7 rn. 

The average chemical quality of water from 1962 through 1972 is presented 

on the following table. 
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Year 

1962 

1963 

1964 

1965 

196-6 

1967 

1968 

1969 

1970 

1971 

1972 

Chemical Quality of Water, KD-7.5 

(average of a nurcber of analyses in ng/1 except as noted) 

No. of 
ID3 Conductance a pH b Analyses Na Cl F TDS 

2 18 

5 17 

10 23 

5 so 
3 69 

2 145 

2 123 

2 llO 

2 86 

3 190 

4 166 

a Microhnos at 25 o C 

b No Units 

8 

6 

12 

13 

28 

20 

10 

8 

8 

24 

77 

0.4 1.4 905 350 

0.4 2.2 237 336 

0.4 39 370 349 

o.s 60 340 408 

<0.1 35 391 460 

<0.1 26 426 465 

0.4 3.5 322 390 

<0.1 7.9 454 395 

0.1 35 303 400 

0.5 378 889 973 

0.2 216 792 930· 

Observation lble MD-8 is located 3027 m east of the effluent outfall. 

'!he hole was drilled to a depth of 25. 3 m. The water level is about 21. 3 m. 

'!he average chemical quality of water from 1962 through 1972 is presented on 

the fo11CMing table. 
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Chanica! Quality of Water, MX>-8 

(average of a nmber of analyses in m.:J/1 except as noted) 

No. of N)3 Conducta.,.cea pH b Year A"\alyses Ha Cl F 'IDS 

1961 1 23 6 1.0 1.2 200 240 

1962 2 9 8 0.4 0.6 151 225 

1963 4 13 5 0.5 3,3 292 172 

1964 10 14 8 0.4 21 203 239 

1965 5 30 10 0.6 51 274 324 

1966 3 38 18 0.1 31 328 363 

1967 .2 86 16 0.6 26 327 465 

1968 2 69 22 0.3 18 311 370 

1969 2 84 25 <0.1 8.8 404 365 

1970 4 so 11 0.3 18 310 345 

1971 c 

1972 3 107 

a Micrarhos at 25° C 
b No 

57 

c 1971 observation Hole dry 

0.3 216 718 820 

'nle release of effluents into the canyon from TA-50 has significantly 

changed the chemical quality of water in the alluvium. The folla-~ing table 

shc:Ms the increase of certain chanica! and physical constituents. There was 

no change in fluoride. 'lbtal dissolved solids increase about three fold. 

'nle major change is seen by the release of a predaninately alkaline effluent 

with a high concentration of sodium. This has resulted in a change from a 

slightly cr-id water to a basic water in the alluvium. 
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Chemical QtJality of ~7ater 1962 and 1972 

(average of analyses from seven observation holes) 

1962 1972 

Scrli.um (nq/1) 28 196 

Chloride (rcg/1) 0.8 242 

Fluoride (rcg/1) 0.7 0.7 

Nitrate {rrg/1) 1.0 55 

Total Dissolved Solids (mg/1) 292 860 

Conductance ( lJlllbJS) 330 1000 

pH 6.8 7.6 

Select metal ions \vere analyzed. in water fran observation holes 

in 1971 and 1972. Traces of the few constituents found are slightly higher 

than \vhat would be expected. in natural waters. 

Metal Ion Analyses, 1971-1972 

(average of a mmber of analyses in ~g/i) 

Source . MX>-3 M:0-4 r.rn-5 ¥.co-fi 'l-'CIJ-7 :t"C0-7 .5 

No. of Analyses 4 2 3 3 4 3 

In Solution 

cadmium 5.0 5.2 4.8 3.2 6.9 0.33 
Beryllium <0.25 0.26 0.35 0.40 <0.25 <0.25 
Lead 26 16 9.3 1.7 2.9 1.7 
Nercury 0.05 <0.02 <0.02 <0.02 <0.02 <0.02 

Particulates 

Cadmium 0.86 0.69 1.4 2.2 0.53 3.2 
Beryllium 0.35 0.46 0.73 1.7 0.53 2.6 
Lead 22 27 26 32 37 57 
Hercury 0.12 0.10 0.08 O.ll 0.10 0.19 
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2. Inventocy of Chanical Released and in Storage 

.An inventocy of chemicals released into the canyon was estimated using 

the annual average concentration and volume of effluent for the period July 1963 

through :DeceirDer 1972. The inventocy of chanicals in solution in the aquifer 

was made prior to release of effluents and in December 1972 by using the ave

rage annual concentrations fran seven (7) Cbservation Holes and the volurre of 

water in storage. The following table presents mass of chemical released with 

effluent, the rrass in storage prior to release of effluents. and the mass in 

storage after 10 years of effluent release. 

Inventocy of Chemicals in Effluents Released 
and in Storage in the Aquifer 

Elfiuents 
kg X 103 

In Storage 
Chemical 1963-1972 1962 1972 

Calcium 32 0.2 0.9 

Magnesium 1.4 .08 .3 

Sodium 143 .6 4.9 

Carbonate 126 0 0 

Bicarbonate (as eacn3> 210 1.8 5.1 

Oll.oride 26 .1 1.2 

Fluoride 1.1 .01 .01 

Nitrate 120 .06 5.7 

Total Dissolved Solids 519 6.4 20.9 

'IOTAL 989.5 9.2 39.0 

'!he inventocy of chen:i.cals released into the canyon are estimated at 

989 x 103 kg. This increased the mass fran 9. 2 x 103 kg in 1962 (pre-release) 

to 39.0 x 103 kg in 1972 (after 10 yeaz:s of release). The arrount of chemicals 

unaccounted for in the inventocy were taken up by plants, base exchange with 

alluvial rraterial in the stream channel or carried into the underlying tuff 

by infiltrating water. 
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The sodium (alkali) and salinity hazard of water in storage in the aqui-

fer was coopiled fran annual average concentration of scxlium, calcium, and 

rragnesiun (SAR) an:l conductance. 

Sodium and Salinity Hazard 
in Storage in the llqu.ifer 

Sodium Conductance Salinity 
Year SAR (Alkali Hazard) ( ]..II!hos/ c:rn) Hazard 

1962 2.1 low 360 Jredium 
1963 3.2 low 360 Jredium 
-1964 1.1 low 510 ma:li.um 
1965 5.5 low 440 nedium 
1966 5.4 low 470 medium 
1967 7.2 la.,., 400 medium 
1968 5.9 low 360 medium 
1969 6.7 la.,., 410 medium 
1970 5.9 low 560 Jredium 
1971 7.9 low 1160 high 
1972 9.6 la.,., 1000 high 

l Radiochemical Quality of Water in Alluvium 

5arnples were collected and analyzed prior to release of effluents 

fran TA-50 to provide a base line of the radiochemical changes that would occur 

in water in the alluvium. 

The following table presents a sunrnary of the radiochemical quality 

of water prior to the release of effluents frc:r.t TA-50. 
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Obs. 
Hole 

M:0-1 

.r--.co-2 
r-x:o-3 

M:0-4 

M:0-5 

lU>-6 

M:0-7 

tta>-7.5 

M.::0-8 

Radiochenical Quality of liater in Alluvium 

(average of a number of analyses, 1961-1962) 

No. of pCi/1 
Analyses Gross Beta TotalPu 

3 <14 <0.5 

3 <14 <0.5 

5 <14 <0.5 

5 <14 <0.5 

5 <14 <0.5 

5 <14 <0.5 

5 <14 1.8 

1 <14 3.1 

5 <14 <0.5 

llg/1 
Total Uranium 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

The following table presents radiochemical data : 1963 through 1965 

after effluents were released into the canyon. 
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Radiochemical Quality 1963-1965 

(average of a nunber of analyses) 

Obs. No. of J;Ci/1 1-lg/1 
Hole Year Analyses Gross Beta Total Pu Total Uranium 

r-tn-3 1963 2 14 6.5 <0.5 

M:.'0-3 1964 10 247 3.2 <0.5 

M:0-3 1965 5 131 1.7 3.8 

lvDJ-4 1963 4 54 1.8 <0.5 

M:0-4 1964 10 136 4.1 <0.5 

M:0-4 1965 5 130 1.6 <0.5 

MC0-5 1963 1 23 <0.5 <0.5 

.MC0-5 1964 10 105 2.2 <0.5 

M:0-5 1965 5 34 1.4 <0.5 

KD-6 1963 3 26 <0.5 1.5 

lvo:>-6 1964 10 64 2.0 <0.5 

MD-6 1965 5 32 2.0 <0.5 

M:.'0-7 1963 3 <14 <0.5 <0.5 

M:0-7 1964 10 38 <0.5 0.6 

MD-7 1965 5 15 <0.5 <0.5 

M:Xr-7.5 1963 2 <14 <0.5 <0.5 

MC0-7.5 1964 9 30 0.5 0.5 

rtco-7.5 1965 6 17 <0.5 <0.5 

MCD-8 1963 3 <14 <0.5 <0.5 

rn:>-8 1964 10 16 0.7 1.5 

M:0-8 1965 6 <14 <0.5 <0.5 

The concentrations of plutonium were greater near the effluent dis-

cha-r:ge area and decreased downgradient in the canyon. Only trace concentrations 

of plutonium were noted at observation r..ole t-J:0-7 by 1965. Gross beta emitter 

in the \-ater shcMed the same general pattern as the plutonium decreasing in con-

centration downgradient in the canyon. The gross beta activity rray have extended 

to hole MX>-7. 5. Total uranium showed no apparent increase or trend in the canyon. 
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There were no radiochemical analyses of water in the alluvium in 1966. The 

following table presents a recap of radiochanical analyses from 1967 through 

1972. 

MORTAl DAD CAMYOII 

ALLUVIAL AQUIP!R OBSERVATIO• WELLS 

RADIOCHEMICAL QUALITY OP WAT!R 

T!AR MAX• I ClOSS CltOSS 238 239 241 226 234 137 90 

SA.'tPLU ALPHA !lETA Pu Pu A• la u Ce Sr 

1967 1 .-1 116 -.o5 .14 -.oo -.15 -.oo -
1968 2 1 166 .27 • 22 -.o5 -.15 2. 77 -240 

1969 1 7 93 .27 • 35 -.oo -.oo -.oo - -
1970 s 6 505 1.03 .47 .20 -.15 -.no 345 9Z 

1971 4 . i 21 1471 14.31 1.60 -.oo -.15 -.oo 2090 314 

1972 4 11 612 3.94 • 3.5 .so -.oo -.oo 382 

1967 1 -1 13 -.o5 .06 -.on -.15 -.oo 

1968 2 1 13 .11 .43 -.05 -.15 1.48 -240 

196? 3 3 129 .14 .12 -.on -.on -.oo 

1970 6 3 141 .11 .oa -.on -.1.5 -.oo -230 -
1?71 4 . '3 418 .23 .01 -.on -.on -.oo •277 179 

1972 4 9 343 .93 .16 .10 -.oo -.oo -350 

1967 1 2 9 -.05 -.05 -.oo -.15 -.oo 

1965 2 1 45 .11 .63 3.81 -.15 -.no -240 

1'69 2 -1 29 .05 .o? -.on -.oo -.no 

1970 2 4 25 .06 -.o5 -.on -.no -.oo - -
19 7l 4 1 186 .09 -.05 -.on -.oo -.no -263 17.5 

1972 4 3 1U ,14 .07 .19 -.oo -.oo :-350 

1967 1 2 7 -.o5 .09 -.on -.oo -.oo 

196! 2 6 27 .01 • 79 -.os • 36 -.oo -240 

1969 2 4 18 -.05 .06 -.on -.15 -.oo 

1970 6 4 31 -.05 -.05 -.oo -.15 -.no -230 

1971 4 2 168 .o5 -,05 -.on -.oo -.oo •240 

19 72 4 2 132 .os -.o5 .22 -.oo -.oo •350 

1967 1 2 2 -.os .os -.on -.oo -.oo 

1?6S 2 1 10 -.o5 ,11 -.o5 -.15 -.oo -240 

1969 2 5 9 -.o5 .o5 -.on .19 -.oo 

1970 4 2 17 -.05 .06 -.on -.on -.nn -230 

1971 4 -1 105 .o? -.os -.on -,on -.oo -265 

1971 4 2 73 .12 ,06 .Oil -.oo -.oo -350 

1?67 1 3 11 -.os .Ot; -.on .:..15 -.no 

1968 2 2 9 ,11 ,32 ,111 ,56 -.no -240 

1969 2 1 39 .10 .15 -.on -.on -.no 

1910 3 7 32 • 32 ,37 -.on -.on -.oo ·240 

]971 3 1 68 .12 -.05 -.on -.no -.no -277 

19 72 4 1 70 .os ,12 1.011 -.oo •.DO •350 

19t;7 1 -1 lD -.05 -.ns -.on -.15 -.oo 

1963 2 -1 8 ,05 .11 -.05 -.no -.oo -240 

1969 2 1 22 -.115 -.05 -.nn -.oo -.oo 

l? 70 4 -1 10 .n6 -.05 -.oo -.no -.no -230 

1? 71 - -.on .-.oo -.oo -.no -.oo 

1972 3 ) 46 • 10 '~2 .31 -.oo -.oo -no 
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During 1972, gross alpha activity decreased fran 11 f(::i/1 to less than 

1 f(::i/1 da.omgradient in the aquifer. Gross beta decreased fran 612 to 

46 f(::i/1. The concentration of plutonium was greater for 238pu than 239Pu 

as shown on the preceeding table. 'Ihe influent to the plant was carrying 

nore 238pu than 239Pu for treatment. The 238pu decreased fran 3. 94 to 

0.10 :t=Ci/1 downgradient in the canyon. 'Ihe 239Pu varied from <0.5 to 0.52 

f(::i/1 showing no particular trend. The 241Am in the aquifer also varied in 

the canyon showing no particular trend. Tritium increased from 47 x 103 to 

129 x 103 pCi/1 downgradient in the canyon. The increase was due to the re-

lease of 20 curies of tritium with effluent in 1969 and sh:Ms residual fran 

oovement downgradient. 

E. Inventory of Plutonium in Solution in Storage 

An inventory was made of the total plutonium in solution in the aquifer 

by using the average concentration in three sections of the aquifer and volume 

of water in storage as of Decerrber 1972. The following table shows data used 

in estimating inventoey. 

Inventory of Plutonium In Solution 

TotalPu Av. Pu Vol\JI'Ce in Aquifer TotalPu 

Section Obs Hole (pCi/1) (J:(:i/1) x 10~ m3 uci 

Upper MD-3 4.29 
MX>-4 1.09 2.69 4.4 11.8 

Middle MX>-4 1.09 
MD-5 .21 
Mn-6 .13 0.72 5.0 3.6 

lcMer MD-6 .13 
Ml>-7 .18 
MX>-8 .6 0.28 13.6 3.8 

19.2 

The total ancunt cif plutonium in solution in the aquifer as of December 

1972, was estimated to be 19.2 uCi. The ancunt of plutonium released with 

the effluent from 1963 through 1972 was 21.9 nCi (21. 9 x 103 uci) . 'Ihus, only 

a small fraction (0.08%) of plutonium released was present in solution in the 
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F; Storm Runoff and Transp:>rt of Radionuclides 

Three stations were established and equipped with cumulative samplers 

at GS-1, GS-2, and midway between GS-1 and GS-2. The stations were equipped 

with 5 sarrplers each. The water fran the samplers was combined for radio-

chemical analyses for flow events on July 11, 1967 and September 14, 1967. 

The average of the radiochemical analyses for stonn runoff event July 11, 

1967, are shown on the following table. 'lbtal volume of runoff was about 

560 rn3 through the GS-1 gauging station. 

Gross alpha 
Gross beta 
238 Pu 
239 Pu 
2 34 u 
226 Ra 
137 Cs 

Runoff event July 11, 1967 rn pCi/1 

Source 
Upper Middle 

2 2 
94 163 

.13 .17 

.13 .56 

.25 .69 
<.15 <.15 

<240 <240 

!ower 

<1 
205 

.12 

.37 
1.13 
<.15 

<240 

The radiochEmical analyses of stonn rtmoff that occurred on Septerber 14, 
-

1967 are shown on the following table. The voluem of stonn nmoff was al:out 

1.1 x 103 m3 through the GS-1 gauging station. 

Gross alpha 
Gross beta 
238 Pu 
239 Pu 
226 Ra 
137 Cs 
Total Uranium 

Stonn runoff September 14, 1972 
(analyses in ];(::i/1 except as noted) 

Upper 

2 
35 

.18 

.22 
<.15 

<240 
<.4 
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Middle 

1 
123 

. 32 

.09 
<.15 

<240 
.5 

Lower 

3 
80 

.18 

.67 
<.15 

<240 
16.9 



Sed:im:mts f:ran the uwex" station were analyzed for gross alpha and gross 

beta for the runoff event that occurred on July 11, 1967. The analyses were 

made of the five samples collected at 0.0 m, 0.3 m, 0.6 m, Q.9 m, 1,2 m 

above the stream channel to detennine the distribution of radianuclides at 

various heights within a flow event. 

The anlayses indicate that the concentrations of radioactivity decrease 

with increasing height above the channel. The sedinent concentrations also 

decrease with increasing height above the channel, the heavier and larger sedi-

rcents being transported as channel bed sediments. The larger and heavier 

susperxied sedinents decrease with the increased height above the channel 

with lighter arrl finer susper..ded sediments near the top of the flow. 

Height above 
stream channel 

(m} 

o.o 
0.3 

0 •. 6 

0.9 

1«2 

Sediments analyzed; runoff event 9/11/67 

Gross 
alpha 

Picocuries per dry gram 

171 
175 

44 

15 
14 

Gross 
beta 

234 

297 
68 
72 

28 

In general the finer sediments (clay and silts) contain the greater arrotmt 

of radianuclides; however, the transp:>rt of the finer material is greater over 

a period of flow along the base of the channel due to a greater concentration 

of a mixture of sediment sizes and duration of flow (tail-off of runoff de-

creases with time}, 

G. Radiochemical Analyses of Cuttings from Test lbles 

Twenty-seven (27} test holes were drilled in seven lines across the canyon 
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in the fall of 1960. '!he test holes are located above the stream channel. 

Sarrp.Les were collected and analyzed of the upper 0. 6 m of the hole for gross 

alpha and beta emitters. IDeations are the same as observation holes. The 

following table presents average activity for a nurrt>er of holes drilled in 

the line. 

Radiochemical Analyses of CUttings 
(average of a nunber of analyses in counts per minute per dry gram) 

-Location 

Line 1 
Line 2 
Line 3 
Line 4 
Line 5 
Line 6 
Line 8 

No. of 
Holes 

3 
2 
2 
3 
4 
6 
7 

Gross alpha 
0.3rn 0. 6m 

1.3 
1.6 
1.3 
1.0 
1.3 
0.8 
1.4 

3.0 
5.2 

< • 5 
2.7 
2.4 
2.3 

20 

Gross beta 
0.3rn 0.6m. 

1.4 
1.8 
1.0 
1.4 
1.2 
1.0 
1.8 

13 
<.5 
<.5 
<.5 
1.0 
1.8 

22 

The analyses show background in nest of the cuttings. The gross beta 

activity at Line 1 may be in part fran TA-46. Line 8 shews excessive anounts 

of gross beta activity that nay be in part from effluents released frc::m Ten-

Site. There were also some liquid effluents release::l from Ten-site into 

Ten-Site Canyon which is confluent to M:>rtandad upgradient fran Line 8 and 

bela-~ Line 6. 

H. Radiochemical Analyses of Sed:i.rrents 

Channel sediments in M:>rtandad and tributary canyons are derived from 

weathering of the Bandelier Tuff. Particle-size distribution of channel 

sediments at stations are slrJwn on the follc:Ming table. 
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Particle-Size Distribution 

(Percent by Weight) 

Near Near 
Source Ne\v Sigma GS-1 MCS-3.8 M::0-5 TSC-1 MC0-12 

Granules 4.5 15.0 18.0 11.0 1.5 5.5 

Sand 
Very Coarse 16.0 32.0 26.0 20.5 35.0 22.5 
Coarse 52.5 28.5 42.5 41.0 41.0 42.5 
Medium 21.5 13.0 9.5 17.5 11.5 16.5 
Fine 5.0 6.0 1.5 6.5 4.5 5.5 
Very Fine .3 2.0 0.5 1.0 2.0 1.5 

Silt and Clay .2 3.5 1.0 2.5 3.0 6.0 

The very fine sand and silt and clay size fractions make up less than 

percent by weight of the channel sediments. These sediments have the greatest 

capacity for adsorption and ion-exchange of radionuclides in the liquid effluents. 

1. Sediment Analyses M:>rtandad Canyon 

Radiochemical analyses of alluvium from the stream charmel were made prior 

to the release of effluents from TA-50. The results are presented in the 

following table. The samples were collected at the surface of the channel 

and at depths of 0.3, 0.6 and 0.9 m below the channel. 
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Type 

of 

activi-

ity 

••• 0 •• 

l! ;r 
ro 
Cl) 
Cl) 

' 

~ 
t:) 

m 
~ 
(!) 

,.c 
Cl) 
Cl) 

~ 
t:) 

Radiochemical Analyses of Sediments, May, 1963 

(Counts per minute per day gram) 

Sampling Stations 
Depth 
below 6 

•M 
~ 

land ro 
~ 
V)r-f 

surface co 
bO • .. 

(m) .s~ t'l t'l .q. 1.1) \0 
I I I I I 

bO 

~ ~ 0 -~ ~ ~ -~- ~-

Surface 1 <l 2 1 2 2 

0.3 1 1 2 1 <1 1 

o:6 3 1 2 <1 2 2 

.o_. 9 2 - 2 1 1 3 

Surface 159 2 2 27 10 36 

0.3 22 13 32 2 < 1 <1 

0.6 11 < 1 < 1 4 <1 9 
. 

-o.9 3 - < 1 31 15 8 
-
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<1 
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28 

<1 
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Another set of surface sediments \vere collected in November, 1965 and 

analyzed for gross alpha, beta, and garmna activity. The results are shown 

on the following table. 

wcation 

Near New Sigma 

GS-1 

MCS-3.8 

MC0-5 

M:0-12 

Radiochemical Analyses of Sediments 

November, 1965 

(Analyses in Cotmts per Minute per Dry Gram) 

Gross Alpha Gross Beta 

1 23 

5 189 

3 60 

24 36 

1 < 1 

Gross Gannna 

32 

74 

4 

72 

< 1 

A similar set of samples were collected and analyzed for gross alpha, gross 

beta, and plutonium in the spring of 1970. The results are shown on the follow-

ing table. 

Radiochemical Analyses of Sediments 

February and March, 1970 

(Analyses in picocuries p~r dl!·. Gram_) . 

wcation Gross Alpha Gross Beta 238Pu 239Pu 

Near New Sigma 2 2 <:oez <0.002 

GS-1 76 350 42 46 

MCS-3.8 8 36 1.33 2.44 

MC0-5 6 30 • 697 2.14 

MC0-7 3 6 .188 • 209 

MC0-12 3 5 .003 .016 
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Additional samples were collected in 1971 and 1972 at MOO-S. 

Radiochemical Analyses of Sediments at 

MOO-S, 1971 and 1972 

(Analyses in picocuries per dry gram) 

S-14-71 10-14-71 10-10-72 

Gross Alpha 6 4 2 

Gross Beta 31 20 24 

-238 
Pu 1.61 .044 1.98 

23~ 1.11 .384 .78 

137Cs 130 63 

Total Uranium .07 .19 .67 

The results of the 196S and 1970 analyses indicate no sediment transport 

out of the disposed area or off the AEC controlled property. 

2. Sediment Analyses Ten-Site Canyon 

Samples of sediments in Ten-Site Canyon \1/ere collected and analyzed for 

radionuclides due to the release of effluents from TA-3S. The earliest 

analyses were made in 19S6. The following table show results of analyses 

of surface sediments from 19S6 through 1961. 
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The high activity in the Canyon is due to strontium. The major isotope 

of strontium released into the canyon is 89sr as shown by inventory of radio

nuclides treated at the site and released with liquid effluents. 

Radiochemical Analys~s of Sediments 
1956-1961 

Distance from outfall in meters 

At Outfall 60 400 670 930 

Gross Beta l/ 

1956 824,000 885,000 29,600 2,000 1,200 

1957 23,480 3,270 2,510 750 20 

1958 87,420 1,910 2,440 130 

1959 2,801 237 294 33 < 1 

1960 830 370 1,470 260 < 1 

1961 2,130 590 1,530 1,440 850 

Strontium 2/ 
1956 320,000 210,000 56,000 42,000 2,000 

1957 3,800 1,400 87 350 14 

1958 2,500 750 1,400 69 10 

1959 61 39 110 34 

1960 130 76 89 76 

1961 30 22 20 20 

1/ Cmmts per minute per dry gram 

2/ Picocuries per dry gram · 

Results of analyses of samples collected in 1965 are shown on the follow

ing table. 

Location 

At Outfall 

Near TSC0-1 

Radiochemical Analyses, November 1965 

(Analyses in counts per minute per dry:gram) 

Gross· Alpha 

4 

1 
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Gross Beta 

10 

10 

Gross Ganma 

16 

< 1 



The results of analyses of samples collected in 1970 are presented on the 
following table. 

Location 
At Outfall 
Near TSC0-1 

Radiochemical Analyses, February 1970 
- (Analyses in picocuries per dry gram) 

Gross ·Alpha 

3 

2 

·Gross ·Beta 

7 

4 

I Inventory of Plutonium in Channel Sediments 

238Pu 

0.063 
0.044 

239Pu 

0.113 
0.369 

There has been no transport of sediments out of the disposal area to the 

disposal area to the botmdary since hydrologic observations in the canyon 

began. 21 The area of the canyon considered for the inventory was detennined 

by the results of analyses that indicated above grotmd concentration of plu

tonium in the channel. 

The physical characteristics of the channel used in the inventory are 

presented below. 

Physical Characteristics of Channel 

1. 0 to 1 460 m 
Width 1 m Depth 0.15 m 
Sp. g. 1.57 Weight 344 x 106 g 

2. 1 460 m to 3 040 m 
Width 2 m Depth 0.15 m 
Sp. g. 1. 57 Weight 744 x 106 g 

The inventories were estimated using the following concentrations for 

February 1970 and October 1972. 
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Concentrations and Total Plutonium 
in Sections of Channel 

February, 1970 

Concentration Total Pu % of 
Section Station llci/g Ave. mCi Total PU 

0-1 460 GS-1 87.9 
MCS-3.8 3.8 45.8 15.8 93 

1 460-3 040 M:0-5 2.8 
K:0-7 .40 1.6 1.2 7 

TOTAL 17.0 100 

October, 1972 
Concen'trat1on Total Pu % of 

Section Station 1-1Ci/g Ave. mci Total PU 

0-1 460 M-1 223 
M-2 117 
M-3 91 
M-4 48 
M-5 124 
M-6 24 
M-7 21 
M-8 9.1 82 28.2 85 

1 460-3 040 :r.teo-5 2.8 
M-9 11 6.9 5.1 15 

1UI'AL 33.3 100 

The recap for 19.70 and 1972 is presented below. 

Section 
0-1 460 

1 460-3 040 
TOTAL 

~brtandad Canyon 
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Total Plutonium 
Feb. 

1970 

15.8 
1.5 

17.0 

(mCi) 
Oct. 
1972 
28.2 
5.1 

33.3 



The inventory in Mortandad Canyon for February 1970 shows about 17.0 

mCi of Pu in the reach from 0 to 3 040 m. The total release from 1963 

through 1969 was 21.9 mCi. The remaining 4.9 rnCi has been carried past 

MC0-8 by storm runoff, but not to ~!C0-12 ,.,.here the sediments contained only 

backgrotmd arnol.Dlts of Pu. The inventory in October, 1972 shows about 33.3 

mCi of Pu in the reach from 0-3 040 m. The release during the period 1964 

to 1972 \'las 42.1 mCi. The remaining 8.8 mCi were carried east of MC0-8 by 

storm runoff but not to M00-12 (Fig. 14). 

J. Flood Frequency and Maximum Discharge 

There has been no runoff out of the canyon disposal area to the AEC 

botmdary since hydrologic observation began in 1960. The canyon heads on 

tha Pajarito Plateau and has a small drainage area. Total drainage area 

west of the county line is about 4. 7 krn2 with 1.2 krn2 above GS-1, and an 

additional 2.1 km2 from GS-1 to Obs. Hole MC0-8. Observations indicate that 

most, if not all, surface runoff into the canyon occurs in the 3.3 krn2 west 

of Obs. Hole l\!:0-8. The canyons contributing runoff are Mortandad, Effluent 

and Ten-Site canyon. East of M00-8, the remaining 1.4 krn2 are relatively 

flat with no major or minor canyons entering from adjacent mesas. 

The stream channel east of MCO- 6 braids out on the canyon floor as the 

canyon begins to widen and alluvitun thickens. The small drainage area ldth 

thick sections of unsaturated alluvium allows rapid infiltration of storm 

runoff to date. 

As the channel is not well defined in the lower section of the canyon, 

the method for flood-frequency and maximtun discharge analyses as described 

by Scott is not applicable. However, as the channel is well defined west 

of M00-6, the flood-frequency and maximum discharge was computed at GS-1. 

The drainage area is 1.2 krn2 with a mean channel slope of 0.029. 
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Frequency 

2-year 
5-year 

10-year 
25-year 

SO-year 

Flood-Frequency and Maximum Discharge 

at Gaging Station 1 
Max. Discharge m3/sec. 

1.1 

3.4 
5.4 

12 

14 

The max~ discharge during the period 1962 through 1972 was estimated 

to be about 2. 3 in which 11 x 103 m3 of \vater passed through the gaging sta

tion. This occurred on July 31, 1968 and caused flooding in the canyon 

which ended between MC0-10 and MC0-12. The runoff did not reach the AEC 

botmdary. The events predicted by use of Scott's method for the 12 years 

of record appear high. 

The increased construction in the area (TA-35, TA-SS) will increase the 

stonn runoff into the canyon. At a maximum discharge of 2.8 to 3.4 m2/sec 

at GS-1, the flood flow will probably reach the boundary and move on to 

Indian land. 

IX. DRAINAGE ARFA 8 

Drainage area 8 is a small mesa top and slope which contain no defined 

drainage (Fig. 15). No data has been collected Dl the area which is about 

2 0.5 km . 

X. DRAINAGE AREA 9 (C~da del Buey) 

Caflada del Buey heads on the Pajarito Plateau. It has cut a canyon in 

the Bandelier Tuff which is quite narrow and deep just north of TA-46. The 

stream flow in the canyon is intermittent. One small stretch near TA-46 

contains some surface flow from waste water released from the operations of 

a cooling tower (Fig. 15). The alluvium in the canyon is quite thin and con

tains little or no knolvn perched water in tha alluvium. 
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Fig. 15. Drainage Area 8 and Drainage Area 9 (Canada del Buey) 

showing location of sampling stations. 
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A. Surface Nater 

Intermittent flow in the canyon is from storm runoff, though a small 

reach of the canyon contain perennial flow from waste water released on the 

south wall of the canyon from TA-46. It is this waste water that is sampled 

for chemical and radiochemical constituents. 

1. Olemical Quality of Surface Water 

The chemical quality of the water in the canyon reflects the release of 

waste water from TA-46. The following table presents the quality of water 

in the canyon from 1967 through 1972. 

Chemical Quality of Surface Water in Canada del Buey 
Near TA-46, in mg/1 except as noted 

No. of 
Year Analyses Na 
1967 1 41 
1971 1 24 
1972 1 17 

a Microhmos at 25° C 
b No Units 

Cl 
5 
5 
6 

F N03 TDS Conductance a 
2.6 9.7 183 170 
0.8 17 184 180 
1.0 4.4 162 140 

pff 

8.0 
7.3 
7.3 

Select trace metal ion analyses were made of the water in 1971 and 1972 

at the same station. 

Metal Ion Analyses 
lJg/1 

1971 1972 
In Solution 
Cadiriitun 0.92 0.25 
Beryllium <0.25 <0.25 
Lead <1.0 5.5 
Mercury <0.02 <0.02 

Particulates 
Cadiriium 0.49 <0.25 
Beryllium <0.25 <0.25 
Lead 2.9 <1.0 
Mercury <0.02 
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TI1e chemical quality of the water is good, TI1e concentration dissolved 

is lm<~, in the range of water in the mtmicipal water supply. 

2. Radiochemical Quality of Surface Water 

Radiochemical quality of surface water in C~ada del Buey below TA-46 is 

shown below for the year 1970 through 1971. 

Radiochemical Qua~ity o~ Surface Water in Canada del Buey N~ar TA-48 

pCi/1 exce,t as !loted 

Gross Alpha 
Gross Beta 
238Pu 

239Pu 

137Cs 
Tritium , I 
Total Uranium a 
a/ ~g/1 

B. Radiochemical Analyses of Sediments 

1970 

1 
5 

< 0.05 
< 0.05 

0.4 

1971 1972 

2 <1 
3 2 

< 0.05 0.20 
< 0.05 <0.05 

<350 
1,100 

0.4 1.8 

Channel sediments in Canada del Buey are derived from the Bandelier Tuff. 

TI1e particle size distribution was made of sediments in the canyon at the AEC 

Bm.mdary on State Road 4. 

Granules 
Sand 
Very Coarse 
Coarse 
Medium 
Fine 
Very Fine 

Silt and Clay 

Particle-Size Distribution 
(Percent by Weight) 

2.0 

31.5 
40.0 
13.5 

7.0 
3.0 
2.0 
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Radiochemical analyses at the same station for the year 1965 and 1970 

are shown belo\V". 

Radiochemical Quality of Sediments in Canada del Buey at State Road 4 

1965 y 1970 y 

Gross Alpha 
Gross Beta 
Gross Gaimna 
238Pu 

239Pu 

1/ Counts per minute per dry gram 

2/ Picocuries per dry gram 

2 
<1 
14 

C. Flood - Frequency and Maximum Discharge 

1 
1 

<0.002 
0.009 

Canada del Buey heads on the Pajarito Plateau at an altitude of 2 210 ft. 

The flood-frequency and maximum discharge are based on the following data: 

Drainage Areas 3. 4 sq mi Main Channel Slope 110 ft/mi 

Frequency Maximum Discharge 
(Cfs) 

2 Year 2.6 

5 Year 6;2 

10 Year 9.4 

25 Year 19 

SO Year 21 

XI. DRAINAGE AREA 10 (Pajarito Canyon) 

Pajarito Canyon heads on the flanks of the Sierra de los Valles and thus 

drains a large area (Fig. 16). The stream channel is cut into the Bandelier 

TUff across the Pajarito Plateau. The alluvium is thin in the upper reaches 

of the canyon and thickens eastward. Stream flow in the canyon is inter

mittent from storm runoff and snowmelt. The intermittent flow recharges \V"a-

ter which moves downgradient in the alluvium overlying the tuff. Water in 

the alluvium is seasonal and dependent on intermittent flmV" for recharge. 
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Fig. 16. Drainage Area 10 (Pajarito Canyon) showing location of sampling 

stations. 



A. Surface Water 

There is only minor release of water or treated sewage effluent into the 

canyon, mainly from TA-18. There is one surface water sampling station in the 

canyon below TA-18. The canyon bottom in this area has been excavated for 

gravel or base coarse. There are no observation holes in the canyon. 

1. Chemical Quality of Surface Water 

Water samples for chemical analyses are collected from one of the gravel 

pits below TA-18. The following table presents the quality of water from 

near TA-18. 

Chemical Quality of Water in Pajarito Canyon Near TA-18 

in mg/1 except a~rtoted 

Year 
'f'.K)3 No. of 

analyses Conductanc~ :Q!! !Y Na Cl F 

1962 

1967 

1971 

1972 

1 

2 

1 

1 

46 

36 

24 

17 

a ~cromhos at 25° C 

b No Units 

11 

11 

5 

6 

0.4 

1.5 

0.8 

1.0 

0.9 

1.8 

0.4 

204 

186 

184 

162 

210 

210 

180 

140 

Select trace metal ion analyses ·were made of water in 1971 and 1972 at 

the same station 
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In Solution 

Cadmium 
Beryllium 
Lead 
Mercury 

Particulates 

Cadmium 
Beryllium 
Lead 
Mercury 

Metal Ion Analyses 
(In parts per Billion) 

1971 

1.6 
<0.25 
<1. 0 
<0. 02 

0.64 
<0.25 

5.8 
<0.02 

1972 

0.38 
<0.25 
4.5 

<0.02 

<0.25 
<0.25 
<1.0 

The chemical quality of the water is good as shown by low total dissolved 

solids. 

2. Radiochemical Quality of Surface Water 

The radiochemical quality of water from the gravel pit near TA-18 for 

1962 and 1967 is presented on the following table. 

Radiochemical Quality of Surface Water 1962 and 1967 

(Picocuries per liter, except as noted) 

No. of Analyses 

Gross Beta 

T'Jtal Plutonium 

Total Uranium a/ 

~ ~g/1 
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1962 

1 

<14 

< 0.4 

< 0.5 

1967 

2 

< 1.4 

< 0.4 

< o. 5 



B. Radiochemical Analyses of Sediments 

l\1ain stems of Pajarito Canyon west of TA-18 consist of two canyons, 

Paj ari to and Two-Mile Canyons, which head on the flanks of the mountains. 

The sediments in the canyon are derived from weathering of the Tschicoma 

Formation and Bandelier Tuff. 

Particle size distribution from stations in the drainage area are 

shown on the following table while locations are shown on Figure 

Particle-Size Distribution 
(Percent by Weight) 

Stations 1 2 3 4 5 6 7 

Granules 8.5 3.0 17.5 8.0 20.5 2.5 14.5 

Sand 
Very Coarse 22.5 24.0 36.0 22.0 44.0 15.0 34.0 
Coarse 41.0 46.0 34.0 31.5 26.0 52.0 33.5 
Medium 17.5 19.5 8.0 22.0 6.0 26.0 8.0 
Fine 5.5 5.0 2. 0 11. 5 2.0 3.0 2.0 
Very Fine 2.0 1.0 0.5 3.5 1.0 0.5 2.0 

Silt and Clay 3.0 1.5 1.5 1.5 0.5 0.5 5.0 

The following table presents the radiochemical analyses of sediments 

collected in 1965. 

Station 

1 

2 

3 

4 

5 

6 

7 

Sediment Analyses, 1965 

(Cmmts per minute per dry gram) 

Gross Alpha Gross Beta 

1 <1 

1 <1 

1 <1 

1 <1 

2 8 

3 <1 

3 <1 
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Gross Gamma 

20 

8 

8 

18 

4 

48 

<1 



A second set of samples were collected in 1970 from similar stations. 

The results are shown on the following table. 

Sediment Analyses, 1970 
(pCi/g) 

Station Gross AlEha Gross Beta 238Pu 239Pu 

1 1 <1 .018 .003 
2 2 1 .019 <.002 

3 1 <1 .016 .038 
4 2 <1 <.002 .004 

4A 2 2 <.002 .003 

5 2 2 <.002 .009 

6 <1 <1 <.002 <.002 

7 2 2 <.002 .008 

Four (4) samples were collected from station 7 (Pajarito Canyon at State 

Road 4) in 1971 and 1972. The analyses are shown on the following table. 

Sediment Analyses 1971 & 1972 
(pCi/g except as noted) 

5-7-71 10-14-71 4-5-72 10-10-72 

Gross Alpha 2 5 2 

Gross Beta 4 18 12 
238Pu 0.002 0.001 0.003 
239Pu o.ooz 0.002 0.026 
13'Cs 4.1 1.9 9.1 

Total Uranium 0.07 0.05 0.18 0.58 

The radiochemical analyses of sediments in the drainage area are low, in 

the range of worl&iide fallout. 

C. Flood-Frequency and Maximum Discharge 

Pajarito Canyon heads on the flanks of the mountains at an altitude of 

3 170 m, } The flood-frequency and maximum discharge are based on the following 

data. 
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Drainage Area 2 7. 4 km2; Main Channel Slope -0. 039. 

Frequency 

2-year 

5-year 

10-year 

25-year 

SO-year 

XII. DRAINAGE AREA II (WATER CANYON) 

Maxim~ Discharge_ 
(m /sec) 

3.0 

7.1 

10 

16 
20 

Water Canyon heads on the flanks of the mountains where it has cut canyons 

into the Tschicoma Formation and Bandelier Tuff. Across the plateau the canyons 

are cut into the Bandelier Tuff while along the eastern edge where the canyon 

joins the Rio Grande the canyon is cut into basalts of Chino Mesa and tmder

lying Tesuque Formation. The alluvium is thin in canyons on the flanks of 

the mountains where the channel gradient is steep, and the alluvium thickens 

across the plateau. Near State Road 4 gravels have been removed for use as 

'w base coarse. 

A. Surface Water 

A perennial stream occurs in Upper Valles Canyon which is tributary to 

Water Canyon near the center of the plateau. Several springs discharge from 

perched layers in the tuff in Upper Water Canyon (Fig. 17). One of the larger 

Springs (Water Canyon-S-Site Supply) furnishes a part of the \'later supply for 

the S-Site area. Waste water from several areas in S-Site is released into 

Valles Canyon and Water Canyon. This water moves into the alluvium a short 

distance downgradient from the jtmction of these two canyons. The stream flow 

in the remainder of Water Canyon is intermittent and results from storm run

off and snow melt. There are no observation holes in the alluvium that have 

been used as a part of the monitoring net. 
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Water sampling stations 

Sediment sampling stations 

Fig. 17. Drainage Area 11 (Water Canyon) showing locations of sampli. 

stations. 
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1. Chemical Quality of Surface Water 

Springs that discharge from perched zones in the Bandelier Tuff on the 

flanks of the mountains are American Springs, Annstead Spring, and Water 

Canyon (S-Site Water Supply). Other sources of surface water is waste water 

near Beta Hole. Beta Hole is drilled through a thin section of alluvium near 

the north side of the canyon and completed 187 ft into the tuff, and is dry. 

The following table presents the chemical quality of water. 

Chemical Quality of Surface Water 
(mg/ 1 except as noted) 

No. of N03 Sources Year Analz:ses Na Cl F TDS Conductance a Eff 
Am. Spr. 1952 1 5 2 0.4 0.7 soc 120 7.1 
Am. Spr. 1967 1 8 3 <.4 .4 112 100 7.4 
Am. Spr. 1969 1 10 3 <.4 .2 147 105 7.4 
Am. Spr. 1970 1 4 1 <.4 .1 soc 120 7.2 
Armstead 

Spr. 1958 1 6 2 .4 .5 70c 105 7.4 
Annstead 

Spr. 1961 1 4 1 .2 .2 65c 100 6.9 
Armstead 

Spr. 1969 1 5 2 <.4 .2 123 130 7.3 
Valle 

Canyon 1961 1 3 <1 <.4 <.1 70 6.9 
Water 

Canyon 1952 1 2 5 1.0 <.1 
Water 

Canyon 1967 1 8 5 <.4 .2 37 70 7.9 
Water 

Canyon 1969 1 9 <1 <.4 .1 112 140 7.5 
Water 

Canyon 1970 1 4 <1 <.4 1.7 86 120 6.9 
Water 

Canyon 1971 1 6 2 .9 .3 98 140 7.2 
Water 

Canyon 1972 3 7 1 .9 • 2 83 120 7.8 
Near Beta 

Hole 1970 1 19 8 3.9 .2 255 280 7.8 
Near Beta 

Hole 1971 1 25 5 .9 .2 160 150 7.3 
Near Beta 

Hole 1972 1 27 14 .4 .1 162 190 7.0 

a Micromhos at 25° c 
b No Units 
c Estimated 
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Select trace metal ion analyses have been made of water from Water 

Canyon (S-Site Supply) and at the station near Beta Hole. 

In Solution 

Cadmitun 
Beryllitun 
Lead 
Mercury 

Particulates 

Cadmium 
Beryllium 
Lead 
Mercury 

Metal Ion Analyses 

(In ~g/1) 

Water Canyon 

1971 1972 

0.40 <0.25 
<0.25 <0.25 
1.3 <1.0 

<0.02 <0.02 

<0.25 <0.25 
<0.25 < o. 25 

2.2 <1.0 
<o.n2 <0.02 

Near Beta Hole 

1971 1972 

1.5 <0.25 
<0.25 <0.25 

2.0 5.5 
<0.02 <0.02 

0.44 <0.25 
<0.25 <0.25 

2.2 <1.0 
<0.02 <0.13 

The total dissolved solids concentration of surface water in the canyon 

is low, showing only minor deterioration of water used in processes at 

S-Site. 

2. Radiochemical Quality of Strrface Water 

Radiochemical analyses of surface water were made of samples collected 

from American Springs, Water Canyon (S-Site Supply), Valle Canyon, and near 

Beta Hole. The results are shown on the following table. 
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Radiochemical Analyses 
(pCi/1 except as noted) 

No. of Gross Gross 
238Pu 239Pu 

Total Source Year Analyses Alpha Beta Uraniu~ 
American Spr. 1967 1 2 7 <O.OS <O.OS 0.4 American Spr. 1969 1 <1 3 <O.OS <0.05 o.s American Spr. 1970 1 <1 10 <O.OS <O.OS 0.4 Water Canyon 1967 1 2 6 <0 .OS <O.OS 1.3 Water Canyon 1969 1 4 6 <0.05 <0.05 2.5 Water Canyon 1970 1 2 s <0 .OS <0.05 0.4 Water Canyon 1971 1 <1 < 1 <0 .OS <0.05 <0 .4 Water Canyon 1972 3 <1 7 <0 .OS <O.OS 0.2 Valle Canyon 1967 1 <1 6 <o .OS <O.OS <0 .4 Valle Canyon 1969 1 <1 2 <O .OS <0.05 0.6 Near Beta Hole 1970 1 1 2 <O .OS <0.05 2.1 Near Beta Hole 1971 1 2 2 <o .OS <0.05 0.7 Near Beta Hole 1972 1 <1 3 <0.05 \<o.os 1.3 
a ].lg/1 

The analyses show only background amounts of radionuclides except for the 

one 1972 analysis from near Beta Hole where traces of plutonium 238 were report

ed in the water. 

B. Radiochemical Analyses of Sediments 

A number of canyons are tributary to Water Canyon. Sediment samples for 

particle-size distribution and radiochemical analyses were collected from chan

nels in the tributary canyons as well as in Water Canyon. 

Particle-size distribution from stations in the drainage area are shown 

on the following table while locations are shown on Fig. 17. 

Particle-Size Distribution 
(Percent by Weight) 

Stations 1 2 3 4 5 6 7 8 9 

Granules 7.0 3.0 3.S 40.0 25.0 3.0 2.5 11.0 3.0 
Sand 

Very Coarse 51.5 35.5 50.5 27.0 34.5 30.5 28.0 32.5 27.0 
Coarse 34.0 41.5 41.0 18.0 28.5 44.5 56.5 36.0 48.0 
Medium 4.0 11.5 3.5 5.0 7.0 14.0 15.0 11.0 15.0 
Fine 1.0 4.5 0.5 3.5 2.0 5.5 4.0 4.5 4.5 
Very Fine 0.5 1.5 0.5 3.0 0.5 2.0 1.5 3.5 1.0 

Silt and Clay 0.5 1.5 0.5 2.5 1.5 1.0 2.5 2.0 1.0 
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The following table presents radiochemical analyses of sediments collected 

in the drainage area in 1965. 

Sediment Analyses, 1965 
(Counts per minute per dry gram) 

Station Gross Alpha Gross Beta Gross Garrona 

1 5 1 46 
2 2 <1 34 
3 1 2 24 
4 2 <1 28 
5 <1 8 36 
6 <1 <1 2 
7 1 18 4 
8 2 <1 12 
9 1 11 12 

In 1970 a series of samples were collected at the same stations and 

analyzed for gross alpha and beta activity as well as plutonium. 

Sediment Analyses, 1970 
(Picocuries per dry gram) 

Station Gross Alpha Gross Beta 238Pu 239Pu 

1 3 4 <0.002 0.006 
2 1 2 <0.002 <0.002 
3 3 3 <0.002 0.004 
4 2 4 <0.002 0.011 
5 4 4 <0.002 0.022 
6 1 1 <0.002 0.050 
7 2 2 <0.002 0.003 
8 2 2 <0.002 <0.002 
9 <1 <1 0.010 <0.002 
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Additional channel samples were collected at Station 1, near Beta Hole and 

Station 7 in 1971 and 1972. 

Sediment Analyses, 1971 and 1972 
(Picocuries per dry gram) 

Total 
Station Date Gross Alpha Gross Beta 238Pu 239Pu 137Cs Uranium --· 

1 10-71 11 8 0.005 0.007 <1.5 2.8 
1 11-72 1 7 0.008 0.004 4.6 5.2 

Near Beta Hole 5-71 1 1 0.004 0.001 
Near Beta Hole 10-71 <1 4 <0.003 0.004 4.5 0.44 

7 5-71 1 <1 <0.001 <0.001 
7 10-71 5 4 <Q.OOl 0.001 <1.5 0.15 
7 10-72 3 14 <0.003 <0.003 4.8 0.09 

The results of the radiochemical analyses of sediments indicate only background 

amounts of radionuclides except the total Uranitun in samples from Station 1 which 

:is in Potrillo Canyon. The uranium is probably due to tests or experiments that 

are or were done in the area. 

C. Flood-Frequency and Maximum Discharge 

Water Canyon heads on the flanks of the mountains at an altitude of 3 170 

m, Some perennial flow occurs in the main stem of Valles and Water Canyons 

on the flanks of the mountains. The remainder of the channel carries only 

intermittent storm runoff. The flood-frequency and maximum discharge is based 

on the following data: 

Frequency 

2-Year 
5-Year 

10-Year 
25-Year 
SO-Year 

Drainage Area 33, 2 km2 

Main Channel Slope-0.050 

Maxim~ Discharge 
m /sec. 

2.8 
6.8 
9.6 

14 
18 
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XIII. DRAINAGE AREA 12 

Drainage area 12 is a steep canyon wall on the west side of the Rio 

Grande and contains no well defined drainage (Fig. 18). The area is about 

1.3 km2. No data has been collected in the area. 

XIV. DRAINAGE AREA 13 (ANCHO CANYON) 

Ancho Canyon heads on the middle of the Pajarito Plateau. The canyon is 

cut into the Bandelier Tuff on the plateau, and through the basaltic rocks 

of Chino Mesa and Tesuque Formation at the eastern edge as the channel drops 

into the Rio Grande. 

A. Surface Water 

Stream flow in the channel on the plateau is intermittent. In the 10\ver 

reaches of the canyon is a perennial stream fed by springs in the Totavi Len

til (Fig. 18). The stream reaches the Rio Grande. There are no known re

leases of effluent from Technical Areas within the drainage area, There is 

probably some small volumes of lvater perched in the alluvium seasonally. 

1. Olemical Quality of Surface Water 

Spring and surface water stations are located in the lower reach of 

the canyon. Ancho Spring discharges from the Totavi Lentil which is overlain 

by basalt. The underlying Tesuque Formation also adds to the volume of flow. 

The chemical analyses from these two stations are shown on the following table. 
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... 

Water sampling stations 

Sediment sampling stations 

Fig. 18. Drainage Area 12 and Drainage Area 13 (Ancho 

Canyon) showing locations of sampling stations. 
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Olemical Quality of Surface Water 
(Average of a number of analyses in mg/1 except as noted) 

No. of N03 
Source Year Analrses Na Cl F TDS Conductance a EHb 

.Ancho Spr. 1952 2 7 6 1.6 .2 146 7.7 

Ancho Spr. 1953 4 s 4 .3 . s 16S 7.S 

Ancho Spr. 1954 2 9 2 .4 .6 115 7.S 

Ancho Spr. 1955 1 9 2 .4 .2 673 7.2 

Ancho Spr. 19S6 3 12 3 .4 .s 14S 7.9 

Ancho Spr. 1957 1 12 3 .5 .4 14S 7.9 

Ancho Spr. 19S9 2 10 2 .4 .4 90c 140 7.7 

Ancho Spr. 1960 1 10 3 .4 .s sse 130 7.8 

Ancho Spr. 1961 1 10 3 .4 .9 sse 130 7.8 

Ancho Spr. 1962 1 s 3 .4 2.2 1S3 16S 7.6 

Ancho Spr. 1963 1 13 3 .4 3.6 124 140 7.6 

Ancho Spr. 196S 1 7 3 .s 2.2 124 140 7.7 

Ancho Spr. 1969 1 19 3 .1 .4 206 260 s.s 

Ancho Spr. 1971 1 12 2 .1 .9 162 200 7.9 

Near Rio 

Grande 1963 1 15 5 .s .4 204 240 8.1 

Near Rio 

Grande 1964 1 11 4 .4 .4 271 240 8.8 

Near Rio 

Grande 1967 1 17 1 .s .4 203 260 7.6 

Near Rio 

Grande 1969 1 21 2 .5 .4 156 270 8.4 

Near Rio 

Grande 1971 1 12 2 .1 .4 158 140 8.6 

~crornhos at 25° C 

bNo Units 

~stimated 

Select trace metal ions analyses were made from Ancho Spring and the stream 

near the Rio Grande in 1971. 
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In Solution 

cadmium 
Bezyllium 
Lead 
Mercury 

Particulates 

Cadmium 
Bezyllium 
Lead 
Mercury 

Metal Ion /nalyses 
(In ~g/1) 

Pncho Spring 

1.7 
< .25 
<1.0 
< .02 

< .25 
< • 25 
<1.0 
< .02 

Stream Near ro.o Grande 

1.5 
< • 25 
<1.0 
< .02 

.25 
< .25 

2.6 
< • 02 

The chemical quality of water from the spring is low in total dissolved 

solids and shows no effect of Laboratory operations. 

2. Radiochemical Quality of Surface Water 

~diochemical analyses of surface water were made of samples 

collected from Ancho Spring and from the stream near the fio Grande. 

The results of samples from 1960 through 1967 are shown on the 

fo 110\·ling tab 1 e. 

Radiochemical Analyses, 1960-1967 

(pCi/1 except as noted) 
Gross Total Total a/ Source Year Beta Plutonium Uranium 

Ancho Spr. 1960 <14 <0.4 <0.5 
fncho Spr. 1961 <14 < .4 < . 5 
Ancho Spr. 1962 <14 < . 4 . 5 
Pncho Spr. 1963 <14 < .4 3.1 
Ancho Spr. 1965 <14 < . 4 < . 5 
Nr. Pi.o 

Grande 1963 27 < . 4 < . 5 
Nr. Rio 

Grande 1964 6 < .4 < • 5 
Nr. P.io 

Grande 1967 4 < . 4 < . 5 

a/ ~g/1 
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Radiochemical analyses from the two stations from 1969 and 1971 

are shown on the following table. 

Rldiochemical Alalys es, 1969-1971 

(Picocuries per liter, except as noted) 
Gross Gross 238 239 Total 

Source Year AlEha Beta Pu Pu Uranium 

Ancho Spr. 1969 <1 1 <0.05 <0.05 0.4 
lncho Spr. 1971 <1 <1 <0.05 < 0. OS <0.4 
Nr. Rio 

Grande 1969 <1 2 <0.05 <0.05 0 . 7 
Nr. Rio 

Grande 1971 <1 1 <0.05 <0.05 <0. 4 

The analyses show only background concentrations of radio-

nuclides. 

B. Radiochemical Analyses Sediments 

The sediments in the canyon at stations 1, 2, 3, and 4 are 

derived from \~eathering of the Bandelier Tuff while those at Station 

5 are a combination of weathering of the Bandelier Tuff, basaltic 

rocks of Chino Mesa, Puye Formation, and Tesuque Formation. Particle-

size distribution from stations in the drainage are shown on the 

following table. 

Particle-Size Distribution 

(Percent by Weight) 

Station 1 2 3 4 5 

Granules 3.0 1.0 10.5 8.5 5.5 

Sand 
Very Coarse 48.5 21.0 53.5 26.0 43.0 

Coarse 35.0 44.5 29.5 27.5 41.5 

Medium 9.0 16.5 4.0 13.5 6.5 

Fine 3.0 8.5 2.0 10.0 1.5 

Very Fine 1.0 4. 5 1.0 4.5 1.0 

Silt and Clay 0.5 3.0 1.0 5.0 1.0 
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The following table presents radiochemical analyses of sediments 

collected in the drainage area in 1965. Locations are shown on Fig, 18. 

Station Gross 

1 
2 
3 
4 
5 

Sediment Analyses, 1965 
(Counts per minute per day gram) 

Alpha Gross Beta 

2 <1 
2 14 
1 <1 
1 15 
1 1 

Gross Gamma 

12 
46 
26 
14 

8 

Similar stations were sampled and analysed in 1970. The results 

are shown on the following table. 

Sediment A1alyses, 1970 
pCi per dry. gram 

Station Gross Alpha Gross Beta 238Pu 239Pu 

1 2 <1 <0.002 <0.002 
2 2 2 <0.002 <0.002 
3 <1 1 <0.002 0.006 
4 1 <1 <0.002 <0.002 
5 1 1 0.010 0.007 

The results of the analyses indicate that radiochemical con

centrations in the sediment in the drainage area are background. 

C. Flood-Frequency and Maximum Discharge 

A1cho Canyon heads on the Pajarito Plateau at an altitude of 

2 220 m. Stream flow in the canyon is intermittent except in the 

lower reach. In the lower reach to the Rio Grande, the stream flow 

is perennial at less than 0. 2 m2/se.c. Flood-frequency and maximum 

discharge is based on the following data: 

-193-



frainage Area 17.4 km2 
Main Channel Slope-0.045 

Frequency Maximum Discharge 

2-Year 
5-Year 

10-Year 
25-Year 
50-Year 

(m2/sec) 
2.3 
5.4 
8.2 

14 
17 

XV DRAINAGE AREA 14 

Drainage area 14 is a steep wall on the west side of the 

Rio Grande and contains no well defined drainage (Fig. 19). The 

area is about 1.6 km2. No data has been collected in this drain-

age. 

XVI. DRAINAGE AREA 15 (CHAQUEHUI CANYON) 

Chaquehui Canyon heads on the eastern part of the Pajarito 

Plateau. The canyon is cut into the Bandelier Tuff and through 

the basaltic rocks of Chino Mesa and Tesuque Formation as the 

Channel drops steeply to the Rio Grande. There are no observation 

holes in the canyon though there is water perched locally in the 

alluvium. 

A. Surface Water 

Stream flow in the channel is intermittent. Near the eastern 

reaches of the canyon water from springs and seeps in the Tesuque 

Formation maintains a small stream and several large pools which 

infiltrate into the alluvium prior to reaching the Rio Grande 

(Fig. 19). There are no release of effluents into the drainage 

area. 

1. Chemical Quality of Surface Water 

A sampling station has been established from one of the pool 

areas below the spring discharge from the sandstones and silt-
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Fig. 19. Drainage Area 14, Drainage Area 15 (Chaquehui Canyon), and 

Drainage Area 16. 



.. 
stones of the Tesuque Formation. The following table recaps the chemical 

analyses from this station \vhich is called Doe Spring, 

Olemical Quality of Water from Doe Spring 

(In mg/1 except as noted) 

Year("Analrses Na Cl F N03 'IDS Conductance a 

1956 1 15 2 0.3 2.6 180 240c 

1957 1 11 2 .6 2.6 170c 260 

1959 1 11 2 .4 1.3 160c 250 

1960 1 12 2 .5 .4 170c 260 

1961 1 11 1 .5 .4 165c 240 

1962 1 9 2 .4 .9 186 220 

1963 1 10 2 .4 .4 129 140 

1965 1 13 5 .2 .4 218 240 

1967 1 23 1 .3 .9 304 320 

1969 1 22 3 .2 <.4 153 180 

1971 1 21 4 .3 .9 219 260 

a Micrornhos at 25° C 
b No Units 
c Estimated 

Trace metal ion analyses were made from Doe Spring in 1971. 

In Solution 

Cadmium 
Beryllium 
Lead 
Mercury 

Particulates 

Cadmium 
Beryllium 
Lead 
Mercury 

~~tal Ion Analyses 
(In ll&/1) 

Doe SEring 

1.9 
<0.25 
<1.0 
<0.02 

<0.25 
<0.25 
<1.0 
<0.25 
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7.6 
7.8 
7.7 

7.3 
7.7 

7.5 
7.5 

7.8 
7,9 

8.4 

8.0 



The chemical quality of l'l'ater from the spring is low. The increase in 

total dissolved solids in 1965 and 1967 may show the effect of residual from 

storm runoff in the pool. 

2. Radiochemical Quality of Surface Water 

The recap of radiochemical analyses from 1957 through 1967 are presented 

as follows: 

Radiochemical Analyses of Water 
from Doe Spring, 1957-1967 

(pCi/1 except as noted) 

Year Gross Beta Total plutonium Total Uraniuma 

1959 <14 <.4 

1960 <14 <.4 

1962 <14 <.4 

1963 <14 <.4 

1965 <14 <.4 

1967 26 <.4 

a 
~g/1 

The recap of radiochemical analyses 1969 and 1971. 

Gross Alpha 

Gross Beta 
238Pu 
239Pu 

Radiochemical Quality of Water from Doe Spring 
1969-1971 

(pCi/1, except as noted) 

1969 
<1 

1 
<0.05 
<0.05 

Total Uraniuma 0.4 

a ~g/1 

<,5 

<.5 
<.5 
1.2 . 
<.5 

.5 

1971 
<1 

3 
<0.05 
<0.05 

0.6 

The analyses show no radionuclide above limits of detection except 

uranium wh~ch is natural occurring in the discharge from the spring aquifer. 
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B. Radiochemical Analyses of Sediments 

There were no particle-size distribution made of sediments in the canyon. 

One set of sediment analyses were analyzed from the mouth of the canyon in 

September 1969. 

Radiochemical Analyses of Sediments 

Gross Alpha 

Gross Beta 

238Pu 

239Pu 

(pCi per dry gram) 

2 

3 

0.003 

0.003 

The levels of radioactivity are background or in the case of plutonium 

are no greater than world-wide fallout from atmospheric testing. 

C. Flood Frequency and Maximum Discharge 

Chaquehui Canyon heads on the Pajarito Plateau at an altitude of m 

Stream flow is intermittent except for a short reach near the eastern reach 

(Fig. 19). The flood-frequency and miximum discharge is based on the following 

data: 

Frequency 

2-year 

5-year 
10-year 

25-year 

SO-year· 

XVII DRAINAGE AREA 16 

Drainage Area 4. 7 km2 

Main Channel Slope-0.078 

Maximum Discharge (m2/sec) 

1.1 

3.0 
4.5 
8 

10 

Drainage Area 16 is a steep \vall on the west side of the Rio Grande and 

contains no.well defined drainage (Fig. 19). The area is about 1.0 km2. 
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No data has been collected in this drainage. 

XVIII PERCHED WATER IN 1HE PUYE FORMATION 

The only known body of water perch in the Puye Formation above the main 

aquifer occurs in the mid-reach of Drainage Area 4 (Pueblo Canyon). Other 

areas of perched water in the Puye may occur, but the limited m.m1ber of deep 

test holes (seven test holes 300 m) did not encounter water perched in the 

Puye (Fig. 20). 

Test well 2 A was drilled in 194 7 to a depth of 40, 5 m. The well has 

been equipped with a pump. The hole penetrated alluvium, Bandelier Tuff, and 

was completed in the fanglomerate. The fanglomerate is a slightly cemented 

unit of sand, gravels, and boulders with silt and clay lenses. The following 

table presents the geologic log. 

Unit 

Alluvium 

Bandelier Tuff 

Otowi Member 

Guaj e Member 

Geologic Log of TW-2A 
(Altitude of Land Surface 2026 m) 

Thickness 
(m) 

3.4 

Puye Formation (fanglomerate) 

6.4 

9.8 

21.3 

Depth 
(m) 

3.4 

9.8 

19.6 

40.9 

The following table presents some of the hydrologic characteristics as 

were determined by an aquifer test. 
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Aquifer Test TW-ZA (1952) 
Thickness of Aquifer (m) 1. 5 
Duration of Test (hrs) 4. 5 
Ptmtping rate (1/sec) 0. 018 
Water level prior to Test (m) 35.4 
Total Drawdown (m) 3 .1 
Specific Capacity ((1/sec)/(m)] 

First 4 hr 0.062 
Entire Test 0.062 

Transmissivity (m2/day) 0.62 
Hydrologic Conductivity (m/day) 0.41 

The aquifer is of limited areal extent. The changes in water levels over 

a period of time indicate that the aquifer is hydraulically connected to the 

stream flow in Pueblo Canyon. The water level response to recharge to the 

aquifer is estimated at 4 to 6 months at Test Well ZA. 

A. Olemical Quality of Water 

Water samples have been collected from the test hole from 1951 through 

1965. The following table presents a summary of the chemical quality to 1965. 

Chemical Quality of Water TW- 2A 
(Average of a number of analyses in mg/1) 

No. of 
003 Year Analyses Na Cl F TDS 

1951 1 2 0.4 2 109 
1952 2 2 .2 2 115 
1953 8 3 .4 .2 116 
1956 8 12 7 .5 2 144 
1957 2 11 8 .4 .4 130a 
1958 4 8 27 .6 4 140a 
1959 7 11 16 .5 4 130a 
1960 6 14 15 .4 31 170a 
1961 4 16 16 .7 7.9 179 
1962 3 15 14 .5 14 164 
1963 3 20 16 .6 19 188 
1964 3 16 16 .5 24 148 
1965 2 18 10 .9 15 172 

a Estimated 
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The quality of water has change over the period of year probably reflect

ing the quality of water in the stream. The most noticeable increase has been 

in chlorides, nitrates and total dissolved solids. 

B. Radiochemical Quality of Water 

A summary of the radiochemical analyses from 1958 through 1965 are pre

sented in the following table. 

Radioc.."1emical Quality of Water, 1W- 2A 

(Average of a number of Analyses in pCi/1 except as noted) 

No. of Gross Total Total 

Year Analyses Beta Plutonium Uranium 

1958 2 14 0.5 0,5 

1959 10 14 0.5 0.5 

1960 10 14 0.5 0.5 

1961 2 14 0.5 0.5 

1962 4 14 0.5 0.5 

1963 3 14 0.5 0.5 

1964 3 14 0.5 0.5 

1965 2 14 0.5 0.5 

a }Ti.g/1 

The results of the ~lyses show that the concentrations of radioactivity 

were below limits of detection. 

XIX PERCHED WATER IN BASALTIC ROCKS 

Perched water was encountered in the basaltic rocks of Chino Mesa pene

trated by Test Well lAin the lower part of Pueblo Canyon (Fig. 20). The 

pilot hole for Supply Well PM-1 at Sandia Canyon also penetrated the same 

body of \vater in the basalts at a depth of 136 to 141 m. The section of 

perched \vater was cased and grouted with cement slury out of the supply well. 

The geologic log of a section of PM-1 is as follows. 
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Partial Geologic Log of PH-1 

(Altitude of Land Surface 1987 m) 

Unit 

Bandelier Tuff 

Otpi 'Member 

Gtdj e Member 

Basal tic Rocks of Chino Mesa 

Puye Formation (silt and clay) 

a Total depth of Well 762.3 m 

Thickness 
(m) 

36.6 

13.7 
104.2 

13.1 

Depth a 
(m) 

36.6 

50.3 

154.5 
167.6 

Test Well 1 A was drilled in 1949 to a depth of 68.6 m. The test hole 

penetrated the Puye Fonnation and Basaltic rocks of Chino Mesa as shown on 

the geologic log. 

Geologic Log of 1W -lA 
(Altitude of Land Surface 1942 m) 

Unit 

Puye Formation (fanglomerate) 

Basaltic Rocks of Chino Mesa 

Puye Formation (fanglomerate) 

Basal tic Rocks of Chino Mesa 

Thickness 
(m) 

15.2 
35.1 

3.4 

14.9 

Depth 
(m) 

15.2 

50.3 

53.7 

68.6 

The well is equipped with a pump. The following table summarizes the 

hydrologic characteristics of the aquifer that occurs in an interflow breccia, 

the contact between two basalt flows. The water in the aquifer is tmder 

artesian head. 
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Aquifer Test TW~lA (1952) 

Thickness of aquifer (m) 

Duration of Test (h.rs) 

Pumping Rate (1/sec) 

\'later Level Prior to Test (m) 

Total Drawdmm (m) 

Specific Capacity [ (1/ sec) (m)] 

(First 4 hrs) 

(Entire Test) 

Transmissivity (m2/day) 

Hydrologic Conductivity (m/day) 

0.9 

1128 

0.21 

55.7 

1.4 

2.1 
0.16 

103 
114 

No aquifer tests were made at Supply Well PM~l; however a bailing test 

indicated a yield of about 3 x 10-l 1/sec with a drawdown of 2m. 

Recharge to the aquifer occurs in Pueblo Canyon in the area from Obser .. 

vation Hole P0-3B to Otowi Seep and in Los Alamos Canyon in the vicinity of 

Observation Hole LA0-4. 5 (Fig. 20). The surface flow in the recharge reach 

of Pueblo Canyon is mainly effluent from the Bayo Sewage Treatment Plant while 

storm nmoff in Los Alamos Canyon contributes most of the recharge. The move

ment of water is eastward where a part is discharged from the basaltic rocks 

at Basalt Spring. The discharge of the spring varies according to the volume 

of recharge entering the aquifer. The discharge ranges from 0.9 to 2.1 1/sec 

during the year. Based on \'later-level response to stream flow it '"as esti

mated that the recharge from near Observation Hole P0-3B to Otowi Seep takes 

one to t\.;o months to reach Test Well lA with another 2 to 3 ronths to reach 

Basalt Spring. 

A. Chemical Quality of Water 

Water samples for analyses were collected from 1951 through 1971 from 

test lA. The following table presents an annual summary, 
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Olemical Quality of Water 'IW-lA 
(Average of a number of analyses in mg/1) 

'-· No. of NO 
Year Analyses Na Cl F 3 TDS 

1951 4 46 24 0.6 27 298 

1952 3 34 19 . 5 23 243 

1953 9 26 12 .5 14 216 

1954 5 15 .8 26 465 

1955 6 10 1.1 27 311 

1956 5 13 .6 18 279 

1957 2 31 .6 14 230a 

1958 10 25 26 .5 12 195a 

1959 8 15 54 .5 165a 

1960 6 36 23 .6 19 230a 

1961 4 40 25 .6 24 319 

1962 3 53 26 .7 31 340 

1963 1 60 27 1.2 62 388 

1964 4 53 30 1.2 35 313 

1968 2 85 33 2.1 18 318 

1969 1 77 27 1.8 13 339 

1971 2 60 37 2.1 31 318 

a Estimated 

A summary of the average chemical quality of \vater from Basalt Spring 

is shown on the following table. 
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No. of 
Year Analrses 

1951 1 

1952 4 

1953 3 

1954 3 

1955 2 

1956 18 

1957 3 

1958 6' 

1959 5 

1960 2 

1961 1 

1962 2 

1963 2 

1964 1 

1965 2 

1967 1 

1968 1 

1969 2 

1971 2 

1972 2 

a Estimated 

Chemical Quality of Water, Basalt Spring 

(Average of a number of analyses in mg/1) 

Na Cl F N03 

16 0.5 8 

15 .4 13 

16 .4 10 

16 .4 15 

16 '. 5 12 

17 17 .6 18 

16 13 .5 14 

13 13 .6 11 

14 15 .4 10 

15 13 .5 8 

14 14 .5 8 

20 17 .8 13 

24 20 1.2 13 

20 20 .8 13 

10 14 .8 13 

25 15 .3 13 

24 14 .6 13 

24 14 .3 9 

15 11 .6 13 

19 14 .4 10 

TDS 

220 

215 

198 
195a 

198a 

212 
191a 

169a 

190a 
175a 
174a 

256 

198 

229 

197 

150 

168 

207 

220 

197 

The chemical quality of water from Test Well 1A is quite similar to that 

in the stream at Pueblo 3. The concentrations of the chemical have generally 

increased with time. 

The quality of water from Basalt Spring is quite similar though the con-

centrations are lmver. This is probably due to changes that occur during 

transit in the aquifer that reduces the concentrations in the aquifer material. 

The following table presents results of metal ion analyses for TI~-1 and 

Basalt Springs. 
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Metal Ion Analyses 
(Average of a number of Analyses in ~g/1) 

Year 
No. of Analyses 

In Solution 

Cadmium 
Beryllium 
Lead 
Mercury 

Particulates 

Cadmium 
Beryllium 
Lead 
l\fercury 

1W-1A 
1971 

2 

4.3 
• 31 

1.6 
<0.02 

8.8 
.48 

470 
0.07 

Basalt Springs 
1971 1972 

2 2 

2,8 0.65 
<0.25 <0.25 
<1.0 <1.0 
<0,02 <0.02 

0.33 <0.25 
<0.25 <0. 25 

0.65 2.2 
<0.02 0.04 

The 470 ~g/1 of lead in particulates from TW-lA is probably from pump 

column or lead packer connecting screen to casing at the bottom of the well. 

B. Radiochemical Quality of Water 

One sample of \<later was collected from a depth of:::::: 140 m in the inflow 

breccias at Supply Well PM-1 for total plutonium and tritium analyses. Plu

tonium was below limits of detection of <0. 5 pCi/1 as \<las the tritium 

<SO X 103 pCi/1. 

The following table presents an annual summary of the radiochemical 

analyses of water from Test Well lA from 1958 through 1964. 
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Radiochemical Quality of Water, 1W -lA 
(Average of a number of analyses in pCi/1 except as noted) 

No. of Gross Total Total 

Year Analrses Beta Plutonit.un Uraniuma 

1958 3 <14 <0.5 <0.5 

1959 8 <14 <0.5 <0.5 

1960 8 <14 <0.5 <0.5 

1961 2 <14 <0.5 <0.5 

1962 4 <14 <0.5 <0.5 

1963 1 <14 <0.5 <0.5 

1964 4 <14 <0.5 <0.5 

a lJg/1 

The analyses results were below limits of detection. A sumnary of the analyses 

made in 1968, 1969, and 1971 are shown below: 

Radiochemical Quality of Water, 
(Average of a number of analyses in pCi/1, 

Year 1968 

No. of Analrses 2 

Gross Alpha 1 

Gross Beta 12 
238Pu <0.05 
239Pu <0.05 

Total Uraniumb 1.1 

'IW .. lA 
except as noted) 

1969 1971 

1 2 

2 1 

7 a 

<0.05 <0.05 

<0.05 <0.05 

1.3 0.4 

a Sample 6-1, 189 pCi/1; 9-1, 7 pCi/1. Sample 6-1 is probably analytical 

error or cross contamination of sample. 

b lJg/1 

An annual summary of the radiochemical analyses of water from Basalt Spring 

from 1957 through 1965 is shown on the following table. 
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Radiochemical Quality of \~ater, Basalt Springs 

(Average of a number of analyses in pCi/1, except as noted) 

No. of Gross Total 
Year Anallses Beta Plutonium 

Total a 
Uranit.ml 

1957 1 <14 <0.5 <0.5 

1958 4 <14 <0.5 <0.5 

1959 5 <14 <0.5 <0.5 

1960 4 <14 <0.5 <0.5 

1961 2 <14 <0.5 <0.5 

1962 2 <14 <0.5 1.0 

1963 2 <14 <0.5 1.5 

1964 1 <14 <0.5 2.0 

1965 2 <14 <0.5 0.6 

a llg/1 

The annual summary of radiochemical analyses from 1967 through 1972 are 

shown on the following table. 

Radiochemical Quality of Water, Basalt Springs 
(Average of an number of analyses in pCi/1 except as noted) 

Year 1967 1968 1969 1970 1971 

No. of Analyses 1 1 2 1 2 

Gross Alpha 1 1 <1 <1 1 

Gross Beta 4 4 4 5 2 
238Pu <0.05 <0.05 <0.05 <0.05 <0.05 
239Pu <0.05 <0.05 <0.05 <0.05 <0.05 

Total Uraniuma 1.2 1.0 1.6 0.4 1.6 

a 11g/l 

1972 

2 
<1 

4 
<0.05 
<0.05 

3.0 

The radiochemical analyses show natural or less than detectable amounts 

of radionuclides. The total uranium is natural occurring. The variation in 

concentration probably has to do with seasonal change in discharge from the 

spring and.time of year samples are collected. 
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XX 1\lA.IN AQUIFER OF THE LOS ALAMJS AREA 

Eleven (11) test holes have been drilled on the plateau to determine the 

thickness of the geologic units and water-bearing formations (Fig. 21). Seven 

(7) of the test holes have been completed as wells and are used in part for 

monitoring the chemical and radiochemical quality of water in the main aquifer. 

The geologic logs and hydrologic characteristics o£ the units penetrated by 

the test holes are presented. A summary of the chemical and radiochemical 

quality of water in the main aquifer is included in the following sections. 

Complete chemical and radiochemical quality of water data or of the last sam

ples analyzed are found in Appendix G and H respectively, 

A. Test Well 1 

Test Well 1 was completed in 1950, It was the one of a series of test 

holes drilled in the period 1949 to 1950 to detennine geologic and hydrologic 

characteristics of the mairi aquifer. 23 The test hole is located in lower 

Pueblo Canyon (Fig. 21). 

1. Geologic and Hydrologic Characteristics 

The test hole penetrated the Puye Formation and Basaltic Rocks of Chino 

Mesa as shown by the log. 

Unit 

Geologic Los of TI~-1 
(Altitude at Land Surface 1942 m) 

Thickness 
(m) 

Puye Formation (fanglomerate) 
Basaltic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 
Basaltic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 
Basal tic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 
Puye Formation (conglomerate) 
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15.2 
35.0 

3.4 
24.1 
47.2 
30.5 
29.0 
11.3 

Depth 
(m) 

15.2 
50.2 
53.6 
77.7 

124.9 
155.4 
184.4 
195.7 
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Figure 21. Location of test wells and test holes 
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The well was equipped with a pump until 1960. The following table 

summarizes the hydrologic characteristics of the aquifer that occurs in a 

conglomerate of sand, gravels, and boulders of the Puye Formation. 

Thickness of Aquifer (m) 

Duration of test (hrs) 

Pumping Rate (1/sec) 

Aquifer Test TI~-1 (1952) 

Water level prior to test (m) 

Total Drawdown (m) 

Specific Capacity [ (1/ sec) I (m)] 

(First 4 hrs) 

(Entire test) 

Transmissivity (m2/day) 

Hydrologic Conductivity (m/day) 

2. Chemical Quality of Water 

5.8 

246 
0.15 

180.4 

11.8 

0.1 

0.01 

2.5 

0.45 

Chemical analyses of water for.m TW-1 were made from 1952 through 1970 as 

shmm on the following table. 

Chemical Quality of Water TW-1 
(Average of a number of analyses in mg/1) 

No. of N03 
Year Analyses Na C1 F ms 

1952 18 16 8 1.3 1.8 161 

1953 10 18 5 1.1 2.2 161 

1954 2 10 1.3 2.5 147 

1955 1 10 1.1 3.4 194 

1956 8 20 5 1.4 3.5 191 

1957 10 20 5 1.1 3.1 131 

1958 6 17 5 1.0 7.4 12oa 

1959 2 18 4 1.1 6.9 120a 

1960 3 18 5 1.0 6.8 120a 

1961 5 17 4 1.3 4.3 149 

1962 1 19 4 1.2 10.4 178 

1963 1 34 6 0.8 0.4 186 

1965 1 17 8 0.7 0.8 149 

1967 1 21 14 0.7 0.4 173 

1969 1 33 8 0.1 0.4 188 

1970 1 11 8 0.5 0.4 161 

a Estimated 
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The samples prior to 1961 \vere pumped while after that date, samples 

were collected with a sampling bailer. There has been no significant change 

in the chemical quality of water from 1952 through 1970. 

3. Radiochemical Quality of Water 

The following table presents the radiochemical quality of water from 

1958 through 1964. 

Radiochemical Quality of Water TI~-1 
(Average of a number of analyses in pCi/1 except as noted) 

No. of Gross Total 
Year Analyses Beta Plutonium 

1958 2 <14 <0.5 

1959 3 <14 <0.5 

1960 6 <14 <0.5 

1961 2 <14 <0.5 

1962 2 <14 <0.5 

1963 1 <14 <0.5 

1965 1 <14 <0.5 

1967 1 <14 <0.5 

a ].Jg/1 

A similar table presents data collected in 1969 and 1970. 

Gross Alpha 
Gross Beta 
238Pu 
239Pu 

Total Uraniuma 

a lJg/1 

Radiochemical Quality of Water TI-/-1 
(Analyses in pCi/1 except as noted) 
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1969 
1 

4 

<0.05 
<0.05 
<0.4 

Total 
Uranit.DJil 

0.5 

<0.5 

1.5 

0.7 
<0.5 
<0.5 

1970 
<1 

5 

<0.05 

<0.05 

<0.4 



Analyses indicate natural or less than detectable amounts of radionuclides. 

B. Test Well 2 

Test Well 2 was completed in 1949. It was also one of the series of 

test holes drilled in the period of 1949 through 1950. 23 The test hole is lo

cated in the mid reach of Pueblo Canyon (Fig. 21). 

1. Geologic and HYdrologic Characteristics 

The test hole penetrated the alluvium, Bandelier Tuff, and was completed 

in the lower part of the Puye Formation as shown by the log. 

Uni:ts 

Alluvium 
Bandelier Tuff 

OtO\vi Member 
Guaje Member 

Puye Fonnation 
Puye Fonnation 

Geologic Log of 1W- 2 
(Altitude of Land Surface 2026 m) 

Thickness 
(m) 

3.4 

6.1 
9.7 

(fanglomerate) 194.1 
(conglomerate) 27.1 

Depth 
(m) 

3.4 

9.5 
19.2 

213.3 
240.4 

The well is equipped with a pump. The following table summarizes the 

hydrologic characteristics of the aquifer that occurs in a conglomerate of 

sand, gravels, and boulders in the Puye Formation. 

Aquifer Test 1W-2 (1952) 

Thickness of Aquifer (m) 
Duration of Test (hrs) 
Pumping Rate (1/sec) 
Water Level prior to Test (m) 
Total Drawdown (m) 
Specific Capacity [(1/sec)/(m)] 

(First 4 hrs) 
(Entire Test) 

Transmissivity (m2/day) 
Hydrologic Conductivity (m/day) 
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7.3 
760 

0.42 
231.8 

2.3 

0.23 
0.21 

87 
12 
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2. Chemical Quality of Water 

Chemical analyses of water from Tiv-2 were made from 1951 through 1972 as 

shown on the following table. 

Chenrl.cal Quality of Water 'IW-2 
(Average of a number of analyses in mg/1) 

No. of N03 
Year Analyses Na C1 F TDS 

1951 10 8 6 0.5 0.5 159 

1952 14 8 5 0.7 0.4 158 

1953 3 9 4 0.5 0.3 146 

1954 1 4 0.8 0.5 172 

1955 1 3 0.4 3.0 164 

1958 1 9 7 0.4 0.1 

1960 3 10 3 0.4 0.3 102a 

1961 4 10 2 0.7 0.5 158 

1962 4 11 3 0.9 1.9 152 

1963 3 10 2 0.4 1.7 119 

1964 3 9 3 0.5 1.3 130 

,., ' 1968 1 19 4 1.0 1.2 gsa 

1969 1 17 3 0.1 <0.4 90 

1970 1 11 5 0.5 1.6 98 

1971 1 10 5 0.8 < 0.4 86 

1972 1 10 6 o.s 0.4 78 

a Estimated 

In general, the chemical quality of the water has changed slightly with 

a decrease in total dissolved solids. Other ions have remained about the 

same concentration. 

Metal ion analyses are presented in the following table. 
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In Solution 

Cadmium 
Beryllium 

Lead 
Mercury 

Particulates 

Cadmium 
Beryllium 

Lead 

Mercury 

Metal Ion Analyses 
(Analyses in g/1) 

6-1-71 

1.1 
<0.25 

11 
<0,02 

2.1 
<0.25 

43 
<0.02 

The concentration of lead in the particulates is probably due to pump 

column or lead packer connecting screen to casing. 

3. Radiochemical Quality of Water 

The following table presents the radiochemical quality water from 

1958 through 1964. 

Radiochemical Quality of Water TI'i-2 
(Average of a number of analyses in pCi/1 except as noted) 

No. of Gross Total Total 
Year _ ·:Analyses Beta Plutonium Ur . a an1um 

1958 1 <14 <0.5 <0.5 

1959 1 <14 <0.5 <0.5 

1960 7 <14 <0.5 

1961 8 <14 <0.5 

1962 3 <14 <0.5 1.5 

1963 3 <14 <0.5 0.8 

1964 3 <14 <0.5 <0.5 

The following table presents data collected from 1968 through 1972. 
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Gross Alpha 

Gross Beta 
238Pu 
239Pu 

Total Uraniumb 

Radiochemical Quality of Water TW- 2 
(Analyses in pCi/1 except as noted) 

1968 1969 1970a 
<1 1 <1 

2 1 1 

<0.05 <0.05 <0.05 

<0.05 <0.05 <0.05 

1.1 0.4 0.7 

a Average of 2 analyses 
b lJg/1 

1971 
2 

2 
<0.05 
<0.05 

0.4 

Radioactivity is backgrotmd or below lililits of detection. 

C. Test Well 3 

1972 
<1 

<1 

<0.05 
<0.05 
<0.4 

Test Well 3 was completed in 1949. It was one of the series of test 

holes drilled during the period 1949-1950. 23 The test hole is located in the 

mid-reach of Los Alamos Canyon (Fig. 21). 

1. Geologic and HYdrologic Characteristics 

The test hole penetrated the Bandelier Tuff, and was completed in the 

lower part of the Puye Formation as shown by log. 

Geologic Log of TW-3 
(Altitude of Land Surface 2019 m) 

Units 

Bandelier Tuff 
Otowi Member 

Guaje ~1ember 

Puye Formation (fanglomerate) 

Basaltic Rocks of Chino Mesa 

Puye Formation (fanglomerate) 

Puye Formation (conglomerate) 

Thickness 
(m) 

42.7 
10.7 

27.7 

21.9 

126.5 
18.9 
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Depth 
(m) 

42.7 

53.4 

81.1 

103.0 
229.5 
248.4 



The well is equipped with a pump. The following table SUITUnarizes the 

hydrologic characteristics of the aquifer that occurs in a conglomerate of 

sand, gravels, and boulders of the Puye Formation. 

Aquifer Test TI~-3 (1952) 
Thickness of Aquifer (m) 
Duration of Test (hrs) 
Pumping Rate (1/sec) 
Water Level prior to Test (m) 
Total Drawdown (m) 
Specific Capacity [(1/sec)/(m)] 

(First 4 hrs) 
(Entire Test) 

Transmissivity (m2/day) 
Hydrologic Conductivity (m/day) 

2. Chemical Quality of Water 

7.6 
720 

0.42 

228.9 
4.6 

0.10 
0.10 

97 
13 

Chemical analyses of water from TW-3 were made from 1951 through 1972 as 

shown on the follmving table. 
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Chemical Quality of Water TW-3 

(Average of a number of analyses in rng/1) 

Year Analyses Na Cl F N03 TDS 

1951 7 25 4 o.s 1,1 186 

1952 4 17 6 0.6 1.8 194 

1953 3 11 4 0.7 o.s 195 

1954 3 5 0.3 0.6 185 

1956 7 16 6 0.5 1.6 200 

1957 5 14 4 0.4 0.8 205 

1958 1 13 7 0.4 1.1 200 

1959 4 13 5 0.5 0.7 140a 

1960 3 14 5 0.4 0. 7. 145a 

1961 3 16 5 0.6 0.4 176 

1962 3 14 5 0.6 2.6 199 

1963 1 17 5 0.4 2.4 200 

1964 2 13 5 0.4 0.7 199 

1965 2 11 5 0.7 1.3 156 

1967 3 24 10 0.4 1.3 160 

1968 1 24 4 0.4 1.2 201 

1969 1 22 5 <0.1 0.4 124 

1970 1 15 5 <0.1 3.1 180 

1971 1 15 5 0.6 0.4 106 

1972 1 19 6 0.5 <0.4 94 

a Estimated 

Chemical concentrations varied slightly over the years but showed no 

significant changes in concentrations. Total dissolved solids decreased in 

concentrations during the past few years. 
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In Solution 

Cadmium 
Beryllium 

Lead 
Mercury 

Particulates 

Cadmium 
Beryllium 
Lead 
1'-fercury 

Metal Ion Analyses 
(Analyses in ~g/1) 

3. Radiochemical Quality of Water 
' 

6-3~71 

2.8 
<0.25 
3,5 

<0.02 

5.6 
<0.25 
8.2 

<0.02 

The following table presents the radiochemical quality of water from 

1958 through 1965. 

Radiochemical Quality of Water TI~-3 
(Average of a number of analyses in pCi/1 except as noted) 

No. of Gross Total Total 
Year Analyses Beta Plutonium Uranium 

1958 2 <14 <0.5 

1959 8 <14 <0.5 

1960 10 <14 <0.5 

1961 8 <14 <0.5 

1962 4 <14 <0.5 1.1 

1963 1 <14 <0.5 5.0 

1964 2 <14 <0.5 <0.5 

1965 2 <14 <0.5 <0.5 

The follmving table presents data collected from 1967 through 1972. 
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Radiochemical Quality of Water TI'/-3 
(Average of a number of analyses in pCi/1 except as noted) 

1967 1968 1969 1970 1971 1972 --
No. of Analyses 2 1 2 2 1 1 

Gross Alpha <1 <1 <1 3 2 <1 

Bross Beta 5 3 2 3 4 2 
238Pu <0,05 <0.05 <0.05 <o.os <0.05 <0.05 
239Pu <0.05 <0,05 <0.05 <0.05 <0.05 <0.05 

Total Uraniuma 1.3 2.4 0.4 0.7 0.4 <0.4 

a 
lJg/1 

There were no significant concentrations of radionuclides as indicated 

by the analyses. 

D. Test Well 4 

Test Well 4 was completed in 1950, It was one of a series of test holes 

drilled in the period 1949-1950. 23 The test hole is located on the western 

part of the plateau near the old Waste Treatment Plant (TA-45) at the head 

""" of Acid Canyon (Fig. 21). 
' 1. Geologic and Hydrologic Characteristics 

The test hole penetrated the Bandelier Tuff, Puye Formation and is com

pleted into the Tschicoma Formation as shown by the log. 

Geologic Log of TI'/-4 
(Altitude of Land Surface m) 

Units 

Bandelier Tuff 
Tshirege Member 
Otowi Member 
Guaje Member 

Puye Formation (fanglomerate) 
Tschicoma Formation 
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Thickness 
(m) 

85.3 
26.8 
8.2 

73.2 
173.7 

Depth 
(m) 

85.3 
112.1 
120.3 
193.5 
367.2 



The \'lell has been equipped \'lith a pump. It \'las removed in 1973. The 

following table summarizes the hydrologic characteristics of the aquifer that 

occurs in a brecciated zone in the volcanic flol'l rocks of latite of the 

Tschicoma Formation. 

TI1ickness of Aquifer (m) 

Duration of Test (hrs) 

Pumping Rate (1/sec) 

Aquifer Test n~-4 (1952) 

Water Level prior to Test (m) 

Total Drawdown (m) 

Specific Capacity [(1/sec)/(m)] 

(First 4 hrs) 

(Entire Test) 

Transmissivity (m2/day) 

HYdrologic Conductivity (m/day) 

2. Chemical Quality of Water 

6.4 
720 

0.18 
255.6 

1.5 

0.24 

0.12 

9.3 

1.5 

The pt..unp on 1W-4 was installed in 1952. It was out of service from 1954 

through 1960. It failed again in 1966 and was removed from the well in 1973. 

Chemical analyses of water from the well were made during the period when the 

pump was in service as shown on the following table. 
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Chemical Quality of Water TW-4 

(Average of a number of analyses in mg/1) 

No. of N03 Year Analyses Na Cl F TDS 

1952 8 8 5 0.2 0.3 101 

1953 1 5 2 0.1 0.3 180 

1961 1 11 5 0.3 0.4 gsa 

1962 2 10 3 0.6 3.9 191 

1963 4 12 3 o.s 1.4 172 

1964 4 9 2 0.4 4.4 141 

1965 3 15 3 0.6 1.3 129 

a Estimated 

Chemical concentrations and total dissolved solids varied in concentrations 

but indicated no significant changes occurred from 1952 to 1965. 

3. Radiochemical Quality of Water 

The following table presents the radiochemical quality of water from TI~-4 

from 1961 through 1965. No analyses have been made since the pump failed in 

1965. 

Radiochemical Quality of Water TI4/- 4 
(Average of a number of analsyes in pCi/1 except as noted) 

No. of Gross Total Total 
Year Analyses Beta Plutonium Uranium a 

1961 1 <14 <0.5 <0.5 

1962 2 <14 <0.5 <0.5 

1963 4 <14 <0.5 0.5 

1964 4 < 14 <0.5 1.8 

1965 3 <14 <0.5 0.9 

No significant concentrations of activity were detected. 

E. Test Hole T-5 

Test Hole T-5 was completed in 1950. It was one of the series of test 

holes drilled in the period 1949-1950. 23 The test hole is located in the 
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Lower reach of Pajarito Canyon near State Road 4 (Fig. 21). 

1. Geologic Characteristics 

The test hole penetrated the alluvium and Bandelier Tuff and was com

pleted into the Basal tic Rocks of Chino Mesa as shO\m by the log. 

Units 
Alluvium 
Bandelier Tuff 

Tshirege Member 
Otowi ~1ember 
G.laj e Member 

Geologic Log of TH-5 
(Altitude of Land Surface 2009 m) 

Thickness 
(m) 

Basal tic Rocks of Chino Mesa 

7.0 

5.2 
36.6 

3.4 
28.0 

Depth 
(m) 

7.0 

12.2 
48.8 
52.2 
80.2 

The test hole did not encounter any water bearing zone beneath the 

alluvium. Water in the alluvium was cased from the hole. 

F. Test Hole T-6 

Test hole T-6 was completed in 1950. It was part of the series of 

test holes drilled in the period 1949-1950. 23 The test hole is located in 

mid reach of Pajarito Canyon (Fig. 21) and State Road 4 (Fig. 21). 

1. Geologic Characteristics 

The test hole penetrated the alluvium, Bandelier Tuff, and is completed 

in the Puye Formation as shown by the log. 

Units 

Alluvium 
Bandelier Tuff 

Tshirege Member 
Otowi ~!ember 
Guaj e Member 

Geologic Log of T-6 
(Altitude of Land Surface 2042 m) 

Thickness 
(m) 

Puye Formation (fanglomerate) 

7.6 

18.3 
54.9 
6.1 
4.6 
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Depth 
(m) 

7.6 

25.9 
80.8 
86.9 
91.5 
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The test hole did not encounter any water in the geologic units pene-

trated beneath the alluvium. 

G. Test Hole T-7 

Test hole T-7 was completed in 1950. It was also part of a drilling pro

gram of 1949-1950. 23 The test hole is located in the midreach of Ancho 

Canyon (Fig. 21). 

1. Geologic Characteristics 

The test hole penetrated alluvium, Bandelier Tuff, and were completed in 

the Basal tic Rocks of Chino Mesa as shown by the log. 

Units 
Alluvium 
Bandelier Tuff 

OtO\'Ii Member 

Geologic Log of T-7 
(Altitude of Land Surface 1897 m) 

Thickness 
(m) 

Basal tic Rock of Chino Mesa 

3.0 

10.7 
3.0 

Depth 
(m) 

3.0 

13.7 
16.7 

The lower Guaj e Member of the Bandelier 'fuff was not penetrated at the 

test hole. The unit was eroded off or never deposited prior to the deposi

tion of the Otowi Member. 

The test hole did not encounter any water in any of the units penetrated. 

H. Test Well 8 

Test well 8 was completed in 1960. The test hole was drilled to delin

eate the geologic and hydrologic characteristics of units underlying r-1ort

andad Canyon (Fig. 21). The test hole was completed prior to use of the 

canyon as a area to receive treated industrial effluents. 16 , 24 

1. Geologic and Hydrologic Characteristics 

The test hole penetrated alluvium, Bandelier Tuff, Puye Formation, 

Basaltic Rocks of Chino Mesa and is completed in the Puye Formation as 

shown by the log. 
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Geologic Log of TW-8 
(Altitude of Land Surface 2095 m) 

Units 

Alluvium 
Bandelier Tuff 

Tshirege Member 
Otowi Member 
Guaj e Member 

Puye Formation (fanglomerate) 
Basaltic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 

Thickness 
(m) 

12.0 

6.1 
117.3 
13,7 
27.4 
44.2 

103.6 

Depth 
(m) 

12.0 

18.1 
135.4 
149.1 
176,5 
220.7 
324.3 

The well \V'as not equipped with a pump t.mtil January of 1973. The follow

ing data summarizes the hydrologic characteristics of the aquifer that occurs 

in a fanglomerate of sand, gravels, and boulders of the Puye Fonna.tion. 

Thickness of Aquifer (rn) 

Duration of Test (hrs) 

Bailing Rate (1/sec) 

Aquifer Test TW-8 (1960) 

Water Level prior to Test (rn) 

Total Drawdown (rn) 

Specific Capacity [(1/sec)/(rn)] 

Estimated 

Transmissivity (m2/day) 

Hydrologic Conductivity (m/day) 

~esidual drawdown 5 min after bailing ended 

bEstimated 

2. Chemical Quality of Water 

24.4 

2.0 

1.0 
293.4 

O.lOa 

2 

30 

1.2 

b 

There was no ptmtp on 1W-8 during the period of the report, Samples were 

collected with a sampling bailer. The follrn-1ing table presents the chemical 

quality of water. 
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Chemical Quality of Water TIY-8 

(Analyses in mg/1) 

Year Na Cl F N03 TDS 

1960 12 2 0.7 3.0 216 
1961 15 2 0.4 2.0 463 
1963a 15 2 0.4 2.2 187 
1965 10 3 0.2 0.9 113 
1967 13 1 0.1 0.4 141 
1969 23 3 0.1 1.8 148 

a Average of 2 analyses 

The concentrations have varied slightly; however, as samples are bailed 

from the well, the indication is that there has been no significant change 

in the quality during the period. 

3. Radiochemical Quality of Water 

The following table presents the radiochemical quality of water from 

1960 through 1965. 

Year 

1960 

1961 

1963b 

1965 

a ~g/1 

Radiochemical Quality of Water 1W-8 
(Analyses in pCi/1 except as noted) 

Gross Total 
Beta Plutonium 

<14 <0.5 

<14 <0.5 

<14 <0.5 

<14 <0.5 

b Average of 2 analyses 

Total 
Uraniuma 

<2.5 

<2.5 

<0.5 

<0.5 

The following table presents data collected at different dates during 1969. 
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Radiochemical Quality of Water TI~-8 
(Analyses in pCi/1 except as noted) 

1-10-69 1-14-69 2-14-69 11-6-69 

Gross Alpha <1 2 <1 <1 

Gross Beta 2 3 1 3 

238Pu <0,05 <0.05 <0.05 <0.05 

239Pu <0.05 <0.05 <0.05 <0.05 

Total Uraniuma 0.5 0.4 0.4 0.4 

a llg/1 

No significant concentration of radionuclides were detected. 

I Test Well DT-SA 

Test well DT-5A was completed in 1960. It was drilled as a series of 3 

deep test holes (DT-9, DT-10) to determine the geologic and hydrologic charac

teristics of the rock units underlying a small test area. 24 ,25 The test hole 

is located on the Pajarito Plateau south of Water Canyon (Fig. 21). 

1. Geologic and Hydrologic Characteristics 

The test hole penetrated rocks of the Bandelier Tuff, Puye, Tschicoma, 

and Tesuque Formations as shown by the log. 

Geologic Log of DT-5A 
(Altitude of Land Surface 2177 m) 

Units 
Bandelier Ti.Jff 

Tshirege Member 
Otowi 1\'Iember 
Guaje Member 

Puye Formation (fanglomerate) 
Tschicoma Formation 
Puye Formation (fanglomerate) 
Tschicoma 
Puye Formation (fanglomerate) 
Puye Formation (conglomerate) 
Tesuque Formation 

Thickness 
(m) 
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195.4 
60.4 
27.7 
72.2 
38.4 
42.1 
7.9 
5.5 

. 15.8 
89.6 

Depth 
(m) 

195.4 
255.8 
283.5 
355.7 
394.1 
436.2 
444.1 
449.6 
465.4 
555.0 



The well was equipped with a pump for the aquifer test, It was later 

removed. The following data summarizes the hydrologic characteristics of the 

aquifer which occurs in the Puye Formation (fanglomerate and conglomerate), 

Tschicoma and Tesuque Formations. 

Thickness of Aquifer (rn) 
Duration of Test (hrs) 
Pumping Rate (1/sec) 

Aquifer Test DT~SA (1960) 

Water Level prior to Test (m) 
Total Drawdown (rn) 
Specific Capacity [(1/sec)/(m)] 

(Entire Test) 
Transmissivity (m2/day) 
Hydrologic Conductivity (m/day) 

106.7a 
25 
5.1 

357.5 
4.3 

1.2 
136 

1.2 

a Saturated section that should yield \vater readily to the \'lell. 

2. Chemical Quality of Water 

Except for the sample collected in 1960 which was pumped, the remainder of 

the samples were collected \vith a smapling bailer. The following table presents 

the chemical quality of water. 

Chemical Quality of Water DT-SA 
(Analyses in mg/1) 

Year Na Cl F NO 3 TDS 

1960 14 1 0.2 2.0 147 

1963 13 1 0.4 0.9 185 

1967 14 4 0.4 <0.4 126 

1969 19 3 <0.1 <0.4 120 

1970 11 5 0.4 0.4 101 

There has been no significant change in the quality of \va ter during the 

period 1960 through 1970. 
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3, Radiochemical Quality of Water 

The following table presents radiochemical quality of water as determined 

upon completion of the well in 1960. 

Radiochemical Quality of Water DT~ SA a 
(Analyses in pCi/1 except as noted) 

Alpha Activity 
Beta Activity 
Radium (Ra) 

Total Uraniumb 

a Analyses U. S. Geol. Survey 
b ~g/1 

5-1-60 
<1.3 
7.3 

<0.1 
0.9 

The data collected in 1960, 1963, and 1967 is presented as follows: 

Year 

1960 
1963 
1967b 
1967c 

a ~g/1 
b Zone Sample 390 m 
c Zone Sample 527 m 

Radiochemical Quality of Water DT~SA 
(Analyses in pCi/1 except as noted) 

Gross Total 
Beta Plutonium -
<14 <0.5 
<14 <0.5 
<14 <0.5 
<14 <0.5 

Total a 
Uranium 

1.0 
<0.5 

<0.5 
<0.5 

Data for samples collected in 1969 and 1970 are shown as follows: 
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Gross Alpha 

Gross Beta 
238Pu 
239Pu 

Total Uraniuma 

a llg/1 

Radiochemical Quality of Water DT-5A 
(Analyses in pCi/1 except as noted) 

2-24-69 
<1 

3 

<0,05 

<0.05 

0.4 

4-24-70 

3 

2 

<0.05 

<0.05 

0.4 

Analyses detected no significant concentrations of radionuclides, 

J. Test Well DT-9 

Test well Irr-9 was completed in 1960. The \V"ell drilled for geologic 

and hydrologic data as previously mentioned. It is located on the plateau 

south of Water Canyon (Fig. 21). 

1. Geologic and Hydrologic Characteristics 

The test well penetrated rock units of the Bandelier Tuff, Puye, Tschicoma 

and Tesuque Formations as shown by the log. 

Geologic Log of DT-9 
(Altitude of Land Surface m) 

Units 

Bandelier Tuff 
Tshirege Member 
Otowi Member 
Guaj e Member 

Puye Formation (fanglomerate) 
Tschicoma Formation 
Puye Formation (fanglomerate) 
Puye Formation (conglomerate) 
Tesuque Formation 

Thickness 
(m) 

206.0 
38.4 
14.6 
22.6 
72.5 
47.8 
11.6 
43.9 

Depth 
(m) 

206.0 
244.4 
259.0 
281.6 
354.1 
401.9 
413.5 
457.4 

The well was equipped with a pump for the aquifer test. After the test, 

the pump \V'aS removed. The well has been equipped \V'ith a semi-continuous \V"ater 

stage recorder to determine the regional trends of water-level change of the 
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main aquifer. The well is located in a remote area away from the influence 

of pumpage for water supply. The regional decline from 1960 through 1968 has 

been about 0.61 m or 7.6 em per year. The recorder has shown that the aquifer 

is very sensitive to atmospheric pressure changes, earth shocks, and probable 

earth tide effects. 26 The following data recaps the hydrologic characteristics 

of the aquifer which occurs in the Puye Fonnation (fanglomerate and conglomerate} 

Tschicoma and Tesuque Formation. 

Aquifer Test rri'-9 (1960) 

Thickness of Aquifer (m) 

Duration of Test (hrs) 

Pt.nnping Rate (1/sec) 

Water Level prior to Test (m) 

Total Drawdown (m) 

Specific Capacity [(1/sec)/(m)] 

(Entire Test) I 
i 

Transmissivity (m2/day) 

Hydrologic Conductivity (rn/day) 

91.4a 

24 
5.6 

305.7 
1.2 

4.6 
760 

8.2 

a Saturated section that should yield water readily to the well. 

2. Chemical Quality of Water 

Except for the sample collected in 1960 which was pumped, the remainder 

of the samples were collected with a sampling bailer. The following table 

presents the chemical quality of water • 
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Otemical Quality of Water 

(Analyses in mg/1) 

Year Na CI F N03 ms 
1960 12 2 0.3 <0.4 136 

1969 19 3 <0.1 1.3 160 

1970 10 5 <0.1 <0.4 120 

1971 14 4 <0.1 0.9 160 

There was no significant change in quality of water during the period 

1960 through 1971. 

3. Radiochemical Quality of Water 

The follo\'ling table presents radiochemical data as determined upon com

pletion of the well in 1960. 

Radiochemical Quality of Water DT-9a 
(Analyses in pCi/1 except as noted) 

Alpha Activity 

Beta Activity 

Radium (Ra) 

Total Uraniumb 

a Analyses U. S. Geol. Survey 
b lJg/1 

5-7-60 
1.4 
3.6 

<0.1 

0.8 

Samples \'lere collected during the aquifer test at intervals of 4, 12, 

16, and 24 hrs after pumping began. Gross Beta was <14 pCi/1; total Plutonium 

was <0. 5 pCi/1 and total uranium was <0. 5 ]Jg/1 in the four saJTq)les analyzed. 

The following table presents analyses collected in 1969 and 1970. 
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Gross Alpha 

Gross Beta 
238Pu 

239Pu 

Total Uraniuma 

a llg/1 

Radiochemical Quality of Water DT-9 
(Analyses in pCi/1 except as noted) 

2-20-69 

<1 

1 

<0.05 

<0.05 

0.8 

4-28-70 

<1 

2 

<0.05 

<0.05 

0.9 

No significant concentrations of radionuclides were detected in the 

analyses. 

K. Test Well DT-10 

Test well DT-10 was completed in 1960 as a part of the three wells lo

cated south of Water Canyon, to determine geologic and hydrologic conditions 

underlying the plateau. (Fig. 21). 

1. Geologic and HYdrologic Conditions 

The test hole penetrated rock units of the Bandelier Tuff, Basaltic 

Rocks of Chino Mesa, Tschicorna, and Puye Formations as shown by the log. 

Geologic Log of DT-10 
(Altitude of Land Surface 2139 m) 

Units 

Bandelier 'fuff 
Tschirege Member 
Otowi Member 
Guaj e Member 

Puye Formation (fanglomerate) 
Tschicoma Formation 
Basaltic Rocks of Chino Mesa 
Puye Formation (fanglomerate) 
Puye Formation (Conglomerate) 
Tesuque Formation 

Thickness 
(m) 

204.8 
47.8 
10.7 
32.9 
12.2 
82.0 
22.9 
14.0 

2.1 

Depth 
(m) 

204.8 
252.6 
263.3 
296.2 
308.4 
390.4 
413.3 
427.3 
429.4 

The well was equipped for test purposes only. The following test purposes 

only. The followiil.g data recaps the hydrologic characteristics of the aquifer 
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that occurs in the Puye (fanglomerate and conglomerate) and Tschicoma For

mations. The well only penetrated a thin section of the Tesuque Fonna.tion 

( 2m). 

Thickness of Aquifer (m) 

Duration of Test (hrs) 
Pumping Rate (1/sec) 

Aquifer Test DT-10 (1961) 

Water Level prior to Test (m) 

Total Drawdown (m) 
Specific Capacity [(1/sec)/(m)] 

Entire Test 
Transmissivity (m2/day) 
Hydrologic Conductivity (m/day) 

60.9a 

16 
4.9 

330.7 
1.5 

3.3 
447 

7.4 

a Saturated section that should yield '~ater readily to the \vell. 

2. Chemical Quality of Water 

Samples were collected from the well with a sampling bailer. The follow-

ing table presents the chemical· quality of water. 

Chemical Quality of Water UI'-10 
(Analyses in mg/1) 

Year Na Cl F N03 Tffi 

1960 11 3 0.2 1.0 138 

1963 14 3 0.4 0.9 185 

1967 12 6 0.1 <0.4 141 

1969 19 3 <0.1 0.9 155 

1970 10 3 0.4 <0.4 118 

There was no significant change in the quality of water during the period 

1960 through 1970. 

3. Radiochemical Quality of Water 

The following table presents radiochemical data as determined upon 
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completion of the well in 1960. 

Alpha Activity 

Beta Activity 

Radium (Ra) 
Total Uraniumb 

Radiochemical Quality of Water DT-lOa 

(Analyses in pCi/1 except as noted) 

5-5-60 
<0.8 

8.7 
<0.1 

1.0 

a Analyses U. S. Geol. Survey 
b llg/1 

The following data was collected in 1960 and 1963. 

Date 

5-5-60 

9-20-60 b 

11-13-63 

2-15-67 

a llg/1 

Radiochemical Quality of Water DT-10 
(Analyses in pCi/1 except as noted) 

Gross Total 
Beta Plutonium 

<14 <0.5 

<14 <0.5 

<14 <0.5 

<14 <0.5 

b 4 samples collected during aquifer test. 

The following data was collected in 1969 and 1970. 

Gross Alpha 

Gross Beta 
238Pu 
239Pu 

Total Uraniuma 

a llg/1 

Radiochemical Quality of Water DT-10 
(Analyses in pCi/1 except as noted) 

2-24-69 
<1 

1 

<0.05 

<0.05 

1.2 
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Total 
Uraniuma 

<1.0 

<4.0 

0.7 
<0.5 

4-30-70 
<1 

2 

<0.05 
<0.05 

0.4 
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There were no significant concentrations of radioactivity detected in 

the aquifer at Well UI'-10 during the period 1960 through 1970. 

L. Test Hole H~19 

Test hole H-19 was completed in 1949. It was drilled for geologic and 

hydrologic information related to the development of possible water supply. 1 

The test hole is located in upper Los Alamos Canyon (Fig. 21). 

1. Geologic and Hydrologic Characteristics 

The test hole penetrated rock units of alluvium, Bandelier 'l\lff, Puye 

and Tschicoma Fonnation as shown by the log. 

Geologic Log of H-19 
(Altitude of Land Surface 2188 m) 

Units 

Alluvium 
Bandelier Tuff 

Tshirege Member 
Otowi Member 
Guaj e Member 

Tschicoma Formation 
Puye Formation (fanglomerate) 
Tschicoma Formation 
Puye Formation (conglomerate) 
Tschicoma Formation 

Thickness 
(m) 

8.2 

52.7 
65.5 
17.4 

105.8 
119.2 

82.3 
3.0 

155.4 

Depth 
(m) 

8.2 

60.9 
126.4 
143.8 
249.6 
368.8 
451.1 
454.1 
609.5 

The test hole encountered a large thickness of relatively impermeable 

latites and rhyolites of the Tschicoma Formation which decreased the hydro

logic Conductivity of the main aquifer. The yield would not be sufficient 

for completion as a supply \'iell. The top of the main aquifer is about 295 m 

in the test hole. No records exist of aquifer tests. The hole was abandoned 

and casing pulled in 1949. 

M. San Ildefonso Stock Wells 

Two stock wells located to the northeast of the Los Alamos area were 

sampled to obtain backgrm.md data on the chemical and radiochemical quality 
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of water in the main aquifer. The wells are located in the flat area east 

of the Puye Escarpment (Fig. 21). 

Well RWP-2 is at an altitude of 1680 m. The well is completed into the 

Tesuque Fonnation and has a reported \'later level of 40.0 m. Well RWP-5 is 

at an altitude of 1742 m and is also completed into the Tesuque Formation. 

The water-level is reported at a depth of 32.0 m. Both wells are equipped 

with windmills. 

1. Chemical Quality of Water 

The following table surmnarizes the chemical quality of water in 1967. 

Chemical Quality of Water, Rl'JP- 2, RWP-5 

(Analyses in mg/1) 

RWP-2 RWP-5 

Na 47 79 

Cl 8 10 

F 0.1 0.2 

N03 0.9 3.1 

TDS 170 253 

Chemical quality indicates low to moderate TDS which is characteristic 

of water in the Tesuque Formation. 

2. Radiochemical Quality of Water 

The following table summarizes the radiochemical Quality in 1967. 

Gross Alpha 

Gross Beta 
238Pu 

239Pu 

Total Uraniuma 

a ~g/1 

Radiochemical Quality, Rl'JP- 2, RWP- 5 
(Analyses in pCi/1 except as noted) 

RWP-2 

4 

10 
<0.05 

<0.05 

1.8 

-238-

RWP-5 

2 

14 
<0.05 

<0.05 

2.3 
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There is no significant concentrations of radionuclides as seen by the 

analyses. 

N. Buckman Well 

This is an abandoned well that was used for \vater to service the rail-

road that ran from Alamosa, Colorado to Santa Fe. The railroad was aban-

doned in 1940. The well is located across the Rio Grande from Los Alamos 

(Fig. 21). 

The well is completed in the main aquifer which is the Tesuque Formation. 

The total depth is unknown, but when sotmded in 1964, it was only open to 

13.1 m. The well was flowing about 0.3 1/sec on August 25, 1964. 

1. Olemical and Radiochemical Quality of Water 

The following tables summarize the quality of water from the well. 

a llg/1 

Na 
Cl 
F 

NO 3 
TDS 

Chemical Quality 
(Analyses in rng/1) 

Radiochemical Quality 
(Analyses in pCi/1 except as noted) 

Gross Beta 
Total Plutonium 
Total Uraniuma 

8-25-64 
48 

4 
0.4 

5.3 
247 

8-25-64 
<14 

< 0.5 
2.0 

There were no significant concentrations of ions or radionuclides in the 

water when compared with other waters of the main aquifer. 
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XXI SUNt.,1ARY 

The surface water and ground water in the alluvium are separated from 

water in the main aquifer by several hundred meters of unsaturated volcanic 

tuff and sediments. The surface water recharges the shallow aquifers in the 

alluvium in the canyon drainage areas. As the stream flow is intennittent and 

mainly dependent on the release of effluents from sewage and industrial 

treatment plants, the quality of water in the stream and the shallow aquifer 

is dominated by the quality of the effluents released after treatment. The 

water in the stream and in the alluvium is not a source of mtm.icipal, indus

trial, or agriculture use. There is no surface flow of effluents beyond the 

Laboratory boundaries. The following section summarizes the conditions in the 

drainage areas. 

Drainage Area 1 (Barranca Canyon) 

The drainage area of about 4.9 km2 receives:no effluent discharges. The 

canyon contains only intermittent storm runoff. No water samples have been 

collected and analyzed. Radiochemical analyses of sediments show only back-

ground concentrations of radionuclides. 

Drainage Area 2 (Bayo Canyon) 

The drainage area of about 9.8 km2 receives no effluent discharges. The 

canyon \vas used as a test area tm.til 1964. It contains only intermittent 

storm runoff. Chemical concentrations of storm runoff taken while the area 

was in operation are nonnal. Radiochemical analyses of sediments show no in

dication of contamination from the operations of the test area. 

Drainage Area 3 

The drainage area of 0.3 km2 contains no well defined channel nor receives 

any effluent discharge. 
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Drainage Area 4 (Acid-Pueblo Canyon) 

The drainage area of 22.3 km2 receives effluent from t\vo cormnunity sew

age treatment plants and did receive industrial effluents containing radio

nuclides from 1943 through 1964. The release of sewage effluents maintain a 

base flow in a part of the canyon and recharges the water in the alluvium, 

a small body of perched \vater in the Puye Formation in the mid-reach of the 

canyon, and a second body of perched water in the Basaltic Rocks of Chino 

Mesa in the lower part of the canyon. The chemical quality of water in the 

stream, aquifers in alluvium, perched water in the volcanic sediments, and 

basalts is dominated by the quality of sewage effluents released. The inter

mittent release of industrial effluents during the period of operation of 

the treatment plant elevated for short periods of time. the chemical concen

trations of the sewage effluents in the canyon. 

The industrial effluents contained some mixed fission products, but the 

major concern is the amount of plutonium released. In general, these concen-

trations decreased downgradient in the canyon from the effluent outfall both 

in solution and in sediments of the charmel.. This is due mainly to the uptake 

of the radionuclide by sediments in the stream charmel. The concentrations 

are normally higher near the outfall decreasing downgradient in the channel. 

The accumulation of radionuclide and sediments are flushed and dispersed 

down the canyon by storm runoff. 

The maximum reported concentration of plutonium in solution during the 

period 1958 through 1972 was 18.2 pCi/1 that occurred in 1963 in the shallow 

water in the alluvium. About 8 pCi/1 occurred in 1971 in surface flow at 

Acid Weir. This later analyses indicate resuspension of the plutonium into 

solution from the sediments or underlying tuff bedrock. The concentration 

guides for tincontroled areas for plutonium in solution is 5 x 103 pCi/1. 
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Thus, the highest concentraion reported in the canyon is below recommended 

levels for uncontrolled areas. 

The total ruoount of plutonium released in; the canyon during the period 

1943 to 1964 \vas estimated at 170 mCi. The major ruoounts remaining in the 

canyon are believed to be adsorped by or attached to the channel sediment. 

An inventory made in 1972 indicated that the sediments only contain about 

12 mCi. The remaining 168 mCi have been flushed by stonn runoff into Los 

Alamos Canyon. 

Drainage Area 5 (DP-Los Alamos Canyon) 

The drainage area of 27.5 km2 receives effluent from nvo sewage treatment 

plants (one near TA-21 and the other near TA-41) and an industrial waste treat-

ment plant that processes radioactive influents. The volume of the selvage 

and industrial effluents released into DP and Los Alamos Canyon are low. 

They rapidly infiltrate into the alluvium. The stream flow in Los Alamos Can

yon is impounded by a dam on the flanks of the mountain to the west of the 

plateau. Stream flow is intennittent in the canyons of the plateau. The rna-

jor volumes of stream flow occur during the summer from heavy showers; however, 

a heavy snow pack can produce runoff for one to two months during the late 

spring. 

The chemical quality of water in the short reaches of base flow below 

the plants is reflected in the similar quality of water in the alluvium. This 

is quite evident as the industrial and sewage effluent from DP Canyon move 

into the mid-reach of Los Alamos Canyon. As in Pueblo Canyon, the chemical 

quality of the \vater improves downgradient in the canyon. 

Plutonium is the major radionuclide in the industrial effluents. The high

est concentration of plutonium in solution was about 77 pCi/1 reported in 

1967. In 1972, the highest concentration was about 6 pCi/1. These concentra

tions decrease downgradient in the canyon. The concentration of plutonium 
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recommended for uncontrolled areas is 5 X 103 pCi/1 thus, the highest con

centration reported is below this level. 

The total amount of plutonium released in the canyon during the period 

1952 to 1972 was about 30.8 mCi. An inventory in 1972 indicated an estimated 

3. 7 mCi remained in the canyon to the junction of Pueblo Canyon. The remain

der 27.1 nCi '-1as flushed during stonn runoff events into the lower reach of 

Los Alamos Canyon and to the Rio Grande. 

Drainage Area 6 (Sandia Canyon) 

The drainage area of 7. 0 km2 receives sewage effluent and blow-down of 

process water from the TA-3 power plant. The stream in the upper reach of 

the canyon is perennial with the release of the effluents. The chemical 

quality of the water in the stream and alluvium reflects the quality of 

effluent released. No radionuclides are released into the canyon. Sediments 

analyses indicate only background concentration of radioactivity. 

Drainage Area 7 (M?rtandad Canyon) 

The drainage area of 4.7 km2 receives cooling or waste water from TA-48 

and industrial effluent from the waste treatment plant at TA-50. The stream 

below the effluent outfall is perennial for in short reach due to the release 

of effluents. The chemical quality of water in the stream and alluvium re

flects the quality of the effluents released from the treatment plant. The 

average annual total dissolved solids in the stream range from about 320 to 

1300 rng/1 while that in the alluvium ranged from 360 to 1130 rng/1. In gen

eral the chemical quality improved downgradient in the canyon. The water is 

the poorest quality in any of the drainage areas; however, it is not used 

for any type of supply nor does the water move past the Laboratory boundary 

as surface flm-1 or through the aquifer in the alluvium. The volume of sur

face water and effluent recharge to the aquifer in the alluvium is only 

sufficient to maintain the aquifer of limited extent within the upper reach 

-243-



of the canyon. 

Radionuclides released with the effluent are bound to sediments in 

the stream channel. The sediments are subject to transport by stonn nmoff; 

however, since hydrologic observations began in 1960, storm runoff has not 

reached the Laboratory boundary. In general, the concentration of radio

activity in solution and sediments decrease downgradient in the canyon. 

Plutonium is a major radionuclide released with the effluents. The 

highest concentration reported in solution has been about 30 pCi which is 

below recommended levels for uncontrolled areas. 

About 42.1 mCi of plutonium, 449 mCi of strontium 89, and 315 mCi of 

strontium 90 have been released into the canyon from the plant at TA-50. An 

additional 1,326 mCi of strontium 89 and 223 mCi of strontium 90 were releas

ed from 10-Site into a small tributary canyon to M:>rtandad. There has been 

little or no transport of these radionuclides into M:>rtandad. All radionuclide 

released have remained in the canyon as volume of storm runoff has been to 

small to allow transport to the Laboratory boundary. 

Drainage Area 8 

The drainage area of 0.5 km2 contains no well defined channel nor re

ceives any effluent discharge. 

Drainage Area 9 

The drainage area of 8.8 km2 receives only a small volume of effluents 

from a cooling process. 

The chemical quality of the lvater in a small reach of the stream is good 

and contains only natural concentrations of radionuclides. The analyses of 

channel sediments also show no indication of contamination by radionuclide 

from Laboratory operations. 
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Drainage Area 10 (Pajarito Canyon) 

The drainage area of 27.5 km2 receives a small volume of s~vage effluent. 

As the canyon has a large drainage area on the flanks of the mm.mtain 

intermittent snow melt and summer thundy showers provide enough runoff to 

recharge a small body of water in the alluvium. 

The chemical quality of 'vater in the stream is not objectional (lmv TDS) 

nor does it contain concentrations of radionuclides that indicate contamination. 

Drainage Area 11 (Water Canyon) 

The drainage area of 33.3 km2 receives small volumes of sewage and 

industrial process water. The volume is sufficient to maintain a small reach 

of perennial flow in the mid reach of the canyon. The chemical quality of the 

surface flow is not objectionable (low TDS) nor does it contain concentrations 

of radionuclides- that indicate contamination. Sediment analyses show only 

background concentrations of radionuclides except in one canyon that is 

trubutary canyon from the north that contains above background concentration 

of total uranium. This is due to testing adjacent mesas and transport into 

the canyon by runoff. 

Drainage Area 12 

The drainage area of 1.3 km2 contains no well defined channel nor 

receives any effluent discharge. 

Drainage Area 13 (Ancho Canyon) 

The drainage area of 17.4 km2 contains a perennial stream in its lower 

reach to the Rio Grande. The canyon receives no effluent releases. The 

chemical and radiochemical quality of the 'vater are normal. Sediment 

analyses show only natural or background concentrations of radionuclides. 

Drainage Area 14 

The drainage area of 1.6 km2 contains no well defined channel nor 
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receives any effluent discharge. 

Drainage Area 15 (Choquehui Canyon) 

The drainage area of 4.7 km2 contain a small spring bed reach of 

perennial flow above the Rio Grande. The canyon receives no effluent 

releases. Chemical and radiochemical analyses of water are nonnal showing no 

indication of Laboratory operations. Sediment analyses show only natural or 

background concentrations of radionuclides. 

Drainage Area 16 

The drainage area 1.0 of km2 contains no well defined channel nor does 

it receive any effluent discharge. 

The chemical quality of the surface and ground water in the alluvial 

aquifer pore no environmental or health problems as the result of past 

Laboratory activities. The water are contained with in the Laboratory 

areas. The chemical quality in some canyon may be poor; however, the quality 

generally improves as it moves downgradient.. The ,water is not a source of 

municipal, industrial, or agricultural useage. 

The areas of present release of radioactive industrial effluents is 

controlled. The largest concentrations of plutonium found in solution are 

below recommended limits for uncontrolled areas. The bulk of radionuclides 

is attached or absorbed in alluvial materially in the channels below the 

plaint outfall. Estimated inventories of plutonium in Acid-Pueblo and 

DP-Los Alamos Canyons indicate that about 195 mCi have been transported past 

the Laboratory boundries.by storm runoff into Lower Los Alamos Canyon and 

to the Rio Grande in the past 30 years. Trace of plutonium above the 
'. 

limits of detection (~ 0.05 pCi/g) can be found in sediments of lower Los 

Alamos Canyon. 
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Sediment volumes in the Rio Grande at Otowi Bridge have ranged from 

0.6 x 106 to 6.8 x 106 t with an average of about 2.2 x 106 t for the 24 year 

period from 1948 through 1971. Considering the mixing of 195 mCi of 

plutonium with the average annual sediment load for a single year the 

average plutonium concentration in sediment of the river would be 9 x 10- 5 

pCi/g. Using an average annual release of 6.5 mCi of plutonium (195 mCi/30 

years) lvith the average annual sediment load the sediment concentration in the 

river would be about 2.7 x 10-S pCi/g. Thus it appears due to the dispersion 

of the radionuclide the effect that can be measured of transport of 

radionuclides in the Rio Grande would be slight. 

Four test wells completed into the main aquifer in canyon receiving 

radioactive industrial effluent exhibit no change in chemical quality nor 

any trace of radionuclides that can be attributed to the release of the 

effluents. The chemical and radiochemical quality of water from the remainder 

of the test wells completed into the main aquifer also show no effect of the 

Laboratorys or Community release of industrial or sewage effluents. 

The industrial and sewage effluents :5nfiltrate into the alluvium of the 

Canyon to recharge bodies of water perched on the tuff. As the water move 

dmvngradient some is lost to evapotranspiration and the remainder move into the 

tmderlying tuff. The roovement of water in the tuff is downward and the rates 

of movement vary due to the different hydrologic characteristics of the tuff. 

The volcanic debris of the Pttye Fonnation and Basal tic Rocks of Chino 'Mesa 

contain lenses of silt and clay that would tend to perch and distribute over 

a large area any water moving downward to the main aquifer. In general 

several hundred meters of unsaturated tuff, volcanics debris and basalts 

separate th~ water in the alluvium and main aquifer. 

The movement of water in the main aquifer is at about 110 m/yr. toward 

the natural discharge area of the Rio Grande. It would take over 100 years 
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based on this rate of movement for the water in the main aquifer to reach the 

river from the central part of the plateau. Thus if any contaminates, 

chemical or radiochemical, should reach the aquifer the transit time from 

point of contamination to discharge area would allow chemical and ion or 

base exchange reactions to take place so no contamination would remain in the 

water at the natural discharge area. 
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Appendix A 

Physical Characteristics 

of the Bandelier Tuff 

TI1e Bandelier Tuff is formed by a series of ash flows and ash falls which 

are described as nonwelded, moderately '"elded, and welded tuff. The nonwelded, 

moderately welded, and '"elded tuff grade one into the other both vertically 

and horizontally. 

The upper Tshirege Member, is about 250 m thick along the western edge 

of the Pajarito Plateau and thins east\-rard to less than 15 m. Individual 

roderately welded and welded ash flows in the upper part of the Tshirege 

r.1ember range from 6 to 40 m thick. Some of the uppermost ash flows are 

beveled off by erosion east\-rard across the plateau. Outliers of tuff overlie 

the Puye formation along Puye Escarpment. -MOst all ash flows thin east\-rard 

from the source area (Sierra de los Valles). Nonwelded ash flows of the Otm-ri 

Member may be as much as 90 m thick near the center of the plateau.!! 

I. Welding 

The welding process of an ash flm-r tuff begins after emplacement. The 

major factors affecting welding are heated at the time of emplacement, amount 

of volatiles in the mass, rate of cooling, and thickness of the ash flow.~ 

The degree of welding ranges from incipient stages marked by the sticking 

together or cohesion of glassy fragments to complete welding marked by the 

cohesion of the surfaces of glassy fragments accompanied by their deformation 

and elimination of pore space. 

Zonal variation of welding occurs vertically within individual flows or 

within a series of flows that have cooled as a single unit. 3 Single ash 

flows that have cooled as a unit may shm-r a greater degree of \velding near 

the center than near the upper and lower contacts. A series of ash flows 

that have been emplaced in rapid succession may cool as a single unit with 
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the greatest degree of welding near the center. 

Variation of welding occurs horizontally within individual flows with 

greater degree welding near the mountains (the source area). The degree of 

welding becomes less easn~ard across the plateau. 

The tuffs in the Los Alamos area are classified according to the degree 

of welding--i. e., nonwelded, moderately welded, and welded tuffs. Welding 

results in increased cohesion and deformation of the glassy fragments in the 

tuff. Nonwelded tuff has high porosity, only slight cohesion of the glassy 

fragments, and cnunbly fracture; moderately welded tuff has lesser porosity, 

moderate cohesion, slight deformation of the glassy fragments, and a somewhat 

brittle fracture; and welded tuff has lower porosity, good cohesion, a high 

degree of deformation by flattening of glassy fragments, and a brittle 

fracture. 4 

The degree of welding influences most of the physical characteristics of 

the individual ash-flow tuff units. 

The following shows a large range in porosity in each of the variations 

of tuff indicating that welding is only one of several factors determining 

porosity. 

Nonwelded tuff 
MOderately welded tuff 
Welded tuff 

Range in porosity 
(percent by volume) 

40 to 60 
30 to 55 
15 to 40 

The surface of ex-osed tuff (nonwelded to welded) becomes "case hardened" 

as it is exposed to the weather. In this process, due to the porosity of the 

tuff, moisture is absorbed and some minerals are dissolved. The minerals are 

returned to the surface by evaporation as the tuff dries out where they are 

precipitated to fonn a rind. This rind forms a protective surface which re

sist the wearing a\.,ray of the surface by wind and \vater. However, exposed 
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pumice fragments weather out rapidly leaving small cavities i~ tuff surface. 

II. Density 

The density of nonwelded tuff is lower than in welded tuff. This is due 

to the compaction of the matrix (glass shards and ash) and closer arrangement 

of the quartz and samidine, crystals, and rock fragments in the process of 

welding of a welded tuff. The specific gravity of the tuff matrix averages about 

2. 55. The range in bulk density of nonwelded to welded tuff depends on the 

porosity (i. e., the larger a porosity the smaller the densit-y). 

The following table shows a comparison of the densities of pumice and the 

tuff (nonwelded to welded) with other rock types. 

Rock Type Range in density 
pumice (nonwelded) (gm/cn3~ 

< 1. 
Nonwelded tuff 1.02-1.52 
MOderately welded tuff 1.15-.1. 84 
Welded tuff 1.52-2.16 
Granite 2.64-2.76 
Marble 2.60-2.84 
Sandstone 2.14-2.36 
Basalt 2.4 -3.1 

III. Bearing capacities 

The bearing capacities of a tuff are dependent upon the density of tuff 

(i. e., the greater bearing capacities occur with the tuff of greater density). 

The density of the tuff is related to welding (i. e., density of the tuff in

creases from nonwelded tuff to welded tuff). 

Data are available on the bearing capacities of the moderately welaed tuff. 

The following table shows the relationship of density change to the resistance 

to crushing of a moderately welded tuff. 
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Density 

(grn/cn3) 

1. 73 

1. 74 
1.77 
1.79 (probably with pumice inclusion) 

1.81 

1.83 

Resistance to crushing 

(kg/m2) 

2.4 X 105 

3.7 X 105 

3.9 X 105 

3.4 X 105 

4.8 X 105 

5.6 X 105 

Rock inclusions of pumice, rhyolite, and latite are fotmd in the tuff. The 

frequency of occurrence of the rock fragments differs in individual ash flows 

and at different locations \vi thin the same ash flow. 

The pumice fragments may be as much as 5 em in length and 2 en in diameter. 

The pumice is soft and friable. Pumice fragment inclusion in a small sample of 

the tuff would decrease the bearing capacity as failure would most likely occur 

within the pumice fragment. The rhyolite and latite fragments are dark gray, 

hard, and may be as much as bvo or three inches across. These large rock 

fragments would add strength to the matrix of tuff. 

The following table is a comparison of the bearing capacities of a 

moderately welded tuff (density 1.73 and- 1.82 g/cn3) and miscellaneous rock 

type. The bearing capacity is computed as 1/ 5 of rupture strength of the 

material. 

Rock Type 

Moderately welded tuff (1. 73 g/cn3) 

M:>derately welded tuff (1. 82 g/cm3) 

Sandstone 

Limestone 

Marble 

Granite 

IV. Thennal Conductivity 

Bearing capacity 

(kg/m2) 

4.7 X 104 

1.1 X 105 

3.4 X 105 

8,4 X 105 

1,1 X 106 

1. 4 X 106 

The thennal conductivity of the tuff is related to porosity, thus, the 
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thermal conductivity of a nonwelded tuff would be less than a welded tuff as 

more pore space is available for insulation. 

The only data available on the thermal conductivity was made of a 

IOOderately welded tuff in one area investigated. The follmving table is a 

companion of the thennal properties of the tuff and miscellaneous rock types. 

A decrease in thermal conductivity increases the insulating value. 

Mbderately welded tuff 

Limestone 

Sandstone 

Marble 
Granite 

V. Mineral composition 

Range of thermal conductivity 

(cal, gm-cn 
0 

) 

hr x cn2 x C 

0.38-0.47 

4.9 -11 

9.9 -20 

17-25 

16-35 

The tuff is rhyolitic in composition and contains small rock fragments of 

rhyolite, latite and devitrified pumice and crystals and crystal fragments of 

sanidine, and quartz, in a matrix of glass shards and welded ash. Dark 

minerals are scarce although traces of crystal fragments of biotite, hornblende, 

and pyroxene have been observed. 2 

Seven samples of a moderately welded tuff were analyzed petrographically 

by C. S. Ross (written communication, July 7, 1960). Ross recalculated the 

proportions of phenocrysts in tenns of proportion by weight. The results of 

all seven were similar, one of which is presented here: 

Pore space 

Phenocrysts 

Sanidine 

Quartz 

Magnetite 

Pyroxene 

about 30 percent by volume 

about 20 percent by weight 

12 percent by weight 

6 percent by \veight 

1 percent by weight 

0. 5 ± percent by \veight 

The grotmd mass is typical devi trified \velded tuff. The devitrification 
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products are very fine grained, but show typical cristobalite feldspar 

structure. Cavities contain radial groups of feldspar and tridymite. The rocks 

contain a few areas of altered andesite, and some brown firefracting clay like 

material (probably montmorillonite). 

VI. Chemical composition 

The color of the tuff ranges from very light gray to medium dark gray. 

Some t.mi ts range from pinkish gray to light pink. Large fragments of pumice 

that appear much darker than the matrix in some Wlits enhance the color of the 

tuff. MOderately welded units are generally lighter in color than the welded 

tmits. The coloring is inherent in the tuff and probably the result of minor 

changes in the chemical constituents and heat of emplacement. 

In general the tuff is composed namely of silica and alumina. The range 

in chemical constituents is shown on the following table. 

Chemical constituents 

Silica (SI02) 

Alumina (A1203) 

Ferric oxide (Fe2o3) 

Ferrous oxide (FeO) 

r.fagnesitun oxide (MgO) 

Calcium oxide (CaO) 

Sodium oxide (Na2o) 

Potassium oxide CKzO) 

Water (H20) 

Titanium oxide (Ti02) 

Phosphorous oxide (P 2o5) 

Manganese oxide ~) 

Carbon dioxide (C02) 

VII. Joints 

Range 

(in percent) 

72.0-78.2 

11.2-13.8 

1.1--2.1 

.21-·-:-.75 

• 02- .• 33 

• 26-1.17 

3.5-4.5 

4.2-4.7 

.15-2. 8 

.10- .32 

.10- .07 

• 00- • 98 

< .• OS 

Joints and joint systems are prominent in the Tshirege Member. The 

joints divide the rocks into multitudinous polygonal blocks, many of which are 

prismatic or columnar. 
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The joints can be classified into two groups, master joints and minor 

joints. The tenn "master joint" signifies those joints that are numerically 

predominant, are most persistent in length, and pass through several groups of 

beds. 5 

The master joints can be traced vertically across t\vo or more units of the 

Tshirege Member. They are vertical or near vertical, dipping more than 80°. 

The overall vertical trends of the individual master joints are relatively 

straight; however, they curve slightly through individual tmits and upon 

entering a unit of different degree of \velding, may be deflected slightly. 

The minor joints dip at angles from about 40° to 80° and in most instances, 

intersect the master joints. These joints are not as persistent as master 

joints. 

Master joint systems in Mbrtandad Canyon display orientation differences 

of about 60°. 6 Joint systems mapped at Mesita del Buey also indicate 

orientation differences of 60°. 7 The angular differences between these joint 

systems suggest that these sets are conjugate tension joints caused by 

shrinkage during cooling of the rocks. 
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Appendix B 

Hrdrologic Characteristics of the 

Bandelier Tuff 

The natural moisture content of the tuff forming the mesas ben~een the 

eastward-trending canyons is generally less than five percent by volume. Thus, 

movement of moisture is under tmSaturated conditions. The lm-1 moisture content 

of the tuff is caused by the protective cap of clay soil derived by weathering 

of the tuff near the surface. The hydrologic characteristics of the tuff 

depend largely upon the degree of welding of the individual ash flows. 

I. Hydrologic Effects of Soil 

The surfaces of the finger-like mesas '\'lhich form the Pajarito Plateau 

are covered by a clayey soil derived by weathering of the underlying tuff of 

the Tshirege Member. The soil is thickest near the axes of the mesas and thins 

tO\'iard the edges where the tuff is expo~ed. Thick sections of soil have also 

developed along slow draining arroyos cut into the surfaces of mesas and in 

relatively flat areas where water collects and stands. The greatest known 

thickness of woil is at Frijoles Mesa where 2.7 m was logged in a shallow test 

hole located in a relatively flat area. 

Petrographic examination of the soil derived from the Tshirege Member 

was made by Staritzky of the Los Alamos Scientific Laboratory. 1 He found that 

the size distribution of the "sand" fraction (greater than SO microns in 

diameter) varied between 15 and 38 percent, the "silt" fraction (2 to SO 

microns in diameter} varied between 58 and 73 percent, and the "clay fraction" 

(less than 2 microns in diameter) varied ben'ieen 4 and 12 percent. Mineralogically, 

the principal constituents of the soil were quartz and feldspar, and the most 

important secondary constituents are the clay minerals, montmorillonite and 

illite. Monmorillonite is known to have the highest base-exchange capacity 
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(85 to 100 millequivalents per 100 grams) and illite the next highest (25 to 

30 rnillequivalents per 100 grams) among the clay minerals. 

A study of the natural distribution of moisture in soil and in near 

surface tuff was made at Frijoles ~~sa during a 2-year period. The moisture 

content in the soil cover, including the transition zone from the soil to 

weathered tuff, varied according to prevailing weather conditions. The 

moisture content was highest in March and April as the result of late winter 

snows and thawing and \'laS generally lowest in the 100nths of August through 

October owing to high evapotranspiration rates. Water from precipitation 

rarely infiltrated through the tmdisturbed soil cover into the underlying tuff 

and only in an extremely low moisture range (less than 5 percent moisture by 

volume) within the upper 1 m of the tuff. 2 

The upper two writs of moderately welded tuff (thickness about 36.5 m) at 

Frijoles Mesa blow air through open joints in response to a declining atmospheric 

pressure therefore, the soil cover, which prevents most of the precipitation 

from infiltrating into the underlying tuff, also impedes the exchange air from 

the atmosphere to the tuff. 3 

II. Hydrologic Characteristics of Nonwelded, M::lderately Welded and Welded 

Tuff 

The hydrologic characteristics of tuff related to porosity, specific yield, 

specific retention, pore size distribution and hydrologic conductivity were 

determined of in six units of the Tshirege member at Frijoles Mesa. These 

hydrologic characteristics were determined in the laboratory under saturated 

conditions. As saturated conditions rarely occur in the tuff, these 

parameters maybe of only general interest. 

The porosity of the tuff at Frijoles Nesa ranged from 19 to 54 percent by 

volume; the lowest porosities are in the welded tuffs. Specific yield and 

specific retention decrease with a decrease in porosity. Specific yield is 
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greater than specific retention in a nonwelded tuff (high porosity); however, 

as the porosity decreases the difference become smaller and low porosity 

specific retention in a welded tuff may be greater than specific yield. 

The relationship of porosity to pore size depends on the degree of 

welding, thickness of the flow, and position in the flow. The larger pore 

sizes and greater porosities are near the top of the flow and decrease 

vertically through the flow. This is due to the larger pores formed by 

escaping gases near the top and compaction and baking of the middle and lower 

portion of the flow as it cools. 

The hydrologic conductivity is indirectly related to porosity depending 

upon pore size and the degree of interconnection of the pores. The penneability 

of the tuff matrix decreases with depth for the same reasons that the porosity 

decreases. 

HYdrologic characteristics of the Tshirege Member of the Bandelier TUff, 

as determined in the laboratory are shown in the following table. 

Deptl. 

Unit below 
surface 
of mesa 

m 

6 0-19.5 

5 19.5-20.1 
4 20.1-41.1 

3 41.1-53.3 

2 53.3-83.5 

HYdrologic characteristics of 
of the Tshirege Member 

at Frijoles Mesa 

Hydrologic Characteristics 

Degree of Specific 

welding Porosity yield 

(percent) (percent) 

Moderate 38-54 . 18-34 

None (sand) 
1\t>derate 33-54 11-43 

Nonwelded 48 34 

Welded 19-37 .6-26 

lB 83.5-152.7 Nonwelded 
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retention Hydrologic 
(percent) Conductivity 

(m/day) 

16 .. 27 0.004-0.25 
1.4 -2.4 

12-22 0.012-0.53 

14 0.9 

11-21 .08-2 
0.003-0.08 
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III. :r.bvement of Water --------
The Tshirege Member is dry beneath the surfaces of the finger like mesas. 

The moisture content of the tuff generally is less than 5 percent by volume, 

even though the specific retention ranges from 11 to 27 percent. Beneath the canyons, 

which contain perennial or intermittent streams, the moisture content of the 

tuff may be as much as 60 percent by volume; however, the water movement through 

the tuff is as tmSaturated flow. Test holes drilled through alluvium and into 

the tuff in Water and ?vbrtandad Canyons penetrated thick sections (up to 55 m) 

of wet tuff (up to 60 percent moisture by volume); however, no free water 

moved into the test holes. 

Holes through which instruments can be used to measure moisture content 

of the bore wall were holes constructed in the tuff beneath the stream channel 

in upper Mbrtandad Canyon and these holes contained no free water, although the 

welded tuff beneath the stream contained as much as 25 percent moisture by 

volume. Specially constructed moisture access holes in the tuff underlying 

water perched in the alluvium in lower Mbrtandad Canyon had moisture contents 

of the tuff as much as 45 percent by volume but the rock yielded no free 

water. The welded and nonwelded tuff in the canyon are transmitting water 

downward into the tuff by unsaturated flow. 

The water in the tuff moves an tmSaturated flow. The majority of the 

pores are of capillary size. The energy relationship with moisture content of 

a moderately welded tuff was determined by Abrahams4 (Fig. 1) ~ The saturated 

moisture content of the tuff was about 41 percent by volume. When moisture 

contents are below 4 percent there is no movement of water; from 4 to 8 percent 

moisture is redistributed by diffusion; from 8 to 23 percent distribution is 

by gravity and capillarity and above 23 percent the movement is by drainage 

from gravity. 

A study of the movement of water through the tuff was made at Mesita del 
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Buey. The movement of water from an infiltration pit was monitored by a 

series of moisture access tubes set in the tuff and a neutron-scattering 

moisture prob and scaler. The average infiltration rate from a m
3 

pit under a 

constant head of 23 em of water averaged about 0.34 rn/day for a period of about 

160 days. The wetted front moving into the tuff was sharpest during the first 

part of the test. After about 2 months of infiltration moisture had moved 

dmmward more than 4. 5 m moisture content ranged as follows: 35 percent by 

volume at 0,6 mbelow the pit, 30 percent at 0.9 m, 25 percent at 4 m, and 20 

percent at 4.6 m. 

IV. Hydrologic effects of welding 

The uppermost ash flow at Frijoles Mesa exhibits zonal variations of 

welding in a single cooling tmit by vertical changes in porosity. The 

moderately welded flow is about 24 m thick near the center of the mesa. The 

greatest porosities are in the upper and basal parts of the flow. Lesser 

pores i ties (zone of denser welding) are in the lmver one third of the flow, 

and the pore size decreases with increased depth. The following table presents 

the hydrologic characteristics at different intervals in a single ash flow 

tuff. 

Hydrologic characteristics of an ash-flow tuff at --- ----
Frijoles ~tesa 

... ,,. ,--
Height Pore size 

above base Specific Specific Hydrologic distribution 
of flow Porosity yield retention Conductivity (percent of 

(m) (Eercent) (Eercent) (Eercent) (m/da~J Eorosit:z:) 

vertical horj zontal > OJ JIVD< Dll'l1JTI 

17.9 54 35 19 10.082 

47·:~4.3 so 34 16 0.12 0.12 39 61 

47 14.3 54 38 16 0.25 0.21 26 74 

12.2 51 34 17 0.16 0.16 20 80 

49 28 21 0.041 

6.7 41 24 17 0.004 0.082 20 80 

6.1 47 27 20 0.082 0.082 15 85 
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""' 
Height 

above base 
of flo,., 

(m) 

5.8 
j.6 

1. 0.3 
1. 0.3 

Hydrologic characteristics of an ash-flow tuff at 

Frijoles Mesa (cont 'd) 

Specific Specific Hydrologic 
Porosity yield retention COnductivity 
(percent) (percent) (percent) (m/day) 

vertical horizontal 

42 23 19 0.041 0.033 

38 18 20 0.037 0.041 
51 33 18 0.041 
49 24 25 0.037 0.082 

---- ----

Pore size 
distribution 
(percent of 

porosity) 

>.01 rnm <.01 mm 

17 83 
20 80 

A decrease in porosity in an ash ... flow tuff results in a decrease in 

specific retention increases proportionately (Fig. 2). The hydrologic con

ductivity is related to pore size and pore-size distribution rather than 

porosity. The penneability of the tuff matrix decreases at increased depth 

with a general decrease in the percentage of pore sizes greater than 0.1 mm. 

Variations in vertical and horizontal permeability in the lower one third 

of the flow may be due to movement and compaction of the ash flow as it 

cooled. Movement of flow as it cools could result in elongation of the pores 

in a horizontal plant, and the greatest permeability probably is in this 

direction. Three of the five horizontal hydrologic conductivities in the 

lower one third of the flow are greater than the vertical conductivities, how

ever, the conductivity measurements were taken in random directions and no 
• 

attempt was made at orientation to the probable direction of movement of the 

flow. 

V. Hydrologic effects of joints and contacts 

Joints and the fractures in the tuff are capable of transmitting fluid 

and may offset the relative inability for the adjacent rock to transmit fluid. 

The interconnection of the joint system is an important aspect of the 



hydrologic regime. 

Joints in moderately \ielded to welded tuff of the Tshirege Member range 

from closed to open. Locally the amount of opening is as much a 5 em, however, 

the majority of joints are open less than 1 em. All joints tenninating at the 

base of the soil zone, which covers the surfaces of the mesas, are filled with 

a light-brown clay. The depth of clay filling varies from 0.9 to 1. 2 m below 

the soil zone at Mesita del Buey and Frijoles Mesa. The joint openings are 

plated with clay to depths of 21 m at Frijoles Mesa. Some of the joints are 

filled or plated with a light-gray clay. The light-gray clay is derived from 

weathering of the tuff and is co~osed of minerals leached from the tuff by 

water. This clay was precipitated along the joint openings prior to the 

development of the soil zone. The joints are interconnected and master joints 

transect one or more flows. Joints are more numerous and open in ash flows of 

moderately welded to welded tuffs than in nonwelded tuff. 

Joints that are interconnected in the moderately welded and welded units 

of tuff could provide paths for rapid movement, water was introduced directly 

into these open joints. Water would be dispersed through joint systems. 

Joints in the nnderately welded to \ielded tuffs will transmit water de

pending upon the amotmt of opening and the degree of interconnection between 

different joint systems. More than 15,000 m3 of drilling fluid was lost while 

drilling 300 m of Bandelier Tuff at Frijoles Mesa. Mbst of the loss was in the 

upper 150 m in the Tshirege Member which here consist of moderately welded to 

welded tuff in \oJhich open joints are numerous. During grouting of a casing in 

a large diameter hole at Frijoles Mesa (a 76 em dia., 15.2 m depth casing 

filled with water to prevent collapse) the bottom seal in the casing ruptured, 

and the water from within the casing drained into the formation within 3 hours. 

The number and orientation of joints in the hole were determined before the 

casing was installed. A joint near the bottom was open 1 to 3 em for about 
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1. 2 m. The 6. 9 m3 of water ooved into the joint and downward into the joint 

systems of the underlying flow. Abbreviation of another large-diameter hole 

15.2 deep and located 7.6 m to the north failed to disclose and trace of the 

water. 

The experiment at Mesita del Buey indicated that water from the infiltration 

pit moved downward through a moderately welded tuff into a pumice zone which 

is nnre porous and permeable. l-bvernent in the pumiceous zone was lateral. 

Infiltration into a moderately welded tuff underlying the pumice zone lias from 

near the center of the saturated area in the pumiceous lense. The moisture 

content of the top nnderately welded tuff was much lower than the underlying 

ptuniceous zone, which indicates that specific retention of the pumice zone is 

greater. 

Vertical infiltration through the Tshirege Member would be affected by 

zonal variations of welding as well as by horizontal contacts between flows. 

Vertical changes in hydrologic conductivity caused by contacts betlieen 

flows tend to perch infiltrating water. In the stream channel in M::>rta.11dad 

Canyon, water is returned to the surface from underflow in the alluvium and in 

a moderately welded tuff at the contact with a nonwelded tuff. 

Industrial wastes discharged into surface water in Acid Canyon move into 

the joints and tuff of the Tshirege Member, are perched on the top of the Otmii 

Member, and then move laterally along the contact into a seep area at the 

junction of Acid and Pueblo Canyons. 

Results of an infiltration experiment in the soil near TA-50 indicated that 

precipitation that is not removed by surface drainage infiltrates into the soil 

on the mesas of the Pajarito Plateau; however, the do\inward movement of this 

water is impeded or stopped by the dense transition zone benveen the soil and 

tuff and the water is returned to the atmosphere by evapotranspiration. 2 
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Appendix C 

Low Flow Investigations in 

Santa Clara, Guaj e, Los Alamos, and 

Frijoles Canyons 

Surface water drainage accross the Pajarito Plateau is easnvard from the 

Sierra de los Valles to the Rio Grande, the master stream in north-central New 

Mexico (Fig. 1). The eastward trending intermittent and perennial streams have 

cut deep canyon into the plateau. Two of the major canyons, Santa Clara and 

Frijoles, contain surface water which during a part of the year discharge into 

the Rio Grande, Guaje and Los Alamos Canyon contain perennial streams in their 

upper reaches. Only during periods of excessive precipitation (heavy snow 

melt or sUJTITler thtmder showers) cause surface water in these two canyons to 

reach the Rio Grande. 

The geology and hydrology of the area have been discussed in previous 

sections of this report. The low flow investigations were made in 1958, 1959, 

and 1960.1' 2 While the State Engineer summarizes stream flow at the gaging 

station in Santa Clara Canyon for the years 1937 through 1941 and 1950. 3 The 

U. S. Geological Survey surrma.rizes the stream flow at gaging stations in 

Frijoles Canyon for the years 1960 through 1967.4 The present study utalizes 

data from these investigations and reports. Low flow data has been supplemented 

by additional measurements in Santa Clara and Guaje Canyons and by the 

collection of water samples for chemical and radiochemical analyses. 

Geologic sections were prepared along the stream channels of Santa Clara, 

Guaje, Los Alamos, and Frijoles Canyons using existing geologic maps modified 

by field investigations. Subsurface correlations were interpreted from 

outcrops and logs of near-by wells or test holes. The low-flow stations are 

shown on cross-section and results of measurements on tables of respective 

sections in the t~t. 
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Figure 1. Map of Los AlaiOOs Area showing 'location of low-flow investigatiohs 

in S~ta Clara, Guaje, Los Alamos, and Frijoles Canyons. . . 
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The purpose of the low flow studies was to relate geology and geologic 

structure to loss or gain in stream flow in evaluating recharge or discharge to 

stream cormected aquifers (aquifers in the alluvium) or the main aquifer. 

Low-flow measurements were made with a pygmy current meter except as noted. 

The report is presented in English units to correspond with initial studies. 

The conversion factors to metric are presented if conversion is desired 

Conversion of English to Metric Units 

Multiply ~ To Obtain 

Inches (in) 2.54 Centimeters (em) 

Feet (ft) 0.3048 Meters (m) 

Miles (mi) 1.609 Kilometers (km) 

Square miles (sq. mi) 2.59 Square Kilometers (km3) 

Cubic feet/sec (cfs) 28.32 Liters/sec (1/sec) 

Acre-feet (Ac. ft) 1233 Cubic Meters (m3) 

I. SANTA CLARA CANYON 

The effective drainage area (area in which base flow increases, generally 

in mountain front underlain by the Tschicoma Formation) of Santa Clara Canyon 

is about 27 sq. mi. The canyon contains the largest stream flow of the three 

canyons. The stream is fed by precipitation percolating through the coalluvium 

overlying the Tschicoma Formation on the Canyon walls and emerging in the 

stream channel as surface flow. The flow starts about 1.2 mi west of the 

initial point at an altitude of about 9,200 ft (Fig. 2). The largest flow in

crease, in reach investigated, is between stations 3 and 8 and generally 

continues to increase to station 26 (Table 1). In this reach of the canyon the 

gradient of the stream channel is about 230 ft/mi and is underlain by the 

Tschicoma Formation. East of station 26 there is a steady decline in flow as 

the gradient of the channel decrease to an average of about 115 ft/mi \vhere the 
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Puye and Tesuque Fonnations tmderlie the stream. It is evident that the 

alluvium begins to thicken east of station 26 thus a part of the flow is lost 

into the stream cormected aquifer in the alluvium and tmderlying Puye \'lhile the 

rest is lost to evapotranspiration. 

nvo small recreational reservoirs (3 and 4) were built in the canyon by 

Santa Clara Pueblo above station 26 prior to the 1958 through 1960 seepage in

vestigations (Figure 3). Two additional reservoirs were built between stations 

3, 8, and 11 prior to seepage run made in June 1967. There was no apparent 

loss of water from the rese~·oirs into the tmderlying formations as indicated 

by the 1967 measurements. Water below station 34 is diverted from the stream 

for irrigation during a part of the year. A shallow well near station 31 

(48 ft deep in alluvium) is used to fill stock tanks on the plateau south of 

the canyon. 

A gaging station was operated by the U. S. Geological Survey near station 

34 for the water year (October through September) 1937, 1938, 1939, 1940 and 

1951 (New Mexico State Engineer, 1959 p. 229). The annual rtm.off (volume of 

water to cover entire watershed) ranged from 1.3 to 3 inches (Table 2). 

I I • GU.AJE CANYON 

Guaje Canyon has an effective drainage area of about 6 sq mi above the 

reservoir. Base flow in the canyon is maintained by two springs which discharge 

at an altitude of about 8,850 ft (between stations 4 and 6 above reservoir) 

from a zone at the base of the Bandelier Tuff. 5 A small amount of flow is 

added to the stream from coalluviurn on the canyon walls above the reservoir 

(Fig. 3). Surface water losses occur eastward from the reservoir (Table 3). 

The amount of flow is sufficient 0-1ith no diversion from the reservoir) to 

extend near mile 6 before being depleted to evapotranspiration and infiltration 

into the tmderlying alllNium and formations. The gradient of the stream channel 

underlain by the Tschicoma Formation is about 300 to 500 ft/mi decreasing to 
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Table 1. Santa Clara Canyon Low Flow Measurements 

(cubic feet per second) 

1958 1959 1960 

Oct. Apr. June Aug Oct l!ay June 

14-15 -14 2 31 12-14 16-17 20-22 

3 2.0 2.2 2.7 2.6 2.2 s.;4 1.9 

8 4.0 4.0 4.9 4.1 3.4 7-1 2.0 

11 4.0 4.1 5.2 4.8 3.8 8.6 2.8 

. 
16 4.6 5.4 4.9 5.6 4.5 8.6 2.8 

23 4.5 5.4 5.2 6.1 4.3 7.9 3.7 
.. 

.. 
26 3.9 6.0 5.3 4.9 4.2 8.8 4.3 

31 5.5 s.o 4.6 5.3 3.4 8.3 3.6. 

34 3.1 3.6 3.9 4.3 3.2 7.4 2.1 

/ ' -
,.,-._ J 

1967 
Ju:1e 

30 

--
3.6 

3.5-

3.4 

3.4 

. 3.2 

2.7 

-

--. 

----- iable- z-;- ~1--Rw:loff_a.t Gaging :Station ·in · · 

· Santa Clara Can~OJ?. · ~-- -~-: --_ -:---- . ----...:. __ · ---:---

ANNtiAL RUNOFF 

/ 
WATER lEA:a (Acre-feet) (Inches) 

., 

1937 3,368 -- 1.8 
.• 

. ~ 

.. 

1938 3,039 - .. 
1.7 .. 

.. . . 

1939 
. 

2,630 1.4 ·-
' 

1940 2,825 1.5 
. 

1941 5,602 3.0 

1950 2,460 1-3 

- Drainage area 34.5 sq. mi. 
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Table 3. Guaje Canyon Low Flm-r ?-1easurements 

(cubic feet per sec;:ond) 

1958 1959 

Site Oct Apr June Sept Oct May 

No. 17 15 3 1&4 12-14 16-17 

4 0.2 0.2 0.3 0.5 0.2 0.4 

6 0.4 0.4 0.4 1.0 0.4 1.0 

·10 0.4 0.4 0.5 2. o· 0.4 1.1 

11 o.s 0.5 0.5 2.0 0.4 1.0 

13 0.4 0.6 0.4 2.7 0.5 1.5 

Dam~ 

12 0.3 0.7 0 0 0.9 

8 0.3 0.8 0.04 0.01 0.8 

6 0.2 0.5 0.02 0 1.0 

5 0.03 .0.3 0 0 1.0 

2 0.05 0.4 0.04 0.08 1.2 

B 0 - 0 0 0.9 

!;.1 lieasurements with par~ flume 

1960 1967 

June May June 

2G-22 3_!/ 9,!/ 

0.3 

0.5 

o.s 
0.6 

0.5 0.34 Q.31 

0 0.36 0.34 

0.04 0.29 0.26 

0.05 0.24 0.21 

0 0.17 0.15 

0.1 0.21 0.18 

0 0 0 

~I Water diverted to Los Alamos on·al1 runs except Apr. 15, 1959 
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about 210 ft/mi where the channel tmderlain by the Puye to 100 ft/mi where 

underlain by the Tesuque Formation. The alluvium is thin overlying the 

Tschicoma and thickens eastward accross the plateau. 

North-south trending faults form two small structural basins accross the 

canyon between mile 3 and 6 (Fig. 3) • The charmels in these bas ins are under

lain by as much as 20 ft of alluvium and an unknown thickness of volcanic debris 

of the Puye Formation and are in the area of surface water loss by evapotrans

piration and infiltration into the underlying rocks. Return flow occurs in 

small amounts along the trace of the eastern most fault. This flow rapidly 

infiltrates into alluvium east of the fault. A test hole drilled near Station 

2 in the structural basin encotmtered about 17 ft of alluvium and was completed 

at a depth of about 103 ft: in the Puye. Both the alluvium below the stream 

channel and tmderlying conglomerate appeared to be saturated. The return flow 

at the fault trace indicates a impermeable boundary formed by the Tschicoma 

Formation to the eastward movement of water in the alluvium and upper part of 

the Puye. 

A structural feature influencing the movement of water in the main aquifer 

is the two structural basins formed by faulting in G.laj e Canyon. The surface 

of the main aquifer rises north-westward in the Guaje well field east of the 

structural basins; however, a change in direction of movement of water indicated 

by the contours to the south of the structural basins shows that the 

impermeable rocks of the Tschicoma Formation form a boundary to the eastward 

movement of water in the main aquifer (Fig. 3, main test of report). Surface 

water infiltrating into the volcanic debris of the structural basins would move 

north-south around the Tschicoma Formation. There appears to be a saturated 

thickness of volcanic debris (about 100 ft) where surface water loss to the 

alluvium and underlying rock may be a part of direct recharge to the main 

aquifer. 
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Guaje Reservoir is contained by a small concrete dam about 25 ft along and 

11 ft high with a storage capacity of about 250,000 gal. It is located in a 

narrow part of the canyon at an altitude of about 8,020 ft. Water can be 

diverted from the reservoir through a pipe line up to the plateau to Los Alamos. 

The water was used as a part of the water supply unit 1959. Since that time 

it has been used periodically for irrigation during the summer. Discharge 

measurements of the stream above and below the dam (when no water was being 

diverted) indicated no loss from the reservoir by infiltration into the under

lying rocks. 

III. LOS ALAM)S CANYON 

Los Alamos Canyon has effective drainage area of about 6 sq mi above the 

reservoir. Base flow in the canyon is maintained by a spring between stations 

6 and 9 at an altitude of about 8,000 ft from fractured zone in the Tschicoma 

Fonnation (Fig. 4). Base flow above the reservoir is small; however, with 

snowmelt runoff the excess flow which tops the reservoir will extend across the 

plateau to near state highway 4 (Table 4). The gradient of the channel under

lain by the Tschicoma Formation is about 310 ft/mi on the flanks of the 

rountains while across the plateau where the channel is underlain by the 

Bandelier tuff the gradient decreases to about 160 ft/mi (Fig. 5). The channel 

crosses the Pajarito Fault Zone near ~file 2. Near Mile 7.8 there is some re

turn flow as the alluvium thins where it is underlain basalt interbedded with 

the Puye Fonnation. The basalts form a series of falls in the channel between 

mile 9.5 and 10.5 (Fig. 4). Near mile 10.5 there is a spring in the basalt that 

discharges about 25 gpm into the stream channel; the flow only moves about one 

quarter of a mile dolmstream before infiltrating into the underlying alluvium. 

Eight shallow observation wells are drilled through the alluvium into the 

tuff or basalt bet\veen Miles 5 and 9. The stream flow which during the spring 

tops the reservoir and during heavy surrmer thunder showing maintain some lva ter 
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Table 4. Los Alamos Canyon Low Flo\o~ Measurements (cubic feet per second) 

1958 1959 1961 

Site May 23 Oct. 30 Apr. 15 lltay 15 Apr. 27 
No. 

9 - o.o o.o o.o -
6 - 0.4 0.3 0.4 --
4 - 0.1 0.4 0.4 --
2 - 0.1 0.4 0.4 --
1 - 0.1 o.s 0.5 -

Dam 

1 - - - - 3.2 ~/ 

2 - - - - 3.2 

3 g. 0 !:,1 - - - 2.9 

4 - - - - 3.1 

5 6.3 -- - - 1.2 

6 5.5 - -- -- 0.3 

~/ Runoff over dam. 
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in the alluvium of this stream cormected aquifer. The amount of water in the 

aquifer is seasonal dependent in stream flow. As the water in the alluvium 

some is lost to evapotranspiration while the rest moves into the tuff and 

basalt. Stream flow lost into the basalt is the source of recharge for water 

discharge from the spring near mile 10.5. There is no apparent perched water 

between the stream connected aquifer in the alluvium and basalt and the main 

aquifer based on data from a test hole near mile 6.5 which penetrates about 60 

ft into the top of the main aquifer. 

Los Alamos Reservoir is contained by an earth filled dam that has a storage 

capacity of about 13 million gal. Water is diverted through a pipe line to 

Los Alamos. The water was used as a part of the water supply tmtil 1959. 

IV. FRIJOLES CANYON 

Frijoles Canyon has an effective drainage area of about 9 sq mi on the 

flanks of the IIDtmtains west of the Pajarito Fault Zone (Fig. 5). The canyon 

differs, however, as it is cut into the Bandelier Tuff on the flanks of the 

motmtains. The slope of the channel west of the fault zone is about 380 ft/mi 

while to the west it decreases to about 150 ft/mi on the western two thirds of 

the plateau where the channel is underlain by tuff. In the eastern third the 

slope of the channel increase to about 390 ft/mi where it is underlain by 

basalt interbedded with the Puye Fonna tion. The basalt forms two falls which have 

retarded the down cutting of the canyon to the west. 

The base flow in the canyon is maintained by springs emerging from densely 

welded tuff from an altitude of about 8,430 ft in both the north and west fork 

of the canyon. The flow increases eastward from seepage from the coalluvium 

on the canyon walls (Table 5). The increase is to the fault zone, which may 

be attributed to \vater moving down along the brecciated zone from higher 

elevations or to thinning of the tuff and alluvium near the fault. The 

surface water losses across the plateau appear to be mainly from evapotranspiration. 
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The alluvium in the canyon appears to be thin as there is no increase in flow 

bebieen stations 26 and 30 where channel is cut on basalt and conglomerate. 

The tuff underlying the channel west of the fault zone and western part of the 

plateau is probably small as the permeability of the tuff is low, 

A gaging station was operated near the Pajarito fault zone during water 

years 1960, 1961, and 1962 (Table 6). The station was moved during the latter 

part of 1962 to near station 22 in the lower reach of the canyon. Records were 

obtained for the water year 1964 through 1969. The annaul runoff for the upper 

gaging station ranged from 2.5 to 2.8 in and from 0.6 to 1.3 in at the lower 

station for the years of record, 

V. CHEMICAL AND RADIOOiEMICAL QUALITY OF WATER 

Water samples were collected during the low-flow investigations 1958 and 

1960. They were analyzed for bicarbonate, sodium, and chloride ions as well as 

conductance to determine if changes in quality of the surface flow could be 

correlated with increase gain or loss of flow in the stream. 6• 7 The results 

of these analyses indicated no particular trends to increased gain or loss with 

flow as gain or loss were small. The results did show a general increase in 

these ions and specific conductance down gradient in the stream as ions were 

adsorbed by the water from the channel material. 

Chemical and radiochemical analyses of surface water from the stream in the 

four canyons are shown on Table 7. The low concentration of ions and total 

dissolved solids are as one would expect of high mountain streams. The quality 

of water from a stream connected aquifer in the alluvium in Guaje Canyon is quite 

si.mialr to the quality of surface water in the canyon. 

The radiochemical quality of the water shows only traces of natural occuring 

activity. Results of analyses 238Pu and 239Pu in the four smaples were below 

llinits of detection of 0.05 pCi/1. 
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Table 5. Frijoles Canyon Low Flow Heasurements (cubic feet 

per second) 

1958 1959 1960 

Site Oct. Apr. Apr. June Sept. Oct. May June 

No. 20 16 29 2 & 3 2 & 3 12 -14 16-17 2Q-22 

10 -- -- 0.9 0.5 0.3 0.1 0.9 0.5 

16 -- - 1.4 o.9 0.6 0.6 1.4 0.9 

25 -- - 2.1 1.5 1.2 1.2 1.6 1.2. 

2 1.9 2.7 - 1.6 - 1.4 2.1 1.2 

9 1.2 2.6 -- 1.5 1.2 1.0 1.5 o.s 

15 1.5 2.4 -- 1.1 1.2 . 1.1 - 0.9 

21 1.2 2.2 - 1.3 1.2 1·0 1.7 l-0 

22 1.3 2.6 - 1.1 1.1 1.0 1.5 o.s 

26 1.2 1.6 - 1.1 1.2 0.8 1.4 o.s 

30 - - -- -- 0.7 0.5 1.2 0.3 

Table _6._ . ~ual -~~~ -~t Gag~g ·station in Frijoles Canyon 

l7ater Year Annual Runoff 

. Acre Feet Inches 

1960 1,332 2.8 

1961 1,180 2.5 

1962 1,240 2.6 

1963 .-
1964 580 0.6 

1965 830 o.8 

1966 735 o.8 

.-
1967 673 0.7 

I 'H~'-1' 
I 2 (:fl 1,3 

I qc,q I o -40 ·I. I 

Gaging station moved in 1963; drainage area 1960 - 1962, 

8.9 sq. mi.; 1964- 196f, 17.5 sq. mi. 
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Table 7. Chemical and Radiochemical Quality of surface and grotmd water in alluvium. 

Santa Clara 
· Static;)ll 16 

loate Collected 4-25-69 

~emical 
E Calcium 6 
.,.. Magnesium .5 
,... Sodium 10 ... Carbonate. 0 
8 Bicarbonate 22 
fll Chloride 1 
s Fluoride o.o r- Nitrate 0.1 ~ .... Dissolved Solids 82 

1::: Total Barclness 
16 ;;: as caco3 

Conductance in 
Micromhos at 2s•c 54 

pB 7.3 

Radiochemical 
Gross Alpha 1/ 0.00:0.76 
Gross Beta 17 3.1 :1:1.9 
Uranium (Natural) !/ 0.2 :!: 0.4 

1/ Picocuries per liter 
~ Micrograms per liter 

Guaje 
Station 13 

4-24-69 

6 
3.0 
9 
0 

38 
1 
o.o 
0.1 

120 

26. 

75 
7.8 

0.00:0.58 
2.4 :1:1.2 
o.s :!:0.4 

, 

./ 
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Los Alamos Frijoles Guaje Canyon 
Station l Station 25 near Station·2 

(Alluvium) 

4-23-69 5-13-69 4-15-70 

6 6 12 
2.0 3.0 5 . 
6 13 7 
0 0 0 

26 34 36 
2 1 0 " 

o.o 0.2 0.4 
0.1 0.1 . 0.2 

86 111 111 

21 28 50 

56 80 80 
7.3 7.4 7.7 

I 

' I 
0.3S%0.89 o. 00:0.87: o. 0±1.2 
2.2 :1:1.3 3.9 :!:1.3 2.4±1.3 
0.6 :!:0.4 o.s :!:0.4 o.o±o.4 
-

.. 



VI. Sill-MARY 

Precipitation on the slopes of the mountains is the source of surface flow 

found in canyons cut into the Pajarito Plateau. The major loss of stream flO\v 

on the plateau is due to evapotranspiration; however, eastward across the 

plateau surface flmv recharges stream connected aquifers in the alluvium. The 

amount of water in the alluvium is seasonal dependent on stream flow. As the 

lvater in the alluvium moves dO\vngradient some infiltrates into the underlying 

rocks and some is lost to evapotranspiration. AA aquifer perched in basalts in 

Los Alamos Canyon is recharged in part from water in the alluvium. 

The main aquifer and stream connected aquifers are separated by a thickness 

of unsaturated rocks, The slope on the surface of the main aquifer indicates 

recharge area is on the flanks of the mountains, brecciated zone along major faults 

that along the western edge of the plateau, and deep canyons cut into the flanks 

of the mountains and western part of the plateau. The structural basin in 

Guaj e Canyon may be a part of the recharge area to the main aquifer. 
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Appendix D 

Geologic, Hydrologic and Waste 

Disposal Reports 

(Selected Report no listed in References) 

Geologic and Hydrologic Reports 

1. V. C. Kelley, "Tectonus of the Rio Grande Depression of Central New 

Mexico," New Mex. Geol. Soc. Third Field Con£., Rio Grande Cotmtry 

(1952). 

2. C. S. Ross, R. L. Smith, R. A. Bailey, "Outline of the Geology of the 

Jemez Mountains, New Mexico," New Mexico Geol. Soc. Twelth Field Con£., 

Albuquerque Country (1961). 

3. J. H. Abrahams, E. H. Baltz, and W. D. PurtymWl, 'M:>vement of Perched 

Ground Water in Alluvium near Los Alamos, New Mexico," U. S. Geol. Survey 

Prof. Paper 450-B (1962). 

4. Fane Spiegel and Brewster Baldwin, ''Geology and Water Resources of the 

Santa Fe Area, New Mexico,'' U. S. Geol. Survey Water-Supply Paper (1963). 

5. W. D. Purtynn.m, "Geology and Hydrology of White Rock Canyon from Otowi to 

the Confluence of Frijoles Canyon, Los Alamos and Santa Fe Countries, Ne\i 

Mexico," U. S. Geol. Survey Admin. Rept (1966). 

6. W. D. Purtymun, "Geology of the Microseismograph Station at S-Site, Los 

Alamos County, Ne\'1 Mexico," U. S. Geol. Survey Admin. Rept • (19 68) . 

7. M. Dean Keller, Comiler, "Geologic Studies and Material Properties In

v~stigations of Nesita de Los Alamos," Los Alamos Scientific Laboratory 

Rept. L~-3728 (1968). 

8. W. D. Purtymun and J. B. Cooper, ''Development of Ground-Water Supplies on 

the Pajarito Plateau, Los Alamos County, New Mexico," U. S, Geol. Survey 

Prof. Paper 650-B (1969). 
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I 
. Date or Cal- Magno- So- car:.. Bicar- Chlo- Fl'.lo- 1-ri- Dis- Total Specific 

Source Collection ciwn shun diU11l bon- bon:1to rid a rido trate solvod hard- conductance pHI ·-------
DRAINAGE AREA 4 (Cn) (Mg) .· . (Na) ate· '(HCO)) (Cl) , (F) (lJO)) solids ness (micromhos 

(ACID-PUEBLO CANYON) .. (co3) \ at 25°C) .. .... ..... . .. -4o ••• 

llcid Weir '1-17·70 ~6 ;I· II? c) --·~;o 3/0 .J/ /..J 6~9 ..<'t'o ..28'0 7.8' 

.. /1- 17· 7t.J .2..3 o. so 0 /:is .£0 3 j,J ;1.1/~ 5i a 'I! /:6 

.... ,, 
ic? -/II- 71 16 .2. Ill 0 /0'1 -5:2 .9 5,3 .2J1J. ?t :1/6 7.1 

. _,. ,. '1-.S-72 .29 6 7~ 0 ~f Ill/ /.II .If, g- .37"' 9&' if[cJ 7.-'1 -\ ..... 
• 

, 
.,V--/1- 7;2 19 1/ /IJO ;() /bf.] 3;! 7 .5'-3 .:<1/t) t:'l 310 7.1 ., -

Puqb/o 1 1/-16- 70 :~o 6 _2L 0 '16 1/0 3,g 5.2,9 :JifO 70 #Co l.V 

" //·19-70 19 s· ~9 0 - Z'l :?9 s. J?.t:, 1/t?/ 70 'leV J.v 
,, 

'''-ll-71 /6. . 7 ~2 0 96. .J f) 6.0 s'·'· If 76 ·68' '100 17-0 

" Jl-5· 72 II/ 1' J,-) 0 6S' ~1{ 5.91/ S/.3 '1'16 '7.2 1/1/() 'Z/ 
... 

/0-/1-7.2 16 2". 7~) 0 % ;yj ·7 S'l.f_ Jt6 Lf 111.0 7./ 

Pueblo 2 Jj-/6- 'IC' /6 7.. Jt 0 _/,1/ 5'.J 3.6 :)7,.f 3i? 70 '1-10 7,9 

" 1/·1'/-70 1-:5" (, K¥ 0 9'1 31 s 8'3._6 J.j~' ( (,'.'j i/CO 7.:2. 
,, 

10·-A·i'-71 11 5 72 0 9t .;lf{ J/,6 :)-'/,{~ 3.30 56 Jc-0 7.3 
, -

'/- s- 72 . ~~ 6 75 0 9:1.. I/'/ S.IJJ 1/J/} 378' ·6g i-./2() 7.8' 

·-- ,, l? 71 31/6 /0-jl- 7). 1/ 0 jt?g 31/ .7 .1(..8 s:z :370 l.t 
' .. 
I 

···-
fltilio_ 3 1/-1~- 70 :20 s R-'3· 0 go ~0 .1/ 5/.1 376 7v :; 8'-? 6i 

, - 1/-19· 70 /~ ....3L J.;o . 7. 0 .1.3 .s· J(7.'/ :371 ;;<r -$leV '/.I 

" 1~·14-7! 13 7 71 0 7'6 :){-. i.f( 6-S:G 1/16 60 Jr.:J (,~ 

" 1- .. :5- '1~ 16 ''I 75 f{, 31 5.57 1/j,l 3?,2 56 1/;J(.) J.J 0 

" 
-

10-1/· 72 Iff :J 7{{ ,::> /56 /j.J/ ~I 1n_ 3/'( s-{_:. 1/{tY . J.J 

Jh,. 8en/ Spr.s. .Y-17· 7(.,., /6 /0 78 0 132 30 J,6 4,1/ {,j:J 8t:-" .J 1/t.'J ~~ 
n 11·19- 70 17 1/: 7t? 0 /I» J/.3 ;;· a::uJ Si/1 .57 .5Jc.:? J.J. 
,, 

#- -s -7:1 It 1 67 0 /:It) 3& .2.:>-IJ ''·' 37~ {.g 'J,J 3~0 

" /0·1/- 7:1 19 5 71 0 /,J.O #.2 ,g' /?. lf :J70 ~.~ 36() 7-t -.. 
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Source 
DRAINAGE AREA 4 
(ACID-PUEDW CANYON) 

ilc/d Weir ., 

... ,, 
~ ............ 

. ·.~~' ,. 

I ,. 

.·,'--

,. 

Pu~b/o 1 
" 
,, 

" 
" 

P11e.blo 2 , 

" 
, 

--- ,, 

Pu~/,/o 3 ,, 
.. ,, 

" 
" 

1/o,. Ben/ Spu, 
" 

" ,, 

.. ... •' 

Date or Cal-
Collection ci'Ulll 

(Co.) .. 

1/-17·70 56 
II- /7· 7c:.J 23 
!l? -II/· 71 16 
Jf-S-72 .:29 
/l."' . /1- 72 17 
l/-/6- 7l' :~o 

J/·1!)-70 /9 
!c?-11-71 It· 
1/-5-71. 1'1 
IL'·/1-J.l 16 
Jj -1~- 70 /6 

1/- J'l- 70 IS 
/0·-/5· 71 11 
1- s-72 . )6 

10-}1- 7.). L'l 
1/-/6.-70 ;;o 

. 11-19· 70 If/ 
/rJ-/11-71 13 

1-6- 7~ 16 
/0·1/· 72 ;g 
Jj-17· Jc..., /6 
11-19- 70 17 
4-5 -7; lb 
10-1/· 7:1 19 

. 
0. • •• ! ·• 

Mal!llO- So- Car;_ 
siWil dium bon-
(Me) .· .{Na)· ate 

(C03) 

jl/' . li7 u 
o. 50 0 -
.2 11 0 

b 7-t (? 

1/ /(Jo .o 
6 7g_ 0 
s· ~l 0 

7 ~2 0 

1 J.f" 0 
2'. 2£.. 0 

7 71. 0 
6 !9 0 

s 7.2 0 

6 75 0 

1/ 71 0 

S· 10' 0 
. 7- /PI 0 

7 71 0 

'I 75 0 , 7g' D 
10 78 0 
1/: 70 0 

1 ~2 0 
s~· _ _71_ 0 
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Chemical Constituents 

lti.ll:ij;_ral'll.o:; ~t J.i te-e 
Bicar- Chlo- Fl'.lo- Ni- Dis- Total Sp::ci.fic 
bon~tc ride ride trate solved hard- conductance 
·(ltco

3
) {Cl) . (F) (1103) solids ness {micromhos 

\ at 25°C) ..... -- -~ .. . .. 
··6o 3/0 .J/ /..1 6.19 ;((/(.? .:lf!O 

/.is :<o 3 j,J ;1/j,Y .5'/ ~'I( 

/!)If -5:..2 .9 ,1},3 .276 ?t :2/6 

g'g Ill/ /.II ./f," 37,) 96" ifft) 

/tt.J 32 7 $.3 .:l.ft) C."' ::'10 1/ 

/{. 1/o 3.8 51,9 JifO Jo J/t'O 
- 7'1 J9 s. J?.6 1/t}/ 70 'Ia.? 

96. .1f( 6.0 s{.,f '176 ·6~ ~00 

6g' Pt. 5.91/ S/.3 '116 '1:2 1/t/c.J 
~-6 . , .11 ·7 S'l.t6 Jt6 1f IIJ.O 

h'l ,:5).) 3.6 JZ~ 31? '70 1/10 

r'l 31 s S'J.~ #J' {. t3 i/(/0 

9t .% J/,b ~J/,f:, 3JtJ ..56 .x-o 
'J:l. 1/'1 . S.J/.l l/J.t) 37K' -&g ~.]c) 

/0& 3l/ 31/6 •7 .:1{.,8 52 :370 , / 

~0 :1.0 J/ S;l.:l 376 '/c) .1-W 
)~D .:JJ .5' JC' '/ .377 ;,"tr fcV 

9'6 ::l.i- {.g- 6-S.~ l/16 60 Jg'.:) 

ft 31 .5.57 1/f,l 39;2 56 1/;J() 

;..-/ ~v /f. I/ j,f 1f.J_ 3.1( Sc.~ 1/(,:J 

132 ,jc) J,6 4,1/ k/.:1 go .JIL? 
ltv '1.3 'I' a:;..o Ji/1 57 .37'-" 
l:lv 3& .2$9 /~./ Jlt' 6g 3~0 

/~0 .(/,2 ,go /9. l.f ::J70 (.~ 3K'tJ 

_l 

pH 

'/.g 

7.6 
7.11 
7.¥1 
711 
7.VI 
7.vl 
I~ 
I if 
71 
7.? 
7.:1. 
7.3 
7.8' 
J.t • 

6~ 

1.1 
6? 
J.3 
J,J 

l~ 
Jl 
'/.J 
7-t 

J 
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Chemical Constituents 

1-ii.llir.ramr-: 1>et liter 

D~to or Cal- Haena- So- Car- Biear- Chlo- Fluo- Ni- Dis- Tot~l Specific 

Source Collection cium sium dium bon- bonate ride ride trate solvod hard- conductance Jit 

DRAIN/ICE AREA 4 (Cn) (Mg) .. . (Na) ate· '(llCO)) (Cl) , (F) (N03) solids ness (rnicromhos 

(ACID-PUEDLO CANYON) ., (co3) at 25°C) 
.. . . ... -· .. ·•· ... 

i.....---

llcid We/r '/-17-70 5"6 11· . 117 cJ ... {,o 3/tY .I/ /..3 6.19 :<C'o .,2?0 7.8' 

, 
II -17· 70 .:/..] 0 . .so 0 /:is .20 3 J,J :1.1/?1 .s~~ a.-'1( 7.6 • 

" !t?-PI-71 16 .2 'II 0 /01 ...5'' .9 .. -S",3 ,?,?j .P! 2/6 7.1 
,._ 

·/ " '1-S-72 29 6 7-t ('? gi, Ill/ /.II ./j, '( 37c) 96' iffcJ 7.¥1 .... 

'-
" /0-·/1- 7:2 1_1 'I /tJO ;Q /bt.'J 32. '? 5,3 .;?Jjt) t:.Y ,}/0 7.1/j . , 

Put:blo L 1/-16- 7{> .1.0 6 'lg 0 '16 J/o 3.K 51,9 3if0 70 ..YCo J.v: 
,, 

J/-19-70 19 s· g'l 0 . 7'1 39_ .s: ,J'J.6 1/t,"~/ 70 1/CV J,o' 

" J(J-!/-71 /{. . 7 ~2 0 96- .lf{ 6.0 s,,g_ '176 ·6r 4100 7.0 

, '1-5- 71 /_'{_ 1' J,-) 0 6g' ~~ 5.~1 S/.3 1'16 ·t:z 1/¥0 1?.1 

" /0-/1-71 It .2. . ' 7~, 0 '% 31 ,_7_ .5'/.h 3t6 '/f 1/10 71 
. , 

H1eblo 2 Jj -/6- 7C' /6 7 7~ 0 tf,IJ .jt1 3.6 37A Ji? '70 1/).0 7.9 

" 1/- 1'1- 70 /..? 6 8''1 0 ~If 3/ s 8'1.~ 'It( t3 ;/0() 7..2. 

,, /0·-j.:?- 71 11 s 7.2 0 9t ~ 1/.b :JJ/,6 330 S6 .xo 7.3 

~-...._ 

,, 
'/- S· 72. . ~~ 6 75 0 9:1. I/'/ .S.I/.1 1/),') 378' ·61J 1.2iJ 7.8' 

--- " !0·}1- 7.2 L£ 71 _/c:.'t .7 3'16 Jl 0 31 .Jt.8 ..52 :370 7.6 

Pue!Jlo 3 1/-16-70 ;:10 S· \0' (? '50 :;J.t.) 1/ S7.:J 376 .7<) :1 g-l tH 

, . //-)'). 70 If/ . 7. 1/!l 0 )~D .:13 .s· 7C'-'/ .J11 ~r ,Ycl-1 '/.! 

" 1~·/11-71 7 13 71 ·0 9'6 :AC:.. l,g' 6.S;~ '11(:, 60 Jr.J (,9 

" 1-S- ?~ ...& 'I' 75 0 ft 31 5.57 1/f,l 39,2 56 1/.:u.J J..3 

" /0-1/· 72 Iff 7~ 
;.-, .1/1/ j,/ 1M. 3/f .s-"' 1/(0' /.1 

.J 0 '.:>v 
(.__--. 

/Ia 17'. R<>nd S fl(:S. Jj-17· Jc.,., l{z /c:J 78 0 IJ2 .Ju :J,(._. 4,1/ ki:J 8(...'> 31£? 7,)' 

" 11-19- 70 17 If: 70 0 ltv J!.J 
"'' 

:11..() .111 57 370 7.1 
,, 

1/· 5. 7; 16 1 6? 0 /:J() 3& :lv-fJ ff.l 37t? 6g :Jf:O '/,? 

,, 
/0·1/-7.:1 19 5 71 0 /1.0 o!/.2 ,g' 1}9. Ll_ :370 ~fl 3%() ?.t 

_J 
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. Source 

P0-38 ,, 

... ., 

... ......_ 
· .. "· ,, 

" 

PO-iJJ} 
" 
" 

P0-118 
'ksi tt't? II Tl(/-ffl 

II , 
I I 

It 

-~A.e A/ f- ),.,..,~ 
.. ""'-

,. 
II 

. l . 

" ,, 
I( 

lc 

r( 

.. 
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Ch.£!!.dcal Con:;tituent:J 

. ' H.i.ll:i.gra.fn:; _]let J.ttor 

Date or Cal- Magno- so- car:.. Bicar- Chlo- Fluo- Ui- Dis- Tot:1l Sp:lci!ic 

Collection cium sium diUJil bon- bonate rid a rido trato solved hard- conductnnco 

(Cn) . (Mg) .. .(Na) ntc· {llCO))" {Cl) : (F) (ll03) solids ness (micror.lhos 
.. (CO)) ' at 2.5°C) -·· -· .. .. -·· 

i/~17· 70 ~1/ Jl/' . )9 0 .. 'lJ/ . .30 '1.0 - f,_g :1.7'{ /.J.o :J. t':"J 

li·19·'1v Jf ,. ' 31/ 0 - &' C:7 3:i. f{',g 30.~ . 341 jt)c) :ltO 

lt)·/11· 71 a.J ' g' .;l~ 0 'lv .31 ·ll,tJ \5.0 ..(.5[{ ~~.If :).'/(} 

¢-5-7.2 .]0 g J.t 0 72 S). J, 3 /.J.J .~s-s· 1'06 :l8', 

/0-11· 7:t 3.2 /1 aJ .o J¥0 ,30 2.1. ,LJ- .21/.1 /.:ll/ .270 

J/-16-70 ;1..0 10 _fL (.) 7& ~s 3 il'l .., ""'<J .jJ 9o J.20 

.tf- .S· 7 ..1. 30 I . 6l 0 r¥ Jj( .3., 33.2 J6';, ~0 1/00 

10-/1-l.:l. 13. 1/" .18' 0 c,l6 1 . 3.2. .8 23.8 3;1!/__ ·1/K 3;?tl . 

Jl-17-70 JJ. /0 (,{, 0 /lb. - -10 /.0 S.J :299 '70 36V 

s-~1._ L·'.! 32 7 qo {J 134 ~7 ,,, I?,."~, z~~ 1/t' 4-"'-l> 

{; -/(;-!, y 22 /2. 91 (/ 114- zq -=J.C> .1M.. 14., /04 St'o 

1·'2?-(~ (1 20 II 22 0 I~ 7.. 7.7 :1." I~ 33'i q4 s4-o 

l· · I - 7 I ').] 7 I "l. D q,-, 4.'> /, t;r IZ-1 L.t::!- 9/:. ~~' 
q -I -7 I "2.Cf q 7'1- 6'- I 2. t1- 3o 2.f) S:ZJ. 37'1- jofr)· 4-zo 

I_)__·-{, .. (.,'] ~.L- 14- )..2 {) ~, ts- ·O,] /3.l. J!>"J) "'"}. 10 ").7') 

~- f- ,_. cs' '3'2. Jo. 14~ 0. Eb I tl- . l· II."' /{.(?, I '2.() 7..1-(1 

. ~-1 "2. -{·9 "2.] . 7. 1..4- (J 72 13 .5 8.s -zrz. q_~ 1. 4(1 

~ -1£-l·f 7.'] q. 24- C> <a'4- 14- ;3 I D.6 2CI) /l'f. 7.45"' 

5"-7-7/ >o lt· J)" C' j]..._ ro ·3 }2.3 214- /20 24-o 

<;;-31 -71 7..'7 l3 f.) 0 68 12 I Cf I l_,'f 2J.~ /"2.() 25C> 

"2. - 17- 7 '2 ~0 9 '2.1 (.' 8f; 14- .l JZ.,[L 1.."3 &'. liz 220 

(-)t-7""2- 3o LD · I 7 6 88 1'1- . ']_ 9,7 /Si, II t. J..4() 
. 

.. 
---- L..._ -- -~-

; 
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pH 

7.0 
7.1 
f>? 
7.3 
'IJ 
b.'] f 
7.3 
7.3 
/"':0 

17.7 
i7.4 
1) 
17. ·-, 

'-

7Cf.. 
71/. 
~~ 

~.7 
17.9 
·1s 

~ 
7.'f 
17_!'2 
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Chell\.i.cal Constituentn 
: H.UliP.: AA~ pe~ JJ.ter 

Dato or Cal- •Ia &no- So- car:.. Bicar- Chlo- Fluo- lli- Dis- Total Spcci!ic 

. Source Collection ci\ua sium diur4 bon- bonate ride rido tratc aolvod hard- conductance pH 

DRAINAGE JIREA 5 (Ca) (ll&) . , (Na) ate (l1C03) (Cl) . (F) (}10.3) solids ness (micror.lhos 

(DP CANYON} 
., (co3) at 25°C) 

.. .... -· - .. . ... 

l .. --

DPS-1 /.2~.5 '"" 7 1/. /0 . 1a.7 1/0 ..').i/0 lf{j_ 'I /3~.q 85"9 7"'" IUSO /t'.t 

" Jj ·30-6f ;;o IZ- · ?tv .5"t.-V ij_Y,O .),~~' 12.6 ?f/.1 3.1JO 1.10 Jfl/{}0 l1:l. 
.. p -19·68 .:!0 10 68c:J :JiX.J 670 ::J.(.5 . ;g .?£_1f_ /698 YO 23tO VOl 

·/ , 
/0-1/ -t'l /'/_ .9 l/3c.' }..2 ~{.O /5~~ 3Z /3 c..~ 10.21 jg_ .i£00 ~ 

" -5- .. :) -69 _j£ 2 5~ liP 6!0 ISO .22 30.8 /~61 50 /6#0 l 

,, (-..5-69 ..zg 0 ...<t<>SV .,76(} .J'io 3.:> 11.2 7£7-.Y f/3;!. /t) 17f._o %1 
" (, -:/1/-/(.) 1{ 2 ~50 90 31tJ /6:} /0 35.2. 9!.2 3.1 1.)-fO 

,, . r; ·1-'1- 70 /1/. s . .<JJ 60 3/v /10 .:;- /.2.].1. _go_g_ . ~- /.]CCJ . 11.1. 

.... 

... '-

II Q -.:1!/. 70 /I 1. /.1/v .. 5() 210 3 ~.i 1/J/;J_ . Jl5- {;.)G,-1 5J.f 
~s 

.. l!-12_-7t.) ,;1.{) I. , .f. .. :) .1.1c) 6 ).55.l !ff-4 s:_r; /~(JO t&f 
:1?-'f J.1v 

,, ;:J- ;-Jt) .:u; _ _t_ :J .. 'iV .)(} 22t) PICJ (-, /J(,.V 969'_ 70 //~J Y.J 

,, 
:2-0- fi ,;(.)_ s J<;t> .210 3'//. /2.5" 9.3 1.1.3.)._ Y:l.2..2. ./""6' /.5~0 rJI,l 

, -'> -7-71 /9 5" .275 6£ -5.~8 90 ,2.0 {,/,t 1/~9, t! /J,<o f?,~ 

,, 
~ -;~ ~ /1 . 6 3 19v 7.). 35(:'; .5;?. /J,2 _/. &- G?g_ . --<f J[-l_O :t:-9 

··- ,, 11-1-?1 :2'1 .5' 167 0 .296 . .IK .Y.I (.,2, 9 tf..06 7/0 ~~ Sl) . ··-
, 

.2-17- J.< 38' 6· 21JO 0 1/69 17<6 .J.-5 137.3 1;2.}{-1 bo ././/.)tJ 7-K 

, . 7-JI-7.2 Yl. '6. Jl/11 () 3c}O 'b ;/,..s· 6S:C 6 ~:1. ;,:<g &'-f'O 7,9 

• _. II· .:J. -7.2 18 II .23:1 C) 31.2 /66 /,6 t6.c." ~"32 IH /t._t?c.J 7.7 

OPS~-2 12-..5-~7 /6 l~ ~90 c) ~1/c) -75 g /1/{J,g 669 f/() 9tit'- 8.J. 
,, 

1/ ·30-(,f ~0 .._? .:lt,V 3~ :158 80 g,g ISKI.I 7/8 70 /t'(,(J P,J 

If 6-19-tS ~2.(,' ;1.0 /:1 2SO 0 Sc) /(/ J/~o 71'1 /()() roo f.'l 

lr S'-.S-,9. /~ ~ :37a ltV 4/cJ ~j 13 JJ.6 f/6 -.5? l»cJ 9.6 

" fJ·.S-67 /b j() liJ5 '/0 ;l.:J.c} ilv II . /3..2 .1/56 ~ 6..<0 ?.9 
,, 

2-/6-70- .2~~- /0· .1!15"- .,2.fL_ 350 '0 _I?- liS. I 1r.JO 1/tJ- - _f'~~~- - _ _f,o 
~---

~-

-- - -----

• --
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' Chcm:tcal Constituent.!! 
- ·. H.i.lligrru\1~ -pe1~ U~to::...:;;r==------,------r-

. Date of . · Cal- }la.BJlO• . So- Car~ Dicar- Chlo- Fluo- lli- Dis- Total SfCcilic 

. Source Collection citun sium diwil bon- bonate r:l.de rido tratc solvod hard- conductance p.q 

(Ca) · (Mg) : , (Na) ate· ·otco3) (Cl) (F) · (No3) solids ness (ITiieror.\hos 

.. . • -. . (co3) -·· -· .. .•. •.. . at 25°C) 

DPS- 2 g -/1· 70 22. ·z · ·· .JJv __ .,.cJ ·-:;.2cr ,~o· · '/ .1/~ 1/ 7..:) o 6S ;ooo _1.£ 

" I ·.20- 71 3iJ II-. . 6S o i.i 8 t5 ..ll 35.2 61.2 92 l 330 f.l 

.DPS-3 1.2-5-67 /.6. 7 3iv o _3_l.V 3-·7 ·/u /.27 .. l799 70 [26t:-.,_[l 

·/ " lf·J;)·6e .2¥. 0 :ljr..J "1<..1 _2.).1_ f..? 1.3S 198.0 8:ltJ /-0 I.:JCO ~3 

" 6 -19-6~ 110 ..2.2 36o ;o 36o go I? '/h.8 /ft.:J 1t/tJ 11~0 ~f 

'' 5 -,_;-- 67 16 ..s· #.JO /tV .119 t.1 /tl£ I& S7,l 5/1 c.o /3(:?0 l9.t l 
'' g • .s· ·C. 7 1.2 10· li-~-> 0 . :l.:lV -'~-~ {, 1./JI .JtYI /t) s;_;o 8.1 f 

'' ·.).·/6·7c,"> ".}tj. /:2.. /50 ..50 jJjrl 6i" /.2 'lt,8 8'bt) ·//0 /tYO . 17.3f 
" <J ·1.1/-70 If / . 2-iO ..:5 .... '? 310. 1;/0 8 tt.JJ ;%tt . SV /?-'Ov ?.3j 

DPS-1/ 1.2.-5-67 36 ;o:. ~10 0 2f0 f;',s· S 71/,K .5?5' /30 7SO iJl 
" J/-.29-tg :32 ;o · :210 (} ~;g //6- Jf..s lt.?.'l 6s~.g 1.20 vto ~~ 

'· f- 30-t.~ 2.z;- · 8 · i9E..J o L2s-o sr .1. B. '157.l 5 ... '[6 94. l:lcJ 1.1 

., · s -s -t9 .24 2 "'-30 o ,:l70 8'(' 1 · .1/f.-1 276 70 76o v.2 

" 8- .11-69 · .20 · /O 16 5" v ;;so /fO g 2.-z.tJ 50'1 -9c," · .. 5"60 ll.9 

··-· '' 2.- It- ?0 .28 /.1. ff~ 20 .200 '10 S Jtl& fKZ /.AO 5.~0 9.0 

• 6 -.ltJ-70 ;J.(J :2 .. /0:3 0 .230 .f/.S" g /16 1f12 '0 .540 ~.2 

" · ~r/1/-70 2'/ "2 · /c,""f ,2v .J&v 1/o 7 g,.$ 4¥6 7t) too ~.9 

'' I I- I 7 ~ 70 _;!._ 3 7 ·. · /tJS_ · 0 .).'.!,'} ... :f.,- _II_ 13.2 #JI!I S'.:> .5/iJ 7. 8' 

II 2- /.2· 71 '1.2 "II 0

• /JS 0 .ZU? /J ... .,-. S,j_ .)7,£. {·/.i /£)(.) ~J ?.~ 

" s- 1- 11 .24 1 · J~t' o: )_Jo ?t:' ~6 'lif-O su; 7t- g.:'o 1~ . .2 

,, &'-16- 71 17 4 /.11. 0 .l.S(: 1/{) .1/. 8 .:1.2,1/ S?o 81 6 80 U 

" Jl -I/- 71 · /9 2. · 91/ o /ffiJ .30 3. 7 2/.1 i/ 31 .s~ 1/KO l.lf 

'' .2-16-7.1 .11 .2 · lr-1 o ;gg ga //,.J '11.3 s(; f 76 6 8v lls 

, 7--3/-·7,2. .2/ 6 °. 1~8 0 ;11/0 .1'6 -9-7 19.1 1/!6 7t --~00 __ --~¥ 
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• 



APPENDIX E 

.. . (~n~h:J.ued} .. .. 1 

-------·-·---····· 

' . • .l 

. . .. _~ ... ·--··:."' . .... 1 .. 
. . I • t • • 

• • • t I a ,f o -· ••• o; '' • 
c;- tJk' 

. ····-·--·-·----·---·-···-··-·-.. -·-·--···---···--···-···----·---··- ·-----·-----·'·····-· . .. /?.~ 7 / /(f 
-. . -· .. . . . .. : .. ' ... ...... - . . I 1 Chem.i.cal Constituents 

- ', lti.ll:i.Rr.'ll'l::: pel' Utor 
I 

Date or Cal- 1-beno- so- car:. Dicar- Chlo- Fluo- }fi- Dis- Total Spcci!ic 

Source Collection ciUJn sium dium bon- bonate ride rido trato solvod hard- conductnnce pH 

(On)· · (He) .' ,(Na) :1te· '(liCO )' {Cl) I (F) (N03) solids ness { . "" ml.cror.\ .. OS 

. . .. (co3) . 3 at 25°c) 
.. . - - . . ..... -· ... ... -·· 

l.---

DPS -J./ 11-.2-72 :2/ s·. /Oc.? 0 ''":212. 1/0' 3'1 22..0 4.1~ 72 520 7. 8! 

'-

OPE- STP J)-.5" '61 ).0 /:i. j}cJ 0 -~go 3!; 3 0.9 3S3 /00 580 7.5 
,, 

..5- -s -67 /6 . 1/. ;JJo 31/'/ 50 /.J i/58 s.,- Uoo 'PI v . 2 .. 

·/ " '6-S-69 16 7 /JS 0 JfO 3-~ 'I /3.2 1/i/.2 70 570 ~-2 

; - . 
. . -... 

•. 1-. . 
' . 

.. . 

. -
.. . .. 

·- ··-, . 
.. ' 

.. 

-.. 

- - --
- I -

.. .. 

.. .. . . 

• 
. . 

; 
~-·- -- --

- ~ -- - ~ 
. 

~}. 

J 
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I 
. . - .. .. • • .. I .• . ·... -· •· -Ch~m:tcai Constituents 

. · . Jti.lliP..r:lNs _Wl' Utor 

Date o£ Cal- }fa811C- So- car:.. Bicar- Chlo- Fluo- Ni- Dis- Total Specific 
Source Collection ci\Uil sium dium bon- bonate ride rido trato solved hard- conduct~ncc pH 

DRJIINJIGE JIREA 5 (Cn) · (Me) : ,(Na) ntc· (HCO )' (Cl) . (F) (N0.3) sci lids ness (microl:\hos 
(LOS ALAMOS CANYON .. (C0.3) . 3 a.t 25°C) .. . . . -. . ...; .. - - ·•· -·· 

APlff.IX .E .' ' I • . . . 

(CpntiliU~l. · • ·I . .P.-.._t,. <>/ 18 

··-·- ··-----~--- --~--------~.--~~.~_:_ ...... ~-:-·.~~ ·.:::. .. ..::....::.~_.:. .. J_=-:---:-··-_:--:-_-· ~.. .... . -- "---

I .. . 

----••••-• ..--•a-v•••• •• 

L /J. R CJt! rvoir /J-7-67 :2.0 o· .. 8 C) ·-41- 3~· ·.2 J,S 79 so 66 7.3 
, 

4-:JJ-~1 6 2. . . 6 0 -.:16 .2 
. .o ,1/ f5G .2/ sl~ .u 

, .s·- 7- 71 jtJ. 9- 7 0 .1/1/ 0 .It /10 60 ?0 7.1 . 0 . 

·/ 
,, 

s-.S-72 g 6 _z_ 0 44 2 0 ,if 96' /14 7! v-:o 
... 
.. '-

S, W. cff L/}0-/ s-... 'i-&7 /J/ :2. .38 0 bO .28 0 ,? 17'1 1/3 ,.2CK ~:5 

II f(-/1-69 /6 1' 79 0 9'6 ., " ,.S ;l,:J. .1.5/ -5~ :J.KO llf .,...c 

S, W. af L/10-1/.5 /1- ,r;-(,· 7 .28' /0' 10 0 )l.iJ . 3/j' .3 /3.2 .260 ItO .29.2 7.6 

7" ~g --M 
lAcJ- c '1/-2s·-zo /6. ;2S 0 72. :J.I I i/.lf /66 /60 . lh-5"_ 

" e-ft., -7/ ~2 6' 37 0 ff. . 1/5 ./ .i/ J. Jj_~ :Jl.P :300 7..zl 
,, 

It- .s- 71 :I. 'I ;o: .. 1/u 0 ·co i/6' ,2. ,r;. 25.2 . fc}(J ;J.$'0 i7.3f -,, 
.:;1-/ 7-1.2 27 ·7 to 0 tl/ YJ ,03 ,j__ :I 7.1. Y6 .3..5'0 7.6 

,, s-.. 5-72 IS 7 3/ 0 bg 56 0. ,J./ 18~ 7,2. 300 ,., I , . 
" . 7- J/-72 i? . 5 50 o· iOO .lfl .s ,Jj .z2G {.g .28~ 7.'1 

.. 
" /J-.2-72 '30 /0 t'l 0 <61/ ltJt . • ·3 .tJ. 32g 116 . ~.'1/0 7.2 

... a..- 5··,6Z .:lS /).S o- 94 .3.57_ Jfr,70 1L 
LR0-1 J). 3.:>- .7 f,~ j.)() 

" l/-.29-t.·~ ;),Y . ·S··. /17.: 0. 8-!.f 60 ,g' 3,9 :1.20 to 'II/ c) .1.f! 
··-

• . 6-/9-61 11 . o· 70 0 lfl /II :3.0 /.J 258 .36 2(;.g 7.7 
• tP-1-trt II ·,3.· 6S .o //(} ~I/ j,S .9 :161 1/6'_ 300 7.2 

" 5-5-01 .22 . .s· 7'/_~ ·o 70 61/ ./ ;,g 3tJiJ 11/ Jfvc/ J,J 
~---,, 

'b. ~'-61 18 s ~t 0' 80 2.9 .s 2,2 ~SI 61/ 31/l-' 7,3 

" .;2~/6-/t.~ . )g_ /2 5~ 0 /co :JQ 0 S:l ·3'/J/ lAO :JJO ~~L 
,, 

6 -J'I- 70 It s: 'IJ. . 0 76 .13 ·• 7 9 .2.5'5- to .:lf?O 7.5 

II ft-/3 -·7o ·:11/ ·. 7 6'1 0 /00 :25 ~8 . .2.6 3.Sg ?0 100 7.8 
,, 11-17-20 .10 /;l.· 5).. 0 86. :11/ . ,2. 1/.4 77'1 /()0 :J;( () 7.6 -
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(Cont~nued) · . ; . . ·' 
.. ... • • •.• • ·- ••• '-- • J, •j 

... . I 

I • I . . 
• • ',I • I. -· ... ·- ·• • f /17 ] .. A Z'fl 

. -·-··---··· ... -··-·-------··---:-... .:.. .. -··----····--.:... ....... -·------·~,..·-------·-··-- .... J'~-7' ~I .... --
. 

. . 

. 
Date or . · 

. Source Collection 
... 

LAO-/ ;2-12-71 
II 5- 7· 71 ,, 

(( -/[. -7/ 
·/ ,, 

/1-~.&)'-7/ 

.. 
\._ 

II .2 -17-72 
" S-5-72 
, 7 -3/· 7.1 

. . ,, ·Jt-.2-l.J. 
LR0-1.2 S-~.1)-(,') 

II fJ -..5-~9 ,, 
~ -!J-10 

LAO-/. 8 5-S-(l{ ,, 
· S-5-6_9_ 

.. 
LA0-2 11-5-67 

... " 1-.:Z'l-tro ··-
" t -J·l- 6·~· 

" . 9- JO-tg 
• 5-5-69 
" f6 -'I -69 
,, 

.2 ·It ~Jo 
M 

~5--/1-70 
.. 

. t;j -13 -70' 
It g .. /6-71 
N IF- Jll-71 

.. .. . . . .. ... : .. ... 
: 

Cal- lla~e-
ciUJn sium 
(Cn) . (Mg) : ~ 
.. . . .. 
3S /J. . .. 

..35 II .. 

~9. 7. 

21/ q 

.:?! g 
.:1./ r· 
3:'i II . 

:1'/. 8. 
17 JF 
17 s: ,. 
It t 
/8 )/_ . 

19 .5-
. .2'1 . 1:2 . 

/,2 s 
/{, . 2 .. 

.l~ ·s. 
'I I·.·. 

.lO ·s.· 
1g /(} 

/6 7 
If} 'I' .. 

~I -3 
/3 __ .5· 

~---~ 

. 

So- car;. 
dium bon-
(Na) nte· 

(co3) 

tJ/ 0 

Jt) 0 

8t) u 
$;! 0 
r;-., ,) 0 
b~ 0 

9:t 0 

86 0 
66 0 

74 0 

5.] 0 

J/2. 0 

.5/ 0 - -/ftc) 0 

1.:27 o· 
1./i. 0. 

/! .... ~~ 0 

7¥ ·0 

110 0-

IC'O :J.-

81 0 

lOCI 0 

/0}! 0 

-~()__ 0 

Y4-.. . 

..... h 

-Chemicai Constituents 
H.i.lli~ AJl1.s pet liter --
Biccu-- Chlo- Fluo- Hi- Dis- Total S~ci!ic 

bona. to ride rido tratc solvod hard- conductance pH 

-(llCO )" (Cl) . (F) (No3) solids nass (micror..hos 
. 3 ... •.• t a.t 25°c) -··- -
·-co. - :1.5'. j,JI 1,9 /fCJI /.]8 1/C' 7,J 

. 92. " ..:. .,._~ .if 7,0 1/18 1.12 500 l7.l1 -
/0.~ 33 . .8. 6,6 J.jJ(l I0c7 500 7JI 

/~ ~-2 ,J 6,2 4tl'/ 96 iJJC' /,6' 

r!J [,() ,JL_ ,,I JS6 flf ij;lt/ 7S 

e[J Ji 3.1 J33 ~C) /f(,c? 7./f 7tJ 
.,/i ,Jl~· ·3 7.9 1/?8- /3.11 -~ZO ?,6 

/)fl. 3i/ /.i) S,J 39"1 ·92 1/(,t.l lt-2 
. 72.. 1/2 0 ._Cj 260 ·(,0 300 7.5 

7g 3.1 0 ·'I .1.39. J.rf 61/ .)00 

cJo 30 0 2.1.. ;.1.3.1___ 6S' JOO 7./ 

.58 33 () '" lf52 62 .:11/v 7..5 

76 :J-7 0 Jl :l2.1 70 ;l,-J2 Ji/ 

~Oil 73 .7 7_~3 5!/JI /10 . 760 7.3 

IC'O 1/5· 11/.7 ?.v :J(6 .StJ 1/J(J 7,g 

6S 25 .7 .¥ :zag ~~~ ,2 f'-'1 7..S 

:1./0 '17 :;,1/ :l~ '1:1-'J 9iJ (.t.J(J 7..5 

3+'__ .J67 7.7 -86 6.0 1.2 :~g 3.':1.0. 

lf7il 
·r-<-

:vo -39 10 13.-Z J;.! .;-ro 7,{. .. -.,;:;_ 

·:;J./0 1/s /1 J/1.& 5,'.2. /10 .5¥t.J Kl· 

/(]_{, g liS /3,;2 1:]8 /(J 1/.SV . ?,5 ·-
:1.'10 i/{) '7 s.s i/68 60 SilO 7.1 

2/6 39 5,(j 1'1. 8 J/).2- 61/ ~0 7,6 

/56 :1.6 S:6 lh.7 390 :J'2 1/00 7.1 

----,... 
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.. _P~~ 7 ~ Iff .. ---·-
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-Ch.endcai Conatituents 
. ' . Hi.lliP.rat11s oor U.tar -

Data or . · Cal- llaenc- So- car:.. Bicar- Chlo- Fluo .. Hi- Dis- 'l'ot3l Spcciric 

Source Collection ciUJn sium dium bon- bonate ride ride trato solvod hard- conductance p.t{ 

(Ca) · (Mo) · :(Na) ilte· '(llCO Y (Cl) (F) . (l103) solids ness (micror.lhos 
.. u • (co3) 3 at 25°C) .. . . - - .... -- - ... . .... 

LAO-/ .).-12-71 3S /A. . .. ,J/. 0 ·-lf;J - .~J ... J,JI 7.9 IJCI/ /.JS 110 7.3 

" s- 7· 71 .35 II .. 7o 0 -92.. .2-:t .i/ 7,0 1/18 1.12 500 ~ 
., 

~ -/(. -71 ~9. 7. St.J c) j(.).~ 33 . ·3. t,t )/.']{1 jOO ${)('} 7.11 

·/ ,, II- :>--71 .2f.. q 8~ 0 lOr{ 'i') .3 6',2 4rJ'/ 96 J/70 /..5 .,.. __ 
.. 
.'-

.. .2 -17-Jl ~~- ~ J:L 0 !-l _60 ll{_ (.,j 3.56 1{-9 i.j;l(./ J,S' 
.) 

.. S-.5-7.2 .1./ 7 (.~ e'O 7tJ ,q 3.1 339 ~C) ~&CJ 7./f 0 

" 7-3/-7.1 .3:) II. 9:t 0 'j;j . ..36: ·3 7.9 1/98. /3;1 .S(.O ?.6 
II ·J!-.2-J.) t/f. 8 .. 8(., 0 1.2"/ .· .Ji/ ltJ S,J .']9"1 ·9-< 1/{:t] 11.21 

LR0-1.2 s·- ,.c; - (. 'I 17 Jj' /;6 0 %.?.. 1/2 0 ·'I 260 . (:0 300 ?.51 
II fJ -~5- (.C, 17 s:' 74 0 7~ 3.~ 0 ·'I J..3? . 61/ .JOO iUT 
II g ·13-70 It ' S.J 0 '70 30 0 2.1. .:1.31 6-5' Joo 7./ 

LA0-1.8 s-s -(.q /8 )/. 1/:2. 0 Sff 33 0 I 'I . 1<62 62 .:l'lv 7-3 

,, 
8-S-69 ICJ s 51 - 0 76 :;l.J 0 .'I :l.13 70 ::?:>2 J..i/ 

.. 
LA0-2 /;l.-5-67 . ,2/f 12. l~i.J 0 .10i/ 73 .7 z~~ 51(1/ /10 . /bO 7.3 

..... , , 
J/-~'7-b~ /) s 1.:27 o· I'll /,C) :Jt-6 1/JO 'Jg j(IO 115· .StJ ·- .. {, -;l~ t-'11 /f., ). .. J.fi ' 0. 6S '7 Jl ;,u.:g 1/f/ ;; S'"' 7..5 2.5 

" . 9- .30-tg .lS ·s . /1 ... ~- 0 .?./0 '17 .J,!f :l2. IJ:l!J 9o 600 1_..5 

" 5-5-69 '/ f· .. 7-'1 ·0 86 3¥. 6.0 2 . .2. .Jt.7 .~~ 3.-:lO 7.7 

" 'l-1 -69 .lO ·s. 1'10 0 Z!O -39. 10 IJ.:l 1/7.2 72 6'CV 7.6 
--~ 

., .2 ~1t~7o ,1g /() /(/0 :J. :1./o 11.5 ,y ~& 5,~ /10 5-¥v f!e 

• ,5-/1-70 /6 g/ /~{. 7 0 liS. -~ 13.~ . '1:)8 J(J 1/.:RJ . 'J,5 

.. ·fJ-13-70' If} 11: ;oq 0 :2.1/0 i/0 ·z 8-B i/6G to S'IO 7.1 
, 

e-16-21 ~I 3 lOll 0 2/6 3_9 ·s,r; . If/. B J/J.2 6.1/ S!/0 7.6 
H IF· /11-71 /3 ~.5· _JQ_ 0 /56 f/.6 S:6 /~.7 390 .:J"7- 1/00 7.1 

~----
--• 
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Chemical Constitucn·ta 

. · . HilliP.1•a.J\ls 1>el' Utor ---
Date or Cal .. llacno- So- car:.. Bicar- Chlo- Fluo- lli- Dis- Total Specific 

Source . Collection ciwn sium diUJil bon .. bonate ride rido tratc solved hard .. conductance p.lJ 

(Ca) {He) : , {Na) ate "(HCO )" {Cl) 1 {F) (N0.3) solids ness (micror.\hos 
. . ., . (CO)) . .3 at 25°C) .. . - -. . .... - - ·'· .... 

LA0-2 .2·17-72 J..b II . . . 'J7 0 "l$0 .. g~· . 3.</ 'I!. a 520 ~0 (,/10 7.6 
,, 

7-31-72. /9 7'. ill 0 132. -'1~ 1.7 1/.(. 1/{16 7t 600 ?.t 

' " 11-2 -7.2 1&. .s. 9:l 0 . 1~b /.:5:'/ '11.2 60 180 7./1 ;l.OO 3{. 

·-" LA0-3 12-.5-67 .1/0 7 /..5.,< 0 190 SJ q .26,0 iJJ .. J 130 5.1/0 ~ " .1/ -1.9· ~ 7 ;l.f /0 127 0 /}{. 7" -<2.4 /.2.2 /CO .sz.o 60 
. 

.. '-

" 6-~0-6S /7 3 i0.2 /0 .1/.0 33.S .:>"'D 3fJO 7.61 S2 0 30 
II 9-30··{·8 Jq :2' ~5 0 i~"i-0 30 7 Jl./j 38~ Sl/ 1/30 7.7 

II · S-.5 -61 j(... 'I .. 
127 0 16o · 

.. 
70 s.- 22.0 ·'/_/1.? . '3·1 .S':{t:> I7.S .,J 

,, 
g -'I· 69 17 )/' /C'?. 0 /j"Q 5 f!.~ 3S7 . 60 __:!?(.} l?.s 37 

u 
2. -16 ·'70 /7: .. 80 /0 /90 35' .5 .z.z.o t'6S' • l.fO 1/60 ~7 

~~ -II 6 -:ll/· 70 16 ., 81 0 19b /jg 8 IJ.2 il')l] 70 5~0 7.6 

" 8-13-7t..'"l 16 6" /Oo 0 2/0 :Jl:- 7. S' •. )" 41'1 65 5'10 7.2 
.;.t -•• . /l-17·· 7c /{, 6· 7-J 0 /70 .. -, 

.;;;._ 8 8'.8 lfl/0 65 i/.J<..7 7.1 --- 7Jl 
" 5-'/·7/ ':;l./ ·7 ~6 0 16.~ so . .£:) 2~.0 IJ](.) ·so · .!.>""..:!.{) 

-.. , ,, 
fl-16 -ll Jf o· 18D 1/.7 J/.27 6~ 7.7' ;)./ gz· J/1· IS,'/ ..5:2.0 

.. 
··-

,, 
II·· Jf-71 ;q . 5·· 77 0 /ffV :Jo ,&..- • 11/.1 1/32 (."9 1/{.0 1.2 .;J-/:J 

/1 . .2- /(,-7/. J.JI . {:, . 1/'1. 0 I5~ '79 J/..7 :1.88 .l/82 8-v .sso J,6 

" ... AJ ._ 6- 7.2 :2.6 9 · .. '77 .o 196 g_2 i/.1 2JJj 50~ /tJO 7t'0 7.2 

II 7-..JJ- '/,2. :2.6 .·7·" I.JO 0. 12t -76 1.9 3'i.2 5/0 Ct_.2 680 ]7 
II 

11-.2-·'/,2 18 6" 92 O: .2'-19" 38 5.8 /.3.2 43Jt 6S ... ·)(){_1 7.'1 

LAO-t/ 12-.'i-c? 3(· /{) /17 0 1..:?0 /f.7 J/ f{.~ · .U.9 /J(.J 3SC.:J 1.3 
,, 

1/ -29-t-8" ;J.O /2. 66. 0 11 #0 /.3 '1.1 2J.O /t70 :JOO 7.5 

• 
" 0--.20-68 /'I 66 0 /Of .:J· ~7 "3 ~9 366 ~0 300 ?.S 

It /O-Jf--6g IS 6· 67 0 13.0 ~7 .. )/ <.,/ .270 70 .340 '7.6 
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-Ch-~m.{cai Constituents 

- - l-ti.lli~·aJ'1s pet' Utor 

Dato of Cal- J.Iasno- so ... car;. Bicar- Chlo- Fluo- Ni- Dis- Totnl ·Specific 

Source Collection ciwll siUJil dium bon- bonnte rido rido trato solvod hard- conductrutce pH 

(Ca)· . (lfg) _. ,(Na) nte· '(HCO )' (Cl) (F) (tt03) solids noss (micromhos 

... (co3) . 3 11t 25°C) 
. . - -··- - ·•· -·· 

LAO- '-1 S-S-(4. I? 
J{ ... 60 0 -·66 - :J'/' ·.6 ,tJ 1?6 52 .269 7.6 

It 9-1-t'l /g b .. 70 0 idij 32 
. 

~0 .'{ ~39 ?0 .300 7.'1 

" 9-I=J-70 l!2 . 7- .57 0 1~0 -¥0 . 2. /,3 28'1 ss· ClZo 7.1 

_ _, LA0-'1.5 s- .s- 69 16 0 ..57 0 79 3.2 0 /1 :/1'1 '10 .,?.(.(? 7....5 

" <3-.1/-64 19- 7 s:; ;O 9'6 31 0 ·4 .J -.n 76 ~flO 7.3 
.J I 

, 
.2-16-70 .2'1 /0 39 0 /00 0 j.fj 1.0J) /00 :lfO 5'.1 f J() 

II 5-11-70 ;ZO 7 . .33 0 ·. '«fl .:<.5 .6 ,(/ ;!. 79 8'0 2(.(} 7.t 

,, 
·{;-.2#-70 20. 7' .1cJ 0 frO· :HJ .6 /, 3 .2.12. ·~0 ~lO fUJ 

II 
~--13··70 ~.2 8' ~6 0 /)Q i/O. .2 /. 5' .21/2 . 90 320 7,() 

,, 
-

11-17-70 ~'I 
~: ,. f,J 0 272 .JS I 1.3 .J6.Z • 8.) ..:18-¥ 8.1 

-
" 2. -1.2- 71 .22 ·9 37 0 ri8 10 ,lj I.}. 'I .JOtl 9.1/ :/61/ 17..2 

t t/-16 -71 /'1 6" .:17 0 ~8 .. 10 ,f . ~-1 2.16 7.2- 270 7..7 

,, . 1!-1(- 71 11 AJ. 35 o· ri>J ,:?-(} ,/ . .1/. 8 .296 76 .?...J() 17.1 

<r .J.-16 ·7.2 '32. 5 lt:V 0 ;.:to J{) .. :z .z .t. 62 105' . 3t"10 '/.1' 

-.. ,, 19 7 37 o· 5'8 ,;z. ,II ~t.NI 7.2 .2 7:2 7.3 
S-S-·72 :JO· 

,, 
7- ~J/-72 1¥ . 9 .. · 1/l' 0. JOB ,5 .9 /9() 72. :J. 32 7.7 

2.0 
, 

. 11-2-7.2 /9 ·q . 0 II/. -¥.2· 2? .R ,lj :U'f '3.Y 270 "73 

LAo-s 12-S--67 ~9 /0.· 1/.2. ·0 . 62 ::19 ,Jf .2.G ~oe //0 .:J.11() ~2 

,, t -20-t.S I'd '$-· /1..? 0 6.1/ .:l/f ,fJ ,.f :212 6"{ .:1-Vc? 1,2. 

-
;_ 

,, 
/r.l- '1- 68 /6 s· 'If 0• 90 :2.6 ·8 <.' :1.35 c:o ~-.:Fb 7.] 

,, 
5-5-69 . 1'1 'l '19 0 5~ 3/ 0 /.j /fiS 72 ~1( 1.3 • ---=-

" 8-"1-6'-l' 17 ·7: S6. 0 71 .J.5 ·o ./I 2:10 70 .2.60 1.'1 . 

Ll/0-6 I0-#-6S ./8 . .s 1!9 0 :z.oo :1.6 . ,s < ,-, :;.27 ~1/ :<96 7.1 

II s:...s-69 18 .S· .5/. 0 66 ;33 ./ ,J/ /fiS 6'1 21/9 1-3 
--------..:.-.-;--- ----~· --·-· -~- --------~~~ 

-. ------ ----~-----~ 
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!J..,.~J I~ c.--/ 18 
·· ~ : · · Chemical Constituentll , __ I 
• . · . · ~- · · · · Jti lli_Rrru'ls ~~ JJ. ter 

· Date or . · Cal- }l'a&nc- So- car:. Dicar- Chlo- Fluo- Ni- Dis- Total Spcci.Uc 

. Source · Collection citun si\U1l di\U'Il bon- bonate ride- ride trato solvod hard- conduct~nco p.t{ 

DRAINAGE AREA 6 . . . ·. .• . (Co.). . (}fg) . ~ (Na) nte' pt~O))' (Cl) (F)·. (NO)) solids ness (~icro~hos 

(SANDIA CANYON} . · •• • • • (CO;) •-t 25 C) 

scs-1 q-.s-61· · ·o o· ... ~37.s o .Jfo · 'Is· ·ss <.I 1738 o ;;,zo 1.7: 

" 1-13-70. l;o !d . 7o 0 i76 50 /,.1/ 30. ~ 61.2 /60 S60 '&..1 
~----------~~~~~~~~-~~--!(~~~~~--~~~-~--~---

-- --
,, 6-.<q-70 36. 17 77 o 32 s...,· · 3_. 2t..lt ~37 /6o t:ou · 1.1 

" 9 ·- 2. ~-70 "'O II · 16-t o ?O 60 3 · }(.,'J /0..?8 PI..'S- yoo 1-.2 

" 3 - B -71 38 PI 78 o 32 .55 2.6 .21~_r_ 2_()0 /52 660 6.7 

'' (. ·I-71 30 12 ·90 ·o· 60 110 /.6 .12.~c 732 IJ!"' I {.lfO 7.0 

'' . 9-11/-71 58 3{ .57S -- : ·_r_ 1./S 2.6 16.._~ ijjJO 281/ 7tl0L' ~I 

'' ll.-6-71 'JO /5 <Jl 0 . 36 .. 5.1/ 14 17.6 616 136 StJO . IZ7 
II 3-J- 7.2 . . :,-1/ IS. 110 0 I 'lit . 66· J, B J!,i/ 751f /?{, 8 '10 7S 

" 6-9-72 Jt e~ ··/56 o ltJa 31/. 11" 1a.o t78:L '13 13oo -

" g-31-12 32. ·/'/ · l/7 o 1110 6'1 if/ 2q,5 76c:t !36 6~0 J3 

" ·II- 6- 72 . . 2.2 ·· II. 4.2· . 0 8'1 ~8 '/. 7. 35~l 3.5¢ /Oc.J 3!j.,0 /.1 

SC5 -2 · q:.. ..?'-69 1/V · 12-.. !t/q_ .0 /00 ,~0 {,. · //,q 6.~0 /50 'hl.O 7.9 

" 1-12-10. l/0 . fit 18.5 0 fJt.' 9:3 ./:3 2 6~~ 1016 It-O . /OVO II 

. . . '' <l-21./-70 3G 7 lOt'/ o·. ICc? _r;o .2. · 17,£. 6/c:J 1.<0 {·.fO 7.6 

" ;;;•.2.1-70 ·t>f· .J.s .. ·./66 o. filo ~o '1.9. 30S ?JC:J ~oe 8:);.7 !}_ 

~~ .3 ·-/..!J--7/ 3$ · · 16 · /iii/ 0 go 7 ... z,- :J . .2. ·2~l StU /60 8110 7.1' 

• 6·-l-71 37, 11>. 11.3 ·0 .72 6S ·2../ _L'lf.. fJS6 /.38 ltJ6cJ . ~.J 

" 9- PI- 'II .35' '1'1· · /15 O. /vv so fl.9 13J~ 686 t'lf 660~.:! 

'' 12-"-71 35 II /5"0 _E_;_: g~ 1oe 1.6 :JO.B S3'1 /J.l 8-'10 7./ 

,, .J- 3-'72 . 27 12 /1/:J 0 6'1 so 1.8 13.5 b71/ /16 700 V.2 

" {;,-lJ-7.2 26 g.: 9'1' 0 /0'1 J,2 . .:3.8 J{.g 599 '16 ,00 -::: 
11 ro ... :J/.:.72 ~6 ... b'. gs 0 /36 '11'1 ·_z.6 . :3.1 4fi6 gg 500 !§... 

" ll-.6-· 7.2 jS" ll · !i:J'I. o IJ6· /lv· KS 13/L 606 /32 :11/0 7.2 

l sco-'1 9-5-69 · s.z ?' ···So ·0. /Jio 1.s · l, ·o 1.3 3~- 35o f::2 
·' u -308-.. . 
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·APPENDIX E 

(Continued) 

, . ....., ~ ... Hri)U#~ ·wuu· •• v 1 

.-------=---- - -·- ----·- --- ----------------~..,:;...o'4-.:....:..~---:;.._--
. · _ · · Chem:ical Con::;tituen·t9 I __ - /?(;.!_.,~ _LI 1!"1 I tl 

· · 11:illi_ro aJ\15 __l)gl~ Utor 

Date of . · Cal- }taenc- So- car:. Dicar- Chlo- Fluo- . lli- Dis- Total Spcci.i'ic 

Source Collection ci~n sium diurll bon- bonate ride . ride trato solved hard- conductclnce pH 

(Co.)· · (Mg) · I (Na) ate· "(llCO-:~Y (Cl) (F) · (NO.,) solids noss (rnicror.lhos 
DRAINAGE ARF.A 7 . · ·• · •. · (CO ) : .I t .;~ at 2SOC) 
(MORTAND!In CANYntil 3 

GS- I 1.2·6·67 "II'/ o· ··117· 1.?2 J7tJ s · 2.o K.i .291 110 6c)(J v;...z 

'' l/-.Jo--Gs· .3.2 z· . .st• 6 itJ?. A-'" .9 l~'l li/2. 9·o]_2+'0 9.2 

II /f/-7-6r1 36 . {). ,,~ Jt /16 /_') • •?. ,'f 2'1..'>- 90 -=] .) fr-t 9.6 

" 9-5 -69 21/ 7 1/J o 1.2 o s .o · :z. J.. 2.111 qo 22t-' 9.t) 

'' 6-..<2·70 1/'l .S /8-5 J/1 PI& /.3 /."1 .3.~.1R fi'l6 l3t..J et~u '/JI 

" 7·21-70 6 , . .!LlQ_I~O 27o u ,'/ ~.Z.~/7Js 20 2t/DO va6l 
'' q._.74- 7t) 8 . I 117 160 ~90 . ;o: ,2. /3,/.. J/7$ 25 7t.)O l/c1.9f 

II 1/·17-?c) 'J ,e 385 /35 29o ·· 22· :L .5(}/.t, J.J.:Y8 ,2,5 /l/6t,1 Y~9 

" /..2- /-70 31· 2 . :3&-S' 0 ·13(). 20 J 515.' /558 _?3 /6Ct.J !3 

II /2·.2/-7£) .21 I: .. .!Jj__ 0 IZ8 JO" 1./ /{.)../~ 516 .56 soo . 7.6 

" .2. ·a· 71 5.1/ · 3 8/f 0 96 IS ;.q 79.J 523 1¥9 ~70 fO 

II 6--2-71. 70·· "2' 170 1.2· 37t 35 3.5. 2.1,0 716 /(;.6 9f.tJ f,/ 

" · 9 -/J- 7/ . .5/f· g -_ · IJO 0 2.16 4£ 2.5 · ~-1/.1. 546 /6 8 t S'-' 7. 7 

" !2-tk71 30. ·'J·· S'l o PlfJ :36 _l.t /.8 3c?!J j()/j .. 3~0 7.6 

- " 3-3-72 IJ ·5 .21/0 o·· 3/.2 2Jl /.J · CJ£D 706 S2 · 8'10 7.6 
11 b -q- 72 ".21 . . 7 .. · 9"1/ 0 /60 Jt} . 16. 79 '162. so 520 7 i 

• C( - 3/-J;;.. 19- · 3 · 116- o ·2211 lt:J /,5. 70.1.J 522 to .S-'/v ~.c: 

'' · 11-·(,~72. ·1'/, ·t/". ·. .35 -o 104 /v ·/.t.-' g,q :/.2¥ s.2 200 7.3 

mc.s-3.9. 12-t-67 .1v ··7.· 113 ·o 11o .. ~..5-· 1.0 n.2 i- eo :JIO g,, 

'' 1/-30-{,f: ~0 7' 110 0: :/30 IS 2~.2 1/.'l .260 fft.J 3/c) g:3 

II '1·23_:70 . 30 'I .26() 0 2/t) ~0 J,cJ 2f,6 ·662 9t.J ~20 (,5 

• 3"-fl· 71: 11.2 :s.: 29iJ ·36 161/ :JO t.s 6t'.:?.~ 1..1oe /21/ J..soo 9.1 

, 9 -1.3 .:.71 l/0. . .1;·· . 3i5 0 -.3 .. 2"8 /.5/ '/, 9 . 1253 /13"1 /2'/ 1.360 ,./ 
. .. 

·.··· .. 
- ····· ·-·. ··-··· ·-----. ------ ·- ----1--.1--...J..----J.---!.----~__;. 
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(Continued) Pc·w tl~-;1_/fi. 

1 
Chemical Conntituen·t-.D _ 

· Hi lliP.ratl\s --oer J.:i.tor . 
Date or 

Collection 

.. 

Cal- 2-Iaeno-~ So- car·.. Bicar- Chlo-l Flao ... Hi

ciwl\ sium diurn. bon- bonate ride rido trato 

(Cn)· . (Mg) . , (Na) nta· :(}100.3)" (Cl) (F) · (N0.3) 

·· . · (CO;) · 

Dis- Tohl 
solved hard .. 
solids noss 

SJ:Ccilic 
conduct<mcc I pH 
(micronhos 
at 2S0c) 

1 Mcs.~ :J. 9 1.12-6-71 35 . ·7~ ·· 2~ o _.z~o 1~· /.I 79..J. ~28 11~ I Jt.)~c.J ~s~ 

.3- 3-72 30 q . 2~-'>- 0 :<9~ ~~ iS 24/l.t. 9cJ2 112 _I /cJttO ..:.§._ 

" 

" 
. I 6- 1- 7.2. 2.1 . . 1 . 2t)0 :32 30 1/ 4'8 . /.I. '13-f;l: 1.2 75 fjg I /.520 17 8 

« -31-7.2 .Ji/ 6 .JJS o 'It'/ .t6 ,t5 · 27/,,1 121/;., /t'J~ 1!.3-ro 1.r.2 

II II- 6-12 I 26 I ..3 12-¥0 I o I 3S6 I 2t. I z .o 1233,11 970 I 76 I !Ot)O 17.2 

/IJC0-3 12-r.-67 .20. s· 7'1 g· ''12 r J.o o.~ 23:> 7o I IJ2 ]Pl 
'1-.JO-tf .zo· 7 7£5 c ··/t)t). ;t.J /.7 7.0 ~[(, go .2Js ~.2r 

I0-7-tlf 18 "' ?I It/ . ~6 .. IS /..2 :J./ 2S2 to 3¥e-J . lr.yj ,, 
, 
, 6-2-69 I 6·~ I 7. I :120 I ..<t-, I· E?.:·? · I s. I 6 I 31 I 'l2o I 19v· I ;ovo 19.1 r 

I . '' · I 9- s-c:r I 1~ I G: ··11s-r L.i~_l"l/.·c:J I .s· I o llt:.?6.13FI LzLj J.zo 1rs1 
'' 1-1;?-J(> ).0 · 7. · 7'! 101 /t:?O IS /;/ I 7-6 3,(0 f601 ~tV 83 

6-22-70 I 28 ··I 7 · I ISO I ~-r.z I 166 !IS I IJ/. I.Z9tt~1I_!05 I lt't) I et.e 19.2 .. 

I ,, I· 9.; .< '1- 70 ' I b. . ' .2 . . 
Jt)() 9,3 

• 1..2-21-70 :J5·" 2·~ 
/;!~.-'~0 zs 

II 3·J5·71 121 I ·.f l3ic1 l/6ol21'& \.J!O I /.5· lt:21,1l1392 I GS I 16-Yt) VCt.S 

II 6- .J-?J I 211 ·I. 1· .. ·.1250 136. I Jl-Y' l..<o t....s:.z 1.2-17.'1 .:C'lo I e;"/ I 12c'o 19.-¥ 

,, q- 1.3-?1 I Jo· 1·.s · 12301 !__6 l·3c~ ltzA_I..<·f~Ja~.J.I_2_(i~ I t/6 I 11-ft.J ~~~ 

II 1.2-,-71 I 30, I s·. ·. l..?a5" I·O l..<3t I 111 I /.f l1t¥ I 666 I 96 I f/g-o 17.7 

I• 

'··· 
., 

... . . 
. ..... ·- ··-·----·---1-.- .. -.. ---.. 
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(Continued) 

-- _P~..R l?;_dtfl 
... : I .. Chemical Conatituen-~t~ 

. H:tlligraJ\1s wr JJ.tor -. 
Date of · · Cal- }Jaenc- So- Car~ Dicar- Chlo- Fluo- .Ni- Dis- Total Specific 

. Source .Collection ciwn siurn diwil bon- bonate ride ride tratc solvod hard- conductance p.l.{ 

ceo.>· . (~lg) . .(Na) ate· p1co3y (Cl) (F).· (N03) solids ness (micror.lhos 
.. ..... : (CO;) \ at 25°C) .. 

MC0-1/ 11-t.·-&7 21/ 7 ... lOI · 0 /08 ;g· . ·2 13.2 2 /"o/ 90 310 7.5 

" '1- Jl.;-_6g /6 /2 . . ,/.27 .21.0 /.5' 2.1 1..?.6 ~ f:'l ?t-' :'}g-(;> ,J.<J 0 -,, 
/t)- 7-61} /II . .3. /30 0 /S8 s· . /.1_ 8.~ 3c.}e L/.~ /fit/ f.O 

,, 
c-.;!-{.' r; 21{ /v /.;'!0 0 /,:c.') ..s 0· ~t.f Zf>t.J /0(.) //Jc.J f./ 

,, q-g-69 20 2 115 0 /Sv s o· :(0.7 3.26 60 .3!;0 ~.'/ 
,, 

I -12-70 '10 . 2' -97 ·o· i-/t' IS .8 3:;;2 ¥t;6 /10 £f[i J.Sf 
" ..5-·lf-7t-' .2$ . 7 ~'I {J : /Jc:J· If: .g 6/.6 '/I'/ j(.J(J 'ltV r.o 
•• . 6 -23-fi:> )g 10 /{)(} () P/6. Iff j.O /2..1.1 .::sc.-1.2 /ltJ 6(}(.) . lUI 
,, 

tj-,?:J -70. /j(} 8- 2..7t) (_) -~io · .l-.0 0 3]'/11 7,'5[) !..3.5 _260 !.?.[ 

" 1.2-21-70 .1/~ fil ,. ..t-¥v 0 'I~.Y 2.:j /.·'I ¢t..?.o /t75'C: /76 1/t.-Y.J ?,.s-f 
,, 

.3- ~- 71 53 ·/'I . 3Jl} 0 160 25 /.-0 ttQ.1 }. .., '7>(.} ,J.J It~ /SOu 7.6 
,, 

6-3-71. 'lt.J .. ·.1. .2-f'£) ·o /~7 -10 j.t,. 1/7:1.7 /}10 ///f /3t)O 7.6 
,, .. q-;:3-- 71 qo /0- ~30 _Q_ ,27(, L /.v . .1'/9._~ 1/tJ{, 1/j(.) _130v' 't2 -,, 

/.1-6-71- 1/.3' ·7· 2.~-o () .25'2 PlY . •6 1/i.),O gg? I:Jt . . /1{)0 li.'S 
. 

" 3-3-72 :J.I/ "7 {,}' :zJ2 ::>"'!- /, ...., . S7.Z 11.2 /tJ...?o 7.& 261 /~ .JJ.q,7 
II c- 9· 7,2 JZ· . J2 .. ·. 250 0 ,2go #t· j,3· JJ,. ~ j;)l/'/ iio /3t¥.) 7..5 
,, . 

f:-3/-7.2 :-?'{7 . .· 6. 21/.-i' 0 . 3'1~' 3"/ ),7. JJti.4 /k'2. !.2"1 /.26·(.:: Z7 
II IJ-6 -7.2 30· . g -:-. ;Jyt) ·C .38~ 32 /.5 JJG.O /tJS.2 /t..''l tf,Jv . /.J 

;f!JC0-5. 12- b -t.:l /,2 '7·' 16!/_ 0. /6.2 .j.J·. /.0 • 9· :JI~- 60 3.50. /!5 
,, 

~-30-68 1.2' .s· /'lcJ 0: jS6 ,ZO .s . S'. ~ :300 ..50 390 7...5 

• /0-7-'68 .z. /.i/ /IS 0 11-Z /0 . .z //.0 .jjf 2.1/ .330 7...5 
,, 

6 -.z-6r I:! . ·J.f. : 121/' ·o ;ov - .zo ·o· .27..3 ~5..2 1/.5' 1/t'O ~I 

II 

• 
? • g ~'69 ·12-. .. 7'. li.2: 0 ./'/0 ·s "0 . 29-S 310 60 350 g.s 

' . •.·. . . 

·--- .. . .. . . ......... . -··· . ··--· . -----· 
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Source 

MCO.-S ,, 
" , 
,, 
,, 
,, 
h 

" 
MC0-6 , 

¥ 

,, 
, 

. II 

,, 
II 

, 

-
.Date or 
Collection 

.. 

.. 
APPENDIX E I 

· · (Continued) 

y.J~~ /'tc-7_ (f/ 

1 
Chemical Constituen·~s 

_ 

· H:i.lliRt'aJ\Is wr Utor 
· 

Cal- llaenc- so- oar:.. Dicar- Chlo-~ Fluo- . Ni

ciwn: si\Uil dium bon- bonate ride rido trato 

(Cn): . (Hg) . ! (Na) nte· :(llco3y (Cl) (F) · (tJo3
) 

·· . · (co3) · 

Dis- 'Total 
solvad hard .. 
solids ness 

SIXJci!ic 
conduct<lnCo I p.'i 
(micrornhos 
at 25°C) 

'1· .<.3-70 3.2 10 .. 1.'11 o 1-?0 to · ·o t9B.o .51'6 I ao I 66° 17.5 1 

3 -3- 71 :Sp, 20. :i:SV 0 "t'i.Z ~.5 , ¥ .9/,12 /116 1..:>-'t'] I.Jf.O 7..< 

6-3 -7/ ___ 56 . · 1'/. l'iO 0 Jl/4 :l.t). · .2._ 5C6J l!!~'f_djf6 _I 132(> ___ 17! 

'l-l.J-71 I .3 7 I /.3 I/~ I 0 ' 160 I ,.!,() I • 6 ' .17£.-;lfl 222 III/I/ I /CCX) I/~ 

12 -6-1'1 I 30 I g 1210 I o I 17.2 I ~g I •. 2" I l3.2,cl 66'1 l/(;-"8 I c:"' 1.7.-Y 

:J-.3-'Zl .30 . 9· ·:u.;o ·o· ·lsv ~t ,f 1.2ts b..P/ 112 I 820 7.61 

b-9-7.2 3'1. /0 PI'/ 0 )8t; . -51? :-1 161,g 'llf_ 1.21/ 9¥C-' i!3 

S -..J/-z~ _!/_.2_ __ _l'L_ __ 27.5_ ___ 0 __ /!b'/~ 'Is _.g __ 2K(,,O 9t6. __ 14-P jl(~ _ _. __ 1_?~1_ 

J/-_6~7~ .I ~t? 1__/.?_: J !77 I o 1·2..:1t> ·1 :J6 I .s 12 77.1.1 836 I 1-<'1' I g-e~7 17.1 

12-6·67 I It I s: ··1 I'll I .o l·;s.tj I 3· I 6 I g;g· I 33¥ I 60 I 3/V · 17.5 

'1- 30-68 I /2 I · 10. · 1140 I"' o I 11/u I ·IS I tt I 10.1 .I J/f'1 I 7t.J I 3SO __ 11.3 

/c.."'-7-68. ,. 6 ··I · 1 · 1 -9~T~~--17o6 fs~l~r- 9.~Yl-![ii~f2_l_~[ __ -Z2P ___ I7.21. 

6-2-69 I /2 I . f. . I !Jl I o I 9o I ls-· I o ·I,.Z~At_L_gf6_j_~=is )________£_oo 17.8 

f/-f!-69 I 21/ ·t ··?· lltJ5I o I lilt) I .. .s I. o 1..?20·1· 3.2<i I ·9t-' ·1 31/0 lt-:5 

l-/,2-'70 ~ -/0 ' so ,~,15:.) Lt::E:._J ,J. 38'~_1 

5-/1-70 ,-~22---:-1. "7 .. ·. 79 0. 112 1-fi-1· . ~ i/60 

6-23-70 I ·.zo I ·· 7 · I 7li_C> I 120 I .1£_ I :u·.l~_X1t.1...1 J8~ j ea I 160 17~1, 

I~'YJ LQ__J/fl'. 2t) . ,(j. 17/JI 5~1/ J/0 ·I . 660 \7.1 

I '' 
. ._~~/.::1;.;.._2-:10lt5u .2.t;"'. · ,(;, ~~6.0 i'7.5t, 11-0 '600. 7.2 

,, 3- ff- 71 I s~ I 1 ,'7· I...<Jt' I o: I :!t:o I 25 I .t; LV'-~~ ;o;o I ;':12 I /1 to l!.£X 

,, t. -3-71 1. 5'1 I Jll 12.101 o I 12.1/ I ~~ l.:.o I s~,~l-1.2t.Y~ I 11-r I ;soo 17./ 

,, 9 -1.:1~71 I 37 I Jll: l-<a5l' 0 I /6t I ::lS" I ··,6 I 36'S.~ 936 I PI~ I /Og'O 17.f 

,, 12-6•711#o.l·.ll-l.i6DI o 1.19.2 l·q6 l·o ·I22D.Ol~1B'·IN'1l lo..<o 17.1 

·.· ·, . . I .· • I • • . " 
.· ..... .J-... --1- _:._ .... _--l.,._... 

. 
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---~-----
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.. Chemical Constituen"t9 
- . 

. J-ti.lliJQ:a.frls ~t J.i tor 

Data of Cal- :Ha8Ilo- So- car:. Bicar- Chlo- Fluo- .lli- Dis- Tohl Specific 
Source Collection ciWl\ siUJll diuri\ bon .. bonate ride ride tratc solved hard- conductance 

(Ca)· . (Mg) . ~ (Na) ate· p1eo3y (Cl) I (F) . (lJ03) solids ness (micror..hos 
. . .... (co3) at 25°C) .. 

Mt.0-6 3-.3-7~ 'J.Z 12' .·· '2"6/· ··'t ~.36 12(, . ··7 13'1.~ 8'/11 1.2 g /t~'60 

II 6- r- 7.2 3.2 j{.J . i 7'/ 0 uo 7;!.. . .5 21 S:C, ~6(, lio l /IOCJ 

" tz-.3/-72 35. . /3. J-.'15" 0 25'6 .5'/ . '/.Q J.<t'/.8 9rl. l'/0 1/(0 

" 1/··6-72 3Z /;l. Z'IO 0 276 .YO 1/. r.). I~Lf. ~ 91& /f'O lvoD 

/VICO- 7 /2-6-67 28 ...s· 121 0 1.1/J.j /8 .3· g. e 323 tjt] 320 
II 'I- Jc.."l- b~ .20 /0 /32 o· 111 .20 ./ 7.0 338 90 J/(.}0 

" /0- 7- M! II . .2 93 0 )]"O. /0: .2 6.2 .ze·l 3'1 3)C) 

" . 6-2"1 -69 ;zo _2 1:18 0 /.10 .. :!0 0 /J . .2 '3~'"' • • ~(..1 60 4l)0 
,, 9- g-61 . /6" ..5. 115 0 1'10. . /0. 0 17.6 3.Yu 60 )50 

~ ,, 
1-12··70 ~0 7: .. 17 0 Jj'() /u () 17.6 :3£¥ g~, 3}.(} 

. ,, 
6-~J-70 20 . ~ . /0.1 0 /26 /.5 .3 3l~&" IJ/2 K5 '1'/tJ 

,, . 
1·.2'1-70. /II .. '1/ . /CO ·o /.]0 1-,- ,2. .572 351/ 60. '/_1-0 

, 
. 3- 8-71 1/0 15·· /4'1_ 0 - /32 .z.o ,/ . 2 7;7..2 f,t;; /60 /{L'l 

" 6-3-7/. 5~·· ;:z· )55 0 121J 1.5 /.'6 ¥6~~ ·C/5(J f(jf . /!60 

" q .. /3-'l/ 6? 19 /75 o·· !/20 .:,.s-: .0.3- 1/31, l. /0.16 .236 /j/J(/ 

,, 
12 -6-ll ·LJ6 . . ;~ .. ·. !;o (;;_ 136 {',1. o· 325'' 8Jt) it{; 'l.lfC' 

• ..3- 3-72 -'/0" ·'i/ . :lOCi 0 ·/7/!. 86 J/ if/.IJ 7if 11'/ 900 
... .. 6-9-72 .1/0. /2·.·. /J6 .o .1es CJ() <./ /5/l,f./ 73~ PIG l/'C)O. 

H <6-31-72 .YO '~---"·. 17~ {). I'll- .(.(';. ·.s 
2 g '·" ?If~ /60 96C-' . 

" II" 6-7.2 '1.2 ;o· 165' o: :2/2 .5.1/ .'l 237.(. t;.2!J PI"' 9¥0 

MC0-7.5 /2-6-67 .:P/ /2 Plfl 0 I.Sv 2.:.1_ 0 /7.6 . 1/1/t) !It) i/t)O 

" 1/-30-68 ~0 /2:: l.fv .. ·o /~2 l.f ·g· 6.6 3'12 /00 /I,Zt) • -,, 
;t)- 7.:.68 -/8 . . . 0··. 106 0 .ISO ·.s. ··o. .fl. 303 i/6 360 

. ' . . •.·.·· . . .. : .. 
. . ·--·~ ·-· --. ·----
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p.t{ 

7.9 
7..3 
7.t 
7..5 

Z!L 
? sf 
7.'1 
l7.q 
~5 

7.5 
11 
7.3 
IZ~ 
7.0 
7.2 
72 
7.7 
-
75 
;_ 

73 
1'/ 
t.l 
7.2 



·-- -·-:o-~ ... ~-----=..·""'""-...,.···'·'· ....... J. 

.. . ' 
. '• 

. Date or .. Cal- l-Ia8110-
. Source · Collection CiUII\ siUill 

(Cn)· . (Mg) . 
.. .. : 

MC0-7.5 ,. fL. (l Q.-_- t: l. . /(, 5 
, 9-B-{.1 ~9 7 
II 1-/2-70 16 /D 
I( 9--2..3-70 /8 .5 
II G-3 ·· 71 10 II ,, 

1· 13-21_ .5'(, 
,,. 

,. 12-6-71 59' l'l 

" 3-3-72 '18 13 
,, b .:.q. /;J . ¥5 9. 
•• g -3/- }.2 '12 I'/ 
" . //~ ~- 72 .1/8 ·It) 

JltJCO- B J,.'!-6·67. J/0. 1/.. 
II i/-30- 63 32 f/1 
, 

/0-7-68 .2S ~-

,, 6- 1{-69 2$ s-
, q. ~ -(:,9 -~a /0 ...<. 

II 1-!2-70 ·jg·· ·6 
,, 

6-2.3-70 ..21/. ·z' 
II 9 .., '"70 -..-. .3· / 2.11 6 

·II 12·22-70 27 · II ,, 
6"- 9-'72 . 6/ 16 

,, 8 -31-72 51/ ·/8 
,, 

11-6~ 7.2 SJf. . -17· 

• 
. .. · 
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APPENDIX E 

(Continued) 

----- _ ~ ___ e".PC)_,-~_ 16 c-/ , 1 

Chemical Consti tuenl.~ 
Hilli&i~ru\15 _J)e_t Uter 

So- car:. Dicar- Chlo- Fluo- lli- Dis- Toto.l Specific 

diur11 .bon- bonate ride rido trato solvod hard- conduct~ncc p.tt 

(Na) ate' p~o3y (Cl) ' (F)·. (ll03) solids noss (rnicror.\hos 

(co3) 
::.t 25°C) 

120 ·o /3{) /() .. 0 ff. g S?'6 6o I 39£.) 7.f 

it-V () /lifO ·5 0 C.6 332 /00 l J/~10 l~"' ...) 

(> /50 /0. ,z /7.6 eo 13-vo J.J/ 
72 23Y 

;ov () /Jft) 5 0 ~8:1/ .372 &5 1/&0 7.3 

/1/0 /10 .,1~0 i3 rt31_ l.t/6 f/.C' 
0 "'li.' 7.;! 

A. .1 

Ito 0 /." 1/ 1-~ .2 . 1/C:ili,s 'l/6 .J.()f! /tiOD ;?Of 
,2{'0 () /20 2S 0 43~£, 916 .2l'l /vtt'> JIJ 

.2/t) 0 IJ/tJ ..s~~ .2 3/5!1 81'6 I 7.2 Cjfd" j.) (..~ l7.t 

136 0 17;~ '/Lf ~.I 176~0 79'.2 1'18 92~~ -
170 0 18'1 e.:; • .:J" 1'10.8 ?e-~ !60 9(.0 "U1 
/50 0 Fit ·70 . .J 2.· ~7.£ tv.V 160 9t-~ 13 

(/3 ·o 131/ /6 /. o. ,:12.6 33t/ /S(J J(,O 7.3 

7S 0 /JO ~0 - - ,6 . 17& 3l;r. /'/0 /Jt./0 7.] 

60 0 /30 :.5 () 19.8 31"/ 105" 31!0 7.2 

£'1 0 /10 2c) o· 7.5 30.;..' 9c:J Juc.,' 77 

g_:;: 0 /-'/0 /{) {) 9.7 SC'6 J/0 "3'/0 rt..f 

'17 0 /.-20 ./0 o· . /3.2 27~ 120 :.uo 72 

.5V 0 1-'/tl 10 0 17.6 3/.J $i'O 3i.t.-) 7.t 

so ·o /,Yr.) /t.,.'l' 0 22.0 '322 8-'> 3(,0 .. Z1 -
.S..-) 0 120 13 s .1{,.1/ 32.~ /12. 360 1l . -
91 0 12ft 46 ~./ -~5"0j . 77t) ~16 8:10 -

- ~ 

116" 0 /111 60 .3 lg'l,q (,J;) 21;2 3t:o 1.1/ 
-
110 0 . f/1'1 '61/ . ;J/ . 215, ' 7t76 ;J.CI/ 7$0 '/.f 

.. 
~ 

---- --·---·-

.. ~14-

.. 
-~----· 
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APPh~IX E I 

f 

(Contiriued) Pc.,_., {7 4 Iff 

. ' Cherr~cal ConGtituentD 

Spccilic I H.i.lliP.J a111S -oo, Uter 

Date or . Cal- }lagnc- So- car;,. Dicar- Chlo- Fluo- Ni- Dis- Tota.l 
. Source Collection CiU!ll siWil diur" bon- bonate ride ride trato solved hard- conduct~ncc p.1{ 

DRA{NliGE AREA 9 
(Ca)· . (Mg) . (Na) 11te' '(}ICO )" (Cl) (F) . (N03) solids ness (rnicror..hos 

.. : (co3) ' . 3 at 25°C) 
(Cll.VADA DEL BUEY} 

.· 

J" -·----· 

Tl)~4b 5-/8-67 /0 4 If/ . 0 80 s-· 2.6 .. 9 1~3 '12 /6"1 s.o 
" s- 7- 71 /6 s .2.1/ 0 ~(..') 5 ,g /.8 /8'!/ 7.2l /7(. ,/ ... J 
,. 

5-3-7.2 II· 'I 17 0 60 c,· J.O .I/ /62 i/1/ !IJ6 X3 
DRAINAGE AREA 10 

~ (PAJARITO CANYON} .. 
T/1-18 5-9-67 19 s- 'It/ 0 /20 /() .3 ·'I .:uy 7&.., 232 7~ ,, .s -7-71 26' /0 It 0 76 2.0 0 .I/ /~if !Of :Zt)O 7.V 

II .5-3-7.2 ~1 (.) q /.5 0 6~ 3u 0 17.6 191. 11.2. 2.60 17./1 
.. 

DRAINAGE AREA 11 --· 

(IvA TER CANYON} 

Amu. Spr. 12-7-& 7 16 ·/0 ~ 0 60 ·3 0 /.~ 11.2 ~0 /('() 1.r' 
" ~-.23-69. /v .· . if__ /tJ ·o ,~-, 3 ·o. Jl' 1#7 39 /t-'1 ?.'I 
II 7..;.30-70 II s J/ 0 Sb / (} ,JI i/8 120 7.2 --

W4kr CdtJJ!. /2-7-67 /2 7 "! 0 _1/6 ·.s ./ ,q ·31 60 70 7.9 
" 7-17-~f 6 6 9 o· 1/t) 0· .I/ /12 .po 7.2 . 75 0 ,, 

Z-.Jo-20 ·g .2. "'· 0 12 0 ·o 7.5 {{6 3(.} . tL:, 6.9 
.. 

7- :!9-71 8··. .· 6 6 0 76 .2 ·,;?. . "./.] q~ #'I 6'1 7..2 
,, 

..z~PI-72 /0. ·7 6 () 1/1/ ;l ·0 /.3 8'0 s.z ·7-'1 J.t 

" 7-2.1-72 !0 7 ~ 0 5.Z ~.r· ·".1 ,q 3& .s;z g'tJ .. J.? :.-..... 
,, 

/2-2./-72 8• (' 7 () 52 <I .2 .Jj /32. .s~ 72 r.o 
Near 8dtJ. Hole 1/- /5 -·7D . 12- 5 19 "{' /00 q ,q ·, 9 ·2-~ .50 7J1.i) lS 

, 
5-!0-71 II g 25 ·o VI .s ·.2· .JI /60 60 !50 7.3 - -" s~ :J-7..2 II . 

t__ _____ ~ 

... 8 - 27 0 go '/J/ . :I ''f . 162· 60 Fl2 7.0 
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(Continued) 

-----···--------··-···---- ___________ ·----·--· -------··-·-···· ______________________ . _________ __ JOe~, 18 ~~ 18 __ 

, ... -'-

~ ........... 

Source 

DRAINAGE AREA 13 

(ANCIIO CANYON) 

A "'r-lt o (d tu; 
II 

.DRAINAGE AREA 15 

_{CHAQUEHUI CANYON) 

Dct:""- S /1._rl"lt:i_ .. 

·-

Dato ot 
Collection 

q-17-" 7 
q -].S-71 

q-17-l·9 
fi-/7. ~ 71 

-
------ ~-~--

; 

Cal.:. }lagno- So-
cium siUJ'l dium 
(Ca) (Mg) 0 (Na) 

. 

14- .l. 2/ 

li- .s-. /2-

12- d ~~ 

fp $'" ~I 

. 

-~~- ----- -----

Chendcal Constituents 
H.illiP..ra111s oor 1.1. ter 

Car- Bicar- Chlo .. Fluo- Ni- Dis- Total Sp:lci!ic 

bon- bonate ride . ride trato solved hard- conducte.nce 

ate (~0)) (Cl) (F) (llO)) solids noss (micromhos 

(CO)) - at 25°C) 

{J t;.q 2- tJ, ...,- i/ 15~ s-(l 27ZJ. 

c;r . '"'7 J_ 7- ~< ,, .4- /S"V t-.(' l I tfo 

t> ,,~/- ~ ~~.2-- <.I /S3 tj.{:. I i'O 

0 ctrtt 4 o.~ o.ti '7.19 60 7.60 

.. 

. 

-- -------- ------- --- --

-316-

I ---
pH 
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~4-: 
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1 

=--:~.3 .Y tt;:31~tJ?l_ 

(J ! tt~ft:t-7o ~I -
,,(),('f-"l I I Ll l---- -

I I 4-5-72 I 
1------. -

~ I - -- - ~ 3£b ,~-=-~.(,-.r-;k 4 . 

ill
. ~ ,/(;. ,13- .,.. -/ - ~3~o I - ~I Yto3l~.~ 

J..-..- '' --1-'~' :'!..:h..j% It .65'. .uy- - - - .( 3~ ; - kJ )'IJj_~:z.--
4- f~-?b z I 7.1 L rO,L ____ -~.!_q~ _ _J _ ___:-___ _______ - - - I _ - ~I ,t(oJ 11.3 

~.as- ,oLJ-~. __ -:--___ _ 
. . ,o_]_ J,oc_ - -

==±]--t~;.-;~. -i'r .. ~! -:·::;- ~-;~- ---::-- --::::--1 
_-. :;:;I :~ ;~3-::-c-2 I 

LJ?ye~lo3l 4--ft>- 7tJ ~ I 10 <_~qY_ ___ L::..·.C?.~- __ __:_ ___ -··-=----- ___ ·=.__ - i - /..fJit~~4 j 

!t-tct-7~ I L.. I I "2.. ~.os -<..os- . - - - ·.- l - {./lto3! I. o I 
/I 

• 

'• I fb-/4-71 ~ C:.. .oc. · <.os - - - L35o! - I,;.(Xto3 !.C:.4: 

':=--~~~- t;::;:,~ _ ~~~- --~:~i:~_L:~~ . ~-- ... --=--- ~ _l~;; i _= __ l:,';;~rfJ 
. 317-
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APPENDIX F 
(Continued) 

.--- - ec~ .& 7.. 61- ./..ti-

l I - PICOCURIES PER LITER "> J. '.J.g/1 I 

I Date I Gross Gross I I · _ _ I ~--L' 
' Collected I Alpha Beta a~·aPu. 239pu ulAm aaaRa 23-'U l37Cs ~ 23&tt 

Source 

' 

(f. f3,?o~~fJ_?_~}D __ .,_£L_I~L1L~.p~r ~q·~-- ---~ ----=-~-- = I ·-.. I.~ .. ~cl~4_ 
, fJ-:> - - - ~ · - £f X toJ I 1 5 

·- t----=;...;._-t----:;--t----
:;..-1----=~ 

· , I . / · I 
L... i 4- c;"-7 z '3. . 7 4... I 05 _]_ 09 I I . - It'-.> ~D I !~, ~ (V-' L~· .. 5-

~--'~j__L~:!~_?-z.. ~I !, £..o}- £.,oe:;- ! ! ./ ! - !L -,.~-~! !.'.~:'/:~! , .., 

(l 

/( 

_ r1 J.:t-.!...~7.~--~· L.. I <.I <.D-3>- <. o.~ - ~ " t._ 3Yo ! - ~ 1 .r /~ <, 4-1 
( 4- - - I j . 

&~Jf~r IJ--[b--1, Z · -·· ({ c0:2- .. ' . · - . ., ........... __ · ___ - . r-

1

. ,.... ! - ) 14 ! 

'r 'J-1-t..ro t~. 4 -<.,os-.:.: ," ..... · - - 1 .- · - I -- , I~~ 
·==-..:=~-:-- - - -- - .. ••. - · ... " . - . . .. . . .. I - -- --- . . -· _:;~ 
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PPENDI~ F 
(Continue~) 

:• 

, fJo-c-u '7:, c'( '2 lf- 1 

r--- I · PICOCURIES PER LITER - r I ~g/1 
I 

'1 Date 1 Gross Gross 
SoLu:ce Collected Alpha Beta 33.8Pu 338 P·u 341 Am -1 auRal ~uu I l:r'Cal eosrl 3 H 

~ f.blt 5w-l2:L?c:.f:L _4_!_ _)!: ___ Lf?.. v., _ ~P.P2 ___ .::::_· . ---~--- ~ ~~- ~ . . - 1&:_1 

a38u 

~... r• !~ -11-t..r < 1 > c.. .v~- < ,05 ..__ . - ___ :::-_ ...... - .. Z!.L 
I II I 0 - J (,• - ..., v < /" ~ t. CJlj I I 0 'j - I . _.. - . i - . ./ - (J. 4-
1-··· ·---·· 

I 11 I '>- ' 7- 1/ 2 2 (_ , 0 ') {" , 05" - l ~.. - I - ~ - J # 4-

! I( I s -3 I - 7 I I ~ I I L.. I 
I( 

II 

2-/7-7-z. 

7-31-72-

~ 
<1 

·3._ 

lJ-

t-·t 05 

(_I 05' c... oc 
I 'J 

~ ,o) . L.... ,o?' 1 

- ~ 

- ....... 

--

- • _.. ~}Xfo.31 J .. 8 

~ 
..(.ss-o 

-
-

k Lrto3! 3. 4-. 
K I Yt~l J.,b 

---1- I I I .1 I I I -· 

t------t------,!-----11 I I ·-···-···-I·--··----· .......... . 
--··· --1·--·----~- _,_ .I ~ -+--~-t--r--

1 • 1----· I . I I I I I I I ! I 1-

-----1 I I I ·--+-·---1---··--- 1--·--·-------·1 I ·I 
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APPENpiX F 

(Continued) 

r--------1 ----r,--------- PJCOCURIES PER LITER___ p~# 4-c£ 2 <1- ~g/1 

:aa·aPu 239pu a41Am aaaRa aa"u r ,. Date J Gross' Gross 

I Source r.ollccted Alpha Beta 

r-w.J.:~:.:;·· 5 ;~ __ , r,_?PbL} .~~._!_; I 

~_:_L_Fr:~~:~-~:b;~~i:~z ~)-~;= 2~~ -~~~ -~~~ ~~=,~:.~~ =-
L ... ,, I 4 · l$1-t,$' 79 f. 'J..bo ~. 37 It,' ~. 4t , '21.. lot/. _£~ .. ill~-- ·-· ~ _ 

I ·· I tP -'I -folis' It, t,; zo /. ~s- 3. 3 3_, 13 .t. .Is '"·~ "l cth SB& -

r" I 5"- .,_,., n 7.,170 ~. 7/ I /3./ 4.6fl' ""· ty }O.) 3 ''" -~l~3<>,j'J"I -
~- c.:,--IP'J 14 ~.9'5n I, 74. !I./ .J, lo , 32. l'i.J, ~ 7~ .~kq_..ftJo Xu/';._ __ 

! 4- -· c, I : 

ll-4--t9 1./~6· '3.2s 3~L~ _f._~s- - t•~ /.l-7". 4-Jaii,6XIo'll-. 

l:rt Cs sosr "H l•aeu 

I 

L~ 
., 

: Cr 
I 

I 
II 

.. , - ---.- 1~-

1 
I I -

1
_ 

{p-"lcJ -7() 5"' I ')Jfo _f.J_ltj ___ -.:J::.~g-~~ - q,l 1Po ~tJ 11tJ6_~to3j _ 

I ~'0--/4-Jo__ 7 7'1-tJ ,}} Ufl ,9) - /3.s- _i&.~-~ r/l-gXt•31 -=--

1' ~-")4-?_o /2 ~lo ,)2. ~-~1 f,3"J · <.Is- 1~:1 'Z~~ , ~~t)~Z.--~~1-'"_ 

--:: ~~--~~~-;: I ~~-~:;0- -;;-- <~~ '_}.·r:-:--.(:,> ~::; -,~::.: t::D r:::::_;J :_: 

1 II __ :. "!_3~1/ _ _ ~ j _____ i__l6_p_ _, .4-6 '~,._,- ';u_ - '92 /J2dJ 3/P! /'1~~-]--=---f 

_____ ,.. ____ ?_-J.:.7t_r-_fl ___ .J--+~zr- J.~ .. -!:.r ____ .. ?·?~ .J_,~z . - ! --=- 1-t..-'-~~-'!-=--~{~~J'")~~~ . I 

'' 'is'~ It· 7[ I~ (&, 1 s- ~·'iS ?,,47 , 7Z.. ~,Is- 2;-:t. I D s-o . ~37 ~~-s .rt"~ - 1 

'· 11-4-71 · <'f /Jbo .os- ,"3-!f .21 <.1.) Jb,IJ.. ~"" ! 1 ()p"J_ 4->_4-.xt~~· ~ .. 3! 

1--
-/···-·- ----··· ....... ·-··-··· ···-·-- .. ···-·-····--·- . -·-··-··-·- ··--··--- -·. I ~ ~ ! 

11 2-17-72. 2 ~If~ .<:I 0~ ,5"3 - ...... - L 376 : - 'J,/1D.(t4.3i {~., ! 
' I ' i 

~_I 7-3,1_-72: __ }_1__.:2/)&£.. ,";2Cf [C,.2 . ,5y- - -- .C.3s-o: - 15"J,po3: f,,7~ 
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HYDROLOGIC CHARACTERISTICS OF THE 
. MAIN AQUIFER IN THE LOS ALAMOS AREA: 

DEVELOPMENT OF GROUND WATER SUPPLIES 

by 

W. D. Purtymun 

ABSTRACT 

Deep wells completed into the main aquifer have furnished 40.5 x 109 gal. of water 

for the Los Alamos National Laboratory and for the communities of Los Alamos and 

White Rock from 194 7 through 1982. The main aquifer is within the siltstones and 

sandstones of the Tesuque Formation along the Rio Grande, and it rises westward into 

the lower part of the Puye Conglomerate beneath the central and western part of the 

Pajarito Plateau. The Laboratory and communities of Los Alamos and White Rock are 

located on the Pajarito Plateau. 
Supply, test, and stock wells have been used to collect hydrologic data from the 

aquifer beneath the Pajarito Plateau and to the east along the Rio Grande. Hydrologic 

characteristics of springs along the Rio Grande, which are in the discharge area from 

the main aquifer, are included to supplement the data from the wells. Hydrologic 

characteristics of the aquifer determined from tests and observations are the saturated 

thickness, pumping or production rates of the wells, drawdown, specific capacity, field 

coefficient of permeability, transmissivity, rate of water movement in the aquifer, 

production from wells and fields, water-level trends of the aquifer, rates of water-level 

decline, and production per foot of water-level decline. 

Chemical quality of water in the aquifer varies according to the formations yielding 

water to the wells. Based on hydrologic characteristics of existing wells, suggested 

locations for four additional wells were made in areas to develop high-yield low

drawdown ( 1000-gpm/100-ft) supply wells. These locations are recommended in long

range planning for future water supply as the demand for water increases at the 

Laboratory and in the communities. A well to replace well G-4 in the Guaje Field is 

recommended to offset declining production in the field. 

I. INTRODUCTION 

The Los Alamos National Laboratory and the com
munities of Los Alamos and White Rock are supplied by 
water pumped from deep wells in three well fields located 
in Los Alamos Canyon, in Guaje Can yon, and on the 

Pajarito Plateau. Production from these wells is from the 

main aquifer of the Los Alamos area. The main aquifer is 

the only aquifer that is capable of municipal and 
industrial supply. In addition to the 18 supply weils that 

penetrate into the main aquifer, lO test wells and 2 stock 
wells in the Los Alamos area are completed into the 
main aquifer. 



A. Purpose and Scope 

Hydrologic data have been collected from 194 7 

through 1982 from supply and test wells. The data have 

been collected and published to ensure a continuing 

historical record to provide guidance for water manage

ment resources and long-range planning for the water 

supply sytem. 1
-

14 The purpose of this report is to evaluate 

this hydrologic data and to describe the hydrology of the 

main aquifer to provide support for long-range planning 

of locations for additional wells. 

B. Geography 

The facilities of the Los Alamos National Laboratory 

and the communities of Los Alamos and White Rock are 

located on the Pajarito Plateau. The Pajarito Plateau 

forms an apron 8 to 16 miles wide and 30 to 40 miles 

long around the eastern flanks of the Sierra de los Valles 

(Fig. 1). The surface of the plateau slopes gently 

eastward from an altitude of about 7800 ft along the 
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Fig. 1. Topographicfeatures in the Los Alamos area. 
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flanks of the mountains to about 6200 ft along the 

eastern edge. where it terminates along the Puye Escarp

ment and White Rock Canyon. The plateau is drained by 

southeast- and eastward-trending streams that have cut 

deep canyons into the surface of the plateau. 

The Rio Grande lies to the east of the plateau. It drops 

from an altitude of about 5500 ft at Otowi (mouth of Los 

Alamos Canyon) to about 5360 ft at the junction with 

Frijoles Canyon. North of Otowi the Rio Grande lies in 

a broad valley, whereas to the south it is confined in a 

deep narrow canyon (White Rock Canyon). 

The mountain peaks of the Sierra de Los Valles rise to 

an altitude of about 11 500 ft near the head of Santa 

Clara Canyon and to an altitude of 10 200 ft near the 

head of Frijoles Canyon. The crest of the north/south

trending range of peaks and ridges forms a surface water 

divide. Streams originating on the eastern slopes and 

Pajarito Plateau flow directly into the Rio Grande. 

Streams on the western slopes follow a more circuitous 

course and enter the Rio Grande 75 miles to the south. 

The climate and vegetation change westward from the 

Rio Grande to the crest of the Sierra de Los Valles, along 

with the change in altitude. The average precipitation 

increases from about 10 in. along the Rio Grande to as 

much as 30 in. along the crest of the mountains. The 

average annual precipitation on the plateau is about 18 

in. About 70% of the precipitation occurs in July and 

August during summer thundershowers. 

C. Definitions of Terms 

A few of the hydrologic terms are defined for the 

convenience of the reader. 

• Aquifer. A body of rocks or formations that contains 

sufficient permeable material to conduct ground water 

and to yield economically significant quantities · of 

water to wells or springs. 

•Saturated Thickness. The zone of complete saturation, 

which includes permeable and relatively impermeable 

rock units. 

• Pumping or Production Rate. Reported in gallons per 

minute (gpm). 

• Drawdown. The distance the water level in a well is 

lowered by pumping (ft). 

•Specific Capacity. The rate of discharge of a water well 

per unit of drawdown (gpm/ft). 

•Transmissivity. The rate at which water in an aquifer is 

transmitted through a unit width of the aquifer under 

unit hydraulic gradient (gpd/ft). 



• Field Coefficient of Permeability. The rate of flow of 

water in gallons per day through 1 sq ft under a 

hydraulic gradient of 100% at prevailing temperature 

in the aquifer (gpd/ft2
). 

• Rate of Movement in the Aquifer. Derived from the 

equation V = PI/p. where P = field coefficient of 
permeability in gpd/ft2 (converted to ft 3), I= hydraulic 

gradient, and p = per cent porosity of saturated 
thickness ranging from 15% for fine sediments to 20% 

for sandstones and conglomerates. 
• Production. Reported in gallons (gal.). 

II. GEOLOGY 

Drainage areas or streams that head on the flanks of 

the mountains are cut into the rocks of the Tschicoma 

Formation. Canyons on the Pajarito Plateau are cut into 
and are underlain by the Bandelier Tuff. Along the 

eastern edge of the plateau, the channel is cut through 
the Puye Conglomerate into the Tesuque Formation, 
which floors the valley north of Otowi on the Rio 

Grande and forms the lower canyon walls along the Rio 
Grande in White Rock Canyon (Fig. 1). The basaltic 
rocks of Chino Mesa are in places interbedded in the 

sediments of the Puye Conglomerate. 
The rock units described, from oldest to youngest, are 

the Tesuque Formation, Puye Conglomerate, and 

basaltic rock of Chino Mesa of the Santa Fe Group; the 
Tschicoma Formation and Bandelier Tuff of the volcanic 

rocks of the Jemez Mountains; and alluvium and soil of 
recent age. The generalized geology, stratigraphy, and 

structure are presented as a basis for understanding 
hydrology of the main aquifer. Detailed geology can be 

found in Refs. 15-19. The geologic nomenclature used in 

this report is from Griggs. 17 

The generalized stratigraphic relations are shown on 
the geologic cross-section through the Pajarito Plateau, 

Fig. 2. A diagrammatic section correlation of rock units 

between supply and test wells is shown in Fig. 3. 

A. Santa Fe Group 

The Santa Fe Group, in ascending order, consists of 

the Tesuque Formation, Puye Conglomerate, and 

basaltic rocks of Chino Mesa (Fig. 2). 
The Tesuque Formation is the oldest geologic forma

tion to be considered in this report. It consists of a poorly 

to moderately cemented light-pink siltstone, silty sand

stone, and a few lenses of pebbly conglomerate and clay. 

The sand-sized particles are dominantly quartz and 

feldspar; minor amounts of biotite. muscovite. and 

magnetite are also present. Rock fragments are rhyolite, 

gneiss, schist, limestone, and quartzite. Basalt flows are 

interbedded with the sediments of the Tesuque Forma

tion. They generally are about 50 ft thick and contain 

interflow breccias of sediments. 
The Tesuque Formation crops out along the Rio 

Grande and in lower Los Alamos and Guaje Canyons 

and underlies the Pajarito Plateau (Fig. 2). 
Many individual beds in this formation are permeable 

and, where saturated, will yield water to a well. Some of 
the beds are relatively impermeable, and they restrict 

vertical and lateral movement of water within the 
formation. Beneath the Pajarito Plateau, coarse volcanic 

rock fragments of latite, basalt, rhyolite, tuff, and pumice 
predominate in the upper 1000 ft of the Tesuque 
Formation. These coarse sediments yield larger amounts 
of water to wells than do the finer sediments that 

predominate in the formation farther to the east along 

the Rio Grande. 
The interbedded basalt flows in the Tesuque Forma

tion may be fairly dense; when thin, they may be highly 
jointed and yield large amounts of water. Sediments of 

the interflow breccias between basalt flows are coarse 
and should yield water readily. 

The Puye Conglomerate overlies the Tesuque Forma
tion and consists of poorly to well-cemented detritus, 
which ranges in size from clay to large boulders (Fig. 2). 

The rocks that compose the conglomerate are latite, 
quartz latite, dacite, rhyolite, basalt, and pumice. Lenses 

and tongues of silt, clay, or pumice are common. The 

basal bed of the conglomerate is a slightly consolidated 

channel-fill deposit distinctive in composition, consisting 

of pegmatite gravel and boulders of quartzite, granite, 

gneiss, schist, and fragments of basalt and limestone. 

The Puye Conglomerate crops out along the Rio 
Grande and thickens westward beneath the Pajarito 

Plateau. Along the western edge of the plateau, it 
interfingers in the subsurface with flow rocks of the 

Tschicoma Formation (Fig. 2). The Puye Conglomerate 

is highly permeable and, when saturated, it yields large 

amounts of water to wells. 
The basaltic rocks of Chino Mesa consist of a series of 

basalt flows and interflow breccias. Individual flows 

generally are less than 50 ft thick; however, a series of 

flows may form a single thick-basalt unit. Intertlow 
breccias of broken fragments of basalt and sediments 

may occur between individual flows. 
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A thick section of these rocks crops out along the Rio 
Grande in White Rock Canyon south of Los Alamos 
Canyon. The rocks thin westward beneath the Pajarito 
Plateau, where they interfinger in the subsurface with 
sediments of the Puye Conglomerate. 

The basalt flows were extruded from centers east of 
the Rio Grande, and they flowed north, northwest, and 
west across the present course of the river. They form the 
eastern edge of a north/south-trending basin beneath the 
central part of the Pajarito Plateau (Fig. 3). The basin is 
filled with conglomerate that interfingers with the basalt; 
deposition of the conglomerate and emplacement of the 

basalts were contemporaneous. Thick sections of basalt 
into the subsurface and along the eastern margin of the 
Pajarito Plateau occur where the flows filled topographic 
lows in the Puye Conglomerate. 

Thin basalt flows, separated by interflow breccias 
beneath the central part of the Pajarito Plateau, are 
permeable and when saturated, will yield water readily. 
Open joints and cavities in thick -basalt flows also yield 
water; however, along the Rio Grande (White Rock 
Canyon), steepening of the contours on the surface of the 
main aquifer indicates that thick-basalt flows form a 
barrier to movement of ground water (Fig. 4 ). 
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B. Volcanic Rocks of the Jemez Mountains 

Volcanic rocks of the Jemez Mountains, along the 

eastern flanks of the Sierra de los Valles and on the 

Pajarito Plateau, consist of the Tschicoma Formation 

and the younger Bandelier Tuff (Fig. 2). 

The Tschicoma Formation consists of flow and 

pyroclastic rocks composed of latite, quartz latite, dacite, 

and andesite. lnterflow breccias of broken fragments of 

flow rocks and sediments occur between flows. 
The Tschicoma Formation forms the Sierra de los 

Valles west of the Pajarito Plateau and is present in the 

subsurface beneath the western part of the plateau, 

6 

where it interfingers with the Puye Conglomerate (Figs. 2 

and 3). 
The Tschicoma Formation has low permeability and 

thus retards and restricts the movement of ground water. 

Open joints and interflow breccias within the formation, 

which could yield appreciable amounts of water, are 

limited. 
The Bandelier Tuff consists of a series of ash fall and 

ash flow tuff that is light grained and rhyolitic. The tuff 

contains quartz and sanidine crystals, pumice, and small 

fragments of other igneous rock in a matrix of fine ash 

shards. 

I I 
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The tuff overlies the older rocks and forms the surface 
of the Pajarito Plateau. The thickness ranges from about 
1000 ft along the western margin of the plateau, where it 
laps onto the Tschicoma Formation, to less than 50 ft 
along the Rio Grande, where it overlies the Puye 
Conglomerate or the basaltic rocks of Chino Mesa (Fig. 
2). 

The tuff is above the main ground-water body and 
only in areas on the flanks of the Sierra de los Valles 
does it contain small amounts of perched water, which 
discharges from springs. 

C. Alluvium and Soil 

Alluvium from the Sierra de los Valles and the 
Pajarito Plateau has been deposited in the canyons of the 
plateau. Near the heads of the canyons, bedrock com
monly is exposed in the lower parts, but farther down the 
canyons, alluvium may be several hundred feet wide and 
as much as 80 ft thick. 

Alluvial deposits in the canyons heading on the flanks 
of the Sierra de los Valles contain cobbles and boulders 
with accompanying clay, silt, sand, and gravel derived 
from the Tschicoma Formation and Bandelier Tuff. 
Deposits in the canyons heading on the Pajarito Plateau 
contain clay, silt, sand, and gravel derived from the 
Bandelier Tuff. The alluvium contains some W!iter in the 
larger canyons; however, the amount is insufficient for 
water supply. 

Clayey soil derived from weathering of the Bandelier 
Tuff covers most of the fingerlike mesas of the Pajarito 
Plateau. 

D. Structure 

The Rio Grande depression is a structurally low area 
that constitutes the valley through which the Rio Grande 
flows. 20 The Pajarito Plateau is part of the depression, 
although it forms a topographic high area along the 
western margin of the valley. 

The most prominent structural features of the Pajarito 
Plateau is the Pajarito fault zone, which trends north
ward along the western edge of the plateau. It is a part of 
the complex fault system that formed the Rio Grande 
depression. The fault zone consists of normal faults that 
are downthrown to the east and that displace rocks of 
the Bandelier Tuff, Puye Conglomerate, and Tschicoma 
Formation (Fig. 2). The displacement, estimated from 
the fault scarp, is from 400 to 500 ft. The amount of 

displacement decreases northward where, at a point 
north of Los Alamos, all visible traces of the fault 
disappear. The movement along the fault zone has been 
in small increments, which began before the deposition 
of the Bandelier Tuff and continued into post-Bandelier 
time. The displacement of the older rocks is greater than 
the displacement of the younger rocks. The major fault 
in this zone extends into and displaces the Precambrian 
rocks. 

North of Los Alamos and east of the Pajarito fault 
zone, two normal faults cut the Bandelier Tuff, the Puye 
Formation, and the Tschicoma Formation. These faults, 
downthrown to the west, form a graben between them 
and the Pajarito fault zone. They are a part of the fault 
system that formed the Rio Grande depression. 

Beneath the central part of the Pajarito Plateau, a· 
north-trending depositional basin is formed in the 
Tesuque Formation. The basin is filled with volcanic 
debris of the Puye Conglomerate, overlain by the 
Bandelier Tuff. The eastern edge of the basin is formed 
by thick flows of basalt from Chino Mesa, 5 to 10 miles 
west of the Rio Grande (Fig. 2). 

A gravity survey indicated that the deepest part of the 
Rio Grande depression (top of the Precambrian rocks) is 
in a north-trending trough near the center of the plateau. 
The bottom of this sediment-filled trough lies about 5000 
ft below sea level (Fig. 2). 21 

Ill. MAIN AQUIFER OF THE LOS ALAMOS 
AREA 

The main aquifer of the Los Alamos area is the only 
aquifer capable of municipal and industrial water supply. 
The upper surface of the main aquifer rises westward 
from the Rio Grande through the Tesuque Formation 
into the lower part of the Puye Conglomerate, beneath 
the central and western parts of the plateau (Fig. 2). 22 

The water in the aquifer moves from the major recharge 
area in the Valles Caldera eastward toward the Rio 
Grande, where a part is discharged into the river through 
seeps and springs (Fig. 4). 

The major recharge area for the aquifer is the 
intermountain basin formed by the Valles Caldera. The 
upper parts of the sediments in the basin are lacustrine 
deposits of clay, sand, and gravels, which are underlain 
by volcanic debris resulting from collapse of the 
caldera. 23 The sediments and volcanics in the basin are 
highly permeable and are saturated. The saturated 
"basin fill" recharges the main aquifer in sediments of the 
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Tesuque Formation. Minor amounts of recharge may 

occur in the deep canyons containing perennial streams 

on the flanks of the mountains. The intermittent streams 

in the canyon, which are cut into the plateau, add little, if 

any, recharge to the main aquifer. 

Radiometric methods to date the age of the water in 

the main aquifer (time in transit from recharge to 

discharge) have been made using tritium and carbon-14. 

Tritium concentrations in water from wells from the Los 

Alamos and Guaje well fields have been less than 0.5 

tritium units. Based on a natural occurrence of eight 

tritium units in precipitation (before hydrogen bomb 

tests), the age of the water in the aquifer in the two well 

fields is greater than 50 yr. Carbon-14 analyses of water 

from a well in the Pajarito Field at the eastern edge of the 

well have indicated that the age of water in the main 

aquifer is about 1400 yr. The radiometric age of water in 

the main aquifer indicates a slow rate of movement from 

the recharge area in the Valles Caldera. 

The gradient on the surface aquifer, beneath the Sierra 

de los Valles and the western part of the Pajarito Plateau 

in the Los Alamos area, is about 120 ft per mile in the 

Tschicoma Formation interbedded with the Puye Con

glomerate. As water in the aquifer moves into the more 

permeable sediments of the Puye Conglomerate in the 

central part of the plateau, the gradient increases to 60 to 

80 ft per mile. The gradient decreases to 80 to 100 ft per 

mile along the eastern edge of the plateau as the water in 

the aquifer moves into the less permeable sediments of 

the Tesuque Formation (Fig. 4). The depth to the aquifer 

ranges from about 1200 ft along the western edge of the 

plateau, decreasing to about 600 ft along the eastern 

edge. 
The Rio Grande is the principal area for ground water 

discharges from the main aquifer. A gain in streamflow 

in the Rio Grande in a 26-mile reach from the gaging 

stations at Otowi to Cochiti was computed at about 25 

cfs. 24 Further investigation indicated that the river gained 

flow from Otowi to the mouth of the Frijoles Canyon, a 

distance of about 11.5 miles. Below Frijoles Canyon the 

Rio Grande is a losing stream. 2' Water from the river is 

lost to underlying sediments. It is estimated that the 11.5-

mile reach of the canyon below Otowi receives a 

discharge from the main aquifer of 4300 to 5500 acre

feet annually. 26 

The main aquifer extends to the south into Bandelier 

National Monument. The movement of water in the 

Monument trends more to the south than east, as in the 

Los Alamos area. The depth to water along the western 

edge of the Pajarito Plateau in the Monument ranges 

from 1000 to about 1200 ft, with a gradient of 60 to 80 ft 

per mile. The Rio Grande above the mouth of Frijoles 

Canyon is a gaining stream, whereas below Frijoles 

Canyon the Rio Grande is a losing stream. Thus, the 

surface of the aquifer north of Frijoles Canyon is slightly 

above the river level, but the surface of the aquifer to the 

south is at an elevation below the river level. B 

The main aquifer extends to the north of Los Alamos 

beneath the Pajarito Plateau around the northwestern 

flanks of the Sierra de los Valles. Water movement is to 

the east and northeast in the Puye Conglomerate and the 

Tesuque Formation beneath the Pajarito Plateau and 

within the Tesuque Formation in the Espanola Valley. 

The thickness of the main aquifer is unknown; how

ever, the Rio Grande depression comains over 15 000 ft 

of volcanic rocks and sed(_ments that overiie the Precam

brian crystalline rocks.21 These volcanic rocks and 

sediments are potential aquifer. 

The volcanic rocks and· sediments that fill the de

pression are apparently saturated. Water ·quality will 

deteriorate at increased depth. Most of the wells in the 

depression yield fresh [less than 1000 mg/ J, total dis

solved solids (TDS)] to slightly saline water ( 1000 to 

3000 mg/ l TDS). 27 The deepest well in the Los Alamos 

area penetrated about 2250 ft of sediments in the 

depression. The TDS concentrations from this well are 

about 500 mg/ l. It is estimated that the water in thf" 

depression will be fresh to a depth of 6000 to 7000 t. 

before the TDS will exceed 1000 mg/ l. Thus, the main 

aquifer in the area has a saturated thickness of at least 

6000 ft before chemical quality may restrict the use of 

the aquifer for municipal and industrial supply. 

A. Supply, Test, and Stock Wells 

The Los Alamos Field is composed of five producing 

wells (LA-1 B, 2, 3, 4, and 5). One well (LA-6) is on 

standby to be used only in case of an emergency because 

the water contains excesstve amounts of arsenic. The 

field was constructed in 1946 and 1948. One well 

(LA-1B) was added to the field in 1960 (Fig. 5). 

The Guaje Field is composed of seven wells. The field 

was constructed in 1950 and 1951. Well G-1A was 

added to the field in 1954 and well G-6 was added in 

1964. 
The Pajarito Field is composed of wells PM-I, 2, and 

3, which were constructed in 1965 and 1966; well PM-4, 

added to the system in 1982; and well PM-5, completed 

in 1982 but not added to the system until late 1983. 
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Fig. 5. Location of supply, test, and stock wells and springs in the Los Alamos area. 

Construction and hydrologic data for the individual 
supply wells are presented in Appendix A. 

Test wells TW-1, 2, 3, 4, and H-19 were drilled in 
1949 through 1950 to determine the geologic and 
hydrologic characteristics of formations underlying the 

Pajarito Plateau. Test wells TW-1, 2, 3, and 4 are cased 
and are used as part of a well net that monitors the main 
aquifer. 28 Test well H-19 was abandoned uncased. 

Test wells DT-5A, DT-9, and DT-10 were drilled in 
1960 to evaluate the geologic and hydrologic conditions 

of a test site. 29 Test well TW -8 was drilled in 1960 to 

determine the geologic and hydrologic condition beneath 
a canyon disposal area for treated liquid low-level 

radioactive effiuents. 30 Sigma Mesa was a test hole 
drilled in 1979 to determine geologic and hydrologic 
conditions related to possible development of geothermal 
energy for use at the Laboratory. The hole was sched
uled for a depth of 10 000 to 12 000 ft; however, 
construction problems (lost circulation) terminated the 
hole at a depth of 2292 ft. 

Two stock. wells, equipped with windmills located on 
San Ildefonso Pueblo, were drilled in 1954 and 1955. 
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Nothing is known about hydrologic characteristics of the 

main aquifer, except for original water levels and chemi

cal quality. 
Construction and hydrologic data for the individual 

test and stock wells are presented in Appendix B. 

Eight springs in White Rock Canyon were used in 

construction of the contours on the surface of the main 

aquifer and aid in interpretation of chemical quality of 

water in the main aquifer.1
' Hydrologic data for the 

springs are presented in Appendix C. 

B. Production and Water-Level Fluctuations 

Water from the wells in the Los Alamos Field is lifted 

vertically about 1800 ft through four booster stations 

into storage in the Laboratory and community areas. 

The water from the Guaje Field is lifted vertically about 

1500 ft through four booster stations into storage. In the 

Pajarito Field, wells PM-1 and PM-3 supply the com

munity of White Rock. The water is produced from the 

wells to storage. Wells PM-2, 4, and 5 can be used to 

supply White Rock, or their output can be lifted about 

800 ft vertically into the Laboratory or community area 

through two booster stations. 

The total production from well in the three wells fields 

from 1947 through 1982 has been 40 496 x 106 gal. 

(Table I). Production from thre~ test wells in the 

southern area of the Laboratory (DT-5A, DT-9, and 

DT-10) was measured during testing after completion in 

1960. 

The main aquifer beneath the western and central part 

of the Pajarito is under water table conditions, whereas 

along the eastern margin and Rio Grande it is under 

artesian conditions. 26 In 1946 a number of test holes 

were drilled along the Rio Grande, north of Otowi and in 

the lower part of Los Alamos Canyon, to determine if a 

water supply could be developed in this area. 31 Three test 

holes along the Rio Grande drilled to a depth of 4 75 to 

495 ft were artesian, as were the four test holes ranging 

in depth from 3 7 5 to 4 7 5 ft in lower Los Alamos 

Canyon.31 

Supply wells LA-1 (abandoned and replaced by 

LA-1B), LA-2, and LA-3, which were completed in late 

1946 and 194 7 and cased to a depth of 870 ft, also were 

artesian and flowed when completed.32 Pumpage soon 

reduced the artesian pressure, and water levels were 

below the well head. Other wells in Los Alamos Field 

(LA-4, -5, and -6) probably encountered semiartesian 

conditions, as did some of the wells in Guaje Canyon 

10 

(G-1. G-1A. and G-2) and in the Pajarito Field (PM-1 

and -3). 
The hydrostatic pressures increased with depth. In 

1960 the water levels in the lower part of the Los Alamos 

Field (LA -I. -2. and -3) ranged from 13 to 7 6 ft below 

the well head. Well LA-!B. 150ft northeast of aban

doned well LA-I. was drilled to a depth of 2256 ft and 

was cased and gravel packed to 1750 ft. The well began 

flowing during development. The well flow increased to 

about 100 gpm. The well was shut in and pressures 

measured over a 30-day period. Shut-in pressure was 13 

psi, which is equal to a head of water 34ft above the land 

surface. 26 Pumpage in the first month reduced the 

artesian pressure so that the water levels were below land 

surface. If the well is not pumped for several months, the 

water level rises in the well; several times in the last 20 

yr, the well flowed for short periods of time before 

artesian pressures were reduced by pumpage. 

Months of heavy production generally occur in June. 

July, and August and months of light production are in 

December, January, and February. The differences in 

demand for periods of heavy-to-light production (sum

mer to winter) are mainly due to the use of water for 

lawn and yard irrigation. As a result, the water levels in 

the wells fluctuate with production. The highest water 

level occurs during the winter and lowest water level 

occurs during the summer. 

1. Los Alamos Field. The wells in the Los 

Alamos Field produced 14 503 x 106 gal. of water from 

194 7 through 1982. This pumpage was 36% of the total 

pumpage from the three well fields (Table I). 

Water levels in the individual wells have generally 

declined in response to the pumpage. The water-level 

declines from 1950 through 1982 in wells LA-2, -3, -4, 

-5, and -6 have ranged from 7 ft in LA-6 to 72 ft in 

LA-2. The water-level decline in well LA-1 B from 1960 

through 1982 has been 64 ft. In general, the largest 

amount of water-level decline has occurred in the lower 

part of the field (LA-1 B, -2, and -3) and the least amount 

of decline in the upper part of the field (LA-4, -5, and -6). 

The average decline in the lower part of the field has been 

52 ft from 19 50 through 1982, whereas the lower field 

has produced 35% of the water from the field. The 

average water-level decline in the upper part of the field 

has been 21 ft from 1950 through 1982, whereas the 

upper field has produced 65% of the water from the field 

(Table I). 
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TABLE I 

PRODUCTION FROM THE LOS ALAMOS, GUAJE, AND PAJARITO WELL FIELDS 

1947-82 

Pumpage Percentage Percentage 

( 106 gal.) of Field of Total 

Los Alamos Field 
Well LA-1 8 154 <I 

Well LA-IB 1964 14 5 

Well LA-2 1305 9 3 

Well LA-3 1644 11 4 

Well LA-4 3503 24 9 
Well LA-5 3049 21 8 
Well LA-6b 2884 20 7 

Total 14 503 100 -36 

Guaje Field 
Well G-1 2402 16 6 

Well G-IA 2937 20 7 

Well G-2 2520 17 6 

Well G-3 2040 13 5 

Well G-4 1217 8 3 

Well G-5 2790 19 7 

Well G-6 1077 7 3 

Total 14 983 100 37 

Pajarito Field 
Well PM-I 1593 14 4 

Well PM-2 5863 53 14 

Well PM-3 3478 32 9 

Well PM-4 76 <1 
Well PM-5 

Total 11 010 100 -27 

Total 40 496 -100 

----------
•Production 1946 to 1952 and 1955 to 1956 (well abandoned). 

bProduction from 1948 to 1976, well on standby production, pumped to wastes 1977 to 1982. 

II 
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The average water-level decline in the Los Alamos 

Field from 1950 through 1982 has been 37 ft, with an 

average annual rate of decline of 1.1 ft/yr (Fig. 6). 

Production of 14 503 x 106 gal. and a water-level decline 
of 37 ft equal the production of 392 x 106 gal. of water 

per foot of water-level decline in the field (Fig. 7). 

2. Guaje Field. The wells in the Guaje Field 
produced 14 983 x 106 gal. of water from 1951 through 
1982. This pumpage was 37% of the total pumpage from 

the three well fields (Table 1). 

12 

Water levels in the individual wells have responded to 

the amount of pumpage resulting in a general decline. 

Water-level declines from 1951 through 1982 in wells 
G-1, -1A, -2, -3, -4, and -5 have ranged from 29 to 93ft. 

The water level in well G-6 from 1964 through 1982 has 

been 7 ft. The largest decline has been in the lower part 

of the field (G-1, -1A, -2, and -3), where production has 

been the greatest. The average decline has been about 7 5 

ft, whereas about 66% of the total production from the 
field has been from these wells. The average decline in 

the upper field (G-4, -5, and -6) has been about 26 ft, 

I I 
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while 34% of the total production has been from these 

wells. 
The larger amount of production from the lower field 

is based on greater pumping rates. The declines are as 

anticipated for amount of pumpage and are not con

sidered significant. 
The average water-level decline in the Guaje Field for 

the period 1951 through 1982 has been 54ft with an 

average annual rate of decline of 1. 7 ft/yr (Fig. 6). The 

production of 14 983 x 106 gal. and a water-level decline 

of 54 ft equal the production of 277 x 106 gal. of water 

per foot of water-level decline in the field (Fig. 7). 

3. Pajarito Field. The well in the Pajarito Field 

. produced 11 010 x 106 gal. for the period 1965 through 

1982. The pumpage was mainly from PM-1, -2, and -3, 

because production from PM-4 began in July 1982 and 

construction of the transmission system of PM-5 has not 

yet been completed. The pumpage from the field was 

27% of the total pumpage from the three well fields 

(Table I). The water levels in the individual wells respond 

to the amount of pumpage, resulting in a general water

level decline. 
The water level in well PM -1 declined 2 ft from 1965 

through 1982 or at a rate of about 0.1 ft/yr (Fig. 6). The 
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pumpage during this period was about 1593 x 106 gal. or 
14% of the field total (Fig. 6 and Table I). The water 

level declined during production of 796 x 106 gal./ft for 
the period 1965 through 1982. As the well PM-I was 

pumped, the well continued to develop while allowing 
new water-bearing beds to contribute to the pumpage 
from the well. This is evident in the specific capacity, 

which increased each year from 15 gpm/ft in 1965 to 27 
gpm/ft in 1982. This has resulted in the highest ratio in 
these wells of production to total water-level decline (Fig. 
7). 

The water level in well PM-2 declined 48ft from 1966 
through 1982, at a rate of 2.8 ft/yr (Fig. 6). The 
pumpage during this period was 5863 x 106 gal., or 
about 53% of the field total. This is a high-yield well with 

a pumping rate of about 1400 gpm. 
In the 18 years that well PM-2 was in operation, it 

produced 14% of the total production from all three well 

fields (Table I). The production during the period 1966 

through 1982 was 5863 x 106 gal. with a water-level 

decline of 42 ft. This equals the production of 122 x 106 

gal./ft of water-level decline (Fig. 7). Specific capacities 
varied slightly at about 23 gpm/ft but showed no 
significant trends for the period 1966 through 1982. 

There was little indication from the specific capacity that 

there was any further development of the weii after it was 

placed in service. . 
The water level in weii PM-3 declined 19ft from 1968 

through 1982, at a rate of 1.3 ft/yr (Fig. 6). The 
pumpage during this period was 3478 x 106 gal. or about 

32% of the field total (Table I). 
PM-3 is a high-yield well with a pumping rate of 1400 

gpm. In 15 yr of service, it has produced 9% of the total 

water produced at Los Alamos from 194 7 through 1982 
(Table 1). The specific capacity of the well has increased 

from 48 gpm/ft in 1968 to about 6 I gpm/ft in 1982. 
Based on specific capacity and production rates, this is 
the best weii in the system. The water level has declined 

during production of 183 x 106 gal./ft during the period 

1968 through 1982 (Fig. 7). 
Well PM-4 was completed in 1982 and was placed in 

production in July. The well produced 76 x 106 gal. for 

the remaining 6 months of 1982. Water level, nonpump
ing and pumping, rose slightly as the well developed 

while it was pumped. The pumping cleaned out the 

drilling mud and fine silts, clays, and sands that were left 
in the gravel pack and water-bearing formations when 

the well was drilled. The specific capacity increased from 

30.0 gpm/ft to 36.8 gpm/ft from July to December. It is 

14 

also a high-yield well with a pumping rate of 14 70 gpm 

and a high specific capacity. Based on production rates 

and specific capacity, this is the second best well in the 
system. 

Well PM-5 was completed in 1982 and has not been 

equipped or connected to the system. Tests of the well 
indicate that the pump will be rated at about 1225 gpm, 

which will result in a drawdown of about 144 ft. with a 

specific capacity of about 8.5 gpm/ft of dr_awdown. The 
well will probably develop with pumpage when put into 
production, resulting in a smaiier drawdown and a 
greater specific capacity. 

4. Test Wells. Test weii DT-5A was pumped for a 
24-h period for testing early in 1960. The amount of 

water produced was about 0.1 x 106 gal. The water level 

recovered after the test and showed no effect of the 

pumpage. During the period 1960 through 1964 after the 
test, the weii was not equipped with a pump. During this 

period the water level declined about 4 ft or at a rate of 

0.8 ft/yr (Fig. 6). The decline is under normal conditions 

(lack of recharge), not as the result of pumpage. 
The test well DT-5A was equipped with a pump in 

1970. Since that time, the weii has produced about 0.3 x 
106 gal. for collection of samples for chemical and 

radiochemical analyses. The well is pumped twice a year 

at about 5 gpm for about 2 days before sampling. The 

amount of water removed from the aquifer is smaii, and 

if any decline occurred from pumpage, it would be 

insignificant and immeasurable from one pumping period 

to the next (6 months later). 
Test well DT-9 was pumped for a 24-h period early in 

1960. The amount of water produced was about 0.1 x 

106 gal. The water levels recovered after that and showed 
no effect of the pumpage. During the period 1960 to 

1982 after the test, the weii was not equipped with a 
pump. Water was bailed out for sample coiiection. No 

more than 500 gal. have been removed from the well 

since 1960. The small amount of water removed from the 

weii would not result in significant water-level changes in 
the aquifer. 

The weii DT -9 is 0. 7 5 mile south of well DT -10 and 

1.25 miles southeast of well DT-5A, so that the smaii 

amount of water pumped from these weils will not affect 
the water level of weii DT-9 (Fig. 2). Weii DT-9 was 

equipped with a water stage recorder from 1960 to 1968 

and 1970 to 1982. A continuous water-level record was 

obtained from the recorder. Water-level data were com
piled into average annual measurements to illustrate 
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water-level trends over a period of 22 yr. This reflects 
normal water-level fluctuations and trends for the region. 
The water level in the well declined from 1003 ft to 1006 
ft from 1960 through 1982 (or at an average rate of 
about 0.1 ft/yr) (Fig. 8). The most rapid decline occurred 
from 1960 to 1968,when the decline was 2.3 ft or about 
0.3 ft/yr (Fig. 8). The annual average water level rose 0.3 
ft from 1971 to 1972, then declined 1.2 ft to 1979. Since 
1979 the water level has remained about the same. The 
fluctuation of water levels reflects normal regional water
level trends. The decline in water levels shows deficient 
recharge, with only one period ( 1971) of recharge 
exceeding the normal discharge of the aquifer in White 
Rock Can yon. 

The well and records from the water stage recorder 
were used in a special study, "Air Volume and Energy 
Transfer Through Test Holes and Atmospheric Pressure 
Effects on the Main Aquifer."33 The main aquifer is very 
sensitive to atmospheric pressure changes, earth shocks, 
and probable earth tide effects. These effects (water-level 
fluctuation) were monitored by a continuous water stage 
record on well DT-9. 

The possible earth tide effects are recorded by minor 
water-level fluctuations in which the gravitational pull of 
the moon elongates and compresses the aquifer. These 
effects, estimated from records by eliminating at
mospheric effects, range from 0.01 to 0.03 ft of water
level fluctuation. 

Water-level fluctuations are also recorded from earth 
shocks. In general, these are the result of strong earth 
motion. Records of the Alaskan earthquake of 1964 
caused a water-level fluctuation of more than 1 ft in well 
DT-9. Small fluctuations have occurred, generally less 
than 0.10 ft, which are attributed to major earthquakes 

Fig 8. Average annual water levels in Test Well DT-9, 
1960 to 1968 and 1971 to 1982. 

in Mexico or Central America. These water-level fluctua
tions are caused by expansion and compaction of the 
aquifer by surface waves of the earthquake. 33 

Test holes or wells in the Bandelier Tuff and Puye 
Conglomerate transfer air to and from the tuff and 
conglomerate in response to changes in atmospheric 
pressure. Test holes tend to "blow air" during barometric 
lows and to "suck air" during barometric highs. The air 
is transferred to and from the unsaturated zone above 
the main aquifer. The changes in atmospheric pressure 
also cause water-level fluctuations. During a storm in 
December 1967, a fluctuation of over 0.6 ft was 
recorded. Minor changes in atmospheric pressure also 
cause water-level fluctuations. 

During a special study, October 10 through 14, 1964. 
four cycles of pressure changes were correlated with four 
cycles of water-level fluctuations. Increased atmospheric 
pressure caused water-level declines, and a decrease in 
pressure caused the water level to rise. The changes in 
water level, atmospheric pressure, and rates of a1r 
transfer from the test holes were correlated. 33 

The barometric efficiency of the aquifer can be 
expressed in terms of a column of water. The ratio of 
water-level changes to pressure changes expresses the 
barometric efficiency of the aquifer. During the four 
cycles of water-level and atmospheric pressure changes, 
the barometric efficiency of the aquifer ranged from 51 
to 88%. The smaller pressure changes with smaller 
volumes of air transferred resulted in greater barometric 
efficiency. 

The aquifer penetrated by DT-9 is not homogeneous 
but is made up of three different formations (con
glomerate, basalts, and sandstones) with three different 
transmissibilities and probably three different pressure 
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heads (water pressures in each unit). The v~riations in 

barometric efficiency are the result o( the combined 

different pressures within each formation. 33 

Test well DT-10 was equipped with a pump for a 24-h 

period for testing in early 1960. The amount of water 

produced was about 0.1 x 106 gal. The water level 

recovered after the test and showed no measurable effect 

of the pumping. During the period 1960 to 196 7, the 

water level declined about 4ft or at an annual rate ofO.S 

ft/yr. The well was not equipped with a pump during this 

period. Water-level decline was normal, not from pump

age, but because of lack of recharge to the aquifer. 

It was not until 1979 that well DT-10 was equipped 

with a pump. The well is pumped twice a year at a rate of 

about 6 gpm for a period of 4 h. The amount of "Water 

produced during the past 4 yr is small (0.02 x 106 gal.). 

Any resulting water decline caused by pumpage would 

be too small to measure from one pumping period to the 

next pumping period. 
Test well TW-8 was bailed for testing in December 

1960. The amount of water removed during the test was 

about 2.0 x 103 gal. Recovery to the original water level 

was completed 8 min after the bailing ended. 33 The 

water-level decline from 1960 to 1965 was about 1 ft or 

about 0.2 ft/yr. This is a normal water-level decline. 

In 1972 a pump was installed on TW-8. The well is 

pumped at about 6 gpm for a 2-h ·period twice a year. 

Thus, since 1972 about 0.03 x 106 gal. of water have 

been pumped from the well for collection of samples. 

C. Hydrologic Characteristics 

Hydrologic characteristics, pumping rates, specific 

capacities, transmissivities, and field coefficients of 

permeability were determined during aquifer tests or 

during periods of production from the wells or test holes 

(Fig. 9). The rock type or formation that forms the 

aquifer determines the hydrologic characteristics of the 

particular well or test hole (Table II). Wells in the Los 

Alamos and Guaje Fields are complete in the Tesuque 

Formations. Basalt flow occurs in the Tesuque Forma

tion within the Guaje Field but is absent in the Los 

Alamos Field. Test well TW-4 is complete in the 

Tschicoma Formation. Supply wells in the Pajarito Field 

and test wells DT-SA, DT-9, and DT-10 are complete in 

the Puye Conglomerate and Tesuque Formation. Test 

wells TW-1, -2, -3, and -8 are complete in the Puye 

Conglomerate.. Various thicknesses of saturation and 

different amounts of fmes, such as silts, clays, and very 
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fine sands in the various rock types. result in different 

hydrologic characteristics. 

1. Tesuque Formation. The wells m the Los 

Alamos Field are completed in the fine sediments of the 

Tesuque Formation. The sediments contain no inter

bedded basalts (Fig. 3 ). The saturated thicknesses 

penetrated by the wells range from 709 to 1 700 ft with 

an average of 1350 ft. At an average pumping rate of 

365 gpm, the average specific capacity is 4.5 gpm/ft of 

drawdown, an average drawdown of 91 ft. Based on 

production characteristics of the well field, a drawdown 

of> 125 ft results in excessive sand produced with water, 

which shortens the life of the pumps. 

The field coefficient of permeability ranges from 3.0 to 

9.3 gpd/ft2 with an average of 5.6 gpd/ft2
• Transmissivity 

of the aquifer ranges from 2.5 x 103 to 15.7 x 103 gpd/ft 

with an average 8.4 x 103 gpd/ft (Fig. 9). The rate of 

movement of water in the aquifer, based on hydrologic 

characteristics and gradient on the top of the main 

aquifer in the Los Alamos Field, is estimated at 20 ft/yr 

within the upper 1350 ft of the aquifer (Fig. 10). 

2. Tesuque Formation with Interbedded 
Basalts. All wells in the Guaje Well Field penetrated 

the sediments with interbedded basalts, except one well, 

G-2 (Fig. 3). The saturated thickness of the aquifer 

ranged from 942 to 1722 ft with an average of 1410 ft. 

At an average pumping rate of 376 gpm, the average 

specific capacity was 5.8 gpm/ft of drawdown or an 

average drawdown of 65 ft. 
The field coefficient of permeability ranged from 5.3 to 

11.3 gpd/ft2 with an average of 8.2 gpd/ft2
• The average 

transmissivity of the aquifer in the Guaje Field is 11.6 x 

103 gpd/ft. 
The rate of movement of water in the upper 1410 ft of 

the aquifer of sediments and basalts in the Guaje Field is 

estimated at 35 ft/yr_ (Fig. 10). 

3. Tschicoma Formation. Test well TW-4 was 

completed into a brecciated zone within the Tschicoma 

Formation. The saturated thickness was about 40 ft, and 

the specific capacity was low at 0.6 gpm/ft during a 

pumping rate of 2.8 gpm. The transmissivity low was at 

0. 7 5 x 103 gpd/ft and the field coefficient of permeability 

averaged 19 gpd/ft2• The rate of movement of water in 

the 40 ft of the aquifer in the brecciated zone is estimated 

at 50 ft/yr (Fig. 10). 
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Fig. 9. Hydrologic characteristics of the main aquifer. 

Test well H-19 encountered water in the lower part of 
the Puye Conglomerate underlain by a massive flow of 
Tschicoma Formation would yield very little water to the 
well. Tests indicated that the saturated section of the 
Tschicoma Formation Goints and brecciated zone be
tween the flows) was relatively impermeable and was not 
a source of water supply. 17 

4. Tesuque Formation and Puye Con
glomerate. The well in the Pajarito Field and test wells 
DT-5A, DT-9, and DT-10 penetrated the main aquifer in 
the lower part of the Puye Conglomerate and the 
Tesuque Formation. The Pajarito Field and test wells are 

located on the Pajarito Plateau. Beneath the plateau, the 
Tesuque Formation contains interbedded basalt flows. 

The saturated thickness of the Puye Conglomerate in 
the Pajarito Field ranged from 50 to 535 ft with an 
average thickness of 270 ft, although the saturated 
thickness of the underlying Tesuque Formation ranged 
from 890 to 1700 ft with an average thickness of 14 70 ft. 
At an average pumping rate of 1215 gpm, the average 
specific capacity is 31 gpm/ft of drawdown or an 
average drawdown of 40 ft (Fig. 9). 

The field coefficient of permeability of the combined 
Puye Conglomerate and Tesuque Formation is 53 
gpd/ft2 with an average transmissivity of 94 x 103 gpd/ft. 
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TABLE II 

AVERAGE HYDROLOGIC CHARACTERISTICS OF THE 

MAIN AQUIFER IN THE LOS ALAMOS AREA 

Field 

Saturated Specific Coefficient of 

Thickness Rate Capacity Permeability Transmissivity 

(ft) (gpm) (gpm/ft) (gpd/ft2) ( 103 gpd/ft) 

Los Alamos Field 
(Tesuque Formation) 1350 365 4.5 5.6 8.4 

Guaje Field ~ 

(Tesuque Formation 

and interbedded basalt) 1410 376 5.8 8.2 11.6 

Pajarito Field 
(Tesuque Formation 

and Puye Conglomerate) 1740 1215 31 53 94 

Test Hole TW-4 

{Tschicoma Formation) 40 

Test Holes DT-5A, -9, and.-10 

(Tesuque Formation and 

Puye Conglomerate) 490 

Test Holes TW -1, -2, -3, and 8 

(Puye Conglomerate) 60 

Rate of movement of water in the combined thickness of 

1740 ft of Puye Conglomerate and Tesuque Formation 

is 95 ft/yr (Fig. 10). 
The saturated thickness of the Puye Conglomerate in 

the three test wells (DT-5A, -9, and -10) ranged from 310 

to 355 ft with an average of 340 ft. The saturated 

underlying Tesuque Formation ranged from 15 to 290ft 

with an average of 150 ft. At a pumping rate of 82 gpm, 

the average specific capacity was 15 gpm/ft of draw

down or about 5.5 ft of drawdown (Fig. 9). 

The average field coefficient of permeability of the 

Puye Conglomerate and Tesuque Formation penetrated 

by the test holes was 83 gpd/ft2, where the average 

transmissivity was 36 x 103 gpd/ft. The rate of move-

18 

2.8 0.6 18 0.7 

82 15 83 36 

7.9 2.1 98 4.3 

ment of water in the 490 ft of aquifer penetrated by the 

test hole was 345 ft/yr (Fig. 10). 

5. Puye Conglomerate. Test wells on the 

plateau that are complete within the main aquifer in the 

Puye Conglomerate are TW-1, -2, -3, and -8 (Fig. 3). 

The saturated thickness of the conglomerate ranges from 

29 to 97 ft with an average of 60 ft. At an average 

pumping rate of 7.9 gpm, the specific capacity is 2.0 

gpm/ft of drawdown or an average drawdown of 17 ft. 

The average field coefficient of permeability is about 98 

gpd/ft2 with an average transmissivity of 4.3 x 103 gpd/ft 

(Fig. 9). The rate of movement of water in the Puye 

Conglomerate with an average thickness of 60 ft is about 

250 ft/yr (Fig. 1 0). 
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Fig. 10. Rate of movement of water in the main aquifer. 

D. Quality of Water 

The quality of water is monitored from the supply well 
to determine if the water meets the Federal primary, 
secondary, and radiochemical standards for municipal 
supplies.34 • 3 ~ The water is collected at the well heads after 
a period of pumping so that the water sampled represents 
what is in the aquifer adjacent to the well. Quality of 
water from a well depends on the depth of well, the 
lithology of the aquifer, and yields from individual beds 

within the aquifer. The quality of water from the 
individual wells varies because of local aquifer conditions 
within the same aquifer. 

Primary drinking water standards relate directly to the 
safety of drinking water supplies. 34 Ten primary stan
dards are compared with maximum concentrations from 
the wells (Table III), whereas detailed analyses from 
individual wells are presented in Appendix D (Table III). 
The maximum concentrations from wells are within the 
standards with the exception of fluoride of 2.6 mg/ /, 
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TABLE III 

--
CHEMICAL AND RADIOCHEMICAL QUALITY OF WATER FROM SUPPLY WELLS 

Maximum Concentration 

Chemical Units Supply Well Standards 

Chemical Standards• 

Primary 
Ag mg/l <0.0005 0.05 

As mg/l 0.048 0.05 

Ba mg/l 0.09 1.0 

Cd mg/l <0.001 0.01 

Cr mg/l 0.022 0.05 

F mg/l 2.6 2.0 

Hg mg/l <0.0002 0.002 

N03 mg/l 7.6 45 

Pb mg/l 0.005 0.05 

Se mg/l <0.003 0.01 

Chemical Standardsb 

Secondary 

Cl mg/l 16 250 

Cu mg/l 0.013 1.0 

Fe mg/l 0.325 0.3 

Mn mg/l 0.008 0.05 

S04 mg/l 27 250 

Zn mg/l 0.12 5.0 

TDS mg/l 408 500 

pH 8.1 6.5- 8.5 

Radiochemical Standards• 

137Cs 10-9 J.LCi/ml 40 ± 60 200 
2Jspu w-9 J..LCilml 0.0 18 ± 0.024 7.5 
2J9pu 10-9 J.LCi/ml 0.010 ± 0.010 7.5 

Gross Alpha 10-9 J.LCi/ml 11 ± 6.0 15 
JH 10-6 J.LCi/ml 4.2 ± 0.6 20 

Total U w-9 J.Lg/l 7.0 ± 1.4 1800 

----------
•Reference 34. 
bReference 35. 
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from well LA-I 8 in the Los Alamos Field. Mixing water 

with that from other wells in the field reduces the fluoride 

concentrations to acceptable limits within the distribu

tion system. 
Secondary standards are not related to the safety of -

drinking water but, instead, refer to the aesthetic 

quality. 35 Listed are eight constituents from the wells that 

are below the secondary standards (Table III). Secon

dary constituents from individual wells are listed in 

Appendix E. 
Radiochemical standards relate to the safety of drink

ing water.34 Radioactivity in the water from the wells 

occurs naturally in the aquifer. Gross alpha activity from 

the water from well PM-4 (20 ± 8.0 x IQ-9 11Ci/ml) is 

above the standard (I5 X I0-9 !lCilml). Further analy

ses indicated gross alpha was 0.0 ± 0.8 x w-9 11Cilml. 
Analyses were performed for 226Ra. It was 0.03 X w-9 

!lCi/ml, much less than the 5 X I0-9 !lCilml drinking 

water standard. The high gross alpha reported initially 

probably reflects contamination of the sample after 

collection. All other radioactive concentrations were 

below the standards (Table III). Radiochemical analyses 

from individual wells are listed in Appendix F. 

Water from well LA-6, Los Alamos Field, is not used 

for municipal supply because the arsenic concentration 

in the water exceeds the primary standards. The water 

cannot be mixed with other water from the well field to 

reduce the arsenic concentrations in the distribution 

system to a level below the standards. 36 

Routine analyses determine whether water quality 

deteriorates with continued production. Some of these 

analyses, along with some of the primary and secondary 

constituents, are used to discuss the quality of water 

from the well fields, supply wells, and test wells (Fig. II). 

1. Los Alamos Field. Predominate chemical con

stituents in water from the Los Alamos Field are sodium

bicarbonate (Fig. I2). The water from the well field is 

very soft with total hardness ranging from I6 to 28 

mg/l. (Hardness classification: soft, I to 60 mg/l; 

moderately hard, 6I to 120 mg/ l; hard, I2I to I80 

mg/l; and very hard, > I80 mg/.2.)37 

The TDS range from 70 to 5I4 mg/ l. The high 514 

mg/l occurs in water from well LA-IB. The maximum 
concentration of chloride is about I5 mg/l, but fluorides 
range from 0.4 to 2.5. mg/ l. Dilution in the distribution 

system reduces the fluoride from well LA-I B (2.5 mg/ l) 

to levels below the standards for municipal use. 

The arsenic-bearing water at well LA-6 is from a deep 

source and is circulated upward through a permeable 

fault zone that crosses or lies adjacent to the well. The 

high arsenic concentration in water from the well (range 

0.141 to 0.203 mg/ l) precludes using this water for the 

municipal supply. It was calculated that the arsenic level 

from the well would have to be at a concentration of 

0.100 mg/ l or less, at a pumping rate of 300 gpm, in 

order to dilute it enough by pumpage from the other 

wells in the field to lower it to an acceptable level in the 
distribution system. 36 

2. Guaje Field. Water from wells in the upper part 

of the Guaje Field (G-5 and -6) is a calcium bicarbonate 

type changing downgradient to a calcium sodium 

bicarbonate type at well G-4 to a sodium bicarbonate 

water in the lower part of the well field (G-1, -IA, -2, and 

-3). The transition from one type of water to another in 

the field is probably because the basalts in the upper part 

of the field yield more water than those in the lower field 

(Fig. I2). The water from the field is soft, with hardness 

ranging from 24 to 54 mg/ l. The hardness of the water 

decreases from the upper part of the field into the lower 

part of the field. The TDS range from I34 to 220 mg/ l. 
The chloride concentrations in water from the wells are 

about 2 mg/ l, but fluoride concentrations are 0.8 mg/ l 
or less. 

3. Pajarito Field. Water from wells PM-I and -3 

contains calcium bicarbonate. As a result, the water is 

hard, with a hardness of about 90 mg/l. The well 

penetrated a thickness of saturated basalt in the sedi
ments of the Tesuque Formation, which may have 

caused the high concentration of calcium and 

magnesium resulting in the hard water. The general 

chemical quality of the water from the two wells is 

similar, with TDS of 2I2 and 2I6 mg/l in PM-I and -3, 

respectively. Chlorides are 4 and lO mg/l and fluorides 

are about 0.4 mg/ l in water from each well. 

The water from wells PM-2, -4, and -5 is similar in 

quality, being a sodium bicarbonate water (Fig. 12). The 

water is soft, ranging from 36 to 52 mg/l, but the TDS 

range from I40 to 2II mg/l. Chlorides are low at 9 

111~/.P. or less; fluorides are 0.3 mg/ l. 

4. Test Wells. WQter from TW-I, -2, and -3 is a 
calcium bicarbonate water. The Wi1~cr qn<~litv is not 
exactly the same at each of the wells. Water from TW- 1 
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Fig. 11. Chemical quality of water from supply, test, and stock wells. 

is hard at 128 ing/l, and TDS are 220 mg/l, where 

chloride is 7 mg/ l and fluoride is 0.4 mg/ l. Water from 

TW-2 is soft at 51 mg/ l, and TDS are 150 mg/ l, where 

chloride is 3 mg/ l and fluoride is 0.5 mg/ l. Water from 

TW-3 is moderately hard at 64 mg/l, and TDS are 168 

mg/l, where chloride is 4 mg/l and fluoride is 0.4 mg/l. 

with TDS of 52 mg/l. Chlorides are about 3 mg/l, 

where fluorides are 0.2 mg/ l. 
Water from DT-5A, -9, and -10 is of a sodium 

bicarbonate type. The quality of water is quite similar 

from all three test wells. The water is soft, ranging from 

3:'i to 42 mg/l. The concentrations of TDS range from 

124 to 142 mg/l with chloride concentrations of 4 mg/t 

or less and fluoride of 0.3 mg/ l or less. 
Water from TW -4 and -8 is a sodium bicarbonate: 

water, which is different in chemical qu11lity tfig. 12). 

Water from TW-4 is soft at 45 mg/.t with TDS of 163 

mg/ l. The chloride~ <>ro i:tOOut 2 mg/ l, where fluorides 

oro ,oA mg/l. Water from TW-8 is soft at 16 mg/l 
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5. Stock Wells. Water from the stock wells RW-2 

and -5 is similar in chemical quality and is a sodium 
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bicarbonate type water (Fig. 12). There is a large amount 
of calcium and magnesium in the water, which results in 
a moderately hard water with a hardness of 100 mg/l. 
The TDS are 170 and 253 mg/ l, where chlorides are I 0 
mg/ .t or less. The fluoride concentrations are 0.2 mg/ .t 
or less. 

6. Springs. The quality of water from the springs 
varies; however, it is combined in four groups for the 
purpose of this report. The springs discharge from the 
main aquifer. 

The water from Spring 3B is a sodium bicarbonate 
type with TDS of about 610 mg/ .t. The water is 
moderately hard at 64 mg/ .t, where chlorides are 6 mg/ .t 
and fluorides are 0.6 mg/ .t. The spring discharges from 
basalts in the Tesuque Formation along a fault or dike. 
The quality of water is different from that of any other 
spring in this area of White Rock Canyon. 

The quality of water from the spring changes from a 
calcium bicarbonate to a sodium bicarbonate water 
south between Spring 5A to Spring 8A in White Rock 
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Canyon (Fig. 12). The spring discharge is from the main 

aquifer. 
Water from Springs 3, -4, -5A, and -5B is of the 

calcium bicarbonate type, and water quality varies. 

Water from Spring 3 is soft with a hardness of 56 mg/ £; 

the TDS are 125 mg/ £, where chlorides are 5 mg/ £ and 

fluorides are 0.4 mg/ £. Water from Spring 4 is mod

erately hard at 92 mg/£; the TDS are 168 mg/£, where 

chlorides are 8 mg/ £ and fluorides are 0.5 mg/ £. Water 

from Spring 5A is moderately hard at 69 mg/£; the TDS 

are 1S6 mg/ £, where chlorides are 6 mg/ /, and fluorides 

are 0.3 mg/£. Water from Spring 5B is soft at 56 mg/£; 

the TDS are 152 mg/£, where chlorides are 4 mg/£ and 

fluorides are 0.5 mg/ £. 

The water from Spring 6 is transitional from a calcium 

bicarbonate water to a sodium bicarbonate water (Fig. 

· 12). The concentrations of calcium and sodium are 

almost equal at 12 mg/£ and 11 mg/£, respectively. The 

· water is soft at 44 mg/ £, where the TDS are 134 mg/ £. 

The chlorides are low at 4 mg/ £, as are the fluorides at 

0.3 mg/£. 
Water from . Springs SA and 10 is a sodium 

bicarbonate water. The water chemical quality from 

these springs is similar. The water is soft with hardnesses 

of 39 and 42 mg/£, respectively. The TDS of water from 

Spring SA are 152 mg/£ and those from Spring 10 are 

146 mg/£. The chloride concentrations are 5 mg/£ or 

less, and fluoride concentrations are 0.4 mg/ £. 

IV. DEVELOPMENT OF ADDITIONAL WATER 
SUPPLY 

The main aquifer extends from the Rio Grande 

westward beneath the Pajarito Plateau and rises strati

graphically through the Tesuque Formation into the 

lower part of the Puye Conglomerate. The Puye Con

glomerate becomes an important part of the main 

aquifer. The conglomerate attains its greatest thickness 

in the north/south-trending basin beneath the central 

part of the plateau. The coarse volcanic debris within the 

conglomerate yields water readily to wells and, in part, 

allows the development of high-yieid, low-drawdown 

wells in this area. The Tesuque Formation beneath the 

Pajarito Plateau is saturated and is the main source of 

water supply for municipal and industrial use. The 

sediments of the Tesuque Formation become coarser 

westward from the Rio Grande; the upper bed becomes 

younger with the westward dip. This coarse sediment 

aids in the development of high-yield wells in this area.38 
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The locations of future wells in this area must be 

chosen carefully, because wells placed too far west will 

encounter flow rock of the Tschicoma Formation. which 

does not yield water readily. Wells placed too far to the 

east encounter vast thicknesses of basalt. which will not 

only constitute difficult drilling but may also not yield 

water readily (Fig. 2). 39 

A. Los Alamos Field 

The Los Alamos Field is composed of five producing 

wells in lower Los Alamos Canyon (Fig. 5). The well and 

two booster stations and transmission lines are on San 

Ildefonso Pueblo land. The combined production rate 

from the field in 19S2 was about 2050 gpm, 13 and the 

booster stations are equipped to handle 2300 gpm. Thus, 

to reach full capacity of the system an additional 250 

gpm could be developed. 
The Los Alamos Field was developed in 1946 through 

194S, but one well (LA-1B) was added in 1960. Of the 

six original wells in the field, only four (LA-2, -3, -4, and 

-5) are still in use. Well LA-I was abandoned when its 

yield declined, owing to partial filling of the well with fine 

sand and sediments. Well LA-6 is on standby for 

emergency use only because arsenic concentrations in 

the water are above standards for municipal use. Of the 

four original wells ( 1946-194S) in service, the combined 

pumping rate has declined from 1935 gpm in 1950 to 

1562 gpm in 19S2. The specific capacity has also 

declined from 4.3 gpm/ft to 2.5 gpm/ft indicating that 

over the past 30 yr, some wells have deteriorated. Screen 

openings are corroded and gravel pack material is filled 

with fine sand, silts, or clay. To ensure continued 

production from the field, future plans should include 

additional wells to offset production decline in the older 

wells. 
The present location of the field is on Pueblo land in 

an area where only low- to moderate-yield wells (300 to 

500 gpm) can be developed. The present spacing between 

wells in the Los Alamos field restricts any future well 

locations in that field, because any closer spacing would 

result in interference between wells, thus causing rapid 

water-level decline in this section of the field. 

Location and development of additional wells for the 

Los Alamos Field should be west of the present field in 

lower Pueblo Canyon (Fig. 13). This is in an area where 

high yield and low drawdown ( 1000 gpm with less than 

100ft of drawdown) can be developed. In this area, the 

lower part of the puye Conglomerate is saturated and the 
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coarser sediments in the upper part of the Tesuque 

Formation are within the main aquifer. Two wells could 

be developed in this area that could use the existing Los 

Alamos Field transmission and booster system (Fig. 13). 

Combined production rates from the two wells should be 

at least 2000 gpm or about the output of the five 

presently producing wells in the field. 

The anticipated geologic section of wells drilled in the 

lower Pueblo Canyon area is presented in Table IV. The 

TABLE IV 

ANTICIPATED GEOLOGIC LOG OF A 

SUPPLY WELL IN LOWER PUEBLO CANYON 

Elevation: 6400 to 6600 ft above sea-level datum 

Depth of Pilot Hole: 2500 ft 

Hydrologic Data: 
Depth to water: 600 to 750 ft 
Yield: Estimated 1000 gpm 
Drawdown: Estimated 100 ft or less 
Aquifer: Puye Conglomerate and Tesuque 

Formation 

Thickness 
Stratigraphic Unit (ft) 

Alluvium 
Gravel and boulders 20 

Puye Conglomerate 
Conglomerate 60 

Basaltic rocks of Chino Mesa 

Basalts and interflow breccia, 

may contain perched water, 
at a depth of 210 to 260 ft 205 

Puye Conglomerate 

Conglomerate 165 
Basaltic rocks of Chino Mesa 

Basalts and interflow breccias 100 
Puye Conglomerate 

Conglomerate 250 
Tesuque Formation 

Siltstone, sandstone, and 
conglomerate with 
occasional basalt flow 

in upper 1200 ft of formation 1700 

Depth 
(ft) 

20 

80 

285 

450 

550 

800 

2500 

pilot hole should be at least 2500 ft deep. This would 

allow about 1800 ft of saturated thickness for develop

ment of the well. 
The water quality should be similar to that of supply 

well PM-I. The water will probably have a hardness of 

about 90 mg/ £. a TDS concentration of 212 mg/ £. and 

chloride and fluoride concentrations of 4 mg/ £ and 0. 3 

mg/ £, respectively. 

B. Guaje Field 

The Guaje Field is composed of seven producing 

wells. The combined production of the field in 1982 was 

2630 gpm. The booster stations and transmission lines 

can handle 2700 gpm; thus, to reach full capacity, an 

additional 70 gpm could be developed in the field. 

The Guaje Field was developed in 1950 through 1951, 

with one well (G-1A) added in 1954 and another well 

(G-6) added in 1964. The five wells in the field in 1950 

through 1951 had a combined production rate of 2387 

gpm in 1952 and an average specific capacity of 7.9 

gprn/ft. The pumping rate had declined to 184 7 gpm, and 

the average specific capacity declined to 5.0 gpm/ft in 

1982. The wells deteriorated because of age, corrosion of 

the screen openings, the well filling with sediments, 

gravel pack filled with fine sediments, and mainly, the 

damage to screen sections of the wells, especially wells 

G-4 and G-5.6 The yield from the wells will continue to 

decline with time because of deterioration of the casing, 
screen, and gravel pack. To ensure continued production 

from the field and maximum use of exi.,;ting booster and 

distribution systems, one replacement well should be 

considered and other wells should be rehabilitated. 11 

A replacement well should be considered, because at 

present, the spacing of existing wells in the Guaje Field is 

adequate with minor interference occurring when the 

wells are pumped. An additional well in the field would 

cause excessive drawdown because of the proximity of 

other wells. An additional well in the field should not be 

located northwest or west of the existing wells because of 

the outcrop of Tschicoma Formation in these areas. A 

well that is finished in or near the outcrop of Tschicoma 

would not yield an appreciable amount of water because 

the rocks are relatively impermeable and they form a 

barrier to east and southeast movement of ground water 

in the main aquifer. Land ownership will not permit 

locatill! a well southeast of well G-1 in Guaje Canyon 

(Fig. 5). 
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A replacement well should be considered for well G-4. 

Maximum yield from the well was 434 gpm with a 

specific capacity of 3.0 gpm/ft of drawdown in 1954. In 

1982 the yield had declined to 297 gpm with a specific 

capacity of 1.5 gpm/ft of drawdown. At times, the well 

produces a lot of sand with th~ pumpage. 

Well G-4 was completed at a depth of 1930 ft in 1951. 

In November 1953 the well was filled with sediments to 

about 1129 ft. Attempts to remove the sediments from 

the well were abandoned at a depth of 1486 ft because 

the bailer would stick and gravel pack was being bailed 

from the well. The presence of gravel pack indicated 

that the casing was ruptured. In October 1954 the well 

was opened to 1386 ft. About 110 ft of the 360 ft of 

screen buried below the 1380-ft level reduced the yield of 

the well because sediment continued to accumulate. In 

1968 the well had filled with sediments to a depth of 765 

ft. When sediments were being removed from the well, a 

large amount of gravel pack was present, so it was 

cleaned only to a depth of 798 ft. The well was filled with 

sediments to a depth of 750ft in 1975. At this time, the 

sediments were cleaned out to a depth of 1750 ft. A 

video log of the hole was made with a television camera, 

which indicated minor breaks in the screen above the 

depth of 1230 ft with major breaks in sections of the 

screen below a depth of 1230 ft. A slotted liner was set 

from 1214 to 1750 ft; however, after t11e well was back in 

operation, pumpage sometimes contained a large amount 

of sand. In 1981 the hole was opened only to a depth of 

1150 ft. Only 22 ft of sediments were cleaned out of the 

well because the bailer tended to stick in the well. Well 

G-4 should be replaced because of the damaged screen. 

The well will continue to deteriorate with sand accumula

tion until the yield will be insufficient to continue 

economical operation. It can be replaced with a well that 

should produce at least 500 gpm with less than 100 ft of 

drawdown. 

The replacement well should be located at least 150 ft 

south of well G-4; however, a distance of 300 to 500 ft 

would be preferable because drilling would be less likely 

to affect the cavities caused by pumpage of sand from 

G-4. The pilot hole should be at least 2000 ft deep. This 

would allow a saturated section of about 1600 ft to 

develop the well. The stratigraphic section penetrated by 

the replacement well should be similar to those 

penetrated by well G-4 (Table V). T~e water quality 

should also be similar to that of well G-4. The TDS 

should be about 150 mg/ t, with soft water. at 48 mg/ t. 
Chloride should be less than 5 mg//, and fluorides should 

be about 0.2 mg/ t. 
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TABLE V 

ANTICIPATED GEOLOGIC LOG OF A SUPPLY 

WELL NEAR WELL G-4 IN GUAJE CANYON 

Elevation: 6230 ft above sea-level datum 

Depth of Pilot Hole: 2000 ft 

Hydrologic Data: 

Depth To Water: 400 ft 

Yield: Estimated 500 gpm 

Drawdown: Estimated 100 ft or less 

Aquifer: Tesuque Formation 

Thickness 

Stratigraphic Unit (ft) 

Alluvium 

Gravels and boulders 15 

Puye Con glomerate 

Conglomerate 105 

Tesuque Formation 

Siltstone and sandstone 380 

Basalt and interflow breccia 30 

Siltstone and sandstone 330 

Basalt and interflow breccia 75 

Siltstone and sandstone 30 

Basalt and interflow breccia 20 

Siltstone and sandstone 130 

Basalt and interflow breccia 40 

Siltstone and sandstone 850 

Depth 

(ft) 

15 

120 

500 
530 
860 
935 
965 
980 

1110 

1150 
2000 

Well G-3 had a pumping rate of 410 gpm and a 

specific capacity of 8.6 gpm/ft of drawdown in 1954. 

The pumping rate has declined to 240 gpm,. with a 

,specific capacity of 2.1 gpm/ft of drawdown in 1982. 

Television logs of the well indicate that the casing and 

screens are in good condition. The well should be 

rehabilitated by some method (acid, shock, jetting 

screens with high pressure, or swabbing) to try to 

increase the yield of the well. 

Well G-5 is missing large sections of the screen below 

a depth of 700 ft. As the well continues to be a good 

producer with little drawdown (520 gpm with specific 

capacity of 9.5 gpm/ft), no attempt should be made to 

repair or rehabilitate the well. A replacement well should 
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be considered in the future for this well if yield and 
specific capacity decline. 

C. Pajarito Field 

The Pajarito Field is composed of four producing 
wells. One well that was just completed should be added 
to the system in late 1983. The four wells can produce 
about 4800 gpm and when the fifth well is added to the 
system, the production should be about 6000 gpm. These 
wells are high-yield wells in an area capable of develop
ing wells with pumping rates > I 000 gpm. The develop
ment of additional wells in the field is not imminent; 
however, if additional wells are to be developed, loca
tions should be in areas where high yield and low 
drawdown can be expected. 

The Pajarito Field north and west of PM-2, -4, or -5 
cannot be expanded and still remain in the area where 
high-yield wells can be developed. Also, space is un
available in Sandia Canyon for additional wells, if space 
is maintained between wells to reduce interference or 
overlapping of drawdown. Adding wells in lower Pueblo 
Canyon has already been discussed. 

The suggested location for additional wells in the 
Pajarito Field is to the southwest of well PM-2 (Fig. 13). 
The locations are chosen for maximum spacing between 
wells to minimize the interference between wells when 
they are pumping and to align the wells at 'right angles to 
the movement of ground water in the main aquifer, 
which is west to east. 

One additional well could be located about 3500 ft 
southwest of PM-2 at an elevation of about 6850 ft, with 
a second well located about 7000 ft southwest of PM-2 
at an elevation of about 6800 ft. The quality of water at 
these locations should be similar to that of PM-2. The 
TDS should be about 140 mg/l with a chloride value of 
9 mg/ l and fluoride value of 0.3 mg/ l. The water is soft 
with hardness of 36 mg/ l. 

The pilot hole at these locations should be at least 
2800 ft, which would result in a saturated section of 
about 1800 ft to develop a high-yield well. The anticipa
ted geologic section at the two locations is shown in 
Table VI. 

D. Drilling Conditions 

Cable tool and rotary methods of drilling have been 
used to construct water supply wells in the Los Alamos 
area. The cable tool and rotary method has been used to 

drill the upper section of unsaturated material (alluvium. 
Bandelier Tuff, Puye Conglomerate, and Basaltic Rocks 
of Chino Mesa) above the main aquifer. Rotary drilling 
has been used to complete the well in the saturated 
sediments and volcanic rocks within the main aquifer, 
the lower part of the Puye Conglomerate. and the 

Tesuque Formation. 
The alluvium or soil at most sites is thin. The alluvium 

(Guaje or Pueblo Canyons) may cover large, very hard 
boulders of latite, rhyolite, or quartz latite. 

The Bandelier Tuff is a soft, friable, porous, and 
permeable rock. The drilling should progress easily. A 
thick section of tuff may cause major circulation prob
lems if it is drilled with the rotary using drilling mud as a 
cutting carrier. Drilling by cable tool should cause no 
lost circulation problems; using air foam as a cutting 
carrier with the rotary should reduce the lost circulation 
problem and should allow the upper section of the hole to 
be cased above the main aquifer. The wall of the 
borehole in the Bandelier Tuff holds up well when it is 
drilled by either cable tool or rotary. 

The Puye Conglomerate contains numerous latite, 
rhyolite, and quartz latite boulders that are quite hard. 
The formation is slightly consolidated to consolidated. 
Drilling will be slow, and in some cases, circulation of 
drilling fluid when using the rotary method may be 
difficult. 

The basaltic rocks of Chino Mesa are hard and 
contain joints and small cavities. Drilling these rocks will 
be slow a:nd difficult, and if rotary methods are used, 
circulation may be difficult to maintain. Using air foam 
as a cutting carrier through the basalts reduces the 
circulation problem. For completion of the well, it will 
probably be necessary to set a surface string of casing 
through these basalts. The pilot hole in basalts is likely to 
become crooked because when the hard rocks are drilled, 
the bits are deflected by joints and interflow breccias 
between flows of different hardnesses. 

The Tesuque Formation of siltstones and sandstones 
is drilled easily by rotary methods using mud as a 
cuttings carrier. The interbedded basalts in the sediments 
are hard to drill and will, in most cases, cause problems 
in maintaining the circulation using a mud rotary. The 
formation is completely saturated at most of the loca
tions (Guaje Canyon is the exception). If sufficient 
penetration of the aquifer is made and a high head of 
water can be maintained in the drill hole, reverse 
circulation using air down a drop line in the drill stem 
has been successful in maintaining circulation at depth in 
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the Tesuque Formation when the sediments contain 

interbedded basalts. 

E. Geology and Geophysical Logs 

The depth at which a supply well will be completed is 

determined from geologic and geophysical logs. During 

drilling of the pilot hole, cuttings should be caught at 5-

ft-depth intervals when using a cable tool or at 10-ft-
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depth intervals when using a rotary. Cuttings are then 

described by a geologist and a geologic log is prepared. 

The geologic log is used to correlate and compare rock 

units with hydrologic characteristics of geophysical logs. 

Geophysical logs to be run in the pilot hole are ( 1) 

Compensated Neutron-Formation Density, (2) Dual In

duction~SFL with Linear Correlation Log, (3) Micro

log, and (4) Temperature Log. These logs, along with the 

geologic log, will aid in determining the water-bearing 
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TABLE VI 

ANTICIPATED GEOLOGIC LOG OF 
SUPPLY WELLS ON THE 

PAJARITO PLATEAU SOUTH OF WELL PM-2 

Elevation: -6850 ft 
Depth of Pilot Hole: 2850 ft 
Hydrologic Data~ 

Depth to Water: 950 ft 
Yield: Estimated 1000 gpm 
Drawdown: Estimated 100 ft or less 
Aquifer: Puye Conglomerate and Tesuque Formation 

Thickness Depth 
Stratigraphic Unit (ft) (ft) 

Bandelier Tuff 
Ashflow tuff and pumice 650 650 

Basaltic rocks of Chino Mesa 
Basalt and interflow breccia 350 1000 

Puye Conglomerate 
Conglomerate 650 1650 

Tesuque Formation 
Sandstone and conglomerate 400 2050 
Basalt and interflow breccia 50 2100 
Sandstone and siltstone 200 2300 
Basalt and interflow breccia 100 2400 
Siltstone and sandstone 450 2850 

characteristics of the Puye Conglomerate and Tesuque 
Formation within the main aquifer. 

F. Well Construction 

Well construction should provide for a surface string 
of blank casing, adequately cemented, to seal out water 
encountered in the alluvium (Pueblo and Guaje Canyon). 
It will also be necessary to seal out, with casing, any 
water encountered above the main aquifer. Samples of 
water encountered above the main aquifer should be 
obtained for chemical and radiochemical analyses, where 
possible, if drilling with cable tool or air rotary. 

Most of the water-bearing beds of the Tesuque 

Formation contain fine sediments so poorly consolidated 
that a gravel pack around the casing and screen section 
of the well will be required to reduce the entry of fine 
material into the well. Perforated pipe or screen should 
be placed through the entire saturated section of the well 
except in the upper 200 to 250 ft of the saturated section. 
The pump intake is usually set 200 to 250 ft below the 
top of the aquifer. Blank pipe should be set through this 
section to prevent "cavitation" of the pump bowls in 
order to obtain the maximum efficiency of the pump. 

Two gage lines (2-in. i.d.) attached outside the casing 
should extend from the surface and enter the casing at 
200 to 250 ft below the top of the main aquifer or near 
the top of the screen section. One gage line houses the air 
line and continuously monitors the water levels; the 
second gage line is used for the water-level measurement 
equipment or well-surveying instruments. 

V. SUMMARY AND CONCLUSIONS 

The main aquifer of the Los Alamos area is the only 
aquifer capable of municipal and industrial water supply. 
The main aquifer extends from the Rio Grande westward 
beneath the Pajarito Plateau and rises westward strati
graphically through the Tesuque Formation into the 
lower part of the Puye Conglomerate. The water in the 
aquifer moves eastward toward the Rio Grande, where it 
discharges through a series of springs and seeps. The 
depth of the main aquifer varies from about 1200 ft 
along the western margin of the plateau to about 600 !"t 
at the confluence of Pueblo and Los Alamos Canyons. 
At the Rio Grande, some wells encountered water in the 
aquifer under artesian pressures. The main aquifer 
extends north and south of the Los Alamos area and is 
estimated to be over 6000 ft thick. 

The Puye Conglomerate is highly permeable and. 
where it is saturated beneath the Pajarito Plateau, will 
yield large amounts of water to wells. The Tesuque 
Formation is composed of siltstones, sandstones, and 
some conglomerate. Many of the individual beds in the 
Tesuque Formation are highly permeable and, where 
saturated, will yield water to a well. Beneath the Pajarito 
Plateau, coarse volcanic rock fragments are in the upper 
1000 ft of the Tesuque Formation, and they yield more 
water to wells than do the finer sediments, which 
predominate in the formation farther to the east along 
the Rio Grande. 
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In the Los Alamos area.l8 supply wells. 10 test wells. 

and 2 stock wells are supplied by the ··main aquifer. 

Hydrologic characteristics of the main aquifer were 

determined from some of these wells. The hydrologic 

characteristics reflect the permeability and thickness of 

the formations. 
The Los Alamos Field is completed in siltstones and 

sandstones of the Tesuque Formation. With a saturated 

thickness of about 13 50 ft. the average specific capacity 

is about 4.5 gpm/ft of drawdown at a pumping rate of 

365 gpm. The average transmissivity is 8.4 x 103 gpd/ft 

with a field coefficient of permeability of 5.6 gpd/ft2• The 

average rate of movement in the upper 1350 ft of aquifer 

in the Los Alamos Field is about 20 ft/yr. The produc

tion from the field in 194 7 to 1982 has been 14.5 x 109 

gal. or about 36% of the total water pumped for use at 

Los Alamos. This has resulted in an average water-level 

decline in the field of 3 7 ft or about l.l ft/yr. The 

average production per foot of water-level decline has 

been 392 x 106 gal./ft. 
The Guaje Field is completed in siltstones and sand

stones with some interbedded basalt flows and breccias 

of the Tesuque Formation. The average saturated thick

ness of 1410 ft has an average specific capacity of 5.8 

gpm/ft of drawdown at a pumping rate of 376 gpm. The 

average transmissivity is 11.6 x 103 gpd/ft with a field 

coefficient of permeability of 8.2 gpd/ft2• The average 

rate of movement is about 35 ft/yr. The production in 

1951 through 1982 from the field has been 14.9 x 109 

gal. or about 3 7% of total water pumped for use at Los 

Alamos. This has resulted in an average water-level 

decline in the field of 54 ft or about l. 7 ft/yr. The 

average production per foot of water-level decline has 

been 277 x 106 gal./ft. 
The Pajarito Field is completed in siltstones, sand

stones, and conglomerates that are interbedded with 

basalt and basalt breccias of the Puye Conglomerate and 

Tesuque Formation. The lower part of the Puye Con

glomerate is also saturated within the field. The average 

saturated thickness of 1740 ft has an average specific 

capacity of 31 gpm/ft of drawdown at a pumping rate of 

1215 gpm. The average transmissivity is 94 x 103 gpd/ft 

with an average field coefficient of permeability of 53 

gpd/ft2• The average rate of movement in the 1740 ft of 

Puye Conglomerate and Tesuque Formation is 95 ft/yr. 

Production from the field from 1965 to 1982 has been 

11.0 x 109 gal. or about 27% of the total water pumped 

at Los Alamos. 
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There are five wells in the field. but most of the 

production has been from three wells: PM-I. -2. and -3. 

Well PM-4 was placed in service in July 1982. and well 

PM-5 was completed but had not been connected to the 

transmission line by the end of 1982. The production 

from well PM-1 has been about 1.6 x 10~ gal. from 1965 

to 1982 resulting in a water-level decline of 2 ft. The 

average production per foot of water-level decline has 

been 796 x 106 gaL/ft. The production from well PM-2 

has been 5.9 x 109 gal. from 1966 to 1982. This well has 

produced the most water of the individual wells ( 14% of 

the total water pumped at Los Alamos in 19 50 through 

1982). The water level declined 48 ft from 1966 to 1982 

or about 2.8 ft/yr. The average production per foot of 

water-level decline has been 122 x 109 gal./ft. The 

production of well PM-3 has been 3.5 x 109 gal. from 

1968 to 1982. This has resulted in a water-level decline 

of 19 ft with an average production of 183 x l 06 gal./ft 

of drawdown. 
Test well TW-4 is completed into a brecciated zone in 

the Tschicoma Formation. At a pumping rate of 2.8 

gpm. the specific capacity is 0.6 gpm/ft of drawdown. 

The 40-ft zone of saturation has a transmissivity ofO. 7 x 
103 gpd/ft and a field coefficient of permeability of 18 

gpd/ft2• The rate of movement in the brecciated zone is 

about 50 ft/yr. 
Test wells DT-5A, -9. and -10 penetrated a saturated 

thickness of 345 ft at the Tesuque Formation and lower 

part of the Puye Conglomerate. The test well had an 

average specific capacity of 15 gpm/ft of drawdown at a 

pumping rate of 82 gpm. The average transmissivity is 

36 x 103 gpd/ft with an average field coefficient of 

permeability of 83 gpd/ft2• The amount of pumpage from 

these test wells is low. thereby causing no significant 

change in water levels; however. water-level decline in 

well DT-5A from 1960 to 1964 was 4 ft and in well 

DT-10 it was 4ft from 1960 to 1967. At well DT-9. the 

average annual water levels were recorded from 1960 to 

1968 and 1970 to 1982. The most rapid decline occurred 

from 1960 to 1968. about 2.3 ft. The water level rose 

about 0.3 ft from 1971 to 1972, then declined about 1.2 

ft to 1979. Since 1979 the water level has remained 

about the same. The water-level declines reflect decreases 

in recharge resulting in natural water-level declines. 

Test Wells TW-1, -2. -3, and -8 penetrated a 60-ft 

saturated section in the lower part of the Puye Con

glomerate. At a pumping rate of 8 gpm. the average 

specific capacity is 2.1 gpm/ft of drawdown. The average 



transmissivity is 4.3 x 103 gpd/ft with an average field 
coefficient of permeability of 98 gpd/ft2

• The average 
rate of water movement in the 60-ft saturated section of 
the aquifer is about 250 ft/yr. 

Based on hydrologic characteristics of the wells, high
yield and low-drawdown ( 1000 gpm/ 100 ft) wells can be 
developed near the center of the Pajarito Plateau in a 
northeast-trending zone. Two high-yield and low-draw
down wells can be developed in lower Pueblo Canyon as 
replacement wells or wells to supplement production 
from the Los Alamos Field. Two high-yield and low
drawdown wells can be located on the Pajarito Plateau 
southwest of well PM-2 to supplement the production 
from the Pajarito Field to meet future increased demand. 

A replacement well for well G-4 in the Guaje Field 
should be considered to offset decline in production in 
the field as well efficiency declines in the field. The well 
could be constructed to produce 500 gpm with less than 
I 00 ft of drawdown. 
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APPENDIX A 

CONSTRUCTION AND HYDROLOGIC DATA FOR WELLS IN LOS ALAMOS, 

GUAJE, AND PAJARITO FIELDS 

Los Alamos Field 

LA-1• LA-ID LA-2 LA-3 LA4 LA-5 LA-6 

-- . 
Dale of Complelion (yr) 1946 1960 1946 1947 1948 1948 1948 

Elevalion of LSD (ft) 5625 5620 5650 5670 5975 5840 5770 

Conslruclion 
Deplh drilled (fl) 1001 2256 882 910 2019 2084 7030 

Deplh compleled (fl) 870 1750 870 870 1965 1750 1790 

Diameler (in.) b 10 12 (650 ft) 10 10 10 12 (754 ft) 10 12 ( 630 fl) 10 12 (597 fl) 10 

Waler Levels 
Dale 1982 1982 1982 1982 1981 1982 1982 

Deplh below LSD (ft) 40 71 161 118 289 168 90 

Elev alion ( fl) 5585 5549 5489 5552 5686 5672 5680 

Waler-Level Fluclualions 

Period 1950-1982 1960 1982 1950-1982 1950-1982 1950-1981 1950 1982 1950-1982 

Change (ft) -79 -64 -72 -21 -II -45 -7 

Annual rale (fl/yr) -2.4 -2.8 -2.2 -0.6 -0.3 -1.4 -0.2 

Aquifer 
Formalion Tsf Tsf Tsf Tsf Tsf Tsf Tsf 

Sa1ura1ed lhickness (fl) 830 1679 709 752 1676 1582 1700 

Yield 
Dale 1950 1982 1982 1982 1981 1982 1981 

Rale (gpm) 366 486 269 247 579 467 580 

Drawdown (fl) 293 109 187 128 104 136 51 

Specific capacily (gpm/fl) 0.8 4.5 1.4 1.9 5.6 3.4 10.2 

Transmissivily (gpd/fl) 15 700 2500 2500 9600 4800 15 500 

Field coefficienl of permeabilily (gpd/fl') 9.3 3.5 3.3 5.1 3.0 9.1 

Produclion 
Period (yr) 1947 1956 1960 1982 1947 1982 1948 1982 1948 1982 1948 1982 1948 1975 

Pumpage < 10• gal.> 353 1964 1305 1644 3503 3049 28!!4 
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lJl 

Quality or Water 

Date 
Chemical (mg/l) 

Si02 
Ca 
Mg 
Na 

co3 
HC01 
so4 
Cl 

F 

N03 
TDS 

Hardness 
Specific conductance (l'mho) 

pH 

Radiochemical 
Total uranium (l'g/l) 
T-emperature (°F) 

LA-1° 

1952 

29 
7 
I 

80 

0 
177 
20 
18 

1.3 
1.8 

---

22 

385 

63 

\ 

APPENDIX A (cont) 

LA-18 LA-2 

2-28-80 2-28-80 

40 26 
7 7 
OA 0.2 

25 50 
0 0 

320 136 
37 13 
15 II 
2.5 1.2 

2.3 2.5 
514 130 

16 16 
330 270 

8-4 8.5 

5.7 ± 1.2 4.5 ± 1.0 
8J 75 

Los Alamos Field 

LA3 LA-4 LA-S LA6 

2-28-0 2-28-80 2-28-80 2-28-80 

24 30 36 26 
I 10 7 8 
0.2 0.2 0.2 0.2 

30 20 30 10 
0 0 0 0 

96 80 140 220 
7 3 5 22 
3 2 2 10 
0.5 0.4 0.9 1.6 
2.4 2.0 2.3 2.3 

112 70 198 364 
28 24 20 18 

550 200 200 300 
8.4 8.5 8.7 8.7 

3.5 ± 0.8 0.9 ± 0.8 4.8 ± 0.8 3.1 i 0.8 
67 83 77 84 
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APPENDIX A (cont) 

Guaje Field 

G-1 G-IA G-2 G-3 G-4 G-5 G6 

Date of Completion (yr) 1950 1954 1951 1951 1951 1951 1964 

Elevation of LSD (ft) 5975 6015 6055 6140 6230 6305 6420 

Construction 
Depth drilled (ft) 2100 2071 2006 1996 2002 1997 2005 

Depth completed (ft) 2000 1519 1996 1792 1930 1840 1530 

Diameter (in.)l> 10 (490 ft) 10 12 (8663 ft) 10 12 (8600 ft) 10 12 (8695 ft) 10 12 (8720 ft) 10 12 (8739 fl) 10 12 

Water Levels 

Depth below LSD (ft) 278 305 352 364 386 455 5!18 

Elevation ( ft) 5697 5710 5703 5776 5844 5!150 51!32 

Water-Level Fluctuations 
Period (yr) 1951-1982 1955-1982 1951·1982 1951-1982 1951-1982 1951 I'Jil2 I'J64 1982 

Change (ft) -83 -40 -93 -83 -29 -41 -7 

Annual rate (ft/yr) -2.6 -1.4 -2.9 -2.6 -0.9 -1.3 -0.4 

Aquifer 
Formation Tsf Tsf Tsf Tsf Tsf Tsf Tsf 

Saturated thickness (ft) 1722 1214 1644 1428 1544 13tl5 942 

Yield 
Date 1982 1982 1982 1982 1982 19!12 1982 

Rate (gpm) 313 505 476 239 297 522 2!11 

Drawdown (ft) 165 42 47 112 192 55 81 

Specific capacity (gpm/ft) 1:9 12.0 10.1 2.1 1.5 9.5 3.5 

Transmissivity (gpd/ft) 12 000 II 000 15 000 7500 17 500 12 000 6300 

Coefficient of permeability (gpd/ft 2) 7.0 9.1 9.1 5.3 11.3 !1.7 6.7 

Production 
Period (yr) 1950-1982 1954-1982 1951-1982 1951-1982 1951-1982 1951 1'11!2 1952 19!12 

Pumpage ( 100 gal.) 2386 2921 2504 201l4 1202 2774 1062 
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Quality of water 
Date 
Chemical (mg/l) 
Si02 
Ca 
Mg 
Na· 

co3 
HC03 
so4 

Cl 
F 

N03 
TDS 
Hardness 
Specific conductance (11mho) 

pH 
Radiochemical 
Total uranium (11g/l) 

Temperature (°F) 

G·l 

2·28·80 

86 
10 
0.5 

23 
0 

84 
4 
2 
0.5 

2.1 
172 
34 

130 
8.3 

1.0+0.8 
78 

APPENDIX A (cont) 

G·IA G-2 

2·28 80 2·28·80 

78 78 
9 9 
0.5 0.6 

26 36 
0 0 

124 116 
4 4 
2 2 
0.5 0.8 
2.1 1.9 

134 222 
30 24 

200 200 
8.4 8.5 

0.7 + 0.8 0.9 +0.8 
84 85 

Guaje Field 

G3 G-4 GS G6 

2 28-80 2-28-80 2-28-80 2 24-80 

54 52 64 70 

12 14 15 16 
1.5 2.5 3.7 3.6 

18 14 II 12 

0 0 0 0 
84 96 88 88 

4 3 4 3 

2 2 2 2 
0.3 0.2 0.2 0.2 

2.5 2.7 2.9 1.8 
144 150 162 190 
36 48 54 54 

300 160 130 200 
8.3 8.2 8.2 7.9 

0.8 + 0.8 1.0+0.8 0.8 + 0.8 2.4 + 0.8 

82 79 78 83 



APPENDIX A (cont) 

Pajarito Field 

PM-I PM-2 P~-3 PM-4 PM-5 

Date of Completion 1965 1965 1966 1981 198~ 

Elevation of LSD (ft) 6520 6715 6640 6920 7095 

Construction 
Depth drilled ( ft) 2501 2600 2552 2920 3120 

Depth completed (ft) 2499 2300 2552 2875 3093 

Diameter (in.)b 12 14 14 16 16 

Water Levels 

Date 1982 1982 1982 1982 1981 

Depth below LSD (ft) 748 874 762 1047 1~08 

Elevation (ft) 5772 5841 5878 5873 5887 

Water-Level Fluctuations 
Period (yr) 1965-1982 1966-1982 1968-1982 1981-1982 

Change (ft) -2 -48 -19 ,s 
Annual rate (ft/yr) -0.1 -2.8 -1.3 

Aquifer 
Formation QTp-Tsf QTp-Tsf QTp-Tsf QTp-Tsf QTr-Tsf 
Saturated thickness (ft) 1751 1426 1790 1828 1885 

Yield 

Date 1982 1982 1982 1982 1982 

Rate (gpm) 589 1386 1402 1473 1225 

Drawdown (ft) 22 60 23 40 144 

Specific capacity (gpm/ft) 26.8 23.1 60.9 36.8 8.5 
Transmissivity (gpd/ft) 55 000 40 000 320 000 44 000 10 000 
Field coefficient of permeability (gpd/ftl) 31 28 179 24 5.3 

Production 
Period (yr) 1965-1982 1966-1982 1968-1982 1982 

Pumpage ( 1o6 gal.) 1593 5863 3478 76 

Quality of Water 

Date 3-18-81 3-18-81 3-18-81 8-3-81 8-4-81 
Chemical (mg/l) 

Si02 77 81 88 87 86 

Ca 28 8 24 9 14 

Mg 6.9 3.1 8.4 3 4 

Na 18 10 18 II 24 

co3 0 0 0 0 0 
HC03 144 65 148 70 106 
so4 5 3 7 4 10 
Cl 4 9 10 2 4 
F 0.3 0.3 0.4 0.3 0.3 
N03 2.0 <0.1 1.8 2 8 
TDS 212 140 216 165 211 
Hard 90 36 90 36 52 
Specific conductance (11mho) 260 130 250 120 190 
pH 8.0 7.8 8.3 8.2 8.2 
Radiochemical 
Total uranium (1-lg/l) 2.4 ± 0.8 0.0 ± 0.8 1.0 ± 0.8 0.8 ± 0.8 2.2 ± 0.4 
Temperature ( ° F) 71 69 71 69 73 

•wen was abandoned in 1956; data were not used in the average hydrologic characteristics. It is located 

150ft SW of well LA-18. 

bwells have two different diameter sizes of casing; i.e .. 12 (650ft) 10 reads: 12-in. diameterto 650ft. then 

10-in. diameter to completed depth of well. 

Note: QTp = Puye Conglomerate: Tsf = Tesuque Formation. 

38 



i i 

APPENDIX B 

CONSTRUCTION AND HYDROLOGIC DATA FOR TEST AND STOCK WELLS 

Test Wells 

TW-1 TW-2 TW-3 TW-4 TW-5A 

Date of Completion 1950 1949 1949 1950 1960 

Elevation of LSD (ft) 6370 6645 6625 7245 7145 

Construction 
Depth drilled ( ft) 642 789 815 1205 1821 
Depth completed (ft) 642 789 815 1205 1821 
Diameter (in.) 8 8 10 6 8 

Water levels 
'-Date 1951 1951 1951 1951 1964 

Depth below LSD (ft) 593 760 750 1166 1178 
Elevation (ft) 5773 5885 5875 6079 5967 

Water-Level Fluctuations 
Period 1960-1964 
Changes (ft) -4 
Annual rate (ft/yr) --{).8 

Aquifer 
Formations QTp QTp QTp Tt QTp-Tsf 
Saturated thickness (ft) 49 29 65 39 643 

Yield 
Date 1951 1951 1951 1951 1960 
Rate (gpm) 2.4 6.7 6.6 2.8 81 
Drawdown (ft) 38.9 7.5 15.0 4.8 14.2 
Specific capacity (gpm/ft) <0.1 1.0 0.5 0.6 5.7 
Transmissivity (gpd/ft) 200 7000 7800 750 11 000 
Field coefficient of permeability (gpd/ft2) 4 241 120 19 17 

Quality of Water 
Date 2-28-81 9-17-81 3-31-81 6-8-65 9-16-81 
Chemical (mg/l) 
Si02 49 79 84 72 
Ca 43 13 17 10 8 
Mg 7.7 3.8 6.0 5 2.5 
Na 12 9 13 20 II 
col 0 0 0 0 0 
HC03 121 79 104 70 65 
so. 3 3 3 . I 
Cl 7 3 4 2 2 
F 0.4 0.5 0.4 <0.4 0.2 
N03 2.4 6.2 4.1 0.4 3.9 
TDS 220 ISO 168 163 124 
Hardness 128 51 64 45 38 
Specific conductance (11mho) 320 ISO 190 150 120 
pH 8.0 8.0 7.9 7.9 7.9 
Radiochemical 
Total uranium (llg/l) 6.1 ± 1.2 0.1 ± 0.8 0.7 ± 0.8 0.5 ± 0.5 0.0 ± 0.8 
Temperature ("F) 70 71 74 70 70 
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APPENDIX B (cont) 

Test WeUs 

Sigma 
Stock Wells 

TW-8 DT-9 DT-10 Mesa H-19 RW-2 RW-l 

Date of Completion 1960 1960 1960 1979 1949 1954 1955 

Elevation of LSD (ft) 6870 6935 7020 7215 7180 5642 5820 

Construction 
Depth drilled ( ft) 1065 ISO! 1409 2292 2000 161 132 

Depth comcleteo (ft) 1065 ISO! 1408 2000a 161 132 

Diameter (in.) 8 12 12 

Water Levels 

Date 1965 1982 1967 1979 1949 1954 1955 

Depth below LSD (ft) 969 1006 1091 130S.b 970 132 105 

Elevation (ft) 5901 5929 5929 5910 6210 5510 5715 

Water-Level Fluctuations 

Period 1960-1965 1960-1982 1960-1967 

Change (ft) -I -3 ~ 

Annual rate (ftlyr) ~-2 ~-2 ~-S 

Aquifer 
Formations QTp QTp-Tsf QTp-Tsf QTp-Tsf Tt-QTp Tsf Tsf 

Saturated thickness (ft) 97 498 324 987 1030 

Yield 
Date 1960 1960 1960 

Rate (gpm) 16 88 78 

Drawdown (ft) 8.0 4.0 4.9 

Specific capacity (gpm/ft) 2 22 16 

TransmiSsivity (gpd/ft) 2400 61 000 36 100 

Field coefficient of permeability (gpdff\2) 2S 122 Ill 

Quality of Water 

Date 4-6-81 4-10-81 4-2-81 12--7-67 12-7-67 

Chemical (mg/l) 

Si02 so 72 58 

Ca 4 9 10 32 28 

Mg 0.9 3.1 3.5 

Na II 12 II 47 79 

co3 7 0 0 0 0 

HC03 22 69 81 114 158 

so. <I 

Cl 4 10 

F <0.2 0.3 0.1 0.2 

N03 4.4 4.3 <0.4 0.9 3.1 

TDS 52 142 124 170 253 

Hardness 16 3S 42 100 100 

Specific conductance (~mho) 90 ISO 130 200 270 

pH 9.8 8.0 8.3 8.1 i.6 

Radiochemical 

Total uranium (~g/l) 0.0 ± 0.8 0.8 ± 0.8 0.8 ± 0.8 1.8 ± 0.4 2.3 "0.8 

Temperature (°F) 67 70 67 67 66 

-----------
a Hole abandoned 

bWater level interpreted from geophysical logs. 

Note: Tsf = Tesuque Formation; QTp ~ Puye Conglomerate; and Tt = Tschicoma Formation. 
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APPENDIXC 

HYDROLOGIC DATA FOR SPRINGS IN WHITE ROCK CANYON 

Spring 3 Spring 38 Spring 4 Spring SA Spring SB Spring 6 Spring 8A Spring 10 

Elevation of LSD (ft) 5560 5500 5500 5430 5400 5380 5370 5360 

Aquifer QTp Tsf QTp Tsf Tsf Tsf Tsf Tsf 

Discharge at Rio Grande (gpm) 20 30 80 30 10 60 30 20 

Quality of Water 

Date 10-IHI 10-13-81 10-13-81 10-13-81 10-14-81 10-14-81 10 14-81 10 IS 81 

Chemical (mg/l) 

Si02 52 46 60 60 64 74 75 69 

Ca 20 24 28 24 17 12 II 12 

Mg 1.6 2.0 5.7 2.7 4.4 3.6 2.8 3.2 

Na 16 139 15 22 12 II 13 13 

co3 0 0 0 0 0 0 0 0 

HC03 99 392 132 124 87 74 56 80 

so4 4 4 6 7 2 2 3 3 

CJ 5 6 8 6 4 4 5 4 

F 0.4 0.6 0.5 0.3 0.5 0.3 0.4 0.4 

N03 2.6 8.4 <0.4 1.7 2.0 <0.4 <0.4 1.7 

TDS 125 374 168 186 152 134 152 146 

Hardness 56 64 92 69 56 44 39 42 

Specific conductance (11mho) 210 610 220 240 150 140 130 120 

pH 8.1 7.5 7.0 7.4 7.4 7.0 9.0 7.8 

Radiochemical 

Total uranium (llg/l) 2.3 ± 0.8 19 ± 4.0 1.5 ± 0.8 2.2 ± 0.8 1.9 ± 0.8 1.0 ± 0.8 1.7 ± 0.8 1.7 ± 0.8 

Temperature (°F) 72 68 66 70 61 73 72 66 

---------

Note: Tsf; Tesuque Formation and QTp; Puye Conglomerate. 
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APPENDIX D 

CHEMICAL QUALITY OF WATER FROM MUNICIPAL SUPPLY AND DISTRIBUTION 

Primary Chemical Quality Required for Municipal Use 

(Concentrations in mg/ l) 

Ag As Ba Cd Cr F Hg N03 Pb Se 

Los Alamos Field 
Well LA-IB <0.0005 0.039 0.06 <0.001 0.022 2.6 <0.0002 1.2 <0.003 <0.003 

Well LA-2 <0.0005 0.013 0.09 <0.001 0.020 1.9 <0.0002 1.8 <0.003 <0.003 

Well LA-3 <0.0005 0.009 0.06 <0.001 0.010 0.7 <0.0002 1.7 <0.003 <0.003 

Well LA-S <0.0005 0.032 O.D7 <0.001 0.010 1.0 <0.0002 1.4 <0.003 <0.003 

Guaje Field 
Well G-1 <0.0005 <0.005 0.06 <0.001 0.008 0.4 <0.0002 1.2 <0.003 <0.003 

Well G-IA <0.0005 0.009 0.04 <0.001 0.006 0.5 <0.0002 1.2 <0.003 <0.003 

Well G-2 <0.0005 0.048 0.03 <0.001 0.011 1.0 <0.0002 0.9 <0.003 <0.003 

Well G-3 <0.0005 0.018 0.02 <0.001 o.oos 0.4 <0.0002 1.0 0.004 <0.003 

Well G-4 <0.0005 <0.005 O.D2 <0.001 0.004 0.3 <0.0002 l.S <0.003 <0.003 

Well G-S <0.0005 <0.005 O.D2 <0.001 0.002 0.3 <0.0002 3.0 <0.003 <0.003 

Well G-6 <0.0005 <0.005 0.02 <0.001 0.005 0.3 <0.0002 0.6 <0.003 <0.003 

Pajarito Field 
Well PM-I <0.0005 <0.005 0.09 <0.001 0.010 0.3 <0.0002 1.1 <0.003 <0.003 

Well PM-2 <0.0005 <0.005 O.D2 <0.001 0.004 0.2 <0.0002 0.4 <0.003 <0.003 

Well PM-3 <0.0005 <0.005 0.05 <0.001 0.003 0.3 <0.0002 0.7 0.005 <0.003 

Well PM-4 <0.0005 <0.005 0.04 <0.001 0.006 0.3 <0.0002 7.6 <0.003 <0.003 

Well PM-5 <0.0005 <0.005 0.04 <0.001 0.002 0.4 <0.0002 3.0 <0.003 <0.003 

Los Alamos Well LA-6 <0.0005 0.185 <0.001 0.014 2.3 <0.0002 0.4 0.006 <0.003 

USEP A Maximum Contaminant 0.05 0.05 1.0 0.01 0.05 2.0 0.002 45 o.os 0.01 

Level 
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Los Alamos Field 

Well LA-1B 
Well LA-2 
Well LA-3 
Well LA-S 

Guaje Field 
Well G-1 
Well G-1A 
Well G-2 
Well G-3 
Well G-4 
Well G-5 
Well G-6 

Pajarito Field 
Well PM-1 
Well PM-2 
Well PM-3 
Well PM-4 
Well PM-5 

Water Canyon 
Gallery 

Los Alamos Well LA-6 

Secondary Standards 

• 
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APPENDIX E 

SECONDARY CHEMICAL QUALITY FOR MUNICIPAL USE 
(concentrations in mg/l) 

Cl Cu Fe Mn so. Zn 

16 0.003 0.028 <0.002 27 <0.01 
16 0.006 0.100 0.008 12 <0.01 
4 <0.002 0.007 <0.002 5 <0.01 
2 <0.002 <0.005 <0.002 3 <0.01 

3 0.003 0.007 0.010 <2 0.02 
3 0.013 0.006 <0.002 <2 0.02 
3 <0.002 0.010 <0.002 2 . <0.01 
3 0.010 0.018 <0.002 <2 0.12 
3 0.012 0.062 0.002 3 0.09 
3 <0.002 0.012 0.002 4 <0.01 
3 <0.002 <0.005 <0.002 2 <0.01 

6 <0.002 <0.005 <0.002 2 <0.01 
2 0.003 <0.005 <0.002 2 0.04 
8 0.001 <0.005 <0.002 3 0.01 
2 <0.002 0.020 0.003 4 <0.01 
3 <0.002 0.050 0.005 10 <0.01 

<1 <0.002 0.325 <0.002 2 0.02 

4 0.011 0.908 <0.002 2 0.07 

250 1.0 0.3 0.05 250 5.0 

TDS pH 

408 7.9 
204 8.5 
162 8.3 
170 8.6 

162 7.9 
152 8.3 
168 8.3 
120 8.3 
126 8.2 
160 8.3 
134 7.6 

188 7.6 
134 8.0 
203 8.0 
169 8.2 
211 8.2 

114 7.5 

222 8.6 

500 6.5- 8.5 
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APPENDIX F 

RADIOCHEMICAL QUALITY OF WATER FROM MUNICIPAL SUPPLY AND DISTRIBUTION 

* c 
iA Radiochemical 

a 
0 1982 IJ7cs ll8p0 239pg Gross Alpha Gross Beta Ju Total U 

< 
"' Station Date ( w-9 ~tCVmt) (to-9 ~tCVmt) (to-9 ~tCVm.t) (to- ~tCVm.t) (I0-9 ~tCVm.t) (lo-t. ~tCi/m.t) (l'g/.t) 

:u -- ---
z 
1 

"' los Alamos Field 
z WeiiLA-18 3-30 -50 t 80 -0.004 t 0.014 -0.004 t 0.012 II t 6.0 6.4 t 2.4 5.0 t 1.0 
-l 
11 WeiiLA-2 3-30 19 t 40 0.009 t 0.020 -0.019 t 0.000 9.0 t 4.0 4.1 t 1.8 0.3 t 0.6 3.9 t 0.8 
:u 
i WeiiLA-3 3-30 -80 t 40 0.004 t 0.012 -0.012 t 0.008 1.5 t 1.4 6.5 t 2.0 1.2 t 0.6 4.6 t 1.0 

-l WeiiLA-5 3-30 -10 t 34 -0.005 t 0.010 -0.010 t 0.010 3.3 t 2.0 3.8 t 1.8 0.9 t 0.6 7.0 t 1.4 

z 
a 
0 Guaje Field , Well G-1 3-30 40 t 60 -0.006 t 0.012 -0.012 t 0.012 0.1 t 1.2 2.4 t 1.6 3.4 t 0.6 0.9 t 0.8 , 
n Well G-IA 3-30 -2 t 80 0.007 t 0.030 -0.007 t 0.020 0.3 t 1.0 28 t 6.0 1.8 t 0.6 1.0 t 0.8 

"' Well G-2 3-30 -7 t 38 0.005 t 0.016 -0.014 t 0.012 0.8 t 1.2 0.8 t 1.4 0.3 t 0.6 0.9 t 0.8 

- Well G-3 3-30 -40 t 40 0.004 t 0.014 -0.013 t 0.000 LOt 1.2 2.1 t 1.6 4.1 t 0.6 1.6 t 0.8 
ID 

Well G-4 3-30 40 t 60 0.014 t O.Q38 0.010 t Oo:6oo Llt1.2 1.2 t 1.4 0.2 t 0.6 1.0 t 0.8 .. .. 
0 Well G-5 3-30 -40 t 80 -0.005 t 0.000 -0.016 t 0.010 LOt 1.0 3.8 t 1.6 0.7 t 0.6 1.3 t 0.4 

0 
.:, Wdl G-6 3-30 19 t 40 0.009 t 0.026 -0.009 t 0.038 5.9 t 2.4 7.7 t 2.2 0.8 t 0.6 1.7 t 0.8 
.... 
'r 
0 

"' Pajarito Field 
01 • Well PM-I 3-30 -50 t 40 -0.010 t 0.020 -0.050 t 0.100 0.7 t 1.4 8.1 t 2.4 0.5 t 0.6 1.8 t 0.8 

0 Well PM-2 3-30 20 t 40 0.010 t 0.040 -0.020 t 0.040 Lltl.2 1.9 t 1.6 0.3 t 0.6 0.0 t 0.8 
0 

"' Well PM-3 3-30 30 t 20 -0.014 t 0.014 -0.005 t 0.014 1.0 t 1.4 13 t 3.2 4.2 t 0.6 1.6 t 0.8 

Well PM-4 8-3 10 t 48 0.012 t 0.020 -0.012 t 0.034 0.0 t 0.8 18 t 4.0 0.5 t 0.6 0.8 t 0.8 

Well PM-5 8-4 36 t 34 0.018 t 0.024 0.004 t 0.024 3.9 t 2.2 3.2 t 1.6 0.4 t 0.6 2.2 t 0.4 

los Alamos Field 
WellLA-6 3-30 -30 t 40 -0.005 t 0.000 -0.015 t 0.030 2.9 t 2.2 4.0 t 1.8 0.5 ± 0.6 3.8 t 0.8 

.. ... .. 
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Mr. Fred Brown 
Hydrogeologist 
Los Alamos National Laboratory Group HSE-8 
Los Alamos, NM 87545 

January 5, 1988 

Subject: Results of Testing for Hydraulic Properties of Welded Tuff 

Dear Mr. Brown: 

Please find enclosed the final data report on laboratory analyses for hydraulic properties of 10 cores of welded tuff. This report constitutes completion of the analyses requested. 
We are continuing our own in-house research on unsaturated hydraulic conductivity using the additional cores that you provided us. I will report to you the results of the investigation when they have been completed. 

We would like to point out that the porosity values we have reported are those computed from degree of saturation to water, and therefore represent the effective porosity to that fluid. 
Daniel B. Stephens & Associates, Inc. cannot verify that samples are representative of the formation from which they were collected, and we do not assume any responsibility for interpretations or analyses based on this data. 

We are very grateful to provide this service to Los Alamos National Laboratory. Please do not hesitate to call us if you have any questions. 

WBC:bdf 
Enclosure 

1'.0. AOX 740 

Sincerely yours, 

Daniel B. Stephens & Associates, Inc. 

-----~~4-
Warren B. Cox 
Laboratory Manager 

SOCORRO. NEW :'.1E:XICO 87801 15051835-J 162 
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SCOPE OF WORK 



Scope of Work 

Daniel B. Stephens & Associates, Inc. (DBS) was requested by 
Los Alamos National Laboratory of Los Alamos, New Mexico, to 
perform laboratory analyses for properties of soil, as outlined 
in written communication of September 9, 1987. The scope of work 
included the following laboratory tests on 10 cores: 

1. Sample Preparation 

2. Saturated Hydraulic Conductivity 

3. Moisture Retention (main drainage curve), Hanging 
Column Method, 2 points 

4. Moisture Retention (main drainage curve), Pressure 
Plate Method, 4 points 

5. Initial Moisture Content, Bulk Density and 
Porosity 

6. Unsaturated Hydraulic Conductivity 

In execution of the foregoing request, DBS has performed the 
work as summarized below and in Table 1. 

The cores of welded tuff were cut by hand to fit soil 
retaining rings in which all tests were performed. Descriptions 
of the sample characteristics are presented in Table 3. 
Laboratory analyses to determine the hydraulic properties of the 
ten samples are summarized in Tables 4-7. The sample reference 
numbers were taken as those marked on the outside of each 
individual sample bag. 

Included in this data report are summary tables, graphs 
where pr ... ntation in this form was required, and raw laboratory 
data. The Principles and Methods section describes the basic 
principih ot the analyses and mathods of calculation. All 
calculation results are expressed in metric units according to 
Table 2. 

~ 
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Table 1. SUmmary of Tests Performed 

-----------------------------------------------------------!Hydraulic Cor~ctivitviMoisture Retention!Initial 

' 
I Dry 

Sa:nple I I !Hangir.g I Pressure I M:>isture I I Bulk 
Number !Saturated! Unsaturated I Colunm I Plate !Content IPorosityl~~~ity ---------------------------------------------------7-8 X X X X X X X 

11-12 X X X X X X X 

16-17 X X X X X X X 

21-22 X X X X X X X 

25-26 X X X X X X X 

35-36 X X X X X X X 

42-43 X X X X X X X 

61-62 X X X X X X X 

75-76 X X X X X X X 

80-81 X X X X X X X 

~ DANIEL B. STEPHENS & ASSOCIATES. 10:C. -



Table 2 . tJni t Conventions 

Hydraulic Conductivity: em/sec 

MJisture Content: % volume 

Bulk Density: g/cc 

Porosity: dimensionless ( cn3; cm3) 

Note: Unless otheiWise stated, lengths are in units of 
centimeters, and masses are in units of grams. 

~ -::::----::= DANIEL B. STEPHENS & ASSOCIATES. INC. 



SAMPLE CHARACTERISTICS 



Table 3. SUmmary of Sample Characteristics 

sample No. I Depth < ft) I Color Texture Comments ----------------------------
7-8 Unknown I Reddish Brown Volcanic Ash Contained Olivine Crystals 

I 
11-12 Unknown I Reddish Brown Volcanic Ash Contained Olivine Crystals 

I 
16-17 UI'lknc:Mn I Reddish Brown Volcanic Ash Contained Olivine Crystals 

I 
21-22 Unlcnown I Reddish Brown Volcanic Ash Contained Olivine Crystals 

I 
25-26 Unknown I Reddish Brown Volcanic Ash Contained Olivine crystals 

I 
35-36 Ul'll<rlcMn I Reddish Brown Volcanic Ash Contained Olivine crystals 

I 
42-43 Unknown I Reddish Brown Volcanic Ash Contained Olivine Crystals 

I 
61-62 Unknown I Reddish Brown Volcanic Ash Contained Olivine Crystals 

I 
75-76 Unknown I Reddish Brown Volcanic Ash Contained Olivine Crystals 

""'"' 
I and a small area of clay 
I at one end 
I 

SQ-81 Unknown I Reddish Brown Volcanic Ash Contained Olivine Crystals 

~ 
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SATURATED HYDRAULIC CONDUCTIVITY 



Table 4. Summary of Saturated Hydraulic Conductivity Tests 

Sample No. Ks (em/sec) 

7-8 1.58E-04 

11-12 2.84E-04 

16-17 2.78E-04 

21-22 2.00E-04 

25-26 9.18E-05 

35-36 2.25E-05 

42-43 8.57E-05 

61-62 5.15E-04 

75-76 2.28E-04 

80-81 4.41E-05 

~ =:---= DANIEL B. STEPHENS & ASSOCIATES. INC. 



FALLING HEAD TEST DATA 

JOB NAME: Los Ala•os 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 7-8 
R l NG NUI18ER : 14 

DEPTH: unknown 
TYPE OF UATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c•l 
STANDPIPE X-SECTION AREA: 0.785 (sq. ctl 

SAMPLE LENGTH: 3.0 (ctl 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (CAY) (SEC) ( Cl HEAO(CMl HEAO(CM) (CM/SEC) (CM/SEC) 

============================================================================= TEST I 1: 
11/5 0.00 19.0 
11/5 0.00 705 19.0 

TEST I 2: 
11/5 0.00 19.0 
1115 0.00 590 19.0 

AVERAGE K SAT: l.SSE-04 (CM/SEC) 

COMMENTS: 

LABORATORY ANALYSIS BY: 5. Stoller 
CALCULATIONS MACE BY: S. Staller 

CHECKED BY: ~. Cox 

0.0 70.5 
0.0 24.8 1.58E-04 1.61E-04 

0.0 70.5 
0.0 30.4 1.52E-04 1.55E-04 

~ 
--- DANIEL B. STEPHENS & ASSOCIATES. I\I'C. ~ ~ 



FALLING HEAD TEST DATA 

JOB NAME: Los Ala10S 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 11-12 
RING NUMBER: 22 

DEPTH: unknown 
TYPE OF WATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c•) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c•l 

SAMPLE LENGTH: 3.0 (c•l 

-----------------------------------------------------------------------------DATE TIME DEL T TE~P RESERVOIR SAMPLE K SAT K SAT a 20 C (1987) (DAY) !SEC) ( C) HEAO!CM) HEAO(CM) (CM/SEC) (CM/SEC) 
============================================================================= TEST I 1: 

11110 639=33 15.0 
11/10 845:39 423 15.D 

TEST • 2: 
11/10 854=11 15.0 
11/10 900:20 369 15.0 

AVERAGE K SAT: 2.84E-04 (CM/SEC) 

COMMENTS: 

LABORATORY ANALYSIS BY: 5. Stoller 
CALCULATIONS MADE BY: S. Stoller 

CHECKED BY: W. Cox 

0.0 74.6 
0.0 29.4 2.35E-04 2.59E-04 

0.0 74.6 
0.0 28.3 2.80E-04 3.09E-04 

~ 
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FALUNG HEAO TEST DATA 

JOB NAME: Los Alaaos 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 16-17 
RING NUMBER: 2 

DEPTH: unk nolijn 
TYPE OF WATER USED: O.DlN CaC12 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. em) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c•l 

SAMPLE LENGTH: 3.0 (c•l 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C (1987) (DAY) (SECl ( Cl HEAO(CMl HEAO(CM) (CM/SEC) (CM/SEC) 
==================================================2========================== TEST I 1: 

11/5 0.00 19.0 
11/5 0.00 302 19.0 

TEST I 2: 
11/5 0.00 19.0 
11/5 0.00 276 19.0 

AVERAGE K SATr 2.76E-04 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: 5. Stol lrr 
CALCULATIONS MACE BY: S. Stol lrr 

CHECKED BY: W. Cox 

0.0 69.8 
0.0 32.7 2.68E-04 2.73E-04 

0.0 69.8 
0.0 34.0 2.78E-04 2.83E-04 

~ -=--:::: DANIEL B. STEPHENS & ASSOCIATES. INC. 
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FALLING HEAD TEST OATA 

JOB NAME: Los Alamos 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unkno111n 
TYPE OF ~ATER USED: O.OlN CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. em) 
STANDPIPE X-SECTION AREA: 0.785 (sq. e1l 

SAMPLE LENGTH: 3.0 !e1l 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (OAYl (SEC) ( Cl HEAO(CMl HEAO(CMl (CM/SECl (CM/SECl 

============================================================================= 
TEST • 1: 

11/5 0.00 19.0 
11/5 0.00 364 19.0 

TEST # Z: 
11/5 0.00 19.0 
11/5 0.00 497 19.0 

AVERAGE K SAT: 2.00E-04 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stol ltr 
CALCULATIONS MACE BY: S. Stoller 

CHECKED BY: Y. Cox 

0.0 76.1 
0.0 38.7 1.98E-04 2.02E-04 

0.0 76.1 
0.0 30.7 1. 9SE-04 1.99E-04 

~ 
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FALLING HEAD TEST DATA 

JOB NAME: Los Ala1os 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 25-26 
RING NUMBER: C 

DEPTH: unkno11n 
TYPE OF WATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. cal 
STANDPIPE X-SECTION AREA: 0. 785 (sq. c1l 

SAMPLE LENGTH: 3.0 (c•l 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (DAY) (SEC) ( Cl HEAD(CM) HEAD(CMl (CM/SECl (CM/SECl 

============================================================================= TEST I 1= 
11/5 0.00 19.0 
11/5 0.00 1116 19.0 

TEST I 2: 
11/5 0.00 19.0 
11/5 0.00 736 19.0 

AVERAGE K SAT: 9.18E-05 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: 5. Stoller 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: ~. Cox 

0.0 76.5 
0.0 29.6 9.08E-05 9.25E-05 

0.0 76.5 
0.0 41.3 8.94E-05 9.11E-OS 

~ 
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FALLiNG HEAD TEST DATA 

JOB NAME: Los Alamos 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 35-36 
RING NUMBER: G 

DEPTH: unkno111n 
TYPE OF WATER USED: 0.01N C•CI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c~) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c1l 

SAMPLE LENGTH: 3.0 (c•) 

-----------------------------------------------------------------------------DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (DAY) (SEC) ( Cl HEAD(CM) HEAD(CM) (CM/SEC) (CM/SEC) 

============================================================================= 
TEST I 1= 

11/10 845: 16 15.0 
11/10 941:03 3347 15.0 

TEST I 2: 
11/10 942=22 15.0 
11/10 1110:48 5306 15.0 

AVERAGE K SAT: 2.25E-05 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stoller 
CALCULATIONS MADE BY: S. Stoller 

CHECKED BY: Y. Cox 

0.0 70.7 
0.0 36.9 2 .07E-OS 2.29E-05 

0.0 70.7 
0.0 26.1 Z.CCE-05 2.21E-05 

~ =:---:= DANIEL B. STEPHENS & ASSOCIATES. INC. 



FALLING HEAD TEST DATA 

JOB NAME: Los Alamos 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unkno111n 
TYPE OF WATER USED: O.OlN CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.D6D (sq. em) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c•) 

SAMPLE LENGTH: 3.0 (c•l 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (DAY) (SEC) ( Cl HEAD(CM) HEAQ(CM) (CM/SEC) (CM/SEC) 

===========================================================~================= TEST 11 1: 
11/10 841:17 15.0 
11/10 904:42 1405 15.0 

TEST I 2: 
1111D 905:46 1S.D 
11/10 923:33 1067 15.0 

AVERAGE K SAT: 8.57E-OS (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stol ltr 
CALCULATIONS MAOE BY: 5. Stoller 

CHECKED BY: Y. Cox 

0.0 76.5 
0.0 29.6 7.21E-OS 7.96E-05 

0.0 76.5 
0.0 33.3 8.32E-OS 9 .18E-OS 

~ 
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FALLING HEAO TEST DATA 

JOB NAME1 Los Ala,os 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

DEPTH: unknown 
TYPE OF UATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c1l 
STANDPIPE X-SECTION AREA: 0.785 (sq. cml 

SAMPLE LENGTH: 3.0 (c•l 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (DAY) (SEC) ( C) HEAD(CM) HEAD(CHl (CH/SECl (CM/SECl 

============================================================================= TEST I 1: 
11/10 840:53 15.0 
11/10 844:18 265 15.0 

TEST I 2: 
11/10 855:3b 15.0 
11/10 859: 14 218 15.0 

AVERAGE K SAT: 5.15E-04 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stol ltr 
CALCULATIONS MADE BY: S. Stoller 

CHECKED BY: W. Cox 

·-~ 

0.0 79.8 
0.0 28.8 4 .llE-04 4.53E-04 

0.0 79.8 
0.0 27.4 5.23E-04 5.78E-04 

( 
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FALLING HEAD TEST DATA 

JOB NAME: los Ala•cs 
JOB NUMBER: 87-L-D70 

SAMPLE NUMBER: 75-76 
RING NUMBER: 19 

DEPTH: unknc~n 
TYPE OF UATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c•) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c•) 

SAMPLE LENGTH: 3.0 (ct) 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT a 20 C (1987) (DAY) (SECl ( Cl HEAO(CMl HEAO(CMl (CM/SECl (CM/SECl 
============================================================================= TEST # 1: 

11/10 840:27 15.0 
11/10 849:03 576 15.0 

TEST # 2: 
11/10 855:03 15.0 
11/10 903:29 506 15.0 

AVERAGE K SAT: 2.2SE-04 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stoller 
CALCULATIONS MADE BY: 5. Stcl ler 

.CHECKED BY: U. Cox 

0.0 76.1 
0.0 26.8 1. 93E-04 2.13E-04 

0.0 76.1 
0.0 26.8 2.20E-04 2.43E-04 

~ 
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FALLING HEAD TEST DATA 

JOB NAME: los Ala•os 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 80-81 
R !NG NUMBER: 18 

DEPTH: unknollln 
TYPE OF UATER USED: 0.01N CaC/2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. em) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c1l 

SAMPLE LENGTH: 3.0 (c•l 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (DAY) (SEC) ( C) HEAD(CM) HEAO(CM) (CM/SEC) (CM/SECl 

============================================================================= 
TEST I 1: 

11/1D 840:02 15.0 
11/10 921:11 2469 15.0 

TEST • 2: 
11/10 923:49 15.0 
11/10 1015:03 3074 15.0 

AVERAGE K SAT: 4.41E-05 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: 5. Stoller 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: U. Cox 

0.0 74.9 
0.0 27.4 4.35E-05 4.80E-05 

0.0 74.0 
0.0 25.9 3.b5E-OS 4.02E-OS 

~ 
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MOISTURE RETENTION 



Table 5. Summary of Moisture Retention Characteristics 

Sample No. 

7-8 

11-12 

16-17 

21-22 

25-26 

Pressure Head 
(em of water) 

-0.0 
-100.0 
-195.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-98.0 

-198.0 
-1019.8 
-3059·. 4 
-5099.0 

-15297.0 

-0.0 
-101.0 
-199.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-97.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-98.5 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

Moisture Content 
(cm3;cm3) 

51.8 
49.4 
49.0 
15.0 
13.9 
12.5 
8.3 

56.1 
53.3 
52.7 
37.6 
29.3 
26.1 
19.9 

54.9 
53.6 
52.9 
42.2 
29.2 
26.0 
20.4 

56.2 
56.1 
28.1 
22.8 
19.5 
12.4 

52.0 
51.4 
23.3 
21.3 
16.6 
10.0 

~ -::_-.---:= DANIEL B. STEPHE:"J'S & ASSOCIATES, INC. 



! I 

Table 5. Summary of Moisture Retention Characteristics (continued) 

Sample No. 

35-36 

42-43 

61-62 

75-76 

80-81 

Pressure Head 
(em of water) 

-o.o 
-205.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-o.o 
-100.5 
-209.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-95.5 

-202.0 
-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-95.0 

-199.0 
-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-1019.8 
-3059.4 
-5099.0 

-15297.0 

Moisture Content 
(% vel) 

42.8 
41.4 
30.2 
14.2 
13.4 
9.4 

42.3 
42.3 
42.2 
33.5 
30.5 
28.9 
22.8 

36.4 
34.8 
32.6 
19.3 
11.2 
10.4 
7.9 

41.6 
37.9 
33.1 
24.0 
12.5 
11.6 
8.3 

34.6 
27.5 
18.3 
17.1 
10.7 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 7-8 
RING NUMBER: 14 

DEPTH: unk ncwn 
SAMPLE VOLUME: bb.18 (cc) 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

189.1 (g) 

72.1 ( 9) 
0.0 (g) 

82.7 (g) 

51.8 (X val) 
34.3 (c:c) 

DATE· TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(X VOL) 
(1987) (CMl VOL (CCl VOL (CCl VOL (CCl DRYING WETTING 

==========:================================================================= 
11/23 1025 0.0 37.1 51.8 0.0 
11125 800 100.0 35.5 1.b 1.6 49.4 0.0 
11/30 810 195.0 35.2 0.3 1.9 49.0 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CALCULATION MADE BY: S.Stcller 

CHECKED BY: W. Cox 

~ 
~ DANIEL B. STEPHE~S & ASSOCIATES, INC. 
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MOISTURE RETENTION DATA · 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L·D70 

SAMPLE NUMBER: 7-8 
RING NUMBER: 14 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

189. 1 (g) 
72.1 (g) 
0. 0 (g) 

82.7 (g) 
51.8 a vel) 
30.1 (eel 

184.9 (g) 

195.0 (cal 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (BARl W/R!NG(G) \JT (G) WT (G) CONTENT (1 VOU 

====================================================================== 
! 1130 845 0.0 184.9 
1212 735 1.0 164.7 20.2 20.2 15.0 
12/6 830 3.0 164.0 0.7 20.9 13.9 
12/8 840 5.0 163.1 0 .'9 21.8 12.5 

12/13 1655 15.0 160.3 2.8 24.b 8.3 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED SY: S. Stoller 
CALCULATION MADE BY: 5. Stoller 

CHECKED BY: W. Cox 

---------------------------------------------------------------------------
~ =-= DANIEL B. STEPHENS & ASSOCIATES. INC. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 11-12 
RING NUMBER: 22 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER lN SAMPLE: 

193.6 ( '3) 
73.3 ( 9) 
0.0 (g) 

83.2 (g) 

56.1 (~voll 
37.1 (c:c:) 

----------------------------------------------------------------------------DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
(1987) (CMl VOL (CCl VOL (CCl VOL (CCl DRYING WETTING 

================================================================:=========== 
11/23 1025 0.0 36.4 56.1 0.0 
11125 800 98.0 34.6 1.8 1.8 53.3 0.0 
11/30 810 198.0 34.2 0.4 2.2 52.7 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: U. Cox 

~ 
-::::---::: DANIEL B. STEPHE:"--S & ASSOCIATES. INC. 
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MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-07D 

SAMPLE NUMBER: 11-12 
RING NUMBER: 22 

DEPTH: unk no111n 
SAMPLE VOLUME: 66.18 (eel 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF UATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, U/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

193.6 (g) 
73.3 (g) 

0. 0 (g) 
83.2 (g) 

56.1 (~ <JOI) 
32.6 (ec:) 

189.1 (g) 
198. a (ell 

·---------------------------------------------------------------------DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
( 1987) (BAR) U/R I NG( Gi UT ( Gl UT ( Gl CONTENT ( t; VOL) 

====================================================================== 
11/30 845 0.0 189.1 
12/2 740 1.0 181.4 7.7 7.7 37.6 
12/6 830 3.0 175.9 5.5 13.2 29.3 
12/8 840 5.0 173.8 2.1 15.3 26.1 

12/13 1700 15.0 169.7 4.1 19.4 19.9 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: W. Cox 

~ 
~ DANIEL B. STEPHENS & ASSOCIATES, INC. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME1 LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 16-17 
RING NUMBER: 2 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

193.6 (g) 
73.1 ( 9) 
0.0 (g) 

84.2 (g) 

54.9 (,; vo I) 
36.3 (eel 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
(1987) (CMl VOL (CCl VOL (CCl VOL (CCl DRYING WETTING 

============================================================================ 
11/23 1025 0.0 33.7 54.9 0.0 
11/25 800 101.0 32.9 0.8 0.8 53.6 0.0 
11/30 810 199.0 32.4 0.5 1. 3 . 52.9 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: W. Cox 

~ 
--- DANIEL B. STEPHENS & ASSOCIATES. INC . .,_... ......-. 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-D7D 

SAMPLE NUMBER: 16-17 
RING NUMBER: 2 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

SATURATED YEIGHT AT 0 CM TENSION 
(YITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
UEIGHT FROM HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

193.6 (g) 
73.1 (g) 

D.D (g) 

84.2 (g) 
54.9 (~ vel) 
33.4 (eel 

190.7 (g) 

199.0 (eel 

----------------------------------------------------------------------DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (8ARl U/RING(Gl UT (Gl UT (Gl CONTENT (T. VOL) 

====================================================================== 
11/30 845 0.0 190.7 
1212 740 1.0 185.2 5.5 5.5 42.2 
1216 830 3.0 176.6 8.6 14.1 29.2 
12/8 840 5.0 174.5 2.1 16.2 26.0 

12113 1700 15.0 170.8 3.7 19.9 20.4 

COMMENTSr 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CALCULATION MADE BY: 5. Stoller 

CHECKED BY: U. Cox 

~ -:=:--= DANIEL B. STEPHENS & ASSOCIATES, INC. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unkno¥n 
SAMPLE VOLUME: 66.18 (cc) 

SATURATED WEIGHT AT a CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

194.0 (g) 

73.8 (g) 

O.D (g) 
83.a (g) 
56.2 (X vel) 
37.2 (cc) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(X VOL) 
(1987) (CM) VOL (CC) VOL (CCl VOL (CCl DRYING WETTING 

================:=========================================================== 
11/23 1025 0.0 34.5 56.2 0.0 
11/25 800 97.0 34.4 a .1 0.1 56.1 0.0 
11/30 810 198.0 37.6 -3.2 -3.1 60.9 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.Stolll!r 
CALCULATION MADE BY: S.Stolll!r 

CHECKED BY: U. Cox 

~ 
~ DANIEL B. STEPHENS & ASSOCIATES. I~C. 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOS NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (cc) 

SATURATED YEIGHT AT 0 CM TENSION 
(~ITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF YATER IN SAMPLE: 
~EIGHT FROM HANGING COLUMN, ~/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

194.0 (g) 
73.8 (g) 
0. 0 (g) 

83.0 (g) 
56.2 (~ vc I) 
32.7 (eel 

189.5 (g) 
198.0 (c:l) 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (BAR) U/RING(G) UT (G) UT (Gl CONTENT (~ VGL) 

====================================================================== 11/30 845 0.0 189.5 
1212 740 1. 0 175.4 14.1 14.1 28.1 
12/6 830 3.0 171.9 3.5 17.6 22.8 
1216 840 5.0 169.7 2.2 19.6 19.5 

12113 1710 15.0 165.0 4.7 24.5 12.4 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.Stcller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: U. Cox 

~ DANIEL B. STEPHE:--J'S & ASSOCIATES. INC. ~ ....-
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-D7D 

SAMPLE NUMBER: 25-26 
RING NUMBER: C 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (cc) 

SATURATED ~EIGHT AT 0 CM TENSION 
(~ITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 

198.3 (g) 
72.8 (g) 
D .0 (g) 

91.1 (g) 

52.0 (,; vel) 
34.4 (eel 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(,; VOL) 
(1987) (CM) VOL (CC) VOL (CC) VOL (CC) DRYING ~ETTING 

============================================================================ 11/23 1025 0.0 35.6 52.0 0.0 
11/25 BOO 98.5 35.2 0.4 0.4 51.4 0.0 
11/30 810 203.0 36.5 -1.3 -D.9 53.3 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.Stoller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: ~. Cox 

~ 
~ DANIEL 8. STEPHENS & ASSOCIATES, INC. 
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MOISTURE RETENTION DATA · 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-l·070 

SAMPLE NUMBER: 25·26 
RING NUMBER: C 

DEPTH: unkno11n 
SAMPLE VOLUME: 66.18 (eel 

SATURATED ~EIGHT AT 0 CM TENSION 
(YlTH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, U/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

198.3 (g) 
72.8 (g) 
0.0 (g) 

91.1 (g) 

52.0 (l vel) 
30.9 (eel 

194.8 (g) 

203.0 (e•) 

----------------------------------------------------------------------DATE TIME PRESSURE YEIGHT CHANGE CHANGES MOISTURE 
( 1987) (BARl ~/RING( G) UT (G) UT (G) CONTENT (t VOLl 

====================================================================== 
11/3D 845 O.D 194.8 
12/2 74D 1.0 179.3 15.5 15.5 23.3 
12/6 830 3.0 178.0 1.3 16.8 21.3 
12/8 840 5.0 174.9 3.1 19.9 16.6 

12/13 1710 15.0 170.5 4.4 24.3 10.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Sto II er 
CALCULA Tl ON MADE BY : S. Stoller 

CHECKED BY: ~. Cox 

----------- --------------------------------------------
~ -::::--= DANIEL B. STEPHENS & ASSOCIATES. 1\T. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 35-36 
RING NUMBER: G 

DEPTH: unk nawn 
SAMPLE VOLUME: 66.18 (eel 

SATURATED ~EIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

208. ~ ( 9) 
73.3 (g) 

D.O (g) 
106.8 (g) 
~2.8 (X val) 
28.3 (eel 

DATE. TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(X VOL) 
(1987) (CMl VOL (CCl VOL (CCl VOL (CCl DRYING WETTING 

============================================================================ 
11/24 1120 D.O 33.0 42.8 0.0 
11/28 1125 96.0 32.1 0.9 0.9 41.4 0.0 
11/30 810 205.0 32.1 D.D 0.9 41.4 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Staller 
CALCULATION MADE BY: 5. Stoller 

CHECKED BY: W. Cox 

~ =-=:= DANIEL B. STEPHE;\fS & ASSOCIATES. Ir\C. 



MOISTURE RETENT[ON DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 35-36 
RING NUMBE~: G 

DEPTH: unk nc~n 
SAMPLE VOLUME: 66.18 ( c:d 

SATURATED WEIGHT AT 0 CM TENSION 
(~ITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
UEIGHT FROM HANGING COLUMN, \J/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

208.4 (9) 

73.3 (9) 
0.0 (9) 

106.8 (9) 

42.8 (1. vel) 
27.0 (c:c:J 

207.1 ( 9) 

205.0 (c:a) 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (SARl W/RING(Gl \JT (GJ \JT !Gl CONTENT (1, VOL) 

=====~================================================================ 
11/30 845 0.0 207.1 
12/2 740 1.0 200.~ 7.0 7.0 30.2 
12/6 830 3.0 189.5 10.6 17.b 14.2 
12/8 840 5.0 189.0 0.5 18.1 13.4 

12/13 1715 15.0 186.3 2.7 20.8 9.4 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.St:JIIer 
CALCULATION MADE BY: S.Stcller 

CHECKED BY: ~. Cox 

~ DANIEL B. STEPHE:--..:S & ASSOCIATES. 1:\C. ~~ 
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~ DAi'iiEL B. STEPHENS & ASSOCIATES. 1:\C. 



MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATEn MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

208.0 ( 9) 

72.6 (g) 

0. 0 (g) 
107.4 (g) 
42.3 a vc 1 l 
28.0 (c:c) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
(1987) (CMl VOL (CCl VOL (CC) VOL (CCl DRYING WETTING 

============================================================================ 11/24 1120 0.0 32.7 42.3 0.0 11/28 1125 100.5 32.7 0.0 0.0 42.3 0.0 
11/30 910 209.0 32.6 0.1 a .1 42.2 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Steller 
CALCULATION MACE BY: 5. Stoller 

CHECKED BY: W. Cox 

--------------------------------------------------------------------------
~ 
~ DANIEL 8. STEPHENS & ASSOCIATES. INC. 
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MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-D7D 

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unk ncwn 
SAMPLE VOLUME : 66 . 18 ( e d 

SATURATED ~EIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 
~EIGHT FROM HANGING COLUMN, ~/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

208.0 (g) 

72.6 (g) 
0.0 (g) 

107.4 (g) 
4Z. 3 (J. vel) 
26.4 (eel 

206.4 ( 9) 

209.0 (e•l 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (BAR) U/RING(G) UT (GJ WT (G) CONTENT (1. VOLl 

====================================================================== 11/3D 845 0.0 Z06.4 
1212 740 1.0 202.2 4.2 4.2 33.5 
12/6 830 3,0 200.Z 2.0 b.Z 30.5 
1218 84D 5.0 199.1 1.1 7.3 28.9 

12113 17ZO 15.0 195.1 4.0 11.3 zz.a 

COMI1ENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.Stcll•r 
CALCULATION MADE BY: S.Stcller 

CHECKED BY: ~. Ccx 

·•· 

-----------------------------------··----
~ 
~-::.-::= DANIEL B. STEPHE:"--S & ASSOCIATES. 1.\fC. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: b1-62 
RING NUMBER: A4 

DEPTH: unknown 
SAMPLE VOLUME: b6.16 (eel 

SATURATED ~EIGHT AT 0 CM TENSION 
(~ITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 

210.1 (g) 
73.4 (g) 
0. 0 (g) 

112.6 (g) 
36.4 (~ val) 
24 01 (cc) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
(1967) (CMl VOL (CCl VOL (CCl VOL (CCl DRYING ~ETTING 

=======================================================================:==== 11/24 1120 0.0 3b.1 3b.4 0.0 
11128 1125 95.5 35.0 1.1 1.1 34.8 0.0 
11/30 610 202.0 33.6 1.4 2.5 32.b 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CALCULATION MADE BY: S. Staller 

CHECKED BY: ~. Cox 

~ DANIEL B. STEPHENS & ASSOCIATES, I:-..IC. ~-~ 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SlZE DlSTRlBUTIONl 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

SATURATED ~EIGHT AT 0 CM TENSION 
(~ITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

210.1 (g) 
73.4 (g) 
0. 0 (g) 

112.6 (g) 
36.4 (~ val) 
20.8 <eel 

206.8 (g) 
202.0 (e•l 

DATE TIME PRESSURE ~EIGHT CHANGE CHANGES MOISTURE 
(!987) (BAR) W/RING(Gl WT (G) WT (G) CONTENT (~VOL) 

====================================================================== 11/30 845 0.0 206.8 
1212 740 1.0 198.8 8.0 8.0 19.3 
1216 630 3.0 193.4 5.4 13.4 11.2 
1218 640 5.0 192.9 0.5 13.9 10.4 

12113 1720 15.0 191.2 1.7 15.6 7.9 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Staller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: IJ. Cox 

~ DANIEL B. STEPHENS & ASSOCIATES. INC. ,_,~,._. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
{PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER1 75-76 
RING NUMBER: 19 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 ( c:cl 

SATURATED ~EIGHT AT 0 CM TENSION 
(~ITH CAP AND RINGJ: 

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 

204.5 (g) 

73.4 (g) 
0. D (g) 

103.b (g) 
41.6 ( l vo I) 
27.5 kc:) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(l VOL) 
{1987) (CMl VOL (CCl VOL (CCl VOL (CCl DRYING ~ETTING 

============================================================================ 11/24 112D 0.0 34.4 41.b 0.0 11128 1125 95.0 32.0 2.4 2.4 37.9 0.0 11/30 810 199.0 28.8 3.2 S.b 33.1 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MACE BY: S. Stoller 

CHECKED BY: W. Cox 

~ 
---- DANIEL B. STEPHENS & ASSOCIATES. INC. ,-, ~ 



MOfSTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 75-76 
RING NUMBER: 19 

DEPTH: unk ncwn 
SAMPLE VOLUME: 66.18 (eel 

SATURATED YEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY UEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF UATER IN SAMPLE: 
~EIGHT FROM HANGING COLUMN, U/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

204.5 (g) 
73.4 (g) 
o.o (g) 

103.6 (g) 
41.6 (~ vel) 
21.9 (eel 

198.9 (g) 
199.0 (c:a) 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (BAR) I.J/RING!G) I.JT (Gl I.JT (G) CONTENT(~ VOU 

====================================================================== 11/30 845 0.0 198.9 
1212 740 1.0 192.9 6.0 6.0 24.0 
12/6 830 3.0 185.3 7.6 13.6 12.5 
12/8 840 5.0 184.7 0.6 14.2 11.6 

12/13 1725 15.0 182.5 2.2 16.4 8.3 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Steller 
CALCULATION MACE BY: S. Stoller 

CHECKED BY: W. Cox 

-----·--------------------------------------------------------------------
~ DANIEL B. STEPHENS & ASSOCIATES. INC. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 80-81 
RING NUMBER: 18 

DEPTH: unk nol,jn 
SAMPLE VOLUME: 66.18 ( "' l 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

215.1 (9) 
73.1 (g) 
0. 0 (g) 

119.1 ( '3) 
34.6 (~ vc I l 
22.9 (eel 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOLl 
(1987) iCMl VOL (CCl vOL (CCl VOL (CC) DRYING WETTING 

============================================================================ 11/74 1120 0.0 34.0 34.6 c.o 
11/28 1125 98.5 34.1 -0.1 -0.1 34.8 0.0 
11130 810 205.0 39.1 -4.0 -4.1 40.8 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MACE BY: S. Stoller 

CHECKED BY: U. Cox 

~ 
---- DANIEL B. STEPHENS & ASSOCIATES. INC. ~ ..-



~!STURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBE~: 80-81 
RING NUMBER: 18 

DEPTH: unknown 
SAMPLE VOLUME: bb.18 (eel 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, W/0 CAPt 

FINAL TENSION ON HANGING COLUMN: 

215.1 (g) 
73.1 (g) 
0.0 (g) 

119.1 (g) 
34.b (~vel) 
21.4 (eel 

213.6 (g) 
205.0 (c•) 

----------------------------------------------------------------------DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE (1987) (BAR) W/RING(G) WT (G) IJT (G) CONTENT (~VOL) 
======2=============================================================== 11/30 845 0.0 213.b 

12/2 740 1.0 210.4 3.2 3.2 27.5 
12/b 830 3.0 204.3 b .1 9.3 18.3 
1218 840 5.0 203.5 0.8 10.1 17.1 

12113 1725 15.0 199.3 4.2 14.3 10.7 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Steller 
CALCULATION MADE BY: 5. Steller 

CHECKED BY: IJ. Cox 

0:\:\IEL B. STEPHENS & ASSOCIATES. INC. 
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INITIAL MOISTURE CONTENT, DRY BULK 
DENSITY AND POROSITY 



Table 6. Summary of Initial Moisture Content, Dry Bulk Density 
and Porosity 

!Initial Moisture Content I Dry Bulk 
Sample No. !Gravimetric Volumetric! Density Porosity * 

I (g/g) (cm3/cm3 ) I (g/CC) (% vel) ----------------------------------------------------------------
7-8 28.30 35.36 l. 25 51.8 

11-12 14.90 18.74 1. 26 56.1 

16-17 17.46 22.21 l. 27 54.9 

21-22 15.90 19.95 l. 25 56.2 

25-26 13.94 19.19 1.38 52.0 

35-36 14.51 23.42 1. 61 42.8 

42-43 22.53 36.57 1.62 42.3 

61-62 11.55 19.64 1. 70 36.4 

75-76 14.77 23.12 1.57 41.6 

80-81 11.17 20.10 1. 80 34.6 

*Taken as saturated moisture content 

~ 
-;::::---::: D \\; l EL B. STF.PHE\S & \SSOCIATF.S. 1\T 



DATA FOR INITIAl I'!OtSTURE CONTENL 
BULK DENSiTY, ANO POROSITY 

JOB NA~E: LOS ALAMOS 
JCB NLMBE~• 87-L-070 

SAMPLE NUMBER: 11-12 
RING NUMSER: 22 

DE?TH: unkno111n 

FIELD ~IEGHT OF SAMPLE (W/CAP ANO RING): 
TARE WEIGHT, RING: 

TARE ~EIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

168.9 ( 9) 
73.3 (g) 

0. 0 (g) 

bb .18 ( cd 
12/13/87 1700 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 83.2 (9) 
DRY BULK DENSITY: 1.2b (g/ccl 
PARTICLE DENSITY: 2.65 (9/ccl 
(METHOO: ASSUME MEAN PARTICLE DENSITY = 2.b5 9/ccl 

CALCULATED POROSITY: 52.56 (t vel) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 18.74 (t vel) 

INITIAL MOISTURE CONTENT (GRAVIMETR!Cl: 14.90 (t) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Steller 
CALCULATIONS MAOE BY: 5. 5tel ler 

CHECKED BY: W. C~x 

I l \\I I·: L B :<IT i '!! r \S .-.: .\SSOC !:\TES. I \C. 



DATA FOR INI7IAL MOISTURE CCNT~NT, 
BULK DtNSITY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 16-17 
RING NUMBER: 2 

DEPTH: unkno111n 

FIELD ~IEGHT OF SAMPLE (U/CAP AND RING): 
TARE ~EIGHT, RING: 

TARE ~IGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

172.0 (g) 
73.1 (g) 
D. D (g) 

66.18 (eel 
12/13/87 1700 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 84.2 (g) 
DRY BULK DENSITY: 1.27 (g/c:c:) 
PARTICLE DENSITY: 2.65 (glee:) 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/c:c:) 

CALCULATED POROSITY: 51.99 (l vall 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 22.21 (l val) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 17.46 (l) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stcl ler 
CALCULATIONS MADE BY: S. Stcl ler 

CHECKED BY: U. Cox 

~-~ ll \\IFL B :-;'JTI'fll-:\.'- ., \~:'OCI\l'l:S. l.'\C. 



DATA =OR INITIAL ~OJSTURE CONTENT, 
SULK OENSlTY, AND POROSiTY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-D70 

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unknown 

FIELD W!EGHT OF SAMPLE (W/CAP AND RING): 
TARE WEIGHT, RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
OATE AND TINE OUT OF OVEN: 

17D.O (g) 
73.8 (g) 

0.0 (g) 
oo.l8 (cc:l 

12/13/87 17CO 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 83.0 (g) 
DRY BULK DENSITY: 1.25 (g/ccl 
PARTICLE DENSITY: 2.o5 (g/ccl 
(METHOD: ASSUME MEAN PARTICLE DENSITY = Z.o5 g/ccl 

CALCULATED POROSITY: SZ.o7 (~ vol l 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 19.95 (~ vel l 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 15.90 (~) 

CC1111ENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stol ltr 
CALCULATIONS MADE BY: 5. Stoi ler 

CHECKED BY: W. Cox 

---~------

~ 
~ 1~.\\ !Fl. I~ ~TEI'r!!·:\:-i \: \~~(lCl\Tl<:-;. 1\C. 



DATA FOR IN[T!AL MOISTURE CONTENL 
SULK DENSITY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 25-26 
~!NG NUMBER: C 

DEPTH: unk nc~n 

FIELD WIEGHT OF SAMPLE (W/CAP AND RING): 
TARE WEIGHT, RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE ANO TIME OUT OF OVEN: 

176.6 (sl 
72.8 (f3) 
0. 0 (g) 

66.18 (eel 
12/13/87 170D 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 91.1 (9) 
DRY BULK DENSITY: 1.38 (9/ccl 
PARTICLE DENSITY: 2.65 (g/cc) 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc) 

CALCULATED POROSITY: 48.05 (~ val) 

IN! T IAL MOISTURE CONTENT (VOLUMETRIC l: 19.19 ( ~ vc I l 

INITIAL MOISTURE CONTENT (GRAVIMETR:CJ: 13.94 (Y.) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATIONS MAOE BY: 5. Stcl ler 

CHECKED BY: W. Cox 



DATA FO~ INITIAL MOISTURE CONTENT, 
SULK DENSITY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 35-36 
RING NUMBER : G 

DEPTH: unknown 

FIELD ~IEGHT OF SAMPLE (~/CAP AND RING): 
TARE ~EIGHT, RING: 

TARE ~EIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

19S.b (g) 
73.3 (g) 

0' 0 (g) 
be. 18 (eel 

12113/87 1700 
12117/87 940 

DRY ~EIGHT OF SAMPLE: 106.8 (g) 
DRY BULK DENSITY: 1.61 (g/ccl 
PARTICLE DENSITY: 2.65 (g/ccl 
(METHOD=. ASSUME MEAN PARTICLE DENSITY = 2.65 g/ccl 

CALCULATED POROSITY: 39.10 (~vall 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 23.42 (1. vel l 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 14.51 (1.) 

COMMENTS: 

LABORATORY ANALYSIS PE~FORMEO BY: S. Stolle~ 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: ~. Cox 

~ 
--- Jl \.'.IEL H ...;1'1·:1'!!!·:.\'S '" \-.:-.:(;CI.\TI·:S. IV'. ~~ 



DATA FOR INITIAL MOISTURE CONTENi, 
BUL< JENSIT'f I AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBE~: 87-L-070 

SAMPLE NUMBER: 42-43 
RING NUMBE~: 4 

DEPTH: unknown 

FIELD ~IEGHT OF SAMPLE (~/CAP AND RING): 
TARE ~EIGHT, R!NG: 

TARE UEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

204.2 ('3) 
72.6 ('3) 
0.0 ( '3) 

66.18 (eel 
12/13/87 1700 
12/17/87 940 

DRY UEIGHT OF SAMPLE: 107.4 (9) 
DRY BULK DENSITY: 1.62 (glee) 
PARTICLE DENSITY: 2.65 (9/ccl 
(METHOQ: ASSUME MEAN PARTICLE DENSITY = 2.65 g/ce) 

CALCULATED POROSITY: 38.76 (~ vol) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 36.57 (~ vol) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 22.53 (l) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CALCULATIONS MACE BY: S. Stoller 

CHECKED BY: U. Cox 



DATA FOR INITIAL MOISTURE CONTENT1 
BULK OENSITY1 ANO POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

DEPTH: unknown 

FIELD ~IEGHT OF SAMPLE (W/CAP AND RING): 
TARE WEIGHT1 RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE ANO TIME INTO OVEN: 
DATE ANO TIME OUT OF OVEN: 

199.0 (g) 
73.4 (g) 
0. 0 (g) 

6o.16 (eel 
12/13/87 1700 
12/17/67 940 

CRY WEIGHT OF SAMPLE: 11Z.o (g) 
DRY BULK DENSITY: 1.70 (g/eel 
PARTICLE DENSITY: Z.oS (g/eel 
(METHOD: ASSUME MEAN PARTICLE DENSITY • Z.oS g/ec) 

CALCULATED POROSITY: 35.60 (l Yell 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 19.04 (l YOI) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 11.55 (1) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stcl ltr 
CALCULATIONS MACE BY: 5. Stol ltr 

CHECKED BY: W. Cox 

~ 
~ D\\"ll-:L B. STEI'HE\"S & :\SSOCI.\TES. 1:\C. 



DATA FOR INITIAL MOISTURE CONTENi1 
SLLK JENSITY1 AND ?OROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 75-76 
R!NG NUMBER: 19 

DEPTH: unknown 

FIELD WIEGHT OF SAMPLE (W/CAP AND RING): 
TARE WEIGHT1 RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

192.3 (g) 
73.4 (g) 
0.0 (g) 

66.18 (c:d 
12113/87 1700 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 103.6 (g) 
DRY SULK DENSITY: 1.57 (g/ccl 
PARTICLE DENSITY: 2.65 (g/ccl 
(METHOO: ASSUME MEAN PARTICLE DENSITY = 2.65 g/ccl 

CALCULATED POROSITY: 40.93 (X vall 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 23.12 (X vall 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 14.77 (X) 

COMMENTS: 

LASORATORY ANALYSIS c~RFORMEO BY: 5. Stal lr~ 
CAlCULATIONS MACE BY: S. Stoller 

CHECKED BY: ~. Cox 

-- -----------------
~ -::::::---= D.\\lFI. B. ~T!·:J'I!F\-..; .\: .\SSOCI.\TFS. 1\C 



DATA FOR INITIAL MOISTU~E CONTENT, 
BULK DENSITY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 80-81 
RING NUMBEx: 18 

DEPTH: unknown 

FIELD ~IEGHT OF SAMPLE (~/CAP AND RING): 
TARE ~EIGHT, RING: 

TARE ~EIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE ANO TIME OUT OF OVEN: 

2D5.5 (g) 
73.1 (g) 
0 .D (g) 

66.18 (c:d 
12/13/87 170D 
12117/87 940 

DRY WEIGHT OF SAMPLE: 119.1 (g) 
DRY SULK DENSITY• 1.80 (g/c:c:) 
PARTICLE DENSITY: 2.65 (g/c:c:) 
01ETHOO : ASSUME MEAN PA~ Tl CLE DENSITY = 2 . 65 9 I c: c:) 

CALCULATED POROSITY: 32.09 (l ~oil 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 20.10 (l ~of) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 11.17 (1) 

COI'I1'1ENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CALCULATIONS HADE BY: S. Stoller 

CHECKED BY: ~. Cox 
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UNSATURATED HYDRAULIC PROPERTIES 



Table 7. Summary of Parameters for Calculating Unsaturated 
Hydraulic Conductivity 

--------------------------------------------------------------------a N 9r (cm~~cm3) Ks Sample No. (cm-1) (dimension- (cm3/cm3) (em/sec) 
less} --------------------------------------------------------------------7-8 0.00272 2.49734 0.083 0.518 1.58E-04 

11-12 0.00231 1.73884 0.199 0.561 2.84E-04 

16-17 0.00119 2.04731 0.204 0.549 2.78E-04 

21-22 0.00313 1.73941 0.124 0.562 2.00E-04 

25-26 0.00371 1.69308 0.100 0.520 9.18E-05 

35-36 0.00108 2.44961 0.094 0.428 2.25E-05 

42-43 0.00164 1.66466 0.228 0.423 8.57E-05 

61-62 0.00263 1.93720 0.079 0.364 5.15E-04 

75-76 0.00452 1.65070 0.083 0.416 2.28E-04 

80-81 0.00098 1.96205 0.107 0.346 4.41E-05 
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PRINCIPLES AND METHODS 



SATURATED H~ORAULIC CONOUCTIVIT~ 

Method 

The saturated hydraulic conductivit~· of a soil sample can .. 
be measured in two types of laboratory apparatus: a constant head 

permeameter or a falling head permeameter. 

Constant head. The hydraulic conductivity K is defined here 

as the ratio of q, the volume flux of water pissing'through a 
unit cross sectional area of soil per unit time, a'nd (~h/L) ·or 
gradient of hydraulic head in the direction of flow; correct~d 
to 20°C: 

( 1 ) 

where. v20,T is the kinematic viscosity a~ 2o•c and observed 

temperature, T. 

A soil sample of length, L, and cross-sectional area, A, is 
I placed in a sample holder which prevents any loss of soil or 

change in volume and establishes laminar unidirectional flow 

throu;h the sample. A constant head differential, ~h, is then 

set up acroea the sample and maintained. Periodic readings of 

volumetric outflow are taken until stable values for conductivi

ty, K are obtained. Temperature of the fluid is measured w~th a 

therr.\ometer. Figure B-1 is a diagram of the apparatus used. A 
constant head system is best suited to samples with conductivi-
ti . -4 es greater than 10 em/sec. 

~ 
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falling head. A soil sample of len~th L and cross sectional 

area, A, is placed in a sample holder which has a standpipe with 

cross-sectional area, a. A head of Hl , is established in the 

standpipe a'cove the sample, then the water level is allowed to 

fall to H 2 in time t. Fi~ure B-2 is a dia~ram ot the apparatus 

used. A fallin~ head system is 'cest suited to samples with 
-4 

than 10 em/sec. The hydraulic conductivi-conductivities less 

ty, is then defined as: 

I< • ( a x L/A x t) tn (H/H
2

)(VT/V20 ) ( 2 ) 

Procedures: 

Constant head. cylinders containing the soil sample are 

covered on 'coth ends with loose fittin~ caps and placed in a 

shallow pan containing de-aired water. The samples are allowed 

to wet slowly trom 'celow tor 24 hours. The samples are removed 

from the pan, and two screens are placed over one end; a very 

stiff one of coarse mesh tor support and a fine one ot either 60 

to 100 mesh to prevent any sample from 'ceing washed out. The 

cylinder, with screens attached, is then clamped into the sample 

retainer and placed in the permeameter. The level ot the water 

in the permeameter reservoir is then slowly raised over a period 

of hours. When the level in the reservoir reaches to within a few 

centimeters a'cove the top of the sample, a siphon is placed in 

the sample retainer assembly to remove water from above 

~ 
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the sample. Water flows upward through the sample due to the 

hydraulic head difference across the sample. Periodic measure-

mente of discharge and the head difference across the sample are 

made, and the hydraulic conductivity is calculated. A correction 

to 20 g is then applied for differences in kinematic viscosity. 

Measurement continues until the calcuiated hydraulic conductivity 

value stabilizes. 

Falling head. Saturation of the sample is obtained by the 

same procedures described under constant head test. Screens are 

also attached as outlined under constant head teet. The ring 

with screens is then placed in the falling head sample retainer 

and set in a constant head reservoir. Water is added to the 

standpipe and the difference between the water level in the 

standpipe and that in the constant head reservoir are recorded 

over time. The water level in the standpipe is allowed to tall, 

while the fluid level in the lower level is constant. After a 

period of time the difference in water levels between that in the 

standpipe and that in the constant head reservoir are measured 

and the elapaea time noted. 

viscosity. 

Calculations: 

Correction is applied tor kinematic 

Experimental values are substituted into the appropriate 

equation as outlined under methods. 

~ 
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Principle 

MOISTURE RETENTION - HANGING COLUMN 

(PORE SIZE DISTRIBUTION) 

Use of pore size distribution as a soil characteristic is 

based upon acceptance of the capillary model. This model is 

described by: 

h 1 • 2 cos Y I P gr ( 3 ) 

where h 1 is the height to which a liquid will rise in a clean 

capillary tube of radius r, Y is the surface tension ot the 

liquid, p is its density, and g is acceleration due to gra

vity. If water is extracted from an initially saturated sample 

of soil by a tension equal to h 1 , the volume ot water extracted 

is equal to the volume of pores having an effective radius 

greater than the radius, r. As the tension applied to the 

sample increases, additional water drains from progressively 

smaller pores. 

Method 

The key component of the apparatus for measuring the reten

tion of moisture at different pressure heads or pore size distri

bution is a fritted glass porous plate that conducts water, 

but when wet the plate is impermeable to air. The fritted glass 
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plates have an air-entry pressure of about 300 to 400 em of 

water. These plates are affixed in a glass funnel which is 

connected to a buret with stopcock by means of flexible tubing. 

A diagram of the apparatus is shown in Figure 3 • A soil sample 

is placed on the plate and tension, h' is applied to the sample 

by positioning the fluid level in the buret at different levels 

below the center of the sample. Water flows out of the sample 

into the buret until equilibrium is achieved. The tension is 

again increased or decreased to obtain another state of equili

brium between moisture held by capillary forces in the sample and 

the applied tension. 

Laboratory Procedure 

Air is first removed from the porous plate by allowing 

de-aired water to pass continuously through it for 24 hours. The 

funnel with 90rcus plate and the buret are supported on vertical 

reds by means of clamps. A saturated sample within its sample 

ring is then placed on the porous plate, making certain that good 

hydraulic contact is established between the soil particles and 

the plate. With the stopcock of the buret closed, the initial 

level of the water in the buret is recorded. 

The buret is then lowered a small increment 'to about 10 to 

l~ em below the center of the soil sample. When the stopcock is 

opened, the soil may begin to desaturate, and the drainage will 

flow into the buret. When drainage has ceased, the stopcock is 
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Figure B-3. Hanging Column Apparatus 
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closed and we record the water level in the buret and the 

vertical distance from the bottom of the meniscus of the water in 

the buret to the middle of the soil sample. The procedure is 

repeated in a stepwise manner until the maximum tension cesired 

is reached. A reversal ot the process is used to gather cata on 

the wetting behavior ot the sample. 

Calculation 

Saturated moisture content e 
sat 

(volume percent) is 

cetermined as follows: 

e sat • [M sat - M dry] /[VT X p ) X 100 
w 

(% vol) ( 4) 

where M sat • mass of sample saturated, M dry • mass ot sample, 

oven dried to a constant weight, .VT • volume of the sample, p • 
w 

density of the water at temp when saturated mass was determined. 

The quantity (M sat - M dry)/Pw is the volume, in cubic centi-

meters, ot water initially contained in the eample volume. The 

drainage is subtracted trom the initial volume of water and then 

divided by the sample volume to arrive at the moisture content in 

percent volume at the given value of tension. 

[Vi - Vo]/VT x 100 • 8h' (% vol) ( 5) 

where V • volume of water initial, • cumulative volume 

drained from sample, VT • volume of sample, eh, • moisture 

content at the tension value h'. This gives then a paired set of 

values of tension, or pressure head, versus volumetric moisture 

content. 
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MOISTURE RETENTION - PRESSURE PLATE 

Principle 

The operation ot the pressure plate moisture extractor 
requires maintaining a pressure diftarenc:e between the liquid 
phase ot the water in the soil and water on the opposite side of 
a po~ous· plate which supports the soil sample •. The sample and 
porous plate are sealed in a rigid container so that positive gas 
pressure applied above the plate causes flow to occur across the 
plata (Figure B-4). The porous ceramic: plate is supported by a 
fine mash screen which also provides a passage way for the 
extracted solution. The water beneath the plata is open to the 
atmosphere through the outflow tube. The illustration in Figure 
B-5 shows a magnified view of soil particles in contact with the 
plate inside the pressure plata extractor during an extraction 
run. 

As soon as air pressure inside the chamber is raised above 
atmospheric p~essure, the higher pressure inside the chamber 
forces exce .. water through the microscopic pores in the plate. 
Air, however, will not flow through the pores of the plate, 
because the plate remains saturated .due to its high air-entry 
pressure. When the pressure in the chamber increases, water 
leaves the sample until the tension of the water 
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Figure B-~. Magnitied View ot Soil Particles 
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due to capillary and adsorptive forces is in equilibrium with 
the applied pressure. 

Method 

Moisture retention is obtained using a pressure plate 
extractor (Soil Moisture Inc., Santa Sarbara, CA, Moael 1600), 
with 1, 3 and 15 bar ceramic plates. Pressure is proviaea by 
high pressure nitrogen trom cylinaers. 

Laboratory Proceaure 

The porous ceramic plate is placed is a shallow pan with 
aeaired distilled water and allowed to stand overnight. The 
plata is than removed from the pan and placea in the extractor. 
De-aired aistillea water is poured over the plate to the limit 
allowea by the rubber skirt, which generally just submerges the 
plate. The pressure plate is sealea and pressure brought to ~0% 

ot the plates maximum ratea pressure. This pressure is maintain-
ea until outflow ceases. The extractor is openea ana any excess 
water arouna the plate is removed. 

The sail aamples in their sample rings are then placea on 
the plate, making certain good hydraulic contact is established. 
The extractor is then sealed and the pressure brought to the 
level desired. The pressure is maintained until outflow ceases. 
The extractor is then opened and the samples weighed quickly on 
an electronic top-loading balance. Subsequently, the samples are 
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returned to the extractor I and the pressure is increased to the 
next increment. 

Calculations 

The decrease in mass ot water in the sample durin; a period 
ot applied pressure is converted to an equivalent decrease in 
volume of water according to: 

(cc) ( 6) 

where t:J.m • change in mass of soil sample (g), PT • density of 
water at temperature of experiment (g/cc), v .., • equi valent 
volume of water (cc). 

Volumes of water calculated from equation 6 are then used to 
determine the moisture content at ~hat pressure: 

(% vol) (7) 

where e • moisture content at pressure p p(~ vol), v 1 • initial 
volume of water in sample (ce), tt:J. v., • cumulative water volume 
change (ce) 1 vT • total volume of the sample (ec). 
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INITIAL MOISTURE CONTENT 

Methoa 

Core methoa, with oven arying. 

Laboratory Proceaure 

The tiela weight ot the soil sample is aeterminea as soon as 
possible atter the sample is removea from the packing container. 
The tare ot the ring which holes the sample, as well as the mass 
ot the cape tor the enae ot the ring, are aeterminea. The volume 
ot soil in the sample ring is also calculated. Attar all speciti-
ed analyses have been performed on the sample, the sample is 

I removaa trom ita ring and spread in an aluminum pan. When 
necessary, soil aggregates are broken up by motar and peetal. 
Care is taken not to change the natural particle size dietribu-
tion. The sample is placea in a convection oven at 110° c tor at 
least 24 hours until dried to a constant weight. 

Calculation• 

The inJt~al moisture content is determined on a percent 
volume basi• .Ccording to: 

(%val) ( 8) 

where ei a initial moisture content (" vol), M i • initial mass 
ot soil only (g), M f • tinal mass ot soil only (g), V T • total 
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volume ot sample (cc), P• density ot pore tluid in the soil when 
initial mass was determined (g/cc). The density ot the pore 
tluid initially present in the sample is assumed to be 1.0 g/cc. 
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BULK DENSITY 

Method 

Core method, with oven drying. 

Laboratory Procedure 

The volume of the soil sample is determined from sample 
geometry measurements, ana the sample is driea in the oven at 
110 C until no additional maaa lose occurs. 

Calculations 

(g/cc) ( 9) 

where Pb • dry bulle density ( g/cc) , M 
0 

• mass of oven ariea soil 
sample (g), V T • total volume of soil sample (cc). 

-----·----- -------------------------
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POROSITY 

Matho4 

Calculated trom bulk density ana measured or asaumea values 
ot particle density. 

Laboratory Procedure 

Bulk denaity, ob, is aaterminea by oven arying, •• aescribea 
in the section outlining the bulk density determination. Por 
this series ot analyses particle density, p , ia asaumea to be • 2.ee g/cc. 

Calculation 

(percent) (10) 
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UNSATURATED H¥DRAU~IC CONDUCTIVITY 

Method. 

Mualens ( 1976 ) described the theoretical baeia tor a proce-
dure used to estimate unsaturated hydraulic cond.uctivity trom the 
aoil-watar release curve accordin~ to the tollowing equations; 

K • s 'c r e 
where Kr • relative 

~
s (1 
e1/h(x)dx/ ) 1/h(x) dx] 2 

0 0 
hyd.raulic cond.uctivity, 

(11) 

h • h ( S ) i a the • negative preaaure head., ;ivan hare aa a tunction ot 4imenaionleaa 
moiature content: 

s • a - a 1 a - a e r 1 r (12) 
where subscripts s and. r indicate saturated. and. reai4ual valuea 
ot the soil moisture ca>. Tho expression relating d.imenaionleaa 
moiature content to the pressure head, and. thus the aoil moiature 
releaae curve ie ;ivan by: 

S
8 

• [ 1/1+(ah) '1m m • 1 - 1/n ( 13) 

where a, ancl n are obtained by a non-linear leaat aquarea 
numerical pr rlare applied to measured. moisture retention data 

Laboratory proce4ure 

The d.ata input to the comput~r model ot Van Genuchten (1978) 
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consiats ot the aaturated moisture content, residual moiature 

content and values ot observed pressure hea~ veraus moiature 

content. The reaidual moisture content is ta~en to be the 

moiature content at -1~ bars. The paire~ values ot observed 

pressure head and moisture content are obtained as deacribe~ 

under the procedures tor determining moisture retention by the 

hanging column and pressure plate methods. Saturated moisture 

content is determined through gravimetric measurements and sample 

geometry. 
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