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Enclosed please find 
monitoring waiver at 
documentation was reques 
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office in a February 25, 1991 letter. 
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Background Information; (4) Summary; and (5) Reference Cited. 
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INTRODUCTION 

:.' .~ • • I 

sometime between August·: 1985 and ..... janllaey,· ·<1~86, .... ·b(l-rium· 
concentration levels in the Technical' A~ea . (TA~ ··. 1:~-~ •·sutface_ 
impoundment inadvertently; exceeded 100 ·'mg/1.: '"1\.t:-· "tl;u:i17_~ t'ime: _the· 
impoundment was sampled;- for potent-tal ;.: h<ftA:t-dotis : .~w~st~S. .. and 
hazardous waste consti tU:ents. . contami11ant•·· ii\dic.atcir: parahte.ters :·· · 
for the impoundment included routine:. NPDESt:_:monJ~orinq . actav.i~ies t :. 
and wastes exhibiting the charact~rist,lcs ·_ ·C?f\· igri~tability,_ :f · 
corros'ivity, reactivity, :and Extraetidn Proceci~(e (EP;l., t:ox:.i,c:::.ity; · . 
SubseqUent sampling efforts included soil and w!ter ·aria.J..ys~s-for ." · 
volatil.e (VOA) and sefitl!..,volatile·- · (SVOA)''· ·organ\¢. 'compounds:' that ·· ·· 
are included on the u.s. Envirorunental Prot~ctibn ·Agen6¥::t$,: :<{EPA) 
contract· Laboratory Proc.Jram (CLP) list; .. in adc!litioh .. ~;<_t:Q the . 
parameters mentioned abOve~> ·An~lytica.l .· r~sti:l ts. froiil a~f ·b~~:;'these ' ~·· 
sampling·· efforts have been summarized. ih ·the·: original c:::1osl.lre 
plan document, and in a.: s·ubsequet'lt· mOdif'i¢,atioJ:\:; .. (I!.'i'''; .· Inq~-;~;; 1986;' .· 
and HS~4-8, 1988a) • · • Bar:ium above EP toxiei.,ty· 1:~11iits . and: <;ertain · 
volatile organic- solvent~? above detet:tion liittit§ ,were. identified .. · 
in the· impoundment fluids~- Hence the ... TA ... :1.6 . surface .. imp6undme,nt· . 
became a regulated: unit under'· the RasoUrce .Cbnservati;on and 
Recovery Act (RCRA) of 1976, as·- amended. All: Qther. indi6ator 
parameters were below either detection. or backgrdi.md· limits; or 
were below regulated concentration'' levels. ·· 

The surface impoundment was declared a RCRZ\: · t$g~la.ted unit in 
· Noven\ber 1986, by Los Alamos National· Laboratory !.s (LANL) 
Environmental Surveillaht:e Group (HSE-8) following completion of 
sample analyses. At that time an interim st:atus cl,osur~ plan 
(IT, Inc., 1986) was~· .submitted to the New Mexico Enviro~ental 
Improvement Division, (NMEID) by· the u.s.·. Department of ·Energy 
(DOE) for final·· clean closure under New Mexico Hazardous Waste 
Management Regulations (NMHWMR) 206.C.2.a through 206.C.2.k [40 
CFR 265.110 through 120], and NMHWMR 206.C.6.f (40 CFR 265.228). 
As a RCRA regulated unit, this impoundment is required to have a 
ground-water monitoring plan under NMHWMR 206.C.l.a through e. (40 
CFR 265.90 th;r.ough · 94) ; unles-s .it .. can be dem·o:nstrated under. 
NMHWMR· 206.C.l..-a(3) [40 CFR 265.90(c) ]>·that · th~re is a low 
potential for migra"t:ion of hazardous waste-. const'i tu¢nts from the 
facility via the · uppermost aquifer to water supply- wells or to 
su-rface water. 

This document is· a · demonstration in ·_ support of a ground~water .· 
monitoring waiver at .the TA-16 surface ·impoundment. This 
document will be maintairiedon file at tbe>LANL HSE•S offi.ce. It: 
has been certified-by Stephen G .. McLin, a qualified- qround-water 
hydrologist and geotechnical engineer, and by:· William D. 
Purtymun, a qualified geologist. Both of the·se individuals are 
staff men\bers with HSE-8. 

'•, 
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REVIEW OF BACKGROUND INFORMATION 

1.0 Migration Potential Through the Unsaturated Zone 

1.0 (a) The water Balance Equation 

The water balance (precipitation, evapotranspiration, and surface 
runoff from precipitation) indicates there is little if any 
infiltration of precipitation through the soil zone into the 
underlying tuff and volcanic sediments. Hence there is no 
recharge to the uppermost aquifer beneath the mesa at TA-16 
(Purtymun, 1962; Abrahams, et al., 1963; Cushman, 1965; Lane, 
1981; NMEID, 1984; Purtymun, 1984; and Brown, et al., 1988). The 
uppermost aquifer beneath the western part of the plateau (i.e., 
the mesa at TA-16) lies at a depth of about 1,230 ft and is 
recharged from precipitation in the intermontane basins west of 
Los Alamos (Cushman, 1965; and Purtymun, 1984). 

1.0 (b) Unsaturated Zone Characteristics 

There are about 1, 2 3 o ft of unsaturated tuff and fanglomerate 
with interbedded volcanics underlying the mesa at TA-16 
(Purtymun, 1968 and 1985; and Brown, et al., 1988). The 
thickness of the tuff is at its maximum along the western edge of 
the plateau, roughly delineated by New Mexico State Highway 4 
west of Los Alamos National Laboratory (Weir and Purtymun, 1962; 
and Purtymun and Stoker, 1987). The thickness of the unsaturated 
tuff and sediments at TA-16 is indicated in the table shown 
below. 

Geologic Section at TA-16 

BANDELIER TUFF 
Tshierege Member 

unit 3 
Unit 2 
Unit 1 

Otowi Member 
Guaje Member 

PUYE CONGLOMERATE 
Fanglomerate with interbedded 
volcanics 

TESUQUE FORMATION 
Siltstones and sandstone, 
occasional conglomerates 
interbedded with volcanics, 

Thickness 
(ft) 

190 
150 
360 
210 

40 

500 

earlier volcanics and sediments 2,000 
PRECAMBRIAN 

Basement Rocks unknown 

Depth 
(ft) 

190 
340 
700 
910 
950 

1,450 

3,450 

+3,450 



The 950 ft of unsaturated tuff beneath the mesa at TA-16 consists 
of quartz and sanidine crystals and crystal fragments, and small 
rock fragments of latite, rhyolite, and pumice in a glassy gray 
ash matrix. The degree of welding of the tuff increases westward 
across the plateau toward the source area at Valles Caldera. The 
increase in welding of the tuff reduces the porosity and 
capillary size of the pores. This in turn reduces the intrinsic 
permeability and specific yield, while increasing the specific 
retention. Hence the hydraulic transmitting characteristics of 
the tuff are reduced as the degree of welding increases. 
Hydrologic investigations of the tuff that form the upper part of 
the plateau indicate that aqueous transport of contaminants 
through the unsaturated Bandelier Tuff is not a viable mechanism 
for contaminant migration (Purtymun, et al., 1978a; BEF, 1985a, 
1985b, 1986a, and 1986b; and IT Inc., 1987). The physical and 
hydrologic characteristics of the Bandelier Tuff are discussed by 
Purtymun (1962 and 1973); Abrahams (1963); Purtymun and Koopman 
(1966); Purtymun and Kennedy (1966 and 1970); Purtymun and 
Abrahams (1967); Keller (1968); Purtymun, et al, (1978b and 
1980b); Abeele, et al. (1981); Brown, et al. (1988); and Stephens 
(1988). The unsaturated tuff, sediments, and volcanics above the 
uppermost aquifer have also been evaluated in reference to air 
volume and energy exchange resulting from atmospheric pressure 
changes (Purtymun, et al., 1974). 

I 

2.0 Migration Potential in the Saturated Zone 

2.0 (a) Saturated Zo~e Characteristics 

The uppermost aquifer beneath the plateau at the TA-16 surface 
impoundment is the main aquifer of the Los Alamos area (Cushman 
1965). It is the only aquifer in the area capable of water 
supply. Recharge to this aquifer is in the intermontane basins 
located west of Los Alamos. In general, water movement in the 
uppermost aquifer is from this recharge area toward the east and 
southeast beneath the plateau to the Rio Grande. A portion of 
this ground-water flow is discharged to the Rio Grande along 
White Rock Canyon through seeps and springs (Purtymun, et al., 
1980a). The depth to the top of the main aquifer is about 1,300 
ft along the western margin of the plateau (i.e., near TA-16) and 
decreases to about 600 feet along the eastern margin above the 
Rio Grande at White·. Rock Canyon. The age of water in the main 
aquifer has been estimated to be older than 1,500 years. It 
originated as precipitation recharge in the intermontane basin 
west of Los Alamos (Purtymun, 1984), and portions are discharged 
at the Pajarito well field (i.e., wells PM-1, PM-2, PM-3, PM-4, 
and PM-5) along the eastern edge of the plateau. 

Tests in the main aquifer beneath the plateau indicate that the 
transmissivity ranges from 36,000 gpd/ft (490 ft of aquifer 



penetration) to 94,000 gpd/ft (1,740 ft of aquifer penetration). 
The storage coefficient is estimated to range from 0.01 to 0.05. 
At a point located about three miles to the southeast of TA-16, 
the rate of ground-water movement in the upper 490 ft of the 
aquifer is toward the southeast at about 345 ftjyr (Purtymun, 
1984). The quality of water in the main aquifer is monitored in 
supply wells, test wells, and springs; these data are reported in 
the Laboratory annual surveillance report (HSE-8, 1988b). 

The geology and hydrology of the uppermost aquifer (main aquifer 
of the Los Alamos area) is documented in Theis and Conover 
(1962); Griggs and Hem (1964); Cushman (1965); Purtymun and 
Cooper (1969); Purtymun and Johansen (1974); Purtymun (1975 and 
1984); Purtymun and Adams, (1980); and Purtymun and Stoker (1987 
and 1988). The hydrologic characteristics of supply wells 
completed into the main aquifer have been documented in an annual 
report (Purtymun, et al., 1988). 

2.0 Cbl Proximity to water Supply Wells or Surface Water 

The nearest water supply wells to the TA-16 surface impoundment 
are wells PM-3 and PM-4. These wells lie about four miles to the 
east and east-southeast of the impoundment (Purtymun 1984); and 
are completed into the main aquifer. Movement of water in the 
main aquifer beneath the TA-16 area changes from east to 
southeast as it moves toward the Rio Grande. The Rio Grande 
flows to the southwest, forming White Rock Canyon by a down 
cutting action. This canyon forms the eastern edge of the 
plateau. The Rio Grande, the nearest perennial surface water 
body to the TA-16 area, lies about 8.5 miles southeast of the TA-
16 surface impoundment. 



SUMMARY 

After reviewing the documents referenced herein, and from direct 
and extensive field observations at Los Alamos National 
Laboratory, we can summarize several important conclusions with 
regard to the surface impoundment at TA-16. 

The potential for migration of hazardous wastes or hazardous 
waste constituents from the surface impoundment located at TA-16 
to the uppermost aquifer is extremely low. This statement is 
supported by water balance studies which indicate that little to 
no precipitation recharges the main aquifer below Pajarito 
Plateau, by the presence of approximately 1,230 ft of unsaturated 
volcanic sediments below the TA-16 site, and the unsaturated 
hydraulic transmitting characteristics of the Bandelier Tuff. In 
addition, recent hydrologic investigations conducted on the tuff 
concluded that aqueous transport of contaminants through the 
unsaturated Bandelier Tuff is not a viable mechanism for 
contaminant transport. 

In the highly unlikely event that hazardous wastes or hazardous 
waste constituents were to enter the uppermost aquifer from this 
surface impoundment, then there exists an extremely low 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. This statement is supported by 
the large distances from the TA-16 impoundment to the nearest 
supply well and to the Rio Grande, by the hydraulic transmitting 
characteristics of the uppermost aquifer, by the moderately slow 
rate of ground-water movement, by the short time interval that 
the impoundment was in operation, by the relatively low barium 
concentration levels in the impoundment, and by periodic water 
quality sampling of the water supply wells and the Rio Grande. 

These conclusions stated above are based on direct field 
observations made by us, and on physical evidence obtained from 
published and unpublished reports. · 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 WAIVER AT THE 

TA-16 SURFACE IMPOUNDMENT 

We the undersigned do hereby certify that this demonstration in 

support of a ground-water monitoring waiver for the above 

mentioned facility is 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) Review of 

Background Information; (4) Summary; and (5) References Cited. 

Copies of the references cited in this demonstration have been 

included in four separately bound volumes. 

P.E. 
and Geotechnical Engineer 

/itr~7T?Puf:!Ut ~ y»;~ 
Geohydrologist 
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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 tufT, 

the principal rock -type exposed in the Los Alamos area (Fig. I). The tufT (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. 
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Fig. I. 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 1 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 -19 50s. Detailed records of content and composition were not kept until 19 59, 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). 



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 sepa·rated 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 tufTs (Fig. 2). 
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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 are limited to the western and northc~rn parts of the Los Alamos area. Rock types are 
porphyritic dacite, rhyodacite, and quartz Jatite containing phenocrysts of pyroxene, hornblende, biotite, 
plagioclase, and quartz (Bailey et al., 1969; Smith et al., 1970). Some units oflatite and quartz Jatite 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 Jatite debris from erosion of the Tschicoma Formation (Bailey et 
al., 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 Mc~sa), 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 al., 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 Plc~istocene 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 et al., 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 

Jess 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 Plijarito 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 3 20 m. 
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 



'Jntaining abundant accidental lithic fragments. Ash flow units in the Otowi often easily erode to form 

·,''*·"'naracteristic 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 et al., 1969; Smith et al., 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 cristoba1ite, 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 

lecreased 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-00 18, 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 min 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-00 18, 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 

Non welded 

Porosity (Vol %) 40-60 

Cohesion of Shards slight 

Deformation of Shards none 

Fracture crumbly 

"Data from DOE/ElS-0018,1979 

Moderately 

Welded 

30-55 

moderate 

slight 

somewhat brittle 

Welded 

15-40 

good 

strong, flattening of shards 

brittle. 

5 



6 

B. TufT 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 tufT 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 Ito tufT relate in the following manner. 

Pore Diameter (m) 

2·10-4 

1·10-4 
s.w-s 
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 tufT average 46% of clay and silt and 53% sand and resembles a sandy silt 
(Abrahams, I 963). 

Water in the smaller pores moves mostly by the slower processes of capillarity and vapor diffusion 
and, at saturation, contributes little to the bulk ofth~~ 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 suc:h 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 l5°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 tufT because of 
increased ground temperatures from radiation absorption. 



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 tufT 

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

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

depression in the tufT is sufficient. 

At most sites near-calm wind conditions exist 10% to 15% of the time; 80% of the wind speeds are less 

than 3m s- 1
, and less than 1% of the time 10-minute-averaged winds are greater than 16m 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 tufT 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-t, 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 l'HAN (mm ofppt) 

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 (1,0 =tree ring index for ponderosa pine). 

b. Pinon, where precipitation (mm) = 467 I0rf'9
• The correlation coefficient in thise case was found 

to be still significant at the 0.99 level (I,1 : tree ring index for pinon). 

The similarity between these two equations is striki,ng. 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 pre:cipitation patterns. Good existing correlations for 

ponderosa pine permitted us to make the following estimates. 



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 I 794. 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, earthfllled 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, 

9 



10 

1 
N 

~ 

LEGEND 

~ Surface water 
sediment and soil 

0 10 20 30 km 
WMM - - I 

Fig. 3. Base map. 

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 9·10-3m3 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 0.0 I 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• 



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-1, while 

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

at both sites should carry the maximum flow of 25 m3 s-1 produced by a 1 00-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 midreach 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 infiltration 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 portio~s 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 20% along the eastern edge of the Plateau as the water in the 

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

the aquifer is about 3.5-10-6 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 Jess than 1.15·10-' 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- 1, with an average hydraulic conductivity of less than 10-' 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 ave:rage hydraulic conductivity of about 10-' m s-1
• 

Supply wells in the Pajarito Well Field penetrated basalts interbedded with sediments iii 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 leve:l 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 eac:h 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. 4. Location of watershed and stilling basin, Area G, TA-54. 
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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 trans.port 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; I 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 = - J 2g cdhs12 = 2.36 cd hs12 

• 
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where 

Q = Discharge - m3 s-1
, 

g = Acceleration of gravity, 
Cd = Coefficient of discharge, and 
h = Water height above V-notch. 

The value of Cd 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 Cd for this weir can be determined, using Eq. (I), 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 mrn/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 

113 

113 

mean 

Discharge 

Rate Water Height 

(m3 s- 1) (m) 

3.3 -1o-s 1.21·10-2 

3.3·10-' 1.21·10-2 

3.1· w-s 1.21·10-2 

3.3·10 s 1.2 ·10 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· w-6 1.2·10-3 

1600 1.0 6·10-6 3.8·10-3 

1700 1.0 9·10-s 3.8·10-3 

1800 0.8 3.2·10-4 3.0·10-3 

1900 0.3 1.3. w-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 10m the tuff rarely exceeds 10% of saturation. At such a low moisture ratio, only unsaturated 
and vapor flow can occur. As the degree of unsaturation augments, movement in fhe 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 u iffusion of water in the vapor 

,phase. Tritiated water vapor migration is consequently enhanced by the presence o sue tra SpOrfaticin 
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. Becausefractures \Viii act as 
barl'iers for unsaturated lig~id_flQ_w,_.all_raQi_onuclides, except tritium, will be inhibited by the-pr;s-ence'of 
thes; f~actu~es in their movements through tl;ttirr~E[xlstenceoflow 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. 
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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 H ), 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 (K6). The moisture flow per unit area will 

consequently be described as 

B. Crushed Tuff 

I. 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 Lis 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 K at 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 1(,,99 = _1.68 L 2 o-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 10-8 m2 s- 1
• It was known from past experiments 

that the diffusivity of Bandelier tuff normally exceedec;l 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% 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, 9 70 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 -II kPa. 

The range of matric potentials was limited to those below -II 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 H 20 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 w-2 1.02·10-7 9.18-10-9 

30 108.128 0.415 
33 110.261 0.405 1.58· w-2 2.15·10-7 3.38· w-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· w- 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 1.76-10-3 9.30·10-8 1.64-10-10 

146 139.315 0.248 2.06· w- 3 4.80·10-8 0 

9.91·10- 11 

161 140.543 0.240 1.73-10-3 4.62·10-8 8.01·10-11 

177 142.643 0.230 2.78-I0-3 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 



If Ov represents the water-filled porosity, 0 or (0/05
) the saturation ratio, 'If the matric potential in kPa, 

K5 the saturated hydraulic conductivity (9.2·10-7 m s-1
), K or K(O) the unsaturated hydraulic 

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

0 1.21 'lf-0.32l' 

K 2.43 -10-s '11- 2. 475 , 

K = 5.04·10-6 07
·
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 (0) 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 Ov 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 ev ranging from 0.02 to saturation (0.40), 

K 7.96 . 10-4 0/·379 with r = 0.9994 and 

K 9.2 . 10-7 07.379 
. with r = 0.9994. 

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

almost identical, the K(O) 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 TufT. 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 'IJfe is the air-entry water potential and 05 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 retc:ntion data, 'IJII'IJis = 0.0097(0/0
5
t 3•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 yr-1 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) ~(h-z) 
~z 

where 
z = depth, 
h = matric potential corresponding to measured moisture content, and 

K(O) = hydraulic conductivity corresponding to measured moisture content. 

10- 11 lo-10 

k (m s- 1) 

MEASURED 
CAMPBELL 
MILLINGTON-QUIRK 

Fig. 8. Calculated hydraulic conductivities compared with measured data. 



h and K(6) 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 

1. 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 20.53 'lf-l.050, 

K = 3.03 ·10-4\lf-2
•989, 

K 5.40·10-862•825 , 

r2 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 K5c (m s-1
) K (m s-1) 

780 0.017 9.8·10-11 1.4·10-12 

200 0.083 1.6·10-9 2.3·10- 11 

ll5 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 l.J. 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-' 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. 10 and I I. 

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 0.1 02-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 tufT 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 ofthe Bandelier tufT during the late 1950s and early 1960s (Abrahams, 1961) 
were extensively studied. Physical properties (density, porosity, etc.) and hydrologic properties 

1.00 rrrrrrr-r---r-,.,.,.. ....... -,..n::::!:J~===FC:::z:::;:::l~;:==~:::;o 
0.90 
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~ 0.70 
0::: z 0.60 
0 f: 0.50 

~ 0.40 
:::> 
~ 0.30 

V) 0.20 
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6 CRUSHED TUFF 
(MEAS.) 
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'JI (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 inftltration 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 inflltration 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 TUFF8 

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). 
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Fig. 13. Moisture distributions in Bandelier TufT near T A-21 (Purtymun & Kennedy, 1966). 

C. Current Monitoring 

1. 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, CP6-1), representative of all four, is presented in 

Figs. 14 and 15. Moisture contents below 30m average between 6 and 7% by volume for CP2-1 and 

between 8 and 10% 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-l, was drilled just outside the perimeter fence at Area C, to obtain data 

on moisture conditions beneath undisturbed areas. 

25 



26 

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 & Ste•~l. to I m 51 

GS50-I 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-I. 

Current 
Status• 

Active 

Active 
Active 

Inactive 

Inactive 



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 
tufT, implying a gradual diffusion of moisture out of the waste pit. This condition results, in part, from the 
higher hydraulic conductivity of crushed tufT 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-l to GS50-6) were drilled in solid tufT 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 tufT. 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 GP1-I. 

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 GSS0-3. 



4. 
0 

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 GSS0-5. 

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 

a~alysis) 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. 



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 tufT moisture between P7 -1 
and P7-2 below 9 m. 

As a consequence, and because shallow hole P2-I was to be covered, monitoring of holes S50-I, S50-3, 
S50-5, Pl-1, and Pl-2 was retained. The monitoring of P7-1 and P7-3 was also continued below 9 m. 
P7-l 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 et al., 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-1958, 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 coateq with a 1- to 2-cm layer of asphalt. The primary motivation was an attempt to seal 

the many fractures in the tufT walls of the shaft, because it was believed that such fractures provided 
possible pathways for tritium migration (Wheeler et al., 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 

Depth (m) 

3.75 
6.75 
9.75 

12.75 

Rate of Decrease 
(Bq m-3) 

A= 3.J.J09-l.Ol·l09Jnd 
A = 1.24-l010-5.27·109Jnd 

A = 2.87-l09-1.04·109Jnd 

A = 1.23 -l09-5.28·108lnd 

Coefficient 
of Correlation 

r = 0.96 
r = 0.97 
r = 0.98 
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. Approximate:ly 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 tufT, 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 tufT, 

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 moi~ture 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 

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

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. 



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 

so ssw 3.75 A= l.Ol·l09-6.09·1081nd r = 0.98 

so SSW 6.75 A= 1.21·l09-5.6l·l08lnd r = 0.94 

59 N 3.75 A= 1.03 ·109-6.06·108lnd r = 0.96 

59 N 6.75 A= 1.18·109-5.73·108lnd 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 tufT 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 

1·101s 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 tufT 

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 tufT 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 tufT 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 · I 09 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 fiCi m-2 day- 1
) to 2·10-1 Bq m-2 s-1 (0.44 !iCi m-2 day-1). The actual surface area 

contributing to this flux was not established, but, as pr1!viously 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 !iCi day-1 to 2640 fiCi 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 be 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 10 m 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- 5f.1Ci s-1 m-2
) and 0.22 Bq s- 1 m-2 (6·10-6t.tCi s-1 m-2), respectively. 

3. Emanation of tritiated water was measured along 3 axes, A, B, C, 120° apart, around Gs-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 m 2
• Because the evaporation rate was averaging 7.75·10-9 m s-1

, 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. 



With d, the distance, expressed in meters and E, the tritiated water emanation, expressed in 

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 (6. T) at different depths (z) where 

D=(- b,.z )2 1t 

tn(b,. T / b,. T 2 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 ·1 03 kg m-3• 

The specific heat (C.) 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 c. 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 

Cv0.04 = 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 = l 04 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 os:150 

Date HTO Concentration Flux 

106 Bq m-3 J.LCilt Bq m-2 s-1 J.LCi m-2 day-1 

28 May 1980 79 2.13 0.58 1.35 

4 June 1980 216 5.83 1.61 3.77 

II June 1980 293 7.92 2.00 4.67 

18 June 1980 436 11.79 4.26 9.96 

25 June 1980 496 13.40 4.47 10.45 

2 July 1980 415 I 1.21 2.60 6.07 

9 July 1980 284 7.68 1.63 3.81 

16 July 1980 692 18.70 3.15 7.35 

23 July 1980 688 18.60 2.62 6.11 

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 12.79 

20 Aug. 1980 356 9.63 4.89 11.42 

27 Aug. 1980 334 9.04 3.78 8.83 

3 Sept. 1980 1088 29.40 9.62 22.47 

10 Sept. 1980 350 9.45 4.13 9.65 

17 Sept. 1980 518 14.00 5.54 12.94 

24 Sept. 1980 607 16.40 5.67 13.25 

I Oct. 1980 492 13.30 4.15 9.70 

8 Oct. 1980 470 12.70 2.41 5.64 

IS Oct. 1980 205 5.54 1.21 2.83 

22 Oct. 1980 168 4.55 1.21 2.83 

29 Oct. 1980 112 3.03 0.43 1.01 

S Nov. 1980 138 3.73 0.95 2.21 

12 Nov. 1980 128 3.46 0.72 1.65 

19 Nov. 1980 135 3.64 0.60 1.41 

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 0.51 

30 Dec. 1980 19 0.50 0.14 0.32 

7 Jan. 1981 21 0.57 0.12 0.28 

14 Jan. 1981 20 0.5 0.11 0.25 

21 Jan. 1981 40 1.08 0.16 0.38 

28 Jan. 1981 46 1.25 0.13 0.31 

4 Feb. 1981 ss 1.49 0.15 0.36 

II Feb. 1981 63 1.70 0.24 o.ss 
18 Feb. 1981 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 rele.ase, 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. 



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 MR V 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 

( 1) a low coefficient of determination between MR V 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 CS2-1, CS5-1, and CS6-1. 

CS2-l 
CS5-l 
CS6-l 

MRV = -0.17 + 0.23d 
MR V = 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-l, 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 et al., 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 liro~n 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 rc~sults 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 wa&te 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 c:rushed tuff, are known to be on the order of 
10-12 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 al., 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 aL, in press). 



(I) 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). 

l.D. No. CPS-I6 
238Pu: A l.04·10-3d- 6 

239Pu: A = 2.04·10 d-2
·
85 

241 Am: A = 0.9I d-4.3 

I.D. No. CPS-I8 
3.1. 10-3 d- 4 

239Pu: A = 1.37 d-3.64 

241 Am: A = 2.59·10-2 d- 5 

I.D. No. CPS-II 
241 Am: A = 0.74 d- 2

·
07 

The above numbers are the identification of some of the contaminated spots under scrutiny in .Area C. 

Thes~ equations demonstrate a strong decrease of activity with depth. This strengthens the notion of 

surface spill as the source and no "upwelling" from the pit because of transport mechanisms involving 

evapotranspiration. The lack or 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 al., I972). 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-I50 area. As can be 

seen from Tables Xll and XIII and Figs. 20 and 2I, 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.. 
..:0: 

Shear Strength 
(kPa) 

7.25 
7.2 
7.6 
8.0 
6.0 
3.0 
0 

. I 

I 

TABLE XIII 

VANE SHEAR TEST ON CRUSHED TUFF 

Moisture Content 
by Mass(%) 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 

o VANE SHEAR 

b. LOOSE TUFF RESISTANCE 
D PUDDLED TUFF RESISTANCE 

10 15 20 
H20 BY MASS (%) 

Shear Strength 
(kPa) 

1.0 
5.8 
8.2 

12.8 
14.0 
14.2 
14.6 
16.2 
16.2 
10.2 
0.0 

Fig. 20. Resistance tests on tuff. 
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o VANE SHEAR 

e. LOOSE SOIL RESISTANCE 

c PUDDLED SOIL RESISTANCE 

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 16% by mass increases with depth of 

penetration. 
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TABLE XIV 

RESISTANCE TO PENETRATION 
IN TUFF 

Moisture Content Resistance 

by Mass(%) (kPa) 

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 IS 

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.s11 r2 = 0.998 

while in soil, the penetration resistance can be expressed as 

R = 1.684p0
·
923 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 

H20 kPa H20 kPa 

28 0 28 

25 IS 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 II 475 

2 50 9.5 500 

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 al., 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 

GPIISO 
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 11.50 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 31.50 30.00 30.00 (Lost 

Probe) 

ND =No Data 
NE = Data Not Entered 



Number Jan. 

GS50319 
Start ND 
End 

GS50579 

GR1179 

GP1279 

GP7279 

GP7379 

CP2179 

CP6179 

CS99179 

CP5179 

CP5179 

FP1179 

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 

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 

ND 
ND 

0.5 
30.5 

April 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
ND 

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 l1.5 

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 
11.5 

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 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.5 
33.0 

0.5 

33.0 

ND 

0.5 

ND 

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 

GA1178 
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 ll.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 

24.07 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. 

NO 0.5 
33.0 

NO 0.5 
33.0 

0.5 NO 

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 



'·"-

Number Jan. 

GS50177 
Start 2.13 
End 11.58 

GS50377 
Start 1.82 

End 13.72 

GS50577 
Start 1.82 
End 9.45 

GP177 
Start 1.82 
End 5.49 

GP1277 
Start 1.82 
End 4.27 

GP7177 
Start 8.53 
End 24.38 

GP7377 
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 
Start 1.52 

End 13.11 
,.,, GP1176 

Start 0.91 

End 4.88 

SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 

FOR MONITORING HOLES - 1977 

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

2.13 2.43 2.13 2.43 2.13 2.13 2.13 0.91 1.21 

9.45 11.58 8.53 14.62 9.45 9.14 14.33 14.02 14.02 

1.82 2.13 2.43 2.43 2.13 2.13 1.82 1.82 1.21 

12.80 12.80 11.58 13.41 13.11 13.41 14.02 13.41 12.50 

1.82 2.13 2.13 1.82 2.13 2.13 1.82 1.82 1.21 

9.45 9.75 9.14 13.72 9.45 14.33 14.64 14.63 13.41 

1.52 1.21 1.21 1.52 2.13 1.82 1.21 1.21 

5.49 4.57 5.18 5.49 5.49 5.79 5.49 5.49 

1.52 1.52 1.21 1.52 1.52 1.52 1.21 

4.27 4.27 3.96 4.27 4.27 4.27 4.27 

8.53 8.53 8.53 8.53 8.53 8.53 8.53 

14.33 14.02 24.07 14.02 14.94 24.07 22.86 

8.53 8.53 8.53 8.53 8.53 8.53 8.53 

13.41 14.33 21.03 14.02 13.41 21.03 21.03 

SUMMARY OF DEPTH RANGES AND MEASUREMENT DATES 

FOR MONITORING HOLES- 1976 

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

1.52 1.52 1.52 

9.75 7.62 8.53 

1.52 1.52 1.52 

10.06 10.06 10.06 

1.52 1.52 1.52 

10.06 9.75 9.45 

1.52 1.52 1.52 

8.84 8.23 8.84 

1.52 1.52 1.52 

10.06 7.92 7.92 

1.52 1.52 1.52 

8.53 762 7.92 

0.91 0.91 

4.88 4.88 

Nov. Dec. 

1.52 1.21 

14.02 13.72 

1.21 0.91 

12.50 12.19 

1.21 1.21 

14.02 14.02 

1.21 1.21 

5.79 5.49 

1.21 1.21 

4.27 4.27 

8.53 8.53 

22.86 22.86 

8.53 8.53 

20.11 19.81 

Nov. 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 
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Number Jan. 

GPI276 
Start 0.91 
End 3.66 

GP2176 
Start 0.91 
End 2.74 

GP2276 
Start 0.91 
End 

Number Jan. 

GPII75 
Start 
End 

GPI275 
Start 
End 

GPII75 

Start 
End 

GPI275 

Start 
End 

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

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

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. 

Oct. 

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

Nov. Dec. 

0.91 
3.66 

0.91 
2.44 

0.91 

Nov. Dec. 
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339. DISTRIBUTION OF .MOISTURE IN SOIL AND NEAR-SURFACE TUFF ON THE PAJARITO PLATEAU, LOS 
ALAI\lOS COUNTY, NEW MEXICO 

Jy JoHN H. AnRAUAl!S, .Tn., JAMES E. 'WEIR, Jn., and "WtLI.IAl! D. PURrr.uux, Albuquerque, X. l!ex. 

Work dortc i" cooperation toith. the U.S. Atomic Bnerg11 Commi.uio11 

The Pajarito Plateau adjoins the steep eastern flanks 
oft he Sierra de los Yalles in nm·th-<"ent ra I X ew :\lexico. 
It has been dissected by east,Ynrd-flowing streams into 
se\·ernl fingerlike mesas. The plate:t.u is underlain hy 
pumice deposits, ash falls, and ash flows tha.t were . 
ejected from a large \"olcanic \"Cnt to the west. Ash 
flows that cap the plateau are welded rhyolite tuff. Soil 
on the middle part of the mesas is well de,·cloped on 
the flat. uplands nnd is thought to be deri,·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 containin~ montmorillonite, nncl 
a C zone (transitional from soil to tuff) with a high 
clny content. ·Tho zone of saturation is more than 1,000 
feet beneath t ht> surface of the pla.te:ur in the nrens 
studied (fig. :13!'1.1). 

Measurements of the rate and :unount of water move
ment and of moisture content of the soil and tuff, both 

.# 
1er natural con1litions and in rontrolled infiltration 

-.) '* _ !rimcnts, \YCJ~ made u.s n.n t•sst•nt inl pnrt of studies 

, ... -\ 
I ' ', ~::'~ Loa Alamo. 
,.~ ~~- ... ---- ..... , .., --=--_ ....... .....__ ----" 

0 2 3 MILES 

F'rot:KF. 33!l.l.-PaJn.rlto I'lutt•llu. X. ~lt-lC., ><howin~: nrl'a ot 
mol~ture stud it•>' ( shutlt'tl). 



( ( 
SHORT PAPt:HS IN THF. m.:ui.OGIC ANI> liYDJIOI,OGIC s<::n:NCF.S, AUTICJ,t.:s 293-435 D-143 

,,f l"l"''CIIIS mm'<'llll'lll:-i of r:ulioa<'l in~ sul•sl:u1c·c·s ori;!ill· 

tting from Jiquicl wash•s or hom leachnhh\ radioacl.i\'<'· 

~lids. These measurements wet-e ma(h\ as n part oft hc 

·rogrnm with the Los Alamos Scientific l ... 'lhoratory. 

A neut.J'OJH;ca.tt ering moisture probe wns ins('l·t.ed 

into test. holes cased with 2-inch plastic pipe to deter

mine the moist m·e conteut. of the. rock and soil. The 

lll<'nSill"<'lllents WCl'C clll~ckccl a~ainst lnhoratm·y tl(•lct·

minat ions of 111oist lll"l' drill iu ('On~s. The moist Ill'\~ eon

tents determined with the probe appeared to be about. 

1 to 2 percent hig]l('r th:m thos<' made in the laboratory. 

Jl.A.TURAL DISTRIBUTION OF MOISTURE 

Twenty-three test holes were dt·illed on Frijoles Mt'sa 

:md moisture measurements were made in the spring, 

!';Ummer, nnd fall of 19GO to study na.turnl 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 fept, then decrease to a dept.h of 4 to 12 feet, 

:md remain relatively constant nt greater depths. 

There wer·('. some variations, howeYer, that '"ere ap

parently related to drainnge and soil thic~-ness. Data. 

from the 2;} test holes are summnrizecl in the adjacent 

tnble. 

-· ---------
1lr1•lh nt whir'h ltrpth nl whlrh 

Tbldln,. ... or ... n ntol ... turc ,,,utrnl nu•i~ltlrt' t<nntrnt 

(let>t) ... ,.,.I..,. th:m let ":1~ ll'"s."l thnn ~ 
lternlnt U•'Cll Jlt.'fl'CIIL (lt'C'I) 

ftana:l' A.,.m.:e R11n1:r AY<'r:lle It an~:" A\'f'fRI e 

-------- --- -
t'lltrt'n tr•t holt's 

In •·•·11-<lral.....t 
arroas ............... O.H.O 3.1 7.&-41.0 4..7 7.1H4.0 8. II 

F.l.:ht trst hole-s 
nr:t.r arro)·os, 
dllriM's, :t.nd In 
tonorl)" drul~ 

arras ........... 2. 2-11.0 A.J •. o-111.0+ 1.6 (1) •"'"'"'"'"'o•• 

• lllotslurr contrnt docs not decn!li5t' to~ Pl'fl.'ll•nt; llll' hole-< ran~re In dept'• lrom Ill 

to 491co<-t. 

T!te moistm-e content in the upper 5 or 6 feet \vaS 

highest. in )lat-rh and April, as n result of late winter 

snow; it. decreased to a minimum in October, owing to 

the high e,·npotmnspiration rate during the summer 

and early fall. 

Test-hole 5.M-2 (fig. ~a!l.2) is representative of the 

test. holes in well-drained areru;. Moisture measure

ments show thnt below a depth of 6 feet the moisture 
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c-cmlt•ut. of tim tufT t·t~lllaim•tl llll<'hau:!t'tl :uul helm'l" 10 

ft•t>l it was h·~s t laau .J JK'I't•t•nt. 
'ft•st. holt•s Ill' a r :t noyos, tlit t"l•c.o.;, n ml in poorly 

clmitwtl :ll't'as that rt•n•iYl'd m· n•taim•tl wah•r dut·ing 
JK'riucls of stnnu nmoiT at·t• t'CJH"CH'Ilted hy test-holes 
r.lf-1 utul Dr-:t\ (li;.r. :1:m.:n. Although moistur·(' 
mt>nslll't'lllellls i11 test-hole. (i)l-ll'll;!gcst n small increase 
in muistun• c·ouh•nt bet\wl'n :thonl G n11d 10 feet in 
depth bet wt•t•n )[arch mu.l Oct oliCt·, I hey llll't'ely reflect 
the fad that mt•asurl'mcnts in this interv:tl were made 
At. sli~htly difl'et·cnt depths. Thus. additionnl points 
on the OdoLl'r <'UrYe probably would lun·e resulted in 

:~ t'lll'\'t•. that IIHII't' JH'.:tl'ly cluplit·aft•t) th~ )fnl·,·h cu•·,·~. 
In hoic li)l-1 t ht• uaoistu1·t~ t•onlt•Jit. ht•low ~~ dl'pl h of 
:ahout .J ft•t't rt•tu:aitwtl tlt'ni'IJ tlw snmt•, aud the moisture 
t•outt•ut in tlw t11IT l':lll;!t'tl fi'Oill lito 10 pl'rccnt dm·ing 
l1nl h pet·imls. 

Cousll·uction m~at· tt>st-hole DI-:1.\, on the bnnk of 
IUl arroyo, l':tnsed wntt••· to poud 2 to 4 inches deep 
se\'cral ft-ct from the ll•:-:1 -holt• dm·iug wet periods. The 
pmult•d watt>r pcr<'olated throu~h the thin soil nnd snnd 
in the Lc<l of the :u·t·oyo and 1110\·cd <lownwnrd nnd 
latN·all.r into the tuff as showu by the increase of 
llloistm·c fl'om 1~ percent to 17 pet·cent nt n depth of 

MOISTURE CONTENT, IN PERCENT BY VOLUME 
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. 
In ):~ ft•c•: ( li!! :\:~!1.:?). Ht•l Wt't'll 1:1 :uul :?0 ft•t't n 

'a II iiH'I'I':I:-«' in llluisllll't\ c·onlt•nt is sll~:,!t•sl t'tl, hut 

. Wl't'll :!II nntl ·1!1 ft't•f I he moistum t•onh·nt J't'mained 

out. G to 8 percent. 

INFILTRATION EXPERIMENT 

At sitf'. A ( li:,!. :~:m.t) :111 in tilt 1·at ion pit :.! fl't'l in 

uneh•r hJ I {out tlt•t•p was c·onstructNl during ~l'p

tlht.•l' l!li'1Ci. Tht• sCiil is similar to that. on Frijoles 

:>s:t: it is ah(lut (i fl't't thit.·k nntl is 1\IHll'l'laiJ.,Ly 

ldc<l tuft'. The area is motlcratl'ly Wl'll dminl'd. A 

;t-hole 20 feet deep was tlrilh·tl in the c-t'nter of the. 

1ltration pit mul n 2-inl'h plastic pipe was installed 

that it Ju·ojcc-tecl about 1 foot aho,·c the pit. Soil 

d tuff were pac-ked aromul the casiug to pre,·ent 

-pnge down alongside the ca~ing. :\Ioisture me~sure

nts were made prior to application of water. "~ater 

.s introduced into the pit and a constant head main

ned ;t three-quarter!i of a foot for V!> days. 

The wetted front. (fig. 33!>.3) moYed to a depth of 

aut -:1% feet. during the first 2 days of infiltration and 

n depth of about Glf2 feet during the next 97 clays, 

t water did not mo>e through the transition zone 

o the tufT, except in the lower moisture range. The 

•isture cont£'nt decreasccl with depth from a maxi

ml of nhout 38 percent in the B zone of the soil to 

s than 4 percent ''ithin a foot of the surface of the 

r. 
"•nt~- apparently wns perched on the C zone of the 

1 a. the moisture content within the B zone np-

JII'O:I('lH•tl sat uml ion. .\ ftt•J' 1 lu• li•·st ~·\"t'l':ll clays of 

in lilt ml ion, uulst 1110\'t'lllt'llf uf wah•J• pmhahly was 

}ah•l'a}, :IS intlic·att'tl hy IJI('ltSIII't'lli('IJIS in 1\ Sl'l'it•S of 

holt.'s n•·uulltl anotht•J' inliltmtiun pit Jll':ll'hy. Some 

\\'1\(t'l' muluuhll•clly w:1s lust h~· l'\'n pomt icm nntl t mns

)>ii"Jtt ion . 
• \lt hou~h t lw qu:mt it~· of wntN' usl'd durin~ the study 

wns l•cplintlt•nt to nlnmst t111 yl'ars of }>l'l'{'ipitntion on 

th(~ Paja1·ito Pl:tt£'au, tht\ moi~t111·e coutt.'nt in tl1e .\ 

:nul B zones had n•t lii'Jil'tl to ll£'a dy nol·mn I aft cr 8 

months of tlra ina:,!t': t h£' moist Ill'£' l'nnh•nt in t lw C zone 

:uul top 2 {C't't of tun· was sli~htly hi;.rhl'r than b£'fore 

the t'X}>t'l'illlt'nt, and the moisture l'ontC'nt. of the tuff 

hct Wl'l'll S :uul ~o feet was lllll'han~ed. Howe\'er, con

<lit ions tlurin~ this stmly c-annot he c-onsi<lci'Ptl normal 

l)(•t·:mse the l'lo~~in~ or silt in~ of pores probably was 

g-n•atl~· acc-l'll•ratP<l whl'n this \·olnme of wate1· moYt.'Cl 

into the soil within a period of !)!) days wit hont t lit

normal seawnal distribution whic-h inYolws alternate 

pl'rcolation and draina~e. 

CONCLUSIONS 

. 4J~~~~,;~t~J..:. ~~~t ... t~j~l9~-.$a' 1;~~~:~,~d~,~.(~l:H~ 
mfilr~s. mtu:fl.l~~~i-1 of"'tl1e ·P.nJ;lJ.'Jto Plat~111Is 

study inbicat~s that the downward Jl10\"l'llll'llt of tl1is 

w:ltPr is impeded or stopp<><l b~· the dPnsc transitiOn 

zone behn'Pn the soil and the tuff. Thus. it seems that 

where tl1e normal soil <'O\'t:'l' is undisturbed, th£'re would 

be little or no rechar~e to the zone. of saturntion from 

precipitation on the surface of the plateau. 
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Peysical prop·~-·.:.ic~ of u.nci mov;mcnt or ,;o.ter in 

tb.:l B:lnd~li.~r Tuff 1 Los Altl.mos o.nd Santa Fe 

Counties, Ne·,, Mexico 

By 

John H. Abr:i.hams, Jr. 

Abstr.;1c-. 

lb.dio3.ct.ive ·,Jastea r~·om the Los Alamos Sci;::nti:'ic La.borotory 

n~ar Los Alamos on the Pc.j:J.ri to Pla.t.e::~.u in no~·th-c-enc.t'S.l Ne• Mexi ~o 

arc reie!l.s~d on"'to ille su.t•fs.c~ ~nd in th~ s,.bsurfac.: .. 1 ;:.hin the area. 
v 

In the 19~+0' s liquid ..;o.~.n:;~ s ... e ... ·e process:d for the remov!U of som~ 

r~dionuclides b~t the quantity of radioo.ctivit~ -~scber~ea into op;n 

infiltr;;".tion pits on the pl.:l.t~:J.u o~· into tultu_·al d.o.--ain"t>~ in deep 

in 195., s~peroa~nt liq~ids, separated from slud~~s containinb most 

disc~irgcd. The sludges ~:e b~ried on the plateo.u after being 

mi;,.ei.l .. 1 th concL"e te or vcnaic<..;li te and placed in metal oorrels. 
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pl:lteau has been di:J:Jected by e~t-vest trenli.Iltj can;rons n..q rm1eh 

as 1,000 feet deep. 

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

;:ca-~ is c.t le!l3t l,coo feet thick near the westcr:1 ce...-cin of the 

plate!lil a.."!d. thins ea.stve..."'d to less than 100 feet near '-lhi te Rock 

The Santa Fe Group of ciddle ( 7) Miocene and. Pleis't.ocene ( ?) 

age underlies the -Ba!ldelier Tu.f:f' o.."ld forcs the ::-.ain aqu!fer in the 

Los Alm:les aree.. 

Disposal of rad1oec"t1vity vnstes !lave been, fer the rxlSt part, 

on tlle s':.lrface of or buried in the Tsb.ire;e f\ie::'.ber. M:>st of the 

studies described in this report are \11th the Ts!U.rege MaDer of the 
j 

Da.ndelier Tuff, and reference to turf in this report are to t1'le 

Tshirege unless the Guo.je e.:ld Oto\11 Me:bers are :ne:l'tioned. speci~call:r. 

2 
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The Tshi~t5e Member of the Ba.n~ier Tuff contains eub-uni te that 

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

is te~~ily perched b.Y variations 1n vertical permeability. T.~e 

pcnnee.bili ty vari~s fran one bed to another, fr:...m one metlber to another, 

e 
a.nd from the Ban<lj(l1er Tuff to underlyinc; beds of the Santa Fe Group. 

" Joints 0.r~ camnon throuGhout the Tshirec:;~ Member. The joints which 

are not fi.lled with sediments or altera.~ion products m£.y interconnect; 

ac.:·oss the contacts of s·.~b-units and my provide paths for ra.pid 

• mov~cnt of -..ater "..hich n~GJ.te the effects of differences in the reck 

permea.b111 t;;·. nuclides in t10.tcr moving throue;h open jQints wott.ld have 

e rcla.ti vely lil:li ted oppc:rtuni ty to be absorbed into the tuff, as 

com?!'.red to nuclides in w~ter the.t moved through t:le pores of the 

tuff. 

Mcst. of the erose o.lph.'1. (plutonium) 
c-4 c .,,,. .,. ~,.·~ 

d~N~~IY•J /116 •~••I ,~, 
activitJ~ >r.:l~ .l.'etc.ined ~in 

tuff/\ 15 or 20 feet beneath t.he bottom of disposal pits, eAcep~ for 
~. ,,..,,,_ Ja,~A 

isolated ::.reas \!here \tO.te.r carried the activity throUGh Jaints. T"~re 

' 
.... as an inverse relationship bet~een ~ss alpha ~ctivity end the pH of 

uc.ter percolatin.:..; throuc;h the tuff'. ( C~hj"ft"S~I'l,~ 7/)•,~s, If,!} 

3 
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The porosity of the tuff ron~J from ::'.bout 20 percent to e.bout 

6o pc::"cent. The porosity is inver:;aly rel:>.ted to tee moisture content 

e.t one-third atmospheric t~ncic·n, which is ro'l.~t_;hl.y the cvcra..:;e f'ield 

capaci t.;:,· cf t.he tuff. Abc~·t 20 to 25 percent of the tow.l pore spe.ce 

tr...nsmi ts mo~t cf the 'm.ter . .,.hich !!lOVes thrcu.;h the ti.:ff. The avera.t."C 

penne~oility is low--'lbcY.tt ~- to 6 callons per d:ly per s~··w.re foot. 

The r.1cisture content c.fter 99 do.ys of infUti":'.tion into e. pit 

,.,.~ ..,.Ita¥ ~ .r.. s.; .. , ~~ •.• 4 .. 

that. p.:.~~tr:~ ··er :~::Jil ::ont ... ~lyin3 ti.tf:f rtms-ed i'rcm about 

j9 !'~rce:1t h~" volurn~ in t.ht:> soil zone to lees thr.!'l 4 percent within 

c. fr.-ot below the ccp of the 1.tndP.rlying tuff. s., I c..~~ 'N"~' -1~.

a.-•""" -~ u • .,.,,_ -{>4-.<t' '*•"/J /H./'Uf;4 ~~ ~.r ~~ 
T::e t'.Oisture cont~nt r::-.r..t,;e1. fran less than 1 percent ny volume in 

oftwf" ,., 

tm•.!istt•rtcd r.uff' to <.bout 26 percent i; ...... :t~!!~~~~::t.,.f. ... -ffir:~.:.~1 
I~ l"lfVI'(' • 
t>.~-= , 5··:;-.. T'ne av~race moistUl·e content of tr.e undict.urbed tuff 

~s l~zs tr~ 5 percent. 

The !:cist~:r·~ content c~urinc perccb.tion of l:[•.ter throt!5h p~ts 

cf t(l..e tt:!f tbo.t ccnt:>.il'!ed feu jcints or densit:y O"!'.dients \.res ir:.. the 

25 to 35 percent rt:'.cse. T..'lis !"!2.nt;e is slit)ltly r.bove the median of 

fi~ld c~.:p:!ci t~r and pc~·ooi ".:,· c:f t!:.~ ljuf:f'. The rete of movement directly 

int-.> c.\:y t.<ff O.V~ra6ed O.u1Y .. !t 2 f~e .i per d.a\Y durine; thd :f'irs't day 1 bBJ.t 

:~. Zoot'~~~rf-J ta.c ne:(t ll ~·s, ~n.d. o.bout a. t~tll of a 1,oot per cby 

II 
dl·,rin,: -;he ae; .. t 56 UD.:;s. T'uc lOOis·;.lll'\! conteni;. oi' ·i;.i.lC -cuff during 

£'.f:.':.~(.;tcJ. t:~ rete of in:f'il-:.l·:::.tio~l c.t t.he 'Wtll:.er-tu:ff' interface to the 

e;~!:c::t ~hct the rete 'vf pcrcolc.tion ~xceedod the ro.te of in!ilt::"c.tion 

.;hen the va.ter wns n~£-.r :~::.·cczin~_:. 
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Iut.!•ou.~.cticn 

The Los A~& c:ee. is on the Po.J~·i~c Plate::.;.~ in north-centrul. 

S ... ,.,t·· F .. , (• ... i'· 1) ..... - .... - ,..,;;,• . 

l'is.,1.::-e 1. --InU.c::-: map cf H~" Me::..icc si:'.o\tin( Lo;J Al...'"'.l.ws Co~:."lty. 

It is oostly in Los Alemos C~Ywlty, bnt it extends c. short distance 

i:1to SD.nt.::. Fe Co1.mty. T:.-1e a=eo. comprises '1.bo1.tt 30 sq'.w.r~ miles. 

(_ 
4 
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'l'he Pe.jarito Plateau is part o~ the Jeme:: M:>unta1na volcanic 

complex (fig. 2). The plateau slopes eastward from the Sierra de 

•he. 

los Valles, ·which forms the east rir.1 of t~e Jemez M:>u.ntains calderc.. 

The altitude of the pla~eau ranees fron abou't 7 .,Boo feet on t:1e vest 
. 
side to about 6,200 feet on the east side at the e&C8.l"pDE!nt overlooking 

the Rio Grande. The plateau has been dissected by deep Can:,'t)ns cut 

by strea:!IS flowing eastward from tbe Sierra de los Valles to the 

southward flowing Rio Gra.Dde. The canyons are 200 to 400 feet deep 

in the cer.tral and western parts of the plateau but are e.s much as 

· 8oo to 1 1000 feet deep at the east side of the plateau where tbey 

join \fui te Rock Ca.eyon of the Rio Grande. The caeyons are floored. 

1/D "'~'"'C. (DC /c.$ 
by oetlll s•k in the western part of the plateau. In the middle and 

eastern pert of the plateau the carzyons are floored by alluvium, in 

places as much as 8o feet thick. Nearly flat finger-like mesos 

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

11rt.., 
many c. half mile wide or less, !Bit hSve a soil cover as much as 9 

- ., 
feet thick. The soil cover thins ..!aBtward as the canyons become 

wider and the mesas become narrover. 

) 
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'rhe Pcjar~.:·.:c Pl·..~.t~c:::: 5: :::e.~ t:;- t:t:.:? El.~deJ.:..er '!'U"f of 

Plcistocer..e £l6e (Grlcc;;s, l:XS _, '\h:.ter-G'.lppJ.y Po.per 1'755, 1r.. Ilreso) • 

The o·::.ratigrapllic relc.tio::.s of the l3a."'ld.el1er o.::cl the roc.!'.s u:.1der .lying 

the Bmnelier arc soovr. d1ct;rv::::nt1cally on f"f_gurc ;,. T'.1c Bar.delier 

::: -~J:~~~' !~c iU::-::::.,~ ~--=c~. 

----------------------------·-------------------------------
------------------

l.;; n~ . .oi.~··.:. 1, C'~.O feet th!.cl: alor~ tb.e veso;ern cargir: of the plateau. 

abruptly; ~ ~ t~r:.r.z :.::.:s..~ ~.o t.:~ cast a.."ld is less the..J. 100 feet thick 

.:."'1 -·· 
~. --

' 
1~"-.-:,~:. ::; :.!tt:.:ll r,f' ·t!lC: ~=-~::~e=:::·.: .. ~~:--~r:'.oe~ ~:·: lec:!1t ~ :~e-fc'.!rth:1 of 
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b main groUDd-vatcr body 8lld aqu1rer 1n the IDa .Al'D08 area · 

1• 1n tbe 1'8ah1coma Pbmation and tbe Saute 1e Group of middle ( t) 

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

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

part of the Pajer1to Plateau, about 1,000 feet beneath the surface 

~~·~ /..DI> ~~~- 'H1f~S 
ia "W!e siil:e !'aft ei ii;,;1 Jilr! em., Olld 300 to ~ fest belov the 

can.yon floors. the piezometric surt'ace ot the main aquifer slopes 

east-southeastward at about 60 to &:> teet per mile. 1'le vater in 

' t!lis c.q.lif'er ::a1sa eaat-soathcfl.3tw.rd to ~ natural discharge point, p/o") 

the Rio Gl"'a!lde valley. 

'r::3 Bn!"'.deller 'l'U:N' is ~xwe the main aqxU'er (!'18· ') 1 but k .,1-

tlt• f!>•,.d•li~ ... 
iJl&ee!l ~ CO;.ltai:ls perched w.ter (Grigga 1 l~ Ws.ter-&Upl?ly Paper ,. 
1~3, 11;. pres~. Perched water oceurs a.lso 1!l the 

o.l.l.uviu:n 1n the co..~ cut into the ~elicr. 

·s 
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Jll41oect1ve vastes trail the laboratories near IDs Alamos are 

...ttJ.. u.. l.- . ,:. 1/.1 •• ,.., &- co:: 

dMPIIMI:ttz te the surface and
4

subsurface v1th1n the area. 1!le 

solid vastes, vb1ch consist mostly ot materiala such as metal objects 1 

glassware, and garments, are buried in shallov pita on the mesas. Sludge 

wastes 1 obtained by concentrating liquid vastes 1 alae are buried on the 

mesas a:f"ter beillg mixed with concrete or .vermiculite and placed in 

metal barrels. Liquid vastes are supernatant liquids that have been 

• 
separated from the sludges. The liquid vastea are treated to belov 

ott-site tolerance ll.m1ts and discharged into open infiltration pits 

on tbe mesas or into natural drainage cbaxmels in tbe caeyons. Jrom 

the early 1940's until tbe VBSte-treatment plants were built about 

Q.{-tJ.o~,~ S-C 11/e,rc f"O''•aco/ ~Of" ~-011a./ •i C:~rt&1" 1\Ucl .. cs~ 

1951, liquid wastes vere mt treat~*' }he quantities ot radioactivity 

- pr'! ,, to If S/ .. 

discnarged vere oot ~orded. · , 
' Wat\!r seeping into the rocks tran precipitation and BDCMDelt could 

become contam1 nated w1 th radio%ll1Clides :f'rom liquid vaate in the 

in1"1l tration pits 1 8llli in stream cha.rmels on car:cyon noora, and f'rom 

buried solid wastes. It this coatand Dated water reached the main 

aquifer, the contamination would spread be~Dd the IDa Alamos area. 

Gl"'WJd vater of the IDs Alamos area does not remain stationar,y, but 

m:rrea davngradient and becomes a part of the surface aDd ground vater 

ot the JU.o Grande val..ley. 
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\later ~ercolllti~ i:r...o the ~ and dovn to\l8l"d the main aquifer 

i'o:r:'..ation proba.'.J~ o~t;1!"~ t~.e lf.:"CBtest resistance to \later moveoent of 

w.~y :f'or.:-.atior. be~e!'l l!.!~d surface and the main aquifer. Because the 

E.:!:"!c.lelier 1s po.rt1cularly resistant to water move::1ent, the present 

st~y \.'aS cor.cer::ed \:it!'l t~ hydraulic properties and redionucllde 

retention cr..are.cter!stics of that forrr.ation. Reference to tuft 1n 

, this report vill r.:ean the T:::hirece Member unless the Guaje &lld 0tov1 

The i::vesticc:t.ion ..r...s ::-.::Ide b:; the United States Geological Slrvey 

in cc-opere.tio.n uith the U:lited ~:1tes Atocic Energy Coz:r.lission and the 

U::livers!.;_;~, of C-.ll.iforn1a, :.Os J.:celes Seienti:f'1c Laboratory, to 

dete~ne ~he dir~tion ~~ rate of r-ovement of water and radioactive 

vastes from !nfiltratio~ pits end the capacity of the surrounding 
. 

rocks to ::.·et::Un raC.ionuclldes. Field studies were made by the Buney 

durir.g 1958-61. The n:>isture rovez:ent e.od nuclide retention studies 

at Site 6 'rua o. aoopemtive investigation with the Health D1vision 

(R-7) of the Los .Alm:lcs Scier.ti!'ic Laboratory. ltbisture and density 

mec..s':Jrir.c; equipme:!t were p...'"Ovided e...'"ld maintained by the Los Alamos 

Sc!e.ati!'ic Let'YJratory. Mr. i-lilll8Z!1 D. PUrtj'mWl, U. s. Geol.ogical 

SUrrrJ, participated in the cons-truction and data collection at 

moat o: the sites tbat vere studied. 

1(; 

, ' 
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Phyaical properties ot the Bandelier 1\lf't 

' . 
The site numbers, locations, and pertine:at information about 

the study sites are su:amarized in table 1. The average values of 

the plzysical properties of the Bandelier Tuft including Balle for 

the Guaje and otowi Mecbers are SUJ:IDBl"ized in table 1-A. The data 

contained in table 1 vns obtained :rrom physical ana.J.ysis of samples 

collected f'rom the various sites. The approximate number ot samples 

collected vere: 

100 samples ~ Site 6 
a> samples froo Site 5 (79 were =isture measuremeDts only) 
l.O samples 1'roD S1 te 2 
32 samples from Site 1 (1 testa made on each sample) 
l2 sar.1ples f'roo S1 te 8 
7 samples ~ Site 9 
6 samples ~ Site 3 
6 samples from Site 1 

1 or 2 sacples ~ each ot the other sites 

Date. 1'rom S1 te 6 are used predoi:l:1nantly in the discusaion on water 

retention in the tuff because ot the comparatively la,rge :cumber of 

anal.yses made am. the corresponding statistical co:atrol possible. 

Results or studies at the other sites commonly were parallel to those 

from Site 6, but generally they vere not matheme.tically s!gnifica:at 

because: of the sca11 nuz::ber of sacples that vere collected or because 

the sacples were widely scattered. 

11 
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'!'able 1 . ·81ta iunl!tiS&ted 

Site 
Jlo. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

19 

!Ill~ see. 14, 
T. 19 N., R. 6 E. 

SE-tBEt sec. 18, 
T. 19 1'1., R. 7 E. 

llll-tBwt see. 14, 
T. 19 1'1., R. 6 E. 

liE-tBwt see. 22, 
T. 19 11., R. 6 E. 

!lame 
or 

Site 

Tshirege ~t 
boulder in 

Plleblo Canyon 

Road cut in 
lover part or 
Plleblo Can n 

Laundry pit 

Soil study 

~t see. 31, Solltheast 
T. 19 B., R. 7 E. Meaita del 

Buey 

~ see. 14, DP-llelrt. 
T. 19 11'., R. 6 :&. 

Wt sec. 3 and 
BEt see. 4, 
T. 18 B., R. 6 E. 

lll~t see. 36, 
r. 19 •·· a. 6 z. -C-· stet sec. 23, 
'1'. 1 •· a. 6 •· 

TA-49 

:tort !Nest 
Meaita 
del Buey 

Be&& bo:Le 

J'l)sition 1n 
stratigraphic 

oolWIID 

Tshi~ge Member or 
]!aD1el1er ~t. 

Stratigraphic 
pos1 tion not knovr. 

Lover. part ot 
rshifge Member 

Middle part or 
Tahirege Mel:lber 

Middle part ot 
Tshirege Member 

Middle part or 
Tahirep Malber 

Depth t'rca 0 - 90 
teet upper part 
ot 'llhirege Msber. 
Depth t'rca 90 - 275 
teet 1111ddle part o:t 
Tab.tre5• 

w-cawt sec. 2:2, TA-50 
1'. 19 11., R. 6 I:. 

-- -Middle part ot -
Tshirege Mellber 

SII~Et sec. 9 and Acid Canyon 
~sec. 16, 
T. 19 B. I R. t E. 

SWteEt see. 1}, 
T. 18 U., R. 6 E. 

BE-!Dt sec. 20, 
T.19B.,R6E. 

Bear Admin
istration 
building 

s~ sec. 17, Beneath 
T. 19 B. 1 R. 6 E. bridge on 

DiaiiiOnd 
llr1:ote 

~ sec. 91 Lover part 
T. 19 B., R. 6 E. Acid Canyon 

1'1\ltBwt sec. 20, Otowi 
T. 1911., a. 7K. 

SlltBwt sec. 181 Plleblo 
T. 19 B., R. 7 E. Canyon 

Site A 

JW~ sec. 19, PUeblo 
T. 19 ¥. 1 R. 7 11:. Cenyon 

Site B 

S\1 eec. 18, Plleblo 
T. 19 B., R. 7 E. canyon 

Site C 

Middle part or 
Tahirege Member 

Lover part ot 
Tahirege Member 

Upper part or 
Tahirege Member 

Middle part or 
Tshirege Member 

AllUViWII on Otov1 
Member o:t 
Bandelier ~:t 

Middle part ot 
Otovi Melll))er 

Contact ot Gua,le 
Member of' :aameu 
Turt and~ 
Conglomerate 

Contact ot Gua,le 
Member and PI1Y'I 
Conglomer&t.e 

Contact or silt 
iand underlying 
alluvi- on can,.,., 
tlOOr 

y S1 t.e IIUIIIber8 and locations ahaVD on tigure 2. 

Description 
ot 

aite 

Access boles in boulder embedded 
in alluviUIII, vith vater ponded 
against base ot boulder. 

Core boles in northeast-teeing 
vall ot road cut. 

Senral 11eeess holes as IIIIlCh as 6o 
teet deep at ditterent angles be
neath a pit used occasionally tor 
disposal ot liquid radioactive 
vaatel!• P1t partly backfilled 
vith :otel. 

'1'llo 1n11.l tration pita about 2 
teet 1n diameter and llal.t a toot 
~ 1n soil about 5 teet thick 
OYerl.yil:lg tutt. l"ive ~~ecesa tubes 
3 to 5 teet deep in and around one 
pit. ODe ~~ecesa tube 28 teet deep 
in other. 

Eight 11eeess tubes to deptba or 
alloort 4o teet around an 1nt11-
tra·.ion pit adj~~eent to the south 
w.l.:. ot a 29-toot deep disposal pit. 

llor1zontal and slanting access 
tub1a beneath disposal pit back
tuled vith gruel. SlADt. boles 
75 r 99 teet deep. 

J 

~ boles ill areaabout llal.t 
ll1l.e 1n diSIIIeter. )bet o:t the 
boles (eoaa:>nly 6 teet 1n 
~r) vere less tb&D 100 teet 
dee"}, but so.. aall-diSIIIeter bolea 
were u mch u 275 teet deep. 
ODe bole 6 teet 1n d1-ter and 
abo= 6o teet deep. 

Olllt bole 6 teet in di-t.er and 
abooR loO teet deep. 

Jleetangul.ar pita up to 20 teet 
deep tor construction o:t build
i • 

Canyon tloor and valla. 

Sal&l.l pit into vhich aal.1 
quantitiea or radioactive vaate 
bad been discl!srged. 

Bore boles tor foundation 
1n:otest1S&t1on. 

Borth vall o:t Loa Al.aiiiOa 
C&n101l 

Seep area dovnatre81D t'rca cont.act 
I or Ts~e and 0tov1 Members 

South vall or Pueblo Cenyoll 

\ 
Interlllittent tlov 
ill Bf"ambed 

I \ 
' 

Operation 
at 

aite 

Core samz;:>les or tutt collected; 
neut= llleter IIIOisture lllll&all.n!lllenta 
lllllde ~ capil.l.al")' rise or vater 
in bcu..:...:..er. 
Core saapJ.es ot tutt collected. 

Samples o:t tutt collected and 
lle'Utro:: wrter 111018ture -.urements 
lllllde 1.:. ""cess bole. Solllll vater 
from ~pitation and possible 
OYe~ troa other pits. 

tlneo~ted IUIIIIples or tun 
collee~ and lle'Utron .. ter 
moiat=oe .. asure.ent lllllde 1n ~~eeeas 
tubes. Constant head o:t vater in 
one pit .mrtng intUtration 
atlld.ies. 

tlnconaolldated IUIIIIpln or tun 
collected and lle'Utron 11111tar 
1110iatare 11111~nta Mde. water 
into pit llletered. Pool tllree
quartm ot a toot t!eep ..urtained. 

Core sa:::plea o:t tutt collected 
tl"Oia borizontal. bolea. lfncon
aoUdated. -.plea or tutt collected 
tl"Oia alaat; bolea. Beoa:b'on -tar 
IIIOiatlu'e ~ta .-4e and 
IIUiple or Uquid vaatea collected 
dur1JlC and after inftltratiOil o:t 
NV vaates and o:t tap vatar. 

llan7 core &a~~ples o:t tutt collectecl. 
:rracturea 1n valla or bole ,..... 
-pped.. 

ac- clmnk IUIIIIples ot tun 
col.: acted and valla or bole 
il!spectecl 

ac.. clmnk ~~&~~p:Les o:t tutt 
collected. 

ODe cllunk &a~~ple or tun collected. 

'l.'hree sets or core a11111p1ea or tut:t 
collected -· 

llncollaoUdated a11111p1ea o:t tun 
collected to depth or 12 teet 
beneath pit. 

Core s~~~~plea or tutt collected by 
contrt~etor. 

'1'llo core a~~~~plea or tun collected. 

Viai ted ai te DUIIei'OWI time a to 
observe seep. 

One core s11111ple or tutt collected. 

'l'vo samples or tun collected trom 
Gua,le Melllber near base and tvo 
s~~~~ples o:t tun collected trom Pllye 
Cocglomerat.e near top. 

!rllo 1111111ples or tun collected trca 
Gua,le Member near base and tvo 
amaples or tun collected tram 

Co J.omerat.e near 
Slllllplea collected at base or a1lt 
and 1n underlying al.l.IIY1ua. 
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Table 1-A.--Physicul properties of Bar--lier Tuff collected at 18 sites 

I 
and alluvium at one site on the Pajarito Plateau. 

' (Values given are average for each site.} 

I 

Site ~itc Uoistw·c Dlj' Unit ~l·ecii'lc ~lo i.sturc Spcc~.flc 'l'C)tal Gpcciac Coefficient of 

flo. I\re.1C content, in llcight,ln ~ruvlty 1 contc~1t ut retention porosi t.:; :J'icld iu pcmeabll.:.ty 

IJerccnt by GUJ :i>Cl" CC rounded to onc-tldru in lJc:;.·cent :t:uxeJ "j,lerccn·.- (gal per dAy ~r 

volwlc J!carc::;t ntuocphere uy ".'OlW.'lC by \'OlW1C toot 1 pe': 1'oo · 

J b.undreU.th tcnuion 

f 
,· , 'ln,~i ver- hori-

I 
6 'f y•/VM~ tical zuntal 

f. 
t 1 TGhirc;;c ) .1. 1.6) .. 2).) - !fua :.u • 

Tul'f bvul-
dc:r i~ 
Pueblo 
Cunyou 

~- c. Road CLlt .i..n lL 3 1.28 2.55 21.2 7.1 4;>.8 l•2 .l. 9·0 ll;J 

" lmscr 1..art 
ot Puc~lo 
Canyon 

t 
3 Lawulry 111 t 24.;1 1.44 2.56 21.0 12.6 43.7 52-9 1.7 .1 

4 Soil Ot~ (1.0 .!Y 14.5 
i 

- -

t 
5 So11tbcnst 1.0 l.;i) 2.55 1114.7 - 49.0 

f.tesi ta del 
Buey ,. 

6 1.47 2.56 20.6 16.7 42.1 2).B 2.6 6.5 
t DP-West 23-1 
t 48.7 

. 
1 TA-49 2.1 1.34 :2.')1 33.4 19.0 ~.0 2.8 ).4 

Dc}Jth,0-9(> 
' ~ feet 

Dept\! ~-275 16.7 fee~ 1.2 Loli 2.)5 - 27.') - .J-

-·...-.----------.. 
_____ .._... ..... 
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Table 1-A.--Physical properties of Dand~lier Tuff collected ut 18 sites 

and alluvlwn at one sitt:: on the Pajarito Plateau. (Continued) 
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Table 1-A. --Physical properties of na-ndelier Tuff collected at 18 sites 

and alluvium at one site on the Pajarito Plateau. (Continued) 

Site Site Jbioture Dr..-.. Unit Sl)CCif1C Moitoture Specific Total Specific Coef'f'1c1ent or 

Bo. nru:le contcnt,in vc![;ht,in o~vity, content o.t retention porosity yield in permeability 

percent by gJll per cc rounded to one-third in percent pe1·ccnt (gal ver day per 

volume n.ee.reGt atcocpherc by volume bJ' vol.ucle toot! per toot) 

hundredth tc:-.slon 

i1r ''u'"" wer- bori-j, ,,;,.~ tical zontal 

12 TA-'' 16.0 
depth o-7 
teet 

~ 12 Depth 7-12 5-' 
~ feet 

1} Bear Admini&- 16.5 
tro.tion bull· 
41og;.!/ depth 
o-10 teet 

l' Bear Admlnis- 10.4 
tl"8t~ buil-
di03 · e depth 
lO-a> teet 

14 a~n~ath bridge - - - - - 59·' - 5·' -
across upper 
Loa Alm:loo 
~on 



•· v 

Site Site 
No. r.::me 

15 Lover part 
Acid 'Canyon 
(observa
tions only) 

\ ~ • .I ""' ••. ... \ .. ~ • • .. _ - . • l I • _,.a- .. ' • •• ... &., • &. ·' • ' f .. • • ~ ... \ • • I &. ... &.." • 

Table 1-A.--Physical properties of Bandelier Tutt collected at 18 sites 

and alluvi""um at one site on. the Pajarito Plateau. (Continued) 

J.blsture Dey Unit Specific Molr.ture Specific Total Specific 
contcnt,in veight,in &;ravityJ content at 1·eteution poro~!ty Jicld ln 
~rcent by (911 per cc rowlded to one-third in percent percent 

\'OlLDDe nearest at:::.ocphc1-c by volwe b:f VOlUDO 
hundredth te::nion 

I l'l ,.~,.~-~ 
~, ,./,~e 

16 - YOtovi - 1.19 2.42 - - 5o~ a---
17 ~;~Jo Can

yon A-Base 
ot 8uaje 

6o.8 

.Jt -... 

(1 

Coefficient of 
perocnb!l1ty 

(gal per ~r 
root/ per f 

ver- borl-
tlcal zontal 

......... 
,~--------------~-----------------------------------------------------------------------
~ 17 Pue~o Can- 34.2 

18 

if 

18' 

Sl 
yon" -Top 
ot Puye 

Puebto Can,.t 
yoii~' -Base 
ot Guaje 

30.6 

Pu~blo Can- 16.0 
'•tl.. yon,.J:S-Top 

ot Puye ., 0 ••••••• - ... --
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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 
nacc 

Pll~blo Can
'•tt. yon" c-Base 

or silt bed 

19 ~fflo Can
yon"C-Allu
vium belov 
silt bed 

Joblsture DIJ Unit 
content,ln ~c~~t,in 
t>ercent by £9:1 per cc 

volume 

22 

12 

~pee! fie 
~ravity 1 

rounded to 
neareGt 

hw1<lrcdth 

Moir.turc fJl>Ccirtc 
content c.t retention 
one-third .i..n !Jerccnt 
a t:'JO:.;phcre by vollll!le 

tc:-:.Glon ,;, ,,,.~t/J#r ~ 

~'1 v1h•e 

'!'otal Spccliic 
!JOI'OGi tj· J'1Cld in 

percent 
b:J' voll.Ule 

.......... 

Coeff!.cicn: o1 
. pcr::scn.'!.-!.11 ty 
(gal per day ~e1 
tootj per I~ooy 

ver
tical 

bori
zontal 

!/. Ettective porosity 32.7 percent 
~ Repacked-bulk 
Y M:>st samples from 200-275 toot intervals 

~ Effective porosity 39-~ percent 
!f. Values of contractors 
!J Otovi Member of Bandelier TUff 



( 
Porosity 

Porosity is the ratio ·of the volUI:le of the void spnces to 

the total volume of the rock or aggregate semple. The porosity of 

the Tsh1rege M!mber is as much as 60 percent in soce zones, vhich· 

is vi thin the u~r porosity :rat~Se of fine clays. SUch high porosity · 
•F-tiiH-

ia Wlusual for consolidated sedilllent; however, sE~mples .,collected ~ 

t~ ~ gte only a short distance vertically f'rom zones of high 

, porosity had porosities as lov as 20 percent, which is within the 

ra.."'lge of l:lailY consolidated materia.ls • The average poros1 ties at 

study sites where three or mre samples were collected rsl:l(;ed frcn::1 

27.9 to !19.8 percent. An analysis of the variance of the porosity-

.values indicates that the four different average groups of percentages, 

significer.tly di:f"ferent at the 1 percent level. There is a difference 

of ubout 6 to 8 percent between groups, vhich r:Jay be of r..o sibilificance. 

l2 



The standard deviations ( Soedecor, 191~ 1 p. 36) show that the 

range of porosity values of the sample~ collected at ti¥)St si tea was 

rel.a.tively small. T!le osat H!l rar..ge of porosities ve.s 36.2 to 48.0 

percent :for 38 porosity deter.:::inations at Site 6, but ~::est porosity 

dete~r.EJ.tions were lr~ .1 percent, plus or minus 2.6 percent (table 2) 1 

probably because the area a.t Site 6 is relatively sr..all. The high 

stondo.rd deviations of so::zples collected !'rol:l the 0 to 90 and thr. 90 

to 275 foot intervals at Site 1 are due to the relatively small 

· n'll!i:)er of s~les ~resent!~ a thick section of the Tshirege Mecber. 

T!le different averege Porosities of the 0-20 foot intervo.l. and the 

2C-lrO foot interval at Site 9 and the small sta.."'ldard deviation of 

each indicate that the plzysical :;')roperties that co:1trol porosity of 

t~e tuff arc different in tr~ tvo intervals. 

The 'PQrosi t:7· values shown in table 1-A are calculated total 

porosi t:; ar.d e.re olightl:/ higher tha..'"l the values of the r:easured 

effective porosity. E:f'!'ective porosity is the ratio of the vol'll:le 

of the v-oid spaces that wil:4. j'ield. or transmit vo.-ter to t!:e total 

volur--P of the rock or aggregate scnple. Total porosity 1::cludes all 

t!le I-Ore space in the tuff 1 some of vhich vater ca.."'llOt mve thi'OtJCh 

bece.i.We interccr.nection be'tveen peres is lacking, vhereas e:f':fecti·ie 

porosity ixludes only the interconnected pore space and wa.ter cc.."l 

r:x>ve betveen adjoining pores. 

13 
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Table 2.--s~u deviation and de~~tion r~ ~eans 

.UI#f!ft 

o! the percent :pol'OSi ty at ~ ci tee in 

t.'le Los .Alamos area. 

Site A"w-e~e Standard Deviation 

:1o. porosity ,A deviation rroc I!leallZ 

( f'ro:1 tc.ble 1) 
1 

1 ~5.8 2.2 0.7 

2 ~~9.0 1.4 .) 

3 4~.7 1.9 .8 

6 42.1 2.6 .4 

7 (0-?0 ft. be1ov 
::;u...~nce) 49.4 4.0 1.0 

(~-275 ft belov 
J;.:.rfacc) 27.9 6.2 2.~ 

I 

0 41.3 2. 3 ·9 

· .... ) ( ·J-2J ft belov 
c-:.1:face) 4~.6 1.0 .8 

I'~ l;Q :f't • lo \. .... - • oe v 
:.urtace) 49.1 1.1 .6 

I~ 
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'l".ne misture content of roclt or soil is the ratio of the weight 

of water contained in the sample to the oven-dry Sel:l.ple, expressed 

as a percentage. 

T!"..e t:X)isture content of c.pproxil:le.tely 2&J Sar:!ples of tuff collected 

et or just below the surface of the plateau nwged froc less than 1 

perc~nt by voluce in sacples f'roc undisturbed areas (oatural. conditions) 

' to about 26 percent by volUI:le in c&l!:ples froi:: disturbed areas (any 

cha.."lge from natural conditions) • The moisture content of tuff froil 

disturbed areas vas generally less than 10 percent and commonly less 

t~ 5 percent by voluce. 

At met sites vhere the IOOisture content of near surface vas 

relatively high, the misture content decreased with depth to less 

tba."l about 5 percent by voll.u:le. An example is .31 te 12, where the 

r.o:!.s ;;::;;-c l.!ontent beneath the pit decreased to a.bout 5 percent belov 

12 fee~ (~able 1-A) • 

• 
15 
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A curve denoting the relative pos 1 tion ot the three laxMl 

Dlt~-+4u·tl 

D:>isture values, oven-dry, air-dry, and~"'atm:>spbere moisture 

tenaion, ot tbe tuff' at several sites can be drawn to illustrate 

the energy relationships of rooisture in the tutt. The curve (1'1g. 5) 

Figure 5---Ecergy relationship vith moisture content of the 

Bandelier TUff at Site 6. 

shows that the air dry misture content ot the Tshirege 1\l:rt is 

approxii:lntely 5 percent at Site 6. The moisture conteDt at the 15 

atmospheres D:>isture-tension point is about 8 percent (misture tension 

is the attraction of rock or soil for water, Baver, 1956, p. 227-234) 1 

and is the misture-tension point at vhich plants can DO locger obtain 

vater by capillary mvement. The :z:x>isture content at the one-third 

atmsphere moisture-tension point (approximate field capacity 1 Col.mlln, 

1947, p • .38o) is about 23 percent. At atmosphere pressures at 

altitudes aver 51000 feet above mean sea level the one-third ata>s-

phere misture-tension point is close to one-bal1" att:Dsphere moisture 

tension. 'l.be approximate 15 percent misture-content difference 

between the 15 atmosphere ooisture-tension point and the approximate 

field capacity point is redistributed at depth am the miature 

content ot the tuft' theoretically would eventua.lly approach tbe 15 

atmosphere misture-te:nsion point if aided by the influence of 

plant roots or movement of air through the rock. The moisture content 

of surrowning rocks 1 the llm)unt ot porosity, the size of the pores 1 

Ol:ld the temperature SI:adient all affect the length ot time required 

tor redistribution to take ploce. The saturated misture content ot 

the tuft is shovn to be about 41 perc~nt. 

l.6 

---· ·-- ·-----·--·- ·-
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r~ JJl d 1 7v~r ( +''1· iJ 
-1'61' ,_,," , ,.,~,. 

The placecent of the curv71s}X)w3 that the tu1"f at 81 te .6 is 

between those for a sandy loam and sand, which places the tuft in 

a range similar to sandy silt. 

\ 

( 
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,.,.,,~ """ .. '•t ~~ ~·· 
'7.1lc nc~u-:.:.-.e coJ·:.::cln~~ c.~l .::cc:..~.:.:.:. • .=:.;.ent of ".:.hcAc:·.c-~hl:.·t'l :l~;:.:c.~:tmere 

. •If o{ 
( cl&:.l.l.CC~ ~ . ..... . 

C.rcl,;_l~ !'l·o::: ':.he tl.i.Z'i' as t!"le .... o~:c:..:. =-~ i:r.cree.se:. ?he rea:;on :o::: t:le 
/ftt>IS Cll,.6 ''"' 1111 t ... t.ll C 

luc..~ ..;~· COl'rcl~t:;.o:::: t.ct.;:t..'t;z~ ·.;;.c 11 .:. •. "--~~l·.-:.. tension ·.:o.!.t:.e:..; and the.: 

clear, 

-... •• c 
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Table J.--Cuerelo.tion coefficient of phy::;icul propcrtle:; 

of ::;a~t'!)lc:; i'ror.l :Jite:; 2, 6, 7, nr~~..l H 

.--... 

Site nQ. Proroertles -·---Level of Htc.tbcr of pulrs Corrolat.Lon Awrox.i.mate olniu~J 

~l;;ni.f:.ca.~i.Ce c·;_· w.::r)J.C!.j cr.Jci'i'ic~cnt cocfl'icicnt nccct:t;ary 

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

2 

2 

2 

lbit:ti..tre content at onc-thilu 

a;b~:Jpbcre tcm>ion col-rcla.ted 

•.t.ith porosit;,y 

i·~l~: ~urc content at one- thil..._l 

at~Sllhere tenG~on 
cor1·cl.atc:t 

"it~l s1:.ecit~.c re·~en
tion 

;,bit.; turc con tent at onc-thil'd 

atr.;OGphel.·e l#enGion corrcJ.utc'l 

\lith <lr:l unit 1r1c.i.&ht 

!:!1 Nf.i 

!Yrm 

!!INS 

~----------------------· 
·---------··--------· 

2 Gpcclfic retention ul' 

ilO.i.:.;::.ure correlD.t.ed "lth 

pol'OSity 

!JNH 

10 0.04 

y .)2 

9 -55 

') .:.o 

i'o:· ::;i?if.:.cnncc ut 

the ) pcrccat lc·:cl 

0.6; 

.67 

.6'{ 

.67 

------------.----------------------· 
·------------- -------- -----------· 

6 

6 

~·foi;;turc content at onc--~iru. S.t O.Jl 

:lt'.l:!t.;ophere tcnG~on corl·cl.ntcu 

With l)(H'OSl ~y 

·--------------------------------------)!) . v:• 
!·toiaturc COHtent. o.t •lnc- !:.hil·•l 

atl;.uGphere tcrwion correlated 

·,,lt,l~l.j()lGtw·e content. 
____________ --RQqt~~rbe~ 

)'.) -.6:.; 

'j'J .;J\ 
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Site Ito. 

6 

6 

6· 

1 

7 

0 

d 
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Table !.;-Continued 

Properties LcYel of Nuuber ol' paira 
~i~nificance of u~ple~ 

Cf 
l·foisture content at one-third - j.Ol ') 

atmosphe1-e tension corrclo.tccl 
vith specific retentlon 

c· :;:.1 
MoistUl'C content correlated .01 
vi th dry W\1 t \Ieight 

Moiat.tU·e content at one-third !INS 
a'b:ooGpbere tension correlated 
vith dry W\lt veight 

Moisture content at one-thil'd 
atooophere tension con·elo.ted 
vi th porooi ty 

!INs 

64 

;c.) 

t-loisture content at one-third 
at.t:.:>cphere tension COl'l'ClateU. 
vith r;peclfic retention 

-------

~- 12 
·'-'5 

Moisture content at one- th.:i.rd 
atl:lo:-;phcre tenvion correlated 
\lith poro&lty 

l-tolstnre content at one-t!liru 

atno:.;phere tension corre1att..'<l. 
\l~_t.h Jr:; unit \ICi~ht 

c: 
_, .01 12 

.s 
.'.)1 12 

Correlation 
coefflc.i.ent . 

jl.81 

.y) 

.26 

.6) 

- .;)j 

.·)~ 

,.-..._ 

1\rJ.LiroXimatc min1L:u;:1 
coefficient necec~~l~ 
for si~nir~cancc ut 
the 5 percent lc.el 

0.)2 

-------

. · .. -wet sigrurtcunt ------_ , 

· Wt ? ~~7.~~?"~ t~v~t: ~ru~~er. ~~~ ~?, o~~ ~! ~~~~~~+f~~=~i?not,an a.veraGc [\~.,~~:~~~ . .,"~~~~:,~;-
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Sm:rples of the Ba.nd.cl!.cr Tu!'f that \rere tested for moisture 

content o.t ona-third atoo~phere ten~ion fell into tw cencral groups. 

Tho average coiQt.ure content o..: ~~r)les collected e.t ~::.tes 2, 3, 6, 
• 

and .l'rom a depth of 2;) to ~ feet at site 9 'Ware 21.2, 21.0, 20.6, 
:. 

a.1d. 2;... 3 percent re!:.i)CCt.i. cl~', '\>il..i.ch ~~ about :;-l ~c:-ccnt of the 24 

percent a ··emge of ool.sture contem:. or the tui'i' at 21 tos ::; e.nd 6 

where "water had been added to the tuff ir..ter.:1ittently for years. 

The avel~~efi or samples collected at oites 4, 5, 3, and from a 
! 

depth of 0 to 20 feet at ~ite '-' ·uere 14. ), 14.7,. ll1, 4, and 14.5 

respccti vely, which iz about 55 percent of the 24 perce11t a;verage 

of the ue"t;tcd tuff at Gi te~ 3 and 6. ~e porosi r.y o£ the samples 
i 

~eals Unrelated to theze difference~ of moisture content~, but 

the size o~ the poret~ in the tui'i' ooy be related t:.o the d.1.fferc..'1.ces. 

·. -~---~1: .. _; . .._ -. : ~- ...... ·----=- ~ 
:- - -·-~.. - - -'~ .... : 
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Specific ern-,::_ •;;y 

The specific (:;r.lvity or the Bo.ndelie:- Turf on the Pa~arito 

Pla.teau ra.~es froc about 2. 51~ to 2.58 1 and oost •Jalues range from 

about 2. !)6 to 2. ~7. Thetie •ro.li.lc~ arc about the specific crovity o! 

the cajor constiti.lents of the tuff) ~hich are quartz, 2.5 to 2.8, 

and orthoclase feldspar, 2.5 to 2.6 {B.~ner, 1;1561 p. 57). The 

lipecii'lc .:;:.~vity of ;particles in the l- to 2-micron ranse, vhich 

, are slightly smaller tl:lan the oedian size of tu!:f' particles, is 

2.)6. 

A decrease in ~pecL.'ic g:-a. vi ty 'd th depth similar to that which 

occurs at ~ite 7 may indicate differences in vertlcal compo&ition of 

the T~hi.rege Member (table +-A). Th~ Gpecific gravity of the tu!"f' 

may decrease i'rom west to east acro&s the plateau as indicated in 
. 

~ule 4-B. This apparent decrease in specific gravity cay indicate 

sliGht ~~es in the cooposition or tbe tuff or slight differences 

in t."le concentration of constituent~ of the tuff'. 

The ~ecrease downward at rite 1 ruld the apparent decrease 

ea.ot-.;urd of the specific gravity ct the tutf oit;ht lr.dica-cc that 

the U!Jper pa.!·t of the Tshirege contains a larger percentage of' 

t.$ 
i'elds~· th3n doA the lowe~ pert, or lt could indicate that the lo·Her 

part contains less hea"'Y minerals. 

19 
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':i'atle 4.:.:::3. --:::o! :;.~.:;::.i.:..uc. o; Gl;eci.Cic ~ro.·. l t.:t c.:.l' 
the ·.rshl:·e;;e Tui':' i'.ro::t \IOS't to east 
O.C!~:..: t\ t.i1c P~ja:::!. UJ Pl:1 -;eau. 

2. ~.C...; 
(Situ )) 

~ ··~·-.:.; • . r;;; 
(S:i:te 6) 

Sotr::.:. :.~-~'~ :~. :160 
\G.:..tc L.;) 

2.5:;3 
(Eite 9) 

2.:i~2 
(Site 3) 

. . 

2. :5:iJ 
(Site 2) 

2.550 
(Site 5) 
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Dz7 unit weieht is t.he veight in air of a given volur:1e of 

oven-dry me.ter!al. 'l'!lc dry n-i.t '-"e:i.gh"~ o~ o:.:y :-:aterial ~- be 

~·T 
calculateC!. f'ror.l. the ro~ Yd • d. where Yd • the dry unit weight 

v 
of the sample, Wd • the oven-dry weight of the sample in gra::s, and 

V • the volume of the sample in cubic: centiceters. 

A statistical analysis of the dry un1 t weight of samples of 

~tuff shews four significantly different groups of values: 1.841 

1.63, l.l~4 and 1.47, 1.28, and 1.34 1 similar but opposite to tbose 

of porosity (table l-A). Each group (for example, 1.44 and 1.47) 

is different significantly from each other at the 1 percent level. 

~e& ...... e- 39 otit ot 199 that lic;\a'eS are ~M ~ a:andOI!!!!:-" 

v~J 
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The dry unit weight of different samples of a material vary 

inversely to the porosities of unit volumes of the samples. A 

di:f':ference in dry unit weight and porosity between two samples 

indicates a difference in coi:!pOsi tion. Evidence of vertical 

changes 1n the cot!posi tion of the tuff is shown by the d11"f'erence 

of the drJ unit weight and the porosity in sm:zples 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 unit weight of samples 

free the upper hole is higher significantly than those in the bole 

about 3 feet stratigraphically lower in the tuft: 

Location 

Upper b:>le 

wver hole 

Dry unit 

weight 

{e;c per cc) 

·POrosity 

(pereeDt) 

!/ 1 percer.t level: ch3nces are 99 out of 100 that figure 
is not an average of random values. 

E} 5 percent level: chances are 19 out of 20 that figure 
is not an average of random values. 

'1'he nre~ itrrolved is sr-all, a."ld the differer.ce in average dry un1 t 

veigr.ts 1 tr.ough sic;nif!.c ant, ia n.l.so smell. 
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Moisture-tension relationship 

)t)iature-tenaicm u used in thia report 1a a contracted tom 

ot reference to the moisture content-moisture tension relationship. 

Moisture content bas been described previously. Moiature tension ia 

the equivalent neptive pse pressure 1 or auction, in tba soil moisture. 

SOU-moisture tension 1a equal to the equivalent nepti ve or gause 

preaaure to vbich water muat be subjected in ~r to be in hydraulic 

equilibrium, throuah a porous permeable vall or membrane, with tbe 

water in the soU. Moisture teDaion is a IIII!MLBure ot the attractive · 

force that rock or soU bas tor water. 'l'eDsion 1a expressed in this 

report in centimeters ot water or in units ot atmospheric pressure. 

'l'ez:ulion or cme-third atmsphere, or 34.4. centimeters or nter 1 ia ccm

parable to tield capacity (Col.Jzan, 1947, p. 28o). This value or tension 

1a used trequen~ 1D the report. 

~or the accepted ccmcepta or t.1.ov ot wter below the vater 

table cazmot be applied directly to movement ot water above the water 

table where pressure on the suspended or~ water ia always leas 

tbaD ODe atmosphere. 'Dlil pressure deticit 1a directly cozmectec1 vitb 

tbe aur1'ace tenaiOD and the curvature existiJJs OD liquid and su 1Dter-

1acea within the porous medium (MUler aDd M1ller, 1956, p. 324). 

)tach ot the tlov in the zone ot aeration at moisture contents ot leas 

tbaD tield capacity is 1D thin t1lms were reaiataDee to t'lov ia great 

(!raper, 1961, P• 251). Capil.l.aey conductivity above tield capacity 

ia t:hrou8b thick t1lma ot water on the particles caapi 1ains the porous 

1841ua, whereas all the ettect1ve pore apace in tbe zcme ot saturation 

or 1n laboratory studies ot peneability ia tulecl with vater UDder 

preaaure 1 aDd tlov ia ~dnnr! nantl.y throuah the middle ot the flov channels. 

22 ---· - -- - ':...-



c 

( 

Pore size 

lqu1valent pore size anclmoisture-tenaion relatiouhip are related 

( 
~~ • ., c~p,//t?;j ~/"f! It•~) 

in the Ul!!t.Dlller ahOVD in the to~ table • h ~ 2. r ~ •s .1.. 

Pore diaatter TeDaion Jr ~.., J A. ~ /1 ;), ".s 

(Dill) (c:m ot water) .) ... =../'"·.t·..-.t 1~· 
) • ~~c~/. •t./,..•'• 

0.20 15 I' = 1 ~ • r "., 'f 
~ c ~.,.lo~~+ f 

.10 

·05 6o 

150 

'lhe DOD-capil.l.aey porosi t7 (pore size aum.cient~ l.arp that 

cap1l.l..&r7 rise ot water is ne&J.igible) aDd the rate ot percolation 

tbroue;ll ao11a vary directly vitb each other {Smith and others, 1944, 

p. 208), thus water vU1 drain more rapidly tram tun' conta1niiis a 

hisber percentage ot large pores spaces than f'rOIIl tuft contai.D1.Ds ftnr 

large pores even it the porosity is the a&ml!t. 

Little or DO vater can be v1thclrawn :trom a sand v1tb nearly eq\al. 

particles and pore sizes UDtU a certain m1n1nn teDaiOD value is 

reached (YOUDSS 1 1960, p. 4o27), aD4 then only sJIBl.l add:ltional. tension 

is me4ed to empty JD1toDY pores 1 vnereaa 1D the Bandelier Tuft pores ot 

41tterent size are r&Dd""ly distributed throupout each ll&llpl.e and the 

l&rp pores are intercoanected b)' DBZTOV uecka ao that each e.441 tion 

ot tension iDcreases the vol\%118 ot vater extracted. A teuion ot 1 c:m 

(centimeter) ot water applied to eome samples, deaaturated only a tev 

large pores and increased tension drailled progressively llJ'JBlJer pore 

apaeea. M:listure ..allX'ellents were mde at tenaiona ot 15 em, 30 em, 

6o c:a, 150 em, and 344 em tension on all aemplea. 'lhia system ot 

tension 118&8urementa c!up1icated conditioDa ot continuity ot the sample 

s'm1 1 ar to tuft 1Jl place,4 · 

·. . 23 
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'Dle water content ot various size pores at varioua tenaiODS are 

ahow'D 1n tigures 6A-6F. tor samples ot mterial trom Sites 1, 2 1 ~, 6, 

and 7. An averap curve tor each group ot samples ia ahOWD on tbe 

ngures and represents a curve calculated tram an estiJiated ettective 

porosity &Del 1s used tor comparison with curves tram other sites. 

J.bst ot the curvea are s1m11ar but each curve baa sCIIIIe cbaracteriatic 

tbat d1st1Dguiahes it trom the curves tor samples trom other sites. 

Table 5 sUIIII&rizes sCIIIt ot the physical properties ot the tuft and 

ahova the estimated percentap of pores clra1md usina estiDated ettec

tive porosity values. 'lbe field capacities and porosities given 1D 

table;!' are slightly different tram thoee given 1D table 1-A because 

aU the data vaa DOt used 1D prepar1Ds table 5, aDd ftl.ues tor per-

, ceDtage ot pores drained are 1"0\1Dded because the et'fective porosity ia 

eatiated. 

. 2a. 



1 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 

36.6 

Percent of total 
trom pores larger 

than 0.1 rmr:Y 

2 

5 

0 

Percent "lf total 
from poree l~l)er 

than 0.2 ~ 

25 

15 

10 

\ ,.~ 

Corres
pomiog 
figure 
numbers 

6-A 

6-D 

6-D 

"T. r -- -- - --- -- - - -~--- --~- -------- -----..;:' --- --- - ---- --- - ~--B-

22.f 20 
I 

50 6-c 

22.6 20 50 6-D 

2C.8 5 
• I -F 
-

17.1 2 5'" .) -F 

20.1 1 55 6-c 

- -- -----· ... - ·------- .. --- .. ---·--·· 

~ ·' 



The ~10 t".o1:rturc-tm:3i0l . .::~t:::."";es on .t'i[!".u·e G-A vere cor..strJ.:tcd 

r.'i-.~'~ Z: .. A ··-l'lu=·-;9 l,'e'·""-c: ... o~·- ·cr e·r:- •. '·· .... '"HJr'·u .... h a 4', .. ,_. ........... ·• M;-;,'+,.,,.e,·.·~e:..~,.,;.,.,""•-re li'+-,-,JI;~ ·· ~,;.~j:J-,;,"c -;;.;i···~ 
~erJe~: .. ,r.z ":b ·~ 3 ,..~:e : :;;eec; i:1 tt~ taf!' ut Site 1. 

\· 
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in :f'igures 6-B to 6-D hnve sir.-.!le.r C:e.!r.ar,c prc;::art'les. The pos1 tion 

of those curves indicates that in these samples approximlltely 20 

percent of the pores are larger than 0.20 mm in diEll:le'ter and 40 to 

50 percent are larger than 0.01 mn. Initial drainage fl"'%:1 tbose 

groups of sm:xples is relatively rapid because of the hish percentage 

of large diameter pores and moderately high porosity 1 and approximately 

baJ.f the water in a saturated sm::ple drains by gravity. The nearly 
"f;~r.,.., 

horizontal trend of the misture-&t";S i:] curve on f1gu.re 6-C below 
~ 

90 em and the nearly vertical trend above 90 em shows that about 4o 

percent of the pore spcce are relatively large and 6o percent are 

relatively small and that there are fev intermediate size pores. This 

is similar to a typical field ae."l.d. The type A curves on figures 6-B 

and D indica.te there is a relatively constant decrease in the size of 

the pores. 

at Site 6. 

Figure 6-D.--~es ..,b:JwiiJg ,Ielat~a, ef Wf.~er e~'!s:I.t ut .. c. czezl: 
/"'lotf+'tr~- .ft..,S/11.., T'l'/~Tt-sitlp i,.l po~~ ll 'Z.~ 

teRde&a ;to t!Je s1 .. e a~ z;oee in the tuff at Site 7 • 



\ 

~., 
The slopes 

*1 

f'lpc 13 ,,J C 
o1· ~ curves on figure 6-D for sar:roles of the Tshirece 

'" . ,,,.~s -... +~ t'z., 
l·ieobc1· o.t Q.ite 1 indicate that the sa.mplec are CiStlfCZ-d e.l.rJOst entirely 

s . ~ 

QQa snall [-...:P:.. · e~. The type B curve indicates tllat about 85 perccn~ 

of the pores are soa.ller than 0.01 l:lr.l in diat1eter a.l·'ld. do not drain b:.,: 

gravit:l, and the t:n·e C cur-.re indicates that fev ;pca·es are larger thD...'1 

0.05 rJr.l. These Slli:lples could represent a part of the ':'sl:lireJe tha.~~ 

, \IOuld be relathel:f inper=eable to vertical mvenent of wter and , .. a~'~c:::. 

' 
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The type B curve on fi6ure 6-c and the type A cur-ves on figures 6-E 

and F 

drain 

indicate that only a soall percentage of pores 0.20 tc in diaccter 

-;#Ia I ~ P•• • r 
..Lni tially and tllat more than ha.lf of the pore• drairi by gl"S.Yi ty. 

A rf ,. 

The ~;es for sacples collected at site 6 fall into tYO groups vith ·~e 
~ 

sandy I!laterial represented by the type A curve on figure 6-c. The cur.·es 

of ::>ar'lples at depth adjacent tcfhe disposal pit (type B curve on fig. 6-C) 

and at 1-ept..~ beneat11 the pit (type A curve on 6-E) are nearly parallel 

but the ztee?er slope beneath the flex poizlt on fiGUre 6-E may indicate 

thll.t -.;aste water moving throusb the tuff beneath the pit intermittez:tly 
i ~J,,4f Jtct'USC. 

o\er a period of years has caused eoce-=-cceaeas in the Dize of the pores. , 
~'he flat curve ( !'ia. 6-F) indica tins an even distribution of pores does 

not readily explain t~1e Ca:lpo.::.-ati vely lov specific retention values of 

~lez of the TshireGe Mecher f'roc aite 2. 
: 
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The v-alues listed below show the ::;eneral relatio:1ship between 

pore size and percolation rate (Uelson and. Bave::.·, 194o, p. 73) a.."ld. 

indico.te tlla.t the rate ol' percolation through the 0.2}-r.s pore spaces 

is :::o:::e tha.l'l 6u ti."'.les thut throtl;3h 0.02-m:::& pore~. lat:;i'!SIIIfiiCla>'tWa!a-=-arc 

Cifc, j~f,J 
. ..- ~i1e rate of' percolation through tuff' havi~ about 20 percent pore 
~;:: .( , 

Pol·e size Percolation rate 

(:.1) (cc per 10 ~inuteG) 

0.2~ 723 

0.151 335 

0.122 285 , 

o.o67 153 

0.02) 12 

space 0. 2:) Iiln or !:lore in diaJ:leter and about 50 percent pore space 0. 01 ::n 

(f;'b/1 •: s,fc t. J VPf"' h'll t of c .. I Sl"" #-../.) 
or oore in dia.::eter o.."'ld. hieh in porosity, is more tha."l 100 times faster 

1 s-, S, I! I 
tl'l..m1. the rate of oo·:enent t.hro\l8h the boulder (table i). 

1 
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Hysteresis 

Data obtained about the moisture-tension relationship during 

the draining or drying and vetting of a rock sar.ple vhen plotted 

on graph paper produces tw curves that join at two points to 

fom fl loop. There is oarked hysteresis between the two curves, 

and the loop is commonly referred to as the "hysteresis loop" • 

The hysteresis loop (fig. 7) for a particular rigid porous 

Ftgure 7---BYstere3is curve sho'W'ing the relation betveen coisture 

tension and coisture content of a sample of the Bandelier Tuff 

at Site 6. 

medi'W:l is unique and its results are reproducible (Puri, 1949, p. 428). 

Hysteresis is due in part to -the resistance of water adhesion within 

the small pore spaces during both the wetting aDd dry1Dg cycle. The 

roisture content on the drying cycle ot the hysteresis loop at the 

one-third atmosphere tension in figure 7 is about 22 percent by volume 

D.nd the moisture content at the same point on the wetting cycle is 

approxicatel.y 14 percent. These percentages are approximntely the 

average for sm::~ples troo Site 6. The maxi.mutl difference in moisture 

content on the two curves occurs betveen about 210 co of water and 

344 em of water or one-third att:lOsphere tension. 
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Particle-size distribution 

The particle size distribution of samples of turf from tour sites 

is listed in table 6. Many of the particles in the samples tested 

consisted in part of shards or glassy cementing material; thus the 

values in t.he table cay be cislea.dir..g, because aoce of the variations 

in the sizes of the particles cay be due to the method of collecting 

the sal'lples, which was by augerins. The averages of 46 percent of 

'I:.'J::J ,I If 
· · and 55 percent sand from table 6 is descriptive of a sandy 

silt. , 
The size of the particles in a 1Xlrous t:ledium have a direct ~ff'ect 

" 
on the move::lent of water because their arrangement mld de~~ree of 

packing determine tbe porosity and the pore sizes. Waldron and others 

(1961, p. 206) using glass beads 51 to 203 microns in diat1eter show-ed 

that open packing resulted in a porosity of 47.6 percent Sild that 

close packing resulted in a porosity of 26.0 percent. Lutz and 

-i'c' 
Le&ler ( 19..);, p. 28) showed that pemeabili ty increases exponentially 

with the size of the particles and theretore \lith the size ot pores, 

c..laic. 

as follow: silt, 0.8 cc per I:lin ( centir.Jeters per r.linute) i very fine 
A 

sand, 3. 7 cc per min; fine sam., 14. 3 cc per min; m1d medium sand, 

47.8 cc per min. 

.!0 
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Table 6.--Particle-size distribution of samples of tuff 

from sites 2, 3, and 6, in percent by veight . .. 
-:'-

Total, silt 
Clay Silt and clay Sand Gravel 

Sample Nw:1ber 
of Average Ro.nee Average Rnnge Average Range Average Range Average Range 

Location Samples 

.e 2, side of 
·oad cut. 2 - 4.2-6.9 - 34.2-,a. 5 - 38.4-45.4 - 54.6-61.6 

.e 3, beneath 

.aundry 
libposal pit. 8 11.8 8.0-14.4 39.8 36.6-43.2 5().6 44.6-57.6 48.3 42.4-55.4 1.1 0.2-1.6 

.c 6, caisson 
tole. 2 - 6.2-7.0 - 29.2-30.4 - 36.2-36.6 - 62.3-62.6 - 1.1-1.2 

.e 6, beneo. th 
llsposal pit. 4 - - - - 38.4 21.3-49.3 6o.1 50.0-78.3 1.5 0.4-4.2 

J 

,_. 
Jl'"' c._ . 

. <' ~ i 



A comparison of the one-third atcoepbcre tenGion values of 

drill cuttin0~and cores collected at site 6 showed that the values 

. 1" • 

'1ere reaoonably close but that the drJ unit vcight, porosity, and 

pen::eabili ":.y values vere s~~ficantly different. The folloving 

e., 
e.rc averaGeS of a.nalyejs on sa...,-pleo collected at t.\10 depths: 

1\ 

core 

"'"~-·"· c.,,.~., 
11 ¢'ne-third 
d trno sphel·e 

t,ension ~ 
111 p~l"(·~ 
61f v.!,....,• 

..... 

1.45 

1. 35 

f~k.of.~ 

~rosity 

in percent 

4:;.o 

Coei'ficient ot 
permeability 

( mxl per sq i't) 

2.0 

'l'lle ~:es~:!..to indicate that t.~~ O.."llllyses of saoples of drill cuttings 

cannc'~ be used for e.cc-oJ..rate L'"1ter.;:>retation of thr ~sical pro~erties, 

(l/{/riVflr. ,;,./VIS ,M, -e4'ot" /HIUStVI'C' f.lllf~-;r rt t/A.t. 4~~- ~lflnl 

. ·- - ------------· 



(. Coefficient of' permeability 

The average values of the pemeabUi ty of' the tuff' (field 

coefficient of' per.oeability is the nucber of' gallons per day 

that f'lovs·thro~ a cross section of' l square foot under a unit 

hydraulic t;:ad.ient, or throueh a section l foot hiGh and l cile 

"tude tUlder a ~:-adient of' 1 foot per mile at prevailing condi tiona 

of -water tecperature. Laboratory determinations of' the coefficient 
. F. 

or· pemco.bili ty eft- (6orrected to a temperature of 6o ~) ranged from 

0. 4 SPd ller sq1 f't (gallons per day per square foot) in the 90 to 

275 foot zone at Site 7 to 10 gpd per sq f't at Site 2 1 but the range 

at eaCh site was sufficiently r~w to assign a general value. The 

lowest avei'abe values ot'. pemeability coincided with the lowest 

poroei ty, and the highest va1ues of permeability coincided w1 th 

approxil:latel.y the highest poroai ty (table l-A) • This indicates 

a gros& relation which may not be true at individual sites. The 

relation between per1:1eability and porosity, except for the extremes, 

appears to be randan and cluster 'Within 1. 7 to 4. 0 gpd per sq tt 

for the perceability and ,S. 7 and 49.8 percent for the porosity. The 

difference betveen vertical and horizontal pemeabili ty in the tuff 

is small. In general the horizontal permeability is la.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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JointG bave incre~~ed the permeability of the Tchircu~ Member. 

llea.r the surface or the lli!::;e.s joints are fil!.~d ;.."i th cl.ny 1 but c. t 

depth tbe joints c.r~ rre~ ·or sediment. Th~ widt!'l o!~ joints ra~es 

from 0 to c.s r:n.:ch ~s ,;) inches. Most of the joints 

excend to LTeat depth in the Tsni~~be. ht plrtccs1 joints probably 

c.re open ~nd interconncc::.ed chrough the Tshir~c:;e ru1d i'o:-m e.venu~ 

-chrouc;."'l ·.;hich water cn.n move rco.dily to dep~.;h. 

Joint spacinc:; is irrec;..U.U but widespread. The a.vero.ge density 

, near site 9 is about one Joint per sqcare yard. 
i 

• The Tshirege Member of the Bandalier Tuff contains sub-units ,. 
toot ~ooobly ~u-e individual beds of tuff. Wo.ter moving thl."''ut;b the 

tuff is temporer1ly perched by ve.ria.tions in vertical perceability. 

The perme:!bil1 ty varies fran one bed to e.nothcrJ fran one member 
e 

to another, and fran the Ban~lier Tuff to underlying beds of ,the 
• 

Santll Fe Group. 

34 and 35 
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l. 

)bvement of vater in Bmxieller 'l'tlff 

S1 te 1 • Tshirege tuft boulder in Pueblo Canyon 

A boulder of Tshirege tuff embedded in alluvium in Pueblo Canyon 

vas used for the study of capillary movement of vater from a ponded 

su.-face. Six holes 3 inches in dim!leter ani a. rnaxic.tt:l of 6 feet 

deep \i'6re d.rllled aDd cored into the boulder perpendicular to the 

steep vest-facing slope of the boulder, end tlu'ee pair of access 

tubea vere installed during the fall of 196o (1'1g. 9). Water vas 

~.gu.-e 9··-Sketch showing isohydral lines of ~ moisture 

content 1 in percent by volume 1 and moisture content durir~ 

capill~J rise of water in boulder at Site 1. 

ponded against the lower part of the boulder on the east and north 

sides to provide a constant supply of' vo.ter in direct contact vi th 

the boulder at a controlled distance below the bottcc of the access 

tubes. 
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The pond vas filled and a consta."lt head vas established on 

September 18, 1~. Nine da:.·s later on September 27 the misture 

content in the boulder YUS about 10 percent about 3 feet above and 

vest o:f' the pond (fig. 9), ani 'W'O.S approx1I:!.ately 30 percent near 

Wh,"c/, IS ~11"•11 ,_.,,~/t . J~H" • W li.Jtlt'(' ,,,..J /,-, c/ 

the level of the land suri'ace1 On October 6, a:f'ter 18 days, the 

10 percent isohyd.ral line had mved. upward another 2 to 3 :feet; 

the 15 1 20 1 and 25 percent isohydral lines were unevenly spaced 

beneath the 10 percent line. 'l'lle maximum misture content 

measured in the boulder vas about 30 percent on Dec. 8, the 81st 

day a:f'ter the constant head in the pond had been established. The 

capill!U'Y oovement through the boulder was not a sharp "front" as 

commonly takes place in the dowmvard mvement of n:oisture but vas 

uneven. 
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The pattern fomed by the isolzyd.ral lines on fio"'Ure ~ indicates 
he&,./'f SA-6~,.~~.-t.tnJ 

that ·the water moved laterally>,.~ that part of the boulder beneath 

. fo,. $~tl~,. .. l r~6 .. 
the land surface.-1 before it moved vertically. ['msie S1a\&3a&"-& trl:st-

fer uawl- e•e'e frsF.i the yuW-.J Hovever, 

evaporation from the east face of the bould.el· I:JaY have about the 

same effect., Dh -t;,~ Jst~Jr.,., .. ; ft,~s. 

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~ 1961, the pond vas refilled, and a second stud;; of 

capillary movement in the boulder w.s L'lOde. A maximi.u:l moisture 

content of about ~ percent w.s measured on Ma.y 11, 1961, the 

49th day following the start of the second study. The faGter 

movement of -water in the boulder, recorded in the second &tud:;, 

suggests that the boulder vas still moist from the first atudy, 

and that the rate of capillary rise is faster in wetted co.terial 

than in dry material. 
,. 

The effective porosity of the tuff in the boulder, froo core 

analysis, ws :;2.8 (table 1f. Thus, the ap:)roxirnate 5 percent difference 

between the maximum ooisture content reached in the boulder and the 

effective poros1 ty may indicate t.~t the capillary fringe was not 

completely saturated under conditions of tlle study. A sli;j1t density 

gradient in the boulder may have had sor.te e.!7fect on the mo·.a:tent of 

water. The density apparently is hi&'ler near the center and cay 

indicate weathering of the outer layers of the boulder. 
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Site 3 - laundry pit 

The st1.uiy at Site 3 ws to deten!line the possibility of using 

the site for a lo~-term infiltration expericent. Since about 1945, 

liquid radioactive wastes from cont&~inated laundry had bee~ discharGed 

~ ~UJ!.!Pt/ . 

into pit l; overilow ~a. to the lower pits 2 and 3 •ettt;ll 'QoW!i'a:ee. 

~ (fig. 11) • The quantity reaching pit 3 was not detern!ned 

Figure ll. --Moisture content of the tuff benee.t:"l the disposal 

pit at Site ). 

but is believed to have been small, thu{:), oost of the noisture in 

the tuff beneath the pit probably is fro~ precipitation. 
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The ::1oisture co:1tc:1t of sa."nples ccllec ~ei D. t dc].)ths or 3 and 

-.;t 
4 feet beneath the south side of pit 3 ~letter ··A'' on fie.,-ure 11) 

decreased with depth fro:t 29 percer.:'c to 18 ;;ercent, and the 

permeability decreased from o.; gpd per sq ft to 0.006 gpd ~el' sq ft. 

The decrease in pemeabilit.y is not !.'eadilj' explail:ed. b:,· 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" "-a~ :lOderately 

hig.~ (table 5), e.nd. the difference i:-:. total porosity ws S!JD.ll. The 

low pemeability nay have been caused in part by clooged pores rather 

than by the "Physical properties of tr.e tui'f, as indicated ":.>:: the clay, 

roots, and rootlets associated with the sar..:!Jles collected. A bulk 

7 
s~ple collected at a depth of about ~ feet in hole 2 had. a 

moisture cor. tent of 30 percent and. becar:e ha......U when it was dried in 
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Moisture contents as high as ;I) percent in holes 1 and 2 

beneath the zone of low 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 in hole 2 

near the gravel fill, W.Oich vas generally hiGher than at hole 1. 

• 
I 

The high moisture content between depths of 15 and 25 feet :£n 

hole 2 and the sharp decrease at a depth of about 25 teet sUGgest 

6t.,j-pt.rWtU b}c. 
the presence o!t layers that perch the water. The high moisture 

content of about 30 percent in bole l apparently representa 

another perching layer below 33 feet. The density or the tuff 

1-o 
at 30~33 feet is almost 6 pounds per square foot less than above 

or below that interval. Decreasing moisture content above 25 feet 

at hole l on October 12, l$61, when the moisture content 'betveen 

ill/ . 
39'33 feet at bole 2 increased, indicates ·.rertical as well as lateral 

movement beneath the pit. 

Discharge to the pits was to be discontinued in late 1961, 

therefore additional experiments at this site were not tu»=lrer 

considered. 
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Site ~ - soU stu~ 

The atuc11ea at Site 4 were intended to ascertain the ettect that 

cover 
a soil/aDd the transition zone viU have on the quantity ot water that 

moves into the underlying tuft. The vertical and horizontal movement 

ot water in the soU vas also studied. 'lhe site vas near the middle 

ot a f'112aer meaa 1 which sloped aouthe&atvard at about l to 2 percent. 

Cores tor z:atural JDOiature-content deterizd..n&ticma vere collected at the 

. , site em Oct. 10, 1958. 

Iuftl.tration testa were Dade in 1958 &Dd 19591 (~aDd others, 

1961, p. D-144). Installatiana CCDSisted ot tvo aballov innltration 

pita slightly less than 2 teet in 41ameter, one or DIDl"e acceaa tubea 

1.D each pit, and a supply ot water. The testa duriDg 1958 were Dade 

iD the soU zcme beneath pi~ A, and the testa durins 1959 were J:Bde 1n 

the soU zcme in ~e underl.ying tuff at pit B. 'Dle water supply at 

pit A vas intermittent; at pit B tbe bead vaa conatant dur1Ds the 

period ot the teat. 



( 
At I>::.t A laterol ::~o·:e:.1tmt ls lnilicat.ed b:t a ni::;:ter :::.ois'ture 

. content in C\CCe:.~ tube 1.., d-::~.-~~:;:·:-.dient fro:-: "the! rit (fi.1. 12-A, }?ro:f'ile I). 

'3 
z..foizturc penctr:1tio:1 ·.~.:J le!;3 t!-'..a..."l Swee feet :!.:. holcc 2 e.n1 ;, 

~ ~ 
"':.h."'.."l~· feet in hole 1 !'.ftc=~ .:ect o:.: '~tc:r 

f ... ,,_ ,,_, prcr''i" ~) 
\. .... -u· -~ ~..,, --- - . 

.. 
' -lt, .. , .... <? ~ ................ ;-·-· ... ~·"" ~ ...... ,, ....... t-~or: ..,,....l ~ ...... -• .... x:-. l'i•··~-' 
., "-· - ......... ~ ... :... •••• _vv'li.-: ... t""' •• .,..._ ... """'-... - ... '-:w. ... l. ...,..,.'---·"":.:.~+....:; -~.;~/'-'~.;..·-----
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'l'he rote ot l.,ercolation, n:f'ter l9 days of drainB8e, averaged 

about one-hnl.i' foot per day durin3 the first } dayc of infiltration 

( i'ig. 12-A, profile II) • The front becace cllftu.t:ed. dur~ i"urther 

ini" iltmt;:.on QI1d the rate of percolation could not be detemined. 

The ~~ ~isture content after 23 days of infiltration at 

pit A '\o":lS o.bout 37 percent at hole l (f'ig. 12-B, profiles II and III); 

the roisturc content or tl.c ooil J:X)ved do"'nwrd at approxil.-ately the 

sane percent. oi' aaturation. The total porosity of the roil o.t a 

' depth or a.bout l foot wao approximately 51 percent, and at 2 feet 

\.'::1& a.ppl-oxi:Ja.tely 49 perce:1t, which indicated thnt the uoist.ure 

co~~ent. of )1 percent probably w.s well above field cc.pa.ci ty but 

did not reprecei'l.t so.ture:~ed cor.d.itions. 

-I -
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'Die rate of 1Dftltraticm at pit B durin8 tbe 99 cJa;y at~ 

6lcNue4 apprax1atel.y lopritbmically th.rousbout moat of tbe per1o4, jh~"· 
D 'I''" 

.. t'bllon: 
jf-11. ~. 

I ,,J 
lat aDd 2d 4aya - 20 SP4 per aq ft. 

lt.th to 18th <B;ya • 10 s:p4 per aq. tt 

18th to ~lat cSa,a - 5 SPd per aq ft. 

Slat to 51st d&)'8 - 2 SPd per sq ft 

5lat to 69th ~ - leu tbaD 1 SPd per aq tt 

!Yapotransp1rat1oa vaa relatively conatant. 'lbe 1nf1l:tn.t1Dg water 

fbUowed tvo courses; (1) aame went c!ovnvard; aDd (2) acae vent to 

support evapotranspiration. Aa dovuward rates slowed, aDd. a constat 

rate to evaporation vas •1Dta1Ded, the ratio of between the tvo 

. chaqe4. 

·~·---- .. ·, .,. __ _ 
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The vetted f'ront moved to a depth of' about 5 f'cet during the 

ti_rst 2 clays of' 1ntiltration at pit B (fig. 13) and to a depth of 

Fit;..u"C 15. -·Moisture content 1n the coil and tutt beneath 

pit B at Site 4 durinG 99 days of continuous infiltration 

, A,.,,.e .,.. ...._ U.t. 

about 6-; feet within about 99 days. ThE ra~e of' oovecent of the 

- . ~ 
fl'Ont d:nt u.-e ws loga.:ithmicaltf. The roi~ture content decreased 

v:-4. th depth 1'roi:1 a r.r:u:1.!:luc of about 39 percent in the soil to less 

tll&l 4 ;erccnt a.boat l :t:oot belov the top of the tuff. Afier 8 

oonth::. of c!raina.3e the ::10i~ture co~tent 1.-a.s about the fill:'~C as before 

infilt~tion started. 

The hiCh misture content beneath the pit before infiltration 

star".je1 >IC.s d.uc ln part te hea\":f ra.l.ns in A~<1'\l.st 1~)9 c.nd ~~e , 

:·cletively peer dra.lnage in the s~ surface soil. The May 19, 1961 

!:leasUl·eaents vere low because of low precipitation. 
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The \Jllter use per squo.1·e foot durinc this study was equi vnleDt 

to about ~ or 50 years of precip!.ta.tion on the Pajarito Plateau; 

bcmever, nntural cond.i tions ".lere not duplicated bcco.use the oeaoon.:l.l. 

distribution of alternating pe1·colation and drainace could not be 

duplicated. The fact that water did not penetrate the dense tranoition 

zone bet'\vccn the coil and tutf duriDB the s'tuey or in "the followint; yec.r, 

indicaten that the soil cover will impede vertical r::ove::Jent into the 

UA"'lderlyinG tuff. Capilln.-y rise, evaporation, and tranapimtion were 

perhaps the principal reasons th.o.t the water did r..ot pa"letrate t:1e 

unde1·lyinc tu:f'f', rather tha."'l the loY per.:ea.bili t:,r of the trar.si t:on 

zone. 

_r . -·-- ----- .. 
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Site 5- ~sita d~l Bu~y_ 

Site 5-is'adJacent to the south vall ot ~solid-waste disposal 

pit 29 feet deep ~ 1~1 near the ~e.ste:n end of Mesita del Buej-· 1 

!..J~tbi...-d:f:sl:~saSi l pit at 

d~tt¥"' 

a finger mesa. The study at this site vas to investigate movement ot 

wa.tel· and nuclides during continuous 1nf'1ltr~t.ion. 

An infiltration pit1 access tubes1 and a water-stor~0~ tank w~re 

install~d near the -edge or the vertical·wall of the disposal pit (fig. 15). 

Fi~~e.lj.--Sketch showing relation 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 ediif! 

of the waste disposal pit. The upper 2 feet of the intiltration pit was 

shored with wood plnnks within the soil and fill material1 and tbe lover 

1 foot was dug into the unvee.~red tuff. We.t.er entered the pit tbrough 

a 3/4-inch pipe connected to a valu~ box adJacent to a 31 000-sallon 

storat;e t:.an.k. A !'loot valye in the infiltration pit maintained a constant . 
bead of vater of about three-fourths foot. Eisht holes 40 feet deep lined 

with plastic tubing vere installed in and near the infiltration pit (fi~. 15). 

Periodic measurements of water loss~s from the stora0~ tank wer~ 

made to determine the volum~ of water moving to the infilration pit. 

The intiltrotion experiment started ·when vater 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 pbase of the experiment 

vas susp.:nded until April 201 1960 and then restarted. About December 91 

1960 the water line troze again and the infiltration phase of the ex

periment vas stopped1 but moisture Dk!&suremants were made in access 

tubes for several months to observe drainage patterns. 
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Photoot;raphic evidcnct:: th&t w.ter 'moved into t!J.e tuft from the 
--~--

1.n1'1ltra:eion _pit vas n. ·.ret patch (fig. 16) t:u~t developed on the wall --
~ ----

Fib-ur~ lo.--Wetted· e.~as m _south wall o~ the disposal pit e.C'1 a'.,....;.,: 
. .......-- --

. -· - . Stte 5 resulting from seepat;e fran the inl'lltr3.tion pit 10 

feet bc.ck of =.he w.ll • 

of the disposal pit 10 !~et to the north. Evapore.tiou :f'rcm the w-all 

disc.J.mrged wa.t.er that Ya..;.ld bn.ve moved deeper 1n the tuff. 
I 

.. 

----. _;-~--- . - ... .. ~- .- __ ,.. _ .... .J," 
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'Die rate ot 1Df1ltration ot water throusb the pit at Site 5 

1a ahCND p-apbi~ on t1sure 17. 'Dle al.ope ot the los curve ot 

. F1cure 17 • ••Rate Of iDtUtraticJD trQa 1DtiltratiOD pit &t 

Site 5, 1959-6o. 

~ rate ot inftltratiOD tor tbe 1959 stu~ ahovs that the rate ot 

1Dtiltrat10D decreased trail about 0.75 Gh per sq tt (pllODa per 

hour per square toot) to about 0.2 gpb per sq tt. 

SigD1t1C&Dt aeuozal. ch&Dpa 1D the los curve ot the rate ot 

1Dftltrat1on tor the 1960 stu~ occur c1ur1JJs the montha ot April aD4 

September. '.the steeper parts ot tbe curve ahov a relatiw~ rapid 

decrease in the rate ot iDtiltratioD vith time 4ur1Ds the IIIDDths in 

( which the averap temperature is less than &beNt 50 degrees. 'Die 

flatter part ot the curve abova the rate ot 1Dt1l.trat1on dl.ar1JJs IIDDtb.a 
I 

1D vhich the averap teqleratUI"e is above 50 degNea. ID these IDO!J'th8 

tbe rate ot 1D1'1ltrat1cm decreased troll about o ... SPh per aq tt to 

about 0.2 gpll per sq tt. 'D1e l'lmP ot the temperature of tbe vater 1D 

the pit, trca Dear f:'eniDS duriD8 the vinter to about eo degrees 1D 

the sUSII!r, wu eDOU8b to ca~ seasonal clUtereDces 1D the rate ot 

1Dftltrat1cm 1Dto the tuft" "'- to cMne;es 1D riacoait)' (Bortoa, 19'10, 

p ... 17) lD a441tioD, aeUOD'l temperature vari&Dcea 1D the tuft 'beueatb 

tbe 1Dt1l.tra~icm pit~ haft 'beeD aum.cieut to cauae &01118 aal1 

41tftNDCea 1D the rate ot percolatiOil. 

,, 
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'Die flatter part ot tba los curve ot iDftltratlcm 1Dcludea the 

U. ot tile srow1DS aeuon at toe Alamoa, u4 it ia poaaible tllat 

napotranep1rat10D ot t\111ble¥eed on tba .oil and tUl pe.4 couumed 

uaU a1IIDUDt ot vater JDDV1Ds trca the pit. !kMWer, vbeJl m8t ot tbe 

took place. Snel"&l. pl&Dta srov1Dc with tbeir tap I'OOta alDD& tbe 

aida ot acceaa tubea vere kept 1D place. ~ miature content ot tbe 

' upper 2 feet ot •terlal (table 7) w.a redw:e4 at acceaa tu'bell 2 aa4 

s were tbe tumblewee4a were sroviDI; tbe miature coutent 1Dcreaaed 

after the plants vere l'eiiDYed September 1. 'DMt .,iature content at 

all the other tubea rema1Ded h!p throu&bout tbe srov1Dc ••••=· 

....... _ ....... -.·---~""··-
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Table 7. --Ertect.s ot ~piration b)' ~leveed/' 

·plants on the ooisture content. or tuft at Site 5, lg6o. 

l$l60 

Bole Rccarks ?.m_y 18 June 2 July 1 July 29 Sept. 1 Dec. 6 
No. 

l·bisture content, 1n iJercent by volur.:1e 

Tumbleweed at 
side of access 

3 tube. 22.) 1.6 ,-
•"J 12.5 8 6 20 

~ 
'1\u:lbl~..ree<!. :lt 

side or access 
2 tube. 27-5 27-5 a3.5 19 14 21. 

4 
Ilo 1~X..Jble>.-ccl. 

ne=J:by. Z7.5 25·5. 24-

( 
No tumbleweed 

6 nearby. 27-5 ~ 27.5 2'7·5 2'.1 
'-

Tw:lltlc'!t:ccd re-
moved from 
near access 

8 tube. 19·5 19 19.5 15 1C 

( 



( 
No evidence ws fout"d th:lt. wter roved throt'lg.lt the soil ard 

fill ~ and e .. -a~rated f~ the m.U"l'o.cc in qua.."'ltities oufficient 

to o.:f'f'ect the ro.tc of L."'l!'!.lt:rnt:l".on in the pit. The ::x>istu.:-c content 

of the upper foot of the soil ran.:;oo. bct ... "l!en 5 e.."'lc! 10 percent by 

'1olu:1e; whic~ ~enerelly in too li")W tl) transmit much 'W:!.tc:-. The 

SB.!".dy ::m.ter~.a.l tendo to fl)m a "ba:-::-ie:.· that red:.tceo e~:a.por:ltion 

(Uillif1, J.SJ6o, ~· 2hl). p./ 

The :::ate of in:filt:-o.t:!.on ~.uri!\": the \.'tl.r.Jcr ::::.ont!::.c ( ;~ to ~ ~per sq f't) 

cores i~ the !..nbore:to1·y. The field :£'err:eabili t.y ( l":!.te of ~ercole.tion) 

in t~e zo!".e or ~eration cnP~ot be directly COCQared tc t~c aaturnted 

:)cr.~e.:"lbili t:: (laboratory :.:eact!l'er:cnt) becau~e water i.."'!. J.:.r..c :.r.!'11 tre.tion 

( pit !".Ot cnl~· noved domme.rd but o.l~o 1~·1ed le.ternlly c.s r.ruch a.a C. 5 

f'eet fro:: the edee of the .:!..".filtmtion r>it (!!g. ].l;). Thuc, t11e 

rate o-f: ~crcol£-.tion, pe.::-ticulc.ril~· f'rotl a SI"'..a.ll aourcc or ·.~tel' 

locntecl ::.n c. la._vered. medittJ, is rubctnntisl!.y lese tho.'"; 't~!C r..:lt1.!-~ted 

per::1eab.!.lit~·) 'bcca.uae the ·.IC.tc:- is subject to i'orccc nc-i; i::-:::olvcd 

in snturc.tcd tlm-t. 

( 51 
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'l'he vetting front moving into the uncaturated. tuf'f vas sbarpest 

in the early lX\rt of the 1959 study, but it beC8:le thicker am more 

clittuse as infiltration contiiUled. (fiG. 18, pro:f'ile I). Ener~ barriero 

F~~ 18.--Moisture content ~~ ~en~ity o:f' tuff ~~ acceas tube 1 

at. Site 5, ~· 

at the front retard the mo·.·er.1ent until the moisture content behii".d the 

front is l"'.ioed to a maxir.lui:l or optll:auu value (Boch:lan and Col.:::lan, 1944, 

~ p. 117-112.). The thick.ne::.s or the zone of t:ranorll.ss.!.on, the al:ea between 

. the un'\·ret.tcd tuff and the naxir.ntr~ I!lOisture content a.t~inecl during the 

.R..~·~·I.l'f.. ·;crtical r..c·..-euent, Qf!f81 iUt;aiztJ \laS e. i'Wlct.!.on or lc.yeril\'; L'l the tutt. 

The averace rate of movcr.1ent or the part or t."le i"l'Ont containing n. 

ooiature content of 2' to 20 percent by t'olur.1e -wr.s c.bout 2 teet durint; 

the :f'irot cJ.a.:1, about half a· foot per dAy durinc the next 11 dayc, a.'ld. 

about o. tenth of a foot per day durinc the next 56 days, uith additional 

mveuent in the lover moisture range to a total df!I:th or o.bout 18 feet • 

The rate of novement of the front in 196o .....as hi.&-'ler ( f!g. 19, :profile II) 

thml in 1959 probably because the roc.'t ·uas wtted a.'ld. :f'ewer enerQ> 

barriers existed to reduce the rate of oovement and less \oUter vas 

needed to reac.'l field capacity. (See ~ fig. 19 o.nd 20.) • 

' ~· 
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The moicture content of 25 to 23 percent ap~:-eatly w:. tho 
~ 1-- ttl.c -~ 

maxiJ:nl!'l attaincd/1'1d. 18, profiles II and III) at Site 5. This 

=oisturc content is sevo1~ 1~rcent above fleld ca?Qc!ty but is 

l .foot uc:1e~;~h tlle infilt.l'Cl.'t!.or. pit 'It\& about llO pc:-cent, ~rhich 

is 6 to 7 :)~:-cent lcs:. t:l.:l~ the ccti.":lated e.ffecti ·;e po:::'Ocl t:.:. 
T'.ae 6 to 7 percent fi @f :: e ~robably represents the larce po:.·c s~;;o.ce~ 

fron l:h:.ch t.oater d...-ained .l.nto the und.erlyi~ material, althow.)l it 

r::JtJ::J aloo :-cprecent entrapped air. Ho\lever, entrapped ail· Ghould 

not be a. ~l"oble:::1 in thia study because of the lart;c volu:Je of IXJ:rous 

~edii.:D inYcl·:cd a.nd the p:::'Obabili ty that entra?Pcd a.ir be."lcath the-

i.nt!.ltr:?.tl:l.G · •• 'tl.tCl" •.ould ecc:::z.pe and not be su...'"l"'U.'1.Clcd o:.· coop:-esocd 

(Free ~LJ ~~er, l94o, p. 395). 

The ..:o.:.sturc content of the tut'i' decreased ctcadily o.uove &1. . -ld'r 
o.ppo.:·cnt d.cz1S1 ty C.in."J.Ce a. t a. bout 25 feet benea t.'-1 the ini'il tra. tion 

(fig. 18: lJl'Oi'ile IV). The noictu.r~ content belcv the ep:::Jarcnt 

tiOnths, reached a moi~ture content of about a percent. Tl-le a percc:l~ 
sntu.."'":ltion extended. belov the bctto:::1 of the a.cce:::s tube. 
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The DI)Vement or water during t~e 1$60 study nt Site 51 a."ld 

subsequent drainage, is sba.n1 en figu..""e& 19 and 20 l';y ti:e Chml£.:.:·-e 

percent by vo:.UJ!:e, along a.n cast-west sectiou o.t Site 5 o:. 

Apr. 20 1 196<. 1 a.tter abon~ :! t ronths or dr~:i noge. 

19-B.--Iooh:fdrnl l:!.;2e:; of r.piature content of the tuff, in 

percent by vollll"'le, alow, o.n east-vest section at Site 5 on 

June 2 1 l~-6o, a:fter J,;: days o-r !.lU'iltration. 

19-C. -- Isoh:fd,ral lines of rooioture content or the t.!..lff 1 in 

percent by volume 1 along an east-vest section at Site 5 on 

July ~~ 1960, after 99 days or infiltration. 

19-D.--Iso~al lines or moisture content of the tuff, in 

percent by volu:te, fllo:Jg an east-west section at Site ' 01.0 

Dec. 6, 1960, after 23C ~~ of in!~iltration. 

19-E.--Isolzydral. lines of roiBture content of the ::.urf, in 

percent by volllr'..e 1 along an east-vest section at 51 te 5 on 

)t:.r. l, 1961, a1'ter about 3 nJnths of drainage. 

patterns of isoeydrcl. line, of misture content. 
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( 

l1gu.re 2Ci-A.--Isobydral lines of moisture content ot the tu_-Pf, in 

percent by volume,along o. r.orth-south section at Site 5 on 

Apr. 20, lS"t/.; 1 after about 5-i months of d.ra1n&seo 

20-B.--I:JOhydral lines of moist~e coutent of the tuff', in 

percent by volume, along u north-south section at Site 5 on 

June ~ 1 196o, afier ~2 days of infiltration. 

~o-c. --Ischydral lines of rnoi sture content of the tui"t, in 

percent by volurJe, along a ncrth-south section at S1 te 5 on 

July 28, 19601 a.:f'ter 99 days of 1nf'11 tration. 

20-D.--I::~ohydral lines of xro1aturo content of the tuff, 1n 

-percent by volw:1e 1 alons e north-south section at Site 5 on 

Sept. 1, 196o, atter 131, days ot 1n:t1ltration. 

20-E.--Isohydro.l. lines of moisture content o'f the tui'f, in 

percent by volume, along a north-south section at Site ; on 

Dec. 6, 1960, after 230 days of 1n:f'1ltration. 

20.F.--Isoh~ lines ot moisture content of the tu:ff, in 

percent by volt.U:le, along a north-south section at S1 te 5 on 

Mar. 1, 19611 a..~er about 3 months drainage. 
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Isohjdral lines {;.re .:.bo't:n on I.JOt.h figures .t'cr the day inriltration 

vas reet:~rtOd (April ?.~,. 1~); efter !~2, 991 &.."ld 230 days of infiltra

tion; £:.1\il. about 3 mnths af'ter in!'i.ltro.tJ.on of rmter from the pit 

ceos~j. I~ addition, 1sohydral lines 134 days after infiltration 

ohov~ on :fit;Ul'C :.?0. '.::':i.e e~f'ect o1' density gradients in 

the ~-u~·. ~s reflected itl the mo1s~ure pat~ern ch.wlges 1n fiGUre 19. 

The: cffc.~,.. of' eva.pors.ti:Jr. from the .wall of the adjacent disposal pit 
• 

is reflr!·~ted prot.!inentl:r in the coisture patterno in figure 20. The 

e:q:.c:·rl 1:1.1 ~.~e~ nrec 011 t h~ vall of the disposal pit as outlil~ed in 

f::.c.u-·e /.. t.':...~n·elatcs 'to soi,le degree with the Iroisture patternS in 
i\ 

'n:e t>Os~ticns ot :~:tc ::..c:)hydrul. lir:os on the day infiltration 

, . 
:--·: ' C?.ll<i ~30 <lo..:r.:. o.~ infiltration, and ai"ter about 

.J 1 .... :. •.:.hs dral!:ace vi t!l :".O ir..!1l-!:rutic:, of vater f'rotl the pit ore sbcvn 
~ ift'(il+.-... ilen 

i:: :;::'...::::u~·e:: 1~1 u:1d 2~ • 'l11e ~si-v1cn a.1'+,er 13:; d.u;,;s,.is also inclu::led. in 

r..(.lL:::1..:..u-e put.-:e~·;:s. Tr.i:l ccqu~:.ct: ~:u~ be :followed -co sor.e degree by 
~· 

tr . ., chances b 1..~.':.! pntc~ of '\-rc-:- .. -.r~~ on the !-;:xrtll vall ?f the diapooc.l 

c •• 

1:.: t. cutl!:·.•?:. ·~.! f!.gu..-.oc y. 
4 

r: 

i , 
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Water was retained in the tuft .to near field capacity betveen 

the depths of a and 14 feet beneath the bottom of tbe pit approxU:ately 

3t months ai'ter the infiltration phase of the exper!Dent vas suspended 

1n January 1960 (figs. 19-A am 20..1). Tbe slight bunching of the 101 

151 B!ld 20 percent isoh:,'dre.l lines to the east 1n f'igures 19 A-E my 

1nd1cate mvement down dip in the tut"f 1 or because of denai ty chanses 

at access tubes 4 and 5. The effects of' density gradients vere 

\ prominent on the- east-west section at boles 1, and 5 and were beginniDg 

to show at a depth of' about 20 to 25 teet at hole 2. M:listure content 

with respect to depth below the inf'1ltration pit was greater to the 
;,.inN-, t.lt .f-., ' '~>" ,. .,. - ' ' south in figure :?0. !rho • in the tutt north of 

~~uAs -11 • .., '*""""' the inf'iltration pit moved tova.rd the vall ot the disposal pit under 
/1 /I'S'Itl~ .,.,_. ~ .., .. t~,. 

the infl.uence of' forces :e =r 5y evaporation !rom the w.l.l of the A ~ 

disposal pit. The apparent iDCreasins rate of evaporation f'rom the 

wall, w1 th the approach of lonse!" and varmer days 1 is evident on the 

north-south section. Little or no increase in moisture \ro8 apparent 

at depth at holes 6 8lld 7. Figures 19B and 20B sbov approxiJ::ately 

the pos1 tion and n:mcfmn.m extent of the tufi' that contained a moisture 

content of 20 percent or more. 
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StJe clo81DS of the 25 percent 1sohydral11ne and the constriction 

' ot tbl! 20 percent isohydral line on 19-C and 20-C probably iJJd1cate 

that vater evuporated from the Wt1ll of tbe disposal pit faster than 

it moved into the tu:ff from the intiltration pit. '!'be 25 percent 

isobydral. line closed lo.te in June after 6o to 65 days ot in:f'Utration. 

The 10 and 15-percent isoeydral llnes did not advance signi!icantly in 

any direction from the positions shown on f'igures 19-Il and ro-c, except 

'possibly at hol.e 1, although the rate or infiltration decreased onl.y a 

sca.ll. e:count. The :?-percent isoeydral. l.ine on figure 19-B shoved a 

tendency to fl.atten, probably because of a dens!.ty gradient c.t a depth 

of about 25 feet at lx>le 1. 1'he lover moisture content at the upper 

part of holes 2 and 3 vaa due to evapotro.nspiration by the· tumbleweeds 

, gro\Ting there. Figure 20-D show a continuing decrease of' the .area 

vi thin the 25-perce:nt iso~ llne and all:lost total cl.osure of the 

20-percent l.1nes beneath the infiltration pit. 
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)b!ature D!~~:.~, r.ade on December 6 atter 230 days of 

1n11.ltrat1on, (~£"· 19-D a."'ld 20.E) ahov a decrease in the 1:10isture 

~ontent of the t';.!..;'! froc that of previous measurc:r.ents. Al.thoush 

'tile rate r. :: t.:Yaporation t'roc the disposal pit wall decreased steadily 

durirJG t!le fall, because of the decreasing temperature, the rate of 

inl'iltration probably nl.so decrensed because of the grenter viscosity 

of the '.;ater. The rate of infiltratiol'! at the near-!"reezir..g tecperaturea 

\ in the pit ir. December vc.s pro'be.b~· or.ly nbc~:t helf that durint; the 

cicdle o'! s~e!:' (~vis er..d '-Tilse".r, ::!.936, p. 17). Water in the pit 

r;~~c.".:ly f'ro~e dur:!.~; 
e:.rt~l:; cold ni{;hts late in l'!over-ber a:cd early 

in ~~ber before the pe~ent f.ree~e, thuD c~letely ctcpptcg 

i~filtre;i;:,c:: !cr periodS of SC'TC!"e.l houro. ThE: rate Of percolation 

e;~ccedcl ·tl:c ro"te ':lf in!iltration i'rctl the pit \.1len the '\."t!ter 'WS 

u::1 Z"'rF), t'lle isolzye.ral. lll1e9 o.csumed. abaJ.t the came -positions a.."li 

,,.,., I 
;;~~pes cs o!' 1' 2C, 1')6C, except il: the lover r.oistu..~ re.r.c;c directly 

. ,_, ,.;.,~t,,. • VII~--~ 

b<:~;li.;il ·che i::fil-tretiou pit wr..crc a colur.m 3 or h feet in d!cr-.etE:r 

~ 
~ 

ior:: bclO\r e. d.e?-tth o! et'Otl't 30 feet. 
A ~ • 

A total of ®out 11, lC'O £c.ll.Ol~S ot w.ter moved tllrot.lch tl"..e 

in.n~tration lJ~ t du.""ir.c t~ '23(' dc.ys o:r tbe stucy 1 ::ost of vhich 

in..""iltratcd. dUl·inc the: surr.er t-cntllS. A ..m·cer b\:dget ct'..nr..ot 'be 

cclculate-l, t.:0vever, be<:~e of the ~ quc.nt! ties lost by 

eYe.pcrc.tion. 
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Site 6)\ DP-West 

Site DP-West is within one of the ·o1·iginal di&:posal areas at 

Los Alamos technlcal area DP-l-:est, and lies betveen the ax1G and 

The disposal area co::l.S1sts ot :four pits about 20 feet vide, 

100 feet 1011{), and 5 feet deep that were dug into the tuff and 

backfilled wi t.h layers of oond and gravel, and connected in pairs 

by buried pi~es. Plutonluc wst.es d.i&sol ved in hydrofluoric acid 
Lll<t ,,~s • ~~-., 

vere diocbar~ed into the pits between 1943 and 1952. "~ 
Ml ,..,.(~,/- ~"'' l.ol.-ttih-lewl rv4.+~,. 
~precipitation fEo•~!k"Qc4;s ~=;;...o the p.i.ts~'PU 

of tl..• ,,s,._t n~ ""H n Jw.,~H.fl ~ ,.,,,,.. /ltet~J ·· 
~ The objec"t;oives ~-~~..J;aQ~9M~ ......ater ·beneath 

A ~ 

a disposal pit and to ascertain if wste ~roduct.s ooved ui t.h the 

vater. S::u:lples of ......ater, e.'"dracted with porous cupo placed 

benenth the pit, vere O.ll.alyzed for cb.e::licsl and. :ad.iochecical 

quality. The mcisture content beneath t.l:le pit uas measured in 

horizontal access t.ubes, and in tu.bes pltlced at a.n anr.,;le beneath 

the pit to a depth of about 100 feet.. 
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A cc.isson ;o :feet deep, 6 feet wido and 12 feet long w.a 

excavated about 6 teet lJOrth-northcast of the eastern quarter 

of ,pit l (tig. :?l). The ctlisson was shored with planks anl 

Figure 21.--Diagrwr.lQtic ~etches of installations and caisson 

nit ct Site 6. 

reinforced. \11th ti.I:lbers and contained three platfom.s 6 teet apart 

vertically.~\~~~-~~;~~~~~~~~~~~~~~~~~as-
~ 

Twelve pairs of holea 3 inches in diameter and 8 to .12 teet 

long arrl d1~1r.<; dowmmrd. at about j-ir.ch per foot vere drilled at 

:?-foot i!ltervu.ls through the south vall ot the caisson into the tu1't 

beneath the pit (tis. 21). The upperm:>st oole vas about 6 teet belov 

the bcrc and less thf:.n hall' a. toot beneath tbe bot-:-.om ot the pit. A 

plastic tube appro.·dmately 2 inches in diameter 'UUS installed in one 

bole of each pair !'or tx>isture meo.suref:)ents. The annular space betveen 

the access tube and the wJ.l of' the drilled hole was not back:f'illed. 

Tb.(! otr..e:- hole ot the pair contaiiled a porous cup pleced at the back 
4 tft1l UMS t•pAII., t1 .,- il~r "~" ~f~~r,rjN,,._ of t:1e hole and connected to ~ vacutltl SJ'Stem. The holes vere 
"' " 

buc~.1'1lled around the vacUl.U:l tubes v1 th crushed tuff ecplaced v1 th 

compreeoed a1r. 

- -- ----·-- --·----- ·-------- .... ~- ,-· 



( 
Six boles 4 to 6 incheD in diameter a!'ld 75 to 99 ::'eet in 

depth \.>e.-e d:-il.:!.ed near ·~he edge or the pit. Four o£ the::.e holes. 

vere :.lllllte<l to 1)enetrc.tc the tuff" ber.e:.!t..~ the pit. The boles 

vtu·e lined ,,.1 th pla;jtic accce::. tubeD apprc:(~~tely t-.rc !.nches in 

dia:netel· and. the :umule.!" :::;-.lllcc bct'.;een the tubes ar.d the valls 

of the hole~ '\lat~ backfilled \Ti th crushed tuff'. 

(_ 
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CoD:iitions before infiltration 

Several facies in the tuff exposed during the construction of 

the caisson created special problems of data interpretation (sketch D 

on f'ig. 21). 1'hese facies types vere an upper tuft'aceous sand that voa 

slightly consolidated and partly veathered Wld contaiOJed ni.U:lerol.ls roots 

ani rootlets (bed A, tig. 21 lllld table '8); a pumiceous tu.t!" tho.·t appeared 

~ to pinch out several :f'eet south of the caisaon (bed B, fig. 21); and 

an underlying welded tuff that vaa weathered, especiall:r c.U.ong joint 

faces along vhich wastes f!JD.Y have noved (bed c, fig. 21). A clay 

zone 6 to 12 inches thick overlies the welded tu:f'.f. 



Table B.--Description of caterial 

in caisson pit at Site 6. 

Position on Description Y 
figure 21 

't 

A Sand, l4;ilt orau0e-bro\ffi, \leathered yellovj,sll; coua:.:.sts 
oi' subround to st,1b&Jgul::l.l· silt to coarse gra.!.ns of' 
quar~z, sanidine, pumice, and minor acounto of mafic 
mineral a, sotle gro.ins r>i t ted. 

B Tuf'f, light orange-gray, ,;eathered throughout; cuch 
clay present. 

C Tui'f' 1 light gray, weathered yellowish arowld de vi tril'. ed 
pumice fragments and a~acent to joints, locally 
veathered into clay, weathering mre intense in bottom -
of pit; consistG of' ash SJ.ld some mafic minerals• 

!i by \olill!.al:l D. Purtj'IDUil 

' , ' 
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The baDdiDG e:t'l'ect or ·che one-third atm::>sphere tension miature -
vBlues (fig. 22-A) ptlrQll.el to the clay develo];l!lent (sketch C, f'1g. 21} 

Figure 22-A.--section through Site 6 shaving ba.ndills e1"!ect of 

the I:JOisturc content at one-third attx>sphere teDSion. 

properties of tho tUff' 1 such na pore and part:i.cle sizes. Some of the 

wo.stes d13charged in the east f!OO or the disposal pit may have moved 

' lAtero.lly throUGh tbe sandy I:Llterial (Bed A on aketch C and D, ~.g. 21) 

alons the alop:!.q; top of the tuff and then vertically into the tuft. 

The lower misture voJ.ues (ng. 22-A) seer.~ oo coincide vith areas of 

tu:r:f' in vhich the greatest amount of staining bad occun-ed. 'l'he stained 

areas r:JlY 1Ildicate a dit:t'erent stage of veatherins than that at tbe c:lay 

leV-er due to alternate vettir..s and drying cycles. A trend towards 

'be.:xUng 1n the tu:r:r is illdicated also by the <ir'J unit weigllt, specific 

retention, porosity values, OJXl by the pattern (rtg. 22-B) forced by 

plottics the gross Dl.pba cOUtlt on the section through tbe study area. 

The m1sture content end gross alpha activity of the cores 

collected in the study area decreased significantly from east to west 

and vith depth (table 9), vhich indicates tbat much of tbe liquid 

discharged into the pit ~ed only e short distance leters.lly tbrougb 

tbe sandy material before infiltratir..g the tuff. The average moisture 

c ontent of the third borizontcl group vas signiticantl)t lover at the 

one percent level than that ot the t\10 upper gra.tps 1 but not siGniticantly 

less thEm that of the fo'.'.rlh s:rot.~. 
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Group 
ol' 

boles 
by depth 

Fir&t 

Second 

Third 

Fow-t.b 

EaGt 

!Udelle 

West 

Table 9.--Averoges ot mlstUl·e content and L"l.'OBO alpha 

counts ot tul't cores collected o.t clte 6. 
-;. 

o, 

6, 

Depth 
(teet) 

2; and 4 

3, and 10 

12, 14, and 16 

18, ro, and 22 

o, 6, 12, and 18 

2, J, 1J1, and 20 

4, 10, 16, and 22 

l%:>1sture 
content 

(in percent 
·.by volume} 

2C).6 

26.0 

18.4 

21.3 

25.0 

25.6 

20.) 

Dif'te1·ence 
trom lo\zect 
moisture 

content ( 18. J~) 

11.2 

7.6 

-
2.9 

Leo.st 
signif'icant. 
difference 

9.0 

7.2 

-
-

. !f /umly&is b:J' Loti Alfll!lDs ScientJ..ftc Laboratory • 

.;-

0 

Gross alpha 
counts per 
minute pel 
dry c.mdY 

1,817 

&:>1 

2~ 

ll£ 

l,lt3U 
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The tuff is e:-ttcns:!.veJ.:r jointed (fie. 21), and the tendency 

for liquid to mve throucl: the joi:1ts is indicated by higher grosa 

alpha a.ct!.vity in local areas as ollovn l.ly the £;I'OSG alpt.ill count 

of 1 1000 per minute per dry gr.r- o.t the 20 foot depth on figure 22-B. 

Figure 22-B. --Ject~on 'throU{;ll Site o shoving gross c.lpha 

activity. 

In the cast Group o1' boles (1"1{;. 21) the joints becCI:lc mre nu::erous 

vith incrcoair..s depth. St.-veral open joi.x:ts c~l the south voll of the 

coisoon wc:::'c found bclov a depth of ~5 feet. vraste 'Water had penetrotcd 

the fineline joints to dcptbs of at leeat 22 feet and su'bsequentl;:;· 

altered t!1e tuff c.dj3Ccnt to the joint as :::ucp mJ onc-q..uu-ter to 

one-r..lllf ir.ch. Cleys developed locc.lly ur.d irepeded t.lro.i.ncge so ·::.~t 

the joi.r.ts retc.ined water to the extent that the mioturc contetr~ of 

the tuff '\ro.3 loco.lly as r.J.lch as 35 perce."lt (fie;. 23, profile I). 

A 

The !.sohydrcl. lines of the JWle 30 r.eo.ouren:ents (fig. 23 1 profile II) 

shov a llltert!.l IrDVCC'.ent of r..oisture froc the disposoJ. pit tovo.;-ls the 

caisson area before ir.filtrc.tio:~ began. This increase in mo!sture 

co:-.tent of the tuff probably vas cOUGed by in!'iltrat!cn or s:x:nr.~elt 

and by the above norrr.l. prcc!p!.tntion in June (3.1:(! inches). 

·----.2'.-.. ~;. 
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· The micture content of chunk S£lr.l!)J.e9 colicctod ut vorious 

depths duri.lle excavation of the co.ioson in October 1959 indicate 

that water from the dispoGnl pit had mvcd ~lortln:ard only o. :::hort 

diEitnncc. Some \mtcr ~ oovcd through the oc.nd.y mctcrials above 

the clay layer as indicated by I!X)isture content:: of 19 end 16 

percent, respectively, at the (; and 4 foot levels. Little or no 

laterally at the 18 and ~2 foot depth. 
I 

( 
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Infiltration 3tudics, l~~c ~~ 19Gl 

1'he flov of vater into the disposal pit \lOS continuous for two 
Jlk:)nths in both 1960 and 1961. Both 3tudies vere during the sUJ!'Iller 
z:onths \then the tcz:pcrnture of the \mter 1 and other conditions 1 

probllbly vere c~arab1e. The dc.tcz ~:.d. e.pproximtc rates of now 
of wastes nnd tap wter into the l)it a.""e shovn below (Christenson 
and ~~ 1:'1<5~, p. 261). 

~ waste dischar6e 

l$60 July 6-July 51 app:t"Ch~imate1y 
8,ooo aeJ.lons 
per G.ay 

1961 Ju."'le 30-Auc. 1 approxiructely 
6,q00 goJ.lons 
per day 

Tap w.ter discharse 

Aug. 1-Sept. 7 app:ro."<:i::late1y 
6, 500 gallons 
pe: Clay 

Aug. 2-Aug. 26 aPJ?l"Oximate1y 
7,100 aallons 
per day 

'l'hc o::dsture co~1tent of the tuff during continuous ir.fi1trat:!.on 
l'Bllged f'rom leSS thO.ll )0 to C!Ol"e t!'IC.."'l 35 pcrcont ( fi£: • 231 profile m) o 

Isolo.ted ereas having a ooisture conte:::1t of 35 to 40 percent developed 
locally durint; Augt.Wt, ausgestina JOOVeoent throuch open joints • Dre.1Il£l.f3e 
in the 10 to 15 :foot zone below the pit \:aG relatively slolr af'ter 
infiltrntion atom?ccl (fig. 2;, proi'i1e IV) prooably because the cnisson 
ected c.s a barrier to the latcrc.l mve:cent o:f' vatcr • 

~.- .. - . ~:··· --:::: ~ .. . ·-· --·-- ~- - ... .. 

. .J 

.6'( 



( 
The ooiature content before the 1961 study a.:rter almost 9! 

months of d...'"'ai:lOGe (fig. 23, profile V) ws about the same or slightly 
l.over thml before the 1~ study, p.-.oobe.bl:f because ot less ra1n1"al.l. 
The I!D1sture content throUBh July 1961 also \1'88 about the oace aa 
during t.be l96o study (fie. 23 1 profile VI) 1 but during Ausuat the 
moisture content or the tu...~ increo.sed. {::t'1g. 231 profile VII). !t'hc 
high zt01sture content or 45 pqrccnt at a depth of' 8 feet 1Dd!.cntes 
that vo.tcr drained 1'rom a joi!lt directly into the annular space around 

~ the access tube and that vater r:JB.:J have been stunditl8 in the bole. 
Drainage free this area vas relatively rapid (fig. 23, profile VIII) , 
QGe.in s"UgGesting C)Va:lent t.hrough open joints. 

Grosa alp.."ln a.ctiv1 ty in water sm:ples frocl the 8 1'oot. depth 
averoccd se-;arnl til::;es higher thLln the act1-vi ty in Dotnples :f:rom other 
depths (cr.rtstenson tmd ~ .. 1962). Samples :f'ran other depths also 
c ontained relatively high alpha activity.,llhich indicated tx:We&:~ent 
throuch joints. T'llere Vll.:l a.n il~veroe relntior..sh:' .. p betvcen gl"CS~ 
alpho. o.ct!vity a."ld the pB of' the aolution. 1btal r~ess e.nd total 
solido increased vi th depth, S'UCGestillG solution a:1d resolution of 
previously depos1 ted cnterials. 
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lJeep f=CC:JS tubes (fig. 25) were installed in.l\llolcs drilled 

FicU-~ '25. --Plc.n v:!.~·r ::ho~n.nu loc~tio:::.s c'!: dec~ accc::c tube::: 1 

sections thrcugh disposal pit, o.nd l:lOistw-e content of <lc..aep 

oJ: 
access tubes~iite~6~·-------------------------------------

UOll~:-v~~-+-G:~~~.~.;;-,· ~ in Fcbruar-J 1961. ?re-test moisture 

content or cross ol.pha coWlts vere not determined. High gross nl~ho. 

activity of drill cuttings at a depth of about ;o feet in hole ')PW-2 

' as listed below probably was due to a zone of free \Inter perched on 

the facies cha."'l(;e noted in the VCUls of the ctdsoon pit. 

Ik>le nu::ber l lA 2 3 4 5 
ptt' f!~ 

Gross alpha count~cinute,A 
2 24 698 3 lt 3 dry gram 

The moisture content during lotlrch and April ranced betw-een 20 

and 35 percent arou."ld the upper part of the tubes 1 due in part to 

snowmelt ar.d icpcded. drainege eJld va.s about 10 percent or less around 

the bottom of all the access tubes except DP\1-lA. The moisture at 
i J,.;JJ,;.t ,., • .,,,. wtll, 11rl vHJ ,;. ~It, t:MI./~,.,c-1..;, t~-F 

the bottot:l of acceoo tube D!~i-lA may have been due to drilling wute11 • f'A,,. -'• 

At depth below about 20 or 30 feet the JIX)isture content was highest 

around tubes near the northeast part of the dispo3al pit. 
7 
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c 
)bat of the wo."t.er .li.schD.I"Ged !~to tl-.e diapooal pit intil trntcd 

the tutr Wld percolateU. do'lr.l'Wrd v1 thir. a roughly l, OC() square foot 

area Bt tJ~ east end Of the diS].XJSal pit nec.r the co.isson (fiS• 25) • 

OUtside t.'le ovo.l sbD.ped area of z:JSXi.c..u:1 i~ltr~.:tion (fie;. 25) 1 

-
part!.cularil:t to the 1:crt.h, is a ~nee zone abca-: ::?0 feet vide c.:ld 

~-._,..~ - .. --.........-. .. _______ --
&>out (l feet deep "Jhcre pe::-colatir:c; vater :c-.a!nt<lii!S the IrDisture 

c ontcnt cf' the t\.U.'!' olightl:,· abcve field capaci t:,'. 

The ooisture content e.t r:ost depths a.pproo.cb.cd the pre-in:f'!.ltraticn 

level about ~i ronths ~er dioclltl.ree of 'tater i;:to the pit vas stopped. 

Tt.e I:X):istu.~ content of the t~ u.t DP.·1-) n..'1d 1~ 1 adJacent to the 

veater.: :1U~f of the dispo::;al pit, increased or.ly ill the upper 2C to ~: 

::'oct a:".:.c:.· lll.::os-: 2 no:1ths 01, in.f'iltra:tion, \1hereas the ooisture content 

6-t ·;.he 13cst side of the pit increased to dcptho or :r.Dre thnn ~ feet. 

The ir:-l;!cuJ.arities in the curves of mistu_~ con~c:~t for uccess 

tu.bco DPW-11 lA, a:.ld 8 prcbalJJ.y are J.ue to ct&l(;CS .:.U per.-~abilit:.·. 

o.:ld at 10 to ;..c feet at n:r:w-2 probably is caus~d u:· voter rencl!ir..g 

those 1::-~tcr.-ul.s thro~lgh joints. 

'.'0 

·' : 
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~ effects of joir.ts nnd contacto bctvcc;-:. oulrunits 

of the tuft' on vator mvcr.:ent 

Water movoo through the tu:tt in tvo veys--by capillary J:DV~t 

through the iX)rco of tr,e tuff 1 and by :::OVet!lcnt throUGh open il~ter-

connected joints • Water entcr-l.r..g open inte:."Conncctcd joints might 

move rapidly., downward., throtJBh the joints; howe-.fcr., 11" the .joints 

are not continuous through contacts bctveen subur..i t ~ of the tuf:f' 

the water eight be perched above the contact ar:;d vouJ.d tend to mve 

laterally. 

Liquid vastes ttre discharged pcriod~call~ 1~m a treatcent plant 

onto the Tsbircgl! !e'.:bcr in the floor of Acid Co.n;yon. The pcir1~ of 

discharGe is u'bout a qunrter of a. cilc above o. seep i"t_ovl.ng severtll. 

go..l.lons per cinute tLt the contact o:' the Tshirege a:rl Otowi t·Ser.bc!"S 
(~'1·z.(.) 

in Acid Cwzyo~ The liquid va.ote::: o.re discharGed :f'ro:::1 the plant in 

T'..d'f and tl~e locntior.· of a oeep crea in /;eid Ct>.n:10n at ~ te /5:_ 
slugs a.nd cause intel'tli ttent surface nov on the canyon floor :f'or 

I 

periods of as cuch as one hour. Bctveen intermttcnt !'lovs t!le ~·lcor 

of the canyon norcal.J.y is drJ betveen the treatz:lent plant o.nd the 

seep; flav 1n the canyon is percrminl. below t~..e seep. 

71-72 
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the liquid wste d!.scharced froD the treatr.cnt plo.nt • S~ Of 

the area 1zxlicatea that liquid w.ate percolates through joints in 

the Tshirege Member to the top of the oaosive otovi Me::ber vhere 

it is perched. aDd tJ::.~n roves laterally o.l.ong the contact to the 

seep area.. 

L1q..t1d r:JJ.y also be covi.og along the subsurface contact of the 

t'JO r.leru.bers to other points of d1schar{Ie which have not as yet been 

round. The attitude or the contnct is unknown; if it is relatively 

lc-.rel wter could be mvinc; u.."'ldergrou."ld in all directions fran the 

point of recha.rge. 

Perched wnter occurs alae. at the contact between the· Guaje 

Member nnd the ur.derlying Puye ConalOL!ero.te. J.t>isture meEWu.re:I:ents 

of o~lcs fi'oi:l Sites 17 and 18 from two holes d..~lled throuch the 

GunJe into the Pu:Je indicated that the contact botveen the u:rl. ts 

i'oms a J?C:OCbing surface for percolating water. At both sites 

holes vere dl•illed in the streambed in SZNlll cc...>JOnB tributQ.17 to 

Pueblo Ca..rzyon and oeveral yardtJ upat:rea::1 i'rct'l the contact betveen 

the two w~ ts of the tuff. 

73 

------------------ -·-·- -------------- -----------

I 

' 



( 

( 
. \ 

( 

The moisture contents above and belov the Ouaje-Puye contact 
0 

were significantly different at both sites (table U.). The 6o.8 

percent averase ooistu.rc content in the OuaJe at Site 17 probably 

represents saturation or near sat\.l.rQtion and the ;t~. 2 percent in the 

clayey top of the Puj"C probably reproaents about field capacity or 

less. Apparently vat.er infiltrates slowly across the contact and 
i11 ;t/-t,..+es -. . 

- the Puye after field capaei ty or above is attained 

" 
in the Guaje. At Site 18, vherc less vater is available beeo.use or a 

stJall dra.:I.nege area1 the average moisture content in the Ouaje vas 30.6 

percent 1 or about beJ.i' that at Site 17. The moisture content of the 

Puye c.t 51 te l.8 va.a correspond1Dgly low. 

Sw:tples were collected at the baoe ot 8lld below o. COtl'pQCted 

silt la;rer ubout 1.3 feet thick in tho upper pa...-t of the Puye 

Conglott;e:nte 1 and which perches the strecm in part of Pueblo C~n 

(Site 19). MOisture content of the samples Ghov that little orr~ 

wnte1· infiltrates the silt la;}ter. The m1sture content at the bot-tom 

of the silt layer wes o.bout 22 percent by volume; tbe moisture content 

of the GD.lldy sed.imcnts ia:..ediately beneath the layer vas about l2 

pcrce!lt by volux::e. 



c 
Table 11.--?-ioisture C(Jntent, in percent by vo!.u::1e, 

near the contact c! tbe 3Wl..;e l.fe::1ber of the Bandelier 

Tuff and t:1e Puye Conc;lomerate at Sites 17 aud 1.3. 

Site Di&tance a0ove or Moi~ture coctent Strut.israphic Un.L t 
He. below contact (in percent by 

(teet) VOllU!le) 

17 l-2 61.0 Guaje Member 

u-l 6v.7 Gua,:je Mer.1ber 

•J-l 34.2 Puye Co!l{;lorr.emte 
J' 

lJ 2-4 ~·9 GuaJe Meutber 

v-2 31.4 Guaje Me.Dber 

' U-2 1).9 Pu:J·e Cc..nc;lomers. te 

2-4 17.1 P\.cye CcrjJlocerate 

( 
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SUmmary end conclusions 

Thl3 :BancWlier Tuff is divided into three members-•tbe GuaJe 

Member !lt the base 1 the O'to1li Member in the middJ.e 1 and the Tshiret;e 

Member on to:p. Vertical density grs.di·:mts in the TshireGe Member are 
. ~t>L~ 

caused by chc.nses 1n the physical properties of the tuff. The specific 

I ("'7i-r'l' 
e;;."TB.Vity of' the Bandelier Tu:f'f decreaseq sliGht~· 'With depth and also 

from vest to cnat across the Pajarito Plateeu. 

( 
\ 

. I 
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'l'he porosity of the tuff ranr;cd froc about 20 percent to about 

6o pel'Cent tu.d the deviation :f':roi:l the mean at any particular study 

area ws generally only a few percent. The higher porosity values 

are within the upper -parts of the units o.nd \ri thin the upper fev 

feet of the sub-anits. The poros:!:ty is inveroely related to the 

d::-y unit vTeight; the dry UDi t veight near the base of the units and 

sub-units ic relatively h13h end the poroaity relatively lov. 1'he 

porosity ic also inversely related to the moisture content at one-third 

atmosphere te:nsion, vi:licll vas :found t.o be rcughJ.y the aver...ge i"ielu 

ca.~1ty of the tu:i.'!'. Pore-size distri"uutiou cu;."''es ~how thtlt a::out 20 

I 

to 2) pcrcC!!t O:i.' the total pore spU.Ce trunam,i~~S !!k'>St •)f 't.!le \o-uter which 

tJOVes tlu-oueh the tuft', ar!d thAt tne w-uter lu th~ s~llel· '!JQr\!S r:.o\"eS 

cont~i~utcs little to the buL~ of the mover~nt. The nvera;c percea-

bility i:J l.ov--about ito 6 golloru:> per do.y ?m' ::lque.re root. 
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Jo1nt1ns is ccm:mon throuGhOut the T~hiret;e Member. They are 

no.n-ow end r1lled wi~h sediment:.: tor e. fe-.; feet '0010\1 the land surface, 

but are sediment-free at depth. Joints interconn.~oted to depth in 

the T:.hil•ese co~1ld provide paths tor rapid do;.nwC'..rd mov~nt of 1.rnter. 

In place31 ~be movement o~ water throuGh Joints would ne~te the effect 

that a. bed or l0\1 permeability .,rould have caused lltl.d vater :oove~nt 

been O..''llY thro~:h pore.J in t:1e tuff. !fuclides 1n ua.'.;.er mavins throt~ 

open joints ~o:~d have a relatively licited opportunity to be absorbed 

onto the tuff 1 as ccapered to nuclides in 'WD.ter that moved throuGh 

the pores or the tuff. 

T7 

I 
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!'be moisture content during percolation of vater throush 

parts or the tu.ft thnt contain ff!'rl joints or density gradients 

Wll8 1n the 25 to 35 percent 1-ance. 'lhia range is slightly above 

Jr.idvny between field capa.city and porosity of the tutf. Sllght 

changes in the plzysical prope:-ties of the tuff' apparently coused 

local o.rea.s to becooe oearly saturated, but generc.lly the r.oisture 

cootent during percolation through the bull: of the tuff vas substan-

tiD.l.ly less than saturation. Bc:1eath restricting layers, vater 

c ontirn1ed to cove in the lover n:oiature r&.Dge. The tca:lperature 

of the \ro.ter 1 due to see.sonnl cba.ngea, apparently a!i"ected the 

~.-ate of ini'iltrutioll ut the vater-tu...~ interfo.ce. The ro.te o! 

pcl·~ola.tion exceeded the ro.te of infiltration vhen the vater vaa 

near :f'reozillg. 

The rate of percola.tion in dry soil decreased :f'rcC1 o.bout balt 

a foot per d&.y dur'.ng the f1rot d.c.y to less than a quarter o! a :toot 

per ~- duriiJG the third day. In a vetted sOil t!le vetted front 

:c-.ovcd. to a dept.'l of D.ll:x>st 5 feet during 2 dnys of' infiltr~tior.. 1!1e 

rne.:<.in.un r.10isture content aner 99 da.ys o! iil.I.Dj,ltrc::ion vaa about 39 

percent i:l the eoil zone IUld dec:roa.sed to less t!'lan 4 percent vi thin 

a foot of t!1e top of' the u.:Xlerlyi.og tuft. 'l'he re.te of mvement 

clirectly intn dr:.r tuff averaged aoout 2 feet per day during the first 

day 1 half n :::'oot per day durir.B the ne:ct ll days, o.nd about a tenth 

' 
of a f'oo't per day dur1r.g the next 56 days. 

;
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Water mve::e:1t vas no:litorcd by ::x>isturc I.Jet~r re:lll~ngs to 

a depth ot o.bout ~ l'cet below a ~aposal pit. Uu.'tcr iu t..i.Je lov 

miaturc rar.ae o.ppar.:!ntly mvcd to depths greater th£~~ ~<: feat. 

Water iit u.:·lloO\lil quauti·t:!.es ::eves th=ouch Ol>en Joi!tto or jo:Ulta 

cnltU-gcd by oolveuts in the vust.cs. 

Al.ternat.e vet. tir-e and J.r;.ling o:r the tu!': J.ut~ to !uterw!. t tent 

or • alUG • dis'=r..arce of "JWJtea t:D:J cause J.i.N'erc:.l'l:. pat tcrt!S oi' 

uptake ot ior.s r.ho.n contit."Uous discherc;e. A:f'ter the tU::.~ has o::Jce 

been vct-ced und drained, the r;X)istu.-e contcLt rcr..u.i:1S 11. the 10 to 

20 perce:1t rtU"~e f'or a period or Gcveral ;:ontlls due ·~o i1ysteresi:1, 

IiUCh or tl:le I;;DVet:.ent baiz::c in the lover lXl!.Ot\.i.l"e rn:lCe. .:lubsequent 

cov~nt of vutcr t..~-ough the tui"i' is mre ru.pid beca.u.ac the tu~ 

is alrcad:,· \let":cd and £W energy barrier is not created ut the vetted 

front. 
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_d1stributio:11 Dlld the pcrticle o1ze each u: .. !'cc~ the z:r:>ve:-.ent of 

vo:~r in the Bandclle:- Ttu"'f. Their il:cl.iv!c:.t~ ~ld collective 

effects C3:j be evnluatad rela.":.ive to ·ra.rious otar .. .do.rd methods oi' 

s~~d;tinc water r..ovcrJcnt in u pcrous r.:a:tcric.l, ouc!l cs no1EJ'ture co:1tc:•t 1 

tm:sior.s at di1'1'cra:1t apeci:f'ic co!ld~ctc.nce ll:ld s-pe(.:i1'1c yield, c.nd 

pcr::1cabili t:;. The v~~r retent.io:J cr.d vnter trc.nstliosion p:ro-pe!"t1es 

o1· the tu:'f are fu.."'lc'tior..s of the poro&i t:r and the -perce:.1t of lo.rue 

p~icle uize diotrib~tion. 

!bot of the £P:'OSS 

S""-~- ,1· ... ·~ ....... -:~".C""- ..._,~nea•'l t;..._·.- "'' · :!:t -·~·--q- ~. ,:,~,..:+ 
.:..JJ,..,;_,...-- _ t.J..;. w ... s• ct ...... ~ ..... ,._..,_, . ··;;ti.."'-•• 

A 

dep·::~l ..:>f about 15 to 20 feet. ·~he alpha act.ivit:r V:lS 1ow1 cxcep~ i'or 

Ill hi•h dlplta 4&f,.pt':f.'l -

loc::U o.:-c~ ul:c.:-e \lUter ca..-:-ied the c.ctivit:,· c.l.cr.c jci::ts. Rapid 

1\ 
ol Vf4.f~r 

nc>Yc:'lCnt "th..~ush joints '\ltlS substr.nt!s:tcd du::"!.!1C ::.:1!'1:!.~::-o.t:..o:-:. S'":.ulies. 

'.:'he rcl<J.tior.s:U.p betvcen grosz a.lphD. activity and the pH of tl:e 

solu'tio1: wu.o i::r;erse. 1btal. hard11ess Md tcbl ::olids incrcuscC.. 

lri·ch c!epth_. S'..IGCOstir.g solution ond resolutio::l of p::-c-1icu.sl:r deposited 

·-· .. ...;._ .... ----------------- ,·-· 
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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, Hew 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 Kesita 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. Deparbaent 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 americi~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 and 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 nouwelded 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 nouwelded 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 (Boles 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 vas obtained in 5-foot intervals, and those samples selected for 
gravt.etric aaalysis 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 vas prepared, also in accord with established procedures 
(Bendix Field Engineering Corporation, 1985a). 

r 1oo& 
I After each hole vas cored to th_e -deliwe4-4epth, the continuous sampling system 

vas raaoved frOB the center drill stem and replaced with the standard center 
drill bit. The hole vas then extended, in most cases approximately 20 feet 
below the desired final hole depth.- • ~,The center drill stelll and auger flights 
were then reaoved from the hole and the cuttings dropped downhole, filling the 

c'o-ct'~ ~le~~~~-~e. ap_!~,.?xi~~e des~u .total depth7 ~ '"'ik ~t:::.J ci: rt-,..;'5 ~ ~~---.. ~~ 
. ·'""': ·'"'~ ~ ~ ~~...-. T......,..... 1 ~· , NLON'l'(O~~ tr!~.~--e ...... ~~ "4 1....cJ.~\, c:l.c .,..,,, :, ; "n"'""- · _,. - ·""- c' •·· . 

_. ~ Equip.ent vas decontamiaated between drill holes using the following pro-
; r;: -- J cedures. For drill holes in and around Area L, the auger flights, center 

drill stem, and continuous sa.pler were steam-cleaned, then rinsed in methanol 
and allowed to dry in successive cattle tanks provided by LOL. For drill 
holes in Area G, all equipment was first monitored for radioactive contamina
tion by LARL personnel (none vas discovered); then the downhole equipaent was 
decontaaiaated using the s.ae procedure as above. 

During all drilling activities, cuttings brought to the surface by the auger 
flights were i.mediately placed in 55-gallon druas to minimize the potential 
for adverse health effects occurring as a result of cont .. inated cuttings. In 
addition, as each 5-foot core interval vas removed frOB a hole, measurements 
were taken at the hole and in the driller"'• breathing zone using an Organic 
Vapor Meter (OVH) and an Ezplosimeter, in accord with established procedures 
(Bendix Field Engineering Corporation, 1985b). lzaaination of the results 
indicated that no respiratory protection vas needed. 

The hole-numbering schaae is based primarily on the purpose for each hole and 
the drillina sequence (cf. Fiaure 1). The first letter, L, refers to Los 
Ala.os. 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, assigmed accordina to the following desianations: 

• II: Jloisture Boles - To be used to •terai.ne intrinsic pemeability and 
hydraulic conductivity of the tuff. 

• C: Core and Pore-Gas Sapling Boles - To be used to collect samples for 
IP..toxicity and volatile-orpnic analyses, and for the installation of 
pore-ps-.a.plina apparatus. 

• P: PsychrQMter Boles - To be used for the iutallation of theraocouple 
psychra.eters and pressure transducers to determine local moisture condi
tions, taaperature, and pressure. 

• B: Beutron Moisture Access Boles - To be used by LARL 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-o4a 0 120 116 
LLM-85:...05 124 145 124 122 
IGM-85-06 ot: 124 145 127 121 
LGP-85-07 ~p-oe 49 60 53 53 
LGN-85-o88 L-urJ- or- 0 60 54 
LGC-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 (~tl)d) 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 

8 Th is 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 Bole 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 
vas replaced several times in the course of drilling to maintain core quality. 

LI'l'B.OLOGIC LOGGING 

ftOCEDURES 

A lithologic log vas 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 snaber as Figures 2 through 17. The colors used to describe 
the core .. trices are taken from the l.ock 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. s .. ples identified by 
the three-letter prefix HOG- followed solely by a three-digit number were 
collected for gravimetric analy.is. Tbose HC~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 LAHL; splits of these aa.ples are identified by the 
addition of the letter A immediately following the sample number. 

I.ESULTS 

Aa previously mentioned, two of the three units of the tshirege Member of the 
Banclelier tuff underlie Hesita del Buey. These units dip 2 to 3 degrees to 
the southeast and become thinner in the direction of dip, .. ay froa their 
source in the Valles Caldera. Each of the units consists of two subunits 
which are described by Purtymun ancl Kennedy (1971). Their descriptions, 
together with characteristics observecl in the actual core collected for this 
stucly, were usecl to clistinauish between each of the subunits. 

The lower.ost subunit of the Tshirege Meaber encountered cluring this clrilling 
progr .. is Unit la, a noDVeldecl, light-orange to light-brown ash-flow tuff. 
The .. n.ua thickness of Unit la encountered in the Los Alamos clrill holes was 
26 f•t; no clrill hole penetrated the entire unit. At Hesita del Buey, Unit 
1a consists of very unifora, DOIIVeldecl, clevitrifiecl ash with numerous but 
scattered luaps of light-tan pgaice lapilli ancl latitic to rhyolitic lithic 
lapilli. 

The contact between Units la ancl 1b vas cliscerDed 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, bipyraidal quartz crystals up to 4 .. in climeter 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 11111 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 nouwelded 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 northwesterumost 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 fo~s 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 nortbwesterumost 
hole (LLC-85-13) and 28 feet in the southeaaterumoat hole (LGC-85-09), 
respectively. 
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-Unll2b: Ta ........ MemiMr of lhe ....._, Tutf 

TuH 11 moderately welded and matrix color ll vety light OtiY (HI). Pumk:8 .. pilll 
(pumice fragments) are light gray and range In alze from 5 to 10 mm. Horlzontel 
fracturea are coated wun caliche at cteptha of 5 ft 21n. and 5 It 71n. The upper 3to • 
, ... are very w .. lhlrad. 

Chlltoyant aanadlna crya .. la, up to 3 mm In lila, are prnent throughout thll untt. 

Color changa very lllghtly to pinkish gray (5YR8/1), reprnenting contKt 
between two HoWl that cooled u one unit. 

Slightly more welded thtln above. 

OrUUng becomeiNitef, repreunung eontace with non-- to lltghtly wekled baH of 
Un11211. 

Matrix color chlngu to grayilh pink (5AII2). Pumice lllpilli are pale brown and 
grayish olive: compared wllh thoH In Unll 2b. they are larger (10 to 20 nun) and 
more abundant. 

S.nadlne and quartz cryatlll, .... than 1 mm In liza, are pr ... nt. SUghtly more 
wtfded than above. 

Matrtx color changn to plnklah gray (5YR811 ). 

Nonwelded, very diaaggregated aah-flow tuH . 

Matrbc color cnangea to Ughl gray (N7). 

Abundant brown and occasional gray snd green pumice lapllli, 10 to 20 mm N1 
size; very aparse, amallp to 2 mm) Uthtc lapilll (rock lragmentat. 

Nesr·varticallractura Ia coated with Iron-colored clay (limonite?). 
Unlttb 
Matrix gradn to a color batwHn pinkish gray (5YR811) and yellowish g,.y 
(5Y8/1). Pumice lapllll are predominantly brown and much smalleJ (5 to 10 mm) 
thin those in Unit 21. Lilhk: 111HHI, 1 to 2 mm In size, start to 1ppear 1nd become 
more abund1nt wilh depth. 

Minor chatoyant un1dlne crys1111 are pre11nt 

Matnx isllghler In color, nearly vary light gray (NI). 

Becoming more welded. 

Color grades to grayish pink (5R8/2). 

Brown pumice llpllll Ire abundant. 

Matrix is browner. nearly p111 red (5R6/2). and appnrsto be the moll densely 
welded Interval in this unit. 

High-angle fracture extends trom 120 to 124 ft. 

Very large (up to 1 ln.) lithic tapllll, with abundant small lithic lapilll. 

Figure 2. Lithologic Log of Bole LLM-85-01 
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Unit 2b: Tllllrege Member olthe IandaUer TuH 

TuH 11 moderately welded, and matrix color 11 vary light gray (N8). Pumice lapllll 
are light gray ( N7). The upper 3 feel are weathered. 

Large rust-colored fracture exlenda from 28 II 3 ln. to 27 II 8 ln.; white caliche and 
rootl are present. 

Drilling becomea usler at approximately 33 ft, which may represent contact with 
lhe nonwelded portion of Unit 2b. 

Near-vertical fracture extenda from 35 to atleul40 II 8 ln. The fracture haa an 
Iron ataln approximately 21161n. wide. 

Color changea to grayish pink (5R6/2). Pumlcelapllll-brown, gray, and green In 
color-are larger than thoae in Unit 2b. 

Fracture exlenda from 491191n.to 51 II 10 ln.; It is marked with an Iron-colored 
alteration bend that widens with depth, bul occura on only one side of the fracture 
plane. 

Fracture extends from 55 II 2 ln. to 5611 2 ln.; ills similar to, and may ba 
continuous with, the above fracture. 

Pumice lapilll 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) 
lilhlciapilll. 

p'umica lapllli are predominantly brown and much smaller than those In the above 
units. Lithic lapllli, very scattered and smalt, are present and become more 
abundant with depth. Matrix grades to a color balwaen pinkish gray (5YR811 I and 
yellowish gray (5Y611). Tuttis slightly more welded than the base of Unil2a. 

Abundant brown pumice lapUft; larger fragments are noticeably flattened. 

Quartz and feldspar In matriK becoming more abundant. Quartz is distinctively 
honey-colored and blpyramidal. 

Drilling becomes slightly more dllllcull and rock fragments are vary abundant, 
indicaling contact wilh the most densely welded portion of Unit 1 b. 

Same as above, except matrix color is more orangish, nearly moderate orange 
pink (5YR8/4). 

Figure 3. Lithologic Log of Hole LLM-85-02 
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Unit 211= Tllll ..... Member of ltle a.ncleller Tuff 

Tuff is mora friable tllan that In Hole LLM-85-02. Matrix color ia light gray (N7). 

Horizontal fracture oceura at depth of 5 It 10 in.; coated with caliche. 

Abundant quartz and sanadlna crystals occur throughout this unit. 

Matrix colot" changn slightly to pinkish gray (5YR811 ), which may repraaent the 
contact belwftn two flows that cooled as a single unit. 

Drilling becomn easier at depth of approximately 20 ft. 

Gradational contact with lower, nonwalded portion of Unit 2b. 

Matrix becomn slightly pinker, to grayish pink (5R812). 

High-angle (nearly 90 degreea) fracturn extend from 30 It 8 in. to 31 It 2 ln., from 
31 It II ln. to 32 It 8 ln .• from 35 to 37 It, and from 39.5 to 40 ft. All four are heavily 
stained with limonite. Thera appears to be a horizontal fracture lying belwftn the 
upper two high-angle fracturn. 

Unlt2e 

Matrix becomes darker-to pale red (5R6/2)-at depth of 42 to 43ft. Pumice 
lapilll are abundant, soma longer tllan the cora and appearing quite flattened. 
Occasional pumice lapilll are greenish (10Y412 to 10YS/4). 

Small high-angle fracture occurs at depth of approximately 56 ft. 

Pumice lapilll become more abundant and predominantly brown in color, 
but occasional gray and green fragments were observed. 

Soma 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 belwftn 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 1n pumice lapilli. 

Brown pumice lapilli are abundant and very flattened. 

Lithologic Log of Hole LLP-85-03 

13 



-V1 

~=:t r.= 

25 

35 

45 

50 

55 

80 

85 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

125 

::.,mr; 

MCG-526 

MCG-527 

MCG-528 

MCG-810** 

MCG-529 

MCG-530 

MCG-531 

MCG-532 

MCG-811** 

MCG-533 

MCG-534 

MCG-535 

MCG-538 

MCG-537 

MCG-538 

MCG-539 

MCG-540 

MCG-612** 

MCG-541 

MCG-542 

MCG-543 

MCG-544 

MCG-545 

MCG-546 

MCG-547 

MCG-548 

MCG-549 

MCG-613*" 
MCG-550 

Tullia moderately welded, and matrt• color 11 between Ughlgray (N7) and very 
light gray (N8). Pumlcalapilll, 210 10 mm In alze, arallghlgray to madlum Hghtgray. 
Chatoyant aanadina crystals are 1 mm •n alze. The upper 4 flare very weathered and 
contain abundant horizontal fractures with iron ataina and root atructur•. 

Same as above, eJCcept rare lithic lapiUI up to 40 mm in aize are present. 

Same aa aboVe, except clear quartz and chatoyanl blue aanadlne cryalala, 1 to 2 
mm in size, are abundant. · 

Color changaa 10 graylah pink (5R812) at depth olapproxlmataly 34ft. Drilling 
becomea eaaiet at depth of 33 to 34 tt, rapraaenttng contact with lower How and/or 
nonwetded portion ol Unll2b. PumicalapiiH range In aizalrom 210 10 mm. 

Malrt• color otlllgraylah pink (5R812). Pumice lapiHiare larger (5 to 30 mm), bUt 
still predominantly gray. Quartz and aanadlna cryalala, leal than 1 mm In olza, are 
present. 

Fracture exlando !rom 48to 48.4ft. 

Pumice lapilllare oame size so above (5 to 30 mm), but olive or greenloh-colored 
tragmenta are present. 

Small fracture, lilted to 1/Sin., extendolrom 54 to 55.5 ft. 

Fracture occur1 at depth of approximately sa ft; very broken .. up core. 

Matrix color ollllgreyloh pink (5R8/2). Pumlcalapilll are larger (10 to 40 mm), but 
still predominantly brown with occaaional olive or graenlah·colored fragmanta. 

Lithic lapifll, up to 2 mm In size, are praaent In small amounts. Pumlcel•pilll •r• 
brown, but slightly larger (20 to 40 mmlthan lhooaln upper lnlervalo. Tullia slightly 
welded. 

Lithic lapllll are abundant, but still small (tell than 2 mml. 

Tuff Is moder•tely welded, •nd matrix color 11 becoming more plnkllh (5R8/2) 
which may represent contact with the more densely welded portion ol Unlt1 b. Rock 
or lithic fragments are becoming much larger. Pumlcelapilli are very large. Quartz 
crystals, dark- to honey-colored, ara abundant 

Scauered, large lithic lapllli. Large pumice lapilli are very llallened. 

Matrix color changes to pale red (10R8121. 

Matrix color changes to pinkish orange (nearly 10R7/6); non~ to slightly welded 
lower portion of Unit 1 b. 

Figure 5. Lithologic Log of Hole LLM-85-05 



One loot ol medtum·brown sot! merges tnto ltght·gray (N7) ash-flow tulf, which ts 
moderately welded Pumice laplllt, 2 to 10 mm m stze. are medtum light gray 
Sanadme and quartz are abundant Iron-stained fracture &~!;tends from 5 It 10 in to 6 
It 1 in , and catiche·ftlled fracture from 6 It 4 in to 6 It 7 tn 

Caltche·ftlled fracture extends from 9 to 9 5 It 

Matnx color grades to vary light gray (NB) Ltght·gray pumice laptllt, 2 to 10 mm m 
stze, are present from ground surlace to approxtmatety 8 II 

Maim color tS between very ltght gray (NS) and ltght browntsh gray (5VR6/1) 

Near-verttcal fracture e"tends from 29 to 29 5 II 

Tulf appears hsstle; drtlhng is sltghtly easter. No obvious color change Pumtce 
laptlh are brown and gray. and larger (10 to 30 mm) than those In the upper untl 

Near-vertical fractures extend from 41 It 4 in. to 42 It 2 tn. and from 43 to 43.5 It; 
the former appears to be open 

Matm color is very light gray (N8). 

Tuff tli non welded, and pumice lapt11i are larger 

....,_~ _ _._, Unll1b 

Matn" becomes almost white (N9). Pumice lapilli are predominantly brown 
from 59 to 69 h 

Matm darkens to light gray (N7) 

Matri" color changes to grayish ptnk (SRB/2) at depth ol approximately 69 It 

Smallltlhtc laptllt, 1 to 2 mm in size, are present m small amounts. 

Ltlhtc laptllt are more abundant; brown pumice lapilh are larger 

Matnx color becomes ptnker, to pale red (5R6/2), and tuff is only slightly welded 
lithtc taptlli increase tn size Btpyramidat quartz crystals, gold to tan colored, are 
abundant 

Transitton to moderately welded zone of Unit 1 b. Matrl" color changes to grayash 
orange pink (5VR7 /2). Sa pyramidal quartz crystals are 1till abundant and Increasing 
in size (up to 4 mm). 

Tuft is moderately welded, and color change• to moderate orange pink {SVRB/4) 

Same as above, except tuft •• nonwelded, representing the base of Unit 1 b. 

Unll 1a 
-1 < ..., Completely nonwelded ash, moderate orange pink (5VR8/4), with scattered lumps 

., -' ..., ..., ,.. ' ol tan pumice tapilli. 

,... " <' r ..:. ,. 
.., "., .... "I,. .. 

".I. ,... v ") "' 
; ., .... ~ ..:. r- .. 

_. " 1 v ., Completely nonwelded ash, with large (some greater than 2 in.) pumtce and rock 
r " .... > " taptlh 
"' .J ., v ..... ,.. 

r " < r > 
"?'\ "7 -1,... \..J 

..... .J ,.. v :> .... 

Figure 6. Lithologic Log of Hole LGM-85-06 
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Figure 7. 

Dncrtpllon 

Unit 2b: Tehlrege Member of the B•ndeller TuH 

Soil consosting of weathered tuff extends from ground surface to 5 It, and contains 
scattered root material. 

Matrox 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 sanadine and quartz crystals are abundant. 

Near-vertical. noncoated fracture(?), possibly open. extends from 21 It 7 in. to 22 It 
1 in. 

Unlt2• 

Tuff appears fissile and less welded; drilling os easier. Matrix color is between light 
gray (N7) and very light brownish gray (5YR7/1). Pumoce lapilli are larger (10 to 20 
mm) and predominantly brown. 

Matrix color darkens to medium-light gray (N6). 

Lithologic Log of Hole LGP-85-07 
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Unlt2b: Tllllr.ge lhn!Hr of 1M aenc!Mier Tuff 

The upper 5 It are weathered and looae. and predominantly brown tn color. 

Po~aible horizontal fracture occura at depth of 6 It 10 tn.; very slight discoloration 

to brown on the surface. 

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. 
Concentration• of larger pumice lapilli may repreaent the bOundary between 

aeparate flowa within thia unit. · 

Matrix color changes to pinkiah gray (5YR811 ). 

Tuff eppesra alightly fllalle. 
Poaaible noncoated fracture extenda from 1911 to 19 113 in. 

Matrix color becomes very slightly pinkiah, with very amall, brown pumice 

lapilli. probably indicating a tranaitional contact with Unit 2a. · 

Unit 2e 

Matrix color ia definitely pinktah. Sanadtne and quartz are preaent. Approximately 

75'111 of the pumice tepilll are br-n. 25'111 green (Olive). 

Matrix color cttanges to light br-"illl gray (5YRIII1 ). 

Near-vertical, iron-atained fracture extenda from 35 11 4 tn. to 36 It 4 in. 

Near-vertical, noncoated fracture extenda from 40 11 to 40 11 8 in. 

Unit 1b 
Matrix color changing to very light gray (N8) to almost white (N9) at depth of 43 to 

44 It; tuff ia only slightly to mOderately welded. All pumice lapilli are brown. 

Sanadine cryatala are abundant. 

Matrix color changes to white ( N9) at depth of 52 ft. 

Pumice lapilli are still brown. but becoming amaller. Lithic lapilli are abundant. up 

to 'h in. in size at depth of 59 ft. Quartz cryatala ara hOney-colored. 

Near-vertical fracture. slightly iron-etalned, extendlfrom 61 to 82 ft. 

Drilling becomes more difficult, and tuff ia moderately welded. Lithic lapilli are 

larger. Thia mora welded material probably repraeenta the central portion of the 

Unit 1 b cooling zone. 
Matrix color gf8des from pinkiah gray (5YRIII1) to very pale orange (10YR8/2) to 

light brown (5YR6/4). 
Tuff is non- to alightly -lded, and IOOklllke the rest of Unit 1b except the color •s 
becoming very orange. Lithic lepilli are IIIII very abundant. and quartz crystals are 

atilt honey-colored. 
Unlt1a 
Completely non-lded. orange-cOlored alh with large pumice lapilli. 

The latter are dlatinctively light b,_n or c..am-colorad. Only acattered lithic 

lepilll were obleiVed. one 1 ln. in size and ano!Mr 1116 in. In lize. 

Matrix color Ia moderate orange pink (5YRIII4). 

Same u abOVe. except damp.- otiMrved at depth of approximately 88 ft. 

Same u abOVe. except metrix color Chlllgel to 119ht tan (apj,roximately 5Y811 

(yellowish gray)) and green pumice lapilli are ecattered throughOUt. 
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Deocrlptlon 

Unit 2b: Tehlrege Member ol the Bendeller 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), woth abundant light-gray pumice tapilli and quartz and sanadine crystals 
Near-vertical fracture extends from 4 to 5 It 

Tuff is moderately welded. and matrix color is very light gray (N8). 

Transitional contact(?) with tower flow of Unit 2b, indicated by larger (10 to 20 
mm) pumoce tapilli, some of which are slightly greenosh. and larger sanadine 
crystals. 

Horizontal fracture occurs at depth of 31.5 ft. 
Unlt2• 

Matrix color changes to light brownish gray (5YA6/1 ). 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 on size 

Matrix color darkens to brownish gray (5YA4/1 ). 

Matrix color lightens to light brownish gray (5YR6/1 ). 

Near-vertical fracture extends from 52 to 53.5 ft. 
Pumice tapilli are larger. Sparse lithic tapilli, 1 to 2 mm in size. are present. 
Unlt1b 

Matrix color changes to light gray (N7) and is less welded than in the onterval 49 to 
54 ft. Pumice lapolli are smaller. and range from light brown to gray in color. 

Sparse, small lithic tapilli begin to appear. 

Drilling becomes more difficult: lithic lapilli still sparse and small. 

Matrix color becomes slightly pinkish. to pinkish gray (5YA8/1 ). Lithic lapilli are 
larger and more abundant. 

Tuff is moderately welded. and matrix color darkens to light brownish gray 
(5YA6/1). 

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 (5YA8/4). 

Vertical fracture extends from 94.5 to 96 ft. 

Lithic tapilli up to 1 in. in size are common. 

Figure 9. Lithologic Log of Hole LGC-85-10 
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Weathered-tuff sml honzon extends to depth of 3 11 

Matnx color ranges from very light gray (N8) to very light brownish gray (5YA7/1 ), 
w1th light-gray pum1ce Ia pUII. Near-11er11cal fractures extend lrom 5 to 6 f1 and from 
6 5 to 7 511 

Quartz and chatoyant blue sanadme crystals are present 

Iron-s tamed, caliche-tilled fractures, d1ppmg approximately 45 degrees, occur at 
depths oilS 5 and 17 5 fl 

lron-s1a1ned traclure, d1ppmg apprmumately 45 degrees, occurs al dep!h of ~0 11 

Pumice lapLIIL, 3 lo 10 mm 1n size, are slill hght gray 

Tull•s moderately welded, and matnx color is very light gray (NS) with a SILght 
pinkLSh cast (nearly p1nkish gray (SVRS/1)) Pumice lapllll are larger and predom
inantly brown, though some are greenish-colored Quartz and chatoyant sanadme 
crystals are present 

Tullis only shghUy to moderately welded. Pumice lapLih-aome brown, some 
green-are ver.y large. Sparse, small lithiC tapilli are present. 

Unit 1b 
Tull1s non· lo slightly welded, and matnx ranges in color from very light gray (NS) 
to almosl while (N9) 

Fracture (?), dlppmg approximalely 45 degrees, occurs at depth ol66 It 

Lilh1c lapilh begm lo appear, becoming larger and more abundant with depth. 

Fractures, dlppmg apprO)(Imately 45 degrees, occur at deplhs of 75.5 and 76 5 It 

Tuff is more welded, and matrh~: color is pinkiSh gray (5VR8/1) 

Tufl1s moderately welded. 

Quartz crystals are abundant and dislinctively honey- or tan-colored 
Matrix color changes to moderate orange pink (5YRB/4) al depth of 93 U. Lithic 
lapilll becoming very large, up to 3 in. in alze. Pumlcelapilllare still small and brown 
Quartz crystals are same as above. 
Pum1ce lapilli increase In size, and some are gold· to tan-colored (similar to those 
inUnit1a) 

Tuff is only slightly weldeG. Lilhic lap/Ill are leas abundant, but range up to 3 In 
in size. Ouanz crystals are same as above 
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Completely nonwelded tuff, moderate orange pint~ (SYRB/4), w1th scattered, 
large, golden-tan, pumice 11pilli •nd lithiC llplili . 

Same as above 

Figure 10. Lithologic Log of Hole LGM-85-11 
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Figure 11. 

Unit 2b: Tlhlrega Member of the •ndeller Tuff 

Soil consists of weathered tuff and some fill (tuff). 
Matrix is light gray (N7), with common quartz and chatoyant sanadine crystals. 
Iron-stained fractures. dipping 45 degreea, occur at depths of 5 It, 6 fl. and 6 118 in. 
Pumice lapilll are medium light gray, except for a vary few which are light green. 

Same as above. 

Horizontal fractures occur at depths of 24 118 ln., 25 fl. 25 II 7 in., and 26 fl. 

Pumice lapilli are gray and range from 2 to 10 mm in size. 

Tuff appears only slightly welded (from surface), possibly the reault of weathering 
due to the hole's proximity to the edge of the meaa. 

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 fl. 

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 senadine crystals. 

sanadine and quartz crystal• are abundant and pnsaent in equal amounts. 

Pumice lapilli-aome brown, some green-are larger than above. 

Matrix color is vary light gray (N8). 

Unlt1b 

Tuff is non- to slightly welded, and matrix is becoming lighter, to a cOlor between 
very light gray (NSI and white (N9). Pumicelapllll range up to 30 mm in size. 

5anadine and quartz crystals are preMnt in approximately equal amounts. Quartz 
crystals are distinctively honey· or tan-colored. Pumice lapllll range up to 40 mm in 
size. No lithic lapllli were obearvad. 

Lithologic Log of Hole LLC-85-12 
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15.05067 ~~~~~ than in Unit 2b. Some broWn pumice lapilll wena oblerYec:l. 

\ .... /..._ ..,.-'I , .... .,, .... ,, .... ,, 
Core ,_,-, le excellent no .,_kl occurnac:t in the lllnae 5-ft aec:tlonl from 411 to 

I ~)i ·~)i~)·t 
1,.,, .... ,, .... ,~ ... 84 ft. Tuff 11 allghtly mona than moc:lerately welc:lec:l. 

55 ,~),':_)j':..)f .... ,, .... ,, .... ,, 
85.051115 

/-: .. )j ·~.)I':..) I 
85.050111 

.... ,~ .... ,, .... ,~ ... Some large (20 to 40 mm) pumice lapllllllave rt1111 altenacl (?) to broWn color. 
eo ''"1'-'J')i .... )t .... /1..-/1 ... 

~~ ... ,~)/~)·, 
.... ,~ .... ,{ .... ,{ .... 

85 1'5/1-:.."1':..-'1 Matrix color le ume aa abowe. Pumice lapilll-broWn, gray, anc:l a lew gnaen-.... {'{..-,{..-,{ .... 
1...,'1':..-'1':..-'1..), _.ge approxlmeWI)r 10 mm In lize. Phenocrysta, aweraging 3 mm In lize. are 

15.051M .... _,1.,.._,1 .... _,1 .... prac:IOminantly aanadlne wltllaome quartz. 

70 85.050811 , ... )j,)',\); 
.... ~~ .... )~ .... /{-; Tuff 1e atlll moc:~eratety welclac:l, but matrix color Changea to graylall orange pink 

I -'1'-'1'-'J (5YR712) . 
.,").\...,..) ,,/\, 

75 1~>,':.. ... ',-:_.,'J~ .... ,~ ....... , ..... ,, ..... 
15.051117 1':..-' 1':..)/~.-;-;' .... ,, .... .,, ..... _,1 .... 
85.05070 J':)i':.,)j':.,)j~ 

Sanadlne~~in lize. 
eo ........ { ....... , ........ , .... 

fl':..,,':.,),':..)/' 
~I'\.,..., I ..-_,1.,.. 

15 ll~),':.,)j~);~ Same aa .-.... ..cept llllftllce ..... -.ge 10 mm in liD. with- aalarge aa 
""1'-t.,.., \.,..1' I,... 50111111 .......... ~- ..... anc:l quMz -not.....-. 

85.051111 
~':.., l':..)j~)l':.. 
1-o-/1 .... .,1 .... .,1 ..... 

10 
III.CIII071 ~':.,),':..;,-:_;;~ 

1--/1 .... .,1 .... .,1 .... Matrix 001or Clfllntee to 111M gray (N71. Pumice lllpiiH -IMCIIum llgllt gray 8ftc:l ,,,,,,, 
!--':''""'''''"" _,...10mmlnllle. ,, .... .,, .... .,,--:_, 

15 ~ .... ,~ .... ,~ .... ,':.. 
1-o-;{ ........ ~ .... .,t--:. .... ,,,,,, ....... ,, 

Matrix OOior cllerlfle Mck to~ -.e plnll (5YR712). Equel -'1 of 85.051111 ~":'\""I' I' 
85.05072 

/ '/ "/ , 
broWn anc:l gray pumice ....... - rar-t 1011 

Figure 12. Lithologic Log of Bole LLC-85-13 
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Det~lll 
(IMII =., =~ 

Qreplllc 
Lot Deecrlptton 

' .. ,..:, .. , ... ,_ ,,~ ... 
Unit 2b: Tlhln19e Member of the Bendeller Tuff 

I ,,j-.,'~11.:0,(~'\'~~, 
.... ';" ,:•', ~.;,,-, ....... ; Tuff is moderately welded, and matrix color is light brownish gray (5YR6/1 1. 

5 ,,~~~~ ~,:,-:.:2:,~,:~ Horizontal fracture occurs at depth of 1.5 ft. Pumice lapilli are small and gray. .!,..'7~ ~ (.: ,., i?,"~ ~ Quartz and sanadine crystals are small and clear. 
65.05200 

,;·· .. ~.._\,~;: .. \,;'_~{;~\~ 
85.05075 I ~~~t.\:~:~\\,:,\:. 

10 -;~,:, ~:~ ;;:/::--;~ ~:: 
, .. ':./'),"; i;(,.: "-"-...:,..!! 
.. ...!.,~,'_ .... ,~.';';-' ,.:.;-~~ ,-
i~':';.,',~:..~,~;:-7~~ 

Matrix color changes to very light gray (N8), which probably represents the 15 ~~~~~ \ ,,_. ... , ... ,, ... ,,,.I contact with the lower flow of Unit 2b. 

MCG-642* ~~:,£~~~:-,~'::: 
{ 85.05201 

..:; ... ,, .. ..!,'i!'f.,~\';", Fractures. dipping approximately 45 degrees, occur at depths of 18ft 2 in. and 19 

20 85.05076 :/,':0)::-;~~~~f ft 3 in. 

\(~\' ':.~;~'{,':':(;~!.;_ 
r;,~f.;~~~"?~~;~ Lithic lapilll are sparse and range up to 30 mm in size. 

25 '\•'~: ... ~~-~:~~~~' Matrix color changes back to light brownish gray (5YR6/1) at depth of 26 ft. "!.'.!1;-~.t\-,,,'~1 ~"--

85.05202 :~~~7'~~~~:~~~ Fractures, dipping approximately 45 degrees, occur at depths of 25 and 26 ft. 

85.05077 ,<·~~:..;,;:r:\:-;. ~ 
85.05077A 

,.... ...... .... '--, Pumice lapilli-aome brOwn, some gray-range in size from 10 to 40 mm. 30 ~.;,',:~'.!~,-,\' .. .'-' 
~:~~:~ Drilling becomes much easier at depth of 32 ft. repreaentlng the contact with the , .... I 'I,·:.-.:,,,, nonwelded base of Unit 2b. Matrix color changes to grayish orange pink (5YR7/2) • . 7;~ ·'-:~~·~ .!,!(~~: ..,,,_, ...:",!,--""1- Fracture, dipping approximately 45 degrees, occurs at depth of 31 ft • 

35 ' .... ' ... '.!.·t:;'.:_,,, ...... -; ~ 
·~'''\"!. .t:: ,_,, 
,-,,~~; I I .... 

Unlt2a 85.05078 ~\-/~ .. ~ 85.05078A Tuff is non- to slightly welded, and matrix color Is light brownish gray (5YR6/1 ). 
85.05203 I \ /\1\ /'/' ), '\ Pumice lapilli-some brown. some green-range in size from 10 to 30 mm. 40 ,)~ ..... ")\,)\_, ... 

,~_,,~)'t-:._.,j~ Tuff is moderately welded. and matrix color changes to grayish pink (5R6/2) . ..... /~ ..... /~ ..... /~ ..... , 
;':./ t';_/ 1'::,/ t'::. Lithic tapilli are sparse and average 5 to 10 mm in size. with some up to 40 mm. 

45 ..,/z ..... /~ .... /~,.., Pumice lapilli are same as above. 

~ 
85.05204 /':../!"::._/!~-' !~ 
85.05079 //~ ..... / \,..../\ ..... 

50 85.05079A \/ ;\t",,>;' Near-vertical fractures occur at depths of 49, 52, 53, 54. and 57 ft. This may be one 
.-/~--"Jr./~--- fracture. observed entering and exiting the core. 
:::J'- ~';./;' 
-'/~'%'"/'> Tuff is moderately welded. and matrix changes to a color between grayish pink 

55 '/ /f')/' (5R8/21 and grayish orange pink (5YR7/2). Pumicelapilli are predominantly brown. ..... /\ ..... 1\_,/\ ..... - and average 10 to 40 mm in size. Lithic lapilli are still sparse. but larger (20 to 40 
~)'~~~~~)/~ mm). 

~ 85.05205 _,,~~--/~ .... / \_.../ 

60 
85.05060 '//,/;')!' 

..... ~~ .... /Z..,/~--:~ Matrix color changes to grayish orange pink (5YR7/2); otherwise same as above 
'/1,//,/J' except fewer lithic lapilli. 
::;~ .... /~ ..... /'-~ 

65 
'/;'/;\)\ -,-,_,,_. 

/ , ..... /, ...... /, ..... / 
85.05206 

'/I,/ I'/,, 
/~..--/~ ..... ~' ..... /" 85.05081 ~/ /~./' ,~)/~ 

Same as above, except lithic lapilll are more abundant. 
70 

/~ ..... /~ ..... /~ ..... / Same as above. except no lithic lapilli were observed. ~\'~ .... ,~,.,~, 
/, ..... /~ ..... /,-'/ Matrix color lightens to grayish pink (5R8/2). Pumice lapllli-brown and 

75 ~/f~/1~;,~, green-are larger (20 to SO mm). Sanadine and quartz crystals are very small and /~ ..... /~ .... /z ..... / clear. 

~ 85.05207 
'::.,/1~//~/f'::..-
/~-'/, .... /, .... / 

85.05062 r- ' ' ' . 80 ~:;,~-::_ .... ~ 
~,. .. ~'7 Unit 1b 
~.., ... "' ... ~.., .. ., "'..,',.. 

Matrix color changes to light gray (N7). Brown pumicelapilli are smaller (10 to 25 
"' ..a .... " ..l 1 

85 " ,. ... ... "' (. " mmt. Lithic lapilli and quartz crystals are common, the latter ranging up to 3 mm in 
"' ,.. " .., ., ., "' size. Near-vertical fractures occur at depths of 85, 68, and 89 ft. 

"'" "t "t ... v .., < 
85.05206 .) ., ....... {"' f"' > 

~ 85.05063 "' ..f"" I. 7 90 
... 

> 1,. 1,. "''' ... A 

., "' > .. ~" .,), ., Same as above. except quartz crystals are larger (4 mmt and more abundant. < > V > r,... "' < L 
v ~ v .., .., .., "' 

A V ,._ L.,.. "' ... 
95 

., (.., > v.., '('.., 
,:"'a..""'('</,..., 
-.l 'C" v ., '-,.. ,_" r 

~ 85.05209 "f L 7 .... ""1 'tl ,.. "f"'.,'"' ... 
100 85.05064 

Figure 13. Lithologic Log of Hole LLC-85-14 
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85.05087 

+-:i:S::::~ 85.05211 
.. 85.05088 

20 85.05088A 

25 
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35 

55 

10 

85 

70 

75 

10 

85 
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15 

100 

..._.... 85.05212 
15.05018 

15.05213 
15.05080 
85.05080A 

85.05214 
85.050111 

85.05218 
85.o50113 

15.05217 
85.osoe. 

15.05218 
15J15015 

85.05211 
85.05011e 

Figure 14. 

Unit 211: Tltllnte .........,., ... ......,Tuft 

Soil layer axtanell to depth of approximately 4 in. Tuff 11 moderately welded. and 
matrix color il very light gray (N8) to graylah pink (5R812). Pumice lapilli era small 
and light gray. Clear quartz and unadine cry8tall, •- than 1 mm in size. ere 
common. High-angle. iron-stained fracturaa, with caliche inflll, occur at depthl of 1 
and 5 ft. 

Same u above, except matrix color changea to very light gray (N8). 

Same u above, except matrix colorchangae to light llroWniah gray (5YR811). 

Same u above, except pumice lapilli are larger (up to 10 mm). 

Tuff 11 moderately welded, and matrix color gradea to grayiah pink (5R812) . 
Pumice lapilli-moat gray, but -brOwn-range in liD from 10 to 40 mm. 

Low-angle fracture occura at depth of 31 ft 1 o in. 
Same u above. except tuft 11 non- to slightly w.lded. 

Tuff il non- to slightly w.lded. and matrix color ltlll graylah pink (5A812). Pumice 
lapilli-moat brown, but eomegraen (Oiive)-range In liD from approximately 10 to 
50mm. 

High-angle fracture occura at depth of 47.5 ft. 

Tuff 11 moderately w.lded. and matrix COlor gradea to pale r.s (5A8/2). 

Same u above. except matrix color changea to grayiah pink (5R812). 
High-angle fracture occura at depth of 51 ft a in. Pumice lapilli become larger. 
eomeuptoiOmm. 

• 

Matrix color gradel back to grayiah pink (5R8/2). Pumice lapilii becOme smaller. 
ranging in llze from 5 to 15 mm. 

High-angle fracture occura at depth of 87 ft. 
Same u above. except aperaellthic lapiiH are ~t. 

High-angle fracture occura at depth of 17 ft. 

Same .. above. .... ,. 
Matrbl color cNngea to pinldltl gray (l'tM/1 ). Pumice lapilll are preCIOmlnantly 
..,_, and ...,.. from 10 to 20 mm In llza. Quar1Z cryMala, up to 4 mm in lliza, are 
abundant. Ultllc lapilllare -abundant than --. ranging In llza from 5 to 15 
mm. 

Pumice lapiiH l-In llza to 30 mm. 

Same.--. -=--'rill color c:hMgel to very ligllt gray (N8). 

Pumice lapillll~ In 11za to 10 mm. 

Lithologic Log of Bole LLC-85-15 
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~=.'\' r:= t:::= Qr~ Deocrlll-

...., ,::~ .. - '.!~','\~ ... 'I~'. Unit 2b: Tahlrege Member of the Bandelier Tuff ,-,'-:.}':.' ~"'-~)'!. 
~!..',~\ _;;~_~;\~~-~: Soil and weetttered tuff extend to depttt of 16 in. 

5 85.05220 ;,~:!:',:~·=~~,~·,·=~, 
85.05099 -:~:~,l;;:,f;!.·;~ Tuff is moderately welded. and matrix color is grayish pink (5R812). Pumice lapilli 65.05099A I,,,,,_.,,,_,,,,. 

are ligttt gray and range up to 10 mm in size. Quartz and sanadine crystals range up 

)~~~~~~:(fii: to 4 mm in size. Near-vertical fractures occur at 3 It and from 6 to 7 ft. 
10 

7 ~~ ~~::; ~\:.:;_~;.~. Same as above. :;,,......,,'"., ... -;a,_,, 
~·~\':~~~~~:~~~ ;~ ' ... ,,,,.,.,,,,, ... 

15 ,,, .. ~ ... - ,~~ Reworked aatt (crossbedding) occurs at depth of 15ft 5 in. Tile material is orange ~!,!',;~; .... and represents ttte contact between tile upper and lower flows in Unit 2b. 85.05221 
,~, ..... , ... ,,_ ....... ,,f·' 

85.05100 /·,j;~!{~~.-:,~;t~'2, . 
20 85.05100A ',~;,:; ~,)'(,~f~~:3 

\ "';-'/ ,',~ ..:" .... , ........ , ... ;' Same as above. ~.--;., :_.~,-:.'-S'~,;-~~ 
:......--~\ ..... ~...,~;:' !_i,~ \' 
... ~· .... , '.:• ,, ,' .!.' t-

25 ...... ~~~, ~t,:~~~~ Higtt-angle fracture, wittt iron alteration. occurs at depttt of 25 It 10 in. ,, ..... ,,, _. .. , , .. ,, 
,-'.,'"',_ \- ... l'..>i'' 

~ 85.05222 J;'' .. ,,,,,;:~, ... , ... , 
85.05101 ~~: ~;~.;~-; \~2~ ~~; 30 

.~;I:~ ;f: ~:.~;:~: ... Tuff is still moderately welded, but matrix color changes to grayish orange pink 
.it';•')' I"',,.,:, I I (5YR712). 
-','-~'','.!.','~ ~; -,tt-· Tuff is non- to slightly welded, and drilling becomes easier at depth of 34 ft. 35 
I' t'll ,, ..,_\\I\ 

:':~~f,i~~~:!~~~' Higtt-angle fractures (one continuous fracture?) occur at depths of 34, 36, and 37ft. 

~ 85.05223 '),\ .. ~~.!~£~.1,-:~~ Pumice lapilli are gray and brown, and range in size from 10 to 20 mm. Quartz and 
"',~· ... ',-,.- ! •• :;~ ... sanadlne crystals are less tttan 1 mm in size. 85.05102 ft~~~~~}z~ 40 

Unlt2a -...""":7 ,--.7 po"/' 
/ ,~,,~ .... Lt~/ Tuff is non- to slightly welded, and matrix color is ligttt gray (N7). Pumice lapilli ~~A~/~/~ are brown, gray, and green. Sanadine and quartz crystals are larger, up to 3 mm. ,.,,,.,, I'" 45 
~~-,..,~~ 

Vertical fracture wlttt silt inflll extends from 41.5 to 45.6 It; it was probably filled in 
wittt reworked aatt prior to deposition of Unit 2b . 

~ 
85.05224 

.... ,~,..,::._,..,~ .... 
85.05103 ~ ..... /~ ..... /~ ..... /~ 

50 
./,,,,.,,,../,/ 
~ ..... ")~..,)~..,) ~ Tuff is moderately welded, and matrix color changes to grayish pink (5R812), at /I'" I'",,/ depttt of approximately 46 ft. Pumice lapilli are brown and green. \ ..... /\ ~\_,)\ ,,,.,,,, 

55 \'-~'-\'''' ,"'/, ..... /,-'/, 

~ 
85.05225 t'/1'/ I'/ I 
85.05104 Z"'/~..,/~..,/~ 

60 /l,/1,/1'"1 
z..,-:,~..,/Z//Z Same as above. ,,,,,,,,,,, 
~ ..... "/z-/~,/Z 

85 "1'"1'"1'"' \_,../\....-)\,...)\ ,,,,,,, 
~ 85.05226 ''-11-'\1...:"/ 

85.05105 , ..... /,-/,-'/, 
70 I'" ,, ,, 

I -~t-11-/ , ..... /, ..... /,-'/, 
V'1 \ /I\ "I\" I 
~..,)~ ..... ~~ ..... /~ ... 

75 1'/,,,,,,, 
~-· .. /,\_..-/~ .... /~~ 

85.05227 ,:_/,-::.,/I~" I 
85.05106 1..-/.\ .... /, .... /~~ Same as above. except rare lithic lapilli are present. 

60 ~~~\')L 
~,·~ Unlt1b 

L ."\ ~ ,- -, ""~ 
... '(' ~ v ~ Matrix color cttanges to llgttt gray (N7). Pumicelapilllare predominantly brown ~ ., )I ~ "' 

85 :: ""'"" ~ < ...... -c and range in size from 20 to 40 mm. Quartz and aanadina crystals are still common. 
"' ,. ... ,. ,..'- < "'> 1 Lithic lapilll are larger (up to 30 mm) and more abundant. 

o~,.. ,_ (. 
85.05228 .., 7 ~ " 'V 

~ 85.05107 
., ~ 1\ ~ 'I ., 

'C .> "' L 7 
90 ,.. ~ ., ~ ... ~ 

"''"'>,-;.;.., 
~ ~ "'! .l. 1\ L Higtt-angle fracture occura at depth of 92.5 ft. VA~ V &. V ~ 

~ A"",.. ~ '7 4 ~ 

95 ., " ~ ., ""',., ',...., 
~ ... ... ... 

85.05229 
,.. ~ ~ ., .) L ~ 1 Matrix color llgtttans to very llgttt gray (N8). Pumlcelapilll are larger (up to 50 

~ 
... ,. "')I ... "'< &. 

mm). Lltttic lapilli are common. 85.05109 . ' .., "'.,"" A 

100 85.05106A 

Figure 15. Lithologic Log of Hole LLC-85-16 
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Dapth Sample 
(1111) lniii'VII 

85 05230 
85 05113 

MCG-644* 

85 05244 
85 05129 

0 ' • 

" ~ t" ~ ,.. 7 

::~;~>-
v " r 

"' ~ ~ I' "' -; '!'"., ., .) 

D••crlptton 

Unl12b; Tthlrage Member ollhe Bandelier Tuff 

Soli and weathered tuft extend to approKimately 3 ft 

Tufl is moderately welded, and matrb; color is light gray (N7) Pumtce lapllh are 
gray and range tn size from 5 to 10 mm. Quartz and sanadtne crystals, less than 1 
mm tn size, are abundant 

Same as above Altered, high-angle fracture, with sltt in fill and roots, occurs at 
depth of 11112 in 

Matrht color is graytsh pink (SRB/2) and pumice lapilli are larger (up to 30 mm), 
represenllng transition to lower flow of Untt 2b Quartz and sanadine crystals same 
as above 

Same as above, except sparse lithic laptlli are present and quartz and sanadme 
crystals mcrease 10 size to 3 mm 
H1gh-angle fracture extends from 27 to 28 5 ft. 

Non welded base of Unit 2b; dnll1ng becomes easter Pum1ce tapilli mcrease m s1ze 
to 50 mm, while quartz and sanad1ne crystals decrease 10 SIZe to less than 1 mm 

UnU2a 

Matrix color 1s pale red (SA6/2). Pumtce lapilli are brown and green, and range 10 
stze from 10 to 30 mm. Quartz and sanadine crystals range up to 2 mm in stze 

Tuff is modarately welded; matrix color lightens to graytsh pink (SR8/2) at depth of 
approximately 45 fl 

Same as above 

Same as above, except pumice tap1lh are larger (up to 40 mm) and quartz and 
sanad1ne crystals are smaller (less than 1 mm). Htgh-angle fracture occurs at depth 
of6111. 

Same as above, except tuff Is non· to slightly welded 

Same as above. 

Unll1b 
Tuff ts non- to sllghliy welded, and matrix color changes to light gray (N7). lithic 
laptlli are present in mtnor amounts, rangmg m size to 20 mm. Pumice lapUh-most 
brown, but some green-range up to 40 mm in stze. Quartz crystals are larger and 
honey-colored. 

Tuff is slightly to moderately welded, and matrht color changes to grayish orange 
pink (10R812). Pumice lapilllara brown and range up to 50 mm m size. Quartz and 
sanad•ne crystals, ranging up to 2 mm m size, are common. Lithic lapilh, rangmg up 
to SO mm in size, are also common 

Same as above, e~tcepl small (2 to 4 mm) lithic lapilli are abundant 

MatriK color changes to more intense grayish orange pink (5YR712). Quartz 
crystals are gold, blpyramtdal, and more abundant than above. Small (leas than 1 to 
2 mm) hlh1c lapilh are very abundant, but those as large as60 mm are spar1e. 

Same as above, IKcepl matrix color changes to light brown (5YR8/4) 

High-angle fracture extendl from 122 to 123ft. 

Tuff 11 nonwelded, and matrix color changes to moderate orange pink (5YR8/4) 
Pumicetapilli are grayish orange (similar to those in Unilla) and range up to SO mm 
in stze Rest ol matrix is 1imilar to above. 

Occa11onal greenish pumice lapilli are present 

Unll1a 

Completely nonwelded ash, moderate orange pink (5YR8141 in color. large 
graytsh-orange (10YR7/4) pumice lapilli are abundant. LithiC lapilh range up to SO 
mmmsize. 

Figure 16. Lithologic Log of Hole LLC-85-17 



~= = == Gr~c ~ 

,~'/v '.. ~~ ~~],' ... ,':~; Unit 2b: Tltllrege Member of the 8endeller Tuff 
·,~';:,'{,~' ~,~D:~ 

Weathered tuff (fill?) extends to depth of 4 ft. ·I;~~·<'~~~.,,, .. ~: 
5 !; ~~\"i ~· ,", ~ ... -·~;. 

~:;{~~;:;;~~~~?: Tuff Ia moderately welded, and matrix color is light gray (N7). Pumicelapllli are 
gray and range from 5 to 10 mm in size. Quartz and aanadine crystals, up to 1 mm in 85.05245 ~;~~-'...)~:-;..; ...... '::: size, are abundant. 

10 85.05130 1 .. ,-~-' ........... ,' .. ~' . ,,-,,,,, ..... , _ .... ,, ... , .. \:,-:..~ ... ~~='' Low-angle fracture occurs at depth of 11 ft. \- ... , .... -..,.\1 , .. , 

i")~~~-;\:~:~ ~~~~:~' 
15 ; ~~; :~'~:~\~~~~;~~ 

........... ,, .. -,-' ... 1'-, 
~!t~~~j'-:,,~~ Pumice lapilll are larger, whiCh may indicate transition to lower fl?w of Unit 2b. ~ ; \I ...... J ~~-._I 

~ 
85.05246 ~~:,~C;-~i':i:..·, 

20 85.05131 ; ... , ... ,, ..... -,-,-... ,-· 
~~:!.";.$';,~=~~ ,~l'..?t Same u above. except quartz and sanadine crystals incre- in size to 3 mm. ~\ ... ~':.';,-: ... '1...',-:.~: , ....... , ... -... , .......... , ... 

25 
~ ';~;.. ~" ~·~.:~ ~;!, 
!_ ... ',;'~' ,,,,~~ ...... -
.'~;~1!; ~~,;-~';' ';t 

85.05247 
... , ......... ,-' ... •-'"'' 

~ :-:.1; ... ' .. ,-, .. ~ .... l,~~ ;;, 
30 

85.05132 :~,~\~:~r~,:.~;!S-; .. , -... ,,,,,.,, ... ,-' 
Matrix color changes to pale red (5R6/2) at depth of 33 ft. Pumice lapilli are larger 

,_,,_, .. , .. ..,., ... _ ... 
~'~,~~-; (10 to 20 mm), while quartz and sanadlne c,Ystals are smaller (lasa than 1 mm). 

35 \ .. i~·'f'''''~' High-angle fracture, with iron alteration, extends from 33 to 35 ft. 

:~t&~i\~f, 85.05248 
85.05133 

40 

\:'.(\'"''"' Unlt2a 
~\/..,:'~(.:'~<:' 

Matrix color is still pale red (5R6/2). Quartz crystals are larger (up to 3 mm). 
,, .,,,.,,, .,, 

45 1/.--~, .... ~, .... ~, ... Pumice lapilll change from gray to brown and green. 
~J(~.'.(~J (' 

85.05249 j(--1".:1(.-1~ 
85.05134 

,,.,,,,,,,,, 
50 !--"'~<:'~" ........ ~~ ,,.,,,,,,,,, Same as above. except quartz crystals deere- In size to lasa than 1 mm. ,.,/.,~/,.,/., 

~~~\l/\l~"\1 
55 --~, .... ~, .... ~, .... 

~I -'\1 -'\1 -'\1 
85.05250 ~'\~'\(:-'~~ 
85.05135 1'-'"''~'1"''1 80 ,.~/ ...... \/,-~/ ...... 

t--1.:\'(''(\1 Same aa above. except aperse lithic lapilli, 5 to 10 mm in size. are present. ,.,/ ...... ,/ ...... ,/,.. 
~'/'\.'('1~\1 

85 ...... ,/ ..... \/ ...... ,/ ..... 
t/:::/-'\'"'\1 

...... ~ <.:' '\ <:"" ~ <-"""' 1.(,1.(,1.(,1 No core was recovered for the interval 64 to 7 4 ft . 70 .... ,/ ...... ,/.,\/ ..... 
'(:::.t(\1(\' 

..... ,/..:'\~\<.," I,,,,,,,,; 
75 ~, .... '~;~ Same u above. but tuff Ia non- to only slightly welded . 

"~'('' 85.05252 ..... ,/ ...... ,/ ..... ,/,. 
85.05137 I -'\..'~~t~l High-angle fracture extends from 78 to 79 ft . 80 ..,.,, 

~,.~ Unit 1b 
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Figure 17. Lithologic Log of Hole LLC-85-18 
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GEOPHYS tCAL 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 Meaita del Buey. 

Bendix logged all 18 holes with three different probes to generate the 
following data: 

• Spectral G...a and 3-Ara Caliper Logs 

• Natural Gamma, Epithermal Neutron, and Vertical Deviation Logs 

• Magnetic Susceptibility Logs 

• Moisture Logs Derived froaa the Epithermal Neutron Data 

Century Geophysical Corporation logged 16 of the 18 holes with their 9030A 
probe to generate a gamma-gamma density, aatural gamma, and 1-arm caliper log. 
The seta of geophysical logs for the Los Al .. os drill holes are contained in 
separate euvelopes attached to this report, one euvelope per hole and labeled 
accordingly. llepeat 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 lbaited interpretation of the 
geophysical-logging·data. As a consequence, only tentative results are sug
gested, based on preliaiaary ezaBination of the logs. Thorough interpreta
tions will be included in the final report, scheduled for ca.pletion early in 
1986. 

SPECDAL GAMifA AND 3-AilH CALtP!B. LOGS 

The spectral aamma probe (251A) containa tvo sodiua-iodide (Rat) detectors 

with a -ngaaese-54 source for gain-stabilisation reference. Due to the low 
aa-a activity ill the Bandelier Tuff, IMRreYer, oaly the larger 1-inch-by-12-
iach Rat crystal was uaed as a detector in this study. 

The associated hardware in the logging unit is set up to look at energy 
wi.aclows for ... auri.ag potassium, uranium, and thorium, using the following 
principal eDeriJ peaka : 

• Potaaai.a: ~-40 - 1461 teV 
• Uralli•: Bi-214 - 1765 and 2204 keV 
• ThoriUIIl: 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. 

NATUllAL 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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urania. 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 
coDVerted to moisture logs using corrections obtained frOil calibration models 
of kDOW1l aoisture content (see subsection below entitled Moisture Logs). 

~e vertical deviation system monitors the direction and angle that the drill 
1 h~le 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 increaent. The horizontal scale on the logs is 1 inch • 1 foot. The 
vertical deviation in the 18 drill holes at Los Alaos ranges from 1.1 to 4.1 
feet, averaging 2.5 feet. 

\,. 

MAGNETIC SUSCErtiBILITY LOGS 

The magnetic susceptibility probe is calibrated in micro-ega units in a 
graait• block having a kDOVD value of susceptibility. The notation refers to 
the vol•e system for •easuring aagnetic susceptibility. Deflections are 
relative in magnitude to a baseline that aust be established in an area of low 
or uo magnetic susceptibility. Both the null calibration and the calibration 
in the granite block were perfo~ed at the DOE calibration facility in Grand 
Junction, Colorado. The null calibration was repeated in the field. 

Unfortuaately, in practical application, there is considerable baseline drift 
due to teaperature changes in the sensing coil of the probe. For this reason, 
it is the shape of the curve plotted on the log that is lignificant, rather 
than the actual values displayed. At Los Al•os, repeat loa• were run in 
every drill hole. Although the actual values on the main loa differed from 
those on the repeat log, the credibility of the repeat loa vas established by 
overlayina it on the main log and verifyina the siailarity in the shape of the 
curve. 

The aapetic susceptibility logs were plotted at a vertical scale of 1 inch • 
10 feet. Additional equip.ent and loaaina clata are aoted in the header of 
each log. Preliaiury ezaaiution of the loa• •uaaests that there aay be 
siaaificant differences ..ong the drill holes between certain units of the 
Tshireae lleaber of the Bandelier Tuff at llesita del luey. Should thorough 
euai•tion coDfira this initial indication, the aaguetic susceptibility logs 
aay prove to be a valuable aid in correlatina the physical and hydrologic 
properties in the study area. 
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!I>ISTURE 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 
mojsture 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 ' 
qualitative.------------------------------------------------------------ ~ 

t 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 ~diately converted to 
apparent densities in grams per cubic centimeter (g/cm ) 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 1-arm caliper measurements were made. 
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1.0 PURPOSE AND SCOPE 

:c?oc: describes the instrument installations and procedures for sample 
~=~ collection conducted in support of the vadose zone characterization 

~,,:e =~sposal Areas G and L. Technical Area 54. Los Alamos National 
:ato::-:, ~iew Mexico. The study was initiated in response to a Resource 
•rJat~on and Recovery Act (RCRA)·Compliance Order/Schedule (Docket Number 

.:~7) · :3ued to the Laboratory by the Environmental Improvement Division of 
p. Stat: o£ New Mexico. The Compliance Order/Schedule. dated 7 May 1985. 

~:::. .. acquisition of certain geotechnical information. The instrument 
.. :.ons described in this report were designed and emplaced by Bendix 
·ineering Corporation/Grand Junction Operations (Bendix) in accord 
:tement of Work issued by Los Alamos National Laboratory. Bendix is 
L~ng Contractor for the Department of Energy (DOE) Grand Junction. 
Projects Office. 

~t is the second in a series of reports documenting the vadose zone 
·!.zation of the study area. The first report (Rush and Dexter. 1985) 
~reliminary lithologic and geophysical data obtained via drilling 

·.g operations conducted over the period 30 July to 22 August 1985. 

bert· 
:d report presents the instrument-completion diagrams for the nine 
in which instruments were installed and describes the procedures to 

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 
·· ~s. The sampling ports were constructed using low-pressure mobile-
,. -~lters which were welded to standard 2-inch-I.D. galvanized pipe (see 
·- ·~·e 2-1). The filters consist of 2-micrometer. porous. stainless steel 
e: J~nts. Uphole access is provided via connection to 1/4-inch stainless 
s: :el tubing and stainless steel compression fittings. 

=~stallation was accomplished by carefully lowering the string of galvanized 
?ipe 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 
~pper and lower zones using powdered bentonite. (One zone in Hole LGC-85-09 
•as packed in tuff backfill due to cave-in of the hole.) Figure 2-2 presents 
:~e legend for the sampling-port installations; completion diagrams are shown 
in ?igures 2-3 through 2-9 for the seven boreholes. 
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LEGEND FOR PORE-GAS SAMPLIN·G-PORT INSTALLATIONS 

~ravel (0.25-inch) Tuff Backfill from Unit 2b 

Gravel with Bentonite rn Tuff Cave-In Material 

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 

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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Unll 2b: Tonlrege Member oltne Bendeller Tuff 

The upper 5 ft are weathered and loose. and predom•nantly brown '" color 

Posstble horizontal fracture occurs at depth ot 6ft 10 '" , very Slight diSCOloration 

to brown on the surface. Tuff IS moderately welded. 

Matrix color IS very light gray (N8). 

Fractures extend from 9ft 6 in to 9 It 9 1n. and from tO It t 1n to tO It 4 1n .. both 

appear to d1p approximately 45 degrees and have slight brown colonng on the 

surfaces. 
Concentrations of larger pumtce lapllh may represent the boundary between 

separate flows wtth1n tl"t1s umt. 
Matnx color changes to p1nk1sh gray (5YR8/t). 

Tuff appears slightly hss1le. but IS st1ll moderately welded. 

Possible noncoated fracture extends from 19 tt to 19ft 3 1n. 

Slightly less welded than above. 

Matnx color becomes very sltghtty pinkiSh, wtth very small, brown pum•ce 

lap1111. prooably 1nd1ca11ng a trans111ona1 contact w1th Unit 2a. 

Unll2o 
Matnx color is definitely p1nk1sh. San1d1ne and Quartz are present. Approxtmatelv 

75% of tne pum1ce lap1lli are brown. 25% green !Olive). 

Matnx color changes to light browniSh gray (5YR6/t ). 

Tuff1s moderately welded. 
Near-vert1cal. ~ron-sta1ned fracture extends from 35ft 4 m. to 36ft 4 m 

Near·vert1cal. noncoated fracture extends from 40ft to 40ft 8 1n 

Slightly welded tuff. 

Unl11b 
Matr~x color chang1ng to very light gray (N8) to almost wh1te (N9) at depth of 43 :o 

44ft: tuff IS only s11ght1y welded. Pum1ce lap1ll1 are predommantly brown: occas1ona1 

large pum1ce fragments appear flattened. San1dme crystals are abundant 

Matnx color changes to white (N9) at depth of 52 ft. 

Pum1ce 1ap1lli are st1ll brown. but becom1ng larger 1n the Interval 59 to 63 It L1th1c 

laptllt are abundant. up to '/2 in. '" s1ze at depth of 59 ft. Quartz crystals are honey· 

colored. Slightly welded tuff is gradmg to moderately welded un1t below. 

Near-ven,calfracture. slightly ~ron-stamed. extends from 61 to 62ft. 

Orill1ng becomes more d1ff1cult. and tuff is moderately welded. L1th1c lap1lli are 

larger. ThiS more welded matena1 probably represents the central portiOn of the 

Unit 1 b coo11ng zone Fresh glass shards were observed. 

Matr~x color grades from pmk1sh gray (5YR8/1) to very pale orange (tOYRB/2) to 

light brown (5YR6/4). 

Tuff is slightly welded. and looks like the rest of Un1t 1 b except the color 1s 

becoming very orange. Ltthtc lap1lli are sttll very abundant. and quartz crystals are 

still honey-colored. 

Unll1a 
Completely nonwelded. orange-colored ash w1th large pum1ce 

lapllli. The latter are d1stmct1vely light brown or cream-colored. Only scattered l1th1c 

lap1lli were observed. one 1 ln. 1n s1ze and another 1/16 tn. 1n SIZe. 

Matnx color IS moderate orange pmk (5YR8/4). 

Same as above. except dampness observed at depth of approximately 88 ft 

Same as aoove. except matnx color cnanges to light tat:l [approximately SYB/1 

1 yellOWISh gray)J a no green pum1ce 1ap1lli are scattered throughout. 

Figure 2-3. Pore-Gas Sampling Port Installation for Hole LGC-85-09 
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Oeecrtpllon 

Unit 2b: Tahlrege Member of the Bendeller Tull 
Weathered-tuff sool horozon extends to depth of 20 on 

Tullos moderately welded. and matrox color os light gray (N7) to very light gray 
(NB). woth abundant light-gray pumoce !apollo ana quartz and sanodone crystals 
Near-vertocal fracture extends from 4 to 5 ft. 

Tullis moderately welded. and matrox color os very light gray (N8) 

Transotoonal contact(?) woth lower flow of Unot 2b. ondocated by larger (10 to 20 
mm) pumtce laptlll, some of whtch are slightly greentsh. and larger santdme 
crystals. 

Horozontal fracture occurs at depth of 31.5 ft. 
""'.:.....:;.,....,.,""'"'-71 Unit 2• 

Tullos moderately welded. Matrox color changes to light brownosh gray (5YR6/1) 
Pumtce laptlli are predomanantly brown. though some are greentsh-colored. and 
larger on soze (up to 30 mm). Quartz and chatoyant sanodone crystals are less than 1 
mm tn stze . 

Matrox color darkens to brownosh gray (5YR4/1) 

Matnx color lightens to light brownosh gray (5YR6/1). 
Tuff is slightly welded. 
Near-vertocal fracture extends from 52 to 53.5 ft. 
Pumtce laptlli are larger. 

J"oooo..;-"""".;.,;o-j Unit 1b 
~ : : : ""'- ,. " .. " Tuff ts slightly welded. 
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(5YR6/1). 

Dark· to honey·cotored quartz crystals tncrease tn saze and abundance . 

Ltthtc laptllt. up to '12 tn. tn stze. become more aoundant. 

Matrox color changes to moderate orange ponk i5YR8/4) 

Vert1ca1 fracture extends from 94 5 to 96 ft 

Tuff tS slightly welded. Ltthtc taptlll up to 1 m m stze are common 

Pore-Gas Sampling Port Installation for Hole-LGC-85-10· 
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Unll2b: Tshlrege Member ol the Bandelier Tuff 

Sotl conststs of weathered tuff and some fill (tuff} 

Matnx 1S light gray (N7), w1th common Quartz and chatoyant samdtne crystals 

Iron-stained fractures. d1pp.ng 45 degrees. occur at depths of Sit. 6ft. and 6ft 8 1n 

Pumtce Japtlh are medtum light gray. except for a very few whtch are hght green 

Same as above. 

Honzontal fractures occur at depths of 24 It 8 1n . 25ft. 25 It 7 1n .. and 26ft. 

Pumtce laptlll are gray and range from 2 to 10 mm tn stze. 

Tuft appears only slightly welded (from surface!. poss1bly the result ot weathenng 

due to the hole's prox1m1ty to the edge ot the mesa 

Unll2• 
Tuft 1S moderately welded and matnx color changes to p.nk1sh gray i5YR811 I 

Pum1ce lap1lli are larger (10 to 20 mm) and predominantly brown Vert1ca1 fracture. 

w1th roots. occurs at depth of 41 ft. 

Pum1ce 1ap1lli are brown and greenish-colored. 

Matnx color darkens slightly. to nearly light brown1sh gray (5YR611 ). 

Fracture. d1pp1ng approximately 45 degrees. occurs at depth of 556ft Quartz 

crystals are dom1nant phenocrysts. 

Matnx color 11ghtens. back to p1nk1sh gray (5YR8111. L1th1c 1ap1lli are small (1 to 2 

mm) and very sparse Mtnor amount of santd1ne crystals. 

Samdtne and quartz crystals are abundant and present'" eQual amounts. 

Pumtce laptlli-some brown. some green-are larger than above. 

Tuff IS slightly to moderately welded. Matnx color IS very 11ght gray (N8) 

Unll1b 

Tuff tS sltghtly to moderately welded. and matrtx ts becom~ng ltghter. to a color between 

very lignt gray (N8) and wh1te iN9). Pum1ce 1ap1lli range up to 30 mm 1n SIZe 

Sanidme and Quartz crystals are present 10 approxtmately equal amounts Quartz 

crystals are dtsttncttvely honey· .or tan-colored Pumtce laptllt range up to 40 mm m 

stze. No ttthtC lap1lh were observed 

Pore-Gas Sampling Port Installation for Hole LLC-85-12 
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Figure 2-6. 

Description 

Unit 2b: Tshlrege Member of the B•ndeller Tulf 
Weathered-tulf so11 honzon extends to depth of 10m. 
Matnx 1S light gray {N7). and tuff 1s weathered to a depth of 4ft. 

Tuff IS moderately welded. 

Pum1ce 1ap1lli are 5 to 10 mm'" s1ze. and slightly darker than light gray. 

Matnx IS light browniSh gray {5YR611 ). w1th common sanidine Pum1ce 1ap1111 are 
light gray and average 5 to 10 mm tn stze. 

Near-verttcal. ~ron-stamed fracture occurs at depth of 22.5 ft. 

Near-vert teal. ~ron-stat ned fracture occurs at deeth of 35 ft 

Tulf IS slightly welded. 
Pum1ce lapilll are larger {20 to 45 mm). 

Fractures. d1pp1ng approximately 45 degrees. occur at depths of 42. 42.5. and 47 It 

Matnx color IS light browniSh gray {5YR611) Quartz crystals are more abundant 
than 1n Un1t 2b. Some brown pum1ce 1ap1lli were observed. 

Core recovery IS excellent: no breaks occurred 1n the three 5-ft sections fr'1m 49 to 
64 ft. Tulf IS slightly more than moderately welded. 

Some large {20 to 40 mm) pum1ce lap1lli have nms altered(?) to brown color. 

Matnx color ts same as above. Pumtce laptllt-brown. gray. and a few green
average approxtmately 10 mm m Stze. Phenocrysts. averagrng 3 mm m stze. are 
predomtnantly santdme w+th some Quartz. 

Tuff ts still moderately welded. but matnx color changes to graytsh orange pmk 
{5YR712) 

San1dine crystals decrease 1n saze 

Same as above. except pumtce laptlli average 10 mm '" Stze, w1th some as large as 
50 mm. San1d1ne crystals are small. and Quartz was not observed. 

Matnx color changes to l1ght gray {N7) Pum1ce lap1lli are mea1um l1ght gray and 
average 10 mm 1n SIZe. 

Matnx color changes back to grayiSh orange p1nk i5YR7i2\ Eoual amounts of 
brown and gray oum1ce Ia piii! are present 

Pore-Gas Sampling Port Installation for Hole LLC-85-13 
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Unit 2b: Tshir•ge Member of the Bandelier Tull 

Tuff 15 moderately welded. and matnx color 1S light browmsh gray (5YR6/1) 
Honzontal fracture occurs at aepth of 1.5 tt Pumtce tapti II are small ana gray 
Quartz and samdme crystals are small and clear 

Matnx color changes to very light gray (N8). whtch probably represents the 
contact wtth the tower flow of Untt 2b 

Fractures, dtpptng approxtmately 45 degrees. occur at depths of t8 f! 2 tn and 19 
ft 3 in 

Ltthtc taplllt are sparse and range up to 30 mm m stze. 

Matnx color changes back to ltght browntsh gray (5YA6/1) at depth of 26 f! 
Fractures. dtpptng approxtmately 45 degrees. occur at depths of 25 and 28ft 

Pumoce taptlh-somP. brown. some gray-range'" SIZe from 10 to 40 mm. 

Drtlltng becomes much easter at depth of 32 ft. representtng the contact wtth the 
slightly welded base of Untt 2b Matnx color changes to gray1sh orange ptnk 
15YA7/2) Fracture. dtpptng approxtmately 45 degr~es. occurs at depth of 31 fl 

Unit 2a 

Tullts sltgh!ly welded. and matrtx color tS ltghl browntsh gray i5YA6/1) 
Pumtce taptllt-some brown, some green-range 1n s•ze from 10 to 30 mm 

Tuff tS Sltgh!ly welded. and malrtX color changes to graytsh ptnk i5A8/2). 
Ltth•c taptlll are sparse and average 5 to 10 mm tn stze. wtth some up to 40 mm 
Pumtce lapllh are S"ame as above 

Near-verttcal fractures occur at depths of 49. 52. 53. 54. and 57 f! Thts may be one 
fracture. observed entenng and extttng the core. 

Tuff ts moderately welded. and matrtx changes to a color between graytsh ptnk 
i5A8/2) and graytsh orange ptnk (5YR7/2). Pumtce laptllt are predomtnantly brown. 
and average 10 to 40 mm tn SIZe LithtC laptllt are sttll sparse. bul larger (20 10 40 
mm) 

Matnx color changes to graytsh orange pmk (5YR712). otherwtse same as above 
except fewer lithtc laptlli. 

Same as above. except lith•c 1aptll1 are more abundant. 

Same as above. except no ltth1c laptlli were observed. 
Tuff tS slightly welded. Malnx color ltghtens to graytsh ptnk (5R812) Pumtce 
laptllt-brown and green-are larger 120 to 50 mm). Santdtne and quartz crystals 
are very small and clear. 

Unit 1b 

Tuff ts sltghtly welded. Matnx color changes to ltght gray (N7) Brown pum•ce 
laptlh are smaller (10 to 25 mm). Ltthtc laptlli antj Quartz crystals are common. the 
latter rangtng up to 3 mm tn stze. Near·verttcat 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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Figure 2-8. 

Oescrlplton 

Unit :ib: Tthlrege Member ol lhe Bandelier Tull 

Soil layer extends to depth ol approximately 4 1n Tuff IS moderalely welded. and 
matflx color IS very light gray (N8) to gray1sh pink (5R812). Pum1ce lap1lli are small 
and light gray. Clear quartz and santdme crystals. less than 1 mm '" s•ze. are 
common. Htghaangle, tron-stamed fractures. wtth caliche tnfill. occur at depths of 1 
and Sit. 

Same as above. except matnx color changes to very light gray (N8) 

Same as above. except matflx color changes to light browniSh gray (5YR6/1 ). 

Same as above, except pumtce laptlli are larger (up to 10 mm). 

Tuff is moderately welded. and matflx color grades to gray1sh pmk (5R8/2). 
Pumtce laplili-most gray. but some brown-range 1n stze from 10 to 40 mm. 

Low-angle fracture occurs at depth of 31 ft 10 in. 
Same as above, except tuff ts slightly welded 

Tuff is slightly welded. and matflx color st1il gray1sh pmk (5R8/2). Pum1ce 
1ao1lli-most brown. but some green (olive)-range 1n s1ze from approx1matelv 10 to 
50mm. 

H1gh-angle fracture occurs at depth of 47 5 ft. 

Tuff IS moderately welded. and matflx color grades to pale red (5R6/2) 
Same as above. except matrix color changes to graytsh p.nk (5R8/2). 
H1gh-angle fracture occurs at depth of 51 ft 6 1n. Pum1ce 1ap1lli become larger 
some up to 60 mm. 

Matflx color grades back to gray1sh p!nk (5R6/2). Pum1ce lap1lli become smaller. 
rang1ng '" s1ze from 5 to 15 mm. 

H1gh-angle fracture occurs at depth of 67 ft. 

Same as above. except sparse lithiC 1ap1lli are present 

H1gh-angle fracture occurs at depth of 77 ft. 

Tuff is slightly to moderately welded. 

Unit 1b 

Tuff is slightly to moderately welded. Matflx color changes to p!nklsh gray 
(5YR8/1). Pumice lap1lli are predom1nantty brown and range from 10 to 20 mm '" 
size. Quartz crystals. up to 4 mm 1n stze. are abundant. L1th1c tap11i1 are more 
abundant than aoove. rangmg in s1ze from 5 to 15 mm 

Pum1ce tap1lli mcrease 1n SIZe to 30 mm. 

Same as aoove. except matnx color cnanges to very ttgnt gray (N8) 

Pum1ce tap1111 mcrease 1n s1ze to 50 mm 

Pore-Gas Sampling Port· Installation for Hole LL~-85-15 
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Descrlpllon 

Unll2b: Tshlregt Member ot lhe Bandelier Tult 

So11 and weathered tufl extend to depth or 16 m. 

Tuff •s moderately welded, and matnx color •s grayish pmk (5R812) Pumtce lapllti 

are hght gray and range up to 10 mm m s1ze. Quartz and san.dme crystals range up 

to 4 mm '" s•ze Near·verttcal fractures occur at 3 It and I rom 6 to 7 ft. 

Same as above 

Reworked ash (crossbeddmg) occurs at depth of 15 It 5 in The material is orange 

and represents the contact between the upper and lower flows m Untt 2b 

Still moderately welded, grayiSh-pink (5RS/2) turf 

High-angle fracture. with iron alteration, occurs at depth of 25 It 10 in. 

Tuff is still moderately welded, out matrix color changes to grayish orange pink 

i5YR71n 

Tuff ts slightly welded, and drilhng becomes easier at depth ol 34 II 

Htgh-angle fractures (one continuous fracture?) occur at depths ot 34, 36. and 37 It 

Pumtce laptlh are gray and brown, and range m stze from 10 to 20 mm. Quartz and 

samdme crystals are less than 1 mm m stze 

""';;;o."'""o,;.;_,....~ Unit 2a 

Tulles slightly welded, and matnx color is light gray (N7). Pumice laptlli 

are Drown. gray, and green. Sanidme and quartz crystals are larger. up to 3 mm. 

Verttcal fracture wtth Silt cnlill extends from 41.5 to 45.6 It; it was probably lilted in 

with reworked ash pnor to deposttlon of Urit 2b. 

Tuff is moderately welded. and matrix color changes to grayesh pink (SRB/2), at 

depth ot approxemately 46 11. Pumtce taptlli are Drown and green 

Tufl is slightly less welded than above, and rare lithic lapilli are present. 

Unll1b 
Tulf is slightly to moderately welded. Matrix color changes to light gray (N7). 

Pumice tapilli are predominantly brown and range in seze from 20 to 40 mm. Quartz 

and sanidme crystals are Sttll common. Lithtc laptlh 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 lap11\i are larger (up to 50 

mm). Lithic lapilh are common. 



(, 

. . .. ~ THERMOCOUPLE PSYCHROMETERS AND PRESSURE TRANSDUCERS 

~~e~ocouple psychrometers and pressure transducers were installed at the 
study area in order to measure temperature. water potential. and pressure at 
·:arious depths in selected boreholes. A total of 38 psychrometers were 
:::stalled.· 23 in Hole LLP-85-03 and 15· in Hole LGP-85-07. Because of the 
~resence 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 
k: ::filled with auger cuttings from that drill hole. It was assumed that the 

Jity of this backfill material was similar to the in-situ density of the 
ielier Tuff, and that the relative humidity of the backfill material, as 
~ed by the instruments. would equilibrate with the relative humidity of the 
r. Fractured zones in Hole LLP-85-03 were isolated using powdered 
tonite at selected intervals. 

~tallation depths. cooling coefficients, and scanner/channel identifications 
: the psychrometers in Holes LLP-85-03 and LGP-85-07 are presented in Tables 
1 and 2-2, respectively. Completion diagrams of the psychrometer and 
~nsducer installations are shown in Figures 2-10 and 2-11; refer to Figure 
2 for legend information for these installations. Calibration information 

·.11 be presented in a subsequent report. 
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Table 2-1. Installation Depths and Cooling Coefficients for Psychrometers 
in Hole LLP-85-03 

Psychrometer Scanner/Channel Cooling Coefficient Installation '1 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 

i 
29469a I/6 56 10 

29418 I/7 57 13 

I 29483 I/8 62 13 
'I 29424 I/9 53 24 
:I 

11 

29479 I/10 57 24 

29406 I/11 57 41 
l, 29462 I/12 61 41 

M 29409 II/1 61 so 

I 29475 II/2 60 so 
29405 II/3 59 56 

29477 II/4 64 56 

29425 II/5 65 66 
i 29455 II/6 65 66 
0 
~ 29481 II/7 77 76 

E 29422 II/8 59 76 

I 
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. 

?sychrometer 
_g_rial Number 

29415 
29459 
2':410 
2?461 
·.~)411 

.. J463 
?417 

·.9466 
~9403 

:9467 
'9407 
'.9465 
~9464 

~9404 

29468 

I 

i 

\ 
I 

\ 

Installation Depths and Cooling Coefficients for Psychrometers 
in Hole LGP-85-07 

Scanner/Channel Cooling Coefficient Installation 
(microvolts). Depth (feet) 

III/1 59 4.5 
III/2 56 6.5 
III/3 60 8.5 
III/4 56 10 
III/5 57 12 
III/6 56 14 
III/7 57 17 
III/8 56 19 
III/9 61 22 
III/10 58 27 
III/11 57 32 
III/12 59 37 
III/13 57 42 
III/14 52 47 
III/15 57 52 
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Unit 2b: Tohlrege Member of the Bandelier Tuff 

Tuff os more froable than that on Hole LLM-85-02 Matrox color os light gray 1 N7) 

Honzontal fracture occurs at depth of 5 ft 10 .n .. coated wtth caliche 

Abundant quartz and samdme crystals occ;ur throughout thiS untt 

Matnx color changes slightly to ponkosh gray (5YR8/1 ). whoc., may represent the 

contact between two flows that cooled as a smgle un1t. 

Orollong becomes easoer at depth of approxomately 20 ft. 

Matnx becomes slightly ponker. to grayosh pink (5R8/2). 

Hogh-angle (nearly 90 degrees) fractures extend from 30 It 8 on to 31 It 2 on .. from 

31 It 8 on. to 32 It 8 on., from 35 to 37 It, and from 39.5 to 40ft. All lour are heavoly 

sta1ned w•th limon ate There appears to be a honzontal fracture ly1ng between the 

upper two high-angle fractures. Tuff becomes slightly welded. 

Pumu;e lapolil are much larger. up to 1.25 in. 

Unit 2a 

Matrox becomes darker-to pale red (5R6/2)-at depth of 42 to 43 It: tuff os only 

slogntly welded. Occasoonal pumoce !apollo are greenosh (10Y4/2 to 10Y5/4). 

Pum•ce laptlll are generally smaller. but occas•onal large pumtce tap1111 are qutte 

flattened. Tuff os moderately welded. 

Small hogh-angle fracture occurs at depth of approxomately 56 ft. 

Tuff is slightly welded. Pumoce lapolli become more abundant. not very flattened. 

and are predominantly brown '" color, but occastonal gray and green fragments 

were observed. 

Some relatively large ohve or greenish-colored pumtce lap1ili are st1ll present. 

Unit 1b 
Tuff is slightly welded. Matnx changes to a color between light gray (N7) and 

yellowosh gray (5Y811 ). Pumoce Iapoiia are much smaller and predomonantly brown. 

Minor amounts of quartz and sanidine crystals are present. 

Orillong becomes very easy. ondocatove of silghty welded tuff 

Quartz crystals become more abundant. but only traces of chatoyant samaine 

occur tn pumice lapllli. 

Brown pumice lapolll are abundant and very flattened. 

I 100 i 
L_ __ 'TL-------------~------~--------------------------------------------------

Figure 2-10. Installation of Thermocouple Psychrometers and Pressure 
psychrometers 
boring 

Transducers in Hole LLP-85-03 (Note: The five 
feet are located in a shallow in the upper 10 

adjacent to the main hole.) 
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Oeacrlptlon 

Unit 2b: Tshtrege Member of the Bandelier Tull 

Soli cons•stmg of weathered tuft ex. tends from ground surface to 5 ft. and contatns 
scattered root matenal 

Matrtx color IS between very l1ght gray (N8) and light gray IN7) Pum1ce lapllil, 5 to 
10 mm '" s•ze. are llgnt gray. 

Tuff IS moderately welded. Chatoyant sanadtne and quartz crystals are abundant 

Near·vert•cal. noncoated fracture(?). poss•bly open. extends from 2, ft 7 '" to 22ft 
1 In 

Tuff appears ftss•le and slightly less welded: dnlltng •s eas•er. Matnx t:olor IS 

between light gray (N7) and very light browmsn gray (5YR7, 11 Pum1ce laplili are 
larger 110 to 20 mm) and predominantly brown 

Matnx color darkens to medtum·ligtlt 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. 

18 
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1 Temperature display (with GS 312 only} 

2 Venting slits 

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 

19 

2 

3 

4 

6 
5 

7 



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 o! 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 Samoling 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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3.2 

3.2 

• 
• 
• 

• 

S::.mple Volume 
::::.ow Rate 
:~2!11perature 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 

:ol ume to standard conditions.) 

)ampler's Signature 

sampling ports may eventually become clogged. As a preventive 

m·· ;ure, the parts should be periodically "blown out" with compressed 

n~ .:ogen. 

)LLECTION OF WATER-POTENTIAL DATA 

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 

?sychrometers 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 

LlS 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). 

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 p~nel 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 
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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 n~~t 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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s. 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 opera
tion. they need not be set for the psychrometer probes at Los Alamos. 

6. 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. 

3. 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 approxi
mately 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, respec
tively, 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 
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RS-232C CABLE 

2 0 HP 115 Cl-30 
6 

GROUND GROUND 

OUTPUT 3 3 2 2 INPUT 

GROUND 7 7 7 7 GROUND 

II INPUT
11

END 11

0UTPUT
11

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 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. 

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. 

g. 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. 

h. 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. 

25 



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 str~in-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 O/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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.,-:cved from the scanner input p.ort. checked. cleaned. and reattached. The 
:-.-;;tem is then rechecked to ensure that a proper electrical connection has 
.. ,en achieved • . ' 
:--~.e channel numbers corresponding to the four transducers are as follows: 

• CdOO - Surface Transducer 

• C-I01 Transducer Buried at 26 Feet Below Ground Level 

• C:I02 - Transducer Buried at 54 Feet Below Ground Level 

., ~~~03 - Transducer Buried at 90 Feet Below Ground Level 

.. ~ci:nel 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 5, 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. 

• Steve 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 up 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 lo-• to 10-' em~. 

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 tim'e 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. 



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 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. 
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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 ~adose 

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 (L2 ). 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 nsing 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 
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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/m 1 ) with 1.38-kN/m1 

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 Technic~! 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 mill~on 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 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 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 tho 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. Pnrtymnn 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 h~er 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 1a, 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 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). 

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. 
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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 Jd J..:.1 

UNIT 2a 

MCG-627 LLM-85-01 S2 7.8 14.3 
MCG-631 LLM-85-02 64 10.4 15.1 
Ma:t-635 LGM-85-06 so 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 s 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 
ltla:t-647 LGC-85-09 21 8.8 24.1 

AVERAGE VALUES ~ 15.2 

Discussions of the rema1n1ng 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 EPITHERMAL NEUTRON l\K>ISTIJRE 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 0.5 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 SUSCEPTIBILITY 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 g~a-gamma probe collects data in counts per second that 

are immediately converted to apparent density in grams per cubic centimeter 

{g/cm3 ) 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 97ft), 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 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 2-9), 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 la, which is composed of completely nonwelded tuff. 
(Note: The entire thickness of Unit la 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 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 

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 
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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 contai~ers 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 auger would drive water 

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 

• Water Content, Mass Basis 

• Degree of Saturation 

where 

vl = volume of liquid 
vt = total volume 
m1 = mass of liquid 
ms = mass of solid 
Vg = volume of the gas or air in the sample 

(1) 

(2) 

(3) 

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 10 3 kg/m3 (1.94 slugs/ft 3 ). · 
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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 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 
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 srunples 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-Injection 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 

------------
II ole 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 lfCG-606 7 Moderately Welded 
__ c 

25.62 10.62 41.5 
LLM-85-05 2b BfCG-610 15 Moderately Welded --C 24.96 13.14 52.6 
LLM-85-01 2b lfCG-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 
LUf-85-02 2b MCG-607 36 Moderately Welded 11 24.00 11.15 46.5 
LGM-85-06 2b IICG-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 IICG-615 51 Slightly Welded 14 25.73 10.34 40.2 

w LUI-85-02 2a MCG-608 67 Moderately Welded 6 24.69 10.69 43.3 
0\ 

LLM-85-05 2a/1b liCG-612 76 Slightly Welded 
__ c 

24.37 18.08 74.2 
LUI-85-01 lb 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 lfCG-620 94 Moderately Welded 17 26.08 16.76 64.3 
LLM-85-02 1b r.tCG-609 117 Moderately Welded 

__ c 
25.69 12.46 48.5 

LLM-85-05 1b MCG-613 123. Slightly Welded 
__ c 

.26.23 17.20 65.6 
LLM-85-01 1b MCG-605 124 Moderately Welded 20 25.62 12.53 48.9 
LGM-85-11 1a lfCG-621 115 Nonwelded 

__ c 24.16 14.51 60.1 

LGM-85-06 la IICG-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 nsing the point-count 

method. 
cNot measnred. 



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 <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. 

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 

39 



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 Tnff. 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-injection method is experimental 
and may permit only a qualitative characterization of subsurface permeabili
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 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 SO 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 Tete-thermometer located 

at the surface. The Tete-thermometer had a range of -40 to 150°C with incre

ments of 1°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 ~onducted 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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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 y 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~) 
Pa = absolute pressure (force/L~) 

R = a gas constant 
Ta = 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 
K 
11 
p 
g 

= 
= 
= 
= 
= 

intrinsic permeability (L~) 
hydraulic conductivity (L/t) 
absolute viscosity of the fluid (F"t/L~. where F = force) 
density of the fluid (m/L1 ) 

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 Results and Discussion 

Hydraulic con~ictivit!svalues derived from the air-injec!jon 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 

-----
Test Interval 8 II ole Geologic Interval Description Fractures Hydranlic Conductivity ([) 

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 

LI.M-85-01 2b 30-36 Lower 2b, Moderately to Slightly Welded No 0.70 2.3 
LUI-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 

LUI-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 
UlM-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 

.... LLM-85-01 2a 72-78 Lower 2a, Slightly Welded Yes 0.14 0.45 
~ LUI-85-02 2a 45.5-51.5 Upper 2a, Slightly Welded Yes 0.14 0.45 

U.M-85-02 2a 66.5-72.5 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 

U.M-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 

J.LM-85-05 lb 82-88 Upper lb, Slightly Welded No 0.061 0.20 
LGM-85-06 lb 60-66 Upper 1b, Slightly Welded No· 0.64 2.1 
LGM-85-06 lb 81-87 Middle lb, Slightly to Jfoderately 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 

8Dept~-below ground level. 
------



In general terms, the permeability of the tuff decreases with stratigraphic 
de~th· Unit 2b sho!J an average air-derived h~~raulic 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, ~~3 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 1a. 

The highest air-derived ~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 

-4 
9.4 X 10 

-3 
1.0 X 10 

-4 
6.4 X 10 
4 6 10

-4 
• X 

3.1 X 10-
5 

3.3 X 10-
5 

2.1 X 10-S 
1 5 10

-5 
• X 

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-8S-OS 

Test Interval Intrinsic Permeability (k) 

(ft)a Air-Injection Test Water-Injection Test 
em~ ft~ em~ ft~ 

24-30b 1.8 X 10- 7 1.9 X 10-10 1.3 x 1o-• 1.4 X 10-11 

75-81 7.S X 1o-' 8.1 X 10-
1 ~ 8.4 X 10-' 9.1 X 10-13 

82-88 9.0 X 1o-' 9.7 X 10-
1 ~ 6.0 X 10-' 6.S X 10-13 

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-S) 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 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 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 manometer to provide direct readout of pressure in torr or 
millimeters. 

*Response to Task 1, Paragraph 2S, Compliance Order/Schedule. 
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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 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 

where 

p = reservoir pressure 
r = distance from the center line of the well 
f = formation porosity 
c = fluid compressibility 
~ = fluid 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 +~)/~] 

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~/4nkh) ln [(t 0 +~)/~]} 
(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, log 1o, by the relationship 

ln x = (log10 x)(ln 10) 

which yields 

Pw = p0 - { [ (ln 10) q~/4nkh] log [ ( t
0 

+ ~) lqJ1l 

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~/4nkh] 
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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~/4mnh] = -[0.1832339(q~/mh)] (19) 

3.2.2.4 Results and Discussion 

Intrinsic permeabilities determined from vacuum tests in the Bandelier Tuff 
( 

-· _, 3 -11 -13 3 
Table 3-5) range from 10 to 10 em (10 to 10 ft ). The correla-

tion coefficients f~r 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 nnfractured 

zones. 

Table 3-6 compares. intrinsic permeabil i ties 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 Geologic Test Interval• Interval Description Correlationb Fractures Intrinsic Permeability (k) 

Number Unit (ft) Coefficient Present? 
cm:r. x 10-' ft:l ][ 10-1:1 

LUI-85-01 2b 30-33.3 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 

u. 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 

LUI-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 

aDepth below ground level. 
bcorrelation coefficient for the linear regression used to fit a straight line through the data points on the Borner 

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 Holes 

Hole Test Interval (ft)8 Intrinsic Permeabilitr (k) 

Number Air-Injection Vacuum Air-Injection Test Vacuum Test 
Test Test 

emS :J: tO-t ft% :J: t0-U ems :1: to-• ft 3 :J: 10-U 

LLM-85-0t 30-36 30-33.3 t30 140 39 42 

LUI-85-02 9-t5 t0-13 .3 10 11 t5 t6 

Ul LLM-85-02 24-30 25-28.3 t6 17 22 24 
Ul. LG~I-85-11 35-4t 35-38.3 t7 t8 5.5 5.9 

LUI-85-0t 72-78 70-73.3 t9 2t 43 46 

LUI-85-0t 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 to 
LGM-85-06 60-66 60-63.3 t20 t30 8.7 9.4 

LGM-85-06 8t-87 82-85.3 84 90 1.0 1.1 

WM-85-tt 99-t05 t00-t03.3 3.3 3.6 0.84 0.90 

LGM-85-11 77-83 77-80.3 32 35 8.2 8.8 

Wll-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. ~ese 

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 
versns 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 3 (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 &ample Depth of Interval Permeability/ Correlation Permeability/ 

Number Unit Number Sample Description Klj~~enbe~A Hetbg~ Coefficientb Dvnamic Method 
(ft) a 

cm1 1 10 ' ftl I 10 11 cm1 1 10 ' ft 1 I 10 11 

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-8S-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 

v. LLM-85-01 2a MCG-603 52 Slightly Welded 4.1 4.4 0.969 2.7 2.9 
-1 

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 
LUI-85-05 lb MCG-612 76 Slightly Welded 2.1 2.3 0.944 1.3 1.4 
LLM-85-01 lb MCG-604 101 Slightly Welded 3.0 3.2 0.939 2.6 2.8 
LGM-85-06 lb MCG-616 99 Moderately Welded 18.0 19.0 0.917 13.0 14.0 
LGM-85-11 lb MCG-620 94 Moderately Welded 4.4 4.7 0.958 1.1 1.2 
LLM-85-02 lb MCG-609 117 Moderately Welded 3.3 3.6 0.973 1.7 1.8 
LLM-85-05 lb 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 la 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 satur.ation 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 
6 [ ( -10 -· J 

Tuff range from 8 .1 to 1301 millidarcys 8.5 x 10 to 1.3 x 10 em ) or 
( 

-13 -11 J ] • 

9.1 x 10 to 1.4 x 10 ft ) • Residual water saturation follow1ng 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 (e~, 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(O) versus 0 (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(O) versus 0] 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 (0) 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 

Unit Air-Injection Test 

2b 93 100 
2a 62 67 
lb 26 28 
1a 7.2a 7.8a 

&Intrinsic permeability for 

Intrinsic Permeability 
Vacuum Test 

23 25 
13 14 
5.7 6.2 
2.7a 2.9a 

this unit is based on 

Laboratory Analysis 

cm 3 x 10-' ft3 x 10-13 

5.7 6.2 
2.8 3.0 
5.7 6.2 
2.4 2.6 

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 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 

p = 
kB = 

m = 
p = 

Po = 

l/Jo 

the density of water at temperature T -1,- I 
Holtzman's constant (1.38 x 10 erg °K) 

h f 1 1 ( . 1 3 X 10-2. 3 g) t e mass o a water mo ecu e approx1mate y 
the average vapor pressure in the soil 

(20) 

the pressure of the water vapor above a surface of infinite radius 

of curvature 
103 bars at 300°K 

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 0.5-, 1.0-, and 1.5-molal calibration solutions. Each psychrometer 
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Figure 3-10. Sketch of the Single-Junction Stainless Steel Screen-Shielded 
Thermocouple Psychrometer (from Brown and Collins, 1980) 
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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 HB33T 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 Psychrometer 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 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 

A 
1: B = l:WP /l:WP (21) 

wherel:WP is the sum of ~e water potentials (sodium chloride solutions) used 
during calibration andl: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 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 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 wa.ter 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 3-15. 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 Installation 
Number8 Number Scanner/Channel for Water-Potential Depth (ft) 

Model 

PCT-55 29414 I/1 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 IIS 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 

8 The 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 Installation 
. 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 o. 86 14 
PCT-55 29417 III/7 0.84 17 
PST-55 29466 III/8 o. 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/14 0.85 47 
PST-55 29468 III/15 0.89 52 

a 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 A!lfOSPHERIC/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.) 

82 



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, 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 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 cor~ugated 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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Figure 4-1. Casing Installation and Depths of Neutron Probe Ueasurements 
in Hole LLN-85-04 
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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 1

• 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 ne~tron-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 S 

PORE-GAS SAMPLING 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 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 sfeel compression fittings. A 
diagram of a pore-gas sampling port is presented in Figure 5-1. 

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, 1985b). 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 1a, 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 1b, 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 (OVll) 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 Area L. 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 OVlf 
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 OVlf 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 SO 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 ft 2 ). 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 
(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 
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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Appendix A 

LimOLOGIC LOGS AND INSTRUMENT COMPLETION DIAGRAMS 
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LITIIOLOGIC 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 MCG-nnmbered 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 lS in Hole LGP-SS-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. 
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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 

Stainless Steel Tubing Exiting 
2-lnch-1.0. Galvanized Pipe, Showing Coupling 

LEGEND FOR PSYCHROMETER AND TRANSDUCER INSTALLATIONS 

Tuff Backfill 

~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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Unfl 2b: Tahlrege Member of lhe Bendeller Tuff 
Tuff" moderately welded and matnx color is very hght gray (N8). Pumtce laptlli 
(pum1ce fragments) are light gray and range tn stze from 5 to tO mm. Honzontal 
fractures are coated with cahche al depths of 5 ft 2 tn. and 5 ft 7 in. The upper 3 to 4 
11 are very weathered. 

Chatoyant santdine crystals, up 10 3 mm in size, are present throughout thts untt. 

Color changes very slightly to pinkttl'l gray (5YR8/1), representing contact 
between two flows that cooled as one unit; slightly tess coherent than above. 

Slightly more welded than above (moderately welded). 

Onlling becomes easier, representing contact wllh slightly welded base of 
Unit 2b. 

Unll2a 
Tulf is slighlly welded Matrtx color changes to grayish pink (5A8/2). Pum1ce tapilli 
are pale brown and grayiSh olive: compared w1th those '" Unit 2b. lhey are larger 
(10 to 20 mm) and more abundant. 

Sanldtne and quartz crystals, less than 1 mm 1n Stze, are present. Slightly more 
welded th•n Jlbove (moderately welded). 

Slightly welded tuff. 

Matnx color changes to pinkish gray (SYAB/1). 

Nonwelded. very disaggregated ash-flow luff, from 62 to 64 fl. 

Tuff is shghtty welded. Matrix color changes to light gray (N7). 

Abundant brown and occastonal gray and green pum•ce laptlll, 10 to 20 mm in 
Sill. 

Near-vertical fracture is coated wtth liOn-colored clay (limonite'?). 

Unll 1b 
Tuff is slighlly welded. Matrix grades to a color between ptnkish gray (5YR8/1) 
and yellowesh gray (5Y811). Pumtce taptlli are predominanlly brown and mucl'l 
smaller (5 to 10 mm) than lhose tn Unit 21. lithic lap1lli, 1 to 2 mm '"size. start to 
appear and become more abundant wllh depth . 

M•nor chatoyant sanidtne crystals are present. 

Matrix 1s lighter'" color, nearly very light gray (N8) 

Gradually becoming more welded with depth. 

Color grades to grayish pink (5R8/2). 

Brown pumice lapilll are abundant. 

Matrtx 1s browner, nearly pale red (5R6/2). and tuff Is moderJtely welded . 

High-angle fracture extends from 120 to 124 ft. 

Very large (up to 1 1n.) lithiC lapilli, with abundant small lithic laptlll . 

Figure A-2. Lithologic Log of Hole LLM-85-01 
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Unit 2b: Tlhlrege Member ol the Bandelier Tuff 

Tutlts moaerately welded, ana matrix color IS very light gray (N8) Pumtce laptllt 
are light gray (N7). The upper J 11 are weathered 

Honzontal fracture occurs at depth ol 9 SIt; no caliche on surface 
Color changes very sltghlly to ptnkish gray {5YR811 ), whtcn may lndtcate 
transllion to lower flow of Unit 2b. 
Honzontal fracture occurs at depth of 12.5 It; coated wtlh caliche 

Large rust-colored fracture extends from 26ft 3 1n to 27 ll 8 •n . wh1te caliche and 
roots are present 

Onlllng becomes easter at apprOximately JJ fl; tull 11 only slightly welded 

Near-verttcal fracture extends from 35 to at least 40ft 6 10 The fracture appears 
open and nas an ~ron statn apprOJCtmately 2/16tn wtde. Tuflts more tndurated close 
to the fracture. butts only sllgntly welded 

Unit 2a 
Color changes to graytsh pmk (5R812). tuff is slightly welded Pumtce lapllh-brown, 
gray, and green tn color-are larger than those tn Un1t 2b 

Fracture SJCtends from 49 f!9 tn to 51 tt 10 in; tt •s marked with an •ron-colored 
alteration band that wtdens w1th depth, but occurs on only one Side ol the fracture 
plane Tuff becomtng more welded at depth 

Fracture e~ttends I rom 55ft 2 tn. to 56 II 2 tn.; 111s s1mllar to. and may be 
continuous wtth, the above fracture 

Tullts moderately welded Pumtce 1ap1llt are sttll brown. green and gray 

Fracture extends lrom 73 to 73.5 lt. 
Matnx color changes to ptnk1sh gray (5YA8/1 ), tull IS slightly welded 

Very dtSaggregated ash, which may represent slightly welded lower portton ol lhts 
untt. 

Unll1b 

Pumtce laptlli are predomtnanlly brown and much smaller than those tn tne above 
un1ts Ltthtc laptlh, very scattered and small, are present and become more 
abundant wttn depth Matrtx grades to a color between pinktsh gray (5YR8/1) and 
yellowtsn gray (SY8/1). Tullts slightly welded 

Atn;ndant brown pumtce laptllt. larger fragments are nottceably II aliened. 
representing tne begtnntng of the transttton to the moderately welded central zone 
ol tn1s unit 

Quartz and feldspar .n matrtx becomtng more abundant Quartz ts dtsllnctr-.'ely 
honey-colored and blpyramtdal. 

Ortlltno b@COmes slightly mnre d•lhcult Rnrt rock fragments are very Rhundant 
Tult ts moderately welded. 

Same as above. except matrtJC color •s more orangtsh. nearly moderate orange 
p!Ok (5YA8/4) 

Figure A-3. Lithologic Log of Hole LLM-85-02 
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L09 

Un112b: T1hlrege Member of the Bendeller 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 ft10 in.; coated with caliche. 

Abundant Quartz and sanidine 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 single unit. 

Drilling becomes easier 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 32 fl 8 in .• from 35 to 37 fl. and from 39.5 to 40ft. All four are heavily 
stained with limonite. There appears to be a horizontal fracture lying between the 
upper two high-angle fractures. Tuff becomes slightly welded. 

Pumice lapilli are much larger, up to 1.25 in. 

Unlt2e 

Matrix becomes darker-to pale red (5R6/2)-at depth of 42 to 43 It; tuff is only 
slightly welded. Occasional pumice lapilli are greentsh (10Y4/2to 10Y5/4). 

Pumice lapilli are generally smaller, but occasional large pumice lapilli are Quite 
flattened. Tuff is moderately welded. 

Small high-angle fracture occurs at depth of approxtmately 58 ft. 

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. 

Some relatively large olive or greenish-colored pumice lapilli are still present. 

Minor amounts of Quartz and sanidine crystals are present. 

Drilling becomes very easy, indicative of slighty welded tuff. 

Quartz crystals become more abundant. but only traces of chatoyant sanidine 
occur in pumice lapilli. 

Brown pumice lapilli are abundant and very flattened. 

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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Deecrlpllon 

Unll 2b: Tahlrege M•mber ol th• Bandelier Tulf 

Tuff is moderately welded, and matn• color ts between hgnt gray (N7) and very 
ltght gray (N8). Pumtce taptllt, 2 to 10 mm m stze, are li9ht gray to medium light 
gray. Chatoyant santdine crysta"ls are 1 mm 1n stze. The upper • II are very 
weathered and contatn abundant horazontal fractures wtth iron stains and root 
structures. 

Same as above. eKcept rare lithtc laptlll up to 40 mm m stze are present. 

Same as above, ucept clear quartz and chatoyant blue san1d1ne crystals, 1 to 2 
mm tn stze, are abundant 

Color changes to graytsh pmk (5R8/2) at depth of approximately 34 rt. Ortlltng 
becomes easier at depth of 33 ft. representtng contact wtth lower flow and/or 
slightly welded porlton of Untl 2b Pum•ce laptllt range m stze from 2 to 10 mm 

UniiZa 

Malrtx color sttll graytSh ptnk (5R8/2); slightly welded lull Pumtce laplllt are larger 
(5 to 30 mm). but sllll predOminantly gray. Quanz ano sanrdtne crystals. tess than 1 
mm tn SIZe. are present. 

Fracture e.: tends lrom 48 to 48 • fl 

Tuff rs slighlly welded. Pum1ce laprllr are same srze as above (5 to 30 mm). but 
olive or greentsh-cotored fragments are present 

Small fracture. filled to 116 in .. extends from 54 to 55 5 fl. 

Fracture occurs at depth of appro.1umately 58 fl: very broken-up core. 

Tuff is gradually becomrng moderately welded at depth. 

MatrtK color sttll gray1sh p1nk (5R8/2) Pum1ce laptlh are larger (10 to 40 mm). but 
still predommantly brown wtth occastonal olive or greenrsh-colored fragments 

Tuft rs shghtly welded. and matnK color lightens to nearly prnklsh gray 
(5YA811) Chatoyant san1dine crystals are still present 

Unll1b 

Tuff is slightly welded. and matrix color becomes lighter, between pinkish 
gray (5YR8/t) and ye11ow1sh gray (SYBil) Abundant quartz. but cttatoyant santdrne 
was not observed Pumrce laprlli are brown and much more abundant than in Unrt 
2b 

Lilh1c lapr/11, up to 2 mm in stze. are present in small amounts. Pumrce tap111i are 
brown. but slightly larger (20 to 40 mm)than those rn upper tnlervals. Tuff 1!1 slightly 
welded . 

Ltlhtc laprlll are abundant, but slllt small (less than 2 mm) 

Tuff IS moderately welded, and matnx color ,5 becomtng more pmktsh (5A8t2) 
whiCh may represent contact w1th the more densely welded port1on of Unat lb. Rock 
or hthic fragments are becomtng much larger. Pumrce laprllr are very large. Quartz 
crystals. dark- to honey-colored, are abundant 

Scattered, large lithiC taprlll. Large pumrce taptlll are very flattened 

Matrax color changes to pale red ( 10R612) 

Matrax color changes to pinkrsh orange (nearly 10A716J; sltghtly welded 
lower port1on of Unu lb. 

Figure A-5. Lithologic Log-of Hole LLM-85-05 
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·:~-~-:~ ~· ;• ,- i ~;,: One loot of medium-brown so11 merges mto light-gray {N7) ash-flow tuff. whiCh IS 
:-'0.-:~~~:~·j:';,\•; moderately welded Pum1ce laptlll, 2 to 10 mm in sue. are medtum light gray. _•, -~ r:~ ~, ; -· '-, Samd.ne and quartz are abundant Iron-stained fracture extends from~ ft tO tn to 6 
'!..',. ~- .... _·-~-- :.'~~-, II 1 tn .. and cat•cha·hlled fracture from 6 rt 4 tn. to 6 II 7 10 

Caliche-filled fracture utends from 9 to 95ft. 

MatriX color grades to very light gray (N8). llght-grav pumtce laptlli, 2 to 10 mm in 
stze, are present from ground surlaca to approxtmatetv 8 ft. 

Matnx color IS between very hght gray (N8) and hght browntsh gray (5YA6/l) 

Near-verttcal fracture extends from 29 to 29.5 fl; tuff shll appears moderately 
welded. 

Unll2a 
Tuff appears ftssile. but still moderately welded; drtlling 1s shgntly easier No 
obvtous color change Pum1ce laptlli are brown and gray. and larger ( 10 to 30 mm) 
than those m the upper unil. · 

Near-verucal fractures extend from 41 ft 4 in. to 42 fl 2 in. and from 43 to 43 5 ft; 
the former appears to be open 

Matrix color IS very light gray (N8) 

Tuff 11 nonwelded. and pumtce lap1lh are larger 

• ,•,.., "',-',·~ .... ,.., ¥~:: ~b only slightly welded. Matrtx becomes almost while {N9) Pumtce laptlll are 
)" .. • r .. : ) .. //., predomtnanlly brown from ~9to 69ft. 
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Matnx darkens to light gray (N7). 

Matnx color changes to graytsh p1nk (5A812) at depth of approximately 69ft 

Small llthtc laptlh, 1 to 2 mm '"SIZe. are present in small amounts. 

Ltth1c laptllt are more abundant; brown pumice lapilli are larger 

Matrix color becomes pmker. to pale red (SA612), and turf IS gradually becom•ng 
more welded L1th1c tap111i increase in s•ze. B1pyramidal quartz crystals, gold to tan 
colored, arB abundant 

Transitton to moderately welded zone of Un1t 1b. MatTI)( color changes to graytsh 
orange ptnk (~YR7/2) Blpyramtdal quartz crystals are sttll abundant and mcreas1ng 
in stze (up to 4 mm) 

Tuff IS moderately welded. and color changes to moderate orange pmk (5YR814). 

Same as above, except tufl1s only slightly welded. representing the base of 
Untt lb. 

Unll1a 
Completely nonwetded ash. moderate orange pmk (5YA8/4) wtlh scattered lumps 
ol tan pum1ce laplllt. 

Complelely nonwelded ash. wtth large (some greater than 2 tn.) pumtce and roCk 
laptllt. 

Figure A-6. Lithologic Log of Hole LGM-85-06 
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DHcrlpllon 

Unit 2b: Tahlrege Member of the Bandelier Tuff 

Soil consisting of weathered tuff extends from ground surface to 5 It, and conta1ns 

scattered root material. 

Matrix color is between very light gray (NB) and light gray (N7). Pum1ce 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 It 7 in. to 22 It 

1 in. 

Unlt2a 

Tuff appears fissile and slightly less welded; drilling 1s 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). 

Figure A-7. Installation of Thermocouple Psychrometers in Hole LGP-85-07 
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Unll 2b: Tohlrege Member of lhe Bandelier Tuff 
The upper 5 It 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. Tuff is moderately welded. · 

Matrix color is Yery light gray (N8). 

Fractures extend from 9ft 6 in. to 9ft 9 in. and from 10 It 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 un11. 
Matrix color changes to pinkish gray (5YR8/1). 
Tuff appears slightly fissile, but is still moderately welded. 
Possible noncoated fracture extends from 19ft to 19ft 3 in. 

Slightly less welded than above. 

Matrix color becomes very slightly pinkish, with very small, brown pumice 
:.~:-·~,oiio,;,o;:.~~ lapilli, probably indicating a transitional contact with Unit 2a. 

Unll2• 
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 35ft 4 in. to 36ft 4 in. 

Near-vertical. noncoated fracture extends from 40 II to 40ft 8 in. 
Slightly welded tuff. 
Unll 1b 
Matrix color changing to very light gray (N8) 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 •;, 1n. 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 1 b cooling zone. Fresh glass shards were observed. 
Matrix color grades from pinkish gray (5YR8/1) 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 is 
becoming very orange. L1thic lapilli are still very abundant. and quartz crystals are 
still honey-colored. 
Unlt1• 
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 s1ze 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 88ft. 

Same as above. except matrix color changes to light tan [approximately 5Y8/1 
(yellowish gray)) and green pum1ce lapilli are scattered throughout. 

Figure A-8. Installation of Pore-Gas Sampling Ports in Hole LGC-85-09 
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Deocrtptlon 

,~·· .~-';;_--~,'.'--:;,'~~~~-~=_-,'~;.-,:,:.,~~~,·-~:,·,, Unit 2b: Tehlrege Member of the B•ncteller Tuft 
_ _ . '" • 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. $(~1~1t~ 

~~: \;,";'\;~ 1
1,:'1 •:~ Tuff is moderately welded, and matrix color is very light gray (NB). 

::,_ .. },t;~~~~~~~:{~';{,, 
~~~~~ 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 santdine 
crystals. 

~~'~'~ :::? ... f·~·'';/;~~>~ .. Honzontal fracture occurs at depth of 31.5 ft. 
-I-·-.:....··-~ 
~1 ~- 1 Unlt:Z. 
r/, ...... /, ...... /'-~6 
~~~~':;;\ Tuff i~ moderately welded. Matrix color changes to light brownish gray (5YR6/1). vy

1
_, ),_, )",,,) Pumice lapilll 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 
v.z_.../~_..../z..,.../~ mm in SIZ8. 

/ /~,,~/ ,::.,/ 
/~-"/~ ..... /~/~ ,,,,,,,,,,.. 
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Matrix color lightens to light brownish gray (5YR6/1). 
Tuff is slightly welded. 
Near-verttcal fracture extends from 52 to 53.5 ft. 
Pumtce lapilli are larger. 

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 matnx color darkens to light browntsh gray 
(5YR6/1). 

Dark- to honey-colored Quartz crystals increase in size and abundance . 

Lithic lapilli, up to \7 in. in size. become more abundant. 

Matrix color changes to moderate orange pink (5YR8/4). 

Vertical fracture extends from 94.5 to 96 ft. 

" ' ' " ' ' < Tuff is slightly welded. Lithic lapilli up to t in. in size are common. 
jo:-"-'~< ..;";...:..<_,>;...,;<;..I 

Figure A-9. Installation of Pore-Gas Srunpling Ports in Hole LGC-85-10 
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Oatcrlptlon 

Unit 2b: T1hlrege Member of the Bandelier Tuff 
Weatnered·IUff so•l honzon extends to depth of 3 rr 
Moderately welded lull 

Matr•x color ranges from very light gray (N8) 10 very ltghl brown.sn gray (5VR7/1), 
w1lh light-gray pumtce lap1111 Near-verttcal fractures extend from 5 to 6 fl and from 
8.510 7.511 

Quartz and chatoyant blue santdtne crystals are present 

lron·statned. caliche·hlled fractures, dtpptng approxtmately 45 degrees, occur at 
depths of 15.5 and 11.5 fl. 

lron·statned fracture. dtpptng approxtmately 45 degrees, occurs at depth of 20ft 

Pumtce tap1lh, 3 to 10 mm in size. are sttlllight gray 

Un112a 
Tufl•s moderately welded. and matrix color tS very light gray (N8) wtlh a slight 
pmktSh cast (nearly ptnkllh gray (5VR8t1 )I Pumtce Ia pi III are larger and predom· 
tnantly brown, though some are greentSh·Colored Quartz and chatoyant samdine 
crystals are present. 

Tuff ts only slighlly welded. Pumtce lap1lll-some brown, some 
green-are very large. Sparse. small lithic taplili are present. 

Unl11b 
Tuflts st•ghtly welded, and matnx ranges tn color from very ltgtH gray (N8) 
to almost whtte CN9). 
Fracture (?).dipping approx•matety 45 degrees. occurs at depth of 66 tt. 

L•thtc laptlh beg1n to appear, becomtng larger and more abundant wtlh depth 

Fractures. dtpping approxtmately 45 degrees. occur at depths of 75.5 and 76 5 It 

TullIS slightly more welded than above, and malrix color is ptnktsh gray (5YR8/1) 

Tuff 11 moderately welded. 

Quartz crystals are abundant and disttncttvely honey· or tan·cotored 

Matrtx color changes to moderate orange ptnk (5YA8/4) at depth of 93 fl. Ltthtc 
laptllt becoming very large. up to l1n. tn s1ze Pum1ce taptlh are sttll small and brown. 
Quartz crystals are same as above. 
Pumtce laptllt increase tn s1ze. and some are gold· to tan-colored (similar to tnose 
in Un~lla). 

Tuff IS only sltghtly welded. Lithtc lapillt are less abundant, but range up to 3 tn 
m s•ze Quartz cryslals are same as above 
Unit 11 

Completely nonwelded tufl. moderate orange pmk (5YA8/4), w1lh scauered. 
large, golden-tan, pum1ce laptlll and hlhtc IBPillt 

Same as above . 

Figure A-10. Lithologic Log of Hole LGM-85-11 
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Unit 2b: T1hlrege Member of the B•ndeller Tuff 

Soil consists of weathered tuff and some till (tuff) 

Matnx is light gray (N7), with common quartz and chatoyant sanidine crystals. 
Iron-stained fractures, dippmg 45 degrees, occur at depths of 5 ft. 6ft. and 6 fiB in. 
Pumice lapilli are medium light gray, except tor a very lew whiCh are light green. 

Same as above. 

Honzontal fractures occur at depths of 24 It 8 in .. 25 fl. 25 It 7 in .. and 26 ft. 

Pumice lapilli are gray and range from 2to 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. 

Unlt2• 
Tuff is moderately welded and matrix color.changes to pinkish gray (5YR8/t). 
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. 

Matnx 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 (NB). 

Unlt1b 

Tuff is slightly to moderately welded. and matnx is becoming lighter. to a color between 
very light gray (NB) and while (N9). Pumice 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. Pum1ce lapilli range up to 40 mm in 
size. No lithic lapilli were observed. 

Installation of Pore-Gas Srunpling Ports in Hole LLC-85-12 
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Figure A-12. 
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Unit 2b: T1hlrege Mem~r of the B•ndeller Tuff 
Weathered-tuff soil horizon extends to depth of 10 in. 
Matrix is 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 (5YR6/1 ), 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 35ft. 

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. 

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 5-11 sections frnm 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 gray1sh orange pink (5YR7/2). Equal amounts of 
brown and gray pumice lapilli are present. 

Installation of Pore-Gas Smnpling Ports in Hole LLC-85-13 
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Dncriplion 

Unit 2b: Tshlrege Member of the B•ndeller Tuff 

Tuff is moderately welded. and matrix color is tight brownish gray (5YR6/1 ). 
Horizontal fracture occurs at depth of 1.5 ft. Pumice tapilli are small and gray. 
Ouanz and sanidine crystals are small and clear. 

Matrix color changes to very tight gray (N8). which probably represents the 
contact with the tower flow of Unit 2b. 

Fractures, dipping approximately 45 degrees. occur at depths of 18 It 2 in. and 19 
ft3 in. 

Lithic tapilli are sparse and range up to 30 mm in size. 

Matrix color changes back to tight brownish gray (5YR6/1) at depth of 26ft. 
Fractures. dipping approximately 45 degrees, occur at depths of 25 and 28ft. 

Pumice tapilli-somf! 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 gray1sh orange pink 
(5YR7/2). Fracture, dipping approximately 45 degrees. occurs at depth of 31 ft. 

Unll2• 

Tuff is slightly welded, and matrix color is light brownish gray (5YR6/1 ). 
Pumice lap1lli-som~ 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 tapilli are sparse and average 5 to 10 mm in size. with some up to 40 mm. 
Pumice tapilli are same as above. 

Near-venical fractures occur at depths of 49. 52. 53, 54. and 57 ft. This may be one 
fracture. observed entertng and exiting the core. 

Tuff is moderately welded, and matrix changes to a color between grayish ptnk 
(5R8/2) and grayish orange pink (5YR7/2). Pumice tapilli are predominantly brown. 
and average 10 to 40 mm in size. Lithic tapilli 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 tapilli. 

Same as above, except lithic tapilli are more abundant. 

Same as above, except no lithic tapilli were observed. 
Tuff is slightly welded. Matrix color tightens to grayish pink (5R8/2). Pumice 
tapilli-brown and green-are larger (20 to 50 mm). Sanidine and quartz crystals 
are very small and clear. 

Unll1b 

Tuff is slightly welded. Matrix color cnanges to tight gray (N7). Brown pum1ce 
tapilli are smatter (10 to 25 mm). Lithic tapilli and quartz crystals are common. the 
tatter rangtng up to 3 mm in size. Near-venicat fractures occur at depths of 85, 88, 
and 89ft. 

Same as above. except quartz crystals are larger (4 mm) and more abundant. 

Installation of Pore-Gas Sampling Ports in Hole LLC-85-14 

A-23 



Dopth 
(IHI) 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

tOO 

lnat•ll•tlon 

Figure A-14. 

Graphic 
LOll 

Dncrlptlon 

Unit 2b: Tahlrege Member of the B•ndeller Tuft 

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, woth caliche infill, occur at depths oft 
and 5 ft. 

Same as above, except matrix color changes to very light gray (N8). 

Same as above, except matrix color changes to light brownosh gray (5YR6/t ). 

Same as above, except pumice lapilli are larger (up to tO mm). 

Tuff is moderately welded. and matrix color grades to grayish pink (5R8/2). 
Pumice lapilli-most gray, but some brown-range in soze from 10 to 40 mm. 

Low-angle fracture occurs at depth of 3t litO in. 
Same as above. except tuff is slightly welded. 

Tull is slightly welded. and matrix color still grayish pink (5R8/2). Pumice 
lapilli-most brown;but some green (olive)-range in soze from approximately tO to 
SOmm. 

Tull is moderately welded. and matrix color grades to pale red (5R6/2). 
Same as above, except matrix color changes to grayish pink (SRB/2). 
High-angle fracture occurs at depth ofSt 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 77 ft. 

Tullis slightly to moderately welded. 

Tull is slightly to moderately welded. Matrix color changes to pinkish gray 
(5YR811 ). Pumice lapilli are predominantly brown and range from 10 to 20 mm in 
soze. Quartz crystals, up to 4 mm in size, are abundant. Lithic lapilli are more 
abundant than above, ranging in size from 5 totS mm. 

Pumice lapilli increase on 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 
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Unll Zb: Tthhtgt Member of the Bandelier Tuff 
Sod and weathered lull extend to depth or 18 in. 

Tufl is moderately welded, and matrix color is grayish pmk (5R8/2) Pumtcelaptllt 

are light gray and range up to 10 mm in su:e. Quartz and san•dme crystals range up 
to 4 mm tn saze. Near-verHcal fractures occur at 3 tt and from 6 to 7ft. 

Same as above 

Reworked ash (crossbedding) occ:.~rs at depth of 15ft 5 in. The material is orange 

and repr~sents the contact between tne upper and lower flows '" Untt 2b. 

Sttll moderately welded. graytsh-pmk (5A8/2} tuff. 

Htgh-angte fracture. wtth tron alteratton. occurs at depth of 25 tt 10 '" 

Tuff ts st•ll moderately welded, but matrix color changes to graytsh orange ptnk 
(5VR712) 

Tuff •s sltgl"'tly welded. and dnlling becomes easter at depth of 34 fl. 
Htgh·angle fractures (one conttnuous fracture?) occur at depths of 34, 36, and 37 H. 
Pum1ce laptllt are gray and brown. and range 1n seza from 10 to 20 mm. Quartz and 
santdtne crystals are less than 1 mm tn stze. 

Tufl•s sltghlly welded. and matrix color ts ltghl gray (N7J. Pum•ce lapllli 
are brown. gray. and green Santdtne and quariZ crystals are larger, up to 3 mm 
Verttcal fracture wllh stlt in lilt extends from 41.5 to 45 6 It tt was probably hlled in 

w1th reworked asn pnor to depos111on of Urtt 2b 

Tuflts moderately welded, and matrix color Changes to grayish ptnk (SRB/2), at 
depth of approxtmately 46ft. Pum1ce taptlll are brown and green. 

Tuff is stighlly less welded than above. and rare lithiC lapilli are present. 

Unl11b 
Tuff IS slightly to moderately welded. Mattix color cnanges to light gray (N7) 

Pumtce tap1lh are predommanHy brown and range'" Stze from 20 to 40 mm. Ouartz 

and san•dme crystals are still common Ltlhtc laptlli are larger (up to 30 mm) and 

more abundant. 

H•gh~angte fracture occurs at depth of 92.5 It 

Matrtx color ltgtllens to very light gray (N8) Pumtce laptlh are larger (up to 50 

mm). ltlh1c laptllt are common. 

Figure A-15. Installation of Pore-Gas Sampling Ports 
in Hole LLC-85-16 
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Unll :Zb: Tthlrege Mtmbtr of lht Bandelier Tutl 

So•t and weathered tuft extend 10 appro1umately 3 II 

Tuflts moderately welded. and matrut color ts light gray fN7) Pum•cetaptllt are 

gray and range tn stu hom 5 10 .10 mm Ouarlz and sa"'dtne crystals. tess than 1 

mm tn Stle, are abundant 

Same as ,above. Altered, ntgh-angte fracture. wtth stlt mltll and roots. occurs at 

depth or 11 It 2 tn 

Matmt color tS graytsh ptnk l5R8/2) and pumtce taptlh are larger (up to 30 mm), 

represenlmg 1tans111on to tower llow of Untl 2b Ouarlz and santdtne crySials same 

as above. 

Same as above, e•cept sparse lithtc laptlh are present and Quartz and samdtne 

crystals mcrease tn stze to 3 mm. 

Htgh·angle fracture ••tends from 27 to 28 5 lt. 

Slightly welded bne of Untt 2b. dttlltng becomes easter Pumicetap1lli mcrease m stze 

to 50 mm, whtle quartz and santdtne cryl!als decrease tn 11ze to tess lhan 1 mm 

ji,..;;..,,......,_ ...... "'' Unll2• 
Tull ''slightly welded Matrix color ts pate red l5R6/2) Pumtce laptlli are brown 

and green, and range m s•ze from 1010 30 mm Ouarlz and samdme crystals r~nge 

up lo 2 mm In SIZ8 
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Turf'' moderately welded; matru color hgntens to graytsh Pink !5R812) at depth of 

appro••mately 45 It 

Same as above 

Same as above. except pum•ce laptlh are larger lup to 40 mm) and quartz and 

santdtne crystals are smaller (leu than 1 mm) Htgh·angte fracture occurs at depth 

of 61 tt 

Same as above. except lull tS slightly welded 

Same as above 

Unll 1b 
Tutl •s slightly welded, and matm color changes to light gray (N7) Lithic 

taptllt are present 10 mtnor amounts, rangtng tn stze to 20 mm. Pumtcelaptlh-most 

brown. Dut some green-range up to 40 mm in stze Ouanz crystals are larger and 

honey-colored. 

Tufl" slightly to moderately welded. and matru: color changes to graytsh orange 

ptnk !10R812) Pum1ce taptlli are Drown and range up to 50 mm tn stze Quartz and 

santdme crystals. ranging up to 2 mm tn stze. are common. Ltlhtc lapilli, ranging up 

to 50 mm tn s•ze. are also common 

Tufl becomtng moderately welded 
Same as above. ucept small (2 to 4 mm) hthtc taptllt are abundant 

Matrn. color changes to more tntense grayiSh orange ptnk (5YR712). Quartz 

crySials are gold. b1pyram1dal. and more abundant than above. Small (leu than 110 

2 mm) hlhiC lap1llt are very abundant but those as large as 60 mm are sparse. 

Same as above. eJ~cept matrtx color changes to light brown (5YR6/4) 

Htgh·angle lracture extends from 12210 123ft 

Tuff is shghtly welded. and matnx color changes to moderate orange ptnk f5YR814) 

Pum1ce laptllt arfi grayrsh orange (1tm1lar to those tn Untt 1 a 1 and range up 10 50 mm 

tn s1ze Rest ol matrtx 1s Stmtlar to above 

Occastonal greentsh pumtce laptllt are present 

Unit 1a 

Completely nonwelded ash. moderate orange pmk (5YR8/4) '"color Large 

graytSh·orange (10YA7141 pumtce laptlh are abundant Ltth•c laptlh range up to 50 

mm •n s1ze 

Figure A-16. Lithologic Log of Hole LLC-85-i7 
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}Jl~~m~ 
Unit 2b: Tahlrege Member of the Bandelier Tuff 

Weathered tuff (fill?) extends to depth of 411. 

5 
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 

!--..::::....- 85.05245 I .-I - ..-\' I- 1 ""t•l size. are abundant. 
10 85.05130 

:~f~~f-iJl~i:; Low-angle fracture occurs at depth of 11 ft. 

~:~-~~~· 
15 

~~~~~! 
Pumice lapilli are larger. which may indicate transition to lower flow of Unit2b. 

85.05246 
20 85.05131 

Same as above. except quartz and sanadine crystals 1ncrease 1n size to 3 mm. 
,,.- ,, ,-t ... ,,,' 

25 

;,i~~~~jl 85.05247 
~ 85.05132 

30 

~.,--~-- Tuff is slightly to moderately welded. Matrix color changes to pale red (5R6/2) at .•>''~, ... ~ ,~, .... , ~". 
35 

:~~{I%~MI~~~ 
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. wtlh iron alteration. 

~ 85.05248 extends from 33 to 35 ft. 

40 
85.05133 Unlt2a 

..... ,/ ...... ,/ ..... // ..... Tuff is slightly to moderately welded. Matrix color is still pale red (5R6/2). Quartz 

' ' ' ' ' ' ' ~\/~\~\~ crystals· are larger (up to 3 mm). Pumice laptlli change from gray to brown and 

''.:'l~,l.:,l green. 

45 :\<.:'\~\(:' ,l/,1/,l/,l 

~ 85.05249 
...... ~/ ..... ~/ .... (/ ..... 

85.05134 
~1/"\l/"\l/"\l 

50 ..... ~/ ...... \"/ ..... ~/ ...... 
t:::_1 /"\I /\I /\.I Same as above. except quartz crystals decrease in size to less than t mm . 

...... ~/ ..... ~/ .... ~/ ...... . 
t-;__1 .("\.'.("-1( "\I 

55 ..... , ......... ,/ ..... , / ...... 

~,/,l/'1/'1 

~ 
85.05250 

...... ,/ ...... \'/ ..... ~/ ...... 
ao 85.05135 r;/(\1,:\1,:\:1 

...... ,/ ..... ,/.,,/ ...... 
r--1.:\1{'\1.:\1 Same as above. except sparse lithic lapilli, 5 io 10 mm in size. are present. 

.... ,<.,:' \< ... '"'\/....-
~~.:,1.:,1.:\1 

65 ....... ,/ .... ,/ ..... ,/,..... 
~~~~.~-·~..'<'' 

...... ,/ ..... ,~' ...... ,/ ...... 
70 

'(-;__t.~-::.~-{~J No core was recovered for the interval 64 to 74ft. 
..... ,/ ...... ,/ ...... ,/,.., 
'..:~'.::.··;./<'' 

...... ,/..:"'\~\/_..... 
I /\l/,1 /,1 

75 ~/---'1~;~ Same as above. but tuff is only sligntly welded. 
<~.:~<,I 

~ 85.05252 
..... ,/ ...... ,/ ....... ,/ ...... 

85.05t37 I /'-'~~fl High-angle fracture extends from 78 to 79 fl. 
80 ~'/.....-: / 

~~~'1 Unit 1b 
> .. C' "' < &. Tuff is slightly welded. Matrix color changes to light gray (N7) at depth of 79 fl . 

... <' ,. .> .., .., ) and to very light gray (N8~ at depth of 8411. Pumice lapilli are predominantly brown. 

85 
~ "'" ... ""..,. ... ~ .,"' <f> Lithic lapilli are sparse. 
""'":4~.,~ ... 

V 7 "' v '- L V 

~ 85.05253 
,. ..1 l.o .(. l't. A '? II 

~..., ) ., < v ., 
85.05138 >,.. v ~ r ., ,. 

90 : <' .> .., 1.. r v 1 

I."':"".,"'.., 
1.- < " y "" ~ "' > r r <'::I""' I"""< ... Same as above. 

951 
,. ......... 

y .,. ... .., 

~ .., ,. ... ; ~< ..,>" (. 

100~ 85.05254 
I ., (' 1\-, '01"' 

'('" > " ,. (' "'7 

85.05139 

Fi gurc A-17. Lithologic Log of Hole LLC-85-18 
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Appendix B 

PETROGRAPHIC REPORTS 
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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 tho samples are presented on tho 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 9f the. gas tubes rather than on their true shape. 
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LITHIC 

CRY5TAL 

LEGEND 

0 Unit 2b 

0 Unit 2a 

~ Unit lb 

VITRIC 

Figure B-1. Classification of Cook (1965) Used to Name Tuffaceous Rocks 
in This Study ou the Basis of the Normalized Vitric 
(including pumice), Crystal, and Lithic Components Determined 
from the Modal Analysis 
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LANL VAPOR 'IRANSPORT STUDY 
REQUEST NO.: 402553 
PROJECI' NO.: 6L0001000 

SAliPLE NO.: MCG-550 
DRILL HOLE LLM-85-17 
DRILL HOLE DEPI'H (FT): 

UNIT 1B (LITHIC) 
118 

PHENOCRYST RATIO ( Q/K/P) : 1/6.67/0.33 DEGREE OF WELDING: Dense 
POROSITY (VOL lll): 10 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAlffi: Rhyolitic Vitric Tuff 

GENERAL DESCRIPTION IN THIN SECTION: 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. lL 

Groundmass 60 

Vapor-Phase Minerals 28 

Sanidine (73) 

Tr"idymite (18) 

Alpha Quartz ( 5) 

Opaques ( 4) 

Pore Space 10 

Phenocrysts 2 

Sanidine ( 83) 

Alpha Quartz (13) 

Plagioclase (4) 

Opaques (tr) 

COM)fENTS 

Densely welded glass with well-developed 
spherulitic devitrification. Glass is 
brown in part. 

Porous, microcrystalline linings of 
li thophy sao . 

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 1RANSPORT SlUDY 
REQUEST NO.: 402553 
PRO.TECT NO.: 6L0001000 

POROSITY {VOL%): 1 

SAMPLE NO.: MCG-601 
DRILL HOLE LLM-85-17 
DRILL HOLE DEPTH (Fr): 

UNIT 1B (LI1HIC) 
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. 

Hyalopilitic. 

Felty laths. 

Magnetite oxidizing to hematite. 

Brown-colored. 

Microvugs in groundmass(?). 

Altered to chlorite and hematite. 
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LANL VAPOR TRANSPORT STUDY 
REQUEST NO.: 402553 
PROJECI' NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL .,) : 23 

SAMPLE NO.: MCG-626 
DRILL HOLE LUI-SS-01 
DRILL HOLE DEPTH (Fl'): 

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 'IBIN 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. IJI 

(66) 

(34) 

(64) 

(28) 

(5) 

(3) 

(tr) 

(tr) 

44 

27 

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 TRANSPORT S'IUDY 
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 ( 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 DESCRIPIION IN miN SECIION: 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 S1UDY 
REQUEST NO.: 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL~): 18 

SAMPLE NO.: MOG-628 
DRILL HOLE LLM-85-01 
DRILL HOLE DEPTH (FT): 

UNIT 1B 
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 SECTION: 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 STIJDY 
REQUEST NO.: 402553 
PRO.TEC! 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. 
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LANL VAPOR 1RANSPORT S1lJDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO ( Q/K/P) : 
.POROSITY (VOL~): 12 

SAMPLE NO. : MCG-629 
DRILL HOLE LLJrSS-01 
DRILL HOLE D.EPTH (Fl'): 

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. ~ 

ss 

(63) 

(37) 

22 

(54) 

(41) 

( S) 

(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 
PROJEcr NO.: 6L0001000 

PHENOCRYST RATIO ( Q/K/P) : 
POROSITY (VOL 'AI): 16 

SAMPLE NO.: MCG-630 
DRILL HOLE LLM-85-02 UNIT 2B 
DRILL HOLE DEPTH (FI): 37 

1/2.24/0.06 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NA!ffi: Rhyolitic Vitric-Lithic Tuff 

GENERAL DESCRIPI'ION IN THIN SEcriON: Fine- to medi'Dm-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 COMPONJ:NT VOL. 'AI 

Groundmass 50 

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 TRANSPORT SIDDY 
REQUEST NO. : 402553 
PRo.TECT NO.: 6L0001000 

MINERAL COMPONENT VOL. Ill 

Zeolite(?) tr 

Unknown Component tr 

SAMPLE NO.: MCG-630 (continued) 
DRILL HOLE LLM-85-02 UNIT 2B 
DRD..L HOLE DEPTH (Fl'): 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 SlUDY 
REQUEST NO.: 402553 
PROJECT NO.: 6L0001000 

SAMPLE NO.: MCG-631 
DRILL HOLE LLM-85-02 UNIT 2A 
DRILL HOLE DEPTH (FT): 64 

PHENOCRYST RATIO ( QJK/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 DESCRIPI'ION IN miN SECIION: 
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 and Y-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. 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 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 BOLE DEP'IH (FT): 64 

COMMENTS 

Largest grain was on a corner of the 
thin section; grain is larger than 
S.S6 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 STUDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

SAMPLE NO. : MCG-632 
DRILL HOLE LL~r85-02 
DRILL HOLE DEPTH (Fl'): 

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 DESCRIPriON IN 1HIN 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 S'IUDY 
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 (lB) 
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 S'IUDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (OJK./P): 
POROSITY (VOL -.): 16 

SAMPLE NO.: MCG-633 
DRILL HOLE LLM-85-02 
DRILL HOLE DEPTH (FI'): 

UNIT 1B 
111 

1/0.95/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAlm: 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 COMPONF.NT VOL. -. 

Groundmass 41 

Glass (61) 

Pumice (39) 

Lithic Fragments 30 

Pore Space 16 

Phenocrysts 13 

Quartz (49) 

Sanidine ( 46) 

Opaques ( 5) 

Plagioclase (tr) 

Pyroxene (tr) 

COIDmNTS 

Incipient axiolitic 
Mottled brown glass 
alteration to clay. 
and Y-shaped shards 

dev i trifica tion. 
may indicate 

Intact bubble walls 
are present. 

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 TRANSPORT S'IUDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

SAMPLE NO. : MCG-634 
DRILL HOLE LLM-85-06 
DRTI.L HOLE DEPTH (FT}: 

UNIT 2B 
30 

PHENOCRYST RATIO ( QJK/P) : 1/1.20/0 DEGREE OF WELDING: Moderate 
POROSITY (VOL Ill): 25 OllDATION STATE OF Fe-Ti. OXIDES: C3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN lHIN SECIION: Fine- to medium-grained phenocrysts in a 

moderately welded groundmass. Shards show axiolitic devitrification. 

MINERAL COMPONENT VOL. l!lt 

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 S1UDY 
REQUEST NO.: 402553 
PROJEcr 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): 30 

COMMENTS 

Up to 1.41 mm. TWo types are present: 
densely welded, lithic tuff with 
spherulitic devitrification (see Samples 
MOG-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 
DRILL HOLE DEPTH (Fr): 

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 DESCRIPriON IN 1HIN SECI'ION: Fine- to medium-grained phenocrysts in a 

slightly to moderately welded groundmass. 

~IINER.AL COMPONENT VOL. 1!11 

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) 

COMMENTS 

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 graine~. 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 STUDY 
REQUEST NO.: 402553 
PROJECT NO.: 6L0001000 

:MINERAL COMPON:miT VOL. lib 

Tridymite 1 

Unknown Component tr 

SAMPLE NO.: MCG-635 (continued) 
DRILL HOLE LLM-85-06 UNIT 2A 
DRILL HOLE DEPI'H ( FT) : SO 

COMMF.NTS 

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. 



LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO.: 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL .. ) : 26 

SAMPLE NO. : MCG-636 
DRILL HOLE LUI-85-06 UNIT 1B 
DRILL HOLE DEPTH (FT): 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 SECI'ION: 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 STUDY 
REQUEST NO.: 402553 
PROJECT 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 (Pumice) 

ROCK NAME: Rhyolitic Vitric-Crystal(?) Tuff 

GENERAL DESCRIPI'ION IN miN SECIION: 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 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 TRANSPORT S1UDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO ( QJK/P) : 
POROSITY (VOL -.,) : 22 

SAJ.IPLE 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 DESCRIPI'ION IN miN SECI'ION: 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. -., 

55 

(65) 

(35) 

22 

21 

(63) 

(34) 

(3) 

(tr) 

( tr) 

(tr) 

2 

COMl!ENTS 

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. vi tric-crystaf 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 LUI-85-11 UNIT 2B 
DRILL HOLE DEPTH (FT): 30.5 

1/0.77/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C4 

ROCK NAlm: Rhyolitic Crystal-Lithic Tuff 

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium-grained phenocrysts in a 

moderately welded, devitrified groundmass. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Quartz 

Sanidine 

Opaques 

Pyroxene 

Plagioclase 

Amphibole 

Lithic Fragments 

yoL. ~ 

42 

(70) 

(30) 

24 

24 

(55) 

(42) 

(3) 

(tr) 

(tr) 

(tr) 

10 

COMMPNTS 

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 
axiolitic devitrification and 
hyalopilitic basalts. 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO. : 402SS3 
PR.o.TECT NO.: 6L0001000 

PHENOCRYST RATIO ( OlK/P) : 
POROSITY (VOL CL) : 16 

S.UIPLE NO.: MCG-640 
DRILL HOLE LLM-SS-11 UNIT 1B 
DRILL HOLE DEPTH (FT) : 9S 

1/1.30/0 DEGREE OF WELDING: ~oderate 

OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAJm: Rhyolitic Lithic-Vitric Tuff 

GENERAL DESCR.IPI'ION IN miN SECTION: Fine- to medium-grained phenocrysts in a 

moderately welded groundmass. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Lithic Fragments 

Pore Space 

Phenocrysts 

Sanidin'e 

Quartz 

Opaques 

Pyroxene 

Amphibole 

VOL. CL 

41 

(SS) 

(42) 

27 

16 

16 

(54) 

(42) 

( 2) 

(2) 

(tr) 

COMlmNTS 

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 S1UDY 
REQUEST NO. : 402553 
PROJECT NO. : 6L0001000 

SAJIPLE NO.: MCG-641 
DRILL HOLE LUI-85-11 
DRILL HOLE DEPTH (Fl'): 

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 DESCRIPI'ION 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 VAPOR TRANSPORT STuDY 
REQUEST NO.: 402553 
PROJEcr NO.: 6L0001000 

PHENOCRYST RATIO (Pl/Px): 4. 57/1 
POROSITY (VOL "): S 

ROCK NAME: Basalt Porphyry 

SAJ.tPLE 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 DESCRIPIION IN THIN SECfiON: Fine- to medhm-grained phenocrysts in a 
hyalopilitic groundmass. 

MINERAL COMPONENT VOL. 

Groundmass 

Glass (56) 

Plagioclase 
Laths (41) 

Opaques (3) 

Phenocrysts 

Plagioclase (77) 

Pyroxene (17) 

Opaques ( 6) 

Pore Space 

Fracture Filling 

tw, 

67 

28 

5 

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 ct.) : 28 

SAMPLE NO. : MCG-6 43 
DRILL HOLE LLM-85-13 UNIT 2B 
DRILL HOLE DEPTH {FI'): 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'ION 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 

Pwnice 

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 mediwn grained, anhedral to 
subhedral. 

Fine to mediwn grained. anhedral to 
euhedral. Embayed grains are present. 

Fine to mediwn grained, subhedral to 
euhedral. 

Fine grained, anhedral to euhedral. 
Magnetite with exsolved ilmenite; one 
grain contains an inclusion of pyrite. 

Fine to mediwn 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 S'IUDY 
REQUEST NO. : 
PROJECI' NO. : 

402553 
6L0001000 

PHENOCRYST RATIO {QJK/P): 
POROSITY (VOL '!b) : 25 

SAMPLE NO. : MCG-644 
DRD..L HOLE LUf-85-17 
DRD..L HOLE DEPTH (Fl') : 

UNIT 2B 
11 

1/1.75/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAlm: Rhyolitic Crystal-Lithic Tuff 

GENERAL DESCRIPTION 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 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Plagioclase 

Lithic Fragments 

Tridymite 

VOL. '!b 

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.· 
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LANL VAPOR TRANSPORT STUDY 
REQUEST NO.: 402553 
PRo.TECT NO.: 6L0001000 

SAMPLE NO. : MCG-645 
DRILL HOLE Lllr85-17 
DRILL HOLE DEPTH (Fi'): 

UNIT 1B (LITHIC) 
109 

PH:e.JOCRYST RATIO ( QJK/P) : 1/4.33/0.67 DEGREE OV WELDING: Dense 
POROSITY (VOL Ill) : 9 OnDATION STATE OF Fe-Ti OnDES: C3-C4 

ROCK NAME: Rhyolitic Vitric Tuff 

GENERAL DESCRIPTION IN THIN SECTION: Densely welded glass with lithophysae 
filled by sanidine,· tridymi te, opaques, and late-stage alpha quartz. A 
few fine- to medium-grained phenocrysts are present. 

MINERAL COMPONENT VOL. Ill 

Groundmass 53 

Vapor Phase llinerals 33 

Sanidine (70) 

Tridymite (23) 

Alpha Quartz (4) 

Opaques (3) 

Pore Space 9 

Phenocrysts s 

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 
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 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 
PRo.TECT NO.: 6L0001000 

SAliPLE NO. : MCG-646 
DRILL HOLE LLM-85-09 
DRILL BOLE DEPTH (Fl'): 

UNIT 2B 
10 

PBENOCltYST RATIO (Q/K/P): 1/1.64/0 DEGRE~ OF WELDING: Moderate 
POROSITY (VOL ~) : 21 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAJm: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IHIN SECI'ION: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass 

MINERAL COMPONENT VOL. ty3 

Groundmass 55 

Glass ( 68) 

Pumice (32) 

Phenocrysts 22 

Sanidine (62) 

Quartz (38) 

Pyroxene (tr) 

Opaques ( tr) 

Plagioclase (tr) 

Allanite(?) (tr) 

Pore Space 21 

Lithic Fragments 2 

Tridymite tr 

with axiolitic devitrification. 

COM!IENTS 

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. 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 S'IUDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL .. ) : 22 

S.AliPLE NO. : MCG-647 
DRILL HOLE LLM-85-09 UNIT 2B 
DRILL HOLE DEPTH (Fl'): 20 

1/2.77/0.04 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2-C3 

ROCK NAJm: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IHIN SECI'ION: Fine- to medium-grained phenocrysts in a 

moderately welded groundmass with axiolitic devitrification. 

MINERAL COMPONENT VOL •. ~ 

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 (Q/K) = 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, euh.edral 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 S'llJDY 
REQUEST NO. : 402553 
PR01ECT NO. : 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL%): 26 

SMfPLE NO.: MCG-648 
DRILL HOLE LLM-85-09 
DRILL HOLE 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 DESCRIPI'ION IN '!BIN 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 

Groundmass 

Glass 

Pumice 

P9re 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. 

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 SlUDY 
REQUEST NO. : 402553 
PROJECT NO.: 6L0001000 

MINERAL COMPONENT VOL. " 

Unknown Component tr 

SA)lPLE NO.: MCG-648 (continued) 
DRILL HOLE LUf-85-09 UNIT 2A 
DRILL HOLE DEPTH (FT): 35 

COMliENTS 

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 'I'RANSPORT SnJDY 
REQUEST NO.: 402553 
PROJ"ECI' NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL~): 21 

SAMPLE NO.: MCG-649 
DRILL HOLE LLlr85-09 
DRILL HOLE DEPTH (FT): 

UNIT 1B 
47 

1/0.81/0.03 DEGREE OF WELDING: Moderate 
OllDATION STATE OF Fe-Ti OllDES: 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 (QiK) = 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 S'IUDY 
REQUEST NO.: 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO ( OJK/P) : 
POROSITY (VOL 'AI): 24 

S.MIPLE NO. : MCG-650 
DRILL HOLE LLM-85-09 UNIT 1B 
DRILL HOLE DEPTH (FT): 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 'IBIN SECIION: Fine- to medium-grained phenocrysts in a 

moder·ately welded groundmass. Shards exhibit incipient axiolitic 

devitrification. MOst pumice fragments have spherulitic devitrification. 

MINERAL OOMPONENT VOL. 'AI 

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 
euhodral. 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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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 
1.382 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 .o 
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 
4.598 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 
3.463 78.5 
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Figure C-4. Moisture Characteristic Curve for Sample MCG-605, 
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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. 
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Figure C-8. Moisture Characteristic Curve for Sample MCG-609. 
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Figure C-10. Moisture Characteristic Curve for Sample MCG-611, 
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Figure C-11. Moisture Characteristic Curve for Sample MCG-612, 
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Figure C-12. Moisture Characteristic Curve for Sample MCG-613, 
Hole LLM-SS-05, Depth of 123 Feet 
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Figure C-13. Moisture Characteristic Curve for Sample MCG-614, 
Hole LGM-85-06, Depth of 29 Feet 
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Figure C-lS. Moisture Characteristic Curve for Sample MCG-616, 
Hole LGM-85-06, Depth of 99 Feet 
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Figure C-16. Moisture Characteristic Curve for Sample MCG-617, 
Hole LGM-85-06, Depth of 115 Feet 
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Figure C-17. Moisture Characteristic Curve for Sample MCG-618, 

Hole LGM-85-11, Depth of 3 Feet 
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Appendix D 

EFFEC!IVE PERMEABILITY AS A FUNC!ION OF SATURATION 

(saturation refers to total air saturation) 
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Figure D-17. Effective Permeability as a Function of Saturation for 
Sample MCG-618, Hole LGM-85-11. Depth o~ 3 Feet 
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Figure D-18. Effective Permeability as a Function of Saturation for 
Sample MCG-619, Hole LGM-85-11. Depth of 30 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 
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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, I1 S ,LNS, LN1 S ,NS, N15 ,MVS, MV15 
DATA SEC/15./ 
IF(SEC.GE.14 •• AND.SEC.LE.61.) GO TO 10 
WRITE(6,5) 

S 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 ,DEPI"H 
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 TEMPERATURE 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 

SO 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 .-TDIP) /40.-1.) I (1.-!15)) **M15)) 
NS=((LNS-RNS)/DS)*.185+1.18 
N15=( (LN15-RN1S.) /D15) * .185+1.18 
UIS=X1AS+.017288*X1YS*TEMP**1.1 
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c 

UI15=XlA15+.017288*XlY15*TEMP**l.l 
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)**Nl5))*(ABS(SP15-WPK)**N15)) 
ZOE=(.015*0MV+.001471*0MV~EMP) 
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 WITHIN MODEL RANGE') 
WP=-999.9 
GO TO 70 

60 WP=((((ABS(SPS)**NS)*(UIS*C-MV))/(UIS*C))**(l./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 •tudy 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 inve stiga tiona 
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 
S: 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, whUe much of the capilla~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. 



• 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 a sse ,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 conclu'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 10-• to 10-' cmJ. 

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 SOOPE 

This report summarizes work conducted for Los Al~os 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 S4. 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 s~plers 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 ~ending 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 s~pling, additional lithologic and geophysical logs, 
petrographic reports on FY-1986 samples, and a fence diagr~ 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 cont~inant migration in the Bandelier Tuff. Immediately 
following this Introduction, Section 2 defines the geologic fr~ework 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 ~ount of data regarding the vadose zone, including permeabil
ity and such general par~eters 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 par~eters. 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 pe~eability, hydraulic conductivity, and intrinsic 
permeability. Distinctions between these terms are summarized below. 

• Pe~eability, 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 te~s 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 te:ms 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 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 
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/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-gramrsecond. 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, 1985b) 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 RBHONAL 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 

P1 iocene 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 B.uey (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 1a 
encountered in the Los Alamos drill holes was 64 ft; howqver, no drill hole 
penetrated the entire unit. At Mesita del Buey, Unit 1a 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 immediateiy upon retrieval from the core barrel. 

The contact between Units la and 1b 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 1b 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 1b 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 lS 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 (S 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
now tuff with light-gray and occasional brown pumice lap ill i. 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 de script ions, 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 
(I.GC-85-09) • 

2.2 WELDING AND CORRELATION OF ASH-FLOW UNITS AT &£SITA DEL BUEY 

Welding of tuffaceous rocks at ~~sita del Buey ranges from nouwelded 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 hammer 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. 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 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, 
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the slightly welded zone more nearly approaches the definition of moderately 

welded, whereas in other cases, the s~ightly welded zone is almost nomrelded. 

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 Mesi ta 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 2-5). 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 PE'IROGRAPHIC 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
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 
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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 lb 

M00-628 LLM-85-01 101 5.4 11.9 
MCG-629 ILM-85-01 122 11.9 9.0 
M00-632 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 
M00-649 LGC-85-09 48 12.0 9.7 
MCG-650 LGC-85-09 68 8.1 8.5 
M00-656 LLC-86-20 126 7.6 10.6 
~ICG-658 LLC-86-20 119 8.0 11.0 

AVERAGE VALUES ...L.1 id 
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 so 9.0 11.0 
MCG-648 LGC-85-09 35 8.0 17 .o 
MCG-661 Outcrop NAa 7.0 10.2 

AVERAGE VALUES ....L..! 13.5 

UNIT 2b 

MCG-626 LLM-85-01 30 7.6 17.3 
MCG-630 LLM-85-02 37 5.7 12.5 
M00-634 l.GM-85-06 30 11.4 13.8 
MCG-638 l.GM-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 l.GC-85-09 10 8.4 13.6 
M00-647 LGC-85-09 21 8.8 24.1 
~fCG-659 Outcrop NAa 9.8 15.5 
MCG-660 Outcrop NAa 12.9 13.2 

AVERAGE VALUES ...2..:..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 ~PRETATION 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 

• l&gnetic 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 NAlURAL GAMMA AND EPITHERMAL NEUm.ON R>ISTURE LOGS 

The natural gamma probe counts the spectrum of gamma rays above approximately 
50 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 2-6 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 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 2-7. 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 .S 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'm.AL 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 2-8 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•) 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 2-9 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 correl~tions 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 zon~ 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 lb 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 fe~t; the Units 2a and lb 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 la or the base of Unit la. 

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 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 lb 
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 LLM-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 FRAcruRES . 

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 la, which is composed of nouwelded to slightly welded tuff. (Note: 
The entire thickness of Unit la was not penetrated in this study.) 

A sUIIIJilary 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 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 
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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 lb 
Slightly Welded Zone 
Moderately Welded Zone 

Unit la 
Slightly Welded Zone 

Number of Fractures• 

22 
81 

7 
45 

13 
26 

2 

•Fracture 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 contaminants, 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 Kenn~dy may help explain a similar 
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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 AreaL 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 tnff, 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 CRARACfERISTICS 

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 105oc, the samples were reweighed to determine the moisture 
loss (Bendix Field Engineering Corporation, 198Sa, 198Sb). 

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, howeve~. 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 
10S°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 = volume of 1 iquid 
Vt = total volume 
ml = mass of 1 iquid 
ms = mass of solid 
vs = volume of the gas or air in the sample 

Equations (1) and (2) are combined in order to couvert 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 
Pl = 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 10' kg/m' (1.94 slugs/ft 1 ). 
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3.1.1.4 Resylts and Discussion 

Gravimetric moisture determinations were performed in samples from 12 holes: 
ILM-85-01. ILM-85-02. ILM-85-05. LGM-85-06. LGM-85-11. ILC-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: 

• Lmr 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. while the lower portion of 
the profile. specifically Unit 1a. 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 AreaL. 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, hmrever, 

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 Pprpose 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 nomrelded 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 1 ) (cm 1 ) (percent) 

------ (p_ercent) 

LGM-85-11 2b IICG-618 3 Moderately Welded 19 25.68 13.94 54.3 

LLM-85-02 2b IICG-606 7 Moderately Welded 
__ c 

25.62 10.62 41.5 

LLM-85-05 2b IICG-610 15 Moderately Welded __ c 24.96 13.14 52.6 

LLM-85-01 2b JICG-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-85-0S 2b MCG-611 36 Slightly Welded 
__ c 

24.08 17.72 73.6 

LLM-85-01 2a liCG-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 
.... LUI-85-02 2a MCG-608 67 Moderately Welded 6 24.69 10.69 43.3 
0\ 

LLM-85-05 2a/1b llCG-612 76 Slightly Welded 
__ c 

24.37 18.08 74.2 

LLM-85-01 1b MCG-604 101 Slightly Yielded 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 lb liCG-620 94 Moderately Welded 17 26.08 16.76 64.3 

LLM-85-02 1b MCG-609 117 Moderately Welded 
__ c 

25.69 12.46 48.5 

LUI-85-05 1b 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 

LGII-85-11 1a IICG-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 

- ----- - -~------

:~:e:e::e!!:~: ::s:::~!!o~:~gments in the sample was determined by thin-section analysis using the point-count 

method. 
cNot measured. 



Since field de terminations 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 permeability. 

3.1.3 MOISTURE CHARACTERISTIC CURVES• 

3.1.3.1 Pprpose and Scope 

A moisture c.haracteristic 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 
helitun-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 lUltil 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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Figure 3-6. Porosity of Battleship Rock Ash-Flow Tuff. Valles Mountains. 
New Mexico (from Ross and Smith, 1961) 



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 (Qr) 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 (Qr) for the crushed tuff is 
approximately 0.2, as compared with an average of 0.5 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 
pre sent 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 50 percent (Table 3-1) and an average 
moisture-retention value of approximately 50 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 
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 BORE'lHLE-INrECl'IOO 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 f1 uids. 

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-85-0S. 

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 permeabil ities was e1 imina ted. 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 asstllllptions 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 permeabili
ties. Miller and others (1974), for example, used an air-injection technique 
to study the fract~ring 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 5 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 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 f1 uid also has certain 1 imitations, 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-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 Tole-thermometer located 
at the surface. The Tete-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 

(}) Heise® Pressure Gauge 
CD Pressure Gauge 
CD New Jersey® Air Flow Meter 
CD Packer Inflation Line 
® Ball Valve 
® Conduit Pipe, He-Inch 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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To Water 

LEGEND 

CD Pressure By-Pass Valve 
CD Neptune® Water Flow Meter 

CD Ball Valve 
0 Heise® Pressure Gauge 

® Carbon Dioxide Injection Valve 

® Packer Inflation Line 
Q) Conduit Pipe, Ha-lnch Diameter 

® Tigre Tierra® Pneumatic Packers 

CD 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 Calcplations 

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): 

X: = ( Q/ 2nSH) 1 n ( S/ r) 

where 

X:= hydraulic conductivity (L/t) 
Q = injection rate (L•/t) 
S = length of the test interval (L) 
H = differential head of the f1 uid (L) 
r = radius of the borehole (L) 

( S) 

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 y is the specific weight of the fluid. 

Equation (S) 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 i~ection fluid, because the specific weight of air 
is strongly dependent on the temperature and pressure. The specific weight of 
air can be determined frCJD the equation of state for an ideal gas, 

where 

specific weight of the fluid (m/Lata) 
gravitational acceleration (L/ta) · 
absolute pressure (force/La) 
a gas constant 

Ta = absolute temperature in degrees Rankine or Kelvin 

(7) 

For air, the value of R is 287 N-m/(kg){OJO [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 r er sey meter is a1 so 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 1 

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) 

k = K11/pg 

where 

k = intrinsic permeability (L3) 
K = hydraulic conductivity (L/t) 
11 =absolute viscosity of the fluid (F•t/L3, where F =force) 

p = density of the fluid (m/L1 ) 

g = gravitational acceleration (L/t 3 ) 

(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 conductivity values derived from the air-injection tests (Table 3-2) 

range from 10-1 to to-• centimeter per second (cm/s) [10-1 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 Boles 

Hole Geologic Test Interva1 1 
Interval Description Fractures Hydraulic Conductivity ([) 

Number Unit ( ft) Present? 
cm/s x to-• ft/s x to-• 

LLM--85-01 2b 9-lS 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 
LUI-85-02 2b 9-15 Upper 2b, Moderately Welded Yes 0.094 0.31 
l.LM-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 
I.GM-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 

lA LLM-85-01 2a 72-78 Lower 2a, Slightly Welded Yes 0.14 0.45 
...:a LUI-85-02 2a 45.5-51.5 Upper 2a, Slightly Welded Yes 0.14 0.45 

LLM-85-02 2a 66.5-72.5 tfid-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, Slishtly Welded Yes 1.9 6.2 
LGM-85-06 2a 38-44 Upper 2a, Slishtly Welded Yes 0.067 0.22 
LLM-85-05 2a/lb 75-81 Contact 2a/1b, Slightly Welded No 0.052 0.17 
LGM-85-11 2a/lb 56-62 Contact 2a/lb, Slightly Welded No 0.52 1.7 
LLM-85-01 1b 93-99 lfid-Upper 1b, Slightly Welded No 0.082 0.27 
LLM-85-02 lb 87-93 Upper lb, Slishtly Welded No 0.085 0.28 
LLM-85-05 lb 82-88 Upper 1b, Slishtly Welded No 0.061 0.20 
LGM-85-06 lb 60-66 Upper 1b, 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 la/lb, Slightly Welded No 0.030 0.098 
LGM-85-11 lb 77-83 tfiddle 1b, Slightly to Moderately Welded No 0.23 0.77 
LGM-85-11 1a 108-114 Upper 1a, Nonwelded No 0.088 0.2 

1 Depth below ground level. 
- - - ------



In general tezms, 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-' ft/s); Unit 2a, 7.9 x 10-4 cm/s (2.6 x 10-• ft/s); 
Unit 1b, 2.3 x 10-4 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 1a. 

The highest air-derived hydraulic conductivity 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 1o-' ft/s)] was 
only slightly greater than values determined frcm 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 perfomed 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 

lG-16 
24-30b 
75-81 
82-88 

Bydraplic Conductivity (K) 

cm/s ft/s 

9.4 X lo-4 

1.0 X 1o-1 

6.4 X lo-4 

4.6 X 1o-4 

3.1 x 1o-• 
3.3 x 1o-• 
2.1 X 1o-' 
1.5 X 1o-' 

1Depth 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. Comparison of Intrinsic Permeability Values Determined from 
Water-Injection and Air-Injection Tests in Hole LLM-85-05 

Test Interval Intrinsic Permeabilitz (k) 
(ft)a Air-Injection Test Water-Injection Test 

em" fP em" fP 

24-30b 1.8x to-' 1.9 X lo-10 1.3 x to-• 1.4 X to-11 
75-81 7.5 X to-' 8.1 X lo-U 8.4 X to-' 9.1 X lo-U 
82-88 9.0 X to-' 9.7 x to-1

" 6.0 X to-' 6.5 xlo-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 from the rest of the vacuumrtesting 
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 manometer to provide direct readout of pressure in torr or 
millimeters. 

*Response to Task 1. Paragraph 25, Compliance Order/Schedule. 
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0 Cold Trap 
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® Perforated Conduit 
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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 150oC 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-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 contlnued 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 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 fo~ation. 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 pre sent the theory for his equations which are 
different from the original work by Horner. Moreover, Jaknbick does not 
define the gas-constant te~ he used, nor does he maintain consistency in the 
units used in his equations. 
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Single-phase radial fiow to a well completed in a reservoir, assumed to be 
homogeneous, horizontal. and of uniform thickness. may be expressed by the 
equation 

caap/ara) + [(1/r)(ap/ar)] = (fcJl/k)(ap/at) 

where 

p = reservoir pressure 
r = distance from the center line of the well 
f = formation porosity 
c = fluid compressibility 
~ = fluid 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 P, at the time [(t 0 + cp>llpl 
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. 

where 

Pw =Po- {(qf1/4nkh) ln [(t 0 +cp>lcpll 

is the time after close-in of the well. 

(15) 

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 = (louo x) (ln 10) 

which yields 

Analysis of the vacuUDrtest 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)qf1/4nkh] 
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The next step in the analysis involves plotting the well-pressure (Py) data 
versus the log of [ (t 0 + qJ) lqJ] and determining the slope of the resultant 
line. This graph is caamonly 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)qJ.l/4nmh] = -[0.1832339(qJ.1/mh)] (19) 

3.2.2.4 Resu1ts and Discussion 

Intrinsic permeabilities determined from vacuum tests in the Bandelier Tuff 
(Table 3-5) range from 1o-• to 1o-' ems (10-11 to l0-1 s fts). 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 MEASURJHIEN'l'S* 

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 iDdection 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 

Dole 
NUDiber 

LLM-85-01 
LLM-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 

0'1 LLM-85-06 
~ I.LM-85-01 

LLM-85-01 
LLM-85-02 
LGM-85-06 
LGM-85-06 
LGM-85-11 
LGM-85-06 
LGM-85-11 
U.M-85-02 
LLM-85-06 

Geologic 
Unit 

2b 
2b 
2b 
2b 
2b 

2b/2a 
2a 
2a 
2a 
2a 
2a 
1b 
1b 
1b 
lb 
1b 
1b 
lb 
la 
1b 
lb 

Test Interval a 
(ft) 

3o-33.3 
10-13.3 
25-28.3 
lS-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, Sliahtly Welded 
Middle 2a, Moderately Welded 
Middle 2a, Moderately Welded 
Upper lb, Slightly Welded 
Upper lb, Slightly Welded 
Upper lb, Slightly Welded 
Middle lb, Sliahtly 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 
0. 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 10-' 

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 

ftl X 10-11 

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 rearession used to fit a straight line through the data points on the Borner 

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 Holes 

Hole Test Interval (ft)a Intrinsic Permeabilitr (k) 

Number Air-Injection Vacuum Air-Injection Test Vacuum Test 
Test Test 

cm 2 x to-' ftS X t0-U cm 2 x to-' ftJ X 10-U 

LLM-85-0t 30-36 30-33.3 t30 t40 39 42 
LI,M-85-02 9-t5 t0-13 .3 to 11 t5 t6 

0\ LLM-85-02 24-30 25-28.3 t6 t7 22 24 
Ul LG~f-85-11 35-4t 35-38.3 t7 t8 5.5 5.9 

LUI-85-0t 72-78 70-73.3 19 21 43 46 
LUI-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 l.t 
Lmt-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 
LG~f-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 Klintenberg 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• 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 Resu1 ts 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 
be tween geologic units. Klink.enberg permeabili ties 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-' em, (10-11 ft,), 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 
Dole Geologic Sample Depth of Interval Permeability/ Correlation Permeability/ 

Number Unit Number Sample Description ~lintenbprg HPth94 Coefficicntb Dvnamic M~~cthDd 
Ut) a 

11111 I 1!1 t U 1 I 1!1-11 11111 I 1!1-' U 1 I 1!1-11 

LGM-85-11 2b MCG-618 3 Moderately WeldedO 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 
I.LM-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 
LU-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 Sliahtly Welded 3.5 3.8 0.984 2.4 2.6 

0\ LLM-85-01 2a MCG-603 52 Sliahtly Welded 4.1 4.4 0.969 2.7 1.9 ...... 
LGM-85-06 2a MCG-615 51 Sliahtly 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 lb MCG-612 76 Slightly Welded 2.1 2.3 0.944 1.3 1.4 
LLM-85-01 lb MCG-604 101 Slightly Welded 3.0 3.2 0.939 2.6 2.8 
LGM-85-06 lb MCG-616 99 Moderately Welded 18.0 19.0 0.917 13.0 14.0 
LGM-85-11 lb MCG-620 94 Moderately Welded 4.4 4.7 0.958 1.1 1.2 
J,LM-85-02 lb NCG-609 117 Moderately Welded 3.3 3.6 0.973 1.7 1.8 
LI.N-85-05 lb MCG-613 123 Sliahtly 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 

•Below around level. 
bDetermined for llintenbera permeabilities. 
cwea the red. 



3 .2 .4 HYDRAULIC COODUCI'IVITY AS A FUNCI'I<N OF H>IS11JRE CONTENT• 

3.2.4.1 Laboratorr Tosts 

As noted above, the Dynamic Method was also use4 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 
maximtDD 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 pexmeabil
ity for water decreases, and the effective permeability for air increases. 

The effective pexmeability values for the rock-core samples from the Bandelier 
Tuff range from 86.1 to 1301 millidarcys [(8.5 x to-10 to 1.3 x to-• cm 3

) or 
(9.1 x 10-11 to 1.4 x 10-11 ft 3

)]. 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 sui table 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 ({:)s' and er' respectively) and the slope for 
the curve at midpoint [(9.s' + {:)r)/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 fonDulas and plots the following 
two functions: K(9) versus 9 (moisture content) and K(~) versus ~(water 
potential). The intrinsic penDeabilities detenDined using the Klinkenberg 
Correction ~fethod (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 penDeabilities 
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(l/J) versus l/J1. 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 detenDined 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 soU 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 PERMEABILITY SUMMARY 

Table 3-8 compares the overall average intrinsic permeabilities of the 
geologic units as detemined 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 penDeability 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. 
Furthemore, 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 pemeabilities 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 ~ICG-604 
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· 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 
Content and Water Potential for Samples MCG-616 and MCG-617 
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Figure 3-13. Unsaturated Hydraulic Conductivities as Functions of Moisture 
Content and Water Potential for Sample MCG-620 
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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 

IntrinliQ PemeaJ:!ilU:I 
Unit Ai~Inj ection Test Vacuum Test Laboratory Analysis 

cmsx 10-' ftSx lo-u ems x 10-' ftS X to-u ems x 10-' ftS X 10-U 

2b 93 100 2.3 2.5 5.7 6.2 
2a 62 67 13 14 2.8 3.0 
1b 26 28 5.7 6.2 5.7 6.2 
la 7 .2a 7.8a 2.7 8 2.9a 2.4 2.6 

8 Intrinsic pe~eability 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 perfo~ 
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 pe~eable zones in the units, resulting in average results which are 
biased 1 ow. 

Results from all of the determinations do not permit a conclusive assessment 
of the effect of fractures on pe~eability. 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 
addi tiona! testing, using methods having greater sensitivity. Similarly, 
additional tests, also having greater sensitivity, would be needed in order to 
fully assess the effects on pe~eability of such other sources of variation as 
plDilice 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 wate~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 Psychrometers. 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 PC!-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 3-14. 

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 ~ediately 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 = 
kB = 
m= 
p = 

Po= 

the density of water at temperature T 
Boltzman's constant (1.38 x 10-

1
' erg/°K) 

the mass of a water molecule (approximately 3 x 10-13 g) 
the average vapor pressure in the soil 

(20) 

the pressure of the water vapor above a surface of infinite radius 
of curvature 
10• 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 
"·h 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 
T.he~ocouple 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 Microvoltmeter 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 Psychrometer 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 = l;WP/l:Vf'P (21) 

where l:WP is the sum of the actual water potentials (sodium chloride sol u
tions) used during calibration, and l:W~ 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 I.GP-85-07 are presented in Tables 3-9 
and 3-10, respectively. A 1 isting 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 theDDocouple 
psychrometers were installed at the study area, 23 in Hole LLP-85-03 and 15 in 
Hole I.GP-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 I.GP-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 plpts of temperature or water poten~ial 
versus time, and as plots of temperature or water potential versus depth. 
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Figure 3-15. Sketch of the Stainless Steel Calibr~tion Chamber Showing Seals 
and Screen-Shielded Thermocouple Psychrometer (from Brown and 
Collins, 1980) 
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Table 3-9. Installation Depths and Calibration Coefficients 
for Psychraneters in Hole LLP-85-03 

,, 

Model Serial Calibration Coefficient Installation 
Nlllllber8 Nlllllber Scanner/Channel for Water-Potential Depth ( ft) 

Mod 

PCT-55 29414 I/1 Surface 
PCT-55 29416b I/2 o. 85 2.0 
PST-55 29474b I/3· 0.84 4.0 
PST-55 29473b I/4 0.84 6.0 
Pcr-ss 29420b I/5 0.89 8.0 
PST-55 29469b I/6 0.84 10 
PCf-55 29418 I/7 0.81 13 
PST-55 29483 I/8 0.88 13 
Per-55 29424 I/9 0.85 24 
PST-55 29479 I/10 o. 87 24 
Pcr-55 29406 I/11 0.90 41 
PST-55 29462 I/12 1.00 41 
Pcr-5s 29409 II/1 1.00 so 
PST-55 29475 II/2 0.94 so 
Pcr-ss 29405 II/3 0.85 56 
PST-55 29477 II/4 1.03 56 
PCI-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 
Pcr-ss 29427 II/11 1.00 96 

~e Per series psychrometers are shielded with a ceramic cup. while the 
PST mgdels are shielded with a stainless steel screen. 

Psychrometers in the upper 10 ft are located in a shall atr boring 
adjacent to the main hole. 
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Model 
Number• 

PCl'-55 
PST-55 
PCT-55 
PST-55 
PCI'-SS 
PST-SS 
PCI'-SS 
PST-55 
PCI'-SS 
PST-SS 
PCI'-55 
PST-55 
PST-SS 
PCT-SS 
PST-55 

Table 3-10. Installation Depths and Calibration Coefficients 
for P~chrometers in Hole LGP-85-07 

Serial Calibration Coefficient Installation 
Number Scanner/Channel for Water-Potential Depth (ft) 

Model 

19415 III/1 0.89 4.5 
29459 III/1 0.89 6.5 
29410 III/3 0.85 8.5 
29461 III/4 0.91 10 
29411 III IS 0.91 11 
29463 III/6 0.86 14 
19417 III/7 0.84 17 
29466 III/8 o. 87 19 
29403 III/9 0.92 22 
19467 III/10 0.92 27 
29407 III/11 1.00 31 
19465 III/11 1.04 37 
29464 III/13 0.95 42 
29404 III/14 0.85 47 
19468 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. 

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 3-10. Box 
plots of water potential and temperature versus depth for the entire time 
period are presented in Figures 3-11 through 3-24. Since the box plots 
present the data in quartiles, the outlying values represent minimum and 
maximum values. The boxes enclose the 15- 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 p~chrometers 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 3-12 and 3-14) 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 -0.5 bar to -8.7 bar in Hole LLP-85-03 (Figure 3-21) and 
from approximately -1.2 bar to -13.8 bar in Hoie 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 
System was to quantif.y 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 left 
unattended and will still record data at the preselected interv:als. 

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 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 Resu1ts and Discussion 

Press.ure-measurement data were coilected 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 

NEU1ROO MOISnmE 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 lor 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-Q4 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 CASIIIG 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 bottOIIl 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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in Hole LLN-85-04 
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couplings. Hole LG~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 CALmRATION OF mE NEU'IRON PROBE 

The neutron probe used at Los Alamos is a Campbell Pacific moisture gauge. 
Calibration of the instrument was ac9omplished 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 2sooc 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 1

, 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 dr'ODls 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 H>NITORlNG 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 LL~85-04 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 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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Figure 4-2. Casing Installation and Depths of Neutron Probe Measurements 
in Hole LGN-85-08 

98 



Section S 

PORE-GAS SAMPLIID 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 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 prese~tation and 
interpretation will therefore not be addressed in this 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 f U ters 
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 5-l. 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 20G-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, 1985b). Installation diagrams are 
presented in Appendix A: drill-hole locations are shown in Figure 2-3. The 
following paragraphs describe the location-s 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 1a, 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 f't 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 
2 a/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 ~ddition. 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 29ft (160 ppm). The uppenDost 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 penDit com pari son 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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Section 6 

PE'IREX 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 cottsists 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 3Q-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 ~ay from background Hole LLC-85-13 (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 \faste Disposal Area L. Figures 6-1 through 6-4 show results of the 
Pe trex survey for the organic compounds trichloroethylene, te trachl oro
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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Section 7 

CONa..USIONS 
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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 i~terconnection 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 SO 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-' cmJ (t0-11 to 
10-13 ftJ). 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 
lo-' 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. 

• 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 arf.Mtaken from the Rock Color Chart of Goddard and 
others (1975) and the Munsell 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 LLM-85-01 and LLM-85-Q2 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. 

INSTRIJMENT 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-ll through A-15, and k-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. 1985b). The legends for the instrument installations 
are presented in Figure A~l. 

LEGEND FOR PORE-GAS SAMPLING-PORT INSTALLATIONS 

Gravel (0.25-inch) Tuff Backfill 

Gravel with Bentonite rn Tuff Cave-In Material 

• 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 

D 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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Oepttl Sample 
(!eel) lnter11al 

Sample 
Number 

5 p....::: MCG-476 

~ MCG-477 
10 

~MCG-478 
15 

20 
::::::;;:;;;:::MCG-473 

25
::::;;;;;;;;;:: MCG-480 

~
MCG-481 

30 MCG-626' 
MCG-602" 

35 
~ MCG-482 

40 
:::2:S: MCG-483 

45 
~ MCG-484 

SO~ MCG-485 

:::oac:: ~gg:~~~:. 
55~ MCG-486 

~MCG-487 
60 

'"==- MCG-488 
65 t:-==="-

I-==- MCG-489 
70~ 

t:= MCG-490 
75 

SO~ MCG-491 

85 
=: MCG-492 

90 
= MCG-493 

95 
=: MCG-494 

"""=""' MCG-495 
100 

:::::::: MCG-628' 
-MCG-604" 

105 
~ MCG-496 

!=:=== MCG-497 
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t:::==s:= MCG-498 
115 
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130 
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145 

150 

155 

160 

165 

170 

175 

180 

185 

190 

195 

200 

Rock 
Oual1ty 

Oes1gnat1onr 
AeCOYery (Q1o) 

lnstal!at10n Grapt11c 
Log 

Unll 2b: Tshlrege Member olthe Bandelier Tull 
Tulles moderately welded and matm: color IS very !tght gray (N8) Pum1ce laptHt (pumtce 
lragments) are hght gray and range 1n s•ze I rom 5to 10 mm Homontallractures are 
coated wtth cal1che at depths of 5 II 2 en and 5 It 7 1n The upper 3 to 4 It are 11ery 
weathered 

Chatoyant santdlne crystals, up to 3 mm 1n s1ze. are present throughout thiS unit 

Color changes very sl1gh!ly to p1nkesh gray (5YA811), represent1ng contact between two 
!lows that cooled as one unit, sltghlly less coherent than above 

Sltght!y more welded than above (moderately welded) 

Or1ll1ng becomes eas1er, represent1ng contact wtth shghlly Welded base of Un1t 2b 

Unll 2a 
Tulles sltghlly welded Mat rex color changes to graytsh ptnk (5R8t2) Pum1ce lapilll are 
pate brown and graytsh oltve; compared wtth those m Unn 2b. they are larger ( 10 to 20 
mm) and more abundant 
Santdtne and quaru crystals, less than 1 mm'" s1ze, are present St1ghlly more welded 
than above (moderately welded) 
Slightly welded tuff 

Matnx color changes to ptnktsh gray (5YA811) 

Nonwelded, very d1saggregated ash-llow tull, hom 62 to 64 It 

Tuff is slightly welded Matrix color changes to light gray (N7) 

Abundant brown and occastonal gray and green pum1ce 1ap1lh, 10 to 20 mm m stze 

Near-vert1callracture ts coated wtth eron-colored clay (l1mon1te?) 

Unit 1b 
Tuff IS slightly welded. Matnx grades to a color between pinkish gray (5YA8/1) and 
yellowtsh gray (SYB/1). Pumice lapilll are predommanlly brown and much smaller (5 to 
10 mm) than those m Umt 2a. LithiC lapdlt, 1 to 2 mm m s1ze. start to appear and become 
more abundant wtth depth 

Minor chatoyant santdtne crystals are present 

Matrix IS ltghter m color, nearly very ltght gray (N8) 

Gradually becommg more welded wtth depth 

Color grades to gray1sh p1nk (5A8/2) 

Brown pumtce lapillt are abundant 

Matnx IS browner, nearly pale red (5A6/2). and tufl IS moderately welded. 

Htgh-angte fracture extends from 120 to 124ft 

Very large (up to 1 m.) lithiC tap1llt, w1th abundant small lithic laptlh 

Undtlterenttated lull below 125 fl 

FiQure A-2. LitholoRic LoQ of Hole LLM-85-01 
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Quality 

OeS!Qf\d!IOn/ 
AecoYery (%) 

InstallatiOn GraphiC 
Log 
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· Descnphon 

Unit 2b: Tlhlrege Member of the Bandelier Tuff 

Tuflts moderately welded. and matnx color ts very hght gray (N8) Pumtce lapdlt are 
ltght gray (N7) The upper 3 II are weathered 
Honzontal fracture occurs at depth of9 5 II; no caltche on surface 
Color changes very sltghtly to pinktsh gray (5YA8/1), whtch may indtcate transttJOn to 
lower flow of Unll 2b 
Honzontal fracture occurs at depth of 12.5 ft; coated with cal1che 

Large rust-colored fracture extends from 26 It 3m. to 27 II 8 tn.; whtle caltche and roots 
are present 

Drilling becomes easter at approximately 33ft, tuff ts only slightly welded 

Near-verttcal fracture extends from 35 to at least 40ft 6 tn. The fracture appears open 
and has an tron statn approxtmately 2/16 m wtde Tuflts more Indurated close to thtJ 
fracture. butts only sltghtly welded 

Unll 2a 
Color changes to grayish p1nk (5A8/2); tufl IS slightly welded Pum1ce lapill1-brown, 
gray, and green 1n color-are larger than those m Un1t 2b 

Fracture extends I rom 49 II 9 m to 51 It 10 tn.; 1t IS marked With an tron-colored 
alterat1on band that w1dens w1th depth, but occurc; on only one stde of the fracture plane 
Tuff becommg more welded at depth 

Fracture extends I rom 55 II 2m. to 56 It 2 in.; 11 IS Similar to, and may be continuous w1th, 
the above fracture 

Tuff IS moderately welded Pum1ce lapilll are still brown, green, and gray 

Fracture extends from 73 to 73.5 ft. 
Matrtx color changes to ptnklsh gray (5YR8/1), tuff IS slightly welded 

Very d1saggregated ash. WhiCh may represent slightly welded lower portion of th1s umt 
Unit lb 

Pum1ce lap•lll are predominantly brown and much smaller than those in the above units 
Lithic lapilli, very scattered and small, are present and become more abundant w1th 
depth. Matrix grades to a color between ptnkiSh gray (5YR8/1) and yellowish gray 
(5Y8/1) Tuff IS SILQhtly welded 

Abundant brown pum1ce lap• II•. larger fragments are noticeably flallened, represent1ng 
the beg1nning of the trans1t10n to the moderately welded central zone of thiS unit. 

Quartz and feldspar in matrix becomtng more abundant. Quartz IS distinctively honey
colored and b1pyram1dal 

Drillmg becomes slightly more difficult and rock fragments are very abundant. Tuff IS 
moderately welded 

Same as above, except matnx color is more orangish, nearly moderate orange pink 
(5YA814) 

Undifferentiated tuff below 125 II. 

Figure A-3. Lithologic Log of Hole LLM-85-02 
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Gropnlc 
Log Deocrlpllon 

~1~1~§11~ :::.::::::::~:~::·:~;;.~~:~~·~::: ::~~,,:::· '"' <N'J 

~~~: .: ... -:;~~~~~:'~;, Abundant quartz and sanidine crystals occur throughout this unit. 

Matrix color changes slightly to pmk1sh gray (5YR811 ). which may represent the 
contact between two flows that cooled as a s1ngle umt. 

Drilling becomes easier at depth of approximately 20ft. 

Matrix becomes slightly pinker, to grayish pink (5R812). 
High-angle (nearly 90 degrees) fractures extend from 30 It 8 in. to 31 It 2 in., from 

~','-'-- '":; ~;:; 31118 in. to 32 It 8 in., from 35 to 37 It, 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. 

~(i~{~~:nb~ Pumi~e 1ap1lli are much larger. up to 1.25 in 
'-tr'~' ... '" ... ~,1~1 
1!-:~~ ~~;.~:~~~~~ 
/; /I,/~- ·; Unit 28 
~,-;:,~,")~,/1 Matrix becomes darker-to pale red (5R612)-at depth ol42 to 43ft: tuff is only /I'/ I'/ I')/ slightly vtelded. Occasional pumice lapilli are greenish (10Y412 to 10Y514). ~ .... ~~//t,.-/~ 
/I'/ I'" I'" 1 Pumice lapilli are generally smaller, but occasional large pum1ce lap1lli are qu1te ~--/~,")~,/1 flattened. Tuff is moderately welded. 
/1,/l,/l'>l 
~,-/~ .... /~ .... ~~ 
/1,/l,/l,/l 
~ .... /~ .... /~ .... -,z 
I'/ I'"" I'/ I 1 ,.../ ~~ 1 ,/ 1 Small high-angle fracture occurs at depth of approximately 56 It ,, ,,,, 
~~-~~-~~-~~ 
'"{/'"{;-.:' 
11-11-11-\1 , ...... /,/,-/, 
I'/ I,/ I'/ \ ..... \ .... I -II , ...... /,.,../, ..... / 

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~./ 1"::./1"::.)1 
~--/~,'y~.,.. /~ Some relatively large olive or greenish-colored pumice lapilli are still present. I~/ I'::_/ I~/ I 
~--/~,/~--A t'::../ !'::_/ l'::_/1 
~--/~"/~"A 
1'::../ I'::_/!'::_/ I 
I-'/~--/~-/ I 
' '' 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. 

Minor amounts of quartz and sanidine crystals are present. 

Drilling becomes very easy, indicative of slighty welded tuff. 

Quartz crystals become more abundant. but only traces of chatoyant sanidine 
occur in pumice lap1lli. 

Brown pumice lapilli are abundant and very flattened. 

Installation of Thermocouple Psychrometers and Pressure 
Transducers in Hole LLP-85-03 (Note: The psychrometers 
in the upper 10 
adjacent to the 

ft are located in a 
main hole.) 
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De1crlpllon 

Unit 2b: Tshlrege Member of the Bandelier Tuff 

Tuft ts moderately welded, and matrix color is between light gray (N7) and very 
tight gray (N8). Pumtce lapilli, 2 to 10 mm in size, are light gray to medium ttght 
gray. Chatoyant santdtne crystals are 1 mm in size. The upper 4 tt are very 
weathered and contain abundant horizontal fractures with iron statns and root 
structures. 

Same as above, except rare llthtc lapillt up to 40 mm in size are present 

Same as above, except clear quartz and chatoyant blue santdine crystals, 1 to 2 
mm m size, are abundant. 

Color changes to grayish pink (5RS/2) at depth ol approximately 34 it. Drilling 
becomes easier at depth of 33 ft, representing contact wtth tower flow and/or 
slightly welded portion of Unit 2b. Pumice Ia piil! range tn size from 2 to 10 mm 

Unit 2a 

Matrix color still grayish pink (5RB/2); slightly welded tuff. Pum1ce lapilli are larger 
(5 to 30 mm), but still predominantly gray. Quartz and sanid1ne crystals, less than 1 
mm tn 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 lrom 54 to 55.5 it. 

Fracture occurs at depth of approximately 58ft; very broken-up core. 

Tull 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 
(5YRB/1) Chatoyant sanidine crystals are still present. 

Unll1b 

Tuff is slightly welded, and matrix color becomes lighter, between pinkish 
gray (5YRS/1) and yellowish gray (5Y8/1 ). Abundant quartz, but chatoyant sanid1ne 
was not observed. Pumtce lapilli are brown and much more abundant than in Untt 
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. Pumtce lapilli are very large. Quartz 
crystals, dark- to honey-colored, are abundant. 

Scattered, large lithic tapilli. Large pumice lapilli are very flattened. 

Matrix color changes to pale red (tOR6/2). 

Matrix color changes to pinkish orange (nearly 10R7/6); slightly welded 
lower portion of Unit 1 b . 

Figure A-S. Lithologic Log of Bole LLM-85-05 
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Unll 2b: Tshlrege Member ollhe Bandelier Tuff 

One foot of medium-brown soil merges into light-gray (N7) ash-flow tuff, whtch ts 
moderately welded Pumice lapllli, 2 to 10 mm 1n stze, are medtum ltght gray 
Sanidtne and quartz are abundant. Iron-stained fracture extends from 5 ft 10 in to 6 
ft 1 in., and caliche-filled fracture from 6ft 4 in. to 6ft 7 tn. 

Caliche-filled fracture extends from 9 to 9.5 ft. 

Matrix color grades to very light gray (NB). Light-gray pumice laptllt, 2 to 10 mm tn 
stze. are present from ground surface to approximately 8 ft. 

Matnx color ts between very light gray (NB) and ltght browntsh gray (5YR6/1) 

Near-vertical fracture extends from 29 to 29.5 ft; tuff still appears moderately 
welded. 

Unll2a 
Tuff appears ftssile, but still moderately welded; drilltng is sltghtly easter No 
obvious color change. Pumice laptllt are·brown and gray, and larger (10 to 30 mm) 
than those in the upper unit. 

Near-vertical fractures extend from 41ft 4 in. to 42ft 2 in. and from 43 to 43 5 It, 
the former appears to be open. 

Matrix color is very light gray (NB) 

Tuff IS nonwelded, and pumice lapilll are larger. 

Unll1b 
Tuff ts only slightly welded. Matrix becomes almost white (N9). Pumtce tapti It are 
predominantly brown I rom 59 to 69 it. 

Matrix darkens to tight gray (N7). 

Matrix color changes to grayish pink (5A8/2) at depth of approximately 69ft 

Small lithic lapillt, 1 to 2 mm tn 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 1b. Matrix color changes to grayish 
orange pink (5YA7/2). Bipyramidal quartz crystals are still abundant and increasing 
in size (up to 4 mm). 

Tullis moderately welded, and color changes to moderate orange ptnk (SYAB/4). 

Same as above, except tuff is only slightly welded, representmg the base of 
Umt lb. 

Unll1a 
Completely nonwelded ash. moderate orange pink (SYRB/4), with scattered lumps 
of tan pumtce Ia pi IIt. 

Completely nonwelded ash, with large (some greater than 2 in.) pum1ce and rock 
lapilli. 

Figure A-6. Lithologic Log of Hole LGM-85-06 
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Figure A-7. 

Unit 2b: Tahlrege Member of the Bandelier Tuft 

Soil conststing of weathered tuff extends from ground surface to 5 ft. and contatns 
scattered root material. 

Matrix color ts between very ltght gray (NB) and ltght gray (N7) Pumtce lapilli. 5 to 
10 mm in stze, are light gray. 

Tuff is moderately welded. Chatoyant santdine and quartz crystals are abundant 

Near-vertical, noncoated fracture{?), possibly open. extends from 21 ft 7 tn. to 22 f1 
1 in. 

Unlt2a 

Tuff appears fissile and slightly less welded; drilling is easter. Matrtx color is 
between light gray (N7) and very light brownish gray (5YA7/1). Pum•ce lapillt 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 
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Unit 2b: Tahlrege Member of the B•ndeller Tuff 
The upper 5 It are weathered and loose. and predominantly brown in color 

Possible honzontal fracture occurs at depth of 6 It 10 1n: very slight discoloration 
to brown on the surface. Tuff.is moderately welded. 

Matrix color is very light gray (NS). 

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 p1nk1sh gray (5YR8/1). 
Tuff appears slightly fissile, but is still moderately welded. 
Possible noncoated fracture extends from 19 It to 19ft 3 •n 

Slightly less welded than above. 

Matrix color becomes very slightly pinkish, with very small. brown pumice l..:::;~~ojioj,~~~ 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 (NS) 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. 

Matnx color changes to white (N9) at depth of 52 ft. 

Pumice lapilli are still brown, but becoming larger in the interval 59 to 63ft. L1th1c 
lapilli are abundant, up to •;, in. in size at depth of 59 ft. Quartz crystals are honey
colored. Slightly welded tuff is grading to moderately welded un•t 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 1b cooling zone. Fresh glass shards were observed. 
Matrix color grades from p1nkish gray (5YR8/1) 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 
becoming very orange. Lithic lapilli are still very abundant, and quartz crystals are 
still honey-colored. 
Unlit• 
Completely nonwelded, orange-cotored 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 dampnesa obMrved at depth of approximately 88 ft. 

Same as above, except matrix color ctlanges to 11ght tan [approximately 5Y8i1 
(yellowish gray)] and green pumice lap1lli are scattered throughout. 

Figure A-8. Installation of Pore-Gas Sampling Ports in Hole LGC-85-09 
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Figure A-9. 

Gropltlc 
Log Description 

Unit 2b: Tahlrege Member of the Bendeller 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 san1dine crystals. 
Near-vertical fracture extends from 4 to 5 ft. 

Tuff is moderately welded. and matrtx 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 sanid1ne 
crystals. 

Horizontal fracture occurs at depth of 31.5 ft. 
iii.:.::.::.;;,;~~~!""'! Unll2e 

Tuff i~ 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 ). 

1701,7.,.....,..,._~.,.., Matrix color lightens to light brownish gray (5YR6/1). 
Tuff is slightly welded. 
Near-vert1cal fracture extends from 52 to 53.5 ft. 
Pumice lapilli are larger. 

,.. ..... ,....._i,;,iiooiooiUnlt1b 

I-'-"....,;:.~..;....~ I 

Tuff is slightly welded. 
Matrix color changes to light gray (N7) and is less welded than 1n the interval 49 to 
54 ft. Pumice lapilli are smaller. and range from light brown to gray 1n 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 
(5YR6/1). 

Dark- to honey-colored Quartz crystals increase 1n s1ze and abundance. 

Lithic lapilli, up to 'h in. in size. become more abundant. 

Matnx color changes to moderate orange pink (5YR8/4). 

Vertical fracture extends from 94.5 to 96 ft. 

Tuff is slightly welded. Lithic lapilli up to 1 1n. in size are common. 

Installation of Pore-Gas Sampling Ports in Hole LGC-85-10 
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Description 

Unit 2b: Tshlrege Member olthe Bandelier Tuff 
Weathered-tuff soil horizon extends to depth of 3ft. 
Moderately welded tuff 

Matrix color ranges from very light gray (NS) to very light browmsh gray (5YA7/1), 
with light-gray pumice lapiiiL Near-vertical fractures extend from 5 to 6ft and from 
6.5 to 7.5 ft. 

Quartz and chatoyant blue sanidtne crystals are present. 

lron-statned, caliche-filled fractures, dipping approximately 45 degrees. occur at 
depths of 15.5 and 17.5 ft. 

Iron-s tamed fracture, dipping approximately 45 degrees, occurs at depth of 20ft. 

Pumice Japilli, 3 to 10 mm in size. are still light gray. 

Unll2a 
Tuff is moderately welded, and matrix color is very light gray (NS) with a slight 
pinkiSh cast (nearly p1nkish gray (SYRS/1)]. Pumice lapilli are larger and predom
inantly brown, though some are greenish-colored. Quartz and chatoyant sanidtne 
crystals are present 

Tuff is only slightly welded. Pumice lapilli-some brown, some 
green-are very large Sparse, small lithic lapilli are present. 

Unll1b 
Tuff is slightly welded, and matrix ranges in color from very light gray (NS) 
to almost white (N9). 
Fracture(?). dipping approximately 45 degrees, occurs at depth of 66 fL 

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 matnx color is pinkish gray (5YRB/1) . 

Tuff IS moderately welded. 

Qusrtz crystals are abundant and distinctively honey· or tan·colored . 

Matrix color changes to moderate orange pink (5YR8/4) at depth of 93ft. Lithic 
Japilli becoming very large, up to 3 in. in size. Pumice lapilli are still small and brown. 
Quartz crystals are same as above. 
Pumice Ia pi IIi increase in size, and some are gold· to tan·colored (similar to those 
in Unit1a). 

Tuff is only slightly welded. Lithic lapllli are Jess 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 scallered, 
large, golden-tan, pumice lapilli and lithic Japilli. 

Same as above . 

Figure A-10. Lithologic Log of Hole LGM-SS-11 
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Unit 2b: Tshlrege Member ol the Bandelier Tuff 

Soil consosts 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 It, 6ft. 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 on .. 25 ft. 25 It 7 in., and 26 ft. 

Pumice lapilli are gray and range from 2 to 10 mm on size. 

Tuff appears only slightly welded (from surface). possibly the result of weatherong 
due to the hole's proxomity to the edge of the mesa. 

Un112a 
Tuff is moderately welded and matrix color changes to pinkish gray (5YA8/1 ). 
Pumice lapilli are larger (10 to 20 mm) and predomonantly brown. Vertocal fracture. 
with roots. occurs at depth of 41 ft. 

Pumoce lapilli are brown and greenish-colored. 

Matrix color darkens slightly, to nearly light brownosh gray (5YA6/1 ). 

Fracture, doppong approximately 45 degrees. occurs at depth of 55.6 It Quartz 
crystals are dominant phenocrysts. 

Matrox color lightens. back to pinkish gray (5YA8/1). Lithic lapolli are small (1 to 2 
mm) and very sparse. Minor amount of sanodine crystals. 

Sanodine and quartz crystals are abundant and present in equal amounts. 

Pumoce lapilli-some brown. some green-are larger than above. 

Tuff is slightly to moderately welded. Matrix color os very light gray (NS). 
Unll1b 

Tuff is slightly to moderately welded, and matrox IS becom1ng lighter. to a color between 
very loght gray (N8) and white (N9). Pumoce lapolli range up to 30 mm 1n soze. 

Santdine and quartz crystals are present tn approxtmately equal amounts. Quartz 
crystals are distrnctively honey- or tan-colored. Pum•ce Ia piii! range up to 40 mm in 
size. No lithiC 1apoll1 were observed. 

Fignre A-11. Installation of Pore-Gas Sampling Ports in Hole LLC-SS-12 

A-21 



Dopth 
(IHt) 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

80 

65 

70 

75 

80 

85 

90 

95 

T 
I 

100 ~ 

lnel•ll•tlon 

Figure A-12. 

Graphic 
~og 

Description 

Unit 2b: Tehlrege Member of the B•ndeller Tuff 
Weathered-tuff sot I hortzon extends to depth of 10 tn. 
Matnx tS light gray (N7). and tuff •s weathered to a depth ol4 ft. 

Tuff •s moderately welded 

Pumice laptlli are 5 to 10 mm in stze, and slightly darker than light gray. 

Matrtx ts light browniSh gray (5YR611). wtth common sanidine. Pumtce laptlli are 
light gray and average 5 to 10 mm in size. 

Near-verttcal. tron-statned fracture occurs at depth of 22.5 ft. 

Near-verttcal. tron-statned fracture occurs at depth of 35 ft. 
Tuff is slightly welded. 
Pum•ce laptlli are larger (20 to 45 mm) 

Fractures. dipptng approximately 45 degrees. occur at depths of 42. 42.5. and 47 ft. 

Unll2• 

Matnx color is light browntsh gray (5YR6/1 ). Quartz crystals are more abundant 
than in Untt 2b. Some brown pumtce lapilli were observed. 

Core recovery is excellent: no breaks occurred in the three 5-ft secttons fr'>m 49 to 
64 ft. Tuff is slightly more than moderately welded. 

Some large (20 to 40 mm) pum•ce laptlli have rims altered(?) to brown color. 

Matrix color ts same as above. Pumice lapilli-brown. gray, and a few green
average approXImately 10 mm in stze. Phenocrysts. averagtng 3 mm tn stze. are 
predominantly santdine with some Quartz. 

Tuff is sttll moderately welded. but matrix color changes to grayish orange ptnk 
(5YR7i2). 

Sanidine crystals decrease '" s1ze. 

Same as above. except pumtce laptllt average 10 mm in stze. wtth some as large as 
50 mm. Santdine crystals are small. and Quartz was not observed. 

Matnx color changes to light gray (N7). Pumtce laptlli are medtum ltght gray and 
average 10 mm tn stze. 

Matrtx color changes back to graytsh orange ptnk (5YR7/2) Equal amounts of 
brown and gray pumtce lapllli are present 

Installation of Pore-Gas Sampling Ports in Hole LLC-85-13 
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Figure A-13 . 
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Unit 2b: Tahlrega 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. Pum•ce 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 w1th the lower flow of Unit 2b. 

Fractures. dipping approximately 45 degrees, occur at depths of 18 It 2 in. and 19 
ft3 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 28 ft. 

Pumice lapilli-somB brown, some gray-range in size from 10 to 40 mm. 
Drilling becomes much eas1e; at depth of 32 It, representing the contact w1th the 
slightly welded base of Unit 2b. Matrix color changes to gray1sh orange p1nk 
(5YR7/2). Fracture, dipp1ng 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 1n size from 10 to 30 mm. 

Tuff is slightly welded, and matrix color changes to gray1sh pink (5R8/2). 
Lith•c lapilli are sparse and average 5 to 10 mm in size. with some up to 40 mm. 
Pumice lap1lli are same as above. 

Near-vert1cal fractures occur at depths of 49, 52. 53, 54. and 57 ft. This may be one 
fracture, observed entering and exiting the core. 

Tuff •s moderately welded, and matrix changes to a color between grayish pink 
(5R8/2) and grayish orange pink (5YR7i2). Pum1ce 1ap1lli are predominantly brown, 
and average 10 to 40 mm '" s•ze. L•thic lapilli are still sparse. but larger (20 to 40 
mm). 

Matnx color changes to grayish orange pink (5YR7/2); otherwise same as above 
except fewer lith•c Ia piii!. 

Same as above, except lithic lap• IIi are more abundant. 

Same as above, except no lithiC 1ap1lli were observed. 
Tuff is slightly welded. Matnx color l•ghtens to gray1sh p1nk (5R8/2). Pumice 
lap•lli-brown and green-are larger (20 to 50 mm). San1dine and quartz crystals 
are very small and clear. 

Tuff is slightly welded. Matnx color changes to light gray (N7) Brown pum•ce 
1ap1lli are smaller (10 to 25 mm). L1th1c lapilli and quartz crystals are common. the 
latter rangmg up to 3 mm 1n size. Near-vert• cal fractures occur at depths of 85. 88. 
and 89ft. 

Same as above. except quartz crystals are larger (4 mm) and more abundant. 

Installation of Pore-Gas Sampling Ports in Hole LLC-85-14 
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Figure A-14. 

Oeacrtptlon 

Unit 2b: Tahlraga Member of lhe Bandelier Tuff 
Soil layer extends to depth of approximately 4 in. Tuff is moderately welded. and 
matrix color rs very light gray (N8) to grayish pink t5R8/2). Pumice lapilli are small 
and light gray. Clear quartz and sanidine crystals. less than 1 mm rn size. are 
common. High-angle. iron-stained fractures, wrth 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 pum1ce 1ap11ii are larger (up to 10 mm). 

Tuff is moderately welded. and matrix color grades to grayish pink (5R8/2). 
1 Pumice 1ap1lli-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 slightly welded. 

Unit :Z. 

Tuff is slightly welded. and matrix color still gray1sh pink (5R8/2). Pum1ce 
lapilli-most brown:but some green (olive)-range 1n size from approximately 10 to 
SOmm. 

High-angle fracture occurs at depth of 47.5 ft. 

Tuff is moderately welded. and matrrx color grades to pate red (5R6/2). 
Same as above. except matrix color changes to grayish p1nk (5R8/2). 
High-angle fracture occurs at depth of 51 ft 6 in. Pum1ce lapilli become larger. 
some up to 60 mm. 

Matrix color grades back to gray1sh p1nk (5R6i2). Pum1ce 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 lap11ii are present. 

High-angle fracture occurs at depth of 77 ft. 
Tuff is slightly to moderately welded. 

Unlt1b 

Tuff is slightly to moderately welded. Matrix color changes to p1nkish gray 
(5YR811 ). Pumice lapilli are predominantly brown and range from 10 to 20 mm 1n 
srze. Quartz crystals. up to 4 mm 1n s1ze. are aDundant. L1thic 1ap1lli are more 
abundant than above. ranging 1n size from 5 to 15 mm. 

Pumice 1ap1lli increase 1n s1ze to 30 mm. 

Same as aDove. except matrix color changes to very light gray (N8). 

Pum1ce lap1lh •ncrease in s1ze to 50 mm. 

Installation of Pore~Gas Sampling Ports in Hole LLC-85-15 
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Description 

Unll 2b: Tshlrege Member olthe Bandelier Tull 

Soil and weathered tuff extend to depth ol 16m 

Tuff is moderately welded, and matrix color is grayish pink (SRB/2). Pumice tap1ll1 

are l1ght gray and range up to 10 mm in size. Quartz and sanid1ne 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 in Un1t 2b 

Stttl moderately welded, grayish-pink (5R8/2) 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 

(5YR7/2). 

Tullis slightly welded, and drilltng becomes easier at depth ol 34 II. 

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. 

Tullis 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 inti II extends from 41.5 to 45.6 ft; it was probably filled in 

with reWorked ash prior to deposition of Urit 2b. 

Tuff is moderately welded. and matrix color changes to grayish pink (SRS/2), at 

depth of approximately 46ft. Pumice lapilli are brown and green. 

Tull is slightly less welded than above, and rare lithic lapilli are present. 

Unll1b 
Tullis slightly to moderately welded. Matrix color changes to light gray (N7). 

Pumice tapilli 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 ol92.5 II. 

Matnx color lightens to very light gray (NB). Pumice lapilli are larger (up to 50 

mm). Lithic lapilli are common. 

Figure A-15. Installation of Pore-Gas Sampling Ports in Hole LLC-85-16 



~-- ---,--c-----,-~---~----------------

~~~c~·_, --r...,.G,',.,~g""~--'';=;+-;;-=-=:-:c----ccc-,-------,-,-c-

85 05230 
85 051t3 

MCG-644" 

85 05231 
85 05114 

85 05232 
85 05115 

85 05233 
85 05116 

85.05234 
8505117 

85.05235 
85.05118 

85.05236 
85 05119 

85 05237 
8505120 

85.05238 
85.05121 

as os239 
8505122 

{ 
85 05240 
85.05125 
MCG-645" 

MCG-sso· 

( ~~_g;~~~ 

MCG-601' 

{ 
85.05242 
85 05127 

85.05243 
85.05128 

85.05244 
85 05129 

unu 2b: Tlhlrege Member of the Bandelier Tull 

So1! and weathered tufl extend to approltlmately 3 It 

Tulf IS moderately welded, and matnx color IS l1ght gray (N7) Pum1ce lap1ll1 are 
gray and range 1n s1ze from 5 to 10 mm Quartz and san1d1ne crystals. less than 1 
mm 1n SIZe, are abundant 

Same as above Altered, high-angle fracture, w1th silt mfill and roots. occurs at 
depth of 11 It 2 1n 

Matnx color IS grayish p1nk (5R8/2) and pum1ce lapilll are larger (up to 30 mm) 
representing tranSitiOn to lower llow of Unrt 2b Quartz and san1dme crystals same 
as above 

Same as above, except sparse lithic lapilll are present and quartz and san1d1ne 
crystals tncrease in s1ze to 3 mm 

H1gh-angle fracture extends !rom 27 to 28.5 ft 

Slightly welded base ol Unlt2b; dnllmg becomes easier Pumice lapillllncrease m s1ze 
to 50 mm, while quartz and san1d1ne crystals decrease 1n s1ze to tess than t mm 
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TulliS moderately welded; matnx color hghtens to gray1sh p1nk (5R8/2) at depth of 
approximately 45 It 

Same as above 

Same as above, except pumice lapllli are larger (up to 40 mm) and quartz and 
san1d1ne crystals are smaller (less than 1 mm). High-angle fracture occurs at depth 
ol61 fl . 

Same as above, excepttull is sl1ghtly welded. 

Same as above 

Unlllb 
Tull1s slightly welded, and matnx color changes to 11ght gray (N7). Lithic 
lapilh are present 1n minor amounts, ranging 1n size to 20 mm. Pumice tapdli-most 
brown, but some green-range up to 40 mm in s1ze. Quartz crystals are larger and 
honey-colored 

Tuff IS slightly to moderately welded, and matrix color changes to grayish orange 
pink (10A8/2). Pum1ce Jap1lh are brown and range up to 50 mm in size. Quartz and 
sa01d1ne crystals, rangmg up to 2 mm in size, are common. Lithic laptlh, rang1ng up 
to 50 mm in size. are also common 

Tuff becoming moderately welded 
Same as above, except small (2 to 4 mm) lithic tapil11 are abundant 

Matnx 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 lapilll are very abundant, but those as large as 60 mm are sparse 

Same as above, except matnx color changes to tight brown (5YR6/4) 

H1gh-angle fracture extends from 122 to 123 ft 

Tulf is slightly welded, and matnx color changes to moderate orange pink (SYA8/4). 
Pumice lapilli ar£1 grayish orange (stmitar to those in Unit 1a) and range up to 50 mm 
1n size. Rest of matnx is similar to above. 

Occasional greenish pum1ce tap1111 are present 

Unit 1a 

Completely nonwelded ash, moderate orange pink (SYAB/4) tn color Large 
grayish-orange (10YA7/4) pum1ce lapilli are abundant Lithtc lapllli range up to 50 
mm IOSIZe 

Fisure A-16. Litholosic Los of Hole LLC-85-17 
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Figure A-17. 

DHcrlptlon 

Unit 2b: Tehll'e9• Member of the B•ndeller Tuff 

Weathered tuff (fill?) extends to depth of 4ft. 

Tuff is moderately welded. and matrix color is light gray (N7). Pum1ce 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 lap1lli are larger. which may indicate transition to lower flow of Umt 2b. 

Same as above. except quartz and sanadine crystals 1ncrease m 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 san•dine 
crystals are smaller (less than 1 mm). High-angle fracture, with iron alteration. 
extends from 33 to 35 ft. 

Unit~ 
Tuff is slightly to moderately welded. Matrix color is st•ll pale red t5R6/2). Quartz 
crystals· are larger (up to 3 mm). Pumice lapilli change from gray to brown and 
green. 

Same as above. except quartz crystals decrease 1n 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 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. 

Lithologic Log of Hole LLC-85-18 
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Unit 2b: Tshlrege Member of the Bandelier Tulf 
Sotl homon extends to aboul 10 1n in depth. Matr1x •s l1ght gray (N7) Pum1ce lap1ll1 are 
ltght gray to gray and have tran-s tamed alterallon rtms Tuft is moderately welded 

Near honzontal tron-statned fracture al depth ol 10 It Abundant phenocrysts of Quar!z 
(3-5 mm) and santdtne (1-3 mm) 

Matrtx color changes to graytsh orange ptnk (5YR 7/2). Scauered ltlhtc laptllt up to 10 
mm are present 

Color as above; tull tS slightly welded 

Pumice laptllt sltghtly darker than above (SYA 6/1) and are occastonally flaUened 
Scattered ltthtc laptlli up to 30 mm are presenl 
Tufl becomes moderately welded. Near-verttcal fractures wtth iron-statntng are present 
at depths of 23 and 25 ft 
Tuff becomtng sltghlly welded 
Small, 1- to 2-mm spots ol rust cotloratton are present 

Unit 2a 

Tufl appears ftsstle and ts nearly non-welded Matrrx color ts still graytsh orange ptnk 
(SYA 7/2) Tuff sttll contatns abundant spots of local non-sta.ntng 

Tuff ts sltghtty welded Pumtce laptllt appear sltghtly larger than above, and some are 
greentsh-gray tn color 

Vert teal fracture with only mtnor HOn-staintng from a depth of 50 to 53ft 

Tuff ts more coherent than above, but sttll only sltghlly welded. Scaltered pumrce lapillt 
are up to 30 mm tn stze but most average around 3-4 mm 

As above, tull IS sllghl!y welded 

LHhtc laprlh around 2 mm tn srze begtn to appear. Pumice laptllt are mostly gray and 
display alteratton rrnds of rust-color. 

Tuff becomes moderately welded 

Occasional ltthrc fragments up to 30 mm Matrix color becomrng grayer (SYA 7/1). Iron 
rust-spots (1 to 2 mm) are still common. Pumrce lapillt appear slightly tlattened 

Tuff be(;omes sl1ghtly welded Pumtce laptlli average 6 to 8 mm, are not llattened. and 
are aboul 70°·o gray and 30% greentsh-colored Trace ol 1- to 2-mm samdtne IS present 

Rare l!thic laptllt are up to 30 mm tn stze Matrtx color between ptnktsh gray and ptnkish 
wh1te (SYA 7/2 to SYA 812) 

Unit 1b 

Matrtx color tS ptnktsh whrte (5YR 812) Tullts slightly welded Brown-colored pumtce 
laptllt predorntnate Mtnor amounts of quartz and santd1ne are present 

Matnx color ts while {SYR 8/1) 

Pumtce lapttll are dominantly brown tn color. Ltthic lapilli lrom less than 1 to 5 mm 
becoming abundant 

Scauered whtle colored pumtce laptllt are present Quartz phenocrysts (many obv1ousty 
btpyramtdal) are becommg more abundant Mtnor santdtne phenocrysts are present; 
these are not chatoyant, but can be tdenttfted on the basts of stnated crystal laces 

Golden color of quartz phenocrysts is due to iron staming of the tuff immediately 
surroundrng the quartz 

Matnx color darkening sltghtly to ptnkish white (SYR 8/2) Lrthic laprlh becoming larger, 
up to 35 mm, but most fall tnto size range of 1-5 mm 

Transition to moderately welded portton of Unit 1b 

Matrix color changes to orange (5YR 7/4). Tuff feels damp to the touch immedrately 
upon ret neva I 

Care must be struck with a hammer to break and ts moderately welded. 
Probable verttcal fracture present from 152 to 15311 

Tuff becomes slightly welded 

Unit 11 
Tuff ts non-welded Ltthic laptlh predominantly from 2-5 mm tn size wtth some up to 30 
to 60 mm Quartz phenocrysts, Stmilar to above umts, increase rn number. Matnx color 
as above Pumice taptll"t are a dtsttncttve tan color Scattered reddish-yellow (SYA 6/6) 
pumice taptlli 

Matnx color changes to a tannish color (7.5YA 7/4) at 169 5 ft 

Occasional tan pumtce tapilli up to 45 mm. 

Color changes to pmk (SYR 7/3) 

Tuff becomes slightly welded at 194 It. 

Figure A-18. Lithologic Log of Hole LLC-86-19 
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Descroploon 

Unit 2b: Tlhlrege Member ollhe Bandelier lull 
Matnx IS 11ght gray (N7) Tullis moderately welded Pum•ce laplllt are light gray on color 

Tu!l tSiess welded than above Fractures. dtppmg approJumately 45". are present at 
depths ol 12, 13, 16 5, ?0. 21, 23.24 5. 25 5. and 26 51! Iron sta1n1ng IS present along 
fractures between 20 and 30ft 

Unlt2a 
Matnx color changes to p1nK1sh gray (SYR 712) at 29 It Beddmg about 1 m lh1ck marks 
the boundary between the two un•ts 1n thiS hole Tul! IS slightly tess welded than above 
Pum•ce lapllll are much larger than Un1t 2b Tulr 1s moderat':IY welded 

Pum1ce 1ap1111 are abundant and occasiOnally up to 35 mm m s•ze. colors ol brown. 
brown•sh-gray. gray, and green1Sh are present 
TulliS Slightly tess welded than above 

Unit tb 
Color changes to pinK1Sh while (SYA 8/2) Pum1ce lapilll are dommantly brown lithic 
lap1t11 (1-3 mm) begm to appear m small amounts 

Matnx color changes to wh1te (5YA 8/1) at about 74ft 

Tull1s only slightly welded 

L1th1C lap• III (1-3 mm) becommg more abundant 

Tull gradmg to moderately welded 

Color IS still white. but begms changmg to p•nkiSh gray (SYA 7/2) 

Color changes to orange-pmk (SYA 814) 

Color grad•ng to SYA 716 

Occas•onal tan-colored pum•ce laptlh, charactertst•c ol those m U"'t ta, are present 

Color ts more orange tn areas 

Tutf becomes sl1ghtly welded 

Unit 1a 
TulliS non-welded at 13911. upper part ol Un1t Ia IS very slightly welded 

Color 1s closest to graytsh orange-ptnk (SYA 7/2) 

Tuflts very slightly welded 

Color IS more tanntsh 

As above 

Fisure A-19. Lithologic Los of Hole LLC-86-20 
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UnJI 2b; T1hlrege Member olthe Bandelier Tull 
MatriK color 1s pmk1sh whtte (5YA 812) Tullts moderately welded H1gn-angte fracture(s) 
are present at 6 and 8 It depths. both w1th caltche mill I 

Color grades to whlle (5YA 8/1) 

PumiCe 1ap1111 are gray. v1s•bly flattened, and average from 2-6 mm tn stze 

Tuff IS sl1ghtty less welded than above. but Sllll moderately welded 

MatrtK color as above 

Tuff ts moderately welded L1th1c fragments. few up to 10 mm. mosl 2-4 mm. are present 
H1gh-ang1e fracture(s) are present at 33 and 34 It depths Pum1ce laptlll becomtng larger 
(some greater than 2 1n dtameter) and more abundant at a depth of 30 It 

Tuff grades IntO slightly welded base. Pum1ce laptlll are smaller and mostly flattened 

Un112a 
Reworked lull zone !rom 41 to 41 13 It marks boundary between two unitS MatriK color 
sttll wh1te. but closer to 7 5YR N 8/1 Pumtce tap1llt become larger. many up to 20 mm 
and are st1ghtly flauened Sltghlly welded upper portiOn of un1t grades to moderately 
welded at approKtmately 49 It depth 

Pum1ce lap•llt dom•nan11y gray m color 

Tuff becomes s1tgh11y welded 

Unl11b 
Contact marked by vtvtd color change to ptnkish gray (5YA 7/2) at 73 211 Pumtce lapllll 
are aommantly brown tn color Very sma!t (1 to 2 mm) lithiC 1ap1llt are present but sparse 
Fracture (45') w1th no tnflll at around 791t Quartz phenocrysts are rare and mostly< 1 
mm lithtc lap!lh sttll sparse but up to 4 mm 

Fracture(s) present at 85. 87, and 8811. none wtth mf•ll. all around 45" 

MatnK color changes gradually to pmktsh wh1te (5YR 812) 

l1th1c lapi!h range 111 s1ze up to 7 mm Quartz phenocrysts become more abundant 
MatriK color IS closer to whtte (SYA 8/ I) 

Pum1ce lap1111 are larger ltth•c laptllt are more abundant and range up to 15 mm tn stze 

Pumtce laptllt are smaller and range !rom 5 to 20 mm ltthtc lap1ll1 are domtnanlly !rom 
1-3 mm tn s•ze. lew range up to 10 mm. MatnK color changes to p1nk1sh white (SYA 812) 
lull becomes moderately welded at a depth ol 1141t 

Tulf tS htghly fractured from 120 to 133 II, bullS still moderately welded Fractures have 
no mftll 

Color changes to ptnkiSh orange (5YA 7/4) at 133 II Fractures, d1ppmg at 45Q. are 
present at 134 5 and 138ft 

Tanntsh pum1ce laptllt typtcal of Untt 1a begtn appeanng Fracture(s) present at 140 and 
141 It, dippmg around 45Q 

lull becomes sltghtly welded at around 145 II 

Unll1a 
lull grades !rom shghtly welded to nonwelded at 154 It ltlhtc lap tilt are smaller and less 
abundant Abundant tanmsh pum1ce laptllt are present 

M&lrtK color gradually changmg to ptnkish gray (SYA 7!2) at around 163 II 

Pumtce lap tilt are abundant and range m stze !rom 5-25 mm L.t\htc laptlh are scattered 
and ranqe m s•ze up to 5 mm 

As above 

Figure A-20. Lithologic Log of Hole LLC-86-21 
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Unit 2b; Tahirege Member ollhe Bandelier Tull 
Tutf IS mooeratety wetoeO Matnx color IS llgtH gray t5YR 711) Pum1ce lapllll are 

1 domonantly gray w1th occasional dark Drown and range up to 10 mm 1n s1ze Ouanz ano 
san1done are abundant and range up to 4 mm m s1ze 

Fractures are abundant m lhts hole. zone from 10 to 11 6 It cons1sts mostly or honzontat. 
weathered. and ~ron·stamed fractures w1th mtersectmg h1gh·angle fractures 

Color changes to pmk1sn gray (5YR 612) Fracture zone at 23 5 to 2411 

Fractures (high· angle) are abundant from 25 to 28 It Pum1ce tap1111 mcrease m s1ze 

Pumoce tap1111, some up to 60 mm. are a vanety ol colors 

Unll2a 
Very thm (< tm) honzontal zone wtth rusty·cotored Slit (reworked ash?) and roots marks 
the contact The horozontal zone IS present at a depth ot 38 It Turf IS only very slightly 
welded Quartz and san1dme phenocrysts are very m1nor and mostly< 1 mm m s1ze 

Tuff becommg slightly more welded than above Fracture ts present {45°) at 51 8 It 
Pum1ce tapllli1ncrease m SIZe. up to 50 mm Tuff becommg moderately welded 

Thm zone olmcreased pum1ce laptllt at 55 5 to 58 5 II 

Quartz and santdme phenocrysts are sparse and range 1n stze !rom 1 to 3 mm L1th1c 
lap ill I are rare 

Phenocrysts not VISible. Tull IS Sllghlly welded at base 
Unit 1b 
Matr1• color becommg lighter 

Pum1ce lap1ll1 are dommanlly brown With scattered greenish tap11t1 present Matn• color 
1s pinkish gray (5YA 712). 

Matr1• color IS l1ght gray {5YA 711) Ltthtc lap1llt are rare but range up to 30 mm m stze 

Color ol ma1r1x now closer to white (5YA 811) 

L1th1c lap1llt become more abundant. as well as quartz phenocrys!S. Zone from 104 to 
107 It IS moderately welded 

Color changmg to pmk1Sh gray (5YA 712) 

Color chang1ng to pmk1sh orange {5YR 7/4) 

Core samples teet mo1stlmmed1atety upon retneval, at around 1281t 

Unll 1a 
Matr1x color closest to reddiSh yellow (5YA 7/6). Tuff IS nonwetded Abundant tann1sh 
pumice taptlli l1th1c lapJitl are abundant and up to 40 mm tn s•ze. 

LithiC Ia pi IIt w1th nal!ve copper. about60 mm tn s1ze 

Matri• color becom1ng 11ghter. to ptnk (5YA 7/4) 

Color Changes to pmk1sh gray (SYA 712) 

Pum•ce and lithic !ap1111 decrease in number 

Tullrs st•ghUy damp upon retnevat, and dr1es loa white color (5YA 8/1) 

Fisure A-21. Litholoaic Log of Hole LLC-86-22 
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Unll 2b: Tthlr•ge Member olthe Bandelier Tull 
Tu!11s moderately welded. matmt color IS light gray {N7) Pum•ce lapTII• IS light gray 
non-altered Quartz and san1d1ne phenocrysts are 2-3 mm 1n s•ze 45o lraclures at 4. 5. 
6" •. and 911 with or on mftll and roots 

Fractures at depths of 13. 16'.,, and 18 •. It w1th tron mhll and roots 
Fractured zone !rom 18'•,-2Slt 

60° lractures at depths o12B, 33. and ~1", It 

Tull•s moderately welded. matrox IS light gray {N7) Pum•ce 1ap1111 IS gray and sl•ghtly 
flattened Quartz phenocryststo3mmons•ze 

r---- _._iL_.,o-,--~ Tuff becomong slightly less welded 

Unlt2a 
Tuff IS moderately welded, matnx color changes to SYR 713 at 4511 Pum•ce lap•ll• •s 
red/brown and not altered B1modal s1zes. 2-3 mm and 10-30 mm Quartz phenocrysts 
to2mm 

TulliS moderately welded, matnx color IS ptnk {5YR 713). Pum1ce 1ap1t11 predominantly 
reddiSh brown. 2-3 mm m SIZe, rare gray lap+ Ill 5-8 mm 

50.'100 ~ /ft~'*-- Tuff IS sllghlly welded Maim• color changes to 10YR 711 (light gray) Pumtce lap• II• 
predom1nanlly brown. 5-20 mm 1n s1ze. a few gray pum•ce lap• IIi to 5 mm Lith1c lap1lll 
rare,2-10mm 

-10 

-/0 

Unlllb 

Split barrel acctdentally dropped down hole. resultmg m a 1511 interval ol lost core. I rom 
835-98 511 

lull moderately welded, mBiflx color {while) 5YR 8/1 Pum1ce lap11t1 mcrease In SIZe to 
5-50 mm. {brown) Quartz phenocrysts are c'lmmon and 2-4 mm in s1ze LtthiC lap•ll• 

Matr~x color more p1nk {5YR 8/2) Vertical fracture trom 11110 118'i11t w1th altered 
claymlllt 

Olive pum1ce 1ap1!1i appear Ouartz phenocrysts common. b1pyr1Jmld8l, and golden 
lull moderately welded, matnx color change to 5YR 8/4 at1271t 
LithiC tap1111 of 2-10 mm m Slle are common, a lew up to 60 mm 

Tann1sh pumtce laptlh. characteriStiC of Untt 1 a. begm to appear 

Matrix more orange {5YR 714) 

lull slightly welded Pum1ce predommantly tanniSh 1n color 

Unll1a 
lull nonwelded at 1451t 
Pum1ce lapl!ll, lanmsh 10-40 mm 1n SIZe. L1th1c tapilh rare Matr1x color now typ1cal ol 
Unit Ia {5YR 716) 

LithiC lapillllncrease m number. s1ze up to 50 mm 

Matnx color less orange to 5YR 714. Pum1ce 1ap1lh mcrease m size. 40-60 mm Tullts 
non-welded 

lull matnx gradually becoming more gray to 5YR 713 
L1th1C lapilll rare. 5-10 mm m SIZe 

" Pum1ce 1ap1111 are dOminantly gray with large quartz transparent phenocrysts up 1o 4 mm 
Mattix color SYA 812 
TulliS slightly welded MOISture apparent LtlhiC !ap1lll 5-10 mm 1rt s•ze 

Figure A-22. Lithologic Log of Hole LLC-86-23 
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Aeco•ety (.,.) 

GraphiC 
Log OescropliOrl 

Unll 2b: Tlhlrege Member of the Bendeller Tull 
Tull •s moderately welded. matmo: color •s ltght gray (5YA 7/1) Hom ental fractures at 5 
and 7 11. both w•th •ron stammg 60" fracture at 7'i:. fl. w1th •ron sta•n•ng 

Pumtce Japtll•. from 5-10 mm •n SIZe. gray tn color. Quartz phenocrysts< 1 mm 
Chatoyant santdme < 1 mm Honzontal fractures at 14'i?ft Wllh 1ron sla•n•ng 

Two parallel ventcal1rac1Ures from 20•, to 25 II 

75" fracture at 27 It Pumtce tapillr mcrease m s1ze to 20 mm 

Ver11Cal fracture from 31 to 34 It wrth 10 mm tn1ck clay mftll Organtc odors noted 

so• fractures at36. 40 and 43 It 

Tull tS Slightly welded Metnc color changes to 5YR 612 at 44 It (ptnktsh gray) 

Unit 2a 
Pumtce laptllt. red and brown. abundant. 10-30 mm tn stze soc fracture at47 It w1th 
tron sta1n1ngs 

Verttcal fracture at 52'.~ It w1th clay mltll and roots 
Tulf 1s moderately welded 
Vert1callracture at 58', 11 
Pumtce laptlll. gray. 10-40 mm In SIZe 
65" fracture at 60 It 

Tull1s tess welded, Stttl moderate. Matri~o: tess pmk, color to 7 5YA 7/t. Pum1ce tap1111 
sltghtly flattened and brown 

TullIS now slightly welded Uth1c tap1111 rare. 5-10 mm m soze 

Unll1b 
Matrt~o: color more orange to 5YA 712. 

Verttcallracture from 87'1<-88 ft. Highly-fractured zone from 88 to 89 It 

Tullts shghtly welded Matm becomes White (5YR 8/1) 

Tull becomes moderately welded Pumtce lap1111 are dommantly brown, to 60 mm tn sue. 
wtth some Olive-colored pum1ce lap1ll1 L!lhtc laptlh are common, 5-15 mm tn SIZe Quartz 
and san1dtne phenocrysts are more abundant 

Abrupt ma!rtt<. color change at 127ft to pmkiSh orange (5YA 8/4) 

Ouattz phenocrysts are euhedral and b1pyram1da! 

Pum1ce tap1!h are tannish and flattened. 10-•W mm m stze Ver!icallrac!ure at 138'/:o-140 
It LtlhiC 1ap1lh common. 10-30 mm m size 
Tuff becomes shghtly welded 

Unit 1a 
Tutl IS non welded at a depth ol 44 II. L11h1C 1ap1l11 are rare Matn~o: color IS reddtsh yellow 
(5YA 716) 

Matm< color not as bnght and 1s closer to SYR 7/6 (Still reddiSh yellow) 

Pum1ce lapillt are tann1sh in color and range 1n s1ze lrom 10-30 mm 

Matri)( more tan to 5YR 714 (pmk) Ltthtc laptlll increase m number and range 1n s1ze 
rrom 5-20 mm. 

Matri)( color IS p1nk (5YA 8/3) 

Tuff becomes Slightly welded Llthtc lap11t1 are st1ll common 

Figure A-23. Lithologic Log of Hole LLC-86-24 
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Unll2b: Tahltege Member oil he Bandelier ull 
Moderalely welded lull Ma111x color IS loghl gray t5YR 7 1) Pum1ce !apollo a•e gray ana 
range 111 s1ze lrom 5-10 mm Quarlz ana sarl•d•ne phenocrySIS <Jre ••s101e LHJI ilfl:' lt;'SS 

than 1 mm 11lS1Ze 

FraCilHe doppmg around 45" at depth or 10 711 Malrlx Cl"langes co1orro p,nk•St1 wl"l•tt;' 
(5YR 8 21 al 1311 

Oua11z pnenocrysrs are up 10 4 mm m S•Ze 
H1gh angle lracturo:s are present at depthS ot 20 21.22 5 h 1ron staon~r1g IS present 
on surface 
Fracture zone lrom 2310 261\, organ1c vapor odors were delected Malr•• color •s gray 
t5YR 6 11 Ou3r1Z and san1d1ne crystals are aoundanl 

'. 

Frac1ures were noled al 50 and 551! depths. I)Olt'l d•Pp•ng about 45" 

Ouallz and san1done are abundanl and are up IO 2mm m Sole 

Pum•ce 1ap1111 becom1ng larger, up to 30 mm 

MaH•• color IS 11gh1 gray 15YR 711) Phenocrysts are not v•s•ble 
Frac1ures are present at65 7 and 66 6 II 
Tutr IS silgh11y welded 

Unll1b 
Mo1r1x color changes 10 pmk1sl"l wl"lrte (5YA 8'2) Tull•s Sligh!ly welaeo L1th1c lap11f1 up 
lo 2 mm were noled Ouarlz phenocrysts are less than t mm 1n SIZe Pum•ce laplll• are 
mostly brown m color 

Matnx color closer to while (5YR 811) 

L•lh•c tap1l!lmcrease m s1ze (up to 30 mm) 

Pum•ce lap•ll• range m SIZe !rom 10 to 30 mm 

A1g shutdown because ol strong organ•c vapors 1n breathmg zone 

Matr1• color as above Quartz phenocrysts becommg more abundant and range m S1ze 
up to 3 mm Pum•ce 1ap1lll range m s•ze from 10-20 mm lithiC tap•lll more promment. 
some up 10 20 mm 1n s•ze H1gh angle fractures are present at depths of 105. 106. 107 
and 112 5 fl 

Tuft becomes moderalety welded 

Ma1r1• color IS pmk1Sh orange (5YA 814) Fractures are presenl at depths ol 122 127 and 
127 511, w111"1 a dip ol approx•mate!y 45o 

Malnx color darkens to reddish yellow !5YR 716) 

TanniSh pum•ce lapilll such as I hose common 1n Unit la begm to appear at around 130 It 

lull becomes slighlly welaed 

Unlt1e 
Mat11• color as above only mottled up to 5YR 718 m spots TullIS nonwetdea 

Large tann1sh pum1ce lap1111 are common, lew up to ',60 mm 1n s•ze 

MaH•• color changes to pmk1sh gray (5YR 7.'2) at t61 11 

Malfl• color closer to 5YR 713 Tann1Sh pum•ce lap1lh appear sl•qhtly ttattened 

Matr1x color 1S pmk (5YR 712) 

Tull becomes shghlly welded Pum•ce lap• til (the typ1ca1 tann1sh color) are e•tremely 
flattenea 

H•gh-angte fractures are present al aepths ol 191 and 192ft 

Malrl• color changes to pmk1sh gray 

Pi sure A-24. Lithologic Los of Bole 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.l 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 la, 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 la, 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 3300C, and heated to ssooc. 

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 

A 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 
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LANL VAPOR TRANSPORT S1UDY 
REQUEST NO.: 402553 
PRQTECT NO. : 6L0001000 

SAMPLE NO. : MCG-550 
DRILL HOLE LLM-85-17 
DRILL HOLE DEPIH (Fl'): 

UNIT 1B (LI1HIC) 
118 

PHENOCRYST RATIO (QJK/P): 1/6.67/0.33 DEGREE OF WELDING: Dense 
POROSITY (VOL Ill): 10 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Vitric Tuff 

GENERAL DESCRIPriON IN 'IHIN SEcriON: 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. Ill 

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 thophy sae. 

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 medi1DD grained, euhedral to 
anhedral. 

Fine to medium grained, anhedral to 
euhedral. Pmbayed 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.: 402553 
PRQTECf NO.: 6L0001000 

POROSITY (VOL 'WI): 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 DESCRIPI'ION IN miN SECIION: 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) 

01 ivine ( tr) 

Groundmass 68 

Plagioclase (94) 

Opaques (2) 

Glass (1.5) 

Pore Space (1. 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. 

Ryalopilitic. 

Felty laths. 

Magnetite oxidizing to hematite. 

Brown-colored. 

Microvugs in groundmass(?). 

Altered to chlorite and hematite. 
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LANL VAPOR IRANSPORT STUDY 
REQUEST NO.: 402553 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL -.): 23 

SAMPLE NO. : MCG-626 
DRILL HOLE LLM-85-01 
DRILL H<LE DEPTH (Fl') : 

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 DESCRIPriON IN '111IN SECI'ION: 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 

PlUilice 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Amphibole(?) 

Plagioclase 

Biotite 

Pore Space 

Lithic Fragments 

Zeolite 

VOL • ._, 

(66) 

(34) 

(64) 

(28) 

(5) 

(3) 

( tr) 

(tr) 

44 

27 

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 S1UDY 
REQUEST NO.: 402553 
PROTEC! NO. : 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL Ill): 13 

SAMPLE NO. : MCG-627 
DRILL HOLE LLM-85-01 
DRILL HOLE DEPI'H (Fr) : 

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'I~ IN 'lliiN 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. Ill 

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. 

B-10 



LANL VAPOR TRANSPORT S'IDDY 
REQUEST NO.: 402553 
PRQTECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/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 medi'QJD-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 COMFONENI VOL. -. 

Groundmass 56 

Glass (51) 

PlDilice (49) 

Phenocrysts 18 

Sanidine (66) 

Quartz (30) 

Plagioclase (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 medilDil 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; 
basal ts/ande sites are pre sent. 
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LANL VAPOR 'IRANSPORT S'IUDY 
REQUEST NO.: 402553 
PROTECT NO.: 6L0001000 

MINERAL COMPONENT VOL. 'It 

Unknown Component tr 

SAMPLE NO.: MCG-628 (continued) 
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 'IRANSPORT S'IUDY 
REQUEST NO.: 402553 
PRQTEcr NO.: · 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL -.): 12 

SAMPLE NO. : MCG-629 
DRILL HOLE LLM-85-01 
DRILL H<LE DEPI'H (Fl'): 

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 'IHIN SECl'ION: Fine- to medi111t-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 COMPONENT 

Groundmass 

Glass 

Pumice 

Phenocryst 

Quartz 

Sanidine 

Opaques 

Pyroxene 

Pore Space 

Lithic Fragments 

VOL. -., 

ss 

(63) 

(37) 

22 

(54) 

(41) 

( S) 

(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 S. 70 mm. Several thoroughly 
welded vitric-crystal tuffs with 
spherulitic devitrification are present. 
A1 so pre sent are ande si tic crystal
vitric tuffs that are moderately welded. 
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LANL VAPOR 'IRANSPORT STUDY 
REQUEST NO. : 402553 
PROTECT NO. : 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL '): 16 

SAMPLE NO.: MCG-630 
DRILL HOLE LLM-85-02 
DRILL H<LE 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 SECI"ION: Fine- to medi'!Dil-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 Smaples MCG-626 and -627. 

MINERAL COMPONENT voc.. ' 
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 S1UDY 
REQUEST NO. : 402553 
PRQTECI' NO. : 6L0001000 

MINERAL COMPONENT VOL. IJI 

Zeolite(?) tr 

Unknown Component tr 

SAMPLE NO.: MCG-630 (continued) 
DRILL HOLE LLM-85-02 UNIT 2B 
DRILL H<LE 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 STUDY 
REQUEST NO.: 402553 
PRQTECI' NO.: 6L0001000 

SAMPLE NO.: &lCG-631 
DRILL HOLE LLM-85-02 
DRILL HOLE DEPTH (Fr): 

UNIT 2A 
64 

PHENOCRYST RATIO (Q/K/P): 1/1.45/0 DEGREE OF WELDING: Mo·derate 
POROSITY (VOL «!D): 23 OXIDATION STATE OF Fe-Ti OXIDES: C2-c3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IHIN SE.CfiON: 
moderately welded groundmass. 
sanidine and tridymite. 

MINERAL COMPONENT VOL. t)l, 

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. Some grains are embayed. 

Fine grained. anhedral to euhedral. 
Magnetite-ilmenite intergrowths 
(exsol ution). 

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 S1UDY 
REQUEST NO. : 402553 
PRO.TECT NO. : 6L0001000 

MINERAL COMPONENT VOL. 411 

Lithic Fragments 1 

Zeolite(?) 1 

SAMPLE NO.: MCG-631 (continued) 
DRILL HOLE LLH-85-02 UNIT 2A 
DRILL H<LE DEPI'H (FT): 64 

COMMENTS 

Largest grain was on a corner of the 
thin section: grain is larger than 
S .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 SlUDY 
REQUEST NO.: 402553 
PRQTECT NO.: 6L0001000 

SAMPLE NO. : MCG-632 
DRILL HOLE LLM-85-02 
DRILL HOLE DEPTH {Fr) : 

UNIT 2A (1B) 
74 

PHENOCRYST RATIO (Q/K/P): 1/1.07/0 DEGREE OF WELDING: Moderate 
POROSITY (VOL Ill): 21 . OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME:· Rhyolitic Lithic-crystal Tuff 

GENERAL DESCRIPI'ION IN miN SECI'ION: 
moderately welded groundmass. 
MCG-628 and -629 (Unit 1b). 

MINERAL COMPONENT VOL. Ill 

Groundmass 38 

Glass (64) 

Plllllice (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 5. 85 mm. Spheruli tic 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 medilllll grained, anhedral to 
euhedral. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO.: 402553 
PRQTECT NO. : 6L0001000 

MINERAL OOMPONmT VOL. 411 

Lithic Fragments 20 

Unknown Component tr 

SAMPLE NO.: MCG-632 (continued) 
DRILL HOLE LLM-85-02 UNIT 2A (lB) 
DRILL H<LE DEPI'H (Fl') : 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 gl omerophenocryst. 
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 S'IUDY 
REQUEST NO.: 402SS3 
PROJECT NO.: 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL Ill) : 16 

SAMPLE NO. : MCG-633 
DRILL HOLE LLM-8S-o2 
DRILL HOLE DEPTH (liT): 

UNIT lB 
111 

1/0.95/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2-c3 

ROCK NAME: Rhyolitic Lithic-Vitric Tuff 

GENERAL DESCRIPriON IN miN SECfiON: Fine- to medhm-grained phenocrysts in a 
moderately welded groundmass containing some brown glass. Large lithic 
fragments are present. 

MINERAL COMPONENT VOL. " 

Groundmass 41 

Glass . (61) 

P1Dilice (39) 

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 

devitrification. 
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 medi1Dil 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 S'IUDY 
REQUEST NO.: 402553 
PROTECT NO. : 6L0001000 

SAMPLE NO. : MCG-634 
DRILL BOLE LLM-85-06 
DRILL BOLE DEPI'H (Fl'): 

UNIT 2B 
30 

PHENOCRYST RATIO (0/K/P): 1/1.20/0 DEGREE OF WELDING: Moderato 
POROSITY (VOL "): 25 OXIDATION STATE OF Fe-Ti OXIDES: C3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'Im IN miN SECIIm: Fine- to medium-grained phenocrysts in a 

moderately welded groundmass. Shards show axiolitic devitrification. 

MINERAL COMPONENT VOL ... 

Groundmass 45 

Glass (84) 

PlDilice (16) 

Phenocrysts 26 

Sanidine (53) 

Quartz (44) 

Opaques (3) 

Plagioclase (tr) 

Biotite ( tr) 

Pyroxene (tr) 

Amphibole (tr) 

Pore Space 25 

(continued on next page) 

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 
tridymito. 

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. 

B-21 



LANL VAPOR 'IRANSPORT S1UDY 

REQUEST NO. : 402553 
PRQTEcr NO. : 6L0001000 

MINERAL COMPONENT VOL. 1J, 

Lithic Fragments 3 

Tridymite tr 

SAMPLE NO.: MCG-634 (continued) 
DRILL HOLE LLM-85-06 UNIT 2B 
DR,ILL Hti..E DEPTH (Fr): 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. 

~22 



LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO.: 402553 
PRQTECT NO.: 6L0001000 

PHFNOCRYST RATIO (Q/K/P): 
POROSITY (VOL CJ.): 19 

SAMPLE NO. : MCG-63S 
DRILL HOLE LLM-85-06 
DRILL H<LE DEPI'H (Fl'): 

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 

GFNERAL DESCRIPI'ION IN 1HIN SEcri<Jtl: Fine- to medium-grained phenocrysts in a 
slightly to moderately welded groundmass. 

MINERAL COMPONENT VOL. 'It 

Groundmass 36 

Glass (61) 

Pumice (39) 

Phenocrysts 22 

Sanidine (50) 

Quartz (41) 

Opaques {4 0 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 
sanidine and tridymite. 
phenocrysts are present. 

replacement by 
Only quartz 

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 'llt.ANSPORT S'IUDY 
REQUEST NO. : 402553 
PRQTECT NO.: 6L0001000 

MINERAL COMPONENT VOL. ill 

Tridymite 1 

Unknown Component tr 

SAMPLE NO.: MCG-635 (continued) 
DRILL HOLE LL.85-06 UNIT 2A 
DRILL HOLE DEPI'H (Fr): 50 

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 STUDY 
REQUEST NO. : 402553 
PROJECI' NO.: 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY_ (YOL IWI): 26 

SAMPLE NO. : MCG-636 
DRILL HOLE LLM-85-06 
DRILL HOLE DEPTH (Fl') : 

UNIT 1B 
99 

1/1.53/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C1-C2 

ROCK NAJ£: .Rhyolitic Vitric-Crystal Tuff 

GENERAL DESCRIPI'I<Ii IN 'lliiN SECl'I<Ii: 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 

P1 agiocl ase 

Lithic Fragments 

VOL. tw, 

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 S'IUDY 
REQUEST NO.: 402SS3 
PRQTECT NO. : 6L0001000 

SAliPLE NO. : MCG-6 37 
DRILL BOLE LLM-85-06 
DRILL BOLE DEPTH (FT): 

UNIT lA 
113 

PHENOCRYST RATIO: Not Determined DEGREE OF WELDING: Not Welded 
POROSITY (VOL Ill): Not Determined 
OXIDATION STATE OF Fe-Ti OXIDES: C3 (PlUilice) 

ROCK NAME: Rhyolitic Vitric-Crystal(?) Tuff 

GENERAL DESCRIPI'ION IN 'IliiN SECIION: 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 
REQUEST NO.: 402553 
PRQTECT NO. : 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL "): 22 

SAMPLE NO. : MCG-63 8 
DRILL HOLE LLM-85-11 
DRILL HOLE DEPI'H (FT): 

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 'IHIN SECIION: Fine- to medium-grained phenocrysts in a 
groundmass exhibiting slight to moderate welding and axiolitic devitrifi
cation of glass. 

MINERAL COMPONENT 

Groundmass 

Glass 

PlUilice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Plagioclase 

Amphibole 

Lithic Fragments 

VOL. " 

55 

(65) 

( 35) 

22 

21 

(63) 

(34) 

(3) 

(tr) 

(tr) 

(tr) 

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 pre sent. 

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 
PROTECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL -.,): 24 

SAMPLE NO. : MCG-63 9 
DRILL HOLE LLM-85-11 
DRILL HOLE DEPTH (FT) : 

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 miN SECI'I(Jif: Fine- to medium-grained phenocrysts in a 
moderately welded, devitrified groundmass. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Quartz 

Sanidine 

Opaques 

Pyroxene 

Plagioclase 

.Amphibole 

Lithic Fragments 

VOL. IJe 

42 

(70) 

(30) 

24 

24 

(55) 

(42) 

(3) 

( tr) 

(tr) 

(tr) 

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 'IRANSPORT S'IUDY 
REQUEST NO.: 402553 
PROJECI' NO.: 6L0001000 

PHENOCRYST RATIO (QJK/P): 
POROSITY (VOL 'ro): 16 

SAMPLE NO. : MCG-6 40 
DRILL HOLE LLM-85-11 
DRILL HOLE DEPI'H (Fl'): 

UNIT 1B 
95 

1/1.30/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C2 

ROCK NAME: Rhyolitic Lithic-Vitric Tuff 

GENERAL DESCRIPriON IN 'IBIN SECIION: 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. 'ro 

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 'IRANSPORT S1UDY 
REQUEST NO. : 402SS3 
PROJECI' NO.: 6L0001000 

SAMPLE NO.: MCG-641 
DRILL HOLE LLM-85-11 
DRILL HOLE DEPTH (I'T): 

UNIT 1A 
116 

PHENOCRYST RATIO: Not Determined DEGREE OF WFLDING: Not Welded 
POROSITY (VOL IWI): Not Determined 
OXIDATION STATE OF Fe-Ti OXIDES: C2 (Pumice) 

ROCK NAME: Rhyolitic Vitric-Crystal(?) Tuff 

GENERAL DESCRIPriON IN 'lBIN SECfiON: 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
cry~ts 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 VAPOR 'IRANSPORT S'IlJDY 
REQUEST NO.: 402553 
PROTECT NO.: 6L0001000 

PHENOCRYSTRATIO (Pl/Px): 4.57/1 
POROSITY (VOL IKI): 5 

ROCK NAME: Basalt Porphyry 

SAMPLE NO. : MCG-642 
DRILL HOLE LLM-85-14 UNIT 2B (LITHIC) 
DRILL HCLE DEPIH (Fr): 18 

DEGREE OF WJ!LDING: Dense 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

GENERAL DESCRIPI'ION IN miN SECI'ION: Fine- to medil]Jil-grained phenocrysts in a 
hyalopilitic groundmass. 

MINERAL COMPONENT VOL. 

Groundmass 

Glass (56) 

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 S11JDY 
REQUEST NO. : 402553 
PROTEcr NO.: 6L0001000 

PHENOCRYST RATIO (QIIC/P): 
POROSITY (VOL Ill): 28 

SAMPLE NO.: MCG-643 
DRILL BOLE LLM-85-13 
DRILL JULE DEPTH (Fl'): 

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 DESCR.IPI'I~ IN miN SECIION: 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. Ill 

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 present. 

Fine to medium grained, anhedral to 
subhedral. 

Fine to medium grained. anhedral to 
euhedral. Embayed grains are pre sent. 

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 'm.ANSPORT S'11JDY 
REQUEST NO.: 402553 
PRQTECT NO.: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POR~I'IY (VOL 'II): 25 

SAMPLE NO. : MCG-644 
DRILL HOLE LLM-85-17 
DRILL H<LE DEPTH (Fl'): 

UNIT 2B 
11 

1/1.75/0 DEGREE OF WFLDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Crystal-Lithic Tuff 

GENERAL DESCR.IPI'I(lll IN miN SECI'I(lll: Fine- to medi~grained phenocrysts in a 
moderately welded groundmass. Although this sample has a fracture 
containing smectite, no clay was o.bserved in thin section. 

MINERAL CO.MFONE'NT 

Groundmass 

Glass 

P'DIIlice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Pyroxene 

P1 agi ocl ase 

Lithic Fragments 

Tridymite 

VOL. 'II 

41 

(71) 

(29) 

25 

23 

(61) 

(35) 

(3) 

( 1) 

(tr) 

10 

1 

COMMENTS 

Axiolitic devitrif.ication 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 type s : 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 S'IUDY 
RmUEST NO.: 402553 
PROTECT NO.: 6L0001000 

SAMPLE NO. : MCG-645 
DRILL HOLE LLM-85-17 
DRILL H<LE DEPI'H (FI'): 

UNIT 1B (LITHIC) 
109 

PHENOCRYST RATIO (Q/K/P): 1/4.33/0.67 DEGREE OF WELDING: Dense 
POROSITY (VOL 411): 9 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IBIN 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 COMPmENT VOL. 1ft 

Groundmass 53 

Vapor Phase Minerals 33 

Sanidine (70) 

Tridymite (23) 

Alpha Quartz (4) 

Opaques (3) 

Pore Space 9 

Phenocrysts 

Sanidine (56) 

Alpha Quartz (44) 

Opaques (tr) 

Plagioclase ( tr) 

COMMPNTS 

Densely welded glass with well-developed 
spherulitic devitrification. Glass is 
brown in part. · 

Porous. microcrystalline linings of 
li thophysae. 

Fine grained, euhedral. Partially fU ls 
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 lithophysae filling. 
Magnetite/ilmenite altering to hematite. 

Associated with vapor-phase 
crystallites. 

Fine to medium grained, euhedral to 
subhedral. 

Fine grained, anhedral to euhedral. 
F.mbayed grains are pre sent. 

Fine grained. euheclral. Magnetite 
intergrown with ilmenite. 

Fine grained, euhedral. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 402553 
PRQTECT NO. : 6L0001000 

PHENOCRYST RATIO (0/K/P): 
POROSITY (VOL 1ft): 21 

SAMPLE NO. : MCG-646 
DRILL HOLE LLM-85-09 UNIT 2B 
DRILL HCI.E DEPI'H (FT): 10 

1/1.64/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti. OXIDES: C3-C4 

ROCK NAME: Rhyoliti~ Crystal-Vitric Tuff 

GENERAL DESQUPriON IN miN SEcriON: Fine- to medium-grained phenocrysts in a 
moderately welded groundmass with axiolitic devitrification. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Phenocrysts 

Sanidine 

Quartz 

Pyroxene 

Opaques 

P1 agiocl ase 

Allanite(?) 

Pore Space 

Lithic Fragments 

Tridymite 

VOL. -., 

55 

(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. Embayed grains are present. 

Fine grained, anhedral to subhedral. 

Fine grained, anhedral to euhedral. 
Magnetite, ilmenite, hematite, and 
rutUe. 

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 SlUDY 
REQUEST NO. : 402553 
PROTECT NO. : 6L0001000 

SAMPLE NO. : MCG-647 
DRILL BOLE LLM-85-09 
DRILL BCI..E DEPTH (:FT): 

UNIT 2B 
20 

PHENOCRYST RATIO (Q/K/P): 1/2.77/0.04 DEGREE OF WELDING: Moderate 
POROSITY (VOL lilt) : 22 OXIDATION STATE OF Fe-Ti OXIDES: C2-c3 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'Im IN 'IHIN SECI'Im: Fine- to medium-grained phenocrysts in a 

moderately welded groundmass with a::dol itic dev itrif ica tion. 

MINERAL COMPONENT 

Groundmass 

Glass 

Pumice 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

P1 agiocl ase 

Pyroxene 

Pore Space 

Lithic Fragments 

Tridymite 

Unknown Component 

VOL. -., 

(69) 

(31) 

(71) 

(26) 

(2) 

(1) 

(tr) 

42 

34 

22 

2 

tr 

tr 

COMMENTS 

Axiolitic devitrification. 

Up to 10.37 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. 

Fine grained, anhedral to euhedr al. 
Magnetite and ilmenite intergrowths. 

Fine to medium grained, subhedral to 
euhedral. Same 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 (QJK/P): 
POROSI'IY (VOL 'II): 26 

SAMPLE NO. : MCG-64 8 
DRILL HOLE LLM-85-09 
DRn.L HOC.E 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 DESCRIPI'ION IN miN SECIIm: 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 

Groundmass 

Glass 

Pumice 

Pore Space 

Phenocrysts 

Sanidine 

Quartz 

Pyroxene 

Opaques 

Plagioclase 

Amphibole 

Lithic Fragments 

Tridymito 

VOL. Ill 

(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. 

Fino 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. 

Fino grained. euhedral. Occurs in pore 
space. 
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LANL VAPOR TRANSPORT S'IUDY 
REQUEST NO.: 402SS3 
PR.QTECT NO.: 6L0001000 

MINERAL COMPONENT V<L. 411 

Unknown Component tr 

SAMPLE NO.: MCG-648 (continued) 
DRD.L HOLE LLM-85-09 UNIT 2A 
DRn.L B<LE DEPI'B (Fl'): 3S 

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 'lltANSPORT S'IUDY 
REQUEST NO.: 402553 
PRQTEcr NO.: 6L0001000 

PHENOCRYST RATIO ( QJ K/P) : 
POROSITY (VOL 'II): 21 

SAMPLE NO. : MCG-649 
DRILL HOLE LLM-85-09 
DRILL HOLE D~PTH (Fl'): 

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 same pumice fragments. 

MINERAL OOMPONENT VOL. 'II 

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. Same brown glass. 

Up to 7.78 mm. Some flattened fragments 
and andesitic compositions (based on 
phenocrysts). Phenocryst ratio in 
rhyolitic fragments (QJK) • 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 hyalopili tic basalt. 
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LANL VAPOR 'IRANSPORT S1UDY 
REQUEST NO. : 402553 
PRQTECT NO~: 6L0001000 

PHENOCRYST RATIO (Q/K/P): 
POROSITY (VOL Cll): 24 

SAMPLE NO. : MCG-6 50 
DRU..L HOLE LLM-85-09 UNIT 1B 
DRILL H<LE DEPI'H (Fl'): • 68 

1/1.04/0 DEGREE OF WELDING: Moderate 
OXIDATION STATE OF Fe-Ti OXIDES: C3 

ROCK NAME: Rhyolitic Vitric-Crystal Tuff 

GENERAL DESCRIPriON IN 'IBIN SECI'Im: Fine- to medium-grained phenocrysts in a 

moderately welded groundmass. Shards exhibit incipient axiolitic devit
rification. Most pumice fragments have spherulitic devitrification. 

MINERAL COMFONENT V<L. _, 

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 eub.edral. 
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 1986 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 1a, Unit 1b, 
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 thO 
Bandelier Tuff. Mesita del Buoy, 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 S1UDY 
REQUEST NO. : 403353 
PRQTECI NO. : 6L0001000 

SAMPLE NO. : MCG-6 51 
DRILL HOLE LLC-86-19 
DRILL HOC.E DEPTH (Fl'): 

UNIT la (Lithic) 
190 

BANDELIER 'lUFF PHENOQtYST-RATIO (Q/K/P): 1/7.3/5.5 
DEGREE OF WFLDIJ!G: Strong POROSITY (VOL. 'II): 1 
OXIDATION STATE OF Fe-Ti OXIDES: C7 

ROCK NAME: Altered Crystal-Vitric Tuff 

GENERAL DESatiPI'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 

voc. • ., 

62 

(93) 

( 7) 

35 

(44) 

(33) 

(13) 

(9) 

( tr) 

3 

2 

1 

COMMENTS 

Glass appears partially a1 tered 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. 

Pseudomorphic replacement by analcime. 

Totally altered to chlorite and 
hematite. 

Altered to serpentine(?) and hematite. 

Altered to pseudobrookite and hematite. 

Altered. 

Vugs are lined by opal and filled by 
chalcedony. 
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LANL VAPOR 'IRANSPORT STUDY 
REQUEST NO.: 403353 
PRQTECT NO. : 6L0001000 

SAMPLE NO. : MCG-652 
DRILL HOLE LLC-86-19 
DRILL HOLE DEPTH (I'T): 

UNIT 1a (Lithic) 
175 

BANDELmR lUFF PHENOCRYST-RATIO (Q/K/P): Unknown 
DEGREE OF WELDIN;: Strong POROSITY (VOL. '!&): 22 
OXIDATION STATE OF Fe-Ti OXIDES: C7 

ROCK NAME: Altered, Crystal-Vitric Tuff 

GENERAL DESCRIPriON IN 'IBIN SECI'ION: 
are replaced by clay minerals. 
and lithic fragments. 

Groundmass is silicified. Phenocrysts 
Vague features in the rock may be p'IJIDice 

MINERAL OOMPONE'NT VOL. " COMMENTS 

Groundmass 67 

Glass (91) Replaced by quartz and clay minerals. 

P=ice Fragments ( 9) Up to 5 .45 mm. Replaced by silica. 
Texturally, these resemble the pumice in 
Units 2a and 2b. 

Pore Space 22 

Phenocrysts 6 

Feldspars(?) (68) Totally replaced by clay. 

Opaques (32) Totally replaced by p seudobrooki te and 
hematite. 

Lithic Fragments(?) s Vague textural features. 
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LANL VAPOR 1RANSPORT STUDY 
RmUF.ST NO. : 403353 
PRQTECI' NO. : 6L0001000 

SAMPLE NO. : MCG-6 53 
DRILL HOLE LLC-86-19 
DRILL H<LE DEPTH (Fl'): 

UNIT 1a (Lithic) 
162 

BANDELmR 'lUFF PHENOCRYST-RATIO (QJK/P): 1/3.4/0 
DEGREE OF WFLDIID: Strong POROSITY (VOL. 're): 13 
OXIDATION STATE OF Fe-Ti OXIDES : C4 

ROCK NAME: Rhyolitic Vitric Tuff 

GENERAL DESCRIPriON IN 'IBIN SECI'ION: 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 

A1 ph a Quartz 

Phenocrysts 

Sanidine 

Opaques 

Alpha Quartz 

Pyroxene 

VOL. 're 

73 

13 

9 

(53) 

(29) 

(18) 

5 

(63) 

(31) 

( 6) 

(tr) 

COMMENTS 

Strongly welded glass with axioli tic 
and spherulitic devitrification. 

Fills vugs. 

Ilmenite, magnetite, and hematite. 

Augite. Rimmed by goethite. 
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LANL VAPOR 'IRANSPORT STUDY 
REQUEST NO.: 403353 
PROTECT NO.: 6L0001000 

SAMPLE NO. : MCG-654 
DRILL HOLE LLC-86-20 UNIT 1a 
DRILL HCLE DEPI'H (FI'): 148 

BANDELIER lUFF PHENOC2YST-RATIO (Q/K./P): NA 
DEGREE OF WELDHG: Slight POROSITY (VOL. -.,): 46 
OXIDATION STATE OF Fe-Ti OXIDES : C2-C3 

ROCK NAME: Ande si tic Pumice Fragment 

GENERAL DESCRIPriON IN 1BIN SECI'ION: Sample is a pumice fragment; fine- to 
medium-grained phenocrysts in fresh glass. The pumice is not flattened. 

MINERAL COMPONENT 

Pore Space 

Phenocrysts 

Plagioclase 

Amphibole 

Opaques 

Groundmass (Pumice) 

V<L. -., 

(76) 

(23) 

(1) 

46 

36 

18 

COMMENTS 

Medium-grained phenocrysts exhibit 
normal zoning; finer grains do not 
appear to be zoned. Fresh. 

Basaltic hornblende (lamprobolite). 

Magnetite and ilmenite. 

Fresh, colorless glass. 
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LANL VAPOR 'm.ANSPORT S1UDY 
REQUEST NO.: 403353 
PROJEcr 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 WELDIJtG: Slight POROSITY (VOL. Ill): 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. Ill 

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 

OOMMPNTS 

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. 

Lamprobolite. 

Up 2.56 mm. Mostly basaltic tuffs. 
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LANL VAPOR 'IRANSPORT SlUDY 
REQUEST NO. : 403353 
PROTECT NO.: 6L0001000 

SAMPLE NO. : MCG-6 56 
DRILL HOLE LLC-86-20 UNIT lb 
DRILL H<LE DEPI'H (Fr): 126 

BANDELmR lUFF PHENOCRYST-RATIO (0/K/P): 1/2/0.01 
DEGREE OF WELDIN;: Slight POROSITY (VOL. 'It): 38 
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'lHIN SEcriON: 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 

Ph.enocry st s 

Sanidine 

Quartz 

Opaques 

Pyroxene 

Plagioclase 

Amphibole 

Lithic Fragments 

VOL. 'It 

(66) 

( 46) 

(56) 

(40) 

(4) 

(tr) 

(tr) 

(tr) 

41 

38 

19 

2 

COMMINrS 

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. 

Lamprobol i te. 

Up to 3.45 mm. Altered and fresh 
byalopilitic 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 SlUDY 
REQUEST NO. : 403353 
PRQTECI' NO. : 6L0001000 

SAMPLE NO. : MCG-6 57 
DRTI..L HOLE LLC-86-20 UNIT 1a 
DRn.L H<LE DEPTH (I'T): 134 

BANDELmR 'lUFF PHENOCRYST-RATIO (QJK/P): 1/1.3/0.1 (In Pumice Fragments) 
DEGREE OF Wfl.Dim: Slight POROSITY (VOL. 'II): 53 
OXIDATION STATE OF Fe-Ti OXIDES : C3-c4 

ROCK NAME: Rhyolitic Vitric-Crystal Tuff 

Gl!NERAL DESCRIPriON IN 'DIIN SECI'ION: Fine- to medi-am-grained phenocrysts in a 
groundmass consisting mainly of fresh-glass. pumice fragments. Many 
pumice fragments are partially flattened. 

MINERAL COMPONI!NT VOL. 'II 

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. 
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LANL VAPOR 'JRANSPORT S'IUDY 
REQUEST NO.: 403353 
PROJECT NO.: 6L0001000 

SAMPLE NO.: MCG-658 
DRILL HOLE LLC-86-20 
DRILL H<LE DEPI'H (Fr): 

UNIT 1b 
119 

BANDELmR 'lUFF PHENOCRYST-RATIO (Q/K/P): 1/1.5/0.01 
POROSITY (VOL. 411): DEGREE OF WELDING: Slight to Moderate 

OXIDATION STATE OF Fe-Ti OXIDES: C4 
21 

ROCK NAME: Rhyolitic Vitric-Crystal Tuff 

GENERAL DESCRIPriON IN miN SECIION: 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. 411 

ss 

(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. Some 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 
PROTECT NO. : 6L0001000 

SAMPLE NO.: MCG-659 
OOTCROP SAMPLE 
UNIT 2b 

BANDELIER lUFF PHENOCRYS~-RATIO (QJK/P): 1/2.5/0.01 
DEGREE OF WFLDIJIG: Slight POROSITY (VOL. Ill): 34 
OXIDATION STATE OF Fe-Ti OXIDES : C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN '1HIN SECIION: Fine- to medium-grained phenocrysts in a 
slightly welded groundmass. Shards show axioli tic devi trification. 
Pumice fragments are replaced by sanidine and tridymite. 

MINERAL COMPONENT VOL. Ill 

Groundmass 38 

Glass (67) 

Pumice Fragments (33) 

Pore Space 34 

Phenocrysts 26 

Sanidine (60) 

Quartz (38) 

Opaques (2) 

Pyroxene ( tr) 

Plagioclase (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 'IRANSPORT S'IUDY 
REQUEST NO.: 403353 
PRQTECT NO. : 6L0001000 

SAMPLE NO. : MCG-660 
OOTCROP SAMPLE 
UNIT 2b 

BANDELmR lUFF PHENOCRYST-RATIO (QJK/P): 1/2.5/0.04 
DEGREE OF WELDIN;: Slight POROSITY (VOL. Cl.): 43 
OXIDATION STATE OF Fe-Ti OXIDES : C4 

ROCK NAME: Rhyolitic Crystal-Vitric Tuff 

GENERAL DESCRIPI'ION IN 'IBIN SECIION: Fine- to medi'DIIl-grained phenocrysts in a 
slightly welded groundmass. Shards show u:ioli tic devi trifica tion. 
Pumice fragments are replaced by sanidine and tridymite. 

MINERAL COMPONENT 

Pore Space 

Groundmass 

Glass 

PlDilice 

Phenocrysts 

Sanidine 

Quartz 

Opaques 

Plagioclase 

Amphibole 

Pyroxene 

Lithic Fragments 

VOL. Cl. 

(69) 

(31) 

(47) 

(46) 

{S) 

( 1) 

(1) 

( tr) 

43 

29 

28 

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. 

llmeni te, ma gne ti te , rutile, and 
hematite. 

Lamprobol i te. 

Augite. 

Up to 1.45 DUll. A1 tered tuff and 
grains consisting of pyroxene and 
opaques, possibly from a basalt. 
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LANL VAPOR 'IRANSPORT S'llJDY 
REQUEST NO. : 403353 
PRQTEC'r NO. : 6L0001000 

SAMPLE NO.: MCG-661 
OOTCROP SAMPLE 
UNIT 2a 

BANDELmR 'lUFF PHENOCRYST-RATIO (QJK./P): 1/3.2/0.05 
DEGREE OF WELDI!Iti: Slight POROSITY (VOL. Ill): 44 
OXIDATION STATE OF Fe-Ti OXIDES: C4 

ROCK NAME: Rhyolitic Crystal Vitric Tuff 

GENERAL DESCRIPI'ION IN miN SECI'ION: 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. Ill 

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 

COMMENTS 

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. 

Soae 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 CHARACfERISTIC CURVES 

C-1 



Table C-1. Data Used to Plot the Moisture Characteristic Curves 
(drying curves only) 

'·· . Capillary Wetting Fluid 
Hole Sample Depth 

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 

LL.M-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 ltfCG-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 
1.382 73.4 
2.975 71.8 

LLM-85-02 MCCT-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 ftfoisture 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 
0. 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 :&ICG-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. s 
1.991 80.9 
3.463 78.5 
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Appendix D 

EFFECI'IVE PERMEABILITY AS A FUNCI'ION OF SA11JRATION 

(saturation refers to total air saturation) 
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Figure d-18. 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 WI1liiN 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 TEMPERA'IURE IS NOT WI1liiN MODEL RANGE') 
WP=-999:9 
GO TO 70 

30 IF(OMV.GE.-61 •• AND.OMV.LE.61.) GO TO 40 
WRITE(6,35) 

35 FORMAT(' ZERO OFFSET IS NOT WI1liiN 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=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=XlAS+.017288*XlYS*TEMP**l.1 
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c 

UI15=X1A15+.017288*X1Y15*TEMP**1.1 
SPS=(X2AS-X2YS*.00017185*(40.-TEMP)**2.35)*(-1.) 
SP15=(X2A15-X2Yl5*.00017185*(40.-TEMP)**2.35)*(-1.) 
~WS=(UIS-(UIS/(ABS(SPS)**NS))*(ABS(SPS-WPK)**NS)) 

MV1S=(UI15-(UI15/(ABS(SP15)**Nl5))*(ABS(SP15-WPK)**Nl5)) 
ZOE=(.015*0MV+.001471*0MV*TEMP) 
C=(MVS+(MVS/MVlS)*ZOE)/MVS 
R=UIS*C 
IF(MV.LE.R) GO TO 60 
WRITE(6,55) 

55 FORMAT(' MICROVOLT READING IS NOT WI'IHIN 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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SITE GEOLOGY AND HYDROLOGY OF TECHNICAL AREA 16, AREA P 

by 

Fred Brown, William Purtymun, Alan Stoker, and Allee Barr 

ABSTRACT 

Two distinct units of the Quaternary Upper Bandelier Tuff were encountered 
during a geological investigation of Technical Area 18, 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 operations. The Water Canyon 
Fault Zone, which lies approximately 500 ft to the east of Area P, exhibits 1 o to 15 
ft of displacement In the subsurface with little surface expreuton apparent. No 
evidence for the existence of groundwater was detected. 

I. INTRODUCTION 

Technical Area 16, Area P (TA-16, Area P), at 
Los Alamos National Laboratory (l.ANL) has been 
used since the 1950s as an Industrial landfRI, 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 landfll, 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 
Survellance Group (HSE-8) during the summer of 
'1987. 

II. REGIONAL GEOLOGY 

The regional geology of Los Alamos has been 
previously reported In detaH Q.e., Smith and Baney, 
1966; Purtymun, 1974; Gardner and Goff, 1986). In 
summary, Los Alamos National Laboratory Is lo
cated on the eastern lank 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 deposltJon of a large volume (about 400 km=i of 
Quaternary Bandelier Tuff, a rhyolitic tuff ranging In 
thickness from 30 to 1000 ft. The Bandelier Tuff Is 
composed of a _.... of ashfall and ashftow 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 
Pajarlto Plateau: Pajarlto, Water Canyon, Guaje Mt., 
and Rendija Canyon Fault Zones (Dransfield and 
Gardner, 1985). The Water Canyon Fault Zone, 
which extends through TA-16, trends roughly north 
to northeast with about 30 to 1 00 ft of down-to-the
east displacement. Approximately 10 to 15ft 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 500 ft 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 Baney, 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. 
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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 aCME-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 drHIIng 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. Oay-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 yei
IOYiish brown tuff, with rare pebble
sized rhyolite lithic fragments and 
common grey pumice lapllli. Su~ 

Ul)it 3d is over1ain 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 to penetrate the upper 5 to 10ft 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 ft/day, and for a welded tuff 
ranges from 0.009 to 0.26 ft/day (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 10 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 (Kear1 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 TA-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 
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neutron and gamma probe calibration runs have 
established an average bulk density for the Tshirege 
Member of 1.4 g/cm3. In addition, the density of 10 
random samples was obtained after drying by 
weighing crushed tuff of a known volume. Average 
density for the 10 samples was 1.47 gjcm3, with a 
standard deviation of 0.12. 
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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 drHiing 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 (0to) 
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Figure 4. Energy relationship with moisture content 
of Bandelier Tuff (modified from Abrahams, 1963). 
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LOS ALAMOS NATIONAL LABOAA TORY 

EfWlRONMENTAL SURVEILLANCE 1987 

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 arc directions advising each audience on how best to use this document. 

1. Lay Person with Limited lnteresL Read Part I, the Executive Summary, which describes the Laboratory's 

environmental monitoring operations and summarizes em·ironmental 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 lnteresL 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 follo\\ing 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 K-+90 
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.adiation 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 or 

data for 1987 cover: external penetrating radiation; quantities or airborne emissions and 

liquid emuents; concentrations or 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 Cor concluding that environmental effects from Laboratory opera· 

tions are insignificant and do not pose a threat to the public, Laboratory employees, or the 

environment. 
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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 coUected 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 coUected and analyzed to 
gain information about particular events, such as major 
surface run-off events, nonroutine releases, or special 
studies. More than 25 000 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 rrom 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 25 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 (I.AMPF). 

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 Jbackground 
radioactivity in Los Alamos during 1987. 

I I 
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Fig. 1. Regional location of Los Alamos. 

2. Risk Estimates. Estimates of the added risk of 

cancer were calculated to provide a perspective for 

comparing the significance of radiation exposures. In

cremental cancer risk to residents of Los · .amos 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 
11 
32 
16 
8 

Onsite 

139 
12 
37 
34 
II 

•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. 

60-
I MAXIMUM INDIVIDUAL DOS£ 

MAXIMUM LABORATORY BOUNDARY DOSE 
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Year 

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 Radiatioa 

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 147 locations. 

The TLD network monitoring radiation from air

borne activation products released by the I..A}.fPF 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 calcu1atl'. 

radi:ltion dose by taking into account shielding by 

buildings and self-shielding by the body. The value 

I I 
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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 

I in 50 000 000 
l in 60 000 000 

in 31 ooob 

in 190 000 

aAn effective dose equivalent of 200 mrem was used to estimate the risk from inhaling 
222 Rn and its transformation products. 

bThe risks from n::1tural radiation from non-radon sources were estimlted to be l 

chance in 79,000 in Los Alamos and in White Rock. The risk of lung cancer from 

radon exposure was estim:lted 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 

mrcm/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 l..AMPF 

operations, because the estimate of airborne activity 

emitted from L\MPF 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 radioacti-vity 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 gilides for on-site and off-site ar· 

eas. 
Only the on-site tritium air concentrations showed 

any measurable impact due ro 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 1986 and 1987 Radioactive Releases 

from the Laboratory 

Airbgrn~ Emi~~iQn~ 

Asaivit~ R~l~;u~g 
Ratio 

RadiQnyclid~ Units 12~~ 1987 1987:128~ 

3H Ci 10 700 3 180 0.3 
32p lJCi 70 48 0.7 

-'lAr Ci 276 232 0.8 
1311 ).JCi 38 0 0 

Uranium ).JCi 847 1 080 1.3 

Plutonium ).JCi 207 73 0.4 

Gaseous Mixed Ci 112 000 150 000 1.3 

Activation 
Products 

Mixed Fission ).JCi 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 

Liguig Effluent~ 
A!;;tivit~ Re1!:ll:i~d (m~il Ratio 

Radignuclid~ 198~ 1987 1987:1986 

3H 89 710 110 000 1.2 
89,90Sr 9.9 65 6.6 
13Tcs 18 8.1 0.4 
23-'u 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 90 915.3 110 693.4 1.2 

6 
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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 TA-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 

worldv.:ide 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-

7 

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 sitc;s. 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 GraaiT 

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 ll·ll 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 down-wind lo

cations. All measured air concentrations were found to 
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be within their nonilal 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. Clean Water Act. 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 
consrjtuents 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 Wll$ 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, Chronically 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 fm a single outfall was issued to regulate 
the discharge of mineral-laden water from the recycle 
loop of the geothermal wells. 

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. 

8 

3. National Environmental Policy AcL The Labo
ratory Environmental Review Committee reviews envi
ronmental documentation required by National Envi
ronmental Policy Act legislation as well 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. Clean Air Act. During 1987, the Laboratory's 
operations remained in compliance with all federal and 
state air quality regulations. State regulations are rc· 
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. All beryllium shops met emis
sions performance requirements. The Laboratory ap
plied to EPA for approval to construct the Independent 
Management Activity facility; This program will emir 
depleted uranium similar to other dynamic testing pro· 
jects at the Laboratory. Approval was obtained from 
EPA in January, 1988. 

5. Safe Drinking Water Act. Municipal and indus
trial water supply for the Laboratory and community is 
from 16 deep wells and 1 gallery (collection system fed 
by springs). The wells 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 
Act. 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 Environmental Response, Com· 

pensation, and UabilitY AcL The Comprehensive En

vironmental Response, Compensation. and Liability Act 

( CERCLA) 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 

po~ible 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. 

11. 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 emergency 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 The DOE controls the area within the Laboratory 

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 finger-like mesas sepa
rated by deep eastwcst oriented canyons cut by inter
mittent streams (F~g. 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 (100ft). 

• 

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 

• I 

Pajarito Plateau 

' ~' 

Sangre de Cristo Mountains 

Fig. 3. Topography of the Los Alamos area. 

11 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

SANTA FE 
NATIONAL FOREST 

t:IOAOS 

,.... .... -.. ... ...,.. _A9 80UNOAA'!' 

~ rE::H AREA 

NAT'L MON. 
(BNM) 

SANTA FE 
NATIONAL FOREST 

INDIAN 
LAND 

c z 
c .. 
2 

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 
publi~:. An archaeological site (Otowi Tract) north
west of State Road 4, near the White Rock Y, is 

12 

open to the public subject to restrictions of cultural re
source protection regulations. 

C. Geology-Hydrology 

Most of the fmger-like mesas in the Laboratory 
area arc found in Bandelier Tuff (Fig. 5). Ashfall, 
ashfall pumice, and rhyolite tuff form the surface of 

I I 



LOS AIJ\MOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

-E - WEST 

MEAN ANNUAL PRECII~ -15 inches. 
460 mm. 

0TUFF 
[§]ALLUVIUM 
~BASALT 

PIEZOMETRIC SURFACE IN 
MAIN AQUIFER 

Ill CONGLOMERATE 
miiiJ SEDIMENTS 
~ PERCHED WATER 

I APPROX. 3 MILES I 
1 (5km) 1 

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 300 m (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 hea\y 

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. 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

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 1971). 
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 200 ft) 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 

(·BOO to 5500 acre-feet) annually from the aquifer. 

1~ 

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 

T A-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 l.SOC (5~ after even the warmest day. 

Winter temperatures typically range from about -9 to -
4°C (15 to 2SOF) during the night and from -11 to 

10°C (30 to 50~ during the day. Occasionally, tern· 

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 t_he 

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 

' I 
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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 27m/sec. (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 Alamos 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 u5es 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 19TI, 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 or Los Alamoso.,b 

Direction 1-2 ..l:.:L ~ ..£:..!j_ l.S.:lQ. 20-30 30-40 40-60 

N I 114 

NNE 554 531 I 697 1 761 

NE 311 14 798 990 1 104 

ENE I 745 1 533 2 443 2 592 1 164 

E 75 23 500 I 030 626 

ESE 263 20 829 1 062 

SE 6 820 48 152 2 198 

SSE 383 3 911 

s 50 267 516 5 720 

SSW 20 686 169 6 917 

sw 264 3 490 

WSW 264 263 2 137 

w 138 

WNW I 448 6 595 
NW 528 I 737 1 410 

NNW 583 584 62 

---------------
a-rhis distribution represents the resident, nonworkforcc population with respect to 

Alamos Meson Physics Facility's stack at T A-53. A slightly different distribution 

60-80 

360 
216 

3 730 
2 216 
I 455 
I 470 

7 
85 

28 115 

174 
Ill 

2 587 

61 

the Los 
for Los 

Alamos County townsites was used to model releases from the TA-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. 

' I 
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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 or lS mremfyr. 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 off-site in stream channel 

sediments during heavy run-off. 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) or the Laboratory was conservatively estimated 

to be 3.5 person-rem during 1987. This is <0.01% or the 61 000 person-rem cumulative ef· 

fective dose equivalent received by the same population from natural radiation sources and 

0.03% or the 10 000 person-rem cumulative effective dose equivalent received from diagnostic 

medical procedures. About 90% or this dose, 3.0 person-rem, was received by persons living 

in Los Alamos County. This dose is 0.05% of 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 5() 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 4 and for cancer mortality as 1 

chance inS. 

A. Background 

The impact of enwonmental releases of ra

dioacti\ity 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 ( .W 
CFR 61), whole-body doses received via the air path

way only are limited to 25 mremjyr and individual or· 

gan doses are limited to 75 mrem/yr \ia 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 fmite 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 emironment was 

determined by direct measurements of airborne and 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

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. Maximum 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. Whole-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 of 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 

Maxinun Dose at 

Laboratory Boundary a 

Dose 12 ! 5 mrem 

Location Boundary N. of TA·53 

DOE Radiation Protection Standard .. 

X of Radiation Protection Standard .. 

Background 327 mrem 

X of Background 4X 

Max inun Dose to 
an lndividualb 

-
6.1 mrem 

Residence N. of 

TA·53 

100 mrem 

6X 

327 mrem 

2X 

Average Dose to 

Nearby Residents 

Los Alamos White Rock 

0. 21 mre111 0.17 mrem 

Los Alamos White Rock 

100 mrem 100 mrem 

0.2X 0.2X 

327 mrem 327 mrem 

0.06X o.osx 

Cumulative Dose to 

Population Within 80 km 

of the Laboratory 

3.5 person-rem 

Area within 80 km of 

laboratory 

61 000 person-rem 

0.006X 

8 Maximum 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). 

bHaximum 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 takes 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 mrcm (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 background· 

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 radiopharmaceuticals. 

2. Dose to Individuals from External Penetrating 

Radiation from Airborne Emissions. The thermolu· 

minescent dosimeter network at the Laboratory 

boundary north of l.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 

IA.\1PF. 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 

I.AMPF has been the area where the highest bound

ary and individual doses have been measured since the 

dosimeter monitoring began. 
Because these doses arc 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 ro 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 from 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, 239.2-Wpu, 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 61, 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 LA.MPF. 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 LA.MPF, 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 I..AMPF. Of the 12.8 mrem, approximately 95% is 

due to external penetrating radiation from LAMPF air 

·emissions and 5% from other Laboratory emissions. 

S. 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 T A-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 thermolwninescent 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 137Cs on sediments trans

ported from treated effluent released from TA-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 lngestioo 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 vef.etable samples were analvzed for six 

radionuclides ( H, 137Cs, total uranium, ·238Pu, and 
239 140 0 

0 d ff 0 d 0 

·- Pu). Max1mum comm1tte e ect1ve ose 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 material, 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 anal)!ed for 90Sr, 137Cs, natural 
uranium, ~ Pu, and 239~u. Radionuclide con

centrations in fiSh from Cochiti Reservoir, the sam

pling location downstream from the Laboratory, are 

compared with concentrations in fiSh taken from up
stream. The maximum effective dose equivalent to an 

individual eating 21 kg of fiSh from Cochiti Reservoir 

is O.G3 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 35 per

son-rem. This is because the dose is dominated by 

external whole-body radiation from l.AMPF 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~rsion, dilutio'h and decay in 

transit (particularly for 1C, 13N, 140, 1 0, and ·H Ar) 

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)] 

3 lncludes doses reported for Los Alamos County. 

Los Alamos County 
(18 400 persons) 

2300 
illQ 

6000 

970 

80-km Region 
( 193 000 persons )a. 

3.5 

22 000 
39 000 

61 000 

10 000 

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 197SA) 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). 

2. 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 U1 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 
{Uamos 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 SO 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 SO 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 5 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· 

cle 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 or 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 or 18 .± 3 mrem, although not 

statistically significanL Some on-site measurements were above background levels, as ex· 

pected, ret1ecting 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 231-h, 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 15 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 level, it produces measure

ments between 25 and 30 mrem/yr. Los Alamos, with 

a mean elevation of about 2.2 k.m (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 k.m (1.7 

mi) a! 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 (I....lu\iPF), arrays of 48 thermoluminescent 

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, terrestrial, 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 ~f LAMPF, and (3) low-level radioactive 

waste management areas. 

B. Environmental TLD Network 

The environmental network consists of -l-0 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 k.m (2.5 mi) of the boundary. Within the 

Laboratory boundary, 24 locations comprise the on

site group (Fig. 6). Details ef 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. Thermoluminescent 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 mremjyr, 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 

medic.al sources. The standards apply to locations of 

maximum probable exposure to an individual in an 

off-site, uncontrolled area. 

C. Los Alamos Meson Pbysic:s Facility 

(I..A.\-IPF) TLD Network 

This network monitors external radiation from air
borne activation products (gases, particles, and va

pors) released by lAMPF, 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 lAMPF 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. 

The TLDs at the 24 sites are changed each cal
endar quarter or sooner, if LAMPFs 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 

LAMPF (Appendix B). This year's measurement is 

about two-thirds of the value measured in 1986 (Fig. 

2) even though estimated emissions from LA.\IPF 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 al 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 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

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 11 1 
7 133 109 
4 115 112 
4 117 1 I 1 
2 110 107 
I 91 

10 106 96 

27 

Maximum 

121 
126 
149 
125 
II 1 
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 (L\..\1PF). 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% or levels that 

exceed DOE's Radiation Protection Standards. Nonradiological airborne emissions 

from the Laboratory remained below federal and state limits. 

A. Radionuclides in Ambient Air 

l. 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 IAMPF. 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 l..AMPF (Fig. 11 and 

Table G-2). The amount released for the year was 150 

(XX) 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), 1"o (71 sec), 150 (123 sec), and ·HAr 

p.sJ h). Over 95% of the radioactivity was from 11 C, 
3N, 1"0, 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 T A-3, T A-33, and T A-·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 radiua.:ti\ity. 
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WI CO 0 

53-:JO 

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 fJ.Ci/mL) and the perimeter annual mean (11.0 x 
10·12 j..lCi/mL) were slightly but statistically 
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Fig. 11. Airborne activation product emissions (principally 11 e, 10e, 13N, 16N, 1~0. 15o, 
~ 1Ar) from the Los Alamos Meson Physics Facility (TA-53). 
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s~cantly lower than the on-site annual mean (21.7 

X 10"12 1-LCi/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-LCi/mL, respectively, were the 

two highest means measured in 1987. Both of these 

stations are located within the Laboratory boundary 

ncar areas where tritium is disposed of or used in 

operations. These tritium concentrations are <0.1% 

of the concentration guide for tritium in air based on 

DOE's RPS for Controlled Areas (Appendix A). 

s. Plutonium and Americium. or 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-LCi/mL. The highest concentration occurred at TA-

54 (6.3..± 1.4 x 10"18 1-LCi/mL) and represents <0.1% 

of the DOE's Derived Concentration Guide for 238Pu 

in off-site are~2 x 10"12 1J.Ci/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 1J.Ci/mL~ 
perimeter (0.9 x 10"181-LCi/mL), and on-site (1.8 x 10" ~ 
IJ.Ci/mL) stations were aU <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 averages or maximums are in 

dusty areas, where a higher fllter dust loading ac

counts for collection of more natural uranium from 

resuspended soil particles. 

The 1987 means were: regional, 74 pgjm3; 

perimeter, 33 pgjm3; and on-site, 31 pg/m3 (Table G-

10). AU 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 

1. 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. Particulale Air Quality Measurements. Mea

surements of total suspended particulates (TSP) in 

Los Alamos and \Vhitc 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 HEPA 

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 
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Table 8. Particulate Air Quality {j.J.g/m 3) 

Federal and State 
Ambient Air Quality Standards Measurements 

Tyoe Concentration Los Alamos White Rock 

24-hour a veragea 
State' 
Federal 

Primary 
Secondary 

7-day averaged 

30-day averaged 

Annual Geometric Mean 
Primary 
Secondary 

150 

260 
150 

110 

90 

75 
60 

70.2b ( 150.8)' 

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 4,Lg/m 3
) 

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
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 

...f!!L 

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 or Air Pollutant Emissions Associated With the 

Operation or the Vehicle Fleet (metric tons) 

Incremen-
tal 

..ill.L ...ill1.. %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/-.er) 

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. 

S. Asphalt Plant. 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 multicyclone and a wet 

scrubber are used to clean the exhaust gas stream be

fore it is released into the atmosphere. The particu

late emission estimate was based upon stack testing 

data (Kramer 19-n) and production data. 

Incremen-
tal 

Emissions %Change 
(lblvear) from 1986 

232 
269 15.8 

6. Burning and Detonation or Explosives. During 

1987, a total of 18 400 kg (20 tons) of high-explosive 

wastes were disposed of by open burning at the T A-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). 
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Dynamic experiments emplcving 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. 
Estimates 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 Pourin& 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 1987 

602.1 555.7 
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 l.S gjm3 averaged over a calendar 

quarter. Air dispersion procedures recommended by 

the EPA (EPA 19'n, 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 f.Ji)m3, 7% of the stan
dard. 
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VI. WATER, SOILS, AND SEDIMENTS MONITORING 

Surface and ground waten, soils, and sediments were sampled and analyzed to monitor 

dlspenioa or radionuclides and chemicals rrom Laboratory operations. Radionuclide and 

chemical concentrations or water from areas wiJere there bas been DO direct release or 

treated emueots evidenced DO obsenable effects due to Laboratory operations. The chemical 

quality ol surface waters from areas with no emuent release varied with seasooal Ouctua· 

tiou. Water Ia on-site areas where treated emuent bas been released contained ra· 

dioauclides below DOE's concentration guides. The quality ol water Ia these release areas 

reOected some Impact or Laboratory operations, but these waters are confined within the 

Laboratory and are not a source of municipal, Industrial, or agricultural water supply. 

Most regioaal and perimeter soil and sediment stations contalaed radioactivity at or near 

background levels. Concentrations that did esceed background 'ftre low and not considered 

slgalflcanL Sediments from areas where treated discharges have been released contained 

radioaudides in escesa or background. Concentrations or plutoaium Ia sediments from re

gional reservoirs on the Rio Chama and Rio Grande renected worldwide fallouL 

A. Emuent Quality 

In the past, treated liquid effluents 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) 

10
4

-=> :: -. -. 
~ 
_. 

10
3 ~ 

- -· 
··.,.······o ...... ;y· 

(Tables 3, G-12, G-13, and rtgS. 9, 10, and 13). In 

1987, there were no releases from TA-21. 

Radionuclidc concentrations in treated effluents 

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 

1d----r-~--,---r-~--,---r-~--,---,--,,--, 

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

Year 

Fig. 13. Summary of strontium and cesium liquid effluent releases. 
J 

37 



LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL SURVEJUJ.NCE 1987 

rCieased in 1986 (ca. 91 Ci) (Table 3). Release of 89Sr 
increased six-fold because of additional processing of 
l.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-53 lagoon 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 S. 1987. All ra
dionudide 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 or Surface 
and Ground Waren 

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 radionudides 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 (sec 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 are compared with EPA 
drinking water standards as these are 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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Fig. 14. Regional surface water, sediment, and soil 
sam piing 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 kmz (14 300 miz) in southern 
Colorado and nonhero 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 ~/sec) in 1920. The dis
charge for water year 1986 (October 1985 to Septem
ber 1986) ranged from U m3 /sec ~41)8 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 kmz (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. Flow at the gage is gov
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 FeAton 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 dr~e. The drainage 

area is small, about 1.220 km2 (471 mi ). During water 

year 1986, discharge ranged from 0.34 m3jsec (12 

ft3 /sec) in February to 54 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 collected 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 



Teble 13. Maximum Concentrations of Radioactivity in Surface and Ground ~aters from Off·site and On-site Stations 

-
Nurber of 137Cs 238Pu 239,240Pu 3H Total U 

Stations a (10.9 f.!Ci/ml) (10-9 1J.Ci/ml.) (10.9 I.LCi/ml.) (10.6 1J.Ci/ml) ~.Lg/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 

(OCG) for Uncontrolled Areas b ~Ui1 

Regional 6 1200 (414) 0.011 (0.012) 0.025 (0.014) 0.2 (0.3) 3.0 ( 1.0) ~~ 
Perimeter ~0 

Adjacent 6 98 (62) 0.036 (0.016) 0.037 (0.041) 0.4 (0.3) 12.5 (1.3) z (/)· 
~~ 

lolhite Rock 20 149 (71) 0.027 (0.015) 0.009 (0.006) 13 ( 1.0) 22 (2.4) r-1 

s ~5 

Off-site Station Group Summary: ~~ 
Maximum Concentration 1200 0.036 0.037 13 22 -§ 
Maximum Concentration as X 40 <1 <1 <1 3 ~~ 

DCG for Uncontrolled Areas m ... 
- 0 
~ ~ 

On-site Stations (Controlled Areas) 

Concentration Guide (CG) for 400 000 100 000 100 000 100 000 60 000 

Controlled Areas b 

Noneffluent Areas 
Groundwater (Hain Aquifer) 7 136 (63) 0.035 (0.037) 0.022 (0.016) 0.5 (0.3) 0.0 (0.1) 

Surfece ~ater 3 44 (55) 0.010 (0.023) 0.006 (0.018) 0.6 (0.3) 7.0 (1.0) 

Pajari to Canyon 3 111 (68) 0.035 (0.016) 0.015(0.015) 0.7 (0.3) 1.0 ( 1.0) 



.... ...... 

'1 

Eft luent Areas 

Acid-Pueblo Canyon 

DP-Los Alamos Canyon 

Sandia Canyon 

Mortandad Canyon 

On-site Group Summary: 

Maximum Concentration 

Maximum Concentration as l 

CG for Controlled Areas 

Nlllber of 

Stations a 

8 
8 
3 
1 

Table 13 (cont) 

137Cs 238Pu 

(10-9 j.1Ci/ri.) (10-9 j.1Ci/ml) 

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 

239,240Pu 3" 

(10-9 j.1Ci/ri.) (10- 6 j.1Ci/ri.) 

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 

Total U 

(j.li/L) 

1.0 ( 1.0) 

1.8 (0.1) 

5.7 (0.6) 

5.7 
<1 

mr 
~g 
:D)> 

2~ 
~0 zCil 
-i~ 
"f! -i 
(/l-
eO 
~ ~ mr 

~§ 
~~ 
-o 
~ ~ 
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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 Stations. 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~g. 15 and Table G-14). . 
Los Alamos Reservoir in upper Los Alamos 

Canyon on the flanks of the mountains, west of Los 
Alamos, has 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 Guaje Canyon 
has a capacity of 0.9 x 1ol m3 (0.7 acre-ft) and a 
drainage area aboYe 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 nO( a part of the municipal or industrial wa
ter supply at Los Alamos. They are owned by DOE 
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and operated 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 are 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. 
Tolal discharge at each spring is probably less than 1 

L/sec (03 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 IV) 
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 well be
low DOE's concentration guides for off-site areas 

(Table 13). 



Table 14. 

EPA Drinking ~ater Standard8 

Off-site Stations 

Regional Stations 

Perimeter Stations 

Adjacent 
~ite Rock Canyon 

Summary: Off-site Stations 

Maximum Concentration 

Maximum Concentration as 

""' Per Cent of Standard 
(..) 

On·site Stations 

Noneffluent Areas 

Ground ~ater 

Surface ~ater 

Pajarito Canyon 

Effluent Release Areas 

Acid-Pueblo Canyon 

DP-Los Alamos Canyon 

Sandi a Canyon 

Mortandad Canyon 

Summary: On-site Stations 

Maximum Concentration 

Maximum Concentration as 

Per Cent of Standard 

---------------
8 EPA (1976, 19798). 

"'" !:'_1 

Maximum Chemical Concentrations in Surface and Ground ~aters 

Nl.llber 
of !!!Sll 

Stations Cl F No3 (as N) 

-- --
-- 250 2.0 10 

6 47 0.8 <1 

6 32 0.5 2 

20 43 1.5 12 

47 1.5 12 

19 75 120 

7 32 0.5 7 

3 36 9.3 <1 

3 73 0.6 0.4 

8 86 0.9 6.0 

8 101 2.5 1.4 

3 159 1.0 1.8 

7 39 3.9 118 

159 9.3 118 

80 465 1180 

TDS pH 

500 6.5-8.5 

114 8.3 

208 8.1 mr 

467 8.6 ~g 
D l> 

~~ i:o 
208 8.6 ~(/) 
42 101 ~ ~ 

r -i 

~5 

~~ -s: 
~QJ 
zO 

253 8.4 0~ 

188 7.8 
m -i 

- 0 

462 7.5 
:i D 
" -< 

343 8.0 

306 8.1 

1129 7.9 

1011 9.9 

1129 9.9 

225 116 
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b. Chemical Analyses. 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. Oil-site Statlou. On-site sampling stations 

arc grouped as those that· are not located in effluent 

release areas and those that are located in areas re

ceiving or that have received treated industrial efflu

ents (Fig. 15, Table G-14). 

a. Noneffluent Release Areas. On-site, 

noneffluent sampling stations consist of seven deep 

test wells, three surface water sources, and three new, 

shallow observation wells. The deep test wells are 

completed into the main aquifer. 
Test Wells 1 and 2 are in the lower and middle 

reaches of Pueblo Canyon. Depths 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 (1..oo Alamos Canyon) industrial effluents. 

Test Wells DT-5A, DT-9, and DT-10 are at the south· 

em 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 surface. These test wells are 

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. 
Surface water samples are collected in Canada del 

Suey 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 (Fig. 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 (T abies 

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

elides 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 five 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 radionuelides 

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· 

piing stations are Test Well T-2A [drilled to a depth of 

40.5 m (1.33 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 



Location 

~ater Canyon at SR·4 

Pajarito Canyon at SR-4 

Los Alamos Canyon at SR-4 

""' 
Pueblo Canyon at SR-4 

V\ 

Los Alamos Canyon at Otowi 

Rio Grande at Otowi 

Backgrouncf 
.......................................... 

ax + 2s from Table G-35. 

Table 15. Average Plutoniu. Concentrations in Snowmelt Run·off 

in Cunyons Draining the laboratory 

Solution Suspended Sediments 

Nllltler 238PU 239,240Pu 238Pu 239,240Pu 

of Analyses (10 "9 p.C i/ml) oo"9 p.Ci/ml) (pCi/g) (pCi/g) 

8 0.004 (0.011) 0.005 (0.011) 0.056 (0.118) 0.115 (0.268) 

14 -<1.002 (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 -<1.002 (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) 

t -<1.016 (0.011) -<1.024 (0.014) 0.001 (0.004) 0.001 (0.002) 

0.030 0.026 0.135 0.830 
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aquifer is hydrologically connected to the stream in 
Pueblo Canyon. 

· Perched water in the basaltic rocks is sampled 
from Test WcU iA, in lower Pueblo Canyon. and 
Basalt Springs, further eastward in lower Los Alamos 
Canyon. Recharge to the perched aquifer in the 
basalt occurs ncar Hamilton Bend Springs. Travel 
time from the recharge area ncar Hamilton Bend 
Spring to Test WeU 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 cffiuents, which contain some radionudides 
and some sanitary cffiucnts from treatment plants at 
T A-2L Treated industrial cffiuents 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 arc occasional releases of cooling water from 
the research reactor at TA-2. Los Alamos Canyon 
also receives discharge from the lagoons at LAMPF 
(TA-53). On the flanks of the mountains, Los Alamos 
Reservoir impounds run-off from snowmelt and rain
falL Stream flow from this impoundment into the 
canyon is intermittent, dependent on precipitation to 
cau.sc run-off to reach the laboratory boundary at 
State Road 4. 

Infiltration of treated effiucnts and natural run-off 
maintains a shallow body of water in the alluvium of 
Los Alamos Canyon. Water levels arc highest in late 
spring from snowmelt 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 [20 ft] 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 cffiucnts from TA-3. 
Treated effiucnts 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 arc three surface water sampling 
stations in the reach of the canyon that contains 
perennial flow (Table G-14). 

Mortandad Canyon has a small drainage area that 
heads in TA-3. Industrial liquid wastes containing ra
dionuclidcs arc coUcctcd and processed at the Indus
trial Waste Treatment Plant at TA-50. After treat· 
meat that removes most of the radioactivity, the emu
eats arc 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 becau.sc 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 inflltration and storage of run-off 
when it does occur. Monitoring stations in the canyon 
arc 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 reacb 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 weU below' DOE's concentra· 
lion guides for on-site areas (Table 13). Radionuclide 
concentrations from treated effluents decreased 
downgradient in the canyon due to dilution and ad
sorption of radionudides 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 
snowmelt 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 are not a source 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. Transport ol Radioaudides la Surface Rua· 

Off. 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 di.scllarge 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 collected. 
Spring snowmek samples of run-off from 13 sta

tions (rtg. 16) were analyzed for radionuclides in so

lution and suspended sediments. Radioactivity in so

lution is defined as the filtrate passing through a 0.45 

J-l.m pore-size filter, whereas radioactivity in suspended 

sediments is defined as a residue on the fllter. For 

background samg~ the solution was analyzed for ~. 
137Cs, total U, """'Pu, 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 collected in Los Alamos Canyon at SR-4 

contained 238Pu above background levels; 239.240-pu in 

sediments from Los Alamos and Pueblo Canyon at 

SR-4 were above background. Los Alamos Canyon 

.n 

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 Well 

MC0-7 (F'tg. 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. Radioactivity Ia Soils and Sediments 

1. Backgrou.ad Levels ol Radioactivity In Soils 

aod 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 

~ 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 description 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. 1~). 

Additional regional sediment samples were collected 

along the Rio Grande from Otowi Bridge to Cochiti 

Reservoir. The locations arc listed in Table G-38 and 

the detailed results of radiochemical analyses of the 

regional soils and sediments arc in Table G-39. 

In 1987, soil and sediment samples were coUected 

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 

1....1boratory. 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 results are found in Table G-40 .. 
Analyses of the perimeter soil samples indicated 

that background concentrations were slightly exceeded 

in 1987 for ~ (one sample), 239.240-pu (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, wbicb exceeded background in 

one sample (Table 16). 



;!:; 

Table 16. Maximum Concentrationa of Radioactivity in Solla end Sedl~t• fro. 

Analytical Limits of Detection 

Soil 
Background (1974·1966)a 

Regional Stations 

Perimeter Stations 

on-site Stationa 

Sediments 
Background (1974·1966)a 

Regional Stationsb 

Perimeter Stations 

On-site Station, Effluent 

Release Areas 

Acid-Pueblo Canyon 

DP·Los Alamos Canyon 

Hortandad Canyon 

Regional, Perimeter, and On·alte Stat lone 

Nlllber of 

Stations 

7 
6 

10 

7 
17 

6 

11 

7 

3H 

(10. 6 J.!Ci/ml) 

0.7 

7.2 
13 
2.8 (O)c 

10 (1) 

13 

0.7 
o.s (0) 

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 number of background analyses for soils and bed sediments (Purtymun 1987). 

bRegional background 1987. 

cNumber in parentheses Indicates number of stations exceeding background concentrations. 

Total U 

(J.ia/g) 

0.03 

3.4 
5.4 
5.3 (S) 
4.6 (7) 

4.4 
8.S 
3.2 (0) 

3.4 (0) 

s.o (1) 

4.8 (1) 
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Table 16 (cont) 

Nurber of 238Pu 239,240Pu Gross Ganma 

Stations (pCi/g) (pCi/g) (C<U~ts/rain/g) ---
Analytical Limits of Detection -- 0.003 0.002 0.1 

Soil 
;;;;ground (1974-1986)a -- 0.005 0.025 6.6 

Regional Stationsb 7 0.002 0.016 6.4 mr 

Perimeter Stations 6 0.029 (1) 0.026 (1) 9.0 (4) ~0 _UI 

On-site Stations 10 0.005 (0) 0.038 (1) 7.5 (3) 
D )> os;: 
z ~ 
~0 

Sediments 
~fJ) 

Background (1974-1986)a 
-i z 

-- 0.006 0.023 7.9 )> )> 
r -i 

u. Regional Stationsb ~6 
0 7 0.001 0.007 3.8 

Perimeter Stations 17 0.002 (0) 0.006 (0) 2.5 (0) ~~ 
On-site Station, Effluent . ~~ Release Areas 

Acid-Pueblo Canyon 6 0.026 (1) 0.612 (3) 0.8 (0) 0~ 
m-i 

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) 
~ ~ 

~-------·------

aK + 2s of a nurber of background analyses for soils and bed sediments (Purtymun 1987). 

bR.egional background 1987. 

cNumber in parentheses Indicates number of stations exceeding background concentrations. 
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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 137 Cs and 238Pu 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 T A-55, Pluto-

51 

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 effiuents: 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-

52 

yond. The radionuclides in these canyons are derived 

(rom low-level radioactive effluents released from the 

treatment plants. The concentratioll5 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~F'~:..l9). The samples were analyzed 

for 238Pu and 9~ using 1 kg (2 lb, dry weight) 

samples (100 times the usual mass used for analyses) 
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Ftg. 19. Special regional sediment sampling locations. 

of regular sediments. These large samples increase 

the sensitivity of the plutonium analyses, which is 
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 pCi/g; 239~ concentrations were 

slightly higher, ranging from O.CXXl20 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 

53 

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 are not a health or environmental concern. 

6. Transport In Sediments and Run-OfT from an 

Active Waste Management Area (Ami 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 (Ftg. 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. 
All surface run-off from Area L is into Canada del 

Buey. Sediment samples were analyzed for a number 

of inorganic:s (Table G-43). Eight constituents have 

EPA criteria set for toxic concentrations. The inor

ganic:s 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. Rlldioche.icel Analy&ea of Sedi111e0ta from Reaervoin on the Rio Ch- and Rio Gr81lde8 

Retio of 

137CI Totel U 90sr 238Pu 239,240Pu 239,240Pu 

Reservoir (pCI/g) (jig/g) (pCI/g) (pCi/g) (pCi/g) to 238Pu 

Rio Chama 
Abiquiu Reservoir 

Upper 0.10 (0.08) 3.3 (0.3) 0.00 (0.10) 0.00009 (0.00002) 0.00020 (0.00011) 

Middle 0.21 (0.09) 3.8 (0.4) -(1.03 (0.10) 0.00020 (0.00004) 0.00502 (0.00026) mr 
lower 0.35 (0.11) 3.6 (0.4) -(1.10 (0.20) 0.00024 (0.00003) 0.0()602 (0.00026) .. ~£ 

:n )> 

i (I) 0.22 (0.13) 3.6 (0.25) -(1.04 (0.5) 0.00018 (0.00008) 0.00375 (0.00311) 21 os;: 
z ~ 
~0 

Rio Grande 
~(/) 
-iz 

Vl Cochiti Reservoir 
l! ~ 

""' 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'l! 

0.51 (0.12) 3.8 (0.4) 0.08 (0.09) 0.00135 (0.00010) 0.02020 (0.00089) 
-s;: 

Lower 
.. ~CD 

zO 

i (&) 0.31 (0.18) 3.8 (0.0) 0.06 (0.03) 0.00083 (0.00070) 0.01749 (0.01377) 21 0~ m_. 
- 0 :i :n 
'"-f -< 
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Fig. 20. Surface water gaging station in Area G (TA-54) and sediment sampling stations adjacent to Area G. 
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VU. FOODSTUFFS MONITORING 

Most produce, fish, and hooey samples collected near the Laboratory showed oo 

ioflueoc::e from Laboratory operations. Some oo·site samples contained slightly elevated 

levels or tritium and uranium. Concentrations of radioouclides lo foodstuffs contributed 

only a minute fraction or the Laboratory's contribution to Individual and population do~s 

received by the public. 

A.: Background 

Produce, garden soil, fLSh. and hooey have been 

routinely sampled to monitor for potential radioactiv

ity from Laboratory operations. Produce and hooey 

collected in the Espanola Valley and fiSh collected at 

Abiquiu Reservoir are not affected by Laboratory 

operations (Ftg. 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 

WHITEROCK ~ 
PAJARITO ~ 

ACRES 

km 30 

~ PRODUCE SAMPLING LOCATION 

.41J1pr FISH SAMPLING LOCATION 

Ftg. 21. FISh 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 ~oduce sam~ re

sults for ~ (in tissue water), Sr, 137Cs. Pu, 
239·~ and total uranium. Sampling and prepara

tion methods are described in ~pendix B. 
Concentrations of 137Cs. Pu, and 239.240pu 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 

from some other sites. 
Elevated radionuclide levels in on-sire 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. Ill). 

C. Fish 

FISh 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 radiochemicallJ: analyzed within fish 

species for 90Sr, 137Cs. 238Pu, 23 .240-pu, and tOlal ura

nium. 
Results for fiSh are presented in Table G-45. For 

137 Cs, 238Pu. and 239.240Fu. no differences were appar

ent (two-factor analysis of variance, 95% contidence 

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 exhlbited 
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-

WIOO 0 

\ 

N2'JO '-. 
_j __ _ 

NIOO 

5!00 

5300 

chiti fiSh. although the difference remained 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). 

N30C 

N2CO 

NIOO 

E400 E500 E600 

Ftg. 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 weU 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 of liquid emueots. The Laboratory was iD compliance with 

treated liquid discharge permit limits in 96% and ~ of monitoring analyses from sanitary 

and industrial emueot outfalls, respectively. Sanitary waste treatment facilities are currentiy 

being upgraded to improve compliance. All airborne releases were weD within regulatory 

limits during 1987. A total or 180 asbestos removal jobs ~re carried out during the year, 

and appropriate notificatioa was provided to state regulators. Concentrations of con· 

stituents in the drinkiog water distribution system remained withia federal water supply 

standards, although a few constituents exceeded limits at the wellhead. The Laboratory car

ried out two mitigatioa actions at cultural sites. During 1987, U 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 

[HSWAJ) 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 

mi.nim.ize land disposal of hazardous waste. Major re

quirements under HSW A 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. 

l. 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. 

Landfilling of hazardous wastes was discontinued 

in 1985, and existing landfills will be dosed 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. AU 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 and Lagoons. 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 materiaJs 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-c,losure 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 Dlapoaal of PCBs 

PCB Oil Incineration of PCB Oila 

NPOES·Loa Alamos Discharge of Industrial 

and Sanitary liquid Effluents 

NPOES·fenton Hill Discharge of Industrial 

and Sanitary liquid Effluents 

Ground Water Discharge DischarQe to Ground Water 

Plan-Fenton Hill 

NESHAPS Construction and Operation of 

Four Berylli~ Facilities 

Open Burning Burning at TA·16·412 

8 New MeKico Enviromental Improvement Division. 

~S Enviromental Protection Agency. 

cRenewal pending. 

dNew MeKico Oil Conservation Division. 

I ~sye !l;He 

Revised Application 

Submitted November 1987 

JIM'MI 5. 1980 

May 21, 1984 

Modified Permit 

May 29, 1987 

October 15, 1983c 

Jl..l'le 5, 1985 

December 26, 1985 and 

March 19, 1986 

May 26, 1987 

Expiration 
Oate 

March 1, 1991 

Jl..l'le 1990 

May 26, 1988 

Aaninistering 

A~ 

NMEID8 

EPAb 

mr 
EPA ~g 

EPA 
~e z ~ 
~0 
~(/) 
-1 z 

EPA 
"/! ~ 
(/)-
cO 

~~ 
NMOCDd -~ ~0 

ti~ m -t 
~ 0 

NMEID ~ :u ..... -< 

NMEID 
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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 additioo. 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 typic:al ~ 

year, post-closure c:are 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 bodl 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 

TA-22-24 and TA-40-2 are magazines used for storage 

of high-explosive wastes. These will be closed to 

waste storage in 1988 and replac:ed by other satellite 

storage units. The TA-40 saap detonation pit used 

for destroying saap high explosives has been closed to 

waste detonation. AU saap 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 w.:..>te is located at TA-50-37. A 

trial burn was conducted in Octobet 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 
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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, EPAfNMEID 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. 

8. Cleau 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 biologic:al integrity of the nation'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 biologic:al 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 J e

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 frrst 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. 1.29, which discharges effiuent 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. 

007 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 effiuent 

from a cooling tower located at TA-11-30, outfall No. 

131 discharges effiuent from once-through cooling 

water at TA-48-1, and outfall No. 132 discharges 

photographic waste effiuent 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, 963% and 98.7% of monitoring analyses 

complied with NPDES limits at sanitary and industrial 

outfalls, respectively (F..g. 23). 

2. Federal Facility Compllaace AgreemenL 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 effiuent limitations and a schedule of 

DOf\ESTIC WASTE Disa-tARGES 
11 VIOLA TICNit IN 2Sa9 SNoPL.E1S 

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 final 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 

comp~ce. 

3. Cleaa Water Act Audits. The EPA conducted 

one audit under the Clean Water Act in 1987 (Table 

20). An EPA Compliance Evaluation Inspection 

(CEI) was conducted on April23, 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. Admin.lstrative Order. On August 6, 1987, 

EPA's Region VI issued an Administrative Order 

(AO) to DOE regarding NPDES Permit NM00"...8355. 

The AO was based on self-monitoring reports sub

mitted by the Laboratory that identified a number of 

individual parameter violations occurring a1 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· 

miL The NPDES permit for the Fenton Hill 

It-OJSTRIAL WASTE DISCHAAGES 
12 VIOLATICNit IN 910 SN4=II..ES 

OCMIU.t.I'CZ 
•. 7. 

Fig. 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) 

La bora tory's Environmental Surveilla nee 

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 V1 bad not acted upon the application. The ex

isting permit bas been administratively continued until 

supplanted by a new permit. 

On Aprill5, 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/LAAO 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 first 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/LAAO 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 

p;.m 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 

considenng all of the information available to them, 

NMOCD approved the discharge plan modification on 

September 8, 1987. 
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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 T A-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 rmai 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 rovides 

treatment for about 1.15 x 1cf liter· (0.3 x 10 gal.) of 

wastewater per day. The T A·l plant is a trickling ftl. 

ter plant with two parallel trains of treatment units. 

Effiuent from the plant exceeds biochemical oxygen 

demand (BOD) standards at times during the winter 

months. During cold periods, biological activity in the 

trickling fllters 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 fine-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 ocaured. 

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 NPDES limits. A conceptual design was 

completed for the construction of two sand rllters to 

be located below the lagoons for removal of sus· 

pended solids. The old wastewater treatment facilities 

that served T A-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. 

(J{j 

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 Liquid 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 ol Chemical Oxygen Demands at 

TA-16. The industrial wastewater at TA-16 originates 

from explosives processing and includes several or

ganic wastes. Effiuent from industrial outfall No. 055 

at TA-16 has exceeded the chemical oxygen demand 

(COD) NPDES limit of 1.50 mg/1- 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 effiuent. Additional testing is needed to 

determine the most effective types of activated carbon 

or other niter media available for the organics pre

sent. 

C. National Environmental Policy Act (NEPA) 

The National Environmental Policy Act of 1%9 

(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~ 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 Act 

1. Federal Regulations 

a. National Emissions Standards for HIJZ/Udous 
Air Pollutants (NESHAPS). This regulation sets re
porting, emissions control, 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 are regulated by NE

SHAPS include radionclide handling, asbestos dis
posal and removal. and beryllium machining. 

The EPA has promulgated regulations for control 

of airborne radionuclide releases from DOE facilities 

( 40 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 M.IEID. 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 
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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. NlldontiJ Ambient Air Qwzlity 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 microns in diameter 

went into effect this year. 

c. Prevention of Significant Deterioration ( PSD ). 

The PSD 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 Wudemess Area. To 

date, the DOE and Laboratory have not been subject 

to PSD. 

d. New Source Performance Standards ( NSPS ). 

The NSPS applies to 72 source categories. Its provi

sions include emission standards, notificatioQ., and 

emission testing procedures and reporting and emis
sion monitoring requirements. The DOE and Labo

ratory have not been subject to NSPS. A proposed 

-~ 

a.· 
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Table 21. National and New Mexico Ambient Air Qual-ity Standards 

Averaging New F~der11l 

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 flg/m3 90 

7 days f.Lg/m3 110 

24 houra f.Lg/m3 150 260 150 

PMlO 
e Annual f.L&/m3 50 50 ·so 

Arithmetic 
Mean 

24 hour f.L&/m3 150 150 150 

Carbon Monoxide 8 houra ppm 8.7 9 

houra ppm 13.1 35 

Ozone 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.L&/m3 1.5 1.5 1.5 

Quarter 

Beryllium 30 days f.L&/m3 0.01 
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Table 21 (coot) 

Averaging New Feg~rgl 

Pollutant Time Units Mexico Primary Secondary 

Asbestos 30 days f.Lg/m3 0.01 

Heavy Metals 30 days f.Lg/m3 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 Me:rico 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 burn waste explosives and 

explosive-contaminated wastes. Burning of waste ex

plosives is done at the TA-16 burn 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-

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 1m indicated an average emission rate of 0.8 

kg/h (1.8 lb/b) 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 TA-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 7cr2 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-flred boilers (SWFB) and two gas

fired auxiliary boilers. This facility is proposed to re

place the T A-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 Drinkina 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 adminisuation 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 flelds 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 L\-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 19n). 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 well.s 

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 

(436ft) 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 microfllter station and is pumped into one of the 

reservoirs for distribution. All supply water is chlori

nated prior to entering the distribution system. 

Water in the distribution systems was sampled at 

five community and Laboratory locations (fll'e 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 Municipal 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 1A-1B was 

above primary standards (Table G-60). Thls 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 

through G-62). Water quality depends on well depth, 

lithology of aquifer adjacent to well, and yield from 

beds within the aquifer. 

F. Federal Insecticide, Fungicide, and Roden

ticide Act 

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 as any substance intended to prevent, destroy, 

repel. or mitigate pests. The Laboratory stores, uses, 

and discards pesticides in compliance with the provi

sions of FIFRA. A Laboratory pest control policy 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. Archaeological 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 Ad 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 Rock Y Intersection, site of a pro

posed new highway interchange. 



Table 22. Maximum Concentrations of Radioactivity in Municipal ~ater Supply, ~ell and Distribution System 

Nlllber of 3H 137Cs Total U 238Pu 

Stations (10.6 fJ.CI/ri.) (10"9 fJ.Ci/ri.) (tlll/l) (10.9 fJ.Ci/ri.) 
--- ---

Analytical Limits of Detection -- 0.7 40 1.0 0.009 

Maximum Contamination Level (MCL)8 -- 20 200 1800b 15 

~ells 16 0.3 (0.1) 42 (46) 6.0 (1.0) 0.011 (0.009) mr 
(2l)c (21l) (<1l) (<1l) ~~ 

Distribution Syst~ (Los Alamos) 6 2.1 (0.1) 11 (42) 2.0 (1.0) 0.012 (0.012) u (11X> (36X> (<1X) (<1l) 
~~ 

-.J 
r -i 

\,J Distribution Syst~ (fenton Hill) 1 0.1 (0.3) 113 (50) 1.0 (1.0) 0.000 (0.010) ~5 
(<1X> (57l) (<1l) (<1X) ~~ 

e~ 
~~ m_. 
~ 0 

~~ 
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Table 22 (cont) 

Nl.llb!r of 239,240Pu Gross Alpha 

Stations (10. 9 j..LCi/nt.) (10.9 flCi/ml) 

Analytical Limits of Detection 0.03 3 

Haximum.Contamination level (MCL)a 15 15d 

llells 16 0.044 (0.007) -5.0 (2.0) 

(<1X) ( <11) 

Distribution System (los Alamos) 6 0.037 (0.017) 2.4 (0.9) 

(<1X) (161) 

Distribution System (fenton Hill) 0.004 (0.004) -o.2 <O.a> 
(<1X) (<11) 

8 EPA (1976). 
blevel reconmended by International C011111iaaion on Radiological Protection. 

cPercentage of EPA's MCL ia ahown in parentheses. 

dEnvironmental Protection Agency'• Maxi~ Conta.inant Level (MCL) for groaa alpha ia 15 x 10.9 j..LCi/ml. 

EPA'• li•it of 5 x 10"9 Ci/.t, iaotopic enelyaia to determine radium content Ia required. 

Gross Beta 
(10.9 fl.Ci/nt.) 

3 

3.2 (0.5) 

42 (4.0) 

6.1 (0.8) 

Gross G81111111 

(CDLnts/min/l) 

50 

-40 (100) 

500 (90) 

350 (90) 

However, If groaa alpha reaulta exceed 

! 

m r 
~g 

2~ 
~0 zen 
~~ r -i 
weD 

~~ 
-~ ~0 
fJ~ 
- 0 
~ ~ 
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Table 23. Maximum Chemical Concentrations in Water Supply an·d Distribution Systems 

(results in mg/L) 

Inorganic Well 

Chemical and 

CQntaminant Standards Gall en 

Primary• 
Ag 0.05 <0.001 
As 0.05 . 0.044 

Ba 1.0 0.084 
Cd 0.01 <0.0005 

Cr 0.05 0.022 
F 2.0 3.2 
Hg 0.002 0.0003 

N0
3
(N) 10 <1 

Pb 0.05 0.092 

Se 0.01 <0.002 

Secondaryb 
Cl 250 17 

Cu LO 0.266 

Fe 0.3 0.095 

Mn 0.05 0.009 

so~ 250 39 
Zn 5.0 0.250 

TDS 500 430 
pH 6.5 ~ 8.5 8.6 

------------
•EPA ( 1976). 
bEPA (19798). 

Pursuant to federal regulations implementing Sec

tion 106 of the National Historic Preservation Act of 

1966, as amende~ 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) 

an~ 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 stac 

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 Indiar; cavates along the 

south slope of Mesita del Buey .using volunteer Labo-

Suggl:x Di~tribu!IQD 

75 

Per Cent Los Alamos Per Cent 

of Bandelier of 

Standard TA-57 Standard 

<2 <0.001 <2 
88 0.017 34 

8 0.107 11 
<5 <0.0005 <5 
44 0.011 22 

160 1.0 50 
15 <0.0002 10 

<10 <l <10 
184 0.031 62 

<20 <0.002 <20 

7 45 18 
27 0.024 2 
32 0.110 37 

18 <0.001 <2 
16 10 4 

5 0.096 <2 
86 276 55 

101 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 Protectloa 

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 Uability Act 

(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 CERCI.A/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 are 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. fJ.lm summarizing PCB use and reg

ulation at the Laboratory. The video filin 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 Vl) 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 Article(s) Shaft en Shaft Ctl f.iU2 Pit 32 

Transformer Carcases 907 522 

Absorbed PCB Oil 
(<500 ppm) 

Rags/Dirt 
(drummed) 

Empty Drums 
Asphalt/dirt 9 616 I 361 

(noncontainerized) 
Capacitors 
Generators 
Power Supply 
PCB CleanoUp Drum 722 41 

PCB Contaminated 175 2 359 

Equipment 
Mise 

Total 722 10 523 216 4 242 

Grand Total 15 703 

----------3 PCB article and oils that contain ~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 chemical 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 

chemicals 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 

chemical 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 chemical substances that 

are on either the EPA's Chemic:al Emergency Pre

paredness Program (CEPP) list of 369 chemicals that 

are considered to be extremely hazardous ( 40 CFR 

355, Appendices A and B) or on the list of 717 haz

ardous substances that are subject to CERClA 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 physical hazards, 

were originally developed in response to the Oc

cupational Health and Safety Administration's 

(OSHA) Hazard Communication Standard (29 CFR 

1910.1200). They are designed to inform individuals 

of specific chemical 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 (llb) 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-band 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' Environmental Sun'ey 

The DOE Headquarters conducted an environ

mental survey of the Laboratory during March 30 

through April 17, 1987. The purpose 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). 
Findings of the survey were separated into four 

categories based upon potential for environmental im

pact: 

Category 1: Finding addresses situations 

that pose an immediate threat to employ

ees, public, or environment. Immediate ac

tion required. 

Category II: Finding addresses situations 

that cannot wait for action to be taken until 

the final 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 finding 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 

fmdings 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 and 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. Tentathe Findings. by Topical Area and Category 

from the DOE Headquarters' Environmental Survey 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 aJso 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. Engineering Quality Assuraoc:e 

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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Cat!l&2rx 
I II III IV 

0 0 0 2 
0 2 3 3 
0 0 1 2 
0 1 5 1 

0 1 5 2 
0 1 2 1 

0 0 5 0 

0 0 1 0 

the chance of deficiencies in construction; to improve 

the COSf effectiveness of facility design, construction. 

and operation; and to protect the environment. A 

major goal of engineering quality assurance is to en

sure operational 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 

propo6Cd 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 ACI'IVITIES 

In addition to enviroDJDental surveillance and compliance activities, the Laboratory canied 

out a number ol related eaviroDJDeatal activities. Selected studies are brieOy described below. 

Many or these are OD&oiJII and provide lnf'ormatioa for surveillanc:e and compllanc:e activities 

at the Laboratory. 

A. Meteorological Moaitoring (Breat BoftD, 

Jean Dewart, William Olsea, 1-U Cbea, 

and Margaret Salazar) 

1. Weather Summary. Los Alamos received heavy 

precipitation for the third consecutive year, with 60 CD 

(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 CD (178.4 in.) 

for the year, over 3.5 times normaL Record snow fell 

in both January and February, including a record 1.22 

em (48 in~) from one storm during January. Heavy 

rains fell during May and locally (TA-59) during June. 

Temperatures were quite warm during October. Axe

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 Fig. 2S and other 

data are shown in Table G-63 througb G-66. 

A stormy pattern became established over the 

southwestern United States during January. One 

storm dropped nearly 25 em (10 in.) on Los Alamos 

during the 7-8th and the record snowfall from one 

storm fell during the 15~17th. Even largct ac.cumula

tions of 152-178 em (60-70 in.) were reported in north

ern I...os Alamos. The storm closed the Laboratory and 

the townsite. The locally large snowfall resulted from 

a stationary storm in Arizona forcing 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 CD 

(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 17lh set a record. After 5 CD (2 in.) of 

snowfall two days later, temperatures rose dra

matic.ally, reaching U.2°C (54"F) 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 CD (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 CD (17 in.) of snow during the 24-26th. Some of the 

snow was accompanied by thunder and lightning. The 

total snow of 123 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. 

Wmter weather moderated during March. with 

near-normal weather. Except for a storm that dropped 

30 CD (U in.) of wet snow on April 4-5th, warm 

weather prevailed during April Frequent thunder

Showers produced 7.2 CD (2.83 in.) of rain during May, 

nearly 2-1/2 times the normaL One thunderstorm 

produced up to 7.6 CD (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 CD (2.11 in.) falling in two hours. 

The two hour rainfall represented a near 50 year rain

fall. Very little or no rain fell at other sites. Rainfall 

was scant in July with 3.5 CD (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 

ncar 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"F), nearly 2°C (~"F) 

above normaL Rainfall was light at 1.2 em (0.49 in.), 

less than one-third of normaL Near-record snows feU 

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, v.rith 

41 em (16 in.) of snow on the ground. The year ended 

with 453 em (178.4 in.) of snow, exceeding the pre..,ious 

record of 287 em (112.8 in.) set in 1984. 
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1987 WEATHER SC\1\1ARY. LOS ALAMOS . .\IM (EL 7380 ft) 
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Fig. 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 sector 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 (21~ 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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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) OCCWTed with fre
quencies ranging from 10% at TA-50 to 21% at East 
Gate. Many of the strong winds OCCWTed 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 5 m/s (11 mph) occWTed 
34% of the time while speeds less than 2.5 m/s (5.5 
mph) occWTed 29% of the time al 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 elevations). 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 l'o'E 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 W are 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. 
The T A-50 wind rose at 91 m (300 ft) 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 t.he North Community and 
alTA-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. Eavironmental Restoration (ER) Program 
(Kenneth Rea, Robert Vocke, 
Roger Ferenbaugh, Robert Gonzales, 
Marjorie Martz·Emerson, Betty Perkins, 
and AJaa 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 pollution 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 Asses.>
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. ReconnaiSAAJlcc 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 Grieas, 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 wells 
>ia 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 
confined 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 sampling; (2) an expanded sam
pling and analytical program to delineate the extent of 
contamination; (3) interpretation of results and pro
posal oi any necessary remedial action; and ( 4) the 
remediation itself. 

The firSt 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 
Rock Y Inten:bangoe (l...a.n Soholt, RJchard 
Romero Eddie Lujan, John 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 construe· 
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 

19740). 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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Fig. 30. Sampling stations 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 

stations from previous years (Purtymun 1988A). 

F. Distribution or RadJonuclides in Channel 
Alluvium or Mortandad Canyon [Donald 

VanEtten, William Purtymun, Max Maes, 
and Richard Peters (HSE-9)] 

Trace amounts of radionuclides rem3lillllg 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 

ch3.911el alluvium are subject to transport by additional 

releases of effluent or by storm run-off. The sm:ill 

drainage area of the canyon and the ability of the thick 



( 

Table Z6. Quality of Surface and Groundwater• at fenton Kill Geothermal Site 

(concentrations in mg/l) 
Noveaber 

Surface Water !jroundwater 

!!! ..£L ill !!! ..£L ill 

Sodil.m Chloride Sodiun ChlorIde 

Redondo Creek (U) 10 15 126 loc. Jf·1 (Hot Spr) 460 1000 1940 

Jemez River (R) 15 91 4l6 loc. Jf·5 (Hot Spr) 960 Z300 3830 

Jemez River (S) 85 132 388 

Na HC~ TDS Ca HC~ TDS 

- -
Calciun Bicarbonate 

San Antonio Creek (N) 16 6Z 141 Calcium Bicarbonate mr 

Rio Cebolla (l) 10 88 118 FH·1 (Supply Well) 48 117 280 ~g 

Rio Guadalupe (Q) 15 170 228 loc. 39 (Spr) 13 41 52 ~~ Lake fork 1 (lf·1) 10 54 132 

lake fork 2 (lf·2) 11 71 168 ~en 
-i~ 

Lake fork 3 (lf-3) 13 50 220 '{! -i 

~ lake fork 4 (lf-4) 15 n 284 ~6 
,_ ~~ 

Ca 504 TDS Na HC~ TDS -~ 
- - - ~0 

Calciun Sulfate Sodiun Bicarbonate 0~ 

52 305 456 JS-2, 3 (Spr) 11 80 160 
m _.. 

Sulphur Creek (V) - 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 HC03 TDS 

Sodium Bicarbonate 
Jemez River (J) 16 59 104 

------··-------
8 See fig. 30 for sampling locations. One sample token at euLh location. 
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. . 
section of unsaturated alluvium to store the run-off has 
prevented transport to the Laboratory boundary. To 
confme 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 (2.16 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/s [115 cfs]) and November 1987 (2.9 
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. Ofi June 16 and analyzed for transuranics and 
gamma emitting radionuclides (F'tg. 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 238Pu 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 pCifg of 241Am. 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 radionuclides followed the same 
trends as transuranics (Table 28). The concentrations 
above the effluent outfall were background. The high
est concentrations were for 137 Cs with a range from 
15.3 to 62.9 pCifg in the channel above the tra~s and 
96.7 t;i/g in trap 1. Trace amounts of 134Cs, 5 ,6(lCo, 
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 radionuclides 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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Table 27. Transuranics in Mortandad Canyon 

Channel Alluvium, June 16, 1987• 

238pg 23G,240pg 241Am 

Station (pCI/g) (pCi/g) (pCi/g) 

Effluent Canyon 
1 0.012 (0.007) 0.024 (0.011) -0.008 (0.002) 

2 0.011 (0.006) 0.033 (0.011) 0.130 (0.050) 

T A-50 Outfall 0.712 (0.058) 1.81 (0.107) 0.970 (0.050) 

MQrt!D!t!!l C1nv2n 
A 0.005 (0.009) 0.033 (0.0 10) 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 (0.5 19) 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 (0.0 11) 0.089 (0.020) 0.8 (0.002) 

. ------------
aLocation 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; ~d the requirement 

to satisfy statutory standards for new tanks. 



Table 28. Radionuclidea In Mortandad Canyon 

Channel Allwiua, J~n~ 16, 198t' 

137ca 134Ca 60co 57 Co 75se 

Station (pCI/g) (pCi/g) CpCI/g) (pCI/g) <pCI/g) --
Effluent Canyon 

0.24 (0.10) 0.11 (0.09) 0.07 (0.14) 0.39 (0.21) -o. 11 (0. 14) 

2 0.005 (0.07) -o.12 (0.09) -o.07 (0.12) 0.02 (0.14) -o.03 (0.09) 

TA-50 Outfall 0.69 (0.14) 0.28 (0.12) 0.16 (0.13) 1.56 (0.33) 0.71 (0.17) 

Hortanda4 Canyon 
mr 

A 0.13 (0.09) 0.03 (0.08) -o.10 (0.11) 0.09 (0.014) 0.003 (0.008) ~g 

GS-1 15.30 (2.31) 0.83 (0.17) 1. 73 (0.30) 15.60 (2.36) 2.82 (0.44) u 3 30.20 (4.55) 0.25 (0.18) 0. 73 (0.20) 8.23 (1.26) 2.13 (0.36) 

GS-2 48.90 (7.36) 0.10 (0.09) 0.40 (0.16) 4.30 (0.69) 2.00 (0.34) 

4 62.90 (9.46) 0.97 (0.18) 0.35 (0.14) 3.52 (0.55) 1.92 (0.31) ~~ 'D ... 4.2 31.60 (4.76) 0.34 (0.11) 0.23 (0.17) 3.00 (0.53) 1.27 (0.24) 

4.5 37.30 (5.63) 0.56 (0.16) 0.18 (0.17) 1.80 (0.35) 0.73 (0.17) h 4.8 43.20 (6.50) 0.78 (0.15) 0.12 (0.12) 1.99 (0.33) 1.33 (0.23) 

5 23.50 (3.55) 0.29 (0.12) 0.02 (0.15) 1.75 (0.36) 0.79 (0. Ul) 

GS-3 39.50 (5.95) 0.84 (0.16) 0.20 (0.12) 1.45 (0.25) 0. 76 (0.15) m.,. 

_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) ~~ 

7 29.70 (4.48) 0.34 (0.10) -o. 18 (0.12) 0.85 (0.21) 0.34 (0.12) 

Sedi~~~ent Trap 1 96.70 (19.5) 0.24 (0.12) 1.36 (0.26) 11.70 (1.79) 7.64 (1.17) 

Sediment Trap 2 96.50 (14.5) 1.68 (0.28) 0.11 (0.18) 5.52 (0.85) 3.41 (0.52) 

Sedi~~~ent Trap 3 15.10 (2.29) 0.16 (0.10) -o.19 (0.14) 1.37 (0.36) 0.61 (0.17) 

B 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) 

11 0.46 (0.13) 0.02 (0.06) -o.27 (0.14) -o.06 (0.12) 0.09 (0.09) 

12 0.63 (0.15) 0.19 (0.11) -o.2o <0.14> 0.66 (0.24) 0.01 (0.12) 

13 0.23 (0.08) -o.oa <0.09> -o.o5 <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 V 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 pllin. 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 safeguards; 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 fum 

in Albuquerque after being tested to · verify their 

chemical composition. Complete removal of the first 

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 fmal 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 

SlO,<XXl 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. BlomoniloriOI of the Laboratory's Uquid Effiu

ents (Roy Boba 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 ia 1987 

Tank Structure 
Number 

Size 
Cnllons) 

TA-3·318 
TA-6-47 
TA-8-60 
TA-8-61 
TA-15-52 
TA-15-274 
TA-16-16 
TA-16-196 
T A-52-12 

5,000 
2,000 
2,000 
2,000 
6,000 

218 
1,000 
4,000 

400 

Daphnia pula as a test organism are conducted for 

each representative effiuent and LC50 values arc cal
culated. To date each outfall has been sampled three 
times and preliminary results indicate that overall wa

ter quality of effiuents is good. Biomonitoring sam
pling will continue in 1988. 

J. National Atmospberic Depositioa Program 
(NADP) Network Statioa (David Nochumsoa 
and Mkbael 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 MonumenL Composi

tion precipitation samples are 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 University. 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 second 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 clouds 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 Zoae Characterization at TA-16, Area P 
(Stnea McUn, David Mdnroy, 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 mUSl 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 Vaile. 

Based on currently available information, major poten

tial migratory pathways from the landfill include (in 

decreasing 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) 

has been deposited on the floor of Canyon de Vaile; 

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 200 ft) 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 hole 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 utilizing both a constant and 

falling head procedure, moisture retention character

istics using the banging column and pressure plate ap

parat~ initial gravimetric and volumetric moisture 

contents, bulk density, porosity, and unsaturated hy

draulic conductivity as a function of both negative pore 

pressure head 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 Valle will 

complete the efforts required under the waiver re

quest. 

L Environmental Studies oCTA49 (William 

Purtymun, Alan Stoker, and Mu Maes) 

From 1959 to 1961, hydronuclear 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 (F~g. 4). These experiments involved a 

combination of conventional (chemical) high explo

sives, usually in a nuclear weapon configlll'ation, and 

fiSSile material whose quantity was reduced far below 

the amount required for a nuclear explosion. A total 

of 35 hydronuclear experiments and 9 related equa

tion-of-state and aiticality experiments, all involving 

some fissile 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 q (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 T A-49 

(Sec. VI). 
Eleven sediment surface statiOQ,!i were established 

in 1972 in natural drainage from the experimental ar

eas. A twelfth station was added in 1981 as the 

drainage was changed (F'~g. 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 pCifg) 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: criteria con
centrations where applicable (Table G-69). 

M. Quality ol Surface and Ground Water Adja· 
cent to the Los Alamos Natioaal 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 Fereobaugh, and Mas 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 (Purtymun 1988). 

N. Radiation Levels Crom 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 I..AMPF 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 LAMPF, across the Los Alamos Canyon 

during most of the l.AMPF 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 

l..AMPF), Bayo sewage treatment plaDl (2.3 km (1.4 

mi] northeast of l.AMPF in Bayo Canyon), locations 

north-northwest and east-northeast of l.AMPF across 

Los Alamos Canyon, 0.8 km (0.5 mi) east of LAMPF, 

0.5 km (0.3 mi) northwest of LAMPF in Los Alamos 

Canyon, sites 1.2-2.6 km (0.7-1.6 mi) south to south

west of l..AMPF on mesas, and a site west-southwest of 

l.AMPF in Mortandad Canyon. 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 LAMPF, with over the mesa transport. Higher 

short-term levels were also found north of l.AMPF. 

External radiation dropped off by 50% 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 occasiooally exceeded 5().(,() f.LR/h at this site. 

Much of these levels may be a result of shine of the 

l.AMPF plume traveling overhead. Predicted external 

radiation levels using on-site meteorological data and 

release data agree weU 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 v.ith 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 v.ith directives and proce
dures regarding compliance v.ith environmental stan
Janis. These directives are captained in DOE Orders 
.5480.18 (Environmental Protection, Safety, and 
Heahh Protection Program for DOE Operations), 
5-480.1 (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 Al. 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 v.ith DOE's Concentra
tion Guides (CGs) for Controlled Areas as listed in 
DOE Order 5480.1, Chapt. 11 (Table A-2). Off-site 
measurements are compared v.ith 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 smallest estimated concentrations 

107 

in water or air, taken in continuously for a period of 50 
yr, that will resuit in annual effective dose equivalents 
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.AJ.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
controlled 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 iS 
mrem/yr (any organ) (Table A-l}. To demonstr:lte 
compliance v.ith these standards, doses from the air 
pathway are compared directly v.ith 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 w:Her sys
tem.A7 The EPA's secondary water standards control 
contaminants in drinking water that primarily affect es
thetic qualities associated v.ith public acceptance of 
drinking water.AB 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-
. "d h b. d 226R d 228R t t1ons proVI e t at com me a an a may no 

exceed 5 x 10"9fJ.Ci/mL. Gross alpha,activity (including 
226 Ra, but excluding radon and uranium) may not ex

ceed 15 X 10"9fJ.Ci/mL. 
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Table A-1. DOE Radiation Protection 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 Equi~alentb at 
Point of Maximum Probable Exposure 

500 mrem 
100 mrem 

Annual Dose Equivalent at Point of 
~faximum Probable Exposure 

25 mrem 
75 mrem 

Occupational Exposuresa 

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 '"tands and forearms); 
other c 1ns, tissues, and 
organ systems (except bone) 

Bone 

Forearmsr 

Hands and feetr 

Exposure Period 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

lOS 

Dose Equi~alent 

5 000 mrem 
3 000 mrem 

15 000 mrem 
5 000 mrem 

30 000 mrem 
10 000 mrem 

30 000 mrcm 
10 000 mrcm 

75 000 mrem 
25 000 mrcm 
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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 does 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). 

eBeta 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. 

rAil 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 ()...Ci/mL)a 

DCGs for CGs for 

!ln~QntrQIIed Areas ~Qntroll Areas 

~uclide Air Wgtilr Air Water 

x to-7 2 X 10-3 5 X 10-6 X 1 o-1 

5 X 10·8 1 X 10-3 1 X 10-6 5 X 10-2 

3 X 10-lO 2 X 10-S 3 X 10-8 3 X I o·• 

9 X 10"12 1 X 10-6 1 X 10"9 1 X 10-5 

4 X 10"10 3 X 10"6 I X I0-8 4 X 10"" 
9 X 10-l-6 5 X 10·7 I X 10-10 I X 10"" 
1 X 10-lS 6 X 10"7 1 X 10-10 I X 10"" 

I X Io-13 6 X 10"7 7 X 10-11 2 X 10-5 

3 X 10"14 4 X 10"7 2 X 10-12 I x 10"" 

2 X 10"14 3 X 10"7 2 X 10-12 I x I0"4 

2 X 10-l-& 3 X 10·7 2 X 10-12 I X 10"4 

2 X 10"14 6 X 10"7 6 X 10"12 I X JO"" 

(pgjm3) (mg/L) (pg/m3) (mg/L) 

U, naturale: 1 X 10+& 8 X 10·1 2 X 10+8 6 X 10+1 

aGuides for uncontrolled areas are based upon DOE's Radiation Protection Stand:Hd 

(RPS) for the general public;A5 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 1--Ci/pg. 
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Table A-3. Maximum Contaminant Level (MCL) in Water Supply for 
Inorganic: Chemicals and Radioc:hemic:alsa 

Inorganic: Chemical 
Contaminant 

Ag 
As 
Ba 
Cd 
Cr 
Fe 
Hg 
N03 (as N) 
Pb 
Se 

Cl 
Cu 
Fe 
Mn 
so. 
Zn 
TDS 
pH 

MCL Radioc:hemic:al 
(mg/L) Contaminant 

Primary Standard 

0.05 
0.05 Gross alphab 
1 3H 

0.010 238pu 

0.05 239pu 

2.0 
0.002 

10 
0.05 
0.01 

Secondary Standards 

250 
1 
0.3 
0.05 

250 
5.0 

500 
6.5 - 8.5 

"Source: References A 7 and AS. 

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. 
caased 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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Contaminant 
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Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

asource: Reference A9. 

Criteria 
Concentration 

(mg/L) 

5.0 
100.0 
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1.0 
5.0 
0.2 
1.0 
5.0 
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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~ for I h 

and then cooled rapidly to room temperature. This 

followed by annealing at 100°C (212~ 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 

113 

The TLD chips used are all from the same pro

duction batch and were selected by the manufacturer 

so that the measured standard deviation m 

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.B4 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 .continuously 

operating stations.86 Air pumps with !low rJ.tcs 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 !low rates 

through both sampling cartridges are measured \!lith 

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 fLiters 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 filters. 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 ftlter 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 ftlter halves are combined 

to produce two quarterly composite samples for each 

station. The first group is analyzed for 238Pu, 
239

•240-pu, and 241A.m (on selected rllters). The second 

group of fllter halves is saved for uranium analysis. 

Filters from the fll'st composite group are ignited in 

platinum dishes, treated with HF-HN03 to dissolve 

silica, wet ashed with HNOr~02 to decompose or

ganic residue, and treated With 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. AlJsha particle energy 

~oups associated with decay of Pu, 239·240-pu, and 

·U Am are integrated and the concentration of each 

radionuclide in its respective fl.lter sample calculated. 

This technique does not differentiate between 239Pu 

and 240pu. 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 
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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 I 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 

flltration through a 0.45"\JDl 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 ftltered through a 0.45- m fllter. Solution is 

defmed as flltrate passing through the ftlter, 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. 138 

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 coUected from three layers in the top 30 em ( 12 

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 sam pies 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 flov.ing 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 follov.ing: 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. F oodstufTs 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 
239.2-WPu. 

At each reservoir, hook and line, trot line, or gill 

nets are 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 weig!lts determined. Ash 

is submitted for analysis of 90Sr, 137Cs, total uranium, 

~38 Pu, and 239·2-WPu. 

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 v.ind speed and direction, stan

dard deviations of v.ind speed and direction, vertical 

wind ~peed and its standard deviation, air temperature,-

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. Bll 

G. Data Handling 

Measurements of the radiochemical samples 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. Bl~ 
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 

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 contro~ 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 qualitv as· 

surance project plan for each program. BS,B7,88.BHi'.B11 
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APPENDIXC 

ANALYTICAL CHEMISTRY METHODOLOGY 

Most analytical 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.cl,C2 Occasionally other radionuclides 

from specific sources are determined: 7s!i:2Na. 40K, 
stcr, 60co, 65:zn. ~b. 106Ru, 134cs, 113a. 152Eu, 
154Eu, and ~a. All but ~a are determined by 

g::unma-ray spectrometry on large Ge(Li) detectors. 

Depending upon the concentration and matrix, 226Ra 

is measured by emanation° 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. c.s More precise work require mass spectro

metry. Group HSE-9 acquired a VG-Instruments 

Pl.ASMAQUAD Inductively Coupled Plasma Mass 

Spectrometer (ICPMS) in early 1986. Uranium iso

topic ratios can be readily determined in envi

ronmental materials with precisions of l.-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

tent.iometry, combustion analysis, and ICPMS. Stan

dard chemical methods are also used for many of 1he 

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 anal~tical sep

aration arid 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), 6U (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 captW'e. 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 conccntr:nion, 
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Table C-1. Analytical Methods for Various Stable Constituents 

Technique 

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, 

S03-
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, 

Y, Yb,Zn 

AI, Sb, As, Ba, Br, Cs, 

Cr, F, Ga, Au, In, I, La, 

Mg, Mn, Mo, Ni, 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, Ir, Hg, Mo, 

Os, Pd, Pt, R u, Se, Ag, Te, 

Th, W, U, La, Ce. Pr, Nd, 

Sm, Eu, Gd, Tb, Dy, Ho, Er, 

Yb, Lu, 23Su;23su. 238Pu, 

239Pu 

u 

Sb, As, Ba, Be, Bi, Cd, Ca, 

Cr, Co, Cu, Ga. In, Fe, Pb, 

Li, Mg, M.n, Hg, Mo, Ni, K, 

Se, Ag, Na, Sr, Te, Tl, Sn, 

Ti, V, Zn, AI 
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Referenus 

C6, C65 

C6, C65 

C7, Cl2, Cl3, CI4, CIS 

C65 

C7, C9, Cl6, CI7, CIS, 

Cl9, C20, C21, C65 

C7, C22, C23, C24, C25, 

C26, C27, C29, C65 

CS, C6, C7, C30, C31, 

C32, C33, C34, C35, C36, 

C37, C38, C51, 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 

lgnitability (Flash point) 

Automated Colorimetry 
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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", NH
4 
+, pH, Br", Cl

2 

(total) Cl
2 

(free) 

C, N, H, S, Total Organic 

Carbon 

CN", NH;, P0
4

"
3, N0

3
" 

N02", Cl", COD, TKN 

Si, B, so;2, Cr+6 

References 

C65 

C49, C65 

C50, C55, C65 

C29, C62, C63, C65 

C56, C51 

C56, C58 

C6, C59, C60, C62, 

C65 

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 analytica.l 

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 \Vith 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 

1~0 

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 CO!l$tituent analyses and 
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Table C-2. Method Summary (Organics) 

Analyte Matrix Method Technique• 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 

aGC - 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 sam£1es for analvsis of gross alpha. fOSS beta, 
3H, .w~ Co, nszn, 90Sr, 106Ru, 134Cs, 13 Cs, ~a, 
and 13' . .:!.WPu 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, ~Sr, l37Cs, 2-~a, 238pu, 239,240pu, 241Am, 

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. C7
6 

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 indi.,idual water sample.c.0 

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 
1,1-Dichloroethene 
cis-1,2-Dichloroethene 
I ,2-Dichloroethane 
Chloroform 
Bromoform 
Carbon tetrachloride 
Bromodichloromethane 
Di bromochloromethane 
Dibromomethane 
4-Meth yl-2-pentanone 
I, 1,1-Trichloroethane 
1,1,2-Trichloroethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
1,2-Di bromo-3-chloropropane 
Trichloroethene 
2-chloroethylvinyl ether 
I, 1,2,2-Tetrachloroethane 
Tetrachloroethene 
Chlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4- Dichlorobenzene 
Benzene 
Acetone 
Carbon disulfide 
Toluene 
Ethyl benzene 
Styrene 
o-)(ylene 
m·)( y lene/p-x ylene 

Representative 
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 flm. 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 of 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 1.bta 
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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 
Chlorobenzene 
Chloroethane 
Chloroform 

1-Chlorohexane 
2-Chloroethyl vinyl ether 
Chloromethane 
Ch lorotol uene 
Di bromochloromethane 

D i bromomethane 
I ,2-Dichlorobenzene 
1 ,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
Dichlorodifluoromethane 

I, 1-Dichloroethane 
I ,2· Dichloroethane 
I, 1-Dichloroethylene 
trans-! ,2-Dichloroethylene 
Dichloromethane 

1,2-Dichloropropane 
trans- I ,3-Dichloropropylene 
I, I ,2,2-Tetrachloroethane 
I, I, I ,2· Tetrachloroethane 
Tetrachloroethylene 

I, I, 1-Trichloroethane 
I, I ,2-Trichloroethane 
Trichloroethylene 
Trich lorofl uoromethane 
Tr ichloropropane 
Vinyl chloride 

Detection Limits 4:gfkg)a 

2300 
1000 
1000 

2100 

1200 

1000 

1000 

500 
500 
500 

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 Fl:lme Ionization Detector. 
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Table C-S. Vola_tiles Determined by SW-846 Method 8020 

Compound 

Benzene 
Chlorobenzene 
1,4-Dichlorobenzene 
1,3-Dichlorobenzene 
1,2-Dichlorobenzene 
Toluene 
Ethyl Benzene 
Xylenes 

Detection Limits (f.J.g/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

erence 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 ...o.alytical determinations): 

R= 
N 

The standard deviation(s) of R is calculated assuming 

a normal distribution of the population of analytical 

determinations (N): 

~ 
s= ~~ 

\1 (N - 1) 
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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 X and Xc are the experimentally determined 

and certilied or consensus mean elemental concentra· 

tions, respectively. The s~ and sc par~eters ~re the 

standard deviations assoc1ated 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 

Representath·e 
Detection Limits (J....g/tube) 

I, 1-Dichloroethane 
1,1-Dichloroethene 
cis-1,2- Dichloroethene 
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 
I ,2-Dibromo-3-chloropropane 
Tr ichlorethene 
2-chloroethylvinyl ether 
1, I ,2,2-Tetrachloroethane 
Tetrachloroethene 
Chlorobenzene 
1,2-Dichlorobenzene 
1 ,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Trichlorofluoromethane 
Toluene 
Ethyl benzene 
o-xylene 
m-xylene/p-xylene 

Column: Supelco SPB-5 60 m x 0.25 mm x l.O f.lm. 

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, I 0,1 0-Hexachloro-l 
7 -epoxy-! ,4,4a,5,6, 7 ,8,8a-octahydro-l 

4-endo, endo-5, 8-dimethanoaphthalene) 

Lindane ( 1,2,3,4,5,6-
Hexachlorocyclohexane, gamma isomer) 

Methoxychlor (I, I, I-Trichloro-2,2-bis 
( p-methoxphen yl).ethane) 

Toxaphene (C
10

H
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/Ll 

0.02 

0.4 

10.0 

0.5 

10.0 

1.0 

Represen ta ti ve 
Detection Limits (mg/L)a 

0.006 

0.0002 

0.004 

0.020 

0.016 

0.005 

"'Column: 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 c:J.prure 

detector. 
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Table C-It Summary or IISE-9 Qualily Assuram·e Tests for Datu from January I, 19K71o Ucn:mbcr 31, 19K7 

(Stable Element Anal)"scs Performed b)" IISE-9) 

HE BIOLOGICAL SLOOGE EP·IOX f IL fER BUlK SILICAIE WAIER 

Mean • so (n) Hedn • so (n) Mean t so (n) He an t so (n) Mean • so (n) Mean t so (n) Mean t so (n) 

--

Ag ... --- 1.07 t 0.06 (ll) --- 1.17 t 0.01 (l) --- 1.02 • 0.07 (110) 

Al ... --- ... 1.04 t 0.02 (3) --- --- 1.01 t 0.11 (19) 

AS 0.96 • 0.22 (12) 0.92 I 0.09 (9) 1.05 t 0.05 (51) 1.01 t 0.07 (27) --· 1.33 t O.J9 (6) 1.05 • 0.10 (92) 

B 0.99 t 0.10 (7) --- --- 1.08 (1) --- --- 1.02 t 0.06 (42) 

Ba --- --- 1.03 t 0.08 135) --- 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 0.17 (9) 1.04 t 0.06 (35) 

Bi --- --- --- 1.05 t 0.11 (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) --- --- --- --- -"o• --- zo 
~(/) 

Ca 0.78 (1) --- --- ... --- --- 0.99 t 0.04 (39) D J>o 

Cd ... 0.94 t 0.08 (15) 1.05 t 0.08 (78) 0.96 t 0.11 (32) 1.08 t 0.04 (l) 1.00 (I) 0. 98 t 0.08 ( 127) 2~ 

Ce ... --- --- ... --- 1.11 (2) --- '!:::0 
!;p(Jl 

Cl 0.93 ( 1) --- --- --· --- --- 1.00 t 0.05 (89) -l z 

..... 

)>o )>o 

Cl2 --- --- --- ·-- --- --- 0.96 t 0.16 (11) r -l 

t.) 
~6 

-.I CN ··- --- --- --- --- --- 0.87 t 0.09 (175) 

Co -·· --- 0.94 (2) --- --- 2.88 • z.n (10) 1.00 t 0.08 (4) ~ ~ mr 

coo --- --· --- --- --- --- 1.02 t 0.06 (54) r= r; 

CUHD ·-- ... ... --- --- --- 1.01 t 0.04 (52) 
r;lll 
z 0 

Cr ... --- 1.02 t 0.06 (60) ... 0.96 t 0.08 (4) 0.89 (21 1.01 t 0.16 (115) ()~ 

0.92 t 0.06 (109) 
m-i 

Cr( •61 --- -.- --- --- ... --- ~ 0 

Cs 1.65 l 0.08 (7) --- --- --- --- 0.97 (2) --- $ D 
-..j -< 

Cu 1.06 (I) ... 0.97 l o.os ( 13) 1.03 t 0.03 (6) --- 1.09 (1) 1.01 t 0.08 ( 108) 

Eu -·- --- --- --- ... 1.02 t 0.08 (8) 

F -·· --- --- --- --- --- 1.02 t 0.11 (104) 

Fe --- --- --- --- --· 0.98 t 0.04 (9) 1.0] I 0.07 (102) 

flASH PI. ... --- ... --- 1.01 t 0.02 (27) 

Ge ... ... --- 1.04 l 0.06 (11) --- 1.08 t 0.38 (7) 

Gd ... ··- ... 0.97 t 0.06 (4) 

H 0.99 I 0.04 ( 31) 

HARD ... ... --- --· ... . .. 1.00 • 0.05 (17) 

HEAl CAP ... ... . .. . .. 1.06 I 0.14 (8) 

Hf ... ··- ... ... -·· 0.99 (2) 

Hg ··- ... 0.6S 1 0.26 (21) . .. . .. 1.09 t 0.21 (1}'j) 1.00 I 0.10 (70) 

I ... ... ... ... --- -·- 0.94 I 0.02 (6) 

K O.YS (1) --- --- -·- 1. n 1 o. 16 (4) 1.02 I 0.09 (26) 



Tahlc C-8 (cout) 

HE BIOlOGICAl SlUOGE EP-TOX f ll TER BULK SlliCAIE IIAIER 

Mean t so (n) Hedn t so (n) Mean t so (n) He an t so (n) Mean t so (n) He an t so (n) Mean t so (n) 

-- ---

la --- --- --- ··- --- 0.~ 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 l 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. u t 0.08 (1) 

N 0.~ t 0.06 (65) 

Na 1.00 (I) --- --- --- --- 0.97 t 0.02 (4) 1.03 • 0.04 (29) 

NHl-N --- --- --- --- --- --- 0.98 t 0.06 (138) mr 

Ni --- --- 1.02 t 0.07 (22) --- --. 0.90 (I) 1.00 t 0.08 (61) ~£ 

NOl-N --- --- --- --- --- --- 1.00 t 0.05 ,n, ::tJ )> oc; 
p --- --- --- --- --- --- 0.~ t 0.11 (86) z 1': 

3: 0 

Pb --- 1.03 t 0.04 (17) 1.06 t 0.08 (Tl) 1.01 t 0.12 (49) 1.02 (2) --- 1.01 t 0.11 (144) ~(/) 

pH --- --- --- --- --- --- 1.00 t 0.01 (474) -i z 
)> )> 

..... Rb -·- --- --- --- --- 0.~ t 0.05 (8) --- r -i 

u s 0.97 l 0.06 (138) --- --- --- --- 0.69 t 0.09 (99) --- ~6 
~ ~ 

Sb --- --- --- --- --- 1.18 (2) --- m' 

Sc 0.97 l 0.02 (4) --- --- 1.00 t 0.11 (19) --- 1.00 t 0.06 (8) --- - c; 
~OJ 

Se --- --- 0.97 t 0.14 (42) --- --- 1.12 (2) 1.05 t 0.14 (Tl) z 0 

Si --- --- --- --- --- -·- 0.99 t 0.06 (85) ()~ m -i 

Sm --- --- --- --- --- 0.96 t 0.05 (4) --- -o 

504 --- --- --- --- --- --- 0.97 t 0.06 (80) ~?;! 

Ia --- --- --- --- --- 0.86 (2) 

!All( --- --- --- --- --- --- 0.98 t 0.03 (47) 

lb --- --- --- --- --- 1.11 (1) 

IDS --- --- --- --- 1.04 (1) --- 0.98 t 0.12 (34) 

Th --· --- --- --- --- 1.03 t 0.20 (20) 1.00 t 0.10 (6) 

li --· 1.32 t 0.25 (10) --- 1.01 t 0.01 (3) 

ll --- --- --- --- --- --- 1.04 t 0.12 (8) 

IOM ·-· --- --- --- 1.08 t 0.10 (9) 

ISS --- --- --- --- --- --- 0.66 (I) 

u 1.08 t 0.08 (2S) --- --- 0.99 t 0.07 (29) ··- 0.98 t 0.03 (81) 1.02 t 0.06 (62) 

v 1.29 (I) 1.92 t 0.15 (32) 0.99 (l) 1.02 t 0.01 (3) --- 1.09 t 0.13 (3) 1.03. 0.08 (4) 

II 0.79. 0.06 (4) 

lb --- --- --- -·- ... 0.~ t 0.11 (10) 

Zn --- I .OS t 0.07 (58) 1.01 t 0.06 (5) 0.98 t 0.10 (32) --· --- 1.00 t 0.09 (9}) 



ELEMENT 

Ag 
Al 
As 
Ba 
Br 
Ca 
Cd 
Cl 
Cr 
Oy 
F 
Fe 
I 
Mg 
Mn 
Na 
Pb 
Ti 
1/ 
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Table C-9. Summary or HSE-9 Quality Assurance Tests ror Data 

rrom January 1, 1987 to December 31, 1987 

(Stable Element Analyses Performed by Contractors) 

BULK SILICATE \lATER 

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) 
0.96 t 0.06 (20) 

1.00 

so 

0.91 t 0.22 (13) 0.96 t 0.20 (20) 1.06 t 0.04 
1.06 

o.97 t a. 16 (20) 
1.85 t 1.16 (11) 

1.23 

1.02 t 0.09 ( 1 1) 
0.83 t 0.12 (20) 
1.01 t 0.03 <20) 
0.97 t 0.03 (20) 

1.81 
0.95 t 0.06 (20) 
1.03 t 0.04 <20) 

129 

(n) 

( 1) 
(1) 
(1) 

( 1) 

(1) 
(7) 
( 1) 

(2) 

(1) 



Table C-10. Summary of IISE-9 Quality Assuram·e Tests for Duta rrom January I, 19H7 to lleccmber 31, 19H7 

(Organic Anal.)ses Performed by IISE-9) 

COMPOUND FILTER BULK SiliCATE TUBE \lATER 

Mean 1 so (n) Mean t so (n) Mean t so (n) Mean t so (n) Mean 1 so (n) 

-

Acetone --- --- --- .. - 0.07 (l) 

Aldrin .. - --- --. --- 1.16 (2) 

Aroclor 1221 --- --- --- --- 1.01 (2) 

Aroclor 1242 1.04 1 0.06 (5) 0.97 1 0.11 (64) 0.66 1 0.24 (8) --- 0.99 1 0.19 (l) 

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) 0.91 (2) --- 0.88 (2) 

Benzene --- 0.89 (1) 0.48 (1) 0.92 1 0.27 (16) 1.00 1 0.28 (4) mr 

Benzo·k·fluoranthene --- --- --- --- 0.81 (1) ~0 _en 

Bis(2·chloroethoxy)methane -.- . -- --- --- 0.82 (1) 
:D )> 

or; 

Bromodichloromethane --- --- 0.55 (1) 0.87 (2) 0.81 t 0.05 (8) z ~ 
~0 

Bromoform ... --- 0.68 (1) --- 0.97 t 0.16 (6) zen 

2-Butanone 0.75 
~ z 

--. ( 1) 
)> )> 
r --i 

iS Camphene, chlorinated . -- --- --- --- 1.10 (2) ~5 

Carbon tetrachloride . -- --- --- 1.07 1 0.15 (18) 0.68 t 0.21 (11) ~ ~ mr 

Cellosolve acetate --- --- --. 1.02 t 0.04 (l) --- ;= r; 

Chlorobenzene -.- --- 0.60 (2) 0.85 (2) 0.85 (2) 
r;m 
zo 

Chlorodibromomethane --. --- --- 0.76 (2) 0.91 t 0.15 (5) 0~ 
m~ 

Chloroform --- --- 0.47 (1) 1.01 t 0.22 (18) 0.85 t 0.21 (8) -o 
~ :D 

2-Chloronaphthalene --- --- --- --- 1.01 (1) ..... -< 

2,4·0 --- --- 1.74 (1) . -- 1.18 t 0.44 (7) 

Dibromochloromethane ... --- --- 0.76 (2) 0.91 t 0.15 (5) 

Dibromomethane -.. -.- ... -- . 0.99 (1) 

o·Dichlorobenzene (1,2) ... . .. ... 1.01 (1) 0.99 (1) 

m·Dichlorobenzene (1,1) ... . -- --- -.. 0.98 (2) 

p·Dichlorobenzene (1,4) --- --- --- ... 1.P6 (2) 

Oichlorobromomethane -.. --- 0.55 (1) 0.87 (2) 0.81 t 0.05 (8) 

1, 1·0ichloroethane -.. --- 0.47 (2) 1.01 t 0.08 (16) 0.92 t 0.20 (l) 

1, 1-0ichloroethane 0.96 (2) 

1, 1-Dichloroethene ... -.- ... ... 1.64 1 0.69 (4) 

2,4-Dichlorophenol ... ... ... ... 1.14 (1) 

1,4-Dioxane ... . .. . .. 1.26 (1) 



-w 

Ca-!POUNO 

Endrin 

Ethyl acetate 

Ethylbenzene 

Ethylene chloride 

Hexachloro-1,3-butadiene 

Hexane 

lindane 

Methoxychlor 

Methylchloroform 

Methylene chloride 

Methylethyl ketone 

Naphthalene 

Phenol 

Silvex 

Styrene 

1, 1,2,2-Tetrachloroethane 

Tetrachloroethylene 

Tetrahydrofuran 

Toluene 

Toxaphene 

Tribromomcthane 

1, 1,2-Trichloroethane 

1, 1, 1-Trichloroethane 

Trichloroethylene 

Vinyl acetate 

Vinylidene chloride 

o-Kylene 

p-Kylene 

fIllER 

Mean t SO (n) 

Tal1lc C-10 (coni) 

BULK 

Mean t so (n) 

0.68 (1) 

0.75 (1) 

SILICATE 

Mean t SO (n) 

2.75 (1) 

0.21 t 0.08 (5) 

0.68 (1) 

TUBE 

Mean t SO (n) 

1.09 (1) 

1.47 t 0.05 (4) 

1.03 t 0.08 (16) 

0.82 (1) 

0.45 (2) 

1.00 (1) 

0.40 (1) 

0.31 (4) 

0.97 t 0.06 (18) 

0.97 t 0.15 t13} 

1.09 t 0.30 (15) 

1.30 (2) 

\lATER 

Mean t SO (n) 

0.95 (2) 

0.72t0.09 (4) 

0.92 t 0.20 (l) 

0.96 (1) 

1.23 t 0.36 (6) 

1.79 t 0.39 (3) 

0.68 t 0.16 (7) 

1.68 t 0.76 (4) 

0.92 (1) 

0.96 t 0.24 (7) 

1.05 (2) 

0.81 (1) 

0.82 (2) 

3.10 (2) 

0.97 t 0.16 (6) 

1.35 t 0.60 (3) 

0.68 t 0.16 (7) 

1.14t0.42 {l) 

1.29 (1) 

1.64 t 0.69 (4) 

0.77 (1) 

" 

m r 
z 0 
~(/) 
]J )> 

2~ 
i:: i:: 
mO z(/) 
--1 z 
I! ~ 
(/) -
c 0 
]J z < )> 
m' 
r=~ 
~(I) 
z 0 

~~ 
~ --1 
"'0 
0> ]J 
~ -< 
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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) 

COMPOUND 

Acenaphthene 
Anthracene 
Aroclor 1242 
Arocl or 1254 
Aroclor 1260 
1,2-Benzanthracene 
1,2·Benzanthracene Cd12) 
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 
4·8romophenylphenyl ether 
Butylbenzyl phthalate 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroform 
2-Chloronaphthalene 
4·Chlorophenylphenyl ether 
Chrysene 
Oi·n·butyl phthalate 
Oibromochloromethane 
Dibutyl phthalate 
o·Dichlorobenzene <1,2) 
m·Dichlorobenzene (1,3) 
p·Dichlorobenzene <1,4) 
Dichlorobromomethane 
1,2-Dichloroethane 
Diethyl phthalate 
Dimethyl phthalate 
2,4-Dinitrotoluene 
2,6-0initrotoluene 
Ethyl benzene 
Ethylene chloride 
Fluoranthene 
Fluorene 
HCB 
Hexachloro·1,3·butadiene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
lsophorone 
Methyl chloroform 
Methylene chloride 
Nitrobenzene 
N·Nitrosodi·n·propylamine 
Phenanthrene 
Phenanthrene (d10l 
Tetrachloroethylene 
Tribromomethane 
1, 1, 1-Trichloroethane 
Trichloroethylene 
a-Xylene 

IJATER 
Mean t SO (n) 

0.87 
0.35 

(1) 
(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) 
0. 70 <2> 
o. 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> 
o. n <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 

!
,.., 
j_ 

(1) 

SILICATE TUBE 
Mean t SO (n) Mean t SO (n) 

o.n! 0.43 cs> 
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. Summary or HSE-9 Quality Assurance Tests for Data from January 1, 1987 to December 31, 1987 

(Radiochemical Analyses Performed by HSE-9) 

NUCLIDE 

Alpha 
Am·241 
Be·7 
Beta 
Co· 57 
Co-60 
cs-134 
cs-137 
Garrma 
H·3 
1·131 
IC·40 
Mn·54 
Na·22 
Pu-238 
Pu-239 
Ra-226 
Ru-106 
Sr-90 
U-234 
U·235 
U-235/238 

BIOLOGICAL 
Mean : SO (n) 

1.23 t 0.09 (3) 

1.19 t 0.10 (4) 

1.13 t 0.66 (35) 

1.11 t 0.13 (9) 

0.95 t 0.21 <22) 
1.15 % 0.37 (34) 

0.98 t 0.13 (23> 

FILTER 
Mean t SO (n) • 

0.93 t 0.06 (72) 
1.12 t 0.10 (7) 
1.80 t 0.31 (6) 
0.94 t 0.04 (72) 

0.92 t 0.01 (3) 

1.34 i 0.32 (6) 

1.05 t 0.03 (3) 

1.33 t 0.60 (9) 

1.49 i 0.07 (3) 
1.01 t 0.07 (4) 

133 

SILICATE 
Mean t SO (n) 

1.00 i 0.16 (6) 

0.92 i 0.11 (43) 
0.93 t 0.04 (5) 

3.29 t 0.02 (3) 

1.09 i 0.44 (18) 
1.20 i 0.62 <25) 

1.16 t 0.46 (7) 

\lATER 
Mean t SO (nl 

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 cs) 
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 0.17 (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> 
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Table C-13. Detection Limits for Analyses of Typical Environmental Samples 

Parameter 

Air Sample 
Tritium 
238pu 
239,240pu 
241Am 

Gross alpha 
Gross beta 
Uranium 
(delayed neutron) 

Water Sample 
Tritium 
t37cs 
238pu 
239,240pu 

241Am 

Gross alpha 
Gross beta 
Uranium 
(delayed neutron) 

Soil Sample 
Tritium 
137Cs 
238pu 
239,240pu 

2HAm 

Gross alpha 
Gross beta 
Uranium 
(delayed neutron) 

Approximate Sample 
Volume or Weight 

3m3 

2.0 X 104 m3 

2.0 X 104 m 3 

2.0 X 104 m3 

6.5 x 103 m3 

6.5 x 103 m3 

2.0 x 104 m 3 

0.005 L 
0.5 L 
0.5 L 
0.5 L 
0.5 L 
0.9 L 
0.9 L 
0.025 L 

1 kg 
100 g 
10 g 
10 g 
10 g 
2 8 
2 g 
2 g 

13-+ 

Count 
Time 

50 min 
8 x I 04 sec 
8 x 104 sec 
8 x I 04 sec 
100 min 
100 min 
60 sec 

50 min 
5 x 104 sec 
8 x I 04 sec 
8 X 104 sec 
8 X I 04 sec 
100 min 
100 min 
50 sec 

50 min 
5 x 104 sec 
8 X I 04 sec 
8 x 104 sec 
8 x 104 sec 
100 min 
100 min 
20 sec 

Detection 
Limit 

Concentration 

I x 10"10 f.I.Ci/m 3 

2 X 10"18 u.Ci/m3 

3 )( 10718 ~Ci/m 3 

2 •X 10-18 ~i/m3 

4 X 1.0"16 ~Ci/m3 

4 x 10"16 t"'Ci/m3 

1 pg/m3 

7 X 10"7 fJ.Ci/mL 
4 X 10"8 .... ci;mL 
9 )( 10"12 ;..cCi/mL 
3 X 10" 11 ~Ci/mL 
2 X 10"10 f.'.Ci/mL 
3 X 10"9 ~Ci/mL 
3 x 10"9 i-'-Ci/mL 
I t--8/L 

0.003 pCi/g 
10"1 pCi/g 
0.003 pCi/g 
0.002 pCi/g 
0.01 pCi/g 
1.4 pCi/g 
1.3 pCi/g 
0.03 i-'-g/g 
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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-km (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•0
2 

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 um 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 

1-W 

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-yT 

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-km (50-mi) area. 

B. Inhalation Dose 

Annual average air concentrations of 3H, lotal U, 
238pu. 239~u. 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 /yr06 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-~ dose 

commitments. FoUowing 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 ma.ximum exposed in

dividual, and dose to the population li\ing .... ithin 80 

km (50 mi) of the site. 
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Table D-2. Dose Conversion Factors 
((mrem/yr)/~Ci/mL)J 

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 41 Ar 
were taken from Kocher.05 Dose conversion factors 
for the remam1ng 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+1° 

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 
tina.l 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 
pw.ious 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 
r:~te 02 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 

1-B 

the effective dose equivalent conversion factor (Table 
D-1). 

Doses are evaluated for ingestion of 3H, 137cs, to
tal Ui2238p~ and 239·2-Wpu in fruits and vegetables; 3H, 
7Be, Na, Mn, 57Co ~b. 134Cs, 137Cs, and total U 
in honey; and 90Sr 137cs total U 238pn and ZJ9

·1.wPu 
, ' ' ' ""' 

in f!sh. 

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 (LAMPF, TA-53) 
cause the formation of air activation products, prin
cipally 11c, 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 reJctions 
with air at the Omega West Reactor (TA-2) and the 
lAMPF also form 41Ar, which bas a 1.8 h half-life. 
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The radioisotopes 11C, 13N, 140, and 150 are 
sources of photon radiation because of formation of 
two 0.511 MeV flhotons through positron-electron an
nihilation. The ~0 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 individual 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 sell-shielding. Each shielding type is es
timated to reduce the external radiation dose by 
30%.09.010 

Boundary and maximum individual doses from 
~ 1Ar reieases 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
er::~ge measured background doses for Los Alamos, 
White Rock, and regional stations are multiplied by 
the appropnate population number. Tritium average 

I~ 

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. I I.E). The 
population data haye been slightly modified (increased 
from 155 on 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~ulation dose. 

For 41Ar, 11c, ~~. 140, and 150, atmospheric dis· 
persian 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]/Q) (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-inflnite cloud at 
timet, Ycc(r,9,t), can be represented by the equation 

Y cc(r,9,t) = (DCF) (r,9,t) 

where 

DCF 

x{r,9,t) 

gamma dose rate in mrem/)T at 
time t, at a distance r, and angle 8, 

dose rate conversion factor from 
Kocher 05 or calcuiJted from 
Slade08 

plume concentration in,.Ci/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 rem) are retained because 

current standards are written in terms of these units. 

The equivalent SI units are the Becquere1 (Bq), 

coulomb per kilogram (C/kg), Gray (Gy), and Sievert 

(Sv), respectively. Table E-1 presents prcfLXcs 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 SI (Metric:) Units 

Prefix Fa~1Qr Sxmb2l 

mega- 1,000,000 or 10+6 M 

kilo- 1,000 or 10+3 k 

centi- 0.01 or 10"2 c 

milli- 0.00 1 or 1 0"3 m 

micro- 0.000001 or 10"6 ]..1 

nano- 0.000000001 or 10"9 n 

pi co- 0. 00000000000 l or 10 -l2 p 

femto- 0.00000000000000 l or I 0"15 f 

atto- 0.000000000000000001 or 10"18 a 

Table E-2. Approximate Conversion Factors for Selected SI (Metric:) Units 

;-.tultioly SI (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 ( gjg) 

Milligqms 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 
1 
I 
0.39 

1-r! 

To Obtain 
US Customary 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-2, 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. 

TA~. Two Mile Mesa Site: This is one of three 

sites (T A-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. 

TA-9, Anchor Site East: At this site, fabrication 

feasibility and physical properties of explosives are ex

piored. New organic compounds are investigated for 

l-IS 

possible use as explosives. Storage and stability prob

lems are also studied. 

TA-ll, 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. 

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 shapc:s, 

sizes and configurations. These machines are also 

used as source of fiSSion neutrons in large quantities 

for experimental purposes. 
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T A-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. 

T A-28, Magazine Arela • A •: Explosives storage 

area. 

TA-33, HP-Site: A major high-pressure tnt1um 

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, Teo 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. 

T A-36, Kappa Site: Various explosive phenomena, 

such as detonation velocity, are investigated here. 

T A-37, Magazine Arela •c•: Explosives storage 

area. 

T A-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-U, 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. 

T A-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. 

T A-46, W A-Site: Here, applied photochemistry, 

which includes development of technology for laser 

isotope separation and laser-enhancement of chemical 

processes, is investigated. Solar energy research, 

particularly in the area of passive sofar 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 vari<:ty 

of activities related to nuclear reactor performance 

and safety are done here. 

TA-53, Meson Physics Facility: The Los Abmos 

Meson Physics Facility (LAMPF), a linear particle ac

celerator, is used to conduct research in the are:1s uf 

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-SS, Plutonium Processing Facilities: Pro-

cessing of plutonium and research in plutonium mct:~l· 

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 loc:~ted 

hundreds of meters below the earth's surface. The 

water is heated and then brought to the surbce to 

drive electric generators. 

TA-58, Two Mile Mesa: Undeveloped technic:~! 

area. 
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TA-59, Occupational Health Site: Occupational 
health and environmental science activities are con
ducted here. 

lSO 
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Isotope 

:!H 

11C, l3N: u 0 .1sO,'u Ar 

U 238Pu 239,2-'0pu Hl Am . . . 
______ .., ________ 
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Table G-1. Estimated Maximum Indhidual SO-Year 

Dose Commitments from 1987 Airborne Radioacthitya. 

Estimated 

Critical Dose 

Organ Location (mremjyr) 

Whole Body Royal Crest 0.02 
(Station II )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% 

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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lJ1 
V> 

Table G-2. Airborne Radioactive Emissions Totals8 

Activation Products 

238,239,240Pub 235,238uc Mixed Fissfon .41Ard 32p 3H Gaseous e Particulate/Vapor 

location ~Ci) <pCi) Products <11Ci) (C i) Cp-Ci) (Ci) (Ci) (Ci) 

--

TA-2 
232 

TA-3 64.9 868 21.6 851 

TA-21 1.4 207 0.2 596 

TA-:B 
1000 

TA-35 0.6 
155 

TA-41 
470 

TA-43 0.5 
48.4 

TA-46 
TA-48 0.6 1.6 1250 

TA-50 4.5 21.6 

TA-53 
15.2 150 000 0.2 

TA-54 <0.1 

TA-55 0.2 
85.4 

--- --- --- ---
Totals 72.8 1080 1290 232 48.4 3180 150 000 0.2 

8 As reported on DOE forms f-5821.1 

bPlutonium values contain indeterminant traces of 241 Am, a transformation product of 241 Pu. 

cooes not 

dooes not 

elncludes 
f Inc tudes 

include aerosolized uranium from explosives testing (Table G-6). 

include 600 Ci of 41 Ar present in gaseous
6 

mixed activation products. 

the following constituents: 16N - 3.7X; 1 C - 1.4X; 14o- 0.6X; 15o-

37 nuclides, dominated by 183os and 7Be. 

13 11 41 
43. 7X; N · 15.1X; C - 35.1X; Ar · 0.4X. 

mr 
~g 
D » 
~'); 
~ ~ 
mO zen 
-1 z 
l! ~ 
U> -cO 
~ ~ 
m' 
;= '); 
t;m 
z 0 

fJ~ 
~ -1 
:gO 
~ ~ 
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Table G-3. Thermoluminescent Dosimeter Measurements 

Station Location 

Regional Stations (18-44 kml--Uncontrolled Areas 

I. Espanola 
2. Pojoaque 
3. Santa Fe 
4. Fenton Hill 

Perimeter Stations £0-4 kml--Uncontrolled Areas 

5. Barranca School 
6. Arkansas Avenue 
7. Cumbres School 
8. 48th Street 
9. LA Airport 

10. Bayo Canyon 
II. Exxon Station 
12. Royal Crest Trailer Court 
13. White Rock 
14. Pajari to Acres 
15. Bandelier Lookout Station 
16. Pajarito Ski Area 

Onsite Stations--Controlled Areas 

17. T A-21 (DP West) 
18. T A-6 (Two-Mile Mesa) 
19. T A-53 (LAMPF) 
20. Well PM-I 
21. T A-16 (S-Site) 
22. Booster P-2 
23. T A-54 (Area G) 
24. St· ~e Hwy 4 
25. F: ;ales Mesa 
26. T A-2 (Omega Stack) 
27. T A-2 (Omega Canyon) 
28. TA-18 (Pajarito Site) 
29. T A-35 (Ten Site A) 
30. T A-35 (Ten Site B) 
31. TA-59 (Occupational Health Lab) 
32. T A-3 (Van de Graaff) 
33. T A-3 (Guard Station) 
34. TA-3 (Alarm Building) 
35. T A-3 (Guard Building) 
36. T A-3 (Shop) 
37. Pistol Range 
38. T A-55 (Plutonium Facility South) 
39. T A-55 (Plutonium Facility West) 
40. T A-55 (Plutonium Facility North) 

aMeasurement (95% confidence increments). 
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Coordinates 

Nl80 El30 
Nl70 E030 
Nl50 E090 
NIIO WOIO 
N110 El70 
N120 E250 
N090 El20 
N080 E080 
S080 E420 
5210 E380 
5280 E200 
Nl50 W200 

N095 El40 
N025 E030 
N070 E090 
N030 E305 
S035 W025 
S030 E220 
5080 E290 
N070 E350 
Sl65 E085 
N075 E120 
N085 El210 
S040 E205 
N040 EIOS 
N040 EIIO 
N050 E040 
N050 E020 
NOSO E020 
N050 E020 
NOSO E020 
N050 E020 
N040 E240 
N040 E240 
N040 E080 
N040 E080 

Annual a 

Measurement 
(mrem) 

70 (8)a 
88 (8) 
90 (8) 

124 ( 8) 

98 (8) 
85 ( 8) 

103 (8) 
107 (8) 
98 (8) 

106 (10) 
115 (8) 
108 ( 8) 
122 ( 8) 
90 (8) 
95 (8) 

112 (8) 

83 (8) 
97 (8) 

I 15 (8) 

115 ( 8) 
113 (7) 
112 (8) 
93 (8) 

176 ( 8) 

102 (8) 
117 ( 8) 
149 ( 7) 
153 ( 8) 
116 (8) 
122 ( 8) 
Ill (8) 
121 (8) 

219(8) 
211 ( 8) 
165 ( 8) 

112 ( 8) 
I I 0 ( 8) 
106 (8) 

II 7 ( 8) 
I 18 ( 8) 
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Table G-4. Location of Air Sampling Stations 

Latitude or Longitude or 

Station N-S Coord E-W Coord 

Regional (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 N180 E130 

5. Arkansas Avenue Nl70 E030 

6. East Gate N090 E210 

7. 48th Street N110 WOIO 

8. LA Airport N110 El70 

9. Bayo Canyon N120 E250 

10. Exxon Station N090 El20 

1 I. Royal Crest N080 E080 

12. White Rock S080 E420 

13. Pajari to Acres S210 E380 
14. Bandelier S280 E200 

On site 

15. TA-21 N095 El40 

16. TA-6 N025 E030 

17. T A-53 (LAMPF) N070 E090 

18. Well PM-1 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 EIIO 

26. TA-16-450 S0 55 W070 
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Table G-5. Average Background Concentrations of Radioactivity in. the Atmosphere 

Radioactive 
Constituent 

Gross beta 

U(natural) 

239,240pu 

Units 

I 0"15 u.Ci/mL 

I 0"12 ,.1Ci/mL 

pg/m3 

10"18 fJ.Ci/mL 

10"18 ~-J.Ci/mL 

I 0"18 fJ.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 

a.Environmental Protection Agency, "Environmental Radiation Data," Reports 33 through -t5. 
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 values are presented for comparison. 
dMinimum detectable limit is 2 x 10"18 ~-J.Ci/mL. 
eMinimum detectable limit is 3 X 10"18 1-'-Ci/mL. 
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Table G-6. Estimated Aerial Concentrations of Toxic Elements 

Aerosolized by Dynamic Experiments" 

Element 

Uranium 
Beryllium 
Lead 

1987 
Total 
Usage 
(kg) 

97.6 
2.0 

70.8 

"Through November. 
bDOE 1981. 

Fraction 
Aerosolized 

(%) 

Annual Average 
Concentration 

(ng/m3.._) __ _ 

(4 km) (8 km) 

9.5 X 10-3 

5.5 X 10-5 

7.6 x 20-2 

3.8 X 10-3 

1.6 X 10-5 

3.0 X I o-2 

Applicable 
Standard (ng/m 3

) 

cThirty 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 

c . ·; 3 10" 12 . oncentratlons- -pCl m ( jJCl/ml) 

Total Ml.Clber Nunber 

Air of of Mean 

Vol~ Monthly Saq>les as 

Station Location a <m3) S~les <HOlb Max c Mine c X Guided Mean 
--

Regional Stations (24·44 km)··Uncontrotled Areas 

1. Espanola 11L31 11 7 31.0 (6.0) -8.0 (2.0) 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..:M 1! __§ 5.0 (2.0} -7.0 (2.0} 0.0 (3.7) <0.1 ]] )> 

~~ 
Regional Group Summary 326.93 33 22 90.0 (20.0) -8.0 (2.0) 4.1 (17.0) <0.1 ;:::0 

~en 
-i z 
)>)> 

...... 
r -i 

Vl 
~6 

00 Perimeter Stations (0-4 km}·-Uncontrolled Areas ~~ 
m' -s: 

4. Barranca School 122.26 12 2 60.0 (10.0) -3.0 (1.0) 11.7 (16.8) <0.1 ~ID 
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_.. 
~ 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 ~ ..!£ ...i 13.0 (3.0} -0.8 (0.6) 4.4 (3.8) !.Q...! 

Perimeter Group Summary 1276.62 131 39 140.0 (30.0) -6.0 (2.0) 11.0 (20.4) <0.1 



..... 
u. 
'.? 

Total Nl.lllber 

Air of 

Volune Monthly 

Station Location8 (m3) Sallllles 
--

On-site Stations--Controlled Area~ 

15. TA-21 94.84 11 

16. TA-6 116.66 12 

17. TA-53 (lAMPF) 106.20 12 

18. \Jell 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 ~ ..Jl 

On-site Group Summary 1253.29 143 
_______ ..................... 

8 See Fig. 8 for map of station locations. 

bMinimum detectable limit; 2 x 10" 12 flCi/ml. 

cUncertainties are in parentheses (see Appendix 8). 

dControlled Area DOE Concentration Guide= 5 x 10-6 t1Ci/ml; 

uncontrolled Area Derived Concentration Guide = 1 x 10-7 11Ci/ml. 

Table G-7 (cent) 

Concentrations-·pCitm3 (10- 12 t1Ci/ml) 

Nl.lllber 
of Mean 

S~les 
as 

<Millb Max c Mine Meanc X Guided 

0 460.0 (90.0) 2.5 (0.8) 51.8 (135.6) <0.1 
Jllr 

~g 
5 90.0 (20.0) -2.9 (0.9) 10.9 (25.6) <0.1 D )> 

2 70.0 (10.0) -4.0 ( 1.0) 15.1 <Z1 .3) <0.1 
or; 
z s::: 

2 51.0 ( 10.0) -5.0 (1.0) 12.3 (15.8) <0. 1 s::: 0 
~en 

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 -i 

~6 
3 140.0 (30.0) -5.0 (1.0) 19.6 (41.2) <0. 1 ~ ~ 
1 100.0 (20.0) -2.0 (2.0) 32.3 (35.7) <0. 1 mr 

r=r; 
8 160.0 (30.0) -7.0 (2.0) 17.9 (46.8) <0.1 r; Ql 

0 32.0 (6.0) 7.0 (1.0) 19.5 (7.5) <0.1 
zO 
0$! 

0 120.0 (20.0) 3.0 ( 1.0) 27.4 (33.9) <0. 1 Ill -i 
~ 0 

..1 180.0 (30.0) ·12.0 (3.0) 15.8 (52.1) !ll:..! ~ D ..... -< 

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 - ., 1 (10·18 . oncentrat1ons··aC1 m tlCI/ml) 

Total Nurber NU!ber 

Air of of Mean 

Volune Quarterly Sa~les as 

Station Location a (m1) Sa~les <MDLb MaK c Mine Mean c X Guided 
--

Regional 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 1.1 (0.6) 0.0 (0.5) 0.5 (0.6) <0.1 mr 
~g 

1. Santa Fe 96 114 ...! ...! 1.~ ,0.6! o.1 ,o.n 0.7 ,0.4! ~ :II )> 

0~ 
z ~ 

Regional Group Summary 271 910 12 12 1.1 (0.6) 0.0 (0.5) 0.7 (0.4) <0.1 ~0 
~(/) 
-l z 
)> )> 

.... r -l 

8 Perimeter Stations (0·49 ~m}--U~QOtrolled Areas 
~6 
~ ~ 
mr 

3 1.4 (2.3) 0.6 (0.6) 
-~ 

4. Barranca School n 961 3 0.2 (0.3) <0.1 ~m 
5. Arkansas Avenue 74 296 3 3 0.8 (0.7) 0.5 (0.4) 0.7 (0.2) <0.1 zO 

0~ 

6. East Gate 73 328 4 4 3.8 (3.0) 0.2 (0.5) 1.5 (1.6) <0.1 m-l 
- 0 

7. 48th Street 59 630 3 3 0.5 (0.5) 0.0 (0.5) 0.3 (0.3) <0.1 ~ ~ 
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. \lhi te Rock 92 885 4 4 1.1 (0.5) 0.0 (0.6) 0.7 (0.5) <0.1 

n. Paj ar ito Acres 105 964 4 4 1.1 (0.5) 0.2 (0.2) 0.5 (0.4) <0.1 

14. Bandelier 88466 ...! ...! 0.6 ,0.4! 0.1 ,0.4! 0.3 (0.2! ~ 

Perimeter Group Summary 923 180 41 37 3.8 (3.0) 0.0 (0.5) 0.9 (0.9) <0.1 



...... 
C\ 
...... 

Total Nurber 

Air of 

Volune Quarterly 

Station Location a (m3) S~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. \Jell 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 

---·----------· 
aSee Fig. 8 for map of station locations. 

bMinimum detectable limit = 3 x 10- 18 ~Ci/ml. 
cUncertainties are in parentheses (see Appendix 8). 

dControlled Area DOE Concentration Guide 1~ 2 x 10- 12 11Ci/mL. 

Uncontrolled Area O~rived Concentration Guide·= 2•x 10- 14 11Ci/mL. 

Table G-8 (cont) 

Concentrations--aCitm3 (10" 18 t1Ci/ml) 

Nl.llber 
of Mean 

Sa~les 
as 

<MOL b Mu c Mine Mean c l Guided 

4 1.8 (0.5) 0.4 (0.4) 1.1 (0.6) <0.1 mr 
~g 

4 1.0 (0.5) 0.4 (0.4) 0.6 (0.3) <0.1 ]] )> 

4 0.8 (0.6) 0.0 (0.4) 0.4 (0.4) <0.1 01): 
z ~ 

4 0.3 (0.2) 0.1 (0. 1) 0.2 (0.1) <0.1 ~ 0 
~Ul 

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 

~6 
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=l): 
l):m 

4 1.7 (0.6) 0.1 (0.4) 0.8 (0.7) <0.1 z 0 
Oi! 

3 3.2 (1.0) 0.2 (0.4) 1.0 (1.5) <0.1 m ... 
- 0 

_i 1.6 (0.9) 0.3 (0.6) . 0.8 (0.6) ~ 
~ ]] ..., -< 

42 36.8 (3.6) 0.0 (0.4) 1.8 (5.4) <0.1 



Table G-9. Airborne 
241

Am Concentrations for 1987 

c . c. 3 10 ' 18 . oncentrattons··a t/m ( f.l.Ct/ml) 

Total Nl.llber Nl.llt>er 

Atr of of He an 

VolLflle Quarterly Sanples as 

Station location a (m3> S~les <HDlb Mall c
 Mine Meanc %. Guided 

--

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 <0. 1 

Perimeter Stations (0·40 krn)··YncontrQUed Are(l!! rnr 
~0 _(/) 

3 3 1.7 (0.7) 
D )> 

6. East Gate 55 655 0.3 (0. 7) 1.1 (0.7) <0.1 os: 
8. LA Airport 24 931 1 1 1.7 (0.8) 1. 7 (0.8) 1. 7 (0.8) <0.1 

z ~ 
~0 

9. Bayo STP 66 204 3 3 1.7 (0.7) 0.3 (0.4) 1.0 (0.7) <0.1 z(J) 
-i z 

12. IJhi te Rock 92.885 4 4 1.3 (0.8) 0.5 (0. 7) 0.8 (0.3) . <0.1 )> )> 

..... r -i 
C]\ -- -- ~5 
N 

Perin~eter Group Summary 239 675 11 11 1. 7 (0.8) 0.3 (0. 7) 1.0 (0.5) <0.1 ~ ~ 
m' - s: 
~Ill 

On-site Stations--Controlled Areas 
zO 
0~ 
m-i 
~ 0 

. 16. TA-6 87 428 4 4 1.9 (0.9) 0.8 (0.5) 1.5 (0.5) <0.1 :i D 
-..! -< 

17. TA-53 (LAMPf) 104 546 4 4 1.0 (0.5) 0.5 (0.4) 0.8 (0.2) <0.1 

20. TA-16 103 821 4 4 1.6 (0.8) 0.6 (0.5) 1.0 (0.4) <0.1 

21. Booster P-2 91 987 4 4 1.9 (0.9) 0.8 (0.6) 1.3 (0.5) <0.1 

22. TA-54 91 599 4 0 26.3 (2.4) 3.3 (1.0) 9.5 (11.2) <0.1 

23. TA-49 77 741 4 4 2.5 (1.5) 0.4 (0. 7) . 1.2 (0.9) <0.1 

-- -- --
On-site Group Summary 557 122 24 20 26.3 <2.4) 0.4 (0.7) 2.5 (5.2) <0.1 

·----·------- ..... 
asee Fig. 8 for map of station locations. 

bMinimum detectable limit= 2 K 10- 18 ~Ci/ml. 
cuncertainties are in parentheses (see AppcndiK 8). 
d . . 10·12 . 
Controlled Area DOE Concentratton Gutde = 6 K tJ.Ct/ml. 

Uncontrolled Area Derived Concentration Guide = 2 x 10"
14

1JCi/ml. 



Table G-10. Airborne Uranium Concentrations for 1987 

c . 3 oncentrat1ons··pg/m 

Total Nl.llber Nl.llber 

Air of of 
Mean 

Volune Quarterly Saq>les as 

Station Location a (m3) Saq>les <MOlb 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 n9 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) !!U D)> 

~~ 

271 930 12 124.8 (12.5) 
s::o 

Regional Group Summary 0 28.1 (2.8) 74.1 (35.4) <0.1 ~(/) .... z 
)> )> 

..... 

r _. 

a-
~6 

.... 
Perimeter Stations {9-~ km)··UncontrQll~ Ar~a~ 

~ ~ mr 
F!; 

4. Barranca School 96 881 4 0 49.0 (4.9) 29.7 (3.0) 36.2 (8.9) <0.1 !;m 
zO 

5. Arkansas Avenue 97 921 4 0 27.1 (2.7) 14.9 (1.5) 21.4 (5.0) <0.1 0~ 

n 328 4 0 47.9 (4.8) 28.0 (2.8) 36.9 (8.4) 
m_. 

6. East Gate 
<0.1 ~o 

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 6a466 ~ Q 33.6 (3.4) 11.6 (1.2) 21.8 (11.3) !!h.! 

Perimeter Group Summary 988 530 44 0 69.8 (7.0) 11.3 ( 1.1) 33.1 (14.5) <0.1 



~ 

Total 
Air 

Volune 
Station location8 (ml) 

On-site Stations--Controlled Areas 

15. TA-21 94 118 
16. TA-6 87 428 
17. TA-53 (lAMPF) 104 546 
18. IJell PM-1 110 612 
19. TA-52 94 263 
20. TA-16 103 821 
21. Booster P-2 91 987 
22. TA-54 91 599 
23. TA-49 77 741 
24. TA-B 105 211 
25. TA-2 89 097 
26. TA-16-450 ~ 

On-site Group Summary 117 434 

8 See Fig. 8 for map of station locations. 
bMinimum detectable limit: 1 pg/m3• 

NUlt>er 
of 

Quarterly 
Sllllllles 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

...i 

48 

cuncertainties are in parentheses (see Appendix B). 
dControlled Area DOE Concentration Guide= 2 x 108 pg/m3• 
Uncontrolled Area Derived Concentration Guide= 1 x 105 pg/m3 

Table G-10 (cont) 

Nl.lfber 
of 

Saq:~les 

<MOlb Max c 

0 42.5 (4.3) 
0 74.4 (7.4) 
0 34.5 (3.4) 
0 20.9 (2. 1) 

0 50.9 (5.1) 
0 27.5 (2. 7) 

0 37.0 (3.7) 
0 88.6 (8.9) 
0 28.3 (2.8) 
0 70.2 (7 .0) 
0 56.4 (5.6) 

2 18.6 (1.9) 

0 88.6 (8.9) 

Concentrations·-pg/m3 

Mine Meanc 

24.9 (2.5) 34.6 (7.9) 
18.2 (1.8) 39.8 (24.4) 
26.8 (2.7) 30.3 (3.2) 
15.4 (1.5) 19.0 (2.6) 
21.0 (2.1) 39.1 (13.4) 
15.6 (1.6) 20.7 (5.4) 
28.1 (2.8) 30.5 (4.4) 
35.0 (3.5) 53.8 (24.0) 
13.2 (1.3) 20.2 (6.8) 
15.3 (1.5) 32.8 <25.2) 
23.1 (2.3) 34.1 (15.3) 
1?.8 (1.3) 16.5 (2.6) 

12.8 ( 1.3) 30.9 (16.2) 

Mean 
as 

X Guided 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

!2.:..1 

<0.1 

Note: One curie of natural uranium is equivalent to 3000 kg of natural uranium. Hence, uranium masses can be converted to the DOE "uranium special 
-_ - h f -. -. 10-B -cune" by ustng t e actor .- . .- x 1-J.CI/pg. 

mr 
~g 
D )> 

0~ 
z ~ 
~0 
~en 
-i z 
)> > r -i 
(/) -cO 
~ ~ mr 
;=~ 
~OJ z 0 
0~ m .... 
~ 0 
~ D ..... -< 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-11. Emissions (tons/yr) and Fuel Consumption. (109 Btu/yr) 

from the T A-3 Power Plant and Steam Plants 

LQ~ation 
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 l.O 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 

.., ~ 

..;. . .) 

2.1 
-9.3 

~o.: 

40.1 
-0.2 

29.9 
26.9 

-10.0 

2.0 
2.0 

-2.5 

1710.0 
1525.0 

-I 0.8 



LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL SURVEILLANCE 1987 

Table G-12. Quality of Effluent from the T A-SO Liquid Radioactive · 
Waste Treatment Plan for 1987a 

Radionuclide 

3H 
89Sr 
90Sr 
137Cs 
23•u 
238pu 
239,230pu 
241Am 

Activity 
Released 

(mCi) 

100 000 
64 

1.0 
8.1 
1.6 
1.4 
3.2 
3.6 

Nonradioactive 
Constituents 

Cde 
Ca 
Cl 
Total Cre 
cue 
F 
Hgc: 
Mg 
Na 
Pbc: 
zne 
CN 
COD 
N03-N 
POi. 
TD:s 
pHc: 

Mean 
Concentration 

{I.ICi/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 10·7 

1.3 X 10·7 

Mean 
Concentration 

(mg/L) 

l.l X 10"3 

170 
150 

2.4 X 10"2 

0.33 
12 
4.9 X 10·-' 
1.1 

920 
5.) X 10"2 

0.32 
0.3 

100 
476 

1.5 
4150 

6.98 - 7.77 

Total Effluent Volume= 2.66 x 107 L 

"As reported on DOE forms F-5821.1. 

Mean as 
%DOE's CGb 

3.8 
0.8 
0.4 
0.1 

<0.1 
<0.1 

0.1 
0.1 

bDepartment 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 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-13. Quality of Effluent from the Los Alamos 

~leson Physics Facilities (T A-53) Lagoons for 1987a 

Activity Mean 
Released Concentration Mean as 

Radionuclide (mCi) ijJ.Ci/mL) %DOE's CGb 

3H 10 900 2.7 X 10-3 2.7 
7Be 330 8.o x 10-5 0.2 
22Na 89 2.2 X 10-5 2.2 
S-'Mn 23 5.6 X 10-6 0.1 
s7co 81 2.0 x to-5 <0.1 
soco 8.5 2.1 x 10-6 0.2 
13-'cs 79 1.9 X 10-5 6.4 

Total Effluent Volume= 4.109 x 106 L 

aAs reported on DOE forms F-5821.1. 

bDepartment of Energy's Concentration Guide for Controlled Areas 

(Appendix A). 
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LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 .... 

Table G-1·'- Location of Surface and Ground Water Sampling Station~ 

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' 105°58' SW 

Rio Grande at Otowi 35°52' 106°08' SW 

Rio Grande at Cochiti 35°37' 106° 19' SW 

Rio Grande at Bernalillo 35° 17' 106°36' sw 
Jemez River 35°40' 106°44' SW 

Perimeter Stations 
Los Alamos Reservoir Nl05 W090 7 SW 

Guaje Canyon N300 ElOO 8 sw 
Frijoles S280 El80 9 SW 

La Mesita Spring N080 E550 10 GWD 

Sacred Spring Nl70 E540 11 GWD 

Indian Spring Nl40 E530 12 GWD 

White Rock Canyon 
Group I 
Sandia Spring S030 E470 13 SWR 

Spring 3 s 110 E450 14 SWR 

Spring 3A S120 E445 15 SWR 

Spring 3AA S140 E440 16 SWR 

Spring 4 Sl70 El10 17 SWR 

Spring 4A Sl50 E395 18 SWR 

Spring 5 S220 E390 19 SWR 

Sprng SA S240 E360 20 SWR 

Ancho Spring S280 E305 21 SWR 

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 5315 E280 27 SWR 

Spring 9 S270 E270 28 SWR 

Spring 9A 5325 E265 29 SWR 

Doe Spring S320 E250 30 5WR 

Spring 10 S370 E230 31 SWR 

Group III 
Spring I N040 E520 32 SWR 

Spring 2 N015 E505 33 SWR 
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Station 

White Rock Canyon 
Group IV 
Spring 3B 

Streams 
Pajarito 
Ancho 
Frijoles 

Sanitary Effluent 
Mortandad 

Onsite Stations 
Test Well I 
Test Well 2 
Test Well 3 
Test Well DT-5A 

,, Test Well 8 
Test Well DT-9 
Test Well DT·IO 
Canada del Buey 
Pajarito 
Water Canyon at Beta 

Pajarito Canyon (Onsite) 
PC0-1 
PC0-2 
PC0-3 

Effluent Release Areas 
Acid~Pueblo Canyon 
Acid Weir 
Pueblo I 
Pueblo 2 
Pueblo 3 
Hamilton Bend Springs 
Test Well I A 
Test Well 2A 
Basalt Spring 

LOS AlAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-14 (coot) 

Latitude Longitude 
or or 

N-S E-W 
Coordinate Coordinate 

SI50 E465 

Sl80 E410 
S295 E340 
S365 E235 

S070 E480 

N070 E345 
NI20 E150 
N080 E215 
SilO E090 
N035 El70 
SI55 El40 
Sl20 El25 
NOlO E150 
S060 E215 
S090 E090 

S0 54 E212 
S081 E255 
S098 E293 

Nl25 E070 
Nl30 E080 
Nl20 El55 
N085 E315 
N 110 E250 
N070 E335 
Nl20 El40 
N065 E395 
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Map 
Designation a Typeb 

34 SWR 

35 SWR 
36 SWR 
37 SWR 

38 SWR 

39 GWD 
40 GWD 
41 GWD 
42 GWD 
43 GWD 
44 GWD 
45 GWD 
46 sw 
47 sw 
48 sw 

102 GWS 
103 GWS 
104 GWS 

49 sw 
50 sw 
51 sw 
52 sw 
53 s 
54 GWS 
55 GWS 
56 s 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-14 (coot) 

Latitude Longitude 
Of or 

N-S E-W Map 

Station Coordinate Coordinate Designation a Typeb 

DP-Los Alamos Canyon 
DPS-1 N090 El60 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 

LA0-3 N080 E220 62 GWS 

LA0-4 N070 E245 63 GWS 

LA0-4.5 N065 E270 64 GWS 

Sandia Canyon 
SCS-I N080 E040 65 SW 

SCS-2 N060 El40 66 SW 

SCS-3 N0 50 EI85 67 SW 

Mortandad Canyon 
GS-1 N040 ElOO 68 sw 
MC0-3 N040 EllO 69 GWS 

MC0-4 N035 El50 70 GWS 

MC0-5 N030 El60 71 GWS 

MC0-6 N030 El75 72 GWS 

MC0-7 N025 El80 73 GWS 

MC0-7.5 N030 El90 74 GWS 

MC0-8 

Water Supply and Distribution 
Los Alamos Well Field 
Well LA-18 Nll5 E530 76 GWD 

Well LA-2 Nl25 E505 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 NI05 E465 81 GWD 

Guaje Well Field 
Well G-l Nl90 E385 82 GWD 

Well G-IA Nl97 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 

Well G-6 N215 E270 88 GWD 
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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 E155 
S040 Wl25 
N080 E015 
NlOO El20 
S085 E375 
N 185 E070 
SOlO W065 

Bandelier National Monument S270 El90 

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 

101 D 

"Regional 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 
JH 137Cs Total U 238Pu 239,240Pu Ganrna 

Stat ion 
-6 

(10 f'Ci/ml) 
-9 (10 pCi/ml) ~Jg/l) 

-9 (10 ..,.citml) -9 (10 flCi/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 co.l> 21 (53) 2.0 (1.0) -o.008 (0.008) -o.008 (0.006) 460 (90) 

Rio Grande at Otowi -o.9 (0.7) 8 (44) 2.1 (1.0) 0.000 {0.010) -o.004 (0.010) -150 (100) 
m r 

~~ 
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) ~en 

Rio Grande at Cochiti 0.1 (0.3) -- 2.0 (1.0) -o.005 (0.005) 0.000 (0.010) 360 (90) ~ ~ 
..... r -i 

-...J cn-
N cO 

Rio Grande at Bernalillo -o.4 (0. 7) 41 {45) 2.4 ( 1.0) -o.012 (0.018) -o.025 (0.013) -300 (100) ~ ~ mr 
Rio Grande at Bernalillo 0.2 (0.3) 139 (65) 3.0 (1.0) 0.000 (0.010) -o.008 (0.008) 380 (90) - !;: 

~ID z 0 

Jemez River at Jemez -1.4 (0. 7) 108 (58) 1.6 (1.0) -o.004 (0.009) 0.025 (0.014) -180 (100) 0~ m -i 

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 

Mini nun -1.6 (0. 7) 8 (44) 1.3 ( 1.0) -o.012 (0.018) -o.025 (0.013) -300 (100) 

Maxi nun 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 

--- .... ------- .. 
8San~les collected in February and September; counting uncertainty in parentheses. 



Table G-16. Chemical Quality of Surface Uater from Regional Stations (n~/L)a 

Total Conduc-

Hard· t ivi ty 

Station Sio2 Ca ~ ~ Na co3 
HC03 

_P_ so4 Cl F N lOS 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 Ellbudo 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 ~ 5 

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 D ~ 

~~ 
Sunrnary 

m 0 zen 

No. of Analyses 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 ; ~ 

....- Average · 22 34 6. 7 2.6 20 <1 101 -- 47 11 0.4 ·- 126 208 8.1 32 ~ :;j 

~ 

cO 

w s. 9 4 1.0 1.6 11 1 20 ·- 23 17 0.2 ·- 26 38 0.1 7 ~ ~ 

H1nif1Ult 11 30 5.5 1.8 15 0 89 -- 17 3 0.2 -- 101 175 8.0 26 m r 

Haxinun 38 39 8.2 5.9 44 2 141 <0.2 80 47 0.8 <1 174 279 8.3 45• e ~ 
z 0 

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

0 ~ 

aSanples collected in February. 

~ b 
~ D 
..... -< 



Table G-17. Radioch~nical Quality of Surface and Ground ~aters from Perimeter Stations 

Gross 

3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station 
-6 

(10 ftCi/ml) (10-9 pCi/ml) (pg /L ,. (10-9 pCi/ml) ( 10 "9 f.LCi/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.oo2 <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 <O.n 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) ~£ 
:D )> or; 

La Hesita Spring -1.5 (0.7) 59 (44) 12.5 (1.3) -o.014 (0.014) -o.014 (0.012) -180 (100) z ~ 
~0 

La Hesita Spring 0.0 (0.3) 24 (53) -- 0.002 (0.006) -o.oo2 <0.005> -80 (80) ~(/) 
-i z 
)> )> 

...... Indian Spring -1.1 (0.7) 

r-i 

80 (56) 9.6 (1.0) -o.007 (0.019) 0.029 (0.023) -30 (100) (/) -
-...I 

cO 
~ 

Indian Spring 0.0 (0.3) 59 (68) 6.0 ( 1.0) -o.oo5 <0.008> 0.000 (0.005) 80 (80) ~ ~ 
mr 
r=r; 

Sacred Spring -1.7 (0.7) 13 (38) 2.1 (1.0) 0.001 (0.010) 0.037 (0.041) -50 ( 100) r;:m 
z 0 

Sacred Spring -o.1 (0.3) -2 <60> 4.0 ( 1.0) 0.010 (0.009) 0.002 (0.005) 160 (80) 0~ 
m-i 
~ 0 

Surrnary 
~ ~ 

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 

Hininun -2.7 (0.7) -24 (55) 0.2 (0.1) -o.014 (0.012) -o.014 (0.012) -400 (100) 

Haxinun 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 t 0.009 0.03 50 

~ -- --- -- .. ---- --
8 Samples collected in March and September; counting uncertainty in parentheses. 



Table G-18. Radiochemical Quality of Surface ~aters from ~hite Rocf Canyon, October 1987 

Gross 

3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station 
-6 

(10 pCi/ml) 
-9 

(10 pCi/ml) (jJ.9/L) (10"9 t..Ci/ml) 
-9 

(10 f~C i /ml) (Counts/min/L) 

Group I 

Sandia Spring -().8 (0.3) 122 (64) 1.0 ( 1.0) 0.020 (0.014) -{).004 (0.004) 100 (80) 

Spring 3 -().8 (0.3) -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) -().019 (0.010) 0.000 (0.010) 0 (80) 

Spring 3AA -().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) -(). 008 (0. 008) -110 (80) 

Spring 4A -().1 (0.3) 87 (60) 1.0 (1.0) 0.022 (0.011) -().004 (0.004) 0 (80) mr 

Spring 5 -().1 (0.3) 99 (63) 1.0 (1.0) 0.009 (0.009) 0.005 (0.008) 10 (80) ~g 

Spring 5AA -().2 (0.3) 74 (61) 1.0 ( 1.0) 0.004 (0.008) -().004 (0.004) 10 (80) 
]J )> 

~~ 
Ancho Spring -().7 (0.3) 38 (69) 1.0 (1.0) -().008 (0.010) 0.000 (0.010) 190 (80) s:::o 

~en 
-i z 

Group II 

)> )> 

..... 

r -i 

-J Spring 8A -().9 (0.3) 100 (62) 1.0 (1.0) 0.013 (0.013) 0.000 (0.010) 160 (80) Ul -cO 

VI 
~ ~ 

Spring 9 -().6 (0.3) -49 (62) 1.0 ( 1.0) -().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) E~ 
Doe Spring -().8 (0.3) 149 (71) 1.0 (1.0) 0.008 (0.005) 0.000 (0.010) 130 (80) zO 

0~ m-i 

Group Ill 

- 0 
~ ]J 

Spring 1 -1.1 (0.3) 103 (61) 1.0 (1.0) 0.004 (0.010) -().013 (0.008) 30 (80) " -< 

Spring 2 -().8 (0.3) 24 (67) 3.9 (1.0) 0.004 (0.008) 0.009 (0.006) 220 (80) 

Group IV 

Spring 38 -().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) -{).004 (0.004) 10 (80) 

Ancho -().7 (0.3) -2 (60) 1.0 (1.0) -().008 (0.008) 0.000 (0.010) 160 (80) 

Frijoles -().8 (0.3) -45 (61) 1.0(1.10) 0.020 (0.018) -().004 (0.009) 190 (80) 



..... 
-.1 
o-

Station 

Sanitary Effluent 
Moruooad 

No. of Analyses 
Ma11.imum 

Limits of Detection 

3H 

(10 .. 6 pCi/ml) 

-Q.2 (0.3) 

20 
13 (1.0) 

0.7 

137cs 

(10 "9 tJCi/ml) 

-39 (68) 

20 
149 (71) 

40 

Table G-18 (coot) 

Total u 238Pu 

(aJg/l) -9 (10 pCi/ml) 

1.0 ( 1.0) 0.000 (0.010) 

20 20 
22 (2.4) 0.027 (0.015) 

1 0.009 

8 counting uncertainty in parentheses; Springs 5A, 58, 6, 6A, 7, 8, and 10 covered by Cochiti Reservoir • 

239,240Pu 

(10.9 tJCi/ml) 

0.000 (0.010) 

20 
0.009 (0.006) 

0.03 

Gross 
G111111111 

(Counts/min/l) -

70 (80) 

20 

50 

mr 
~g 
D )> or; 
z ~ 
~0 zen 
-i z 
~ ~ 
(/) -cO 
~ ~ 
m' r=r; r;m 
z 0 
~~ 
- -i 
~0 
..... ~ 



Table G-19. Chemical Quality of surface and Ground Waters from Perimeter Stations (rng/Lla 

Total Conduc-

Hard· t ivity 

Station Si02 
Ca Hg K Na co3 HC03 

p so4 Cl F N TOS ness pH mS/m 

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

Los Alamos Reservoir 28 7 0.9 2.5 3 0 27 <0.2 7 2 <0.2 <1 78 24 7.8 7 

Guaje Canyon 49 10 3.1 1.7 6 0 37 <0.2 8 2 0.2 <1 106 37 7.7 10 

Frijoles at Nat. 54 9 3.1 2.1 8 0 42 <0.2 6 3 <0.2 <1 111 33 7.8 11 

Mon. 
La Hesita Spring 27 33 0.8 2.4 30 0 118 <0.2 14 8 0.3 2 174 90 8.1 30 mr 

Indian Spring 42 27 2.7 2.7 27 0 110 <0.2 7 32 0.5 <1 208 95 7.5 32 ~g 
D )> 

Sacred Spring 32 22 0.4 2.9 23 0 99 <0.2 7 3 0.5 <1 135 56 7.7 20 Ot; 
z 3: 
~0 

Slllmary 

zCil 
-I z 

No. of Analyses 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 
)> )> 

..... 
r --t 

-.1 Average 37 18 1.8 2.4 16 -- 72 -. 8 8 <0.3 <1 135 56 7.8 18 ~6 

-.1 ~ ~ 
s 11 11 1.3 0.4 12 -- 41 -- 3 12 0 .1 0.4 48 30 0.2 11 mr 

Hininun 27 7 0.8 1. 7 3 -. 27 ·- 6 2 <0.2 <1 78 24 7.7 7 r=t; 
t; Dl 

Max inun 54 33 3.1 2.9 30 0 118 <0.2 14 32 0.5 2 208 90 8.1 32 z 0 

---------------
0 ~ m -t 

aSamples collected in February and March. 
- 0 
~ ~ 



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

Groupt 

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 0.0:5~ <0.001 0.00~ 0.5 0.001 0.8 <0.001 <0.002 

Spring lA <0.001 0.003 0.031 <0.001 0.005 0.5 <0.001 0.5 <0.001 <0.002 

Spring 3AA <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 ~fh 
Spring ~ <0.001 0.002 0.031 <0.001 0.005 0.5 <0.001 0.4 <0.001 <0.002 D l> 

Spring 5AA <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 

:i:o 
~en 
-i z 
)lo )lo 

.... Group II 
r -i 

-.J 
:qo 

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 m' r=r; 
Spring 9A <0.001 0.001 0.013 <0.001 0.007 0.5 0.001 <0.2 <0.001 <0.002 r;m 

zO 

Doe Spring <0.001 0.001 0.022 <0.001 0.002 0.6 <0.001 <0.2 <0.001 <0.002 0~ 
m-i 
- 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 



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 O.OOJ 0.9 <0.001 12 <0.001 <0.002 

SUIJll8ry 
No. of Analyses 

Maximum Concentration <0.001 0.024 0.194 0.005 0.011 1.5 0.002 12 O.OOJ <0.002 . mr 
~g 

USEPA and NMEIO 

:D )> 

Primary Maximum 0.05 0.05 1.0 0.01 0.05 2.0 0.002 10 0.05 0.01 
01): 
z ~ 

Concentrations8 

i:o 
~en 
-i z 
:1>)> 

:i Maximum Concentrations <2 48 19 50 22 75 100 120 6 <20 
r -i 

..::;, 

cno 

as X of primary maximum 

c z 
~ )> 
mr 

------------
8 Reference (USEPA 1976); comparison of primary and secondary maximum concentration to spring and stream maximum concentrations for 

r= I): 
l):m 

comparison only, spring and stream not a source of water supply. 

zO 
0~ m-i 
~ 0 
~ :D 
--4 -< 



Table G-21. Secondary Chemical Quality of surface and Ground ~aters from ~ite Rock Canyon, October 1987 (mg/l) 

Stations Cl Cu Fe Hn so4 Zn lOS pH 

--- --- --- --

Group I 
Sandia Spring 4 <0.001 0.137 0.042 5 <0.001 195 8.1 

Spring l 4 <0.001 0.145 <0.001 5 <0.001 145 8.1 

Spring lA 3 0.002 0.114 <0.001 5 0.001 140 7.9 

Spring 3AA 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 5AA 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 ~g 
:D)> 
oc; 
z ~ 

Group II 
~0 

Spring 8A 2 <0.001 0.127 0.002 2 <0.001 146 7.8 ~(/) 
.... z 

....... Spring 9 2 <0.001 0.101 0.003 2 <0.001 142 7.7 
l>)> r..,. 

[/:) ·~ 6 
0 Spring 9A 2 <0.001 0.817 0.003 2 <0.001 134 7.7 

Doe Spring 2 <0.001 0.174 <0.001 2 <0.001 143 7.8 ~ ~ mr -c; 
~OJ 

Gr~ 
zO 
0~ 

Spring 1 4 <0.001 2.90 0.056 8 0.005 153 7.9 m..,. 

Spring 2 
- 0 

4 0.001 1.57 0.120 7 0.003 224 ·8.1 ·~ ~ 

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 

Sanitarx Effluent 

Hortandad 43 :n 0.627 0.021 32 0.027 1,67 7.3 



co ...... 

Stations 

Surmary 
No. of Analyses 

Maximum Concentration 

USEPA and NMEIO 
Secondary Maximum 

Concentration8 

Maximum Concentration 
as l of Secondary 

Maximum Concentration 

Cl 

20 

4l 

250 

17 

cu 

20 

3l 

1.0 

3l00 

Table 21 (cont) 

Fe Mn 

20 20 

2.90 0.042 

0.3 0.5 

967 8 

so
4 

Zn lOS pH 

20 20 20 20 

l2 0.027 467 8.6 

250 5.0 500 6.5-8.5 

6 <1 93 10t 

8 Reference (USEPA 1976); c~rison of primary and secondary maximum concentration to spring and stream maxinu1 concentrations for c~rison only, 

spring and stream not a source of water supply. 

mr 
~0 
- CJ) 
D > 
2~ 
~ ~ 
mO zen 
-iz 

~ ~ 
CJ) -
cO 
~ ~ mr 
;= ~ r;:m 
z 0 

hl~ 
- -i :i 0 
-.j ~ 



Table G-22. Chemical Quality of Surface and Ground Waters from White Rock Canyon, October 1987 (mg/l) 

Total 
Hard- Cond 

Station Si02 Ca Hg I( Na co3 HCOJ Ho Ni ness (mS/H) 

-- -- -- -- ---
Group! 

Sandia Spring 42 38 2.7 2.9 17 0 131 <0.001 0.002 108 26 

Sandia 3 49 21 1.6 2.9 17 0 81 <0.001 <0.001 59 17 

Spring JA 49 21 1.7 2.9 16 0 81 <0.001 <0.001 58 17 

Spring 3M 41 18 <0.5 2.9 18 0 n <0.001 <0.001 45 16 

Spring 4 52 23 3.7 2.7 15 0 85 <0.001 <0.001 n 21 mr 
Spring 4A 67 22 4.6 2.2 13 0 81 <0.001 0.002 73 19 ~0 _(f) 

Spring 5 66 18 4.8 2.0 12 0 79 <0.001 <0.001 65 18 D )> 

0~ 
Spring 5AA 59 32 6.0 3.5 14 0 122 <0.001 0.001 112 28 z ~ 

~0 
Ancho Spring 72 12 3.1 2.0 11 0 60 <0.001 0.001 42 13 ~(/) 

--i z 
)> )> 
r --i 

..... Group II (/) -
00 cO 
N Spring 8A 76 12 3.2 2.1 12 0 62 <0.001 0.001 39 14 ~ ~ 

Spring 9 72 11 3.1 1.5 11 0 61 <0.001 0.001 39 12 
mr - ~ 

Spring 9A 70 11 3.1 1.4 10 0 58 <0.001 0.001 39 12 ~Ill zO 
Doe Spring 72 12 3.3 1.5 2 0 64 <0.001 0.001 43 13 0 ~· 

m-t 
~ 0 

Group Ill ~ ~ 
Spring 1 32 19 1.2 2.2 34 0 109 0.002 0.002 57 24 

Spring 2 32 21 1.0 1.4 61 0 172 0.002 <0.001 58 34 

Group IV 
Spring 38 44 22 1.9 4.8 127 0 316 0.004 <0.001 66 64 

~ 
Pajario 68 20 4.4 2.5 14 0 86 <0.001 <0.001 70 19 

Ancho 76 12 3.2 1.9 11 4 64 <0.001 <0.001 47 13 

FriJoles 59 9 2.4 2.2 10 0 53 <0.001 <0.001 J9 12 



Table G-22 (cont) 

Total 
Hard-

Station Si02 
Ca Mg I( Na co3 

HC03 
Mo Ni ness 

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

Sanitar~ Effluent 

Mortandad 93 26 7.7 16 85 0 132 <0.001 0.029 110 

SLm11Bry 

No. of Analyses 20 20 20 20 20 20 20 20 20 20 

Maximum Concentration 93 38 7.7 16 127 20 316 0.004 0.027 108 

----------------
NOTE: Springs 5A, 58, 6, 6A, 7, 8, and 10 covered by Cochito Reservoir: The 20 locations also analyzed for following constituents: 

..... 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 
l;) 

£ 

Cond 
(mS/M) 

64 

20 

64 

CN <0.01 mg/l; 

mr 
~g 
:II :... 

~~ 
~0 zCI> 
-l z 
:... :... 
r -i 

~6 

~~ 
r:«;: «;:m 
zO 
~~ 
~ -i 

~0 
.... ~ 



Table G-23. Radiochemical Quality of Surface and Ground Waters from On-site Stations a 

Gross 

3H 137Cs Total U 238Pu 239,240Pu Gan1na 

Station 
-6 

(10 tJCi/ml) 
-9 (10 flCi/ml) (f~g/l) 

-9 (10 pCi/ml) (10"9 jlCi/ml) (Counts/min/l) 

lest Well 1 -2.4 (0.7) 77 (58) 2.9 (1.0) -().005 (0.008) 0.005 (0.013) -400 (100) 

Test Well 

Test Well 2 -2.1 (0.7) 90 (52) 0.3 (0. 1) 0.000 (0.010) 0.000 (0.010) -200 (100) 

Test Well 2 

lest Well 3 -1.4 (0. 7) 8 (61) 0.6 (0.1) 0.022 (0:027) 0.022 (0.016) -200 (100) 
m r 

~~ 

Test Well 3 0.3 (0.3) 65 (60) 1.0 (1.0) 0.021 (0.019) 0.011 (0.011) 10 (80) 
:n )> 

0~ z s::: 
s:::o 

Test Well DT-5A -2.0 (0. 7) -37 (55) 0.3 (0.1) -().009 (0.009) 0.005 (0.011) -300 (100) ~(/) 
-i z 

Test Well DT-5A 0.1 (0.3) 58 (52) 1.0 (1.0) 0.002 (0.005) 0.002 (0.006) 130 (80) )> )> 

...... 
r -i 

'{:. 
~5 

Test l.lell 8 -2.1 (0.7) 86 (50) 0.0 (0.1) 0.035 (0.037) 0.000 (0.010) -300 (100) 
:n z < )> 
mr 

Test !Jell 8 0.5 (0.3) 38 (67) 1.0 ( 1.0) -().010 (0.010) 0.010 (0.010) 190 (80) -~ ~CD zO 

Test Well DT-9 0.0 (0.3) -13 (58) 1.0 (1.0) -().002 (0.006) 0.008 (0.007) -60 (80) 0~ 
m-i 
- 0 :i :n 

Test Well DT-10 -1.6 (0.7) -93 (50) 0.3 (0.1) 0.005 (0.012) 0.000 (0.010) -40 ( 100) ...., -< 

Test Well DT-10 0.2 (0.3) 136 (63) 0.3 (0.1) 0.002 (0.008) 0.002 (0.004) -10 (80) 

Canaoo del Buey -().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) -().002 (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) 0.004 (0.007) 0.002 (0.004) -280 (80) 

Water Canyon at Beta Hole -2.0 (0.7) 21 (55) 0.0 (0.1) -().004 (0.004) 0.000 (0.010) -400 ( 100) 

Water Canyon at Beta Hole 0.1 (0.3) 67 (60) 1.0 (1.0) -().004 (0.008) 0.000 (0.010) 80 (80) 



...... 
00 
Vt 

Station 

Slllmary 

No. of Analyses 

Average 

s 
Mini nun 

Maxi nun 

Limits of Detection 

3H 

(10-6 tJ.Ci/ml) 

17 
-o.8 

1. 1 
-2.4 (0.7) 

0.6 (0.3) 

0.7 

; 

Table G-23 (COOt) 

137Cs Total U 

(10- 9 tJ.Ci/mll (pg/L) 
-

17 17 

34 0.7 

55 0.7 

-93 (50) 0.0 (0.1) 

-136 (63) 22.9 (1.0) 

40 1 

8 samples collected in March and September; counting uncertainty in parentheses • 

238Pu 
-9 

(10 pC i/ml) 

17 
0.004 
0.012 

-o.010 (0.010) 

0.035 (0.037) 

0.009 

239, 240Pu 

(10-9 1-lCi/ml.) 

17 
0.005 
0.007 
0.000 (0.010) 

0.022 (0.016) 

0.03 

Gr·oss 

Ganma 

(Counts/min/L) 

17 

-132 
208 

--500 (100) 

190 (80) 

50 

mr 
~0 _en 
D)> 

~'i: 
~ ~ 
mO 
zen 
--4 z 
~ ~ 
en -cO 
~ ?; 
mr 
- 'i: 
~IJJ 
zO 
~~ 
~ --4 
:§:0 
--1 ~ 



.... 
g; 

Station 

~ell PC0-1 

~ell PC0-2 

~ell PC0-3 

Summary 
No. of Analyses 

Average 
s 
Hininun 
HaKinun 

Table G-24. 

JH 

(10-6 p.Ci/ml) 

0.4 (0.3) 

0.7 (0.3) 

0.3 (0.3) 

3 
0.5 
0.2 
0.3 (0.3) 

0. 7 (0.3) 

Radiochemical Quality of Shallow Ground ~ater in Pajarito Canyon 

Gross 

137cs Total U 2J8Pu 239,240Pu Gamna 

(10- 9 p.Ci/ml) (j,19/L) (10-9 ~i/ml) (10-9 ..,_Ci/ml) (Counts/min/l) 

111 (68) 1.0 (1.0) 0.005 (0.018) 0.015 (0.015) no <80> 

89 (69) 1.0 ( 1.0) 0.035 (0.016) -<1.004 (0.004) 210 (80) 

-3 (67) 1.0 (1.0) -<1.004 (0.010) 0.004 (0.010) 110 (80) m r 
~0 - (/) 
:n )> 

0~ 
z ~ 
~0 

3 3 3 3 3 
~(/) 
--1 z 

66 1.0 0.012 0.005 150 
)> )> 
r --t 

60 0.020 0.010 0.010 53 ~6 
~ ~ 

-3 (67) . - -<1.004 (0.010) -<1.004 (0.004) 110 (80)_ mr 

111 (68) 1.0 (1.0) 0.035 (0.016) 0.015 (0.015) 210 (80) ;=~ 
~ IJ) 
zO 
0~ 
m--t 
~ 0 

~ ~ 



Table G-25. Chemical Quality of Surface and Ground ~aters from On-site Stations (mg/L)a 

Total Conduc· 

Hard· tivity 

Station Si02 Ca Hg I( Na co3 HC03 
p so4 Cl f N lOS ness pH (mS/m) 

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

Test ~ell 1 50 49 9.1 4.1 14 0 102 <0.2 24 32 0.5 7 253 164 8.0 40 

Test ~ell 2 65 16 4.0 1. 1 9 0 66 <0.2 2 2 0.5 <1 136 52 7.9 14 

Test ~ell 3 72 19 5.7 2.2 12 0 80 <0.2 3 4 0.4 <1 165 67 7.8 18 

Test ~ell OT·5A 67 9 2.6 1.6 11 0 52 <0.2 2 2 0.3 <1 123 30 7.9 11 

Test ~ell 8 5 4 1.1 1.3 11 3 38 <0.2 <1 2 0.3 <1 27 12 8.7 8 mr 
~0 

Test ~ell OT·10 56 14 3.8 1.2 11 0 63 <0.2 6 2 0.3 <1 107 48 8.4 13 
_(/) 

D J> 

Canada del 8uey 21 6 1.5 1.4 12 0 27 <0.2 4 8 9.3 <1 77 18 7.1 9 os;: 
z ~ 

Paj ari to Canyon 22 28 7.1 2.9 26 0 87 <0.2 7 36 0.3 <1 188 98 7.7 31 ~0 

~ater at Beta Hole 37 13 4.6 3.4 18 0 42 <0.2 11 19 0.3 <1 148 55 7.8 17 
~(/) 
--i z 
)> )> 

.... 
r --i 

00 
~5 

-..1 Surmary ~ ~ 
No. of Analyses 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 m' 

44 18 4.4 2.1 14 <1 62 -- <7 12 1.4 <2 136 60 7.9 18 
-s;: 

Average 
~(D 

s 24 14 2.6 1.1 5 <1 25 . - 7 14 3.0 2 65 47 0.4 t1 zO 
0 ~ 

Mini nun 5 4 1. 1 1.1 9 0 27 -- <1 2 0.3 <1 27 18 7.1 9 m__. 
~ 0 

Maxi nun 72 49 9.1 4.1 26 3 102 <0.2 24 36 9.3 7 253 164 8.0 40 :g D 
.... -< 

---------------
aSao~les collected in February and March. 



Table G-26. Chemical Quality of Shallow Ground ~ater in Pajarito Canyon (mg/L) 

Total Conduc-

Hard· tivity 

Station Si02 Ca Hg K 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 

mr 

~ell PC0-3 48 77 12 4.0 105 0 249 <0.2 8 73 0.6 0.3 447 262 7.5 7Z ~g 
D )> 

or; 
Sl..lllllllry 

z ~ 
~0 

No. of Analyses 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 men 

Average 49 76 12.7 4.3 70 0 249 <0.2 8 71 0.6 0.3 448 265 7.5 71 ~z 

..... 
~~ 

85 s 1 2 0.6 0.5 30 0 2 0 0 2 0 0.1 14 4 0.2 "1 ~ 0 

HiniiiUII 48 74 12 4.0 52 .. 247 . . .. 70 . . 0.2 434 262 7.3 70 ~ ~ 
MaxiiiUII 49 77 13 4.9 105 0 250 <0.2 8 73 0.6 0.4 462 269 7.5 7Z - r; 

~(D zO 
0~ 
m-t 
~ 0 

~ ~ 



...... 
00 
'D 

Table G-27. Radiochemical Quality of Surface and Ground ~aters from Acid-Pueblo tanyona 

Acid ~eir 

Acid loleir 

Pueblo 1 

Pueblo 1 

Pueblo 2 

Pueblo 2 

Pueblo 3 

Pueblo 3 

Station 

Hamilton Bend Springs 

Hamilton Bend Springs (Dry) 

Test ~ell 1A 

Test ~ell 1A 

Test ~ell 2A 

Test lolell 2A 

Basalt Spring 

Basalt Spring 

SLm~~ary 

No. of Analyses 

Average 

s 
Hininun 

Haxinun 

Limits of Detect ion 

3H 
-6 

(10 llti/ml) 

-2.2 (0.7) 

0.0 (0.3) 

-1.7 (0. 7) 

-o.2 <0.4> 

-1.5 (0.7) 

0.1 (0.3) 

-1.8 (0.7) 

-<1.3 (0.3) 

-2.3 (0.7) 

-1.7 (0. 7) 

0.3 (0.3) 

0.5 (0.7) 

1.4 (0.4) 

-<1.9 (0. 7) 

-<1.4 (0.3) 

15 
-<1.7 

1.1 

-2.3 (0.7) 

1.4 (0.4) 

0.7 

137Cs 
-9 

( 10 jiC i /ml) 

2 (43) 

-58 (50) 

-16 (42) 

44 (60) 

-8 (43) 

82 (70) 

41 (43) 

118 (63) 

46 (21) 

24 (48) 

13 (59) 

167 (71) 

131 (65) 

40 (62) 

14 

45 

62 

-58 (50) 

167 (71) 

50 

Total U 

{j.ig/L) 

0.6 (0.1) 

2.0 (1.0) 

0.6 (0.1) 

1.0 (1.0) 

0.6 (0.1) 

1.0 ( 1.0) 

0.9 (0.1) 

1.0 (1.0) 

0.6 (0. 1) 

0.0 (1.0) 

1.0 (1.0) 

0.0 (1.0) 

1.0 (1.0) 

1.3 ( 1.0) 

1.0 (\ .0) 

15 

0.8 

0.5 

0.0 (1.0) 

2.0 (1.0) 

'\.an~les collected in Karch and Septenber; counting uncertainty in p.•renthcses. 

238Pu 

(10- 9 j-LCi/ml) 

0.010 (0.015) 

0.017 (0.015) 

0.007 (0.015) 

-<1.009 (0.009) 

-0.062 (0.055) 

-<1.010 (0.012) 

0.012 (0.034) 

0.000 (0.010) 

-o. 009 (0. 011) 

0.010 (0.017) 

0.005 (0.004) 

0.000 (0.010) 

·0.005 (0.005) 

·0.011 (0.012) 

0.002 (0.003) 

15 
-{).003 

0.019 

-{).062 (0.055) 

0.010 (0.015) 

0.009 

239,240Pu 

(10" 9 
flCi/ml) 

0.068 (0.018) 

2.38 (0.126) 

0.083 (0.028) 

0.006 (0.010) 

0.062 (0.069) 

0.031 (0.014) 

0.092 (0.043) 

0.031 (0.015) 

-<1.004 (0.008) 

-<1.010 (0.012) 

-<1.002 (0.005) 

0.032 (0.018) 

0.005 (0.005) 

0.000 (0.010) 

0.002 (0.002) 

15 

0. 180 

0.610 

-<1.004 (0.008) 

2.38 (0.012) 

0.03 

Gross 

Galllll8 

(Counts/min/L) 

300 (100) 

130 (80) 

200 (100) 

-10 (80) 

-2500 (300) 

700 (100) 

-90 (100) 

580 (100) 

100 (100) 

-300 (100) 

-270 (80) 

-500 (100) 

580 (100) 

-300 (100) 

420 (90) 

15 

-64 

765 

-2500 (300) 

700 (100) 

50 

mr 
~0 - en 
:D )> 

~~ 
'!::: ~ 
mO 
zen 
-iz 
{! ~ 
en -cO 
~ ?; 
m' 
r= ~ 
~m z 0 
fJ~ - ... 
~0 
..... ~ 



Table G-28. Radiochemical Quality of Surface and Ground Waters from OP·los Alamos Canyon a 

Gross 

3H 117cs Total U 238Pu 239,240Pu Ganma 

Station 
-6 

(10 pCi/ml) 
·9 (10 pCi/ml) (fl9/L) (10.9 pCi/ml) -9 

(10 fiCi/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) -{).005 (0.012) 0.014 (0.01l) 700 (100) 

OPS-4 -{).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 -{).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) 
m r 
~0 _Cil 

lA0-1 -{).4 (0. 7> -20 (48) 0.2 (0.1) -{).006 (0.010) -{).017 (0.010) 40 (100) D > 

LA0-1 19 (2.0) 68 (67) 1.0 (1.0) -{).017 (0.013) 0.008 (0.008) 700 (100) 
01):: 
z ~ 
~0 
zCil 

LA0-2 -1.6 (0.1) 7 (42) 0.2 (0.1) 0.000 (0.010) 0.029 (0.023) -60 (100) -i z 
> > 

,_. LA0-2 1.3 (0.4) 116 (71) 1.0 (1.0) 0.009 (0.019) 0.009 (0.015) 350 (90) 
r -i 

8 
~6 
D z 
< > 

LA0-3 -{).8 (0. 7) -56 (38) 0.3 (0.1) 0.015 (0.018) 0.015 (0.021) -100 (100) mr 
r=t; 

LA0-3 1.5 (0.4) 13 (58) 1.0 ( 1.0) 0.015 (0.011) -{).004 (0.010) 240 (80) t;m 
zO 
0~ 

LA0-4 -{).5 (0.7) 78 (50) 0.3 (0. 1) 0.028 (0.015) 0.124 (0.024) 0 (100) 
m -i 
~ 0 

LA0-4 1.3 (0.4) 155 (79) 1.0 (1.0) 0.004 (0.013) 0.004 (0.015) 90 (80) ~ D 
"'f -< 

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) 128 (77) 1.0 (1.0) 0.017- (0.017) 0.000 (0.010) 120 (80) 

SlJimar't 
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 

Mininun -1.6 (0. 7) -56 (38) 0.1(0.1) -{).017 (0.01l) -{1.017 (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 

---------------
0 San~les 'collected in March and Nove-~t>cr; counting uncertainty in parcnthe,cs. 



Table G-29. Radiochemical auality of Surface and Shallow Ground Uaters from Mortandad Canyon a 

Gross 

JH 90Sr 137Cs Total U 238Pu 239,240Pu Gamua 

Station (10- 6 J!Ci/ml) 
-9 

(10 pCi/ml) (10. 9 JtCi/ml) (119/l) (10.9 pCi/ml.) (10.9 j!Ci/ml) (Counts/min/l) 

--- ---

GS-1 8400 (800) 6.2 (0.3) -29 (~~) 3.3 (0.3) 30.0 (3.00) 90.0 (~.00) 8500 (900) 

GS-1 120 (10) . - 213 (84) 1.0 (1.0) 0.677 (0.033) 4.51 (0.185) 9700 (1000) 

MCO·J 12 000 (1000) 9.5 (0.1) 66 (51) 3.8 (0.4) 24.2 (1.50) 68.0 (4 .00) 10 000 (1000) 

MCO·J 140 (10) -. -2 (68) 1.0 (1.0) 0.921 (0.066) 5.23 (0.219) 11 000 ( 1000) 

MC0-4 210 (20) 0.4 (0.4) 18 (~6) 2.4 (0.2) 0.165 (0.034) 0.278 (0.044) -300 (100) mr 

MC0·4 480 (50) -- -i>2 (15) 4.0 (1.0) 0.093 (0.023) 0.097 (0.021) 210 (80) ~0 _en 
:D )> 

MC0-5 210 (20) -o.6 (0.5) 13 (56) 1.7 (0.2) 0.053 (0.025) 0.331 (0.052) -500 (100) 
or; 
z ~ 

MC0-5 490 (50) .. -20 (59) 4.0 (1.0) 0.150 (0.025) 0.382 (0.041) 270 (80) ~0 zen 
-i z 

.... 
)> )> 

'.? MC0-6 400 (40) 56 (1.0) 95 (56) 2.7 (0.3) 0.941 (0.142) 3.35 (0.281) 1200 (200) 
r -i 

..... 
~5 

MC0-6 500 (50) . .. 22 (68) 4.0 (1.0) 0.138 (0.026) 0.333 (0.039) 270 (80) ~ ~ 
mr 
r=r; 

MC0-7 480 (50) -- 68 (60) 5.6 (0.6) 0.037 (0.044) 0.037 (0.040) 60 (100) 1): ID 
z 0 

MC0-7 470 (50) -- 7 (62) 3.0 (1.0) 0.038 (0.018) 0.021 (0.015) 190 (80) ()~ m _. 
~ 0 

MC0-7.5 406 (40) -- 68 (49) 5. 7 (0.6) 0. 075 (0.026) 0.091 (0.026) -300 (100) ~ :D 
-.j < 

MC0-7.5 490 (50) -- 53 (6Y) 3.0 (1.0) 0.030 (0.018) 0.066 (0.020) 180 (80) 

SLfTillBry 

No. of Analyses 14 5 14 14 14 14 J4 

Average 1770 14 41 3.2 4.11 12.3 2891 

s 3643 24 67 1.4 9.81 28.6 4578 

Minilllllll 120 (10) -o.6 (0.5) -i>2 (75) 1.0 (1.0) 0.036 (0.018) 0.021 (0. 015) -500 (100) 

Maxilllllll 12 000 (1000) 56 (1.0) 213 (81.) 5.7 (0.6) 30.0 (3 .00) 90.0 (5.00) 11 000 (1000) 

Limits of Detection 0.7 0.01 40 1 0.009 0.03 50 

---------------
aSan~les collected in March and November; counting uncertainty in parentheses. 



Table G-30. Radiochemical Quality of Surface Waters from Sandia Canyon a 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Gamna 

Station (10- 6 j.1Ci/ml) -9 (10 j.iCi/ml) <J-t-91l) (10.9 j.iCi/ml) (10- 9 jJ.Ci/ml) (Countstmin/l) 

--
SCS-1 -o.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) 30 (80) 

SCS-2 -o.1 (0. 7) 83 (57) 0.5(0.1) -o.076 (0.039) -o.019 (0.033) -130 (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 
~U> 
D l> 

SCS-3 -{).3 (0.7) 32 (48) 0.5 (0.1) -o.054 (0.033) -o.027 (0.019) -40 ( 100) 01): 
z ~ 

SCS-3 0.0 (0.3) 135 (58) 1.0 (1.0) -o.ooz co.oon 0.000 (0.005) 0 (80) ~0 
~U> 
-I z 
}> }> 

...... Surmary 
r -t 

'D ~B 
1-..l No. of Analyses 6 6 6 6 6 6 ~~ 

Average 0.3 45 0.9 -o.oz2 -{).005 56 mr 
rl): 

s 0.6 60 0.5 0.034 0.015 155 l):m 

Miniii'UII -o.9 (0.7) -J,7 (44) 0.5 (0.1) -o.076 (0.039) -o.027 (0.019) -130 (100) zO 
0~ 

Maxinun 0.8 (0.3) 135 (58) 1.8 (0.1) 0.002 (0.004) 0.012 (0.032) 306 (80) m-t 
~ 0 
:t: D 
~ -< 

limits of Detection 0.7 40 1 0.009 0.03 50 

---------------
aSaflllles collected in March and September; counting uncertainty in parentheses. 



Table G-11. Chemical Quality of Surface and Shallow Ground Waters in Acid-Pueblo Canyon (mg/L)a 

Total Conduc-

Hard- tivity 

Station Si02 
Ca Hg K Nil co1 HCOl p so4 

Cl F N TDS ness pH (mS/m) 

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

Acid Weir 25 18 1.6 5.0 70 0 56 1.7 19 85 0.5 2 265 59 7.4 45 

Pueblo 1 26 18 1.7 5.1 69 0 56 1.7 20 86 0.5 2 277 60 7.1 44 

Pueblo 2 26 18 1.5 4.9 68 0 56 1. 7 20 85 0.5 2 274 58 7.5 45 

Pueblo l 12 19 1.5 6.8 76 0 75 1.7 21 74 0.8 6 102 60 7.7 48 

Hami I ton Bend 55 15 4.1 9.2 74 0 110 6.5 23 47 0.9 2 287 51 ' 8.0 44 mr 

Spring 

~~ 
:D )> 

Test Well 1A 50 lO 8.2 8.2 69 0 119 4.1 10 60 0.7 9 l4l 114 7.9 55 os: 
z ~ 

Test Well 2A 15 14 6.8 1.5 22 0 79 <0.2 21 54 0.4 <1 211 109 7.0 16 ~0 

Basalt Spring 40 24 6.7 1.8 17 0 80 <0.2 17 16 0.6 2 17l 89 7.7 26 ~en 
.... z 
)> )> r _.. 

..... 
en-

~ SLmnary 

cO 
~ ~ 

No. of Analyses 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 mr 

Average 36 22 5.0 5.8 58 0 79 <2.5 22 64 0.6 <3 266 75 7.6 43 -s: 
~OJ 

s 11 7 1.9 2.0 24 -· 24 2.2 4 24 0.2 3 53 25 0.3 9 zO 

HinillUll 25 15 3.5 3.5 17 -- 56 <0.2 17 16 0.4 <1 17l 51 7.0 26 
0~ m _.. 

34 8.2 9.2 76 343 
~ 0 

MaxillUll 55 -- 119 6.5 30 86 0.9 6 114 8.0 55 ~ :D 
~ -< 

---.-----------
aSanples collected in March. 



Table G-32. Chemical Quality of Surfdce and Shallow Ground ~aters in DP·Los Alamos Canyon (mg/l)a 

Station 

DPS-1 

DPS-4 

LAO-C 

LA0-1 

LA0-2 

.-
'f;. LA0-3 

LA0-4 

LA0-4.5 

Sllrrnary 

No. of Analyses 

Average 
s 
Mininun 
Maxi nun 

Sio
2 

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 

aSanlJles collected in March and Apri I. 

Mg 

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 

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 

Na 

78 
32 
90 
46 

7 

34 
22 
65 
29 
35 
30 
35 
30 
59 
31 
59 

16 
42 
22 

7 

90 

co3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16 
0 

0 

0 

0 

HC03 

84 

77 
90 
89 
21 
57 
26 

129 
32 
95 

32 
93 
34 

126 
33 

125 

16 
71 
38 

21 
129 

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 

$04 

18 
9 

26 
13 

9 

7 

9 

16 
9 

14 
10 
14 
10 
17 

10 
17 

16 
13 
5 

1 

26 

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 

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 

TDS 

306 
152 
306 

216 
96 

157 
142 
228 
165 
186 

184 

184 

169 
231 
183 

229 

16 
196 
55 
96 

306 

Total 

Hard· 
ness 

75 

44 
44 
57 
28 
32 
42 
39 
52 
58 

54 
57 
49 
47 
58 

44 

16 
49 
11 

28 
75 

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 

Conduc· 
tivity 
(mS/m) 

51 
23 
52 
32 

9 m r 

23 ~ g 
20 § ~ 
37 s: s: 

mO 
25 z Ul 

-1 z 
30 1= ·!i 
25 V> 6 c z 
27 ~ )» m' 

.26 e ~ 
38 z 0 
26 ~ ~ 

~ -1 

37 ~ 0 
..... ~ 

16 

30 
11 

9 

52 



Station 

GS-1 

MC0-3 

MC0-4 

MC0-5 

MC0-6 

,_... 
~ HC0-7 

HC0-7.5 

SL1ll118ry 

No. of Analyses 

Average 

s 
Mini nun 

Maxi nun 

Si02 

44 
57 
44 
62 
33 
65 
30 
27 
29 
42 
30 
31 
30 
31 

14 
40 
13 
29 
65 

aSamples collected in March. 

Ca 

109 
36 

130 
39 
37 
9 

20 
39 
16 
21 
17 

12 
17 

13 

14 
37 
37 

9 

130 

Table G-33. Chemical Quality of Surface and Shallow Ground Waters in Mortandad Canyon (mg/L)8 

Mg 

2.7 
3.1 
2.9 
3.3 
2.6 

<0.5 
4.7 
5.7 
4.1 
2.6 
4.2 
2.4 
4.2 
2.5 

14 
3.2 
1.2 

<0.5 
5.7 

I( 

54.9 
20.0 
66.6 
21.4 
35.1 
16.9 
7.3 

34.2 
6.2 

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 
226 
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 

504 

81 
24 

102 
25 
24 
60 
21 
46 
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 

lOS 

780 
492 
963 
426 
492 
601 
551 

1010 
548 
751 

m 
622 
m 
592 

14 
677 
168 

492 
1010 

Total 
Hard-
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 

Conduc
tivity 
(mS/m) 

130 
71 

160 

73 

76 m r 

91 ~ g 
85 ~ )> 

145 ~ ~ 
85 z (/) 

115 ~ ~ -t 

118 ~ 5 
92 ~ ~ mr 

.120 e ~ 
92 z 0 
0~ m_. 
- 0 :e D 

14 .... -< 

104 

28 
n 

160 



Table G-34. Chemical Quality of Surface ~ater from Sandia Canyon (mg/L)a 

Total Conduc-
Hard- t ivi ty 

Station Sio2 Ca Mg K Na co3 HC~ p so4 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 3.7 8.6 130 0 62 1.5 40 159 0.8 1.8 468 66 7.9 81 

Surmary mr 
~0 

No. of Analyses 3 3 3 3 3 2 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 79 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 
~(/) 

HinillUll 46 19 3.8 8.1 126 -- 62 1.4 40 83 0.8 1.3 465 66 7.8 80 -i z 
..... )>)> 

HaKinun 96 34 4.7 8.6 215 0 68 1.5 768 159 1.0 1.8 1129 100 7.9 300 r -i 

~ ~6 --------------- ~ ~ 8 Samples collected in March. mr-
;=~ 
lj:ID 
z 0 
()~ 
m-i 
- 0 
~ D 
"-4 < 



..... 
\.? 
-.1 

Table G-35. 8ackground Radioc~emical Quality of Run-off (Solution and Suspended Sediments) in the Los Alamos Areaa 

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 f.lCi/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 j-LCi/ml) 

69 (60) 

117 (62) 
138 (71) 

-91 (50) 

13 (75) 

64 (67) 

In Solution 

238Pu 
·9 

(10 11Ci/mLl 

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 j-LCi/ri.) 

0.009 (0.027> 

0.010 (0.010) 

0.004 (0.010) 

0.004 (0.008) 

-().004 (0.010) 

0.014 (0.011) 

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 
(f-19/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) 

Gross 

G81111111 

(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) 

-o.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) 

-().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) 

m r 
~0 - en 
JJ )> 

0!;: 
z ~ 
~0 
zen 
--i z 
)> )> 
r --i 

~5 
~ ~ mr 
- !;: 
~ (D 
zO 
0~ m __. 
-o 
~ :n ..... -< 



Table G-36. Plutonium 1n Spring Run-off in Solution and Suspended Sediments 

Solution Suspended Sediments 

1987 238Pu 239,240Pu 238Pu 239,240Pu 

Station Date (10- 9 pCi/ml) ·9 
(10 ~Ci/ml) (pCi/g) (pCi/g) 

Water Canyon at SR-4 4/14 -o.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) -o.062 (0.038) 
4/30 0.010 (0.019) -o.010 (0.013) -o.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) -o.o04 co.011> 0.342 (0.343) 0.770 (0.356) 

0.000 (0.132) 
mr 

5/18-21 0.004 (0.008) -o.004 (0.004) 0.058 (0. 101) ~0 _Cil 
5/26-28 0.000 (0.001) 0.009 (0.009) 0.066 (0.066) 0.066 (0.081) D J> 

6/4 0.015 (0.015) -o.015 (0.008) 0.028 (0.048) 0.056 (0.040) 0~ 
z ~ 
~0 
~C/l 

k (s) 0.004 (0.011) 0.005 (0.017) 0.056 (0.118) 0.115 (0.268) -i z 
)> )> 

G r -i 
00 ~6 

Pajarito Canyon at SR-4 3/5 0.035 (0.019) 0.004 (0.010) -o.134 (0.164) 0.067 (0. 178) ~ ~ 
3/2-5 -o.010 (0.007) 0.014 (0.008) 0.945 (0.069) 0.942 (0.131) 

mr 
;:~ 

3/6-19 -o.004 (0.015) -o.004 (0.004) 0. 021 (0.044) 0.000 (0.022) r; m 
zO 

3/23-26 -o.018 (0.022) -o.018 (0.018) -o.026 (0.070) 0.079 (0.087) OS! 
m-i 

3/30-4/2 0.004 (0.012) 0.000 (0.010) o. 150 (0.011) 0.060 (0.110) ~ 0 :g D 
4/6-9 -o.005 (0.012) 0.017 (0.017) 0.020 (0.040) 0.066 (0.052) "" -< 
4120 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 -o. 120 (0.009) -o.004 (0.009) -o.034 (0.034) 0.034 (0.059) 
5/11-14 -o.011 (0.012) 0.007 (0.007) 0.161 (0.105) 0.095 (0.056) 
5!18-21 -o.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 -o.022 (0.011) 0.000 (0.010) 0.000 (0.227) 0.218 (0.218) 
6/8·11 -o.012 (0.013) 0.000 (0.010) -o.014 (0.024) 0.014 (0.014) 

x (s) -o.002 (0.016) 0.013 (0.037) 0.068 (0. 138) 0.128 (0.242) 



Table G-36 (cont) 

Solution Suspended Sediments 

1987 238Pu 239,240Pu 238Pu 239,240Pu 

Station Date 1(10"9 jU:i/ml) (10.9 pCi/ml) (pCi/g) (pCi/g) 

Los Alamos Canyon at SR-4 3/2-5 -{).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) 0.770 (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) -{).004 (0 .004) 0.033 (0.023) 3.50 (0.400) 

4/6·9 -{).059 (0.066) 0.040 (0.040) -{).040 (0.040) 0.230 (0.110) 

4/14·17 0.054 (0.020) 0.010 (0.012) 0.018 (0.018) 
mr 

2.20 (0 .• 160) ~g 

4/20 0.021 (0.016) 0.036 (0.006) 0.118 (0.024) 1.65 (0. 110) :Jl)> 

4/30 0.008 (0.011) 0.008 (0.011) 0.074 (0.019) 2.08 (0.121) 
or; 
z ~ 

5/4·7 0.029 (0.018) 0.000 (0.010) 0.055 (0.021) 1.63 (0. 128) 
~0 
~(/) 

5!11·14 -{).004 (0.009) 0.014 (0.012) 0.023 (0.069) 1.59 (0.209) -i z 
l>)> 

.... 5/18·21 0.009 (0.013) 0.014 (0.014) 0.117 (0.060) 2.52 (0.228) 
r -i 

~ 
~6 

5/26·27 0.000 (0.010) 0.000 (0.010) 0.212 (0.071) 3.32 (0.304) ~?i 
6/4 0.004 (0.004) 0.031 (0.013) 0.314 (0.105) 2.79 (0.328) mr 

r=r; 
6/8·11 -{).009 (0.011) -{).004 (0.010) 0.051 (0.102) 1.94 (0.241) S:Dl 

zO 
0~ m_. 

x <s> 0.006 (0.026) 0.015 (0.015) 0.093 (0.093) 1.96 (1.01) ~ 0 
:§: :D 
~ -< 

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) -{).009 (0.009) 3.27 (0.210) 

x <s> -o.oo2 co.ol6> 0.007 (0.010) 0.016 (0.016) 2.86 (2.38) 



Table G·J6 (cont) 

Solution Sus~nded Sediments 

1987 2J8Pu 2J9,240Pu 2J8Pu 2J9,240Pu 

Stat ion Dote (10. 9 tJ-Ci!ml) -9 
(10 ~1Ci/ml) (pCi/g) (pCi/g) 

-

los· Alamos Canyon at Otowi J/2-5 -{).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/?.0 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) m r 
~g 

5/4·7 0.004 (0.004) -{).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) 
~en 
-I z 

6/4 0.027 (0.017) o.o13 <0.012> 0.058 (0.041) 0.878 (0.164) 
)> )> 

8 
r --t 

6/8·11 -{).005 (0.013) 0.005 (0.015) 0.064 (0.034) 2.74 (0.202) ~6 
~ ~ 

6/14-17 -{).011 (0.017) -{).011 (0.011) 1.90 (0.060) 1.70 (0.160) m' 
;=~ 
r;o 

x (s) 0.004 (0.022) 0.007 (0.009) 0.216 (0.561) 0.827 (0.829) R~ 
m--t 
- 0 

Rio Grande at Otowi 3/12 -{).016 (0.011) -{).024 (0.014) 0.001 (0.004) 0.001 (0.002) ~ :D 
'I -< 



~ ..... 

Station 

Sediment Trap 1 

Sediment Trap 2 

Sediment Trap 3 

Station 

Sediment Trap 1 

Sediment Trap 2 

Sediment Trap 3 

Table G-37. Radiochemistry of Storm Run·off in Sediment Traps, Mortandod Canyon 

Uranium and Plutonium Anal~ses 

Solution . Suspended Sediments 

Total U 238Pu 239,240Pu 238Pu 239,240Pu 

(l.t!J/L) 
-9 

(10 j-LCi/Ril) (10- 9 ~-tCi/ml) CpCi/g) CpCi /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) ~.212 (0. 150) 0.265 (0.206) 21.5 (1.04) 15.3 (2.97) 

Tritium. cesi~. and !!r<>S!i lli!_diol!ctiyity Arn!lvses 

3H 137Cs 

(10-6 ~tCi/IIL) (10-9 j.tCi/mL) 

9.0 (1.0) -18 (59) 

4.7 (0.6) 26 (40) 

5.9 (0.7) 3 (59) 

Solution 

Gross 

Alpha 

( 10 "9 t.tCI/mL) 

5.0 (1.0) 

1.5 (0.7) 

2.4 (0.9) 

Gross 

Beta 

(10-9 t1Ci/ml) 

35 (4.0) 

26 (3.0) 

17 (2.0) 

Gross 

G111111111 

(COUlts/llin/l) 

m r zo 
~(/) 
D > 
~r; 
~ ~ 
mO 
zCI> 
--1 z 
)> )> 
r --t 
Ul -cO 
D Z < )> mr 
r=r; r; (JJ 

z 0 

~~ 
u;6 
0> D 
--1 -< 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILlANCE 1987 

Table G-38. Locations of Soil and Sediment Sampling Stations 

Latitude or Longitude or Map 

Station N~S Coord E-W Coord Designation a 

Regional Sediments 
106°07' Chamita 36°05' 

Embudo 36°12' 105°58' 

Otowi 35°52' 106°08' 

Sandia S060 E490 

Pajarito 5185 E410 

Ancho S305 E335 

Frijoles S375 E235 

Cochiti 35°37' 106°19' 

Bernalillo 35° 17' 106°36' 

Jemez River 35°40' 106°44' 

Perimeter Sediments 
Guaje at SR-4 Nl35 E480 12 

Bayo at SR-4 NIOO E455 13 

Sandia at SR-4 N025 E315 14 

Mortandad at SR-4 S030 E350 15 

Canada del Buey at SR-4 S090 E360 16 

Pajarito at SR-4 Sl05 E320 17 

Potrillo at SR-4 Sl45 E29S 18 

Water at SR-4 Sl70 ·E260 '!9 

Ancho at SR-4 S2S5 E2SO :o 
Frijoles at National Monument S280 El85 21 

Headquarters 

Effluent Release Area Sediments 
Acid Pueblo Canyon 
Acid Weir Nl25 E070 

.,., .... 
Pueblo I Nl30 E085 23 

Pueblo 2 Nl20 El45 24 

Hamilton Bend Spring Nl05 E255 25 

Pueblo 3 N090 E315 26 

Pueblo at SR-4 N070 E350 27 

DP-Los Alamos Canyon 
DPS-1 N090 El60 28 

DPS-4 N075 E205 29 

Los Alamos at Bridge N095 E020 30 

Los Alamos at LAO-I N080 El20 31 

Los Alamos at GS-1 N075 E200 32 

Los Alamos at LA0-3 N075 E215 33 

Los Alamos at LA0-4.5 N065 E270 34 

Los Alamos at SR-4 N065 E355 35 

Los Alamos at Totavi N065 E40S 36 

Los Alamos at LA-2 N125 E510 37 

Los Alamos at Otowi NIOO E560 38 
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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 LABO~TO~Y 

ENVI~ONMENTAL SURVEILLANCE 1987 

Table G-38 (coot) 

Latitude or Longitude or 
N-S Coord E-W Coord 

N060 E036 
N045 E095 
N040 E105 
N035 E155 
N025 El90 
N030 E215 
N015 E250 

36°05' 106°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 E168 
N060 W07S 
S165 E085 
S0 55 E385 
N020 E310 

N095 E140 
NOS! E218 
N035 E095 
N025 E030 
5080 E295 
S042 El03 
S065 El95 
S035 W025 
Sl50 El40 
S245 E225 

Map 
Designation a 

39 
..tO 
41 
42 
43 
44 
45 

Sl 
52 
S3 
S..t 
55 
56 

S7 
58 
S9 

510 
511 
S12 
Si3 
514 
5115 
S16 

"'Soil sampling locations in Figs. 14 and 17; sediment sampling locations in Figs. l..t 

and 18. 
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Table G-39. Radiochemical Analyses of Regional Soils and Sediments8 

Gross 

3H 137Cs Total U 238Pu 239,240Pu 241Am Gat11llll 

location (10- 6 1 .. Ci/ml) (pCi/g) (p.9/Q) (pCi/g) (pCi/g) (pCi/g) (counts/min/g) 

Soils 
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) -- 4.1 (0.7) 
mr 
~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) - en -- D);> 

Jemez 4.3 (0.7) 0.23 (0.08) 2.1 (0.2) 0.001 (0.001) 0.010 (0.003) -- 1. 7 (0.6) 2~ 
~0 
~en 

~ 
Slfll118ry -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 -s: 
Mini nun -o.8 (0.5) 0.02 (0.06) 1.9 (0.2) 0.000 (0.001) 0.007 (0.002) -- 1.7 (0.6) ~OJ 
Ha11inun 13 ( 1.0) 0.60 (0.13) 5.4 (0.5) 0.002 (0.001) 0.016 (0.003) -- 6.4 (0.8) z 0 

0~ m_. 
~ 0 

Sediments ~ ~ 
Rio Chama at Chamita -- 0.00 (0.06) 1.9 {0.2) -o.001 (0.001) -o.oo2 co.oon -o.160 (0.081) -3.5 (0.7) 

Rio Grande at Enbudo -- 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) 

Jeu.ez River at Jemez -- 0.09 (0.08) 1.1 (0.2) 0.000 (0.002) 0.001 (0.001) 



3H 137(5 

Location 
-6 (10 I.LC i /ml) (pCi/g) 

SlJTIIIilry 
No. of Analyses 2 7 

Average 0.4 o.n 
s 0.3 0.12 

Mini nun 0.2 (0.4) 0.00 (0.06) 

MaKinun 0.7 (0.4) 0.38 (0. 11) 

Limits of Detection 0.7 0.1 

8 samples collected in April; counting uncertainty in parentheses. 

~ bsampling station covered by reservoir. 

Table G-39 (cont) 

Total U 

419/g) 

7 
3.1 
2.5 
1.1 (0.2) 

8.5 (0.9) 

0.3 

238Pu 

(pCi/g) 

7 

o.ooo 
0.001 

-o.001 (0.001) 

0.001 (0.002) 

0.003 

7 

239,240Pu 

(pCi/g) 

0.002 
0.003 

-o.oo2 <0.001> 

0.007 (0.002) 

0.002 

4 

241Am 

(pCi/g) 

-o.911 
1.57 

-3.26 (0.520) 

-o.078 (0.081) 

0.01 

,Ce 

Gross 
Ganrna 

(counts/min/g) 

6 

-1.5 
3.6 

-3.5 (0.7) 

3.8 (0.7) 

0.1 

mr 
~~ 
D l> 

~~ 
~~ 
mO zen 
-i z 
l! ~ 
en -cO 
~ ~ 
mr-
-~ fDl 
zO 
()~ 
m-i 
- 0 
~ D .... -< 



Table G-40. Radiochemical Analyses of Perimeter Soils and Sediments 

Gross 

3H 137Cs Total U 
238Pu 239,240Pu 241Am Ga1111111 

location 
-6 

(10 pCi/mL) (pCi/g) Cpg/g) CpCi/g) (pCi/g) CpC i/g) (counts/min/g) 

Perimeter Soi 1 s 

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 Mese 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 -{).1 (0.5) 0.34 (0.09) 4.8 (0.5) 0.000 (0.001) 0.004 (0.002) -- 7.1 (0.9) 

llhi 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) m r 
~~ 

SUTJnary 
D > 
0~ 

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 ~en 
--i z 

s 1.0 0.42 0.8 0.011 0.008 -- 1.5" > > 

~ 
r __. 

HinillUII -{).1 (0.5) 0.24 (0.08) 3.1 (0.3) 0.000 (0.001) 0.004 (0.002) -- 4.4 (0.7) ~6 

MaKillUII 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=> 

Perimeter Sediments 
>w z 0 

Guaje at SR-4 -- 0.06 (0.06) 2.8 (0.3) 0.000 (0.001) 0.002 (0.001) -{).016 (0.068) -<!.4 (0.6) 0~ m .... 

Bayo at SR-4 -- 0.34 (0.11) 3.2 (0.3") -{).001 (0.002) 0.002 (0.002) 0.028 (0.202) -{).8 (0.6) ~ 0 

Sandia at SR-4 -- 0.06 (0.06) 1.6 (0.2) 0.001 (0.001) 0.001 (0.001) 0.010 (0.081) -2.1 (1:1.6) ~ ~ 

Hortandad at SR-4 -- 0.00 (0.07) 1. 7 (0.2) -{).000 (0.001) 0.002 (0.001) -- -1.2 (0.6) 

Canada del Buey at SR-4 -- 0. u (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) -{).001 (0.002) 0.005 (0.001) 0.041 (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) 0.111 (0.168) -1.6 (0.6) 

llater 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) 2.1 (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 (0.1) -{).001 (0.001) 0.001 (0.001) 0.230 (0.185) -{).9 (0.6) 

Sandia at Rio Grande -- 0.39(0.12) 2.0 (0.2) 0.000 (0.001) 0.001 (0.002) -- -1.S <0.6> 

Canada del Ancha at -- 0.14 (0.09) 1.3 (0.2) -().001 (0.001) 0.001 (0.001) -- -{).8 (0.6) 

Rio Grande 



Table G-40 (cont) 

Gross 

3H 137Cs Total U 238Pu 239,240Pu 241Am Glllllllll 

Location (10. 6 f-lCi/ml) (pCi/g) (j,gfg) (pCi/g) (pCi/g) (pCi/g) (counts/min/g) 

Hortandad At Rio Grande 0.3 (0.4) 0.03 (0. 10) 1. 7 (0.2) 0.000 (0.000) 0.002 (0.001) -- -i>.7 (0.6) 

Pajarito at Rio Grande 0.5 (0.4) 0.36 (0.11) 2.9 ((i.3) 0.000 (0.001) 0.003 (0.002) -- -i>.O (0.6) 

~ater at Rio Grande -- 0.09 (0.09) 1.8 (0.2) 0.001 (0.001) 0.001 (0.001) -- -2.9 (0.6) 

Ancho at Rio Gr.ande 0.2 (0.4) 0.08 (0.08) 1.2 (0.2) 0.000 (0.001) 0.000 (0.001) -- -4.8 (0.7) 

Frijoles at Rio Grande 0.4 (0.4) 0.13 (0. 10) 2.8 (0.3) -{).001 (0.001) 0.002 (0.001) -- 2.5 (0.6) mr 
~0 - (/) 
D)> 

SUlTI\ilry 
os;: 
z 3: 

No. of Analyses 4 17 17 17 17 8 17 3:0 

Average 0.3 0.14 2.2 0.000 0.002 0.096 -2.6 
~(/) 
.... z 

Std. Dev. 0.1 0.12 0.6 0.001 0.002 0.116 5.5 
)> )> 

~ 

r -l 

Hininun 0.2 (0.4) 0.00 (0.07) 1.2 (0.2) -{).001 (0.002) 0.000 (0.001) -{).016 (0.068) -2.3 (2.0) :qo 
-.I 

D z 

HaKinun 0.5 (0.4) 0.39 (0.12) 3.2 (0.3) 0.002 (0.002) 0.006 (0.002) 0.311 (0.188) 2.5 (0.6) < )> mr 
r=s;: 
l);:m 

Limits of Detection 0.7 0.1 0.3 0.003 0.002 0.002 0.1 z 0 
0~ 

---------------------
m .... 

8 Samples collected in April; counting uncertainty in parentheses. 

~o 

~ ~ 
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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 

SU11118ry 
No. of Analyses 

Average 
s 
Mininun 
Maxiaun 

Sediments: Effluents 

Release Areas 
Pueblo Canyon 

Acid ~eir 
Pueblo 1 
Pueblo 2 
Hamilton Bend Spring 

Pueblo 3 
Pueblo at SR-4 

3H 

(10- 6 pCi/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) 

0.7 (0.5) 

-o.2 <0.5> 

10 (1.0) 

10 

1.9 

3.0 

-o.5 <0.5> 

10 ( 1.0) 

U7Cs 

(pCi/g) 

-o.01 (0.08) 

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.o1 co.o8> 

0. 79 (0.15) 

0.18 (0. 10) 

0.20 (0.10) 

-o.o2 <0.06> 

0.27 (0.09) 

0.02 (0.07) 

-0.01 (0.09) 

Gross 
Ganma 

(counts/min/g) 

6~6 (0.9) 

7.5 (0.9) 

6.8 (0.9) 

4.7 (0.1) 

6.0 (0.8) 

6.4 (0.8) 

5.2 (0.8) 

5.8 (0.8) 

5.1 (0.1) 

7.2 (0.9) 

10 

6.1 

0.9 
4.7 (0.1) 

7.5 (0.9) 

0.8 (0.6) 

-2.2 (0.6) 

-o.8 (0.6) 

-o.3 (0.6) 

-1.3 (0.6) 

-3.4 (0.7) 

mr 
~g 
D )> 

~~ 
~0 
'l!(/1 
~ z 
)> )> 
r ~ 

~6 

~~ 
-!;: 
~Ill z 0 
0~ 
m~ 
~ 0 

~~ 



t.> 
0 
..:;, 

location 

Surmary 
No. of Analyses 

Average 
s 
Mininun 
Maxi nun 

los Alamos Canyon 

DP Canyon at DPS-1 

DP Canyon at DPS-4 

Los Alamos at Bridge 

los Alamos at LA0-1 

Los Alamos at GS-1 

Los Alamos at LA0-3 

Los Alamos at LA0-4.5 

Los Alamos at SR-4 

Los Alamos at Totavi 

Los Alamos at LA-2 

Los Alamos at Otowi 

Sunnary 
~o. of Analyses 

Average 
s 
Mininun 
Maxi nun 

Table G-41 (cont) 

3H 

(10-6 ...,.ci/ml) 

117cs 
(pCi/g) 

6 

0.11 
0.12 

-o.o2 <0.06> 
0.27 (0.09) 

7.2 (1.1) 
10.7 (1.6) 

0.30 (0.10) 
,_ 1 (0. 19) 

0.20 (0.09) 
0.20 (0.07) 

0.62 (0. 14) 

1.8 (0.28) 
0.85 (0. 16) 

0.31 (0.09) 

0.30 (0.10) 

11 

2.1 
3.5 
0.20 (0.09) 

10.7 ( 1.6) 

Gross 
Ganma 

(COISits/min/g) 

6 

-1.2 
1.5 

-3.4 (0.7) 

0.8 (0.6) 

5.4 (0.8) 

-3.9 (0.7) 

1.1 (0.6) 
3.6 (0.7) 

-o.9 (0.6) 
0.9 (0.6) 

3.5 (0.7) 
3.4 (0.7) 

3.6 (0. 7) 

0.8 (0.6) 

10 
1.8 
2.7 

-3.9 (0.7) 

5.4 (0.8) 

mr 
~0 _(J) 

D )» 

~I): 
;s: ;s: 
mO 
z(J) 

:;z 
r )» 
Ul::! 
cO 
~ ~ mr 
rl): 
l):m 
z 0 
~S! 
-- -i ~0 
...., ~ 



t-.) 
...... 
0 

Location 

Hortandad Canyon 

Hortandad at CMR 

Hortandad West of GS-1 

Mortandad at GS-1 

Hortandad at MC0-5 

Hortandad at MC0-7 

Mortandad at HC0-9 

Hortandad at MC0-13 

S1.1111111ry 
No. of Analyses 

Average 

s 
MiniiiUII 
MaxiiiUII 

limits of Detection 

Table G-41 (cont) 

3H 

(10-6 pCi/ml) 

0.7 

137Cs 

(pCi/g) 

0.08 (0.06) 

0.11 (0.09) 

-i>.06 (0.06) 
38 (5.7) 

16 (2.4) 

0.28 (0.10) 
0.56 (0. 13) 

7 

7.85 
14.5 
-i>.06 (0.06) 
38 (5.7) 

0.1 

8 Samples collected in April and May; counting uncertainty in parentheses. 

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 

m r 
~~ 
~)> 
zS: 
~ ~ 
mO 
zen 
-i z 
f! )> 

Ul ::! 
cO 
~ ~ mr 
- 1): 
~Dl 
zO 
fJ ~. 
~ -i 
:gO 
.... ~ 



Table G-42. Uranium and Transuranic Radiochemical Analyses 

of On-•ite Soils and Sedimentsa 

Total U 238Pu 239,240Pu 241Am 

Location (jlg/g) (pCi/g) (pCi/g) (pCi/g) 
--

On·site Soils 

TA·21 3.8 (0.4) 0.005 (0.004) 0.002 (0.002) 

East of TA-53 4.6 (0.5) 0.000 (0.002) 0.012 (0.001) 

TA·50 4.2 (0.5) 0.002 (0.001)· 0.038 (0.003) 

Two-Mile Mesa 2.9 (0.3) 0.002 (0.002) 0.020 (0.005) 

East of TA-54 3.4 (0.3) 0.002 (0.002) 0.008 (0.004) . - 111 r 
zo 

R·Site Road East 3.9 (0.4) 0.003 (0.001) 0.002 (0.002) -. ~(/) 
D)> 

Potrillo Drive 3.9 (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 :s:: .. :s:: 0 

Near DT-9 3.1 (0.4) 0.000 (0.001) 0.016 (0.003) .. ~(/) 
--t z 

t.l Near TA-33 3.6 (0.4) 0.001 (0.001) 0.009 (0.002) -. )> )> 
r --t 

,_ 
~6 

...... 

SU111111ry 

~ ~ 
m' 

No. of Analyses 10 10 10 -. r=~ 
~ OJ 

Average 3.7 0.002 0.011 . - z 0 

s 0.5 0.002 0.012 -- 0~ 
m--t 

MinillLilt 2.9 (0.3) 0.000 (0.002) 0.000 (0.001) 
~ 0 

-- ~ ~ 
MaXillUII 4.6 (0.5) 0.005 (0.004) 0.038 (0.003) 

Sediments: Effluent 

Release Area 

Pueblo Canyon 

Acid Weir 3.2 (0.3) 0.001 (0.002) 0.004 (0.002) 1.28 (0.251) 

Pueblo 1 2.4 (0.2) -D.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 (0.373) 

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 (cent) 

Total U 238Pu 239,240Pu 241Am 

location (jJ.g/g) (pCi/g) (pCi/g) (pCi/g) 
-

S<mnar'l 
No. of Analyses 6 6 6 6 

Average 2.9 -o.,001 0.199 1.93 

s 0.4 0.020 0.254 0.54 

Mini nun 2.4 (0.2) -G.036 (0.018) 0.004 (0.002) 1.28 (0. 251) 

Maxi nun 3.4 (0.3) 0.026 (0.014) 0.612 (0.062) 2.51 (0.401) 
mr zo 

Sediments: Effluent ~CJ) 

Release Area 
D )> 

oc; 
los Alamos Can'lon 

z l:: 
l::o 

OP Canyon at OPS-1 2.5 (0.3) 0.067 (0.019) 0.139 (0.026) 2.88 (0.457) ~CJ) 
-i z 

OP Canyon at OPS-4 5.0 (0.5) 0.196 (0.012) 0.609 (0.029) .. )> )> 
r -i 

tJ ~5 ,_. los Alamos at Bridge 2.8 (0.3) -o.001 (0.001) 0.002 (0.011) -1.27 (0.223) 
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) ;=c; 

los Alamos at lA0·3 3.0 (0.3) 0.005 (0.002) 0.183 (0.011) 1.37 (0.260) 
c;w zo 

los Alamos at LA0-4.5 3.2 (0.3) 0.008 (0.002) 0.267 (0.015) -1.48 (0.278) 0~ m_. 

los Alamos at SR·4 4.2 (0.4) 0.029 (0.004) 0.414 (0.023) 1.24 (0.246) - 0 
~ D 

los Alamos at Totavi 4.4 (0.4) 0.062 (0.006) 0.493 (0.025) -2.71 (0.442) -.j -< 

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) 

Surmar'l 
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 

Hininun 2.5 (0.3) -o.001 (0.001) 0.002 (0.011) -2.43 (0.391) 

Maxi nun 5.0 (0.5) 0.196 (0.012) 0.615 <0.030) 2.88 (0.451) 



Table G-42 (cent) 

Total U 238Pu 239,240Pu 241Am 

Location ~19/9) (pCi/9) (pCi/9) (pCi/9) 

Sediments: Effluent 

Release Area, Mortandad 

Canyon 
Mortandad at CMR 1.8 (0.2) 0.021 (0.003) 0.006 (0.002) 1.16 (0.225) 

Mortandad West of GS-1 1.5 (0.2) 0.008 (0.011) 0.000 (0.001) 1.39 (0.290) 

Mortandad at GS-1 2.3 (0.2) -o.028 (0.013) -o.oo5 <0.012> 3.99 (0.613) 

Mortandad at MC0-5 2.9 (0.3) 7.59 (0.520) 30.7 (1.90) 24.6 (3.71) 
mr 
~0 

Mortandad at MC0-7 1.7 (0.2) 1.52 (0.082) 6.02 (0.246) 
_en 

4.22 (0.649) D)> 

Mortandad at MC0-9 4.8 (0.5) -o.035 (0.013) 0.005 (0.011) 1.50 (0.304) 
or; 
z 3: 

Mortandad at MC0•13 2.4 (0.2) 0.002 (0.001) 0.023 (0.003) -- 3:0 
~en 
-iz 
)> )> 

t-J SU11118ry 
r -i 

...... ~5 

..... 
No. of Analyses 7 7 7 6 ~~~ 
Average 2.5 1.30 5.25 6.14 m' r:r; 
s 1.1 2.83 11.4 9.14 r;m 

Mininun 1.5 (0.2) -o.035 (0.013) -o.oo5 co.o12> 1.16 (0.225) 
zO 
0~ 

Maxi nun 4.8 (0.5) 7.59 (0.520) 30.7 (1.90) 24.6 (3.71) 
m-i 
- 0 
~ ~ 

Limits of Detection 1 0.003 0.002 0.001 

.................................... 

8 Samples collected in April and May; counting uncertainty in parentheses. 



Table G-43. Inorganic Chemical Parameters in Solution Extracted from Sediments Downgrodient from Areas G and l, TA-54 

MaxiiiUll limits Station Numbers8 

EP Toxic of 

Parameters b Concentrot ion c Detection 1 2 3 4 5 6 7 8 9 

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

Arsenic 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD 

Bar il.m 100 0.5 BLD BLD BLD BLD BLD BLD BLD BLD BLD 

Caanil.lll 1.0 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD 

Chromim 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD 

Lead 5.0 0.05 BLD BLD BLO BLO BLD BLO BLD BLO BLD mr 

Mercury 2.0 0.001 BLO BLD BLO BLD BLD BLD BLD BLD BLD ~0 _(j) 

Selenim 1.0 

D)> 

0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD 0~ 

Silver 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD z s:: 
s::o 

Nickel -- 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD ~(/) 

Beryll imd 

--1 z 

-- 0.005 BLD BLD BLD BLD BLD BLD BLD BLO BLD )> )> 

N 

r --t 

..... Sui fate -- 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 Bllil ~ ~ mr 

Cyanide -- 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD r=~ 

pHe -- 8.0 7.4 7.5 7.3 7.2 7.0 7.9 7.2 7.0 
~Ill 

-- z 0 
0~ 
m--t 

-------------
~ 0 
:£ :D 

aSamples collected in September; station number location in Figure 20. 
-4 -< 

bConcentrations in mg/L except as noted; BLD :Below Detection limit. 

cNew Mexico Hazardous ~aste Management Regulations (HWHR) 201 8.5.; Extraction procedure. 

<\Jni ts ore pg/g. 

eStandard units. 





1-J 
...... 
0\ 

~ 

N 

Mean 
Std. Oev. 

MiniiiUII 

MaxiiiUII 

MinillUll 
Detectable Limit 

~------------

3H 

(pCi/ml) 

17 
24 
50 

1.0 (0.4) 

200 (20) 

0.7 

aCounting uncertainties within parentheses • 

90Sr 

(10- 3 pCi/dry g) 

17 
20 
16 
2.5 (1.4) 

51.8 ( 1.2) 

0.5 (1.5) 

Table G-44 (coot) 

137Cs 

(10- 3 pCi/dry g) 

17 
54 
60 

-30 (81) 

240 (100) 

100 

u 
(ng/dry g) 

17 
19 
26 
1.0(0.1) 

97 (9.7) 

2 

238Pu 

(10-S pCi/dry g) 

17 
20 
42 

-13 (36) 
170 (21) 

20 

239,240Pu 
-5 

(10 pCi/dry g) 

17 
15 
32 

·18 (33) 

120 (16) 

10 

mr 
~0 - en 
D :J> 

2~ 
s: s: 
mO 
zen 
-1 z 
"{! ~ 
encO 
~ ~ 
m' 

e~ zo 
~~ 
- -1 
~0 
~ ~ 



Table G-45. Radionuclides in fish 

90Sr B7Cs u 238Pu 239Pu 

-3 (10 pCi/dry g) ·3 (10 pCi/dry g) (ng/dry g) (10.5 pCi/dry g) -5 (10 pCi/dry g) 

CAlf ISH 

Abiguiu 

N 10 10 10 5 5 

Mean 42 130 5.2 3 3 mr 

Std. Dev. 36 90 2.0 4 3 ~0 - (/) 

MiniiiUll 14 (2)a -35 (78) 1.4(0.1) 0 (4) 0 (6) D )> 

Ot; 

MaxiiiUll 140 (8) 290 (99) 9.3 (0.9) 10 (10) 7 (4) z ~ 
~0 
~(/) 

Cochiti 
-i z 
)> )> 

r» 
r -i 

,_. ~B 
-.l 

N 10 10 10 5 5 D z < )> 

Mean 52 100 11.5 5 1 m' 
r=t; 

Std. Dev. 72 120 5.0 8 6 r;: ID 
zO 

MiniiiUll 12 (2) -140 (100) 6.2 (0.6) -5 (5) -5 (4) Oi! 
240 (26) 270 (lOU) 19 (1.9) 14 ( 1) 8 (6) 

m_. 

MaxiiiUll 
- 0 
~ D 
"" -< 

CRAPPIE 

Abiguiu 

N 10 10 10 5 5 

Mean 190 60 1.4 -3 6 

Std. Dev. 150 no 0.42 8 1 

Minimum 26 (2) -210 (12fl) 0.45 (0.1) -14 (11) 5 (8) 

Ha>. j IIOUIQ 500 (25) 240 ( 170) 1.9 (0.2) 5 (6) 8 (8) 



I'.) ..... 
00 

Cochiti 

N 

Mean 
Std. Dev. 

Mini nun 

Maxi nun 

Mini nun 

Detectable 

Limit 

90Sr 

(10-l pCitdry g) 

10 
53 
42 
15 (1) 

120 (13) 

aCounting uncertainties in parentheses • 

Table G-45 (cont) 

137Cs 

(10-:J pCi/dry g) 

10 
120 
93 

-70 (120) 

245 (130) 

10 

u 
(ng/dry g) 

10 
2.4 
0.58 
1.2 (0.1) 

2.6 (0.3) 

3 

238Pu 

(10-S pCi/dry g) 

5 
5 

10 
-8(7) 

17 ( 10) 

30 

239Pu 
-5 

(10 pCi/dry g) 

5 
5 
6 

-3 (3) 
12 (5) 

20 

mr 
~0 _en 
D)> 

~r;: 
~ ~ 
mO 
zen 
-1 z 
1?-~ 
en -cO 
~ ~ mr 
r=r;: 
r;:ro 
z 0 
05! 
m-1 
- 0 

~~ 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-46. Locations of Beehives 

Stations 
N-S 

Coordinate 

Regional Stations (28-44 km)--Uncontrolled Area 

I. Chimayo 
13. San Pedro 

Perimeter Stations (0-4 km)--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) 

l 0. T A-54 (Area G) 
11. T A-9 (Anchor Site E) 
12. TA-15 (R-Site) 
14. Frijoles Mesa 
15. TA-16 (S-Site) 

219 

Nl80 
S2!0 

N095 
N040 
N0 50 
N020 
S020 
S260 
N0 50 
soos 
S020 
Sl60 
S0 55 

E-W 
Coordinate 

W020 
E380 

E180 
E095 
E220 
E185 
W065 
E265 
E220 
W040 
E065 
ElOS 
W080 



Table G-t.l. Selected Radionuclides in local and Regional Honey a 

Pajarito lower 

Chimayo San Pedro Acres Hortandad -I!.:.!L ....!!:.2.. J.L1i_ ~ .JUL _ll:lL TA-53 

3H (pCi/ll 300 1400 2300 8400 400 4500 4300 7500 33 000 8400 120 

(400)b (400) (400) (1000) (400) (400) (600) (900) (3000) ( 1000) (10) 

7se (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) 69 65 217 101 13 69 107 160 60 16 
mr 

92 ~0 _(/) 

(64) (60) (70) (48) (69) (47) (50) (58) (71) (79) (49) :D )> 

01): 
z ~ 

137cs (pCi/L) 488 509 4 88 24 61 5 24 -52 n 62 ~0 
~(/) 

(94) (102) (40) (51) (52) (45) (36) (43) (52) (56) (48) -i z 
)> )> 

N 

r -i 

t..J 
~B 

0 54 Hn (pC i /l) 76 72 99 93 54 n 77 53 118 52 3 ~?i 
(56) (53) (42) (47) (52) (41) (41) (40) (56) (51) (38) mr 

- 1): 
~ OJ 

22 Na (pCi/L) 62 -32 43 40 20 609 105 82 481 70 30 
zO 
()~ 

(55) (58) (46) (43) (57) ( 111) (47) (49) (106) (64) (49) 
m -i 
~ 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) 

-- - -- ---- ~ -----
aOensity of honey was about 1860 g/L; data from 1986. 

bCounting uncertainty in parentheses. 



Table G-48. Selected Radionuclides in Local and Regional Bees a 

Pajarito Lower 

Chimayo San Pedro Acres Mortandad _ltl_ _!!.:2._ ...!!.:..1L ...!.U1.. ...!UL ..ll2.L 

JH (pCi/L) 2400 5000 4600 14 000 7700 12 000 5]00 8700 21 000 6100 

(500)b (700) (600) (2000) (900) (1000) (700) (1000) (2000) (800) 

7se <pCi/g) 1. 7 4.1 0.0 0.9 6.6 5.4 2.6 1.2 1.2 1.6 

( 1. 1) (2.]) (2.1) (2.2) (2.4) (2.4) ( 1.]) ( 1.]) ( 1.]) ( 1. 1) 

57 . 

mr 

Co (pCI/g) 0.44 0.14 0.]0 0.26 0.18 0.26 0.27 0.24 0.]1 0.16 ~0 _(/) 

(0.1]) (0.094) (0.12) (0. 14) (0. 15) (0. 11) (0.1]) (0. 11) (0.12> (0.11) D )> 

or; 
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) (0.06]) (0.079) (0.074) (0.071) (0.070) -i z 
)> )> 

!·.) 

r -i 

h) 

~6 

.... 54 Mn (pCi/g) 0.20 0.024 0.18 0.25 0.006 0.17 0.14 0.086 0.084 0.21 D z < )> 

(0.096) (0.088) (0.11) (0.11) (0.098) (0.099) (0.082) (0.081) (0.092) (0. 11) m' 
;= r;: 
r;:w 

22 Na (pCi/g) ·0. 11 -0.042 0.082 1.2 0.008 0.077 0.079 0.11 
z 0 

.. 0.22 0~ 

(0.086) (0.08]) (0.099) (0.22) (0.087) (0.086) (0.087) (0.088) (0. 10) 
m-i 
~ 0 
~ D 
--1 -< 

83Rb (pCi/g) 0.]1 0.13 0.28 ·0.25 0.]1 0.24 ·0.19 0.012 0.08] ·0.086 

(0.27) (0.28) (0.]2) (0.28) (0.]]) (0.29) (0.2]) (0.23) (0.17) (0.20) 

Uraniun (ng/g)b 6] 200 57 62 57 7J 88 160 75 89 

(6.]) (19) (5. 7) (6.2) (5. 7) (7 .l) (8.8) ( 16) (7.50) (9.0) 

-- -- ------- " 

dData from 1986. 

bcounting uncertainty in parentheses. 



Technical Area 

TA-54 Area L 

TA-54 Area G 
TA-50-1 

T A-50-37 

TA-3-102 
TA-3-40 
TA-14 
TA-15 
TA-36 
TA-39 
T A-22-24 
T A-53-2 
T A-40-2 
TA-40 SDS 
TA-16 
TA-16AreaP 
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-Dav Storage 

Tank Treatment Yes 
Container Storage Yes 
Landfill• No 
Landfill• 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• No 
Tank Storage <90-day 

Part B 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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LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-50. 1987 RCRA Interactions Among the Laboratory, 

EnYironmental Protection Agency (EPA), and New Mexico's 

EnYironmental lmproYement Dhision (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. Inadequ:lte 

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 LA~L that no comments were received on the 

closure plans for TA-40-2, TA-3-102, and TA-22-2-'. 

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 

03A 

04A 

050 
051 

05A 

06A 

128 

ss 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 . 

Table G-51. Types or Discharges and Parameters Monitored at 

the Laboratory Under its NPDES Permit NM00283SS 

Number Monitoring Required 

Type or Discharge Out!alls 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) 



Discharge 
Location 

TA-3 

TA-8 

TA-9 

TA-16 

TA-18 

TA-21 

TA-35 

TA-41 

TA-46 

TA-48 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-52. NPDES Permit Effluent Quality Monitoring of 

Sanitary Sewage Treatment Outfalls 

Permit Number of 

Parameters Deviations Range of Deviation 

BOD a 0 
TSSb I 51.3 

Fecal Coliformsc 3 3500.0 to 227,200 

pHd 0 

BOb 0 
TSS (90) 0 
pH 0 

BOD 0 
TSS 0 
pH 0 

BOD 0 
TSS 1 165.5 

pH 0 

BOD 0 
TSS (90) 0 
pH 2 9.4 to 10.1 

BOD 0 

TSS 0 
pH 10.6 

BOD 0 
TSS (90) 0 
pH 0 

BOD 0 
TSS 0 
Fecal Coliforms I 4800.0 

pH 0 

BOD 0 
TSS 0 
pH 1 5.7 

BOD 0 
TSS 0 
pH 0 



Discharge 
Location 

TA-53 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Permit 
Parameters 

BOD 
TSS (90) 
pH 

Table G-52 (cont) 

Number of 
Deviations 

0 
0 
I 

Range of Deviation 

10.2 

aBiochemical oxygen demand (BOD) permit limits are 30 mg/L (20-day average) 

and 45 mg/L (7-day average). · 
1>-rotal 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 l_imits arc 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. 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-53. Limits Established by NPDES Permit 

N!\10028355 for Industrial Outfall Discharges 

Parameter Daily Daily 

Discharge Category Limited Average Maximum 

Power Plant TSS 30.0 100.0 
Free Cl 0.2 0.5 
pH· 6-9 6-9 

Boiler Slowdown TSS 30 100 
Fe 10 40 
Cu I I 
p 20 40 
so3 

35 70 
Cr Report Report 
pH 6-9 6-9 

Treated Cooling Water TSS 30.0 100.0 
Free Cl 0.2 0.5 
p 5.0 5.0 

Noncontact Cooling Water pH 6-9 6-9 

Radioactive Waste Treat- CODa 18.8 37.5 

ment Plants coob 94.0 156.0 
TSSa 3.8 12.5 
TSSb 18.8 62.6 
Cda 0.01 0.06 
Cdb 0.06 0.3 
era 0.02 0.08 
Crb 0.19 0.38 
cua 0.13 0.13 
Cub 0.63 0.63 
Fe a 0.13 0.13 
Feb 1.0 2.0 
Pba 0.01 0.03 
Pbb 0.06 0.15 
Hga 0.007 0.02 
Hgb 0.003 0.09 
zna 0.13 0.37 
znb 0.62 1.83 
pH a 6-9 6-9 
pHb 6-9 6-9 

High Explosives COD 150.0 250.0 

TSS 30.0 45.0 
pH 6-9 ,6-9 
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lJ nits of 
.\leasurement 

mg/L 
mg/L 
standard units 

mg/L 
mg/L 
mg;L 
mg/L 
mg/L 
mg/L 
standard units 

mg;L 
mg, L 
mg/L 

st:1ndnrd units 

lb/day 
Ibid:! y 
lb/day 
lb/day 
lb/day 
lb/d:l y 
lb/d:ly 
lb/day 
lb/day 
lb; d:ly 
lb;da y 
lb; day 
lbiday 
lb/day 
lb/d:ly 
lb/d:ly 
lb/d:ly 
lbJday 
st::~ndard units 
standard units 

mglL 
mg/L 
st:~nd:Hd units 



Discharge Category 

Photo Wastes 

Printed Circuit 
Board 

LOS ALAMOS NATIONAL LABOAA TORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-53 (cont) 

Parameter Daily 

Limited Average 

CN 0.2 
Ag 0.5 
pH 6-9 

COD 1.9, 

TSS 1.25 
Fe 0.05 
Cu 0.05 
Ag Report 
pH 6-9 

:lLimitations for outfall 050 located at T A-21·257. 

bLimitations for outfall 051 located at T A-50-1. 
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Daily Units of 
!\taxi mum \1easurement 

0.2 mg/L 
1.0 mg/L 

6-9 stand::trd units 

3.8 lb/dy 
2.5 lb/dy 
0.1 lb/dy 
0.1 lb/dy 
Report lb/dy 
6-9 standud units 



Table G-54. NPDES Permit Effluent Quality Monitoring of Industrial Outfallsa 

N~ber of 

NU!ber of Permit NU!ber of Range of Outfalls With 

Discharge Category Outfalls Parameter Deviations Deviations Deviations 

--

Power Plant 1 TSSb 0 --- 0 

free Cl 1 2.0 1 

pH 0 --- 0 

Boiler Slowdown 1 pH 0 --- 0 

TSS. 0 --- 0 

Cu 0 --" 0 

Fe 0 --- 0 
mr 
~0 

p 0 --- 0 
_en 
:D )> 

503 0 --- 0 
or; 
z ~ 

Cr 0 --- 0 ~0 
zen 
-i z 
)> )> 

I.J Treated Cooling Water 35 TSS 0 --- 0 r -i 

I J 

~6 

\:J 
free Cl 3 0.60 to 1.5 3 :D z 

0 0 
< )> 

p --- m' 

pH 3 9.2 to 9.3 2 
rr; 
r; CD 
zO 
0~ 

Noncontact Cooling Water 28 pH 0 --- 0 m-i 
~ 0 
<D :D 

cooc 

~ -< 

Radioactive Waste Treatment Plant 2 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 

Hiyh bplosives 18 coo 2 JoO.O to 410.0 2 

TSS 0 ... 0 

pit 0 --- 0 



~ 

Discharge Category 

Photo \lastes 

Printed Circuit Board 

Nlni:>er of 

Out falls 

12 

alimits set by the NPDES permit are presented in Table G-40. 

blotal suspended solids. 

cChemical oxygen demand. 

Tdble G-~4 (cont) 

Permit 

Parameter 

CN 
Ag 
TSS 
pH 

pH 

coo 
Ag 
fe 
Cu 
TSS· 

Nl.!fber of 

Deviations 

0 

0 

0 

1 

1 

0 

0 

0 

0 

---
---
---
9.9 

9.4 
---

---
---
---

Range of 

Deviations 

NlHber of 

Outfalls \lith 

Deviations 

0 

0 

0 

1 

1 

0 

0 

0 

0 

·m r 
~0 - (/) 
:D )> os: 
z 3: 
3: 0 
~(/) 
--i z 
)> )> 
r --i 

~6 
~ ?; 
mr 
;=~ s:o 
fi~ m__. 
~ 0 
:il :D 
..... -< 



LOS. ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

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 con tract 
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 

05A 
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 

04S 
Final design complete 
Advertisement of construction contract 

Aw:ud of construction contract 
Construction complete 
In compliance with final limits 

055 
Final design complete 
Advertisement of construction contract 

A w::~ rd of construction contract 
Construction completion 
In compliance with final limits 

231 

Date 

August 1986 
September 1986 
October 1986 
December 1986 
January 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 
~1arch 1987 
December 1987 
J::~nuary 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-55 (cont) 

Outfalls 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 contract Completed 

Construction completion Completed 

In compliance with final limits September 1986 

llS 
Final design complete Completed 

Advertisement of construction contract Completed 

A ward of construction con tract July 1986 

Construction complete November 1986 

In compliance with final limits January 1987 

232 

Status 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEIUANCE 1987 

Table G-56. Federal Facility Compliance Agreement 

Interim Compliance Limits and Compliance Schedule 

Effluent Characteristic 

Outfall 01A (Power Plant) 

Flow" 
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 Outfalls 

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 TA-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-Dlly Avg. 
(mg/L) 

:--1/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 T A-·.U) 

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 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-57. Environmental Documentation Approved by the Laboratory 

Environmental Review Committee iri 1987 

Action Description Memorandums 

Laboratory-Wide 

TA-3 

TA-15 

TA-16 

TA-35 

TA-50 

- Core Hole, Valles Caldera (VC-2B), Sulphur Springs, Doc

ument No. 87-15 

- Dwarf Mistletoe Control with Ethrel, A Growth Regulator, 

Document No. 87-10 

- Live Firing 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 ~-lo. 

87-14 

- New Tritium Processing Facility, Document No. 87-6 

- Confinement Physics Research Facility, T A-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 

235 



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 84, Document No. 87-17 

En vi ron men tal Assessments 

Transuranic (TRU) Waste Inventory Work-Off Plan 

Other 

An additional document, a CEARP/CERCLA Remedial Investigation 

Pl:J.n, 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 ~ater from Municipal Supply and Distribution System a 

3H 137Cs Total U 238Pu 249,240Pu 

-6 -9 -9 (10-9 t!Ci/ml) 
Stations (10 jJ.Ci/ml) (10 jJ.Ci/ml) ~J.9/L) ,(10 pCi/ml) 

--
los Alamos Field 

~ell LA-18 -1.4 (0.7) -31 (49) 6.0 ( 1.0) 0.011 (0.009) -o.003 (0.009) 

!olell LA-2 -1.4 (0. 7) 42 (48) 6.0 ( 1.0) -o.007 (0.005) 0.000 (0.010) 

~ell LA-3 -o.6 (0.7) 42 (43) 2.0 (1.0) 0.000 (0.010) 0.024 (0.016) 

~ell LA-4 

~ell LA-5 -1.1 (0. 7) 33 (42) 5.0 (1.0) 0.000 (0.010) 0.000 (0.010) 
m r 
~0 - (/) 

Guaje field 
D )> 

~ell G-1 -1.0 (0. 7) 40 (44) 1.0 (1.0) -o.013 (0.010) 0.044 (0.010) 
or; 
z ~ 

~ell G·1A -o.9 (0.7) -33 (44) 1.0 (1.0) 0.004 (0.010) -o.o04 <O.oon 5:':0 
~(/) 

~ell G-2 -o. 7 (0. 7) -16 (36) 1.0 (1.0) -o.039 (0.012) -o.oos <0.010> --i z 

IJ 

)> )> 

w llell G- 3 -- -- -- ·- -- r --i 

-...) 

g?6 

~ell G-4 -o.6 (0.7) 9 (44) 1.0 (1.0) -o.024 (0.011) 0.000 (0.010) ~ ~ 

~ell G-5 -o.9 (0.7) -7 (36) 1.0 (1.0) 0.000 (0.010) 0.004 (0.010) mr 
r=r; 

~ell G-6 -1.4 (0.7) 19 (43) 1.0 ( 1.0) -o.018 (0.013) -o.004 (0.008) r; m 
zO 
()~ 

Pajarito Field 

m--. 
~o 

~ell PM-1 0.0 (0.7) -6 (37) 2.0 (1.0) -o.004 (0.007) -o.021 (0.011) ~ ~ 

~ell PM-2 0.0 (0.7) 3 (44) 0.0 ( 1.0) -o.011 (0.013) -o.011 (0.008) 

llell PM· 3 -o.8 <O. n 42 (42) 1.0 (1.0) -o;o13 <0.010> -o.004 (0.008) 

Well PM-4 0.3 (0.7) -77 (44) 0.0 ( 1.0) 0.000 (0.010) 0.012 (0.012) 

Well P!4·S 0.2 (0. 7) -22 <38> 0.0 (1.0) -o.o12 <0.009> 0.000 (0.010) 



Table G-58 (cont) 

1H B7Cs Total U 218Pu 249,240Pu 

Stations 
-6 

(10 tiC i /ml) (10.9 tJCi/ml) <tJ.9/l) 
-9 

(10 11Ci/IIL) (10.9 p.Ci/ml) 

Gallery <Water Canyon) -1.2 (0. 7) 10 (50) 1.0 (1.0) ~.005 (0.008) ~.014 (0.011) 

~ly Stmnary 
No. of Analyses 16 16 16 16 16 

Average ~-7 5.7 2 ~.002 0.001 

s 0.6 13.5 2 0.015 0.015 

Mininun -1.4 (0. 7) -77 (44) 0.0 ( 1.0) ~-019 (0.012) ~.021 (0.011) mr 

MaKinun 0.3 (0.7) 42 (48) 6.0 ( 1.0) 0.011 (0.009) 0.044 (0.007) 
~0 _CII 
:D )> oc; 

Distribution 
z ~ 
~0 

Fire Station 1 0.5 (0.7) -5 (42) 1.0 (1.0) 0.006 (0.016) 0.037 (0.011) ~C/1 
-i z 

Fire Station 1 ~-1 (0.3) 71 (56) 1.0 (1.0) ~-012 (0.009) ~-006 (0.006) 
)> )> 

~ 
r -i 

~5 

Fire Station 2 ~-1 (0.7) -32 (43) 2.0 (1.0) 0.000 (0.010) 0.005 (0.009) ~ ~ mr 

Fire Station 2 ~-4 (0.3) 2 (58) 1.0 ( 1.0) . 0.000 (0.010) 0.000 (0.010) r=c; c;m 
zO 

fire Station 3 0.9 (0.7) 18 (44) 1.0 ( 1.0) 0.000 (0.010) ~-008 (0.008) 
0"{! 
m -i 

Fire Station 3 0.5 (0.3) 17 (61) 1.0 (1.0) 0.004 (0.012) 0.019 (0.013) 
~ 0 
~ 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 ~-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) ~.004 (0.011) 0.004 (0.010) 



L~ 
\0 

Stat ions 

Distribution Summar¥ 

No. of Analyses 

Average 

s 
Mininun 

Maxi nun 

Fenton Hill (TA·S7) 

Fenton Hill (TA·S7) 

Standby Well (not 

part of Water Supply) 

Well lA·6 

USEPA Maximum Concen· 

trationb 

Limits of Detection 

3H 

(10-6 f.l.Ci/ml) 

12 
-o. 1 

1.2 
-2.4 (0.7) 

2.1 (0.7) 

-o.9 (0.7) 

0.1 (0.3) 

-1.6 (0. 7) 

20 

0.7 

Table G·58 (cont) 

B7Cs Total U Z38Pu 249, 240Pu 

-9 (10 pCi/ml) (pg/l) (10-9 f.!Ci/ml) (10- 9 pCi/ml) 

12 12 12 12 

13 1 o.ooz 0.008 

40 0 0.006 0.014 

-48 (64) 1.0 (1.0) -{).012 (0.009) -o.008 (0.008) 

71 (56) 2.0 ( 1.0) 0.012 (0.012) 0.037 (0.017) 

113 (50) 1.0 (1.0) 0.000 (0.010) 0.004 (0.008) 

-42 (60) 1.0 (1.0) 0.000 (0.010) 0.004 (0.004) 

so (43) 4.0 (1.0) 0.000 (0.010) 0.012 (0.012) 

zoo 1800c 15 1S 

40 0.009 0.03 

alolell &llllllle& collected in February; distribution &llllllles collected in February and Septentler; COUlting uncertainty in parentheses. 

bReference (EPA 1976). 

clevels recommended by International Commission on Radiological Protection. 

mr zo 
~(/) 
D )>o 

§?~ 
s: s: 
mO z(/) 
-i z 
)>o )>o 
r -i 
(/) -
cO 
D Z < )>o 
mr 
r= ~ 
~Ill 
zO 
~~ 
- -i 
~0 
'I ~ 



Table G-59, Gross Radioactivity in ~ater from Municipal Supply 

and Distribution Systems a 

Gross Alpha Gross Beta Gross G81l111B 

Stations (10.9 1-<Ci/ml) (10.9 pCi/ml) (Cooots/min/l) 
---

los Alamos Field 

~ell LA·1B -6.0 (4.0) 7.2 (0.8) -40 (100) 

~ell LA-2 -7.0 (2.0) 1.7 (0.4) -160 (100) mr 
~0 

~ell LA·3 6.0 (2.0) 2.5 (0.5) -300 (100) 
_CJ) 

D > 

~ell LA-4 .. . - .. 0~ 
z 3:: 

~ell LA·5 -5.0 (2.0) 1.7 (0.4) -400 (100) 3:: 0 
~C/) 
-i z 

Guaje field 
)> )> 

!-) 

r -i 

i5 
~6 

~ell G-1 -6.0 (2.0) 2.8 (0.5) -300 (100) 
~ ~ 
mr 

~ell G·1A -5.0 (1.0) 1.8 (0.4) -140 (100) 
- ~ 
~OJ 

~ell G-2 -a.o <2.0> 3.1 (0.5) -300 (100) . zO 
0~ 

~ell G-3 .. . . .. m-i 

~ell G·4 -7.0 (2.0) 1.2 (0.4) 
~ 0 

-220 (100) ~ D .... -< 
~ell G-5 -6.0 (2.0) 3.0 (0.5) -300 (100) 

~ell G-6 -6.0 (2.0) 2.9 (0.5) -120 (100) 

Pajarito field 

~ell PM·1 -8.0 (2.0) 4.3 (0.6) -170 (100) 

~ell PM·2 -6.0 (2.0) 1.8 (0.4) -140 (100) 

~ell PM·3 -9.0 (2.0) 3.2 (0.5) -110 (100) 

~ell PM·4 -7.0 (2.0) 1.9 (0.4) -140 (100) 

~ell PM·5 -6.0 (2.0) 2.3 (0.4) -190 (100) 



-"·· 

Table G-59 (coot) 

Gross Alpha Gross Beta Gross Ganrna 

Stations (10-9 f1Ci/ml) 
-9 

(10 f!Ci/ml) (COISitS/min/l) 

Gallery (Water Canyon) -ti.O (2.0> 2.2 (0.4) 70 ( 100) 

Sueply Sunnary 

No. of Analyses 16 16 16 

Average -tl.5 2.7 -185 

s 1.1 1.4 116 

Mini nun -9.0 (2.0) 1.2 (0.4) -400 (100) mr 

Maxi nun -5.0 (2.0) 3.2 (0.5) -40 (100) 
~0 _en 
]) )> 

0~ 

Distribution 
z s::: 
s:::o 

Fire Station 1 -7.0 (2.0) 1. 7 (0.4) -120 (100) ~(F) 
-i z 

Fire Station 1 2.4 (0.9) 3.0 (0.5) 310 (80) 
)> )> 

I" 

r -I 

... ~6 

.... 
Fire Station 2 -7.0 (2.0) 42 (4.0) -40 <100) ~ ~ mr 

Fire Station 2 2.1 (1.0) 3.5 (0.5) 500 (90) ;= ~ 
~ Ol zO 

Fire Station 3 -7.0 (2.0) 8.3 (1.0) 90 (100) 
()~ 
m--1 

Fire Station 3 2.0 (0.9) 4.7 (0.6) 330 (90) 
- 0 :£ ]) ...., -< 

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 -ti.O (2.0) 2.5 (0.4) -60 (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) 



1-J 
~ 
N 

Stations 

Distribution Sunmary 

No. of Analyses 
Average 
s 
Mini nun 
Maxin.n 

Fenton Hill (TA-57) 

Fenton Hill (TA-57) 

Standby Well (not 

part of Water Supply) 

Well LA-6 

USEPA Maxin.n Concen· 
trat ion L imi tsb 

limits of Detection 

Gross Alpha 
(10-9 tJCi/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 G8fllllll 
-9 

( 10 11C i /ml) (CoiXIts/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 Sllfll>les collected in February; distribution S&qlles collected in February and September; c0111ting 

~~~Certainty in parentheses. 

blhe Environmental Protection Agency MCL for gross alpha is 15 x 10"9 flCi/mL; however, if gross alpha in 

the system exceeds 5 x 10"9 tJCi/mL, isotopic analyses of radium content is required. 

mr 
~0 _Cil 
D )> 

~r; 
3: 3: 
mO 
zCil 
-t z 
)> )> 
r -t 

~5 
~ ?; 
mr 
-r; 
~~ 
0~ 
m-t 
~ 0 

~ ~ 



Table G-60. Primary Chemical Quality for ~ater Supply and Distribution Systems (mg/l)a 

Stations Ag As Ba Cd Cr 
--

~ 
los Alamos Field 

~ell 18 <0.001 0.034 0.032 <0.0005 0.022 

Well 2 <0.001 0.013 0.084 <0.0005 0.021 

~ell 3 <0.001 0.006 0.053 <0.0005 0.008 

~ell 4 
~ell 5 <0.001 0.017 0.075 <0.0005 0.007 

mr zo 

Guaje Field 

~(/) 
:D )> 

~ell G-1 <0.001 0.003 0.062 <0.0005 0.007 
01): 
z ~ 

~ell G·1A <0.001 0.012 0.037 <0.0005 0.008 ~0 
~(/) 

~ell G·2 <0.001 0.044 0.064 <0.0005 0.013 --i z 
)> )> 

'"' ~ell G-3 .. -- -- -- .. r --i 

+-
~5 

VJ ~ell G·4 <0.001 0.00.2 0.017 <0.0005 0.005 :D z < )> 

~ell G·5 <0.001 0.002 0.013 <0.0005 0.004 mr 

~ell G-6 <0.001 0.003 0.007 <0.0005 0.007 
rfi: 
'i: m zO 
0~ 

Pajarito Field 
m--i 
~o 

~ell PM-1 <0.001 0.001 0.075 <0.0005 0.006 ~ :D 

""' -< 

~ell PM·2 <0.001 0.001 0.028 <0.0005 0.008 

~ell PM-3 <0.001 0.002 0.047 <0.0005 0.008 

~ell PM-4 <0.001 <0.001 0.026 <0.0005 0.007 

~ell PM-5 <0.001 <0.001 0.027 <0.0005 0.007 

Gallery (~ater Canyon) <0.001 <0.001 0.018 <0.0005 <0.004 

Supply Sllllllary 

No. of Analyses 16 16 16 16 16 

Maxi nun <0.001 0.044 0.084 <0.0005 0.022 



Table G-60 (coot) 

Stat ions 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 
:5 (/) 
D )> 
os; 

Distribution Summary 
z~ 
~0 

No. of Analyses 6 6 6 6 6 ~(/) 

MaxiiiJ.II <0.001 0.017 0.051 <0.0005 0.011 
-i z 
)>)> 

N 

r _. 

t: 
~6 

Fenton Hill (TA-57> <0.001 <0.001 0.107 <0.0005 <0.001 ~~ mr 
r=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 
:il D 

EPA and NMEIO Primary 0.05 0.05 1.0 0.01 0.05 ..... -< 

Maximum Concentration 
Levels b 



Table G-60 (cont) 

Stations F Hg N Pb Se 
--- --

~ 
Los Alamos Field 

Well 18 3.2 <0.0002 <1 0.008 <0.002 

Well 2 2.2 <0.0002 <1 0.006 <0.002 

Well 3 0.7 0.0003 <1 0.002 <0.002 

Well 4 
Well 5 0.9 <0.0002 <1 0.041 <0.002 

mr 

Guaje Field ~g 

Well G-1 0.4 <0.0002 <1 0.002 <0.002 ll )oo 

Well G·1A 0.6 <0.0002 <1 0.008 <0.002 
or; 
z 3: 

Well G·Z 0.9 <O.OOOZ <1 0.011 <O.OOZ 
3:0 
~en 

Well G-3 -- -- -- -. -· -i z 
)oo )oo 

N Well G-4 0.3 <0.0002 <1 o.oos <0.002 
r -i 

+-
~5 

V\ Well G-5 0.4 0.0003 <1 0.003 <0.002 ~~ 
Well G-6 0.3 <O.OOOZ <1 0.001 <O.OOZ - r; 

~ID 

Pajarito Field 

zO 
0~ 

Well PM-1 0.3 0.0003 <1 0.004 <0.002 
m-i 
~ 0 

Well PM-Z 0.3 o.oooz <1 0.034 <0.002 
l§: D 
'I -< 

Well PM-3 0.4 0.0003 <1 0.012 <0.002 

Well PM-4 0.3 0.0003 <1 0.020 <0.002 

Well PM-5 0.3 0.0003 <1 0.092 <0.002 

Gallery (Water Canyon) o.z o.oooz <1 <0.001 <O.OOZ 

Supply Sl11111Bry 

No. of Analyses 16 16 16 16 16 

Haximun 3.2 0.0003 <1 0.092 <0.002 



Table G-60 (cont) 

Stat ions 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 ~g 

Monunent 

. :II> 
0~ 
z ~ 

Distribution Summary 

~ 0 
~en 

No. of Analyses 6 6 6 6 6 
--i z 
> > 

N Mui- 1.0 <0.0002 <1 0.031 <0.002 
r --i 

~ 

~6 
:II z 
< > 

fenton Hill (TA-57) <0.2 <0.0002 <1 0.001 <0.002 
mr 
r=~ 
~(I) 

Standby ~ell (not part 

z 0 

.. 0.0002 <1 0.007 <0.002 0~ 

of ~ater Supply) ~ell LA-6 

m--i 
~ 0 

~ ~ 

EPA and NMEID Primary 2.0 0.002 10 0.05 0.01 

MaKinun Concentration 

Levelsb 
................................... 

8 Samples collected in February. 

bReference (EPA 1976). 



Table G-61. Secondary Ch~nical Quality for ~ater Supply (mg/l)a 

Stations Cl cu Fe Hn ~ Zn lOS pH 

~ 
Los Alamos Field 

Well 18 17 0.090 0.014 0.009 39 0.030 430 8.6 

~ell 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 

~ell 4 

~ell 5 2 0.266 0.065 0.004 5 0.250 155 8.5 
mr 

Guaje field 

~g 
]) )> 

Well G-1 3 0.008 0.061 0.001 5 0.006 193 8.3 0~ 

3 0.014 0.022" <0.001 4 0.009 173 8.4 
z 1: 

Well G-1A 
~:o 

Well G-2 3 0.004 0.021 0.001 4 0.005 203 8.4 ~en 
~~ 

~ell G-3 -- -- -- -- -- -- -- -- r- -t 

N 
~5 

~ 
~ell G-4 3 0.035 0.017 0.007 4 0.013 167 8.2 

-.1 ~ ~ 
Well G-5 3 0.008 0.008 <0.001 4 0.011 169 8.0 m' 

Well G-6 3 0.008 0.008 <0.001 3 0.008 152 8.2 - ~ 
~m 
zO 

Pajarito Field 

0~ m-t 

O.O:S7 0.019 0.001 6 0.019 201 
~ 0 

IJell PH-1 8 
8.1 <D ::0 

~ -< 

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 

~ell PH-4 2 0.013 0.024 <0.001 2 0.010 174 8.0 

~ell PH-5 2 0.032 o.o:so 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 

HaxillUD 17 0.266 0.095 0.009 39 0.250 430 8.6 



Table G-61 (cont) 

Stations Cl Cu Fe Mn ~ Zn lOS pH 

--- --- ---
Distribution 

Fire Station 1 3 0.001 0.010 <0.001 3 0.030 150 6.0 

Fire Station 2 6 0.006 0.020 <0.001 10 0.002 164 6.4 

Fire Station 3 6 0.024 0.007 <0.001 6 0.002 217 6.1 

Fire Station 4 4 0.006 0.022 <0.001 5 0.002 163 6.3 

Fire Station 5 5 0.003 0.110 <0.001 6 0.046 193 6.3 

Bandelier Nat. Mon. 5 0.014 0.064 <0.001 6 0.096 187 8.3 mr zo 
-s;CJ> 

Distribution Summar~ 
:II}> 

or; 

No. of Analyses 6 6 6 6 6 6 6 6 z ~ 
~0 

Maxinun 6 0.024 0.110 <0.001 10 0.096 217 8.4 ~(/) 
-i z 
}> }> 
r -i 

t-1 

&; Fenton Hill (TA-57) 45 0.002 0.048 <0.001 10 0.015 276 8.0 ~6 
~ ~ 
mr 

Standby Well (not 4 0.024 0.100 0.167 6 0.664 230 8.8 -r; 

part of Water Supply) 
~Ill z 0 

Well LA-6 
0~ 
m-i 
- 0 l!il :n 

EPA Secondary Maximum 250 1.0 0.3 0.05 250 5.0 500 6.5·8.5 'I -< 

Concentration Levelsb 

-----------··--
8 Standard units. 
bReference: EPA 1979. 

if 



Table G-62. Miscellaneous Chemical Analyses (mg/l)a 

Total Conduc-
Hard- tivi ty 

Stat ions Sio2 Ca Hg K 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 0.3 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 21 22 mr 

~0 _CF> 

Guaje Field 
Dl> 
0> 

Well G-1 88 13 0.5 3.1 22 0 75 ,<0.2 32 16 z ~ 

Well G-1A 70 10 0.4 2.7 32 0 84 <0.2 24 18 
~0 
~CF> 

Well G-2 69 11 0.5 2.7 38 2 100 <0.2 27 22 -1 z 
)> )> 

N Well G-3 -- -- -- -- -- r -t 

.... -- -- -- -- -- ~5 
\0 

Well G-4 52 18 3.6 2.0 13 0 72 <0.2 58 16 ~ ~ 
Well G-5 56 18 1.8 2.0 12 0 76 <0.2 58 16 

mr 
r=> 

Well G-6 S1 13 2.1 2.2 19 0 73 <0.2 43 16 >m zO 
()~ 

Pajarito Field 
m -t 
~a 

Well PH-1 72 27 6.4 3.6 20 0 117 <0.2 91 26 
:g D 
-.a -< 

Well PH- 2 87 9 3.3 2.0 13 0 57 <0.2 36 12 

Well PH-3 82- 2S 7.7 3.6 19 3 112 <0.2 97 26 

Well PH-4 83 11 3.9 2.3 13 0 61 <0.2 43 14 

Well PH-5 73 9 J.J 2.G 1l 0 60 <0.2 36 12 

Gallery (Water Canyon) 34 1 1.3 2.0 7 0 39 <0.2 43 9 

Supply Slmll8ry 
No. of Analyses 16 16 16 16 16 16 16 16 16 16 

Hd"inun 68 27 7.7 3.6 166 7 116 <0.2 97 68 



Table G-62 (cont) 

Total Conduc-

Hard- t ivi ty 

Stations Sio2 Ca Mg K Na co
3 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 
~~ 

Fire Station 5 52 11 1.7 2.2 38 0 91 <0.2 31 22 ]] )> 

Bandelier Nat. Mon. 48 12 1.8 2.1 38 1.2 101 <0.2 35 24 0> 
z3:: 
3::0 
~C/) 

Distribution Summary 
-i z •• 

~ 
No. of Analyses 6 6 6 6 6 6 6 6 6 6 r -i 

~6 
Maxi nun 82 25 7.0 3.6 50 1.2 118 <0.2 94 26 ~~ mr--> 
fenton Hill (TA-57) 67 53 5.0 5.2 17 0 127 <0.2 160 40 ~OJ 

zo 
0~ 

Standby lie ll 
m_. 
- 0 

(not part of llater 30 3 <0.1 0.9 70 8 144 <0.2 8 30 ~ ]] 
..... -< 

Supply) llell LA-6 

--------·----· 
aSupply samples collected in February; distribution samples collected in February and September. 



Table G-63. Los Alamos, llew Mexico, a Climatological Survey (1911-1987) 

Ten~rature and Precipitation Meansb and Extremes 

T~rature( 0f)c 

Normals Extremes 

High low 

Mean Mean High low Daily Daily 

Month Max Min Avg Avg Year Avg Year Max Date Min Date 
- -- -- -- -- -- -- -- ---

Jan 39.7 18.5 29.1 37.6 1986 20.9 1930 64 1/12!81 -18 1/13/63 m r 

Feb 43.0 21.5 32.2 37.4 1934 23.0 1939 69 2/25/86 -14 2!1/51 ~0 _(/) 

Mar 48.7 26.5 37.6 45.8 1972 32.1 1948 71 3!27/86d -3 3/11/48 
D )> os: 

Apr 57.6 33.7 45.6 54.3 1954 39.7 1973 79 4/23/38 5 4/9!28 z ~ 
~0 

May 67.0 42.8 54.9 60.5 1956 50.1 1957 89 5/29/35 24 5/1/76d ~(/) 
-1 z 

Jun 77.8 52.4 65.1 69.4 1980 60.4 1965 95 6/22/81 28 6/3/19 )> )> 

~ 
r -t 

...... Jul 80.4 56 .• 1 68.2 71.4 1980 63.3 1926 95 7/11/35 37 7/7/24 ~0 

Aug 77.4 54.3 65.8 70.3 1936 60.9 1929 92 8/10!37 40 8/16/47 ~ ~ mr 

Sept 72.1 46.4 60.2 65.8 1956 56.2 1965 94 9/11!34 23 9/29/36 r=s: 
Oct 62.0 38.7 50.3 54.7 1963 42.8 1984 84 10/1/80 15 10/19/76 

s: OJ z 0 

Nov 48.7 27.1 37.9 44.4 1949 30.5 1972 72 11/1/50 ·14 1/28/76 0~ 
m-t 

Dec 41.4 20.3 30.8 38.4 1980 24.6 1931 64 12/27/80 -13 12/9/78 - 0 w D 
~ -< 

Annual 59.6 36.7 48.1 52.0 1954 46.2 1932 95 6/22/81d -18 1/13/63 



Table G-63 (cont) 

Precipitation (in.)c Mean Number of Days Per Year 

Precipitation e Snow Max Min 

Daily Daily Precip Tetrp Tetrp 

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 9.7 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 m r 

May 1.13 4.47 1929 1.80 5/21/29 0.8 17.0 1917 12.0 5/2/78 3 0 2 ~£ 

1.12 5.67 1986 2.51 6/10/13 0 3 
D )> 

Jun 
. . . . .. . . . ... 0 0 0~ 

Jul 3.18 7.98 1919 2.47 7/31/68 0 . . . . .. ... . .. 8 1 0 z 3:: 
3::0 

Aug 3.93 11. 18 1952 2.26 8/1/51 0 . . . ... . .. . .. 9 0 0 ~en 
-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 

tJ; Oct L52 6.n 1957 3.48 10/5/11 1.7 20.0 1984 9.0 10/31/n 3 0 7 
en-
cO 

N 0.96 6.60 1978 Ln 11/25/78 5.0 34.5 1957 14.0 11/22/31 2 0 22 ~ ~ 
Noll mr 

Dec D.96 3.21 1984 1.60 12/6/78 11.4 41.3 1967 22.0 12/6/78 3 0 30 r=~ 
~Ill 
zO 

Annual 17.83 30.34 1941 3.48 10/5/11 50.8 178.4 1987 22.0 1/15/87 43 2 154 ()~ m -i 

Season 153.2 1986· 12/6/78 - 0 
~ D 

1987 
--1 -< 

---------------
8 Latitude 35° 32' north, longitude 106° 19' west; elevation 2249 m. 

bMeans based on standard 30-year period: 1951·1980. 

cMetric conversions: 1 in. = 2.5 em; °F = 9/5 °C + 32. 

~ost recent occurrence. 

elncludes liquid water equivalent of frozen precipitation. 



Table G-64. Los Ala111os Precipitation (inches) for 19811 

North 

S·Site Comnuni ty TA-59 Bandelier East Gate Area G IJh ite Rock Y IJhi te Rock 

(1) (2) (3) (4) (5) (6) (7) (8) 
-- -- ---

January 2.60 3.43 2.43 1.67 1. 7Z 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 
_(/I 

D)> 

July 1.02 0.76 1.37 1.29 1.03 1.38 0.85 1.28 or; 
z ~ 

August 4.48 4.97 4.29 3.67 2.92 4.76 3.79 4.83 ~0 
~(/I 

Septent>er 1.00 2.24 1.72 0.76 1.19 0.62 1.00 0.96 ... z 
)> )> 

~ October 0.74 0.58 0.49 0.41 0.45 0.43 0.47 0.49 r -i 

~6 
V.J Novetrber 1.66 1. 79 1.47 0.99 1.17 0.94 0.59 0.75 D z 

Decetrber 1. 79 2.20 1.58 1. 71 1.34 1.04 1.34 1.19 
< )> 
m' 
;= r; 
r; Ol 

Annual 22.68 24.52 23.62 16.67 15.23 14.39 15.67 15.44 zO 
O?! m_. 

aSee Figure 29 for site locations. 
~a :g D ..., -< 



:\tooth 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sept 
Oct 
Nov 
Dec 

Annual 

LOS ALAMOS NATIONAL I.ABORA TORY 

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 

3 7.1 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-t 42 

81.9 55.8 68.8 87 5 d:ltCS 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 1 

59.3 35.8 47.5 88 6/24 -3 

' I 

Date 

18 
21,28 

30 
7 
3 
5 

1-t, 1 7 
27 
15 
20 
28 
27 

I/ 18 



Table G-65 (cont) 

Precipitation (in.)a Nurt>er of Days 

llilter Equivalent Snow Max Min 

Daily Daily Precip T efl1> 1 efl1> 

Month Total Max Date Total Max Date >0.10 in. >90°F <32°f 

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

Jan 2.43 0.68 15 64.8 22.0 15 6 0 31 

Feb 2.78 0.97 19 48.5 20.0 19 6 0 28 

Mar 0.88 0.34 10 9.3 5.3 28 2 0 31 mr 

Apr 1.09 0.58 4 12.5 7.5 4 3 0 15 
~0 _en 
D :J>o 

May 2.83 0.59 23 0 0 -- 9 0 1 or; 
z !: 

Jun 2.69 2.16 7 0 0 -. 3 0 0 !:o 

Jul 1.37 0.63 16 0 0 -- 3 0 0 ~en 
--i z 

Aug 4.29 1.00 26 0 0 -- 10 0 0 
)>o )>o 

tf. 
r --i 

lJI Sept 1. 72 0.73 6 0 0 -- 5 0 0 ~5 

Oct 0.49 0.22 14 0 0 -- 2 0 1 ~ ~ 
mr 

Nov 1.47 0.57 1 7.0 4.5 26 4 0 24 ;=r; r;m 
Dec 1.58 0.47 18,24 36.3 12.0 24 6 0 29 z 0 

0~ 
m--i 

Annual 23.62 2.16 6/7 178.4 22.0 1/15 59 0 160 
- 0 
~ D ..., < 

---------------
8 Hetric conversions: 1 in. = 2.5 em; °F = 9/5°C + 32 



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: 3-t5 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 l/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· I /31 ;79). 

Set record for most snow on ground in any month (previous: ~8 

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: 36.4 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. 

SMD P on the 18th: 0.30 in. 

SMDP on the 19th: 0.97 in. 
(Also record for most daily prccip. 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. 

256 



April 

May 

June 

July 

August 

September 

October 

November 

LOS ALA.MOS NATIONAL LA.BORATO~Y 

ENVI~ONMENT AL 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.). 

SMDP 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 1st: 0.57 in. 
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December 

Annual 

Key for Abbreviations: 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-66 (cont) 

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, :6, 

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. (Normal= 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). 

S.'vfDH: Set Maximum Daily High Temperature Record 

T:V1DH: Tied Maximum Daily High Temperature Record 

S\1DL: Set Minimum Daily Low Temperature Record 

T\1DL: Tied .'vfinimum Daily Low Temperature Record 

S\tDP: Set 'v1aximum Daily Precipitation Record 

S:V1DS: Set Maximum Daily Snowfall Record 

2.58 



LOS ALAMOS NATIONAL L.ABOAATOFIY 

ENVIFIONMENTAL SUFIVEILL.ANCE 1987 

Table G-67. Wet Deposition Measurements (j.J.eq/m2 unless spec:ified)a 

Fourth First Second Third 

Quarter Quarter Quarter Quarter 

Parameter 1986 1987 1987 1987 

Precipitation 0.45 0.27 0.17 0.40 

(in.) (0.0-2.0) (0.0-.83) (0.0-.77) (0.0-1.49) 

Field pH 4.8 4.8 4.7 4.7 

( 4.6-5.1) (4.0-5.8) ( 4.6-4.9) (4.1-5.5) 

Calcium 68 92 66 180 

(0.5-470) ( 1.5-290) (0.5-200) ( 1.0-580) 

Magnesium 9.4 14 12 29 

(0.0-48) ( 1.6-29 (0.0-31) (0.0-86) 

Potassium 4.2 3.4 7.8 9.8 

(0.0-25) (0.0-6.6) (0.0-37) (0.0-32) 

Sodium 31 34 15 39 

(0.0-90) ( 1. 7 -90) (0.0-43.9) ( 1.3-84) 

Ammonium 110 63 79 110 

(1.1-47) (1.1-270) (0.55-270) (4.4-300) 

Nitrate 130 133 120 300 

(0.8-450) (16-310) (0.58-300) (32-60) 

Chloride 19 26 15 41 

(3.4c5l) (2.0-64) (0.84-63) ( 1.1-1 00) 

Sulfate 280 150 140 280 

(2.1-1 000) (21-430) ( J.5c390) (31-590) 

Phosphate 6.9 2.2 

--------------
aMean; range in parentheses. 
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Table G-68. Radiochemical Analyses of Sediments at TA-49 

Gross 

3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station No. Date (10- 6 pCi/g) (10- 9 pCi/g) <itg/g) (10-9 pCi/g) (10-9 pCi/g) (ColKlts/min/g) 
-

A-1 8-6-86 2.4 (05) 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 
~£ 
D )>o 

A-4 8·6·87 5.7 {0.7) -i>.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 (0.3) 0.001 (0.002) 0.006 (0.002) 9.0 (1.0) :;:::0 

~(/) 
--i z 

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) 
)>o )>o 

~ 
r --i 

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) ~6 
~ ~ mr 

A-5 8·6-86 3.0 (0.5) -i>.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 .... 

8-6-86 4.2 (0.4) 0.002 {0.001) 0.012 (0.002) 
- 0 

A-6 4.7 (0.6) 0.49 (0. 10) 6.3 (0.8) :g 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 .. 0.17 (0.09) 3.4 (0.3) -i>.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 (Q.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) 



IJ 
0\ ...... 

Station No. 

A-11 
A-11 

A Background 
B Backgr!Jund 

Limits of Detection 

Ha~imum Concentration 
Regional Background 

Ha~imum as X of 
Regional Background 

Date 

8-6-86 
4·13·87 

4·13·87 
4·13·87 

3H 

(10" 6 pCi/g) 

2.9 (0.5) 

--

--
--

0.3 

8.0 
7.2 

111 

137cs 
(10"9 ·pei/!l) 

0.03 (0.06) 
0.57 (0.13) 

0.20 (0.09) 
0.05 (0.08) 

0.1 

1.2 (0.21) 
0.44 
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Table G-68 (cont) 

Total u 
4J9/9) 

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. 

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 

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 

Gross 
Ganrna 

(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 

mr 
~g 
D )> 

or;: z s::: s:::o 
~en 
--i z 
)> )> 
r --i 

~5 
~~ mr 
;=r;: 
r;:m zO 
0~ m --i 
- 0 
~ D 
--4 -< 



Table G-69. Chemical Concentrations in Solution Extracted from 

Sediments Downgradient from Experin~ntal Areas at TA-49 

Maxi nun limit 

EP Toxic of Stations Numbers 8 Backarounda 

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 SLD BLD 

Baril.lll 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 

Cadlli l.lll 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 ~g 
D )> 

Lead 5.0 0.05 BLD 0.06 BLD BLD BLD BlD BLD BLD BLD BLD BLD BLD BLD BLD 01): 

2.0 0.005 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BlD BLD 
z ~ 

Mercury 
BLD ~0 

Selenil.lll 1.0 0.01 
m(J) 

BLD BLO BLD BLO BlD BlD BlD BLO BLD BLD BlO BLD BLO BLD ~z 

Silver --- 0.05 BLO BLO BLD BLO BLO BLO BLD BLO BLO BLD BLO BLO BLD BLO )> )> 

~ 

r -i 

N Nickel --- 0.01 BLO BLD BLD BLD BLO BLO BLD BLD BLO BlD BLD BLD BLD BLD ~5 

Beryll iumd --- 0.001 BLD BLD BLD BLO BLO BLD BLD BLD BLD BLD BLD BLD BLD BLO ~~ mr 

Sulfate --- 0.2 BLO BLO BLD 0.4 BLO BLD 0.3 BLO 1.1 BlD BLD BlD BlO 0.5 -~ 

Nitrate --- 0.2 BLD BLD BlO BLD BLO BLO BLD BLD BLD BLD BLD BLO BLD BLO ~0 
Uraniumd --- 1.0 BLO BLD BLD BLD BLD BLO BlD BLD BLD BLD BLO BLD BLD 1.9 0~ 

m -i 
-o 
~?.! 

8 Station number $hown in Figure 31; background atations are Bandelier National Monument, entrance (A) and small canyon north of supply well PM-1 (B). 

bconcentrations in n~/l except as noted; BlO =Below Limit of Detection. 

cNew Mexico Hazardous ~aste Manag~nt Regulations (H~R) 201 B.5.; Extraction procedure. 

~nits are 119/g. 



Table G-70_ Storm Run-off from TA-49 

Suspended 

Solution Sediments 

Date 137Cs 238Pu 239,240Pu 238Pu 239,240Pu 

Station 1987 ( 10-9 tJ.C i/ml) (10-9 j..lCi/ml) 
-9 

(10 Ji.Ci/ml} (pCi/g) (pCi/g) 

--- --

A-1 8·24 152 (65) 0.007 (0 .011) 0.010. (0.008) 0.000 (0.001) 0.027 (0.006) 

A-1 8·24 15 (60) -o.008. (0.011) 0.000 (0.010) -o.004 (0.008) 0.048 (0.013) 
m r zo 

A-2 8-24 38 (60) -o.057 (0.033) 0.000 (0.010) 0.001 (0.001) 0.002 (0.001) ~(/) 
::0)> 

0~ 

A-5 8·24 -13 (60) -o.009 (0.015) 0.033 (0.018) 0.000 (0.001) 0.007 (0.033) 
z s:: 
s::o 

A-5 8-28 67 (61) 0.008 (0.008) 0.025 (0.010) 0.000 (0.001) 0.006 (0.002) ~(/) 
-i z 

A-5 9·10 82 (61) 0.011 (0.014) -o.004 (0.004) 0.004 (0.002 0.024 (0.004) 
}> )> 
r -i 

~ 

go 
~ ~ 

(;.1 A-8 8-24 45 (53) 0.000 (0.010) 0.000 (0.010) 0.001 (0.001) 0.001 (0.001) mr 

A-8 8-28 -27 (60) 0.021 (0.017) 0.005 (0.014) 0.000 (0.001) 0.028 (0.004) r ~ 
~ (D 
zO 
0~ 
m-i 
~ 0 
:g ::0 
"-I -< 



t.) 
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Table G-71. Chemical Quality of Storm Run-off from TA-49 

Station 

A-1 
A-1 

A·2 

A·5 
A·5 
A·5 

A·8 
A·8 

Standarda 

Date 

1987 
---

8·24 
8·24 

8·24 

8-24 
8·28 
9·10 

8·24 
8·28 

Constituentb 

Ag 
Ba 

Be 

CN 
Cd 
Hg 
Ni 

Pb 
Se 

As Cr 

0.002 0.02 

0.002 0.03 

0.003 0.02 

0.003 0.03 

0.002 0.04 

0.003 0.03 

0.003 0.04 

0.008 0.04 

0.05 0.05 

Concentration 
(mg/l) 

<0.05 
<0.1 
<0.01 
<0.01 
<0.01 
<0.002 
<0.01 

<0.01 
<0.02 

aPrimary or secondary drinking water standards (EPA 1Y76, 1979). 

bAnalyH-d from stations for each run-off event. 

rng/l 

N 

1.2 
0.3 

0.2 

0.2 
1.0 
0.2 

0.7 
0.7 

10 

Standards8 

(mg/L) 

0.05 
1.0 

0.01 
0.002 

0.05 

0.01 

so4 pH 

-- --
2 6.0 

3 7.8 

2 7.7 

2 7.6 

z 7.1 mr 
2 7.0 zo 

~ (/) 
]] )> 

os: 
4 8.1 z ~ 

~0 
2 7.0 ~(/) 

-1 z 
)> )> 
r -t 

250 ~6 ]] z < )> 
m r-
- s: 
~ m zO 
0~ 
m -t 
- 0 
~ ]] 
..... -< 



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 such 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 diagostie 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 

ENVlRONMENTAL SURVEILLANCE 1987 

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 indhidual. 

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 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

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 pmma 

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 radionuclides. 

·The total amount of measured beta activity without 

identification of specific 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, inhalation, 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 

ENVIRONMENTAL SURVEILLANCE 1987 

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 MCL.s 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 l 
person-rem. Also, 500 people each with an exposure of 
0.002 rem have received l 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-II 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 numerica1ly 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 4<1c, the natural decay chains 2.1Su, 238U, or 232-rh, or 
from cosmic-ray induced radionuclides in the soil. 



thermoluminescent dosimeter (TLD) 

tritium 

tuff 

Uncontrolled Area 

uranium, depleted 

uranium, total 

Working Level Month (WLM) 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

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 

definition 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 v.tt% 

238u 23S 234U) 0.72 wt% u, 0.0057 wt% . 

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 Buey 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 
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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 Buey 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 caAyons, 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 moist~re flux in the 

tuff, hydrologic testing was performed in boreholes at Areas G and L and 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 10-8 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 ~n 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 1o-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 psychrometers 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 
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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 C(J4PLIANCE WITH C(J4PLIANCE 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 • Laboratory LLM-85-01 30, 52, 101, 124 

Permeability • Flow test • 1 test per horizon • TA-54 Area L (Dynamic, LLH-85-02 71 361 671 117 

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-85-1 1 3, 30, 94, 115 

• Field 
Vacuum Tests LLM-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-85-1 1 35-38, 77-80, 110-113 

Air Injection LLH-85-01 9-15, 30-36, 51-57, 72-78, 93-99 
Tests LLH-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) LGH-85-06 38-44, 60-66, 81-87 

LGH-85-1 1 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 LLH-85-01 30, 52, 101' 124 

Character is- method of 4 horizons • TA-54 Area L Method LLM-85-02 1' 36' 67' 111 

tic Curves, • Drying curve only LLM-85-05 15, 36, 76, 123 

>!J( 8) • More than one method LGH-85-06 29' 51' 99' 1 15 

needed LGH-85-1 1 3, 30, 94, 115 

• Pressure Samples Disaggregated 
Plate Method 



TABLE ES-1 
SUMMARY OF REQUIREMENTS AND C<»tPLIANCE Wl'rn C<»tPLIANCE 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 o 5 samples from each 
laboratory methods of 4 horizons 
required 

• Sufficient number 
of different methods 
must be employed to 
give trustworty 
predictions 

SAMPLE 
LOCATIONS 

o 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 o 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 LLH-85-02 1, 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 



TABLE ES-1 
SUMMARY OF REQUIREMENTS AND C<»tPLIANCE Wlnt C<»tPLIANCE ORDER PARAGRAPH 25 

(Continued) 

PARAGRAPH 25 REQUIREMENTS TESTS CONDUCTED TO SATISFY REQUIREMENT 

TASK 
ACCEPTABLE 

METHODS 

5. Core and Pore • Standard methods 
Gas Analyses for inorganics 

6. Analysis of 
Perched 
Water 

• GC or GC/HS for 
volatile organics 

• Observation wells 
in side canyons 

• Report summarizing 
applicability of 
research in Mortan-. 
dad Canyon 

SAMPLE 
FREQUENCY 

• At least 6 holes of 
varying depths 

• Cores analyzed for 
inorganics and 
volatile organics 
at 10 ft intervals 

• Pore gas samplers 
in bottom of holes 

• Analyze quarterly 

• 6 we I ! .> bottoming 
in turf 

• Samples and water 
levels collected 
quarterly 

SAMPLE 
LOCATIONS 

• 2 at TA-54 
Area G 

• 4 at TA-54 
Area L 

• 3 wells in 
Canada del 
Buey 

• 3 wells in 
Pajarito 
Canyon 

TEST 
CONDUCTED BOREHOLE 

• Core Analyses LGC-85-09 
LGC-85-10 
LLC-85-12 
LLC-85-14 
LLC-85-15 
LLC-85-16 

• Pore Gas 
Samplers 

• Well 
Installation 

LGC-85-09 
LGC-85-10 
LLC-85-12 
LLC-85-13 
LLC-85-14 
LLC-85-15 
LLC-85-16 

CDB0-1 
CDB0-2 
CDB0-3 
CDB0-4 

PC0-1 
PC0-2 
PC0-3 

PCH-1 
PCH-2 
PCH-3 
PCH-4 

INTERVAL TESTED 
(FEET BELOW SURFACE) 

10 ft intervals 
10 ft intervals 
10 ft intervals 
10 ft intervals 
10 ft intervals 
10 ft intervals 

37, 63, 80, 91 
31, 53, 95 
6, 27, 41 
21, 43, 65 
13, 31, 46, 86 
19, 32, 82 
1, 17, 102 

15 ft 
18 ft 
12 ft 
12 ft 

22 ft 
22 ft 
20 ft 

60 ft 
120 ft 
60 ft 
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 p-its 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 8 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 ~ 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 
permeabili~y 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 qf 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 Buey 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 Hesita del Buey 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 anc 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. 

LAN:1702-Sec1 1-7 



TABLE 1-1 

COMPLIANCE ORDER PARAGRAPH 25 TASKS AND CORRESPONDING REPORT SECTIONS 

COMPLIANCE ORDER PARAGRAPH 25 TASK 

Task 1. Intrinsic Permeability of Tuff, k 

Task 2. Soil Moisture Characteristic Curves, v(e) 

Task 3. Unsaturated Hydraulic Conductivity of Tuff, 

Task 4. Infiltration and Redistribution of Meteoric 
Water into Tuff 

Task 5. Core and Pore Gas Analyses 

Task 6. Analysis of Perched Water 
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REPORT SECT! ON 

3.2 

3.3.2 

3.4 

3.5 

4. 1' 4.2, 4.3 

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 
C!)B0-3 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 Buey 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 Buey. 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 

LAN:1702-Sec2 2-1 



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 Buey, 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 Buey 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 .re 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 Buey 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 Buey 

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 Suey are the Totavi Lentil and 

Fanglomerate Member of the Puye Conglomerate. West of Mesita del Suey, 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 Suey (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 Suey 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 Suey (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 s0me 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 Suey 

No faults are known to break the rocks of Mesita del Suey (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 hav€ 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 ::--. .: 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 Buey. 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 ca~ 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 [~(9)]. 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 infiltratio~ 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 G in 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 permeabiiity (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 

LAN: 1702-Sec3 3-3 



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 me.thods 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 conaucted 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 relativ~ 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 1o-4 , 6.8 x 10-4, 2.4 x 10-4 , 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 cqntaminants 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 petrole~ 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 10-8 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 1o-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 f~r 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(~) 

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 (es) 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 Bandel\or Tuff range 3rom 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 ft2)]. 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 = ~ (3-1) 
~ 

K = hydraulic conductivity at moisture content e 
k = effective water permeability at moisture content e 
o = density of water 
g = gravitational acceleration 
~ = dynamic viscosity of water 

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 presente9 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, ~ = 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 1o-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(9) 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(e) a~e 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 ~(e) 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(e) 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(e) 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(e) 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 ~(e) relationship or the soil characteristic curve. However, due to dif

ficulties in measuring ~(e) 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, have been completed with cold drawn 

aluminum casing for neutron probe access. Boring numbers LLN-85-04 and 

LGN-85-08 have been completed to depths of 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 prior 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 BandelLer 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 Area L 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)vH (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, e 
H = tot~l hydraulic head, the sum of soil-water pressure head, til, 

and potential head, z 
V'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(e) 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 1o-4 ft/day) 

and 4.66 x 10-8 cm/s (1.32 x 10-4ft/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 = ~+Z 

~ = 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 

ind1cat~ average permeability of the tuff ~o be.1o- 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 MONTHLY PRECIPITATION f'~CHES) 

LOS ALAMOS, NEW HEXI CO 

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. 70 1.01 1. 01 1.25 1.33 3.29 3.69 2.01 1. 61 0.70 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 

Pr·ec i pi tat ion 
(inches) 

11\N: 1702-T3-2 

JAN 

0 

TABLE 3-2 
PRECIPITATION MEASURED AT TA-5~ AREA G, 1986 

FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC Annual 

0.91 0.81 1.46 1.38 3.~5 2.19 1.12 2.34 2.10 2.145 0.64 18.85 



TABLE 3-3 
HYDRAULIC CONDUCTIVITY DETERMINED FROM AIR-INJECTION TESTS IN LOS ALAMOS DRILL liOLES 

HOLE 
NUMBER 

LLM-85-0 1 

GEOLOGIC TEST INTERVAL( 1) 
UNIT (ft) INTERVAL DESCRIPTION 

2b 9-15 Upper 2b, Moderately Welded 

FRACTURES 
PRESENT? 

No 

LLM-85-01 2b 30-36 Lower 2b, Moderately to Slightly Welded No 

LLM-85-02 2b 9-15 Upper 2b, Moderately Welded Yes 

LLM-85-02 2b 24-30 Middle 2b, Moderately Welded No 

LLM-85-05 2b 24-30 Hid-Lower 2b, Moderately Welded No 

LGM-85-11 2b 9-15 Upper 2b, Moderately Welded No 

LGM-85-11 2b 14-20 Middle 2b, Moderately Welded Yes 

LGM-85-11 2b/2a 35-41 Contact 2b/2a, Slightly Welded No 

LLM-85-01 2a 51-57 Middle 2a, Slightly Welded No 

LLM-85-01 2a 72-78 Lower 2a, Slightly Welded Yes 

LLM-85-02 2a 45.5-51.5 Upper 2a, Slightly Welded Yes 

LLM-85-02 2a 66.5-72.5 Hid-Lower 2a, Moderately Welded No 

LLM-85-05 2a 45-51 Upper 2a, Slightly Welded Yes 

LLM-85-05 2a 55-61 Middle 2a, Slightly Welded Yes 

LGM-85-06 2a 38-44 Upper 2a, Slightly Welded Yes 

LLM-85-05 2a/lb 75-81 Contact 2a/1b, Slightly Welded No 

LGM-85-11 2a/1b 56-62 Contact 2a/1b, Slightly Welded No 

LLM-85-01 lb 93-99 Mid-Upper lb, Slightly Welded No 

LLM-85-02 1b 87-93 Upper 1b, Slightly Welded No 

LLM-85-05. 1b 82-88 Upper 1b, Slightly Welded No 

(l)oepth below·ground level 

IM' ''02-'1'3-3 

HYDRAULIC §ONDUCTIVITY (~) 
cm/s x 10- ft/s x 10-

1.2 4. 1 

0.70 2.3 

0.094 0.3-1 

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 CONDUCTIVITY DETERMINED FROM AIR-INJECTION TESTS IN LOS ALAMOS DRILL HOLES 

(Continued) 

II OLE 
NUMBER 

GEOLOGIC TEST INTERVAL( 1) FRACTURES 
PRESENT? UNIT (ft) INTERVAL DESCRIPTION 

LGM-85-06 1b 60-66 Upper 1b, Slightly Welded No 

LGM-85-06 1b 81-87 Middle lb, Slightly to Moderately Welded No 

LGM-85-11 1a/1b 99-105 Contact 1a/1b, Slightly Welded No 

LGM-85-11 lb 77-83 Middle lb, Slightly to Moderately Welded No 

LGM-85-11 1a 108-114 Upper 1a, Nonwelded No 

From BFEC (1986) 

l.IIN: 1 '/02 -'1'3- 3 

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. 77 

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 lb 80-83.3 Upper 1b, Slightly Welded No 5.6 6.0 

LLM-85-01 lb 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 lb 77-80.3 Middle 1b, Slightly Welded No 8.2 8.8 

LGM-85-06 lb 60-63.3 Upper 1b, Slightly Welded No 8.7 9.4 

LGM-85-11 1a 110-113.3 Upper la, Nonwelded No 2.1 2.9 

LLM-85-02 1b 87-90.3 Upper 1b, Slightly Welded No 8.6 9.3 

LLM-85-06 lb 87-90.3 Mid-Lower 2b, Moderately Welded No 2.4 2.6 

Modified From BFEC (1986) 

(l)Depth below ground level . 
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HOLE 
NUMBER 

LLM-85-01 

LLM-85-02 

LLM-85-02 

LGM-85-11 

LLM-85-01 

LLM-85-01 

LLM-85-02 

LGM-85-06 

LGM-85-06 

LGM-85-11 

LGM-85-11 

LGM-85-11 

From BFEC (1986) 

~-

TABLE 3-5 
COMPARISON OF INTRINSIC PERMEABILITY VALUES DETERMINED 

FR(Jt AIR-INJECTION AND VACUUM TESTS IN LOS Al.At()S DRILL HOLES 

TEST INTERVAL (ft)( 1) INTRINSIC PERMEABILITY (k) 
VACUUM AIR-INJECTION AIR-IN~ECTION TEST VAC~UM TEST 

TEST TEST cm/2 x 10- rt2 x 1o-12 cm/2 x 10- rt2 x 1o- 12 

30-36 30-33.3 130 1110 39 lt2 

9-15 10-13.3 10 11 15 16 

24-30 25-28.3 16 17 22 2lt 

35-lt 1 35-38.3 17 18 5.5 5.9 

72-78 70-73.3 19 21 lt3 Jt6 

93-99 94-97.3 7.6 8.2 3.5 3.8 

87-93 87-90.3 3.3 9.5 9.3 10 

60-66 60-63.3 120 130 8.7 9.4 

81-87 82-85.3 84 90 1.0 1.1 

99-105 100-103.3 3.3 3.6 0.84 0.90 

77-83 77-80.3 32 35 8.2 8.8 

108-114 110-113.3 7.2 7.8 2.7 2.9 

<1>oepth below ground level 
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TABLE 3-6 
JIITiliiiSIC PERHEABILJTY VAW£S DETEIUUED FIKII LABOIATOIIY AIIALYSIS OF COllE SAMPL£5 

INTRINSIC INTRINSIC 
HOLE GEOLOGIC SAHPLE DEPnt OF INTERVAL PERMEABILITY/ CORRELATI~ PERHEABILITY I 

NUHIIER UNIT NUMBER ~~~~) DESCRIPTION KL UI~IIBERG ~THOD COEFFICIENT 1) DYNAH~C HETH09 
c./2 X 10- ft I 10- 12 cm/2 1 10- rt K w- 12 

LGH-85-11 2b t«:G-618 3 Moderately Welded(]) 6.2 6.7 0.989 5.5 5.9 

lLH-85-02 2b t«:G-606 7 Moderately Welded 6.6 7. 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 6.1t 6.9 0.847 4.9 5.3 

LLH-85-05 2b t«:G-611 36 Sli&htly Welded 3.5 3.8 0.984 2.4 2.6 

lLH-85-01 2a t«:G-603 52 Sll&htly Welded ". 1 4.11 0.969 2.7 2.9 

LGH-85-06 2a t«:G-615 51 Sll&htly Welded 2.5 . 2.7 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 1b t«:G-612 76 Sll&htly Welded 2.1 2.3 0.944 1.3 1.4 

LLH-85-01 1b t«:G-6011 101 Sll&htly Welded 3.0 3.2 0.939 2.6 2.8 

LGH-85-06 lb t«:G-616 99 Moderately Welded 18.0 19.0 0.917 13.0 14.0 

LGH-85-11 1b t«:G-620 94 Moderately Welded lt.lt 11.7 0.958 1.1 1.2 

LLH-85-02 lb t«:G-609 117 Moderately Welded 3.3 3.6 0.913 1.7 1.8 

LLH-85-05 lb t«:G-613 123 Sll&htly Welded 11.2 11.5 0.902 1.6 1.7 

LLH-85-01 lb t«:G-605 124 Moderately Welded 6.0 6.5 0.850 2.3 2.5 

LGH-85-11 Ia t«:G-621 115 llonwelded 3.'1 3.7 0.933 1.8 1.9 

LGH-85-06 Ia t«:G-617 115 llonwelded 1.11 1.5 0.970 0.93 1.0 

FROM BFEC (1986) 

( 1)Deter•ined for Kllnkenbera per.eabllitles 
~ 2 ~BeJow ground level 
3 Wtathered 
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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 n2 x 10-12 

2b 93 100 23 25 5.7 6.2 

2a 62 67 13 llt 2.8 3.0 

1b 26 28 5.7 6.2 5.7 6.2 

1a 1 .a< n 7.8< 1) 2.7<1) 2.9 2.4 2.6 

From BFEC (1986) 

(l)Intrinsic permeability for this unit is based on only one measurement. 
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TABLE 3-8 

RESULTS OF MOISTURE/TENSION RELATIONSHI1?fSTING 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) 
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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 

I 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 o. 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 

1.., 
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 0 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 



I, 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. 991 80.9 48.6 
3.463 7-.5 47.2 

I 
" 

LAN: 1702-T3-8 
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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. 19x1o-4 

LLM-85-02 117 72 35 5.5x1o-2 4.73x1o-8 1.34x1o-4 

·.M-85-05 15 82 43 1.2x1o-2 1.03x1o-8 2.92x1o-5 

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 
(cm/d)( 1) BORING DEPTH MOISTURE (%) K 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 1 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 1x10-2 1.2x1o-7 

LLM-85-05 15 34 2x1o-3 2.3X1o-8 

1., 
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 .Ox1o-8 

LGM-85-11 30 22 8x1o-3 9.3x1o-8 

LGM-85-11 94 47 7x1o-4 8. 1x 10-9 

LGM-85-11 115 47 2x1o-4 2.3x1o-9 

( 1)Graphically determined from BFEC (1986) 

LAN: 1702-T3-10 
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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 31 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-4<3) 0.254 -0. 198 0.036 

G 2.64x1o-4 0.982 -0.081 0.421 

G 1.32x1o-4 0.491 -0.041 0.211 

(l)Average unsaturated hydraulic conductivity determined from thedretical 
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 Suey 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). 
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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 Qrganic analyses were completely filled with rock core 

and the jar cap sealed by teflon liner. Each was labeled and sealed in 

ParafilmB (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 mo;e 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 

LAN:1702-Sec4 4-3 



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 

1,, 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 ho~e 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/t air (parts per bil

lion). Trichloroethene and tetrachloroethane were also found in both holes at 

low part per billion concentrations (less than 10 ~g/1 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/t in the pore gas) which are locat~d adjacen~ 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/t 

-
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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 (fract~res) 
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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). 
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TABLE 4-1 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL HOLE NUMBER LLC-85-12 1 

EP TOXIC 
REGULATED 
CONCEN- DETECTl~ DEPTH INTERVALS IN FEET 
TRATION( 2) LIMIT 

PARAMETER (mg,l!) (mg/t) 0-10 10-20 20-30 30-JfO Jf0-50 50-60 60-70 70-80 80-90 90-100 

Arsenic 5.0 0.1 ± 0.05 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 NO 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 ± 0.020 NO ND ND ND NO ND ND ND ND NO 

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 4-2 
EP TOXICITY ANALYTICAL RESULTS FOR(l) 

CORE FROM DRILL HOLE NUMBER LLC-85-13 

EP TOXIC 
REGULATED 
CONCEN-
TRATION( 2) 

DETECTf~~ DEPTH INTERVALS IN FEET 
LIMIT 

PARAMETER (mg/t) (mg/1.) 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 o. 1 ± 0. 1 NO NO 

Chromium 5.0 0.2 ± 0.2 ND NO 

Lead 5.0 0.5 ± 0.5 NO 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 NO 

(l)From Devaurs, 1985. 
~ 2 ~New Mexico Environmental Improvement Board, 1985a. 
3 ND = Not detected. 

20-30 30-40 

ND ND 

ND ND 

ND NO 

ND NO 

ND ND 

ND ND 

ND ND 

ND ND 

The ± value represents the uncertainty term for the analysis. 

I: 1702-T4-2 

40-50 50-60 60-70 

ND ND ND 

ND ND NO 

ND NO NO 

NO NO NO 

ND NO NO 

ND NO NO 

ND NO NO 

ND NO NO 

70-80 80-90 90-100 

ND ND ND 

NO NO ND 

NO ND ND 

NO NO NO 

ND ND NO 

NO ND NO 

NO ND ND 

NO ND ND 
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TABLE 4-3 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL BOLE NUMBER LLC-85-14 1 

EP TOXIC 
REGULATED 
CONCEN- DETECTl~~ DEPTH INTERVALS IN FEET 
TRATION( 2) LIMIT 

PARAMETER (mg/1.) (mg/1.) 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 ± o. 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(l) 

CORE FROM DRILL HOLE NUMBER LLC-85-15 

EP TOXIC 
REGULATED 
CONCEN-
TRATION( 2) 

DETECT{~~ DEPTH INTERVALS IN FEET 
LIMIT 

PARAMETER (mg/ I.) (mg/tt) 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 ± o. 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 

(l)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. 

: 1702-T4-4 

40-50 50-60 60-70 

ND ND ND 

ND ND ND 

ND ND ND 

ND NO 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 4-5 
EP TOXICITY ANALYTICAL RESULTS FOR( ) 

CORE FROM DRILL OOLE NUMBER LLC-85-16 1 

EP TOXIC 
REGULATED 
CONCEN- DETECTf~~ DEPTH INTERVALS IN FEET 
TRATION{ 2) LIMIT 

PARAMETER {mg/1) {mg/1) 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 NO NO NO NO NO ND ND NO NO 

Barium 100.0 1.0 ± 1.0 ND ND ND ND ND NO ND ND NO ND 

Cadmium 1.0 0. 1 ± o. 1 NO ND ND NO NO ND ND NO ND ND 

Chromium 5.0 0.2 ± 0.2 ND ND NO ND ND ND ND ND ND NO 

Lead 5.0 0.5 ± 0.5 ND ND ND ND ND ND ND NO 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 NO 

Silver 5.0 0.5 ± 0.5 ND ND NO ND ND ND ND ND ND ND 

<1>From Devaurs, 1985. 
~~~New Mexico ~nvironmental Improvement Board, 1985a. 

ND = Not detected. 
The ± value represents the uncertainty term for the analysis. 
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TABLE 4-6 
EP TOXICITY ANALYTICAL RESULTS FOR 

CORE FROM DRILL HOLE NUMBER LLC-85-17 ( 1) 

EP TOXIC 
REGULATED 
CONCEN- DETECTf~' DEPTH INTERVALS IN FEET 
TRATION( 2) LIMIT 0- 10- 20- 30- 40- 50- 60- 70- 80- 90- 100- 110- 120- 130- 140-

PARAMETER (mg/1) (mg/1) 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

Arsenic 5.0 0.05 ± 0.025 ND ND ND ND ND 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 ND ND ND ND ND 

Cadmium 1.0 0. 1 ± 0. 1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

Chromium 5.0 0.5 ± 0.5 ND ND ND ND ND 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 ND ND ND ND ND 

Mercury 0.2 0.01 ± 0.01 ND ND ND ND ND 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 ND ND ND ND ND 

Silver 5.0 0.5 ± 0.5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 

(l)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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EP TOXIC 
REGULATED 
CONCEN- DETECTfON 
TRATION( 2) LIMIT 3) 

T~~~~ 

EP TOXICITY ANALYTICAL RESULTS FOR( ) 
CORE FROM DRILL HO~ NUMBER LLC-85-18 1 

DEPTH INTERVALS IN FEET 

PARAMETER {mg{~) ___ _l_m&L!_) 0-10 10-20 20-30 30-40 40-50 50-60 60-10< 4> 70-_60 80-90 90-100 

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 ND 6.6 ND 

Lead 5.0 0.5 ± 0.5 ND ND ND 

Mercury 0.2 0.01 ± 0.01 ND 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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EP TOXIC 
REGULATED 
CONCEN- DETECTf~ 
TRATION(2) LIMIT 

PARAMETER (mg/t) (mg/t) 0-5 5-6 

Arsenic 5.0 0.5 t 0.5 ND ND 

Barium 100.0 0.22 t 0.20 NO NO 

Cadmium 1.0 0.01 t 0.01 ND NO 

Chromium 5.0 0.23 t 0.20 ND ND 

Lead 5.0 0.01 t 0.07 NO ND 

Mercury 0.2 0.0002 t 0.0002 0.0003 0.0002 

Selenium 1.0 0.01 t 0.01 ND NO 

Silver 5.0 0.20 t 0.20 NO ND 

( 1)From Department of Energy, 1986f. 
~ 2 :New Mexico Environmental Improvement Board, 1985a. 
3 ND = Not detected. 

TABLE 11-8 
EP TOXICITY ANALYTICAL RESULTS(~R 

CORE FROM DRILL OOLE LLC-85-A 

DEPTH INTERVALS IN FEET 

9-10 14-15 19-20 24-25 29-30 

ND ND ND ND ND 

ND NO ND 0.26 ND 

ND NO ND 0.02 NO 

ND ND ND 0.71 0.57 

ND NO NO ND NO 

0.0003 0.0003 0.0011 0.0003 ND 

ND ND ND ND NO 

ND ND ND ND NO 

NOTE: The t value represents the uncertainty term for the analysis. 

LAtl: 1702-T4-8 

34-35 39-40 44-45 49-50 49-50 54-55 59-60 

ND ND ND ND ND ND ND 

ND NO ND Nl> ND NO Nl> 

ND ND NO ND ND ND ND 

ND NO ND ND NO ND ND 

NO ND NO NO ND NO NO 

0.0003 ND NO NO ND ND ND 

ND ND ND NO ND ND ND 

ND ND ND ND ND ND ND 
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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/t) {mg/t) 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 o. 10 0. 184 <0.13 <0. 13 0.87 0.83 <0. 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 

(l)From Department of Energy, 1986f. 
<2>New Mexico Environmental.Improvement Board, 1985a. 
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TABLE 4-10 
EP TOXICITY ANALYTICAL RESULTS FOR(l) 

CORE FROM DRILL HOLE NUMBER LGC-85-09 

EP TOXIC 
REGULATED 
CONCEN- DETECTf~' DEPTH INTERVALS IN FEET 
TRATION( 2) LIMIT 

PARAMETER (mg/1.) (mg/1.) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 

Arsenic 5.0 0.1 ± 0.05 NO NO ND NO NO NO NO NO NO NO 

Barium 100.0 1.0 ± 1.0 NO NO NO NO NO NO NO NO NO NO 

Cadmium 1.0 o. 1 ± o. 1 NO NO ND NO NO NO NO NO NO NO 

Chromium 5.0 0.2 ± 0.2 ND NO ND NO NO ND NO NO NO NO 

Lead 5.0 0.5 ± 0.5 NO NO ND NO ND NO NO NO NO NO 

Mercury 0.2 0.01 ± 0.01 NO NO ND NO NO ND NO NO NO NO 

Selenium 1.0 0.05 ± 0.02 NO NO ND NO ND NO NO NO NO ND 

Silver 5.0 0.5 ± 0.5 NO NO NO NO NO NO NO NO NO NO 

<1>From Devaurs, 1985. 
~~~New Mexico Environmental Improvement Board, 1985a. 

ND = Not detected. 
The ± value ·represents the uncertainty term for the analysis. 

1702-T4-10 
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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/ R.) (mg/R.) 0-10 10-20 

Arsenic 5.0 0.1 ± 0.05 NO 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 NO ND 

(1)From Devaurs, 1985. 
< 2 ~New Mexico Environmental Improvement Board, 1985a. 
(3 ND = Not detected. 

20-30 30-40 

NO 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-T4-11 

40-50 50-60 60-70 

ND NO ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND NO 

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 NO ND 

ND ND NO 



PARAMETER 

Lithium (mg/!1.) 

Copper (mg/!1.) 

NH3-N (mg/!1.) 

Fluoride (mg/!1.) 

TDS (mg/!1.) 

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 :t 1.4 
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TABLE 4-13 
LOCATION AND DESCRIPTION OF AREAL BACKGROUND SOIL SAHPLES( 1} 

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. 

70 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. 

LAN: 1702-T4-13 



TAII..E Ji-11f 
MISCELLAJIEOOS atEMICAL AIIALYTICAL RESULT(\ )FOR 

CORE FIKJI DRILL IKX.E llJIIIER LLC-85-17 

BACKG~~D 
DEPTH INTERVALS IN FEET 

PARAMETER LEVEL 0-10 10-20 20-30 30-110 110-50 50-60 60-70 70-SO 80-90 90-100 100-110 110-120 120-130 130-1110 1110-150 

Lithium (mg/l) <0.05 t 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/l) <0.20 t 0 <0. 1 <0. 1 <0. 1 <0. 1 <0. 1 o. 12 <0.1 <0. 1 <0.1 <0. 1 <0.1 <0. 1 <0. 1 <0. 1 <0. 1 

NHrN (mg/l) 0.03 t 0.05 0.111 0.22 0.97 3.10 0.83 0.90 0.211 1.30 0.25 0.25 0.32 0.82 0.087 0.32 0.33 

Fluoride (mg/l) 0.311 t 0.11 0.31 3.59 3.76 1.1111 3.96 5.59 5.10 6.611 11.90 5.68 6.66 6.68 6.87 6.8o 6.27 

TDS (mg/l) 118 t 20 17 511 79 185 311 110 113 117 27 30 51 39 711 66 116 

pH 7.6 t 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 (J) 9.9 t 1.11 9. 1 11.0 7.11 5.5 II. 1 0.7 0.9 0.6 1.2 2.5 5.3 5.7 8.4 3.0 11.3 

(l)From Department of Energy, 1986f. 
(2 )Determined from six soil samples taken in AreaL (see Table 11-12). 

LAN: 1702-TII-111 



TABLE 4-15 
MISCELLANEOUS CHEMICAL ANALYTICAL RESULT( 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 50-60 60-70(3) 70-80 80-90 90-100 

Lithium (mg/11.) <0.05 ± 0 <0.05 0.12 <0.05 <0.05 <0.05 <0.05 --- <0.05 <0.05 <0.05 

Copper (mg/11.) <0.20 ± 0 <0. 1 10.0 <0. 1 <0. 1 <0. 1 <0. 1 --- <O. 1 <0. 1 <0. 1 

NHrN (mg/11.) 0.03 ± 0.05 0.30 0.38 0.38 0.20 0.34 0.053 --- 0.18 0.10 0.15 

Fluoride (mg/1.) o. 34 ± 0. 11 0.37 17.0 2.63 3.51 3.30 3.45 --- 2.31 6.86 7.53 

TDS (mg/11.) 48 ± 20 22 188 88 37 52 113 --- 91 75 79 

pH 7.6 ± 1.0 5.5 3.8 8.6 5.9 7.4 8.7 --- 7.9 6.2 6.8 

Soil Moisture (%) 9.9 ± 1.4 11.6 6.3 9.0 8.4 8.3 5.7 --- 2.5 0. 1 1.6 

(l)From Department of Energy, 1986f. 
~~~Determined from six soil samples taken in AreaL (see Table 4-12). 

No sample available; all core lost in drilling accident. 

LAN:1702-T4-15 



TABLE 11-16 
MISCEllANEOUS CI£MICAL AIIALYTICAL RESUl.R)FOR 

CORE FHOM DRILL IIOLE MliUIER U.C-85-A 

BACKGRW~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/l) 

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 
(mg/l) 

0.03 :t 0.05 3.2 4.0 11.0 11.0 1.0 25.0 16.0 7.4 1.1 4.7 1.0 1.7 0.611 0.15 

Fluoride 0.311 :t 0.11 0.0139 0.00119 0.0053 0.0027 0.0028 0.0021 0.0015 0.0007 0.0013 0.0022 0.0030 0.0032 0.0030 0.00114 
(mg/l) 

TDS 48 :t 20 56.0 30.0 651.0 237.0 128.0 528.0 505.0 341.0 225.0 245.0 213.0 261.0 511.0 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 1.9 7.3 6.11 5.7 5.6 2.6 4.7 
Ul 

<1lFrom Department of Energy, 1986f. 
<2 >oetermined from six soil samples taken in AreaL (see Table 11-12). 

LAN: 1702-TII-14 
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TABLE 4-17 
MISCELLANEOUS CHEMICAL ANALYTICAL RESULTS FOR SURFACE IMPOUNDMENT CORE SAMPLES( l) 

BACKGR?~D 
DEPTH INTERVALS IN INCHES 

PARAMETER LEVEL 0-4 4-8 8-12 12-16 16-20 20-29 

Lithium (mg/t) <0.05 ± 0 0.45 0.24 0.27 0.60 0.39 0.33 

Copper (mg/t) <0.20 ± 0 13.6 7.6 73.4 178 93.5 61.0 

Nitrate (mg/t) 0.03 ± 0.05 <30. <30. <30. <30. <30. <30. 

Fluoride (mg/t) 0.34 ± 0. 11 28 28 13 10 10 10 

TDS (mg/t) 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/t) 

Chloride (mg/t) --- 980 440 340 210 200 200 

Sulfate (mg/t) --- 36 20 19 490 540 440 

( 1)From Department of Energy, 1986f. 
<2>Determined from 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( 1) 

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 
Bromobenzene 
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 

I II 



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 (ug/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 

Tetrarnethyl pentanone 
Chlorodifluoromethane 
Bisoxymethane 

(1)From Rocky Mountain Analytical Laboratory, 1985. 

LAN:1702-T4-19 



TABLE 4-20 

VOLATILE ORGANIC ANALYTICAL RESUL,S FOR DRILL HOLE CORES 
AUGUST 1985l } 

DEPTH VOLATILE DETECTION 
DRILL HOLE 

NUMBER 
INTERVAL ORGANIC CONCENTRATION LIMIT 

(ft)_ COMPOUND (tJg/kg) (~g/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 
Ace toni tr ile 
Tetrahydrofuran 

3,710-4,130(a)(c) 

3,300(c) 

6o(b) 
4o<b> 
16 (c) 

3,64o(c) 

190(b) 
27(b) 
67(c) 

3,300 

3,300 

3,300 

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. 

(l)compiled from Devaurs, 1985, and Rocky Mountain Analytical Laboratory, 1985. 

LAN: 1702-T47: 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 (lJg/kg) 

48-49 (split)(f) Acetone 670(b} 
2-Butanone 100(b} 
4-Methyl-2-Pentanone 110(b} 
Acetonitrile 1,100(b} 
Tetrahydrofuran 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> 

' 

F 

DETECTION 
LIMIT 

(lJglkg) 

3,000 

10 
5 

1,500 

1,500 
62,500 



DRILL HOLE 
NUMBER 

LLC-85-15 
(continued) 

LLC-85-16 

LAN: 1702-T47 :3 

TABLE Ji-20 
VOLATILE ORGANIC ANALYTICAL RESULTS FOR DRILL HOLE CORES 

AUGUST 1985 
(Continued) 

DEPTH VOLATILE DETECTION 
INTERVAL ORGANIC CONCENTRATION LIMIT 

(ft) COMPOUND {lJg/kg) _____ u __ (lJg/kg) 

38-39 (split)(f) 

88-89 

5.5-7.0(f) 

17-19( f) 

97-99(f) 

Acetone 
2-Butanone 
Ji-Methyl-2-Pentanone 
Ethanol 
Bisoxymethane 
Propanol 
Propanol (Isomer) 
2-Methyl-2-Propanol 
1p4-Dioxane 
1-Butanol 

2-Pentanone (Acetone) 

1,2-Dichloroethane 
Methylene chloride 
Acetone 
Jf-Methyl-2-Pentanone 
2-Propanol 
1-Butanol 
Fluorinated Aliphatic 
Tetramethylpentanone 

Methylene Chloride 
Acetone 

Methylene Chloride 
Acetone 
4-Methyl-2-Pentanone 
Chlorodifluoromethane 

300(b) 
170(b) 
420(b) 
no<c> 
270(c) 
270(c) 
150(c) 
n<c> 

200(c) 
280(c) 

3,300(b) 

19 
30 

110(b) 
27(b) 
6(c) 

n<c) 
6(c) 
7(c) 

18 
82(c) 

15 
110(b) 

5(b) 
10(c) 

3,300 

5 
10 

10 

10 



DRILL HOLE 
NUMBER 

LLC-85-18 

LAN: 1702-T47 :4 
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TABLE 4-20 . 
VOLATILE ORGANIC ANALYTICAL RESULTS FOR DRILL HOLE CORES 

AUGUST 1985 
(Continued) 

DEPTH VOLATILE DETECTION 
INTERVAL ORGANIC CONCENTRATION LIMIT 

( ft) COMPOUND ( llg/kg) ( llKL!<g) 

18-19( 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) 

r 
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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 

I II 
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1._ TABLE 4-22 

VOLATILE ORGANIC COMPOUND 
DETECTION LIMITS FOR REPRESENTATIVE ANALYTES{l) 

1986 
DETECTION LIMITS 

JJg/TUBE 

COMPOUND JAN FEB MAR APR DEC 

Trichlorofluoromethane 3 4.5 3.0 

Dichlorodifluoromethane 3 

Chloroform 1.2 3.0 

1,1,1-Trichloroethane 3 1.3 3.0 

Carbon Tetrachloride 3.0 

Trichloroethene 1 1 .2 3.0 

Toluene 0.8 0.8 3.0 

Tetrachloroethene 1.0 1.0 1 3.0 

Total Xylenes 1.1 1 .0 1 3.0 

Chlorobenzene 1.2 3.0 

1,1-Dichloroethene 3.0 

Ethyl benzene 1.2 3.0 

( 1)compiled from Devaurs and Bell, 1986; Department of Energy, 1986e; and 
unpublished laboratory data report (December). 
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TOLE 4-ll 

1986 1'0&1 CAS SAJIPLIIIC(l) 
DRILL BOLl LLC-85-11 

pa/L ua 

6 FT 
DEC( 2) 

27 FT 
DEC( 2) 

41 FT 
DEC( 2 ) 

COHPOUND JAN FEB HAR APR JAN FEB HAR APR JAN FEB HAR APR 
-------------------------

Dichlorodifluoro-
lie thane ND<J --- --- --- --- ND<J --- --- --- --- ND<3 

Trichlorofluoro-
methane 90 36 ND<l ND<l ND<J.O 273 32 ND<l --- 42.9 146 3J ND<l NlJ<l ND<J.O 

Chlorofor11 ND<l 24 ll 25 7.6 ND<l 37 29 --- 25.5 3.8 88 47 30 38.3 

1,1,1-trlchloro-
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.O >0. 5* ND<l >3.0 64 TR<l.O >0.5* --- >3.0 46 TR<l.O >0.5* ND<l >3.0 

Trlchloroethene 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 11 ND<l ND<l 3. 7 14 10 7.5 --- 5.9 175 12 ND<l ND<l 6.1 

Total Xylenes ND<l. 1 ND<l.O ND<l ND<l ND<3.0 14 3.6 ND<l --- ND<3.0 1.1 ND< 1. 0 ND<l ND<l ND<J.O 

Chlorobenzene --- ND< 1.2 --- ND<l ND<3.0 --- ND<l.2 --- --- ND<3.0 --- ND< l. 2 --- ND<l ND<J.O 

1,1-dlchloroethene --- --- ND<l --- --- --- --- ND<l --- --- --- --- ND<l 

Ethyl benzene --- ND< l. 2 --- ND<l ND<J.O --- ND< 1.2 --- --- ND<3.0 --- ND< 1.2 --- ND<l ND<3 .0 

--
*calculated from tentative results. 
ND = This co11pound was not detected; the limit of detection for thls analysis la leas than the aaount stated in the table above. 

TR • Trace; this coapound was present, but waa below the level at which concentration could be deteralned. 

~A • Not available 
l)Compiled from Devaurs and Bell, 1986, and Department of Energy, l986e. 

(Z)From unpublished Laboratory data report; analytical uncertainty tl5 percent lAg/tube. 
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TAIILI 4-14 

1986 PORI CAS IAIPLIIC(l) 
DllLL HOLE LLC-85-ll 

pc/L ua 

21FT 
DEC( 2) 

4J fT 
DEC(Z) 

65 FT 

COMPOUND JAN FEB MAR APR JAN FEB MAR APR JAN FEB HAR APR DEC(2) 

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

Dichlorodlfluoro-
me thane ND<J --- --- --- --- ND<J --- --- --- --- ND<J 

Trichlorofluoro-
methane ND<J ND<4 .5 ND<l ND<l ND<J.O ND<J ND<4. 5 ND<l ND<l ND<J.O ND<J ND<4.5 ND<l ND<l ND<J.O 

Chloroform ND<l ND< 1. 2 ND<l ND<l NO<J.O ND<l ND< 1.2 NO<l NO<l NO<J.O ND<l NO< 1. 2 ND<l ND<l ND<J.O 

l,l,l-trlchloro-
ethane ND<J ND<l.J NO<l NO<l NO<J.O NO<J ND<l. J NO<l ND<l NO<J.O ND<J ND<l. J ND<l NO<l ND<J.O 

Carbon tetra-
chloride ND<l --- NO<l NO<l NO<J.O NO<l --- NO<l NO<l NO<J.O ND<l --- ND<l NO<l ND<J.O 

Trlchloroethene ND<l NO<l.2 ND<l NO<l NO<J.O ND<l NO<l.2 NO<l NO<l NO<J.O ND<l NO< l. 2 ND<l ND<l NO<J.O 

Toluene N0<0.8 ND<0.8 NO<l NO<l N0<3.0 N0<0.8 ND<0.8 NO<l NO<l NO<l.O ND<0.8 N0<0.8 ND<l ND<l ND<J.O 

Tetrachloroethene NO< 1.0 ND<l.O ND<l ND<l NO<J.O NO<l.O NO<l.O ND<l ND<l ND<J.O NO<l.O ND< 1.0 ND<l ND<l ND<J.O 

Total Xylenes NO< 1. 1 ND<l.O ND<l NO<l N0<3.0 NO<l.l ND<l.O ND<l NO<l NO<J.O NO< 1. 1 ND<l.O NO<l NO<l ND<J.O 

Ch lorobenzene --- ND<l.O --- ND<l N0<3.0 --- NO<l.2 --- ND<l ND<J.O --- ND< 1. 2 --- NO<l NO<J.O 

l,l-dichloroethene --- --- NO<l --- --- --- --- NO<l --- --- --- --- ND<l 

Ethyl benzene --- ND< 1. 2 --- ND<l ND<3.0 --- NO<l.2 --- ND<l ND<l.O --- ND< 1. 2 --- NO<l ND<J.O 

-----------
NO = This compound was not detected; the llmlt of detection for thia analyaia ia leaa than the amount stated in the table above. 

?A = Not available 
l)Compiled from Oevaurs and Bell, 1986, and Departaent of Energy, l986e. 

(Z)From unpublished Laboratory data report; analytical uncertainty tl5 percent pg/tube. 
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TULI 4-25 

1986 POll OAJ SAKPLIIG(l) 
DIILL HOLI LLC-85-14 

1'1/L All 

I 1 FT 31 FT 
DEC( 2) 

46 FT 86 FT 
DEC(l) 

C011POUNO JAN HB liAR APR DEC(l) JAN FEB liAR APR JAN FEB liAR APR DEC(2) JAN FEB liAR APR 
--- -~-----

Olchlorodlfluoro-
•e thane BRK --- --- --- --- BRK --- --- --- --- BRK --- --- --- --- BRK 

Trlchlorofluoro-
•e thane BRK N0<4. 5 ND<l ND<l ND<).O BRK 45 ND<l ND<l ND<l.O BRK N0<4. 5 ND<l NO< I ND<l.O BRK Nll<4. 5 <5 

. NO< I 14.4 

Chlorofor11 BRK 67 ND<l 86 Nl><l.O BRK 182 NO< I 109 68.5 BRK 184 ND<l 120 81.1 BRK 175 124 86 71.8 

1,1,1-trlchloro-
ethane BRK 7. ))5 BRK 7,554 9,46).4 IRK BRK BRK 9,148 12,117.4 BRK 171,080 BRK 10,140 12,167.) BRK BRK BRK 8, 717 11,546.2 

Carbon tetra-
chloride BRK TR<l.O NO< I TR<1 >).0 BRK TR<l.O ND<l TR<l >).0 BRK TR< I. 0 ND<l TR<l >1.0 BRK TR< I. 0 >0.5* TR<1 ) ).0 

Trlch1oroethene BRK ND<l.2 713 912 800.5 BRK 1,350 879 '146 1,03'1.6 BRK 2, 715 1,036 812 931.1 BRK 1,060 730 720 918.3 

Toluene BRK 3 ND<1 ND<l ND<3.0 IRK 51 ND<1 28 12.2 BRK 61 ND<1 37 lll.) 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 Nl><l.O <7.5* 17 21.9 

Total Xylenes BRK 14 Nl>< I ND<I ND<3.0 BRK 74 ND<l 57 ND<3.0 IRK 46 Nl><l 18 Nl><l.O BRK ND<I.O ND<l Nl><l Nl><l.O 

Chlorobenzene --- Nl>< I. 2 --- Nl><l NI><J.O --- ll --- 4.6 5.2 --- 13 --- 5.4 5.9 --- ND<l.2 --- Nl><l 3.5 

1,1-dlchloroethene --- --- ND<l --- --- --- --- NO< I --- --- --- --- Nl><l ---- --- --- --- NO< I 

Ethyl benzene --- 5 --- Nl><l 1.0 --- 30 --- 23 8.0 --- 16 --- 6.3 12.8 --- ND<l.2 --- Nl><l 5.1 

--
*Calculated fro• tentative results. 
Nl> • This compound waa not d•tected; the llalt of detection for this analyals Ia leaa than the a•ount otated In the table above. 

TR • Trace; this co•pound waa present, but waa belov the level at which concentutlon could be deter•lned. 
BRK • Breakthrough ln charcoal tubes. 
~A • Not available 

l)Co•plled fro• Devaura and Bell, 1986, and Depart•tmt of Energy, 1986e, 
( 2>Fro• unpubllahed Laboratory data report; analytical uncertainty tU pen.ent 1'&/tube. 
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TOLl 4-26 

1986 PORI CAl IANPLIIG(l) 
DliLL BOLl LLC-8~-1~ 

fl&/L Ala 

19 f'T 
OEC( 2) 

32 FT 
OEC( 2) 

82 FT 
COI'IPOUNO JAN FEB MAR APR JAN FEB MAR APR JAN FEB MAR APR OEC( 2) 

Dlchlorodlfluoro-
11ethane BRK --- ND<l --- --- BRK --- NO<l --- --- BRK --- NO<l 

Trlchlorofluoro-
methane BRK ND<4. 5 NO<l NO<l N0<3.0 BRK BRK NO<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 

l,l,l-trlchloro-
ethane BRK 1,045 BRK 4,833 3,586.4 BRK BRK BRK 8,294 15,218.9 BRK l2. 927 BRK 8,618 8,713.) 

Carbon tetra-
ch lor lde BRK NO<l. 0 NO<l TR<l >3.0 BRK BRK NO<l TR<l >3.0 BRK NO< l. 0 NO<l TR<l >3.0 

Trlchloroethene 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 lll 457 406 395.4 BRK BRK 635 48 406.9 BRK lll ND<l 80 71.0 

Total Xylenes BRK 6 160 27 N0<3.0 BRK BRK 332 219 N0<3.0 BRK 149 NO<l 107 ND<3.0 

Chlorobenzene --- --- --- 7.7 97.1 --- BRK --- 2l 25.6 --- NO<l.2 --- NO<l NO<l.O 

1,1-dlchloroethene 

Ethyl benzene --- 4.2 --- 12 17.9 --- BRK --- 52 71.3 --- NO< l. 2 --- 22 11.6 

ND • This compound was not detected; the limit of detection for this ans1yaia ia leaa than the a11ount stated in the table above. 
TR • Trace; this co•pound waa present, but waa below the level at which concentration could be deter•lned. 
BRK • Breakthrough ln charcoal tubes. 
~t a Not availatile 

>co11piled fro• Oevaura and Bell, 1986, and Oepart•ent of Eneray, 1986e. 
(2)Froll unpublished Laboratory data report; analytical uncertainty tl5 percent fl&/tube. 
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TABLI 4-21 

1986 POlE GAS SAKPLIIC(l) 
DIILL HOL& LLC-85-16 

1'&/L AIR 

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) 

Dichlorodlfluoro-
methane ND<3 --- --- --- --- ND<3 --- --- --- --- BRK 

Trichlorofluoro-
methane 39 11 ND<l NA ND<J.O ND<J 12 ND<l ND<l ND<J.O BRK BRK ND<l 27 25.6 

Chloroform 47 12 43 NA 72.7 92 16 20 82 ND<J.O BRK BRK 20 76 ND<3.0 

1,1,1-trlchloro-
ethane 1,856 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.O >o.5* NA >3.0 ND<l TR<l.O >0.5* ND<l >3.0 BRK ND<l.O --- 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<J.O 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 ND< l. 1 ND<l.O ND<l NA ND<3.0 ND<l.l ND<l.O ND<l ND<l ND<l.O BRK 4 7.5 ND< l ND<3.0 

Chlorobenzene --- --- --- NA ND<l.O --- --- --- ND<l ND<l.O --- --- --- ND<l ND<3.0 

1,1-dichloroethene --- ND<l8 ND<l --- --- --- ND<\8 ND<l --- --- --- TR<l8 ND<l 

Ethyl benzene --- ND< 1.2 --- NA ND<3.0 --- ND<l.2 --- ND<l ND<3.0 --- 1.8 --- ND<l 8.0 

--
* Calculated from tentative results. 
NO E This compound waa not detected; the limit of detection for this analyaia is lese than the amount stated in the table above. 
TR • Trace; this compound waa present, but waa below the level at which concentration could be determined. 
BRK • Breakthrough in charcoal tubea. 
fA • Not availa~le 

\)Compiled from Devaure and Bell, 1986, and Department of Energy, 1986e. 
<2>From unpubllahed Laboratory data report; analytical uncertainty tl5 percent 1'&/tube. 
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TAILil 4-18 

1986 POll GAl IAKPLIIO(l) 
DRILL HOLI LCC-8~-09 

,.1/L ua 

37FT 
DEC(2) 

63 FT 
DEC( 2) 

80 FT 
DEC( 2) 

91 FT 
DEC{ 2)9 

COHPUUND JAN FEB HAR APR JAN FEll HAR APR JAN FEll HAR APR JAN FF.B HAR APR 
-- ----- --- ----- ------------- --

Dlchlorodlfluoro-
•e thane ND<J --- --- --- --- ND<3 --- --- --- --- --- --- --- --- --- ND< 3 

Trlchlorolluoro-
•ethane ND<J ND<4. 5 ND<l MD< I ND<l .0 ND<l ND<4. 5 ND<l ND<l ND<l .0 --- ND<4. 5 ND<I ND<l ND<l.O ND<l ND<4.5 ND< l ND<l ND<3.0 

Chlorolor• ND<l ND< I. 2 ND<l ND<l ND<l.O ND<l ND<l.2 ND<l ND<l ND<3.0 --- ND< I. 2 ND<l ND<l ND<l.O ND<l ND< I. 2 ND<l NO< I ND<J.O 

1,1,1-trlchloro-
<250* <250* <250* >250. 

ethane 184 380 349 561.5 980 472 466 644.0 --- 210 374 421.0 312 406 90 ND< 3.0 

Carbon tetra-
chloride ND<l ND<l.O ND<l ND<l ND<l .0 ND<l ND<l.O ND<l ND<l ND<3.0 --- ND<l.O ND<l ND<l ND<J.O ND<l ND< 1.0 ND<l ND<l ND<l .0 

Trlchloroethene I.J 1.6 1 ND<l ND<J.O 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<J.O 

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<l ND<l ND<J.O ND<0.8 0.4 ND<I ND<l ND<l .o 

Tetrachloroethene 3.2 3.8 4 ND<l ND<l.O 4.1 4.6 5 ND<l ND<3.0 --- 3 >0.5* ND.<l ND<J.O 2.9 4 2.57 ND<l ND<3.0 

Total Xylenes ND<l.l ND<l.O ND<l ND<l ND<J .0 ND<l.l ND<l.O ND<l ND<l ND<l.O --- ND<I.O ND<l ND<l ND<3.0 ND<l.l 0.8 MD< I ND<l ND<J .0 

t.:hlorobenzene --- --- --- ND<l MD<3.0 --- --- --- ND<l ND<3.0 --- --- --- ND<l ND<3.0 --- --- --- ND<l MD<l.O 

1,1-dlchloroethene --- MD<I8.0 >0.5 • --- --- --- TR<l8.0 >0.5 • ND<l8.0 >0.5* TR<l8.0 >0.5* --- --- --- --- --- ---

Ethy I benzene --- ND< I. 2 --- ND<l ND<l.O --- ND< 1.2 --- ND<I MD<J.O --- ND<l.2 --- ND<I ND<J.O --- ND<l.2 --- ND<I ND<l.O 

. 
Calculated fro• tentative results. 

NO • This compound was not detected; the ll•lt of detection for this analyolo lo leao than the a•ount stated ln the table above. 

Tl\ • Trace; thla co•pound was present, but waa below the level at vhlcb concentration could be deter•lned. 

ft • Not available 
>co•plled fro• Devaura and Bell, 1986, and Depart•ent of Eneray, 1986e. 

(2)Fro• unpublished Laboratory data report; analytical uncertainty tl5 percent pa/tube. 
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TA.ILil 4-19 

1986 POll CAS IAKPLIIG(l) 
DRILL HOLE LGC-85-10 

j.t&/L AIR 

31 FT 
DEC(2) 

53 FT 
DEC ( 2) 

95 FT 
DEC(Z) COHI'OUND JAN FEB HAR APR JAN FEB HAR APR JAN FEB HAR APR 

---------- ---------- --·------ ----------------- ·----------------

Dlchlorodlfluoro-
11ethane ND<J --- --- --- --- 4 --- --- --- --- 4.4 

Trlchlorofluoro-
11e thane 18 14 9.5 ND<l ND<J. 0 18 14 10.6 ND<l ND<J.O 7.4 7.6 7.2 ND<l ND<J. 0 

Chlorofor11 ND<l ND< 1.2 ND<l ND<l ND<l.O ND<l ND<l.2 ND<l ND<l ND<J.O ND<l ND< l. 2 ND<l ND<l ND<J.O 

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<J.O ND<l ND<l. 0 ND<l ND<l ND<J.O ND<l ND<1.0 ND<l ND<l ND<J.O 

Trichloroethene 2.6 2.6 2.2 ND<l ND<J.O 4.4 4.4 4.15 ND<l ND<J.O 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<J.O ND<0.8 ND<0.8 ND<l ND<l ND<J.O 

Tetrachloroethene 2.8 3.0 3.19 ND<l ND<J.O 3.4 3.6 4.08 ND<l ND<3.0 2.8 3.2 3.55 ND<l ND<J.O 

Total Xylenes ND<l.l ND<l.O ND<l ND<l ND<l.O ND< l. l ND<l.O ND<l ND<l ND<3.0 ND< l.l ND<l.O ND<l ND<l ND<J.O 

Chlorobenzene --- --- --- ND<l ND<l.O --- --- --- ND<l ND<J.O --- --- --- ND<l ND<J .0 

l,l-dichloroethene --- ND<l8.0 ND<l --- --- --- ND<l8.0 ND<l --- --- --- ND<l8.0 ND<l 

Ethyl benzene --- ND<l.2 --- ND<l ND<J.O --- ND<l.2 --- ND<l ND<3.0 --- ND<l.2 --- ND<l ND<J.O 

----
* Calculated fro• tentative results. 
ND & This co11pound was not detected; the li11lt of detection for thla analysis Ia lese than the a11ount stated In the table above. 

?t = Not available 
>co11plled fro11 Devaurs and Bell, 1986, and Depart11ent of Energy, l986e. 

( 2)Fro• unpublished Laboratory data report; analytical uncertainty il5 percent ll&ltube. 
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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 Suey, 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 Buey can be estimated using the Darcian 

flow equation: 
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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 Buey 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 Buey 

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 CDBO 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 we·re 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 Buey (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 

Buey. 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 Buey or Pajarito Canyon. 
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5.2.2 Canada del Suey 

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 (CDS0-1 through CDS0-4) were drilled into the 

Canada del Suey alluvium near Mesita del Suey, 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 Buey 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 Buey 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 Buey 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. The average moisture content in the cuttings was 11 percent, 

1.. ranging from 6 to 16 percent. A summary of the moisture contents is presented 

in Table 5-7. 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 

l 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). 



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 

i~ for Pajar ito 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-

l~ 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). 



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 

1 summarize the results of inorganic analyses conducted on well samples 
I' 

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. 

LAN:1702-Sec5 5-11 
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TABLE 5-1 

LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 (PM-2)( 1)(2) 

GEOLOGIC 
UNIT LITHOLOGIC DESCRIPTION 

Alluvium 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 

Bandelier Tuff Tuff; buff, silty, consists mostly of 
(Otowi Member) sanidine and quartz crystals, many fragments 

of rhyolite and latite, trace of pumice near 
105 feet 

Tuff; mostly crystals of sanidine and ~uartz 
with rhyolite and latite fragments; much 
white and tan pumice 

Tuff; light-gray, consists of crystals and 
fragments of sanidine, quartz, and glass, 
and many brown and gray rhyolite fragments 
to 1/8 inch 

Pumice; buff 

Tuff; crystals and fragments of sanidine, 
quartz, glass in sand-sized grains, and 
gravel of rhyolite, latite, and basalt, 
much white pumice 

Pumice; light-gray to tan 

Tuff; crystals and fragments of sanidine, 
quartz, glass and dark volcanic rocks with (

3
) 

much white pumice (show of water at 335 feet) 

<(
1))From Cooper et al., 1965. 
2 PM-2 drilled in 1965. 

(3)show of water not confirmed by subsequent geophysical logging~ 

LAN:1702-T48a 

. DEPTH 
TO 

0 

7 

30 

125 

165 

225 

235 

300 

315 

(FT) 
FROM 

7 

30 

125 

165 

225 

235 

300 

315 

345 



TABLE 5-1 
LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 {PH-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 

DEPTH (FT) 
TO FROM 

345 390 

390 405 

405 432 

432 505 

Basalt; dark reddish-brown and dark-gray, . 505 515 
dense 

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 {PM-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 '41 0 

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 7 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 

27218 

2,312 

2,370 

2,410 

2,460 

2,490 

LAN: 1702-T48a 
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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. 

LAN:1702-T48a 



TABLE 5-2 
CONSTRUCTION AND HYDROLOGIC DATA ~O~fff IN 

THE PAJARITO WELL FIELD, LOS 

Pajarito r.eld 

PM-I PM·2 PM-3 PM-4 PM-~ 

Date of Completion 1965 1965 1966 1981 1982 

Elevation or LSD (ft) 6520 6715 6640 6920 7095 

Consuuction 
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 1982 

Depth below LSD (ft) 74. 874 762 1047 1208 

Elevation (ft) 5772 5841 5878 5873 5887 

Water-level Fluctuations 
Period (yr) 1965-1982 1966-1982 1968-1982 1981-1982 

Chanse (ft) -2 -48 -19 5 

Annual-rate (f't/yr) -4.1 -2.8 -1.3 

Aquifer 
Formation QTp-Taf QTp-Tsf QTp-Tsl QTp-Tsr QTr-Tsr 

Saturated thickness (ft) 1751 1426 1790 1828 1885 

Yield 
Date 1982 1982 1982 1982 1982 

Rate (apm) 589 1386 1402 1473 1225 

Drawdown (ft) 22 60 23 40 144 

Specific capacity (Jpm/1\) 26.8 23.1 60.9 36.8 8.5 

Transmissivity (Jpd/ft) 
' ' 000 

40 000 320 000 44 000 10 000 

Field cocfTICient or permeability (JpdlftZ) 31 28 179 24 5.3 

Production 
Period (yr) 1965-1982 1966-1982 1968-1982 1982 

Pumpaae ( 106 sal.) 1593 5863 3478 76 

Quality of Water 

Date 3-11-81 3-18-81 3-18-81 8-3-81 8-4-81 

Chem•cal (m&/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 

HCOl 144 65 148 70 106 

so. 5 3 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 32 

Spec1fic conductance (~mho I 260 130 250 120 190 

pH 8.0 7.8 8.3 8.2 8.2 
Radiochemical 
Total uran1um (lllfl) 2.4 :1:0.8 0.0:1:0.8 1.0:1:0.8 0.8 :1:0.8 2.2 :1:0.4 

Temperature (°F) 71 69 71 69 73 

•Well was abandoned in 19~6; data were not used in the averqe hydroloaic characterisUc:s. It is located 

150 (t SW o( well LA· lB. 

bwells have two different daarneter sizes of casina; i.e .• 12 (650ft) 10 reads: 12-in. diame1er to 650 n. then 

10-in. diameter to completed depth or well 

Note: QTp • Puye Conglomerate: Tsr z Tesuque Formation. 

( 1)From Purtymun, 1984. 



TABLE 5-3 
HYDROLOGIC DATA FOR SPRINGS IN THE WHITE ROCK CANYON AREA ( l) 

Sprina J Sprina JB Sprina 4 Sprina SA Sprina 58 Sprina 6 Sprlna 8A Sprina 10 

Elevation or LSD (rt) 5S60 5500 ssoo 5430 5400 5380 5370 S360 

Aquircr QTp Tsr QTp Tsr Tsr Tsr Tsr Tsr 

Ois~harac at Rio Grande (gpm) 20 30 80 30 10 60 30 20 

Quality or Water 

llllte 10 13 81 10 1381 10·13 81 10·13·81 10-14-81 10-14-81 10-14-81 10-IS 81 

Chemical (mall) 
Si02 52 46 60 60 64 74 75 69 

Ca 20 24 28 24 17 12 II 12 

Mg 16 2.0 S.7 2.7 4.4 3.6 2.8 3.2 

Na 16 139 IS 22 12 II 13 13 

C01 0 0 0 0 0 0 0 0 

IIC01 99 392 132 124 87 74 S6 80 

so. 4 4 6 7 2 2 J 3 

Cl 5 6 8 6 4 4 s 4 

F 0.4 0.6 o.s O.J o.s 0.) 0.4 0.4 

N01 2.6 8.4 <0.4 1.7 2.0 <0.4 <0.4 1.7 

TUS 125 374 168 186 IS2 IJ4 152 146 

llardncss S6 64 92 69 S6 44 J9 42 

Specific conductance (11mho) 210 t\10 220 240 ISO 140 130 120 

pll 8.1 7.5 7.0 7.4 7.4 7.0 9.0 7.8 

Radiochemical 

Total uranium (1Jg/l) 2.3 t 0.8 19 t 4.0 I.S :t 0.8 2.2 :t 0.8 1.9 t 0.8 1.0 :t 0.8 1.7 t 0.8 1.7 :t 0.8 

Temperature (0 F) 72 68 66 70 61 7J 72 66 

---·---------
Note: Tsr ~Tesuque f''ormation and QTp ~ Puye Cunglumcrate. 

(l)From Purtymun, 1984. 



TABLE 5-4 

LITHOLOGIC LOGS OF MONITORING WELLS IN CANADA DEL SUEY{ 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{l) 

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) 

""CM-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. 
C3>cased with four-inch 0.0 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 

4/17/85 

4/18/85 

4/18/85 

4/18/85 



TABLE 5-6 

SUHHARY·OF WATER-LEVEL MEASUREMENTS AND ELEf,JIONS FOR 
MONITORING WELLS IN CABADA DEL BUEY 

WELL CDB0-1 CDB0-2 CDB0-3 

LAND SURFACE 
ELEVATION (FT) (6757.6) (6748.2) (6670.2) 

DATE MEASURED 

05/28/85 Dry Dry Dry 

09/04/85 Dry Dry Dry 

12/02/85 Dry Dry Dry 

03/06/86 Dry Dry Dry 

06/10/86 Dry Dry Dry 

07/03/86 Dry Dry Dry 

08/08/86 Dry Dry Dry 

09/03/86 Dry Dry Dry 

<1>From Department of Energy, 1987 

LAN: 1702-T48 

CDB0-4 

(6564.5) 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

, I li 

J 
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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 0 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( 1) 

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 

I I, 



TABLE 5-9 

LITHOLOGIC LOGS OF THE PCM-SERIES TEST HOLES IN PAJARITO CANYON{l) 

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 
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TABLE 5-10 
LITHOLOGIC LOGS OF TEST HO~&-f AND T-6 IN 

PAJARITO CANYON 

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 7 1975. 
(2)Test holes drilled in March 1950. 

LAN: 1702-T48a 
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TABLE 5-11 

SUMMARY OF WATER-LEVEL t£ASUREMENTS AND ELEffP<IiS FOR 
H<JiiTORING WELLS IN PAJARITO CANY<Ji 

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.o8 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 

06118/86 0.72 6686.28 10.28 3.83 6614.47 5.17 3.18 6543. 12 8.82 

01/03/86 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 

I II 

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. 

:..AN: 1702-T48c 



TABLE 5-14 
INORGANIC WATER QUALITY RESULTS FROM lfriTORING WELL 

PC0-1 IN PAJARITO CANYON 

NHEIB/ 
DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NHWQCC( 2) 

· GENERAL CHEMISTRY 

Ca mg/1. 33 22 17 18 19 16 

Mg mg/t 9.9 6.6 5.1 4.9 6 5 

K mg/1. 5.7 5.3 3.7 3.7 4.3 4.2 

Na mg/1. 47 36 27 28 26 22 

Cl mg/1. 68 35 16.7 22 27 10.7 250.0 

so4 mg/1. 18.5 13.4 9.5 7.7 9 5.5 600.00 

N03 (N) mg/1. 1.7 0.2 <0. 1 0.30 1.3 <0.2 10.0 

F mg/1. 0.5 0.4 <0. 1 0.3 0.2 0.4 1.6 

co3 mg/1. 0 0 <0.5 0.0 0.0 0.0 

HC03 mg/1. 97 101 92 93 82 88 

p mg/1. <0.2 <0.2 <0. 1 0.0 <0.2 <0.2 

Total Hardness mg/1. 122 89 68 88 74 55 

Conductivity 11mohs/cm 48 350 250 260 275 225 

pH 6.7 7.04 6. 77 7.4 7.5 6.9 6-9 

TDS mg/t 298 217 153 170 188 160 1,000.0 

Si02 mg/1. 31 39 28 25.7 27 24 

(l)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 



TABLE 5-111 
INORGANIC WATER QUALITY RESULTS FROM l1fiTORING WELL 

PC0-1 IN PAJARITO CANYON 
(Continued) 

DATE SAMPLED 06/11/85 09/03/85 12/011/85 03/06/86 06/10/86 09/18/86 
NMEIB/( ) 
NHWQCC 2 

METALS 

Ag mg/1. <0.001 <0.001 <0.001 <0.001 <0.005 <0.001 

As mg/1. 0.0011 <0.001 0.001 <0.002 0.002 <0.001 

Ba mg/1. 0.196 0.1118 0.138 0.12 0.076 0.07 

Cd mg/1. <0.001 0.005 0.00 <0.002 <0.001 0.0005 

Cr mg/1. 0.006 0.003 0.037 <0.003 0.02211 <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/1. <0.003 <0.003 <0.001 <0.001 <0.002 <0.001 

Cu rng/1. 0.0111 0.010 <0.010 0.010 0.005 0.0011 

Fe rng/1. 0.095 0.012 0.098 0.005 0.017 <0.003 

Hn rng/1. 0.018 0.051 0.065 0.32 <0.003 0.115 

Zn rng/1. 0.029 0.025 0.013 0.005 <0.02 <0.001 

.< 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/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/l 74 ± 98 

Pu-238 pCi/l 0.000 ± 0.020 

Pu-239,2110 pCi/l 0.005 ± 0.016 

TABLE 5-111 
INORGANIC WATER QUALITY RESULTS FROM KlNITORING WELL 

PC0-1 IN PAJARITO CANYONl l) 

(Continued) 

09/03/85 12/0it/85 03/06/86 06/10/86 

-17.3 ± 120 -36.1 ± 76.11 -17.4 ± 61 -28 :!: 72 

0.013 ± 0.024 0.005 ± 0.02 0.016 ± 0.02 -0.010 t 0.025 

0.000 ± 0.02 0.037 ± 0.032 0.021 ± 0.02 0.005 :!: 0.033 

NHEIB/ 
09/18/86 NMWQCC( 2 ) 

711 ± Ill 

0.001 t 0.01 

0.01 :!: 0.01 

H-3 pCl/l -4oo ± Boo 3' 200 :!: 1 ' 000 400 ± 800 -1,1100 ± 800 800 :!: 800 4,100:!: 60020,000 

Total U mg/l 1.4 ± 1.0 0.8 ± 0.4 0.5 ± 0.6 0.0 ± 0.2 1.0 :!: 0.6 ---
Gross Alpha pCi/l 2.0 ± 11.0 0.300 :!: 1.6 1.7 ± 1.11 1.1±1.4 0.8 :t 2 11.0 ± 3.0 

Gross Beta pCi/l 8.0 :!: 1.8 6.3 ± 1.6 1. 7 ± 1.0 2.6 ± 1.0 5.9 :t 1.6 10.0± 1.0 

Gross Gamma cpm/l -50 ± 120 160 ± 120 70.0 :t 120 -40 ± 120 -120 ± 120 146 :t 100 

<1>compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 

~~~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/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 ffiNITOHJNG WELL 

PC0-2 IN PAJARITO CANYON 

DATE SAMPLED 06/11/85 09/03/85 12/04/85( 2 ) 03/06/86( 2) 06/10/86 09118/86 

GENERAL CHEMISTRY 

Ca mg/1 18 19 --- --- 21 19 

Mg mg/t 5. 1 5.7 --- --- 6 5 

K mg/1 3.9 3.8 --- --- 3.5 3.4 

Na mg/1 18 19 --- --- 21 19 

Cl mg/1 14 17 --- --- 25 14.2 

so4 mg/1 10.0 7.8 --- --- 8 5.1 

N03 (N) mg/1 0.3 0.3 --- --- 0.8 <0.2 

F mg/t 0.3 0.4 --- --- 0.24 0.4 

co3 
mg/1 0 0 --- --- 0.0 0.0 

HC03 mg/1 66 88 --- --- 82 88 

p mg/l <0.2 <0.2 --- --- <0.2 <0.2 

Total Hardness mg/l 62 80 --- --- 75 61 

Conductivity IJmohs/cm 19 250 --- --- 255 225 

pH 6.89 6.83 --- --- 7.4 7.0 

TDS mg/l 143 156 --- --- 175 152 

Si02 mg/l 26 31 --- --- 27 23 

(llcompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; 90E 1986b, DOE 1986c; DOE 1986d; DOE 1987. 

(2 lvolume 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/1 

NHEIB/ 
NHWQCC(3) U.S. EPA( 4l 

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 FROM mNITOHING WELL 

PC0-2 IN l'AJARITO CANYON 
(Continued) 

12/04/85( 2 ) 03/06186( 2 ) 
NMEIB/ 

U.S. EPA( 4 l 
DATE SAMPLED 06/11/85 09/03/85 06/10186 09 I 18/8f, NMWQCC(3) 

METALS 

Ag mg/l <0.001 <0.001 --- --- <0.005 <0.001 0.05 0.05 

As mg/t 0.001 <0.001 --- --- <0.002 <0.001 0.05 0.05 

Ba mg/l 0.069 0.090 --- --- 0.018 0.18 1.0 1.0 

Cd mg/l <0.001 0.002 --- --- 0.0014 <0.0002 0.01 0.01 

Cr mg/l 0.006 0.007 --- --- 0.0206 <0.001 0.05 0.05 

Hg mg/l <0.002 <0.001 --- --- <0.002 <0.002 0.002 0.002 

Pb mg/l 0.006 <0.001 --- --- 0.003 <0.001 0.05 0.05 

Se mg/l <0.003 <0.003 --- --- <0.002 <0.001 0.01 0.01 

Cu mg/l <0.005 <0.005 --- --- <0.022 0.001 1.0 1.0 

Fe mg/l 0.072 0.051 --- --- <0.002 <0.003 1.0 0.3 

Hn mg/l 0.371 0.321 --- --- <0.003 0.291 0.2 0.05 

Zn mg/l <0.01 <0.010 --- --- 0.01 <0.001 10.0 5.0 

~~~Compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 
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 



DATE SAMPLED 06/11/85 

RADI OLOG ICALS 

Cs-137 pCi/1 70 :t 82 

Pu-238 pCi/t 0.000 :t 0.0001 

Pu-239,2110 pCi/1 0.000 :t 0.024 

H-3 pCi/1 600 t 800 

Total U mg/1 3.8 :t 1.6 

Gross Alpha pCi/1 9.0 :t 26.0 

Gross Beta pCi/1 16.0 :t 4.0 

Gross Gamma cpm/1 60 ± 120 

TABLE 5-15 
INORGANIC WATER QUALITY RESULTS FROM MONITORING WELL 

PC0-2 IN PAJARITO CANYON( 1) 
(Continued) 

09/03/85 12/011/85(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 --- --- 8oo t Boo 

5.1 :t 0.5 --- --- 2.5 t 0.6 

6.0 t 11.0 --- --- 0.11 ± 2 

17.0 ± 4.0 --- --- 11 ± 2.0 

190 ± 120 --- --- -190 ± 120 

09/18/86 

110 :t 38 

-0.02 :t 0.02 

0.01 t 0.02 

3,600 t 600 

---
14.0 t 3.0 

15.0 ± 2.0 

146 ± 100 

~ 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/O 

# 

NHEJB/ 
NHWQCC(3) U.S. EPA(II) 

200 

15.0 

15.0 

20,000 20,000 

5.0 5.0 

15.0 15.0 



TABLE 5-16 
INORGANIC WATER QUALITY RESULTS FROM {W'ITORING WELL 

PC0-3 IN I'AJARITO CANYON l 

NMEJB/ 

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 40 39 125 87 55 80 

Mg mg/l 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/t 22 22 74 40 24 42.7 250.0 

so4 mg/t 7.6 7.3 5.2 9.4 19 0.8 600.00 

N0 3 (N) mg/t. 0.5 <0. 1 <0. 1 0.0 0.9 <0.2 10.0 

F mg/1. 0.7 0.7 0.4 0.6 0.54 0.3 1.6 

co3 
mg/t 0 0 <0.5 0.0 0.0 0.0 

llco3 mg/t 150 158 477 287 212 281 

p mg/1. <0.2 <0.2 <0. 1 0.0 <0.2 <0.2 

Total Hardness mg/1. 141 149 478 302 183 229 

Conductivity 11mohs/cm 38 390 1080 660 520 650 

pll 7.5 7.-16 7.32 8.0 7.8 7.0 6-9 

TDS mg/t. 251 246 659 438 350 408 1,000.0 

Si02 mg/t. 35 38 35 34.9 30 32 

<1>compiled from Devaurs, 1985; Deoartment of Ener,;y (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 

( 2 )From New Mexico Environme'Jtal Improvement Boarc, 1985b; New Mexico Water Quality Control Commission, 1986. 

(3)From U.S. EPA, 1976; U.S. EPA, 1979. 

LAN: 1702-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 FROM MITORING WELL 

PC0-3 IN PAJARITO CANYON 
(Continued). 

DATE SAMPLED 06/11/85 09/03/85 12/0it/85 03/06/86 06/10/86 09/18/86 

METALS 

Ag mg/l <0.001 <0.001 <0.001 <0.001 <0.005 <0.001 

As mg/l 0.001 0.002 0.001 <0.002 <0.002 0.002 

Ba mg/l 0.10it 0.100 0.303 0.17 0.099 0.04 

Cd mg/l <0.001 0.003 0.009 0.002 <0.001 0.0013 

Cr mg/t 0.005 0.003 0.014 <0.003 0. 0226 0.002 

Hg mg/l <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 <0.001 

Se mg/l <0.003 <0.003 <0.001 <0.001 <0.002 <0.001 

Cu mg/t 0.038 0.028 0.054 0.05 0.021 0.025 

Fe mg/1. 0.005 0.001 0.040 <0.003 0.019 0.003 

Mn mg/1. 0.388 0.026 2.86 1.72 <0.003 0.395 
,. 

Zn mg/1. 0.052 0.029 0.061 0.035 <0.01 <0.001 

<1>compiled from Devaurs, 1985; Depar·tment ar Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 

<2 lrr·om Ne1~ Mexico Environmental !mpr·ovemer.t Boar·d, 1985b; New Mexico Water Quality Control Conunission, 1986. 

(3)f'rom U.S. E~A, 1976; U.S. EPA, 1979. 

LAt.!: 1702-T!1U 

NMEIB/ 
NHWQcc< 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 FROM t'friTORING WELL 

PC0-3 IN PAJARITO CANYON 1 

(Continued) 

NMEIB/ 

DATE SAMPLED 06/11/85 09/03/85 12/0il/85 03/06/86 06/10/86 09/18/86 NMWQCC( 2 ) 

RADIOLOGICALS 

Cs-137 pCi/1. -10 ± Bit 48.1 :!: 100 -29.3 :!: 66.4 -44.5 :!: 70 -10 :!: 61l 31 :!: ll3 

Pu-238 pCi/l 0.024 :!: 0.030 O.OOil :!: 0.02 0.000 :!: 0.02 0.012 :!: 0.02 -0.027 :!: 0.031l 0.00 :!: 0.001 

Pu-239,240 pCi/l 0.016 ± 0.022 0.011l :!: 0.02 0.032 :!: 0.02 0.015 :!: 0.02 -0.005 :!: 0.016 0.00 :!: 0.01 

H-3 pCi/1. 1,300 :!: 800 lj ,800 :!: 1,200 9,000 :!: 800 1 ,200 :!: 800 900 :!: 800 1 '900 :!: 500 20,000 

Total U mg/l 1.5 :!: 1.0 l.ll :!: 0.4 6.2 :!: 1.2 0.5 :!: O.ll 3.1:!: 0.8 ---
Gross Alpha pCi/1. 3.0 :!: 4.0 0.3 :!: 1.6 -40 :!: 3.2 2.0 :!: ll.O 0.1 :!: 2 9.0 :!: 3.0 

Gross Beta pCilt. lj .8 :!: 1.2 3.6:!: 1.0 2.3:!: 1.0 3. 1 :!: 1.0 10 :!: 2.0 12.0 ± 1.0 

Gt·oss Ganuna cpm/l 40 :!: 120 120 ± 120 0.0 ± 120 -50 :!: 120 -160 :!: 120 219 :!: 100d 

<1lcompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 

<2 lFrom New Mexico Environmental I~orovement Boara, 1985b; New Mexico Water Quality Control Commission, 1986. 

(3)From U.S. EPA, 1976; U.S. EPA, 1979. 

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 06111/85 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<O.OOl ND<O.OOl 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<O.OOl ND<0.001 

1, 1-Dichloroethane --- ND<O.OlO ND<0.010 ND<0.001 ND<0.001 ND<0.001 

Chloroform --- ND<0.010 ND<0.010 ND<0.001 ND<O.OOl ND<0.001 

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<O.OOl ND<O.OOl ND<O.OOl 

Benzene --- ND<0.005 ND<0.005 ND<O.OOl ND<O.OOl ND<O.OOl 

Carbon Tetrachloride --- ND<0.020 ND<0.020 ND<O.OOl ND<O.OOl 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<0.010 ND<0.010 ND<0.001 ND<0.001 ND<0.001 

Toluene --- ND<0.005 ND<0.005 ND<O.OOl ND<O.OOl ND<0.001 

1,1,2-Trichloroethane --- ND<0.015 ND<0.015 ND<0.001 ND<O.OOl ND<O.OOl 

Chlorodibromomethane --- ND<O.OlO ND<0.010 ND<0.005 ND<0.005 

Tetrachloroethylene --- ND<0.020 ND<0.020 ND<0.001 ND<O.OOl ND<O.OOl 

Ch lorobenzene --- ND<0.012 ND<0.012 ND<O.OOl ND<O.OOl ND<0.001 

Ethylbenzene --- ND<0.008 ND<0.008 ND<O.OOl ND<0.001 ND<0.001 

Bromoform --- ND<O.OlO ND<O.OlO ND<O.OOl ND<0.001 ND<0.001 

1, 1,2,2-Tetrachloroethane --- ND<0.020 ND<0.020 ND<O.OOl ND<0.001 ND<O.OOl 

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 Ff~ HONITORING 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/l) 
(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-Hethyl-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; 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. 

LAN: 1702-T/5 

0.001 

0.620 

U.S. EPA(3) 

Proposed HCL' s 

0.75 

0.001 



DATE SAMPLED 06/11/85 

TABLE 5-11 
VOLATILE ORGANIC WATER QUALITY RESULTS FOOH HONITORING WELL 

PC0-1 IN PAJARITO CANYONl 1) 
(Continued) 

09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NHWQCC(2) U.S. EPA(3) 

VOLATILE ORGANICS (mg/t) Proposed HCL'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. 
(2 >From New Mexico Water Quality Control Commission, 1986. 
3)From U.S. EPA, 1985b. 

<4 >Includes chloromethane, chloroethane, bromome~hane, and vinyl chloride. 

LAN: 1702-T/6 



DATE SAMPLED 06/11/85 

VOLATILE ORGANICS (mg/l) 

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 F80H 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<O.OlO --- --- 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 lcompil.ed from Devaurs, 1985; Depar·tment of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987. 

( 2 >volume of water in monitoring well in:>ufficient to collect sample. 

(~~From New Hehico Water Quality Control Commission, 1986. 
Fr·om U.S. EPA, 1985b. 

LAN: 1702-T/10 

NHWQCC( 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( 4l 

Proposed HCL's 

0.007 

0.20 

0.005 

0.005 

0.005 

0.005 



p 

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-flexanone 

4-Methyl-2-Pentanone 

Styrene 

Total Xylenes 

06/11/85 

TABLE 5-18 
VOLATILE ORGANIC WATER QUALITY RESULTS FO~ MONITORING WELL 

PC0-2 IN PAJARITO CANYON( I) 

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<O.OOl 

ND<0.001 

ND<0.005 

ND<0.005 

ND<0.005 

ND<0.001 

ND<0.005 

ND<O.OOl 

~ 1 lcompiled from Devaurs, 1985; Departmeut 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, 19g5b. 

LAN: 1702-'1'/11 

NMWQCC(3) U.S. EPA(4) 

Proposed MCL's 

0.75 

0.001 0.001 

0.620 



DATE SAMPLED 

VOLATILE ORGANICS (mg/l) 
(Continued) 

Dibromochloromethane 

Dibromomethane 

1,2-Dibromo-3-Chloropropane 

2-Chloroethylvinyl Ether 

Carbon Disulfide 

Purgeable Gases(5) 

06/11/85 

TABLE 5-18 
VOLATILE ORGANIC WATER QUALITY RESULTS F80l4 H<»flTORING WELL 

PC0-2 IN PAJARITO CANYONl 1J 
(Continued) 

09/03/85 12/04/85(2 ) 03/06/86( 2 ) 06/10/86 09/18/86 

ND<0.001 

ND<0.001 

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)lncludes chloromethane, chloroethane, bromomethane, and vinyl chloride. 

LAN: 1702-T/ 12 

NHWQCC(3) U.S. EPA(4) 

Proposed HCL's 



£' 

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 NHWQcc< 2 l 

VOLATILE ORGANICS (mg/t) 

1, 1-Dichloroethylene --- --- --- ND<0.001 ND<0.001 ND<O.OOl 

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<O.OlO ND<0.001 ND<0.001 ND<0.001 

Chloroform --- ND<O.OlO ND<0.010 ND<0.001 ND<0.001 ND<0.001 

1, 1, !-Trichloroethane --- ND<0.015 ND<0.015 ND<O.OOl 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<O.O<i1 

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<0.005 ND<0.001 ND<0.001 ND<0.001 

Bromodich!oromethane --- ND<O .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<O.OlO 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<O.OOl 

Ethylbenzene --- ND<0.008 ND<0.008 ND<0.001 ND<O.OOl 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 

<1>compiled 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, 19~5b. 

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 CANYON(l) 
(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/1) 
(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 

Viny 1 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-Methyr-2-Pentanone --- --- --- ND<0.001 ND<0.001 ND<0.001 

Styrene --- --- --- ND<0.005 ND<0.005 ND<0.005 

Total Xy lenes --- --- --- ND<0.001 ND<0.001 ND(0,001 

Trichlorofluoromethane --- --- --- ND<0.005 ND<0.005 

Tetrahydrofuran --- --- --- ND<0.005 ND<0.005 

~ 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, l985b. 

LAN: 1702-1/17 

0.001 

0.620 

U.S. EPA(3) 

Proposed MCL's 

0.75 

0.001 



DATE SAMPLED 06/11/85 

TABLE 5-19 
VOLATILE ORGANIC WATER QUALITY RESULTS FBOM MONITORING WELL 

PC0-3 IN PAJARITO CANYONll) 
(Continued) 

09/03/85 12/04/85 i)J/06/86 06/10/86 09/18/86 NHWQCC(2) U.S. EPA(3) 

VOLATILE ORGANICS (mg/l) Proposed HCL's 

(Continued) 

Dibromochloromethane --- --- --- --- --- ND<O. 001 

Dibromomethane --- --- --- --- --- ND<0.001 

1,2-Dibromo-3-Chloropropane --- --- --- --- --- ND<0.001 

2-Chloroethylvinyl Ether --- --- --- --- --- ND<0.005 

Carbon Disulfide --- --- --- --- --- ND<0.005 

Purgeable Gases< 4 ) --- --- --- --- --- ND<O .010 

~ 1 ~compiled 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, 1985b. 

(4)Includes chloromethane, chloroethane, bromomethane, and vinyl chloride. 

LAN: 1702-T/18 
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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 Buey, a narrow southeast-trending mes~ 

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 ~-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 Buey can be drawn: 

• The stratigraphy at Areas G and L is sLmilar 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 Suey (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 redistrieution 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 test.ing, 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 1o-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 1o-4 ft/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 ra.tes 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 7 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 ~equired 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/t 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/t. The perched water gradually 

becomes calcium bicarbonate downgradient and the average total dissolved 

solids concentration increases to 420 mg/t. All chemical and radiological 

constituents in the perched water are at concentrations below the primary 

LAN:1702-Sec6 6-6 



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 Buey 

• 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. 

LAN:1702-Sec6 6-7 
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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 i\1esita 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 defornration 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

. h' to 2 
came lS ry. 

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 

I 
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Fig. 2-1. Los Alamos area. 

2 

4 

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

metric age of about 400, 000 years 
4
-- 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 

. 1 3 as young as 50, 000 to 00,000 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. 

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, 

Seismic Probability which also shows a gravity profile across the west side 

The Los Alamos area has had a long history of of the Rio Grande graben. The basement rocks have 

faulting and, presumably, earthquakes principally re- been displaced more than the precaldera volcanic rocks, 

lated to the development of the Rio Grande graben which which in turn have been displaced more than the Bande-

lies immediately east of the Jemez Mountains. Most of lier Formation. The Pajarito fault also displaces the 

the modern earthquake history of New Mexico has been pumice sheet (popcorn tuff) that is believed to be corre-

along the Rio Grande graben in the area south of Albu- lative with the El Cajete pumice. The pumice sheet (pop-

querque. The Valles caldera and the older Toledo caldera 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 400ft 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 Sanford6 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 10ft 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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Fig. 2-8. Portion of seismogram recorded at the most 
northerly station. Note the high noise level 
in the upper part, recorded during working 
hours. The event shown in the lower part 
originated at about 200 km from the station. 
The time ticks are 1 min. apart. 

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-SURFACE 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 compo~ed 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 :\Iesa 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 235 ft 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 

st.udied. 

Tshirege Member 

The Tshirege Member is composed of a series of 

rhyolite tuff ashflo-.vs ~.hat contain quartz and sanidine 

crystals and crystal frag-.nents; some mafic minerals; 

and rock fragments of pu.'D.ice, rhyolite, and latite in a 

fine ash matrix. The ashflows vary from a nonwelded to 

a welded tuff. 
1 

The Tshirege Member is about 300 ft 

thick under the ridge at Mesita de Los Alamos. Five 

units of the Tshirege Member (units 1a, 1b, 2a, 2b, and 3) 

described by Baltz et al. 
2 

are present. 

Structure 

The units of the Tshirege Member dip gently east

ward at Mesita de Los Alamos. Units 2b and 3 form the 

upper part of the mesa dipping 3 to 6° toward the east

southeast. 

Cnit 2b outcrops at TH-1 and TH-2. The dip of the 

unit causes the contact between units 2b and 3 to cross 

the foundation elevation between TH-7 and TH-8. Thus, 

12 

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

ed the Rio Grande depression. 

The numerous joints in units 2b and 3 probably are 

tension joints formed during the cooling of the ashflows. 

The most prominent and numerous joints are nearly ver

tical and some are slightly open. Near-surface joints are 

filled with clay and weathering products of the tuff. 

Units 1a and 1b. The lower part of the Tshirege 

Member consists of .two ledge-forming layers of pumi-

ceous tuff breccia similar in lithology. but slightly dif

ferent in color and weathering characteristics. Tne lower 

layer is unit 1a (Fig. 3-3), a massive orange-weathering 

pumiceous tuff breccia forming a near vertical cliff above 

the alluvium in Sandia Canyon. This lower unit contains 

pumice fragments of obsidian and rhyolite in a fine 

glassy ash matrix. The weathered outer 1 to 3 in. of tuff 

is casehardened. protecting the unweathered rock from 

erosion. The thickness of unit 1a varies because of the 

irregular erosion surface at the top of the Otowi 1\lcmbet· 
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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 

br~wn-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 2b 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. 

:\loisture 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 

5% by volume. 
3 

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-n 
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-III), 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. 



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 Ub/ft
3

) (ft) 
3 

Tshirege (lb/ft ) 

3 

6 

9 

12 

15 

Member Member Member 

Depth 
(ft) 

3 

8 

13 

16 

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 3-11 

Temperature Gradients in the Tuff in Test Holes TH-1, 

TH-7, and TH-11 (June 1966) 

TH-1 TH-7 TH-11 

Tem~rature Depth Tem~rature Depth Temperature 

(F) illL (F) (ft) (OF) 

60 3 62 3 63 

53 8 61 8 56 

50 18 52 13 53 

50 28 52 23 53 

38 54 33 54 

- 43 54 

80 

97 

105 

105 

105 

108 

105 

105 

90 

103 

15 



I li 

Table 3-m 

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 
_rn_ ...f1:L ...f1:L ..f21__ 

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 

..f21__ ...f1:L _fn__ .ftL 
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 
0. 5 ft 1. 0 ft 2. 0 ft 3. 0 ft 

_rn __fB__ __fB__ ~ 
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 ~/sec (maximum). 

Frequency f cps. 

Period T sec. 

Displacement d ~ (zero to peak). 

Acceleration = a ~/sec/sec (maximum). 

1/T. 

21Tf d 
1 

v = 2w(~d = JJ./sec. 

d vT (microns/sec) (sec) = ~ 

217' 217' 

a 4w
2r d = 417'2(.!) 2 d ~/sec/sec. T 

6 . 
g 9. 8 x 10 ~/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. 

1ti 

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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N.G.C. L-5 AMPLIFIER 
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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 o. 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 O. 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. The difference can be 

observed in Fig. 4-4. 
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Fig. 4-4. Ground acceleration versus height of drop. 
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The digitized record of the 0. 3-m drop was process- '
0

-

2 

~!~~~!~~~~~~~~~~!~~~ 
ed using a computer program for a Fourier series anal- ~ 

,o-3 ~~~/'!-~1!~\/!!~!1 ,~~~~~ ~'sis. The Fourier spectra, plotted by a Stromberg -

Carlson -4020 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 3 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 \ 
,o-4~~~~~~~~~~~~~~~~~~~~ 
~== VERTICAL SEISMOGRAPH ORIENTATION f=::q i 

~ RADIAL SEISMOGRAPH ORIENTATION ~ 
S 6 7 B 9 10 11 12 13 14 15 16 

'IIEQUENCY ( cyc./ooc. ) 

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 J;he 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-Il. 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-I. 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 

greatiy 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 co~pling 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/cm
2 

compared to approximately 1, 400 kg/cm 2 

for unit 3. The velocity of the compression wave in 

unit 2b is 1470 m/sec. 

I II 



STA.2 
4tm. N. FROM 

t RD. 

SHOT 
ZERO 

P1 'S SW 

AISOLUTE TillE - WWY RADIO, NIS, FT. COLLINS, COLO. 

RECORDIN& PAPIR SP;ED -1 SECOND-

P • COMPRESSION WAVE P, • REFLECTED P WM£ 

I-- I SECOND -----1 

S • SHEAR WAVE SW • SURFACE WAVE 
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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) (7Rl (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 0.473 0.335 o. 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 o. 850 0.427 0,170 1. 049 0.588 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 o. 898 0.250 

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 o. 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. iJ. 

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 

Lfi 

records, were the average of the three peak accelera-
2 

tions, 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 • o. 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~on 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 o. 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 , 

I II 



usiug U1e s:une 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 

i km would be an acceleration of less than 4 x 10-
6
g, 

which is less Ulan 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 ian northwest of Mesita de Los 

Alamos. AU. 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 ~e 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 witil 5 to 

10% critical damping. 

Fig. 4-14 was constructed using this method. This 

graph infers that a one-degree-o~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, 

and 2.1 x 1o-
3cm. 

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 ~f natural or artificial origin will affect 

the operation of the Meson Physics Facility only if their 
3 

:unplitude is excessive. In his final report, Hof stated 

that he was unable to find anyone having machine-tool 

pt·oblems 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-IID. 

Velocity: Zero to Peak Displacement and Acceleration. 

Table 4-W 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. 

Geolog!c Member Orientation Veloci~ DisJ2lacement Acceleration Period 

Unit 3 Vertical 1.14 0.027 72 0. 15 

Unit 2b Vertical 1. 14 0.025 72 0.10 

Unit 3 Transverse 1. 37 0.043 53 0.20 

Unit 2b Transverse 1. 37 0,030 60 0.14 

Unit 3 Radial 2. 51 0.070 115 0. 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 0.076 99 o. 16 

Unit 2b Vertical 1. 83 0.047 72 0. 16 

Unit 3 Transverse 2.97 0.071 103 o. 15 

Unit 2b Transverse 3.20 0.107 96 0. 21 

Unit 3 Radial 2,05 o. 068 61 o. 21 

Unit 2b Radial 3. 65 0.116 116 0.20 

Velocity !J./sec. 
Displacement !J.· 
Acceleration !J./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 spouse 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 

3() 

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. 

iII 



I 

' 

! 
... z .. 
u 
ii: ... .. 
0 
u 

~ 
::> ... 
:::; ... 
II 
c 
0: .. 
c 
::> 
0 ... 

Table 4-IV 
Truck Passing and Braking 

Velocity 
(>J/sec) Geologic 

l\lemi.Jer 
Seismometer 
Orientation 37m 89 m 

Truck Braking 
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Unit 3 

Unit 2b 

l'nit 3 

l'nit 2b 

Truck Passing 

Unit3 
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11\ 

IQ-4 
\I 
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Transverse 3. 9 

Radial 27.2 

Radial 42.7 

Vertical 42.7 

Transverse 30.0 

Radial 30.9 

-- A ... II l/1 I" ·" 
~ VERTICAL SEISMOGRAPH ORIENTATION § 

10-3 

!0-4 '"' "" I lr I \I 

lo-5 
I 

~TRANSVERSE SEISMOGRAPH ORIENTATION F= 

IQ-3 

.L ,n_ _ll_d 

10-4 
,,~ 

..., 
1\ " 

I II\ I "'' 
-

10·5 
I i 
~ RADIAL SEISMOGRAPH ORIENTATION ~ 

~ 
~ 

1\ 
El 

7 8 9 I 0 II 12 13 14 15 16 

FREQUENCY ( cyc./toc.) 

47. 1 

17.3 

18. 1 

3.0 

18. 1 

19. 1 

12. 7 

11.8 

12. 7 

! 
... 
z 
!!! 
u 
ii: ... 
~ u 

~ 
::> ... 
:::; ... 
II 
c 

10-3 

10-4 

10-5 

10-3 

,o-4 

10-5 

10-3 

,o- 4 

lo-5 
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1. 27 o. 93 
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Acceleration 
(..,/sec/sec) 
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Seismograph located 37 m 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. 

L'nits ib and 2a thicken slightly from Mesita de Los 

Alamos southward to Mesita del Buey (Table 5-D; 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, 990ft; 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-ID. 
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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 
'(;nits 
3 

2b 

2a 

1b 

1a 

Alan1os a/ Buey b/ 
(ft) - (ft) -
98 45 

76 

51 

21 

74 

29 

60 

23 

16 

Remarks 
Upper part eroded 

Lower part covered 

~I Altitude at top of section--7, 034 ft 

JY 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

ed at 10 tons/ft
2

• 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-ll 

Thickness of Geologic Units at Test Areas 

Mesita de Los Mesita de Los Mesita del 
Alamos !I Alamos~ Buey f2/ 

Geolog!c Units (ft) 

3 54 

2b 76 

2a 51 

1b 21 

1a 74 

14/ Altitude at test area--6, 990 ft 

!?_I Altitude at test area--6, 970 ft 

£1 Altitude at test area--6, 935 ft 

Precision Leveling 

The equipment used for the precise readings con

sisted of: a Wild-Herrbrugg Instruments, Inc., N-3 pre

cision level with optical micrometer; a Keuffel and Esser 

Co., precise level rod; a rod level; and a thermometer. 

In general, the procedures and instrumentation of 

the precise leveling program conformed to U. S. G. S. 

second-order practice. Field notes included all pertinent 

data and comments. 

The reliability of the reading obtained under field con

ditions is probably good to the nearest 0. 001 ft. Although 

the optical micrometer scale can be interpolated to 

0. 0001 ft by estimation between the 0. 0005-ft scale grad

uations, other variables such as bubble creep, air refrac

tion, superimposing of the cross hairs on the eye grad

uation, eye strain, relief of internal stresses in the tri

pod, and movement occasioned by the shifting weight of 

the level man while tald.ng the readings tend to offset the 

seemingly higher accuracy capabilities of the equipment. 

Factors Affecting Accuracy of Theoretical Analysis 

1\Iodulus 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 

(ft) 

34 

76 

51 

21 

74 

(ft) 

45 

29 

60 

23 

16 

Remarks 

Lower part 
covered 

elasticity. The pressures at various depths can be pre

dicted if the characteristics of the foundation are known. 

In the unit 3 tuff, it is difficult to obtain a core 

sample to test for modulus of elasticity because the sam

ple disintegrates when it is disturbed. It is necessary to 

determine modulus of elasticity values by testing samples 

taken at or near the surface and by estimating values at 

depths based upon geological and physical characteristics 

of the tuff. Samples may be taken close to the surface by 

excavation with hand tools. This method was used to de

termine modulus of elasticity values for Pajarito Reser

voir No. 2 and for the locations on Mesita de Los Alamos. 

Because the tuff is an anisotropic material, correct ori

entation was maintained during the tests. The results 

of these tests are considered conservative in that lateral 

pressure was not used to simulate the ~ situ condition of 

the tuff. The ash matrix contains intrusions of pumice, 

latite, and rhyolite. These intrusions are usually small, 
3 

1. e., approximately 6 to 10 in. , and do not adversely 

affect deformation characteristics. An intrusion in a tuff 

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 

:\lesita 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-

tical stress or Newmark's chart will apply. 
1

' 
2 

Test loads 

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 ap. 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 
Depth (ft) Long Edge 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~e 

NW 0. 0115 0.0143 -0.0028 

w 0.0162 0.0143 0.0019 

sw 0.0097 0.0143 -0.0046 

s 0.0172 0.0143 0.0029 

SE 0.0127 0. 0143 -0.0016 

E o. 0112 0.0143 -0.0031 

NE 0. 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 19 ft, 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, 

Difference 
Theoretical Deformation 

Percentage 
Distribution and Newmark 

Newmark Theoretical Percentage 
Difference Chart Deformation Difference 

-19.5 0. 0114 0.0001 o. 9 

13.3 0.0152 0. 0010 7. 2 

-32.0 o. 0114 -0.0017 -15.0 

20.3 0.0190 -0.0018 -9.5 

-11.2 0. 0114 o. 0013 11.4 

-21. 7 0.0152 -0.0040 -26.3 

-23.1 o. 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 Pajartto 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 

mlllion 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 
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under load. This compares to a deformation of 0. 0104 ft 

tor 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

mate!~· V ft from the edge of the tank, deflected 0. 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, 7 40 ft
2
, or about 2, 180 lb/ft

2
. 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. 75ft 

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 (horizon tall, 

and east-west (horizontal). Average values for the mod

ulus of elasticity for the unit 3 tuff were as follows: 

~ 

> 
a: 
0 

X 
~ 

a: 

Vertical 21, 390 psi 

East-West 15,340 psi 

North-South 14, 080 psi 

·~ 

0 

... 
\ 

·~ . 

60 

OIIAI'H IC SCAL£ 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 75 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 x3.25 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 tci 

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, 19ft x 3. 25ft, 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 Decerrb er 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 

\H•ights were transferred from location No. 2 to location 

:-lo. 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. 

Location No. 1, 8. 55 ton/ft
2 

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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Agreement within 0. 001 ft is noted from 10 ft 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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2 
Location No. 2, 8. 55 ton/ft 

This loading was imposed on the tuff at location 

;\o. :2 on l\Iarch 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/fC 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 10 ft or more from the center line of the test load. 

t: sually 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. 

42 

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, 

1966, and March 3, 1967, when a test load of 8. 55 ton/ft 
2 

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-0 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-0 and S-O could be attributed 

to survey inaccuracies or to a redistribution of stress 

iii 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-0 and W-0, which 

were located 10 ft from the center line of the test load. 

i li 
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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 
2 

4. 05-ton/ft 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. 

:\Iesita 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-O was located 10 ft from the center line of the test 

load; S-O 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 Xo. 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 

::\o. 2, after the load was removed, bench marks E-0, 

::\-0. and S-0 were either at or below the same elevation 

as prior to the original loading of 4. 05 ton/ft2. The test 
? 

load of il. 55 ton/ft~ 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 12ft, and in the 

east-west direction the test load was plumb. This can be 

-lb 

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 deformation 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 i.le less for the unit 2i.l 
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Fig. 5-20. Deformation versus time: location No. 2, M·~sita 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 iu 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 DATE. August 11, 1981 

TMRU: MAIL STOPtTELEPMONE 495, 7-3021 

FAOM: 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 prec1p1tation 
depths, I have computed the rainfall 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 isollnes 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 illustrated 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 well 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 quail ty 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. Hakon son, LS-6 



\BLE 1. Precipitation Fre~uency Estimates for Los Alamos, NM (J06°19'W, 35°52'N, 
Elev. = 7410 Ft) rom Precipitation Frequency Atlas, "NOAA Atlas-2" 

(MiUer, et. al ., 197 3 ).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) p15 P30 P6o p2 p3 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 1.7 5 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 At1as-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: Abee1e, 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, Wtth 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 EID drew up the following water balance. 

1. Precioitation 

The EID is aware of four precipitation stations relevant to LANL r.azardcus 
~aste disoosal areas. The data we currently have available from these 
stat~ons is shown on page two. 

These records show that winters at White Rock - and, presumably, at TA-54, 
~hich is only two miles away - are significantly drier than at Los Alamos 
:r TA-59/T.A.-3. Since the non-summer months are the Qr:es most likely to 
experie~ce precipitation in excess of evapotranspira~ion (ET) 
requirements, applying prec~pitation data from TA-59/3 or from Los Alamos 
to TA-54 will tend to overestimate both annual precipitation at TA-54 a~d 
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 
O.: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'n~cipil;ll ion Oatn Relevant to a h'.,tPI- 1\:ll:JncP :II T.AI'H. Disposal Arens 

Annual 
Loc<ttion Average Precipitatiim lty Nonth in Tnclws Total 

J F ~~ A H J J A s 0 N D 
White Rock 0.25 0. 211 0.24 0.32 1.20 l. ')0 :J • :'C) JJJR 1.73 1.02 0.39 0.67 13.50 
(9 years of record lu•re; i'lc·vation circa 6700') 

TA-.59/TA-3 O.R2 0.(17 1.14 0.82 1.16 1. I 0 J.lO ).86 J. 73 1.47 0.99 0.97 17.93 
(33 years combined record; Plcvation circa 7400') 

c 
~ Los Alamos 0.84 

I 
0. 70 ]. 01 1.01 ]. 25 J. 13 3.29 1. (,<) 2.01 1. 61 0.70 0.93 18.37 

(60 years of record; clcv~tion 7410') 

TA-54 (13.45) 
(5 ycnrs of record; ,,nmwl Lot:1l based on 75% of TA-59/1, ns pPr Appl'ndix n, p. 41; elevation circa 6700') 

· (Data from Appendix I£, Cahin and Lesperance, and 



LANL 1 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 dendra
climatologists 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 1 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 
(~hich ap~arently extended at least back to 1523), the maximum annual 
p~eci~itation 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 balance under a suite of reasonable worst-case 
assu~pticns. :f significant infiltration could occur under any of these 
regimes, or.e must determine both the robus~ness of this result and where 
this infilt~at:d 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 7A-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 
sreat. 

c. What is locally runoff may become infiltration elsewhere, e.g. by 
running down a ramp into an active pit. 
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I • 

2. 

I 3. 
.t,. 
I 

Sccnar- i o 

.J 
Wet decc'l<lc o. ~v, 
at Tll.-')1,: data shown IS 

Wet single O.P.2 

"Wot·st-Casc" Precipitation s,·,·n:ll-i•,:; f,q- TA-51, 

Precipitation hy Nnnlh 

F H II. M .T .T 
(). 711 I. 0 l 1. 0 I 1.25 t. :n J. :!'.) 
till' :tvP.rnr,e recorcled for l.os II. l.1mos. 

0.67 I. 14 0.82 I. 16 ]. l 0 ].~o 

II. 
J.h<J 

1.Rf, 

s 
'1.01 

4.55 

0 
1. 61 

6. 77 

N 
0.70 

6.60 

D 
0.93 

2.85 

Annual 
Total 

18.37 

33.54 
yea.r at TA-54; data shown .1re monthly autumn maxima from TA-~9/1: halance of year is average TA-59/3 data. 

Wet sinr,le 2.81 l.R7 4. 11 3.23 3.50 3 ·'·0 1.20 1.1)(, 1.73 1.47 0.99 0.97 31.14 
year at TA-51-t; d.1ta ~hown :1rc monthly spring maxima from T.\-'il)/1: h.1L11H'f' of year is average TA-59/3 data • 



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" 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 2" grass lawn has been estimated 
to be on~y 0.01" (Lull and Sooper, 1969); other estimates and references 
can be found in Dunne and Leopold (1978). In the fol1owing analyses, an 
interception of zero will be assumed. 

In order for depression storage to be s~gnificant 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 t~e 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. l.095)(Ta + 17.8)kd when Ta 
M 0.86 0. 91 in. 30C, and PET = 0.3937(Ta · 
A 0.99 1.89 in. • 17.8)kd when Ta 3oc. 
M 1.08 3.68 in. ~er-e 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 
.:.. 1.06 5.42 in. 1en~th variable (Dunn and 
s 0.99 3.63 ~n. Leoccid, 1978). 
0 0. 91 1.99 in. 
N 0 . .78 0.70 ; n. 
D 0.64 0.42 in. 

Annua 1 Tot a 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 tr.an 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 sooo• and 8000 1 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). 

Annual 
Precip. 

Annual 
ET 

Basal area 
per acre 

Dominant Vegetation Type 

Utah Juniper 
(lower elevation) 

18.03 in. 

16.97 

60 ft2 

Alligator Juniper 
(medium elevation) 

20.71 in. 

15.94 

20 ft2 

Ponderosa Pine 
(highest elevation) 

25.50 in. 

19.94 

125 ft2 

These ~atersheds are located at approximately the latitude and elevation 
of Los ~lames 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 ~=~b~cecus spec~es that may be present in t~e understory, and the 
~ransp4ratory abili:y of these associaticns ~s 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 zan except in the wettest years, and on the 
average ~ould be so~ewhat less than the 16-17" experienced in the juniper
dominated 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.~l., 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 
~r.derstand the ~resent and future water balance at those areas. Even 
though the native vegetation appears to have been capable of establishing 
an ET regi~e that has led to a constant and lew moisture content in the 
tuff at depth, the treeless shallcw-r:o:ed vegetation that has been 
described as present at TA-54 now may net either be able to extract water 
as efficiently, cr for as many months of the year, as the original 
vegetat1cn. ' 

In the present rcugh-and-ready analysis, vegetative dormar.cy {and the 
"dry-soi 1 -mu 1 ch" .effect) are not cor;s ide red 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 ;th month is computed as follows: 

where: 

ET = (PET/AWC}(SM;_l + 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 
SMi is the soil moisture at the end of the current month in 
inches. 

SMi is, in turn, 

SM; = SM;' if 0 ~ SM;' ~ AfiC, and 
= AWC if SM; I ;;-- AWC 

where SMi' = SM;-1 +P-ET. 

Eliminating ET gives SM;' = [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. Water Balances 

ihe water balance which obtains from Scenario 1 precipitation is shown as 
Case 1 in the fo:lowing table a~a graphically on page 12. The soil 
~oisture cycle represented by case 1 is quickly reached from a variety of 
~nitial conditions, as shown in Cases 3 and 4, and perturbations, such as 
a very wet nonth as shown in Case 2, quickly d7e cut. Under Scenario 1, 
~~ril arrives ~ith the soil just reaching field capacity, and no 
infiltration ever occurs; actual ET is equivalent to precipitation.* 
Recall 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 ~eather. 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 month does not seem to be very 
likely, unless those following months are also unusually wet. 

7Act~ally, 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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1.1\t!l. l·':tlo·r 1\,,);ltlCf': Casr I: SL<'.1dy-~;1 :11 ,. 

-------------------- . ---- --- - . -- - -- - - - - --- ~ -- ~ 

J .111 Fo•h tlar Apr Nay .I 1111 .lui ·'••;·. S«~p Oct Nov Dec 

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

Prccip. o. 8ft 0. 70 1.01 1. 01 l. 25 I. 11 J.2fl ). (J9 2.01 I. 61 0.70 0.93 

---·---- ---- ·------- ·- --- --· 

PET 0.1f'J I) -'• <) 0.91 I. 89 3.6H 'J. g.', (1. ',) ').I,~ 3.63 1.99 0.70 O.IJJ 

-----. - - ------ -- -- -------------

Snil ~loistun~ I,. (J I t,. HI~ '•· 95 '•. 22 2. W> I I") . ) . ~.10 '\ • (l(o 2.S9 ).27 3.49 4. 11 

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

ET 0. )It 0 ·'•7 0.90 I. 75 2.62 7.)1 2. '•I 7.93 2. 1 7 I. 23 0.48 0.31 

----- ------

Potential 
Infiltration 0 0 

<::> 
0 0 0 () 0 0 0 0 0 0 

I 

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

Case 2: Very t-J,, t i-:nv•'tllhrr 

---·---- ·--- ---- ---------- ------

Precip. O.R4 0.70 1. OJ 1. 01 ). 25 I.)) "). 29 J .()') 2.01 l. 61 6.60 0.93 

--------

PET 0.1? 0.1~9 0.91 1.89 3.68 5. g', (,. <j J 5 .ft2 3.63 1. 99 0.70 0.41 

Soil Moisture 4. 96 '•. 96 4.96 4.22 2.85 1. 52 2.30 3.06 2.89 3.27 4. 96 ' 4.96 

ET 0.19 0.49 0.91 I. 75 2.62 2.57 2. 51 2.9) 2.17 I. 23 0.58 0.41 

----
Pntf'ntial 
J n f i It ,- .11 inn n. '• r, n.n 0.10 0 0 (\ 0 n 0 0 II. J) 0.5~ 



·"' 

J.i\1'!1. \\;tlPr Balance: CilSf' J: Beginning frm•• thl' willing point in Hay 

---------- --· -----·---------

.I ;Ill Ft·h Na ,. "··r May .11111 J ul "u r. St'p ()c t Nov Dec 

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

Precip. o.w. (). 70 1.01 1.01 I. 25 I. 11 ).29 ).(,9 2.01 I. 61 0.70 0.93 

------

PET 0.)9 O.lt9 0.91 l. 89 3.68 ~. f,l, 6.5) '; ·'·2 3.63 l. 99 0.70 0.41 

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

Soil Hoistnrc ''· (JO t,. RJ 4. 94 4.21 0* (). r,t, 7. J(l ).02 2.87 3.25 3 -'•8 4. 10 

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

ET 0. 3lt 0.23 0.90 1 • 7'• 0 ·'' <} I. 97 2.83 2.16 l. 23 0.47 0.31 

--------

Potf"nt i.11 
Infiltration 0 0 0 0 0 () 0 0 0 0 0 0 -I 

Case 4: Ber,innin1: with soil at field capacity in January 

Precip 0.8lt 0.70 1.01 1. 01 l. 25 I.)) ""1. 29 3.69 2.01 I. 61 0.70 0.93 

--------

PET 0.39 0.49 0.91 1. 89 3.68 S. Bit 6.53 5 .t~2 3.63 1.99 0.70 0.41 

Soil Moisture '•. 96 '·· 96 4.96 4.22 2.85 0.84 2. 16 3.02 2.87 3.25 3.48 . 4.10 

ET 0.1!) 0.1•9 0.91 1. 75 2.67 0 .It<) J. 97 2.R3 2.16 1. 23 0.1•7 O.Jl 

-
Pntrntial 
Infiltr.1ti.on o. '•5 0.:!1 0.10 0 0 0 0 () 0 0 0 0 

>':in i l i .:11 miJ 11th 
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Potential Evapotranspiration, Computed Average Actual 
Transpiration, and Precipitation at Los Alamos, h~ 
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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 regi~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 :he wilting point (see the calculated moisture characteristic curve 
in this same publication). 

Cne of the papers cited above (~brahams, Weir, and Purtymun, date unknown) 
~easured little infiltration below ten feet with most infiltration not 
sinking below a deeth of six feet. Unfortunately, these results cannot be 
ac~lied direc~ly to TA-54 because: 1) the de9ree of welding in the tuff 
~ay net be t~e sa~e; 2) the clayey layer which was so effective in 
~~eventing infiltration may not be continuous at the experimental site, 
let alone at TA-5A, where soil cover is not ~ontinuous; and 3) disposal 
pits ha¥e 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. 
Prompt infiltration to 25 meters was also observed at Area C {Abeele, 
'...'heeler, and Burton, 1981). !t 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 characteristics of en t:>Sh :.'lov 

tuff at Frijoles Mesa, ws .~l~s Cou.aty, New Mexico 

By 

williem D. Purtymun end John H. lbrr.hl"!:S 1 Jr. 

Albuquerque, N. Mex. 

Abstract 

The spe·,:;ific yield of rn csh flow tu.f:f' is relr..ted to porosity 

while the coefficient of permeability is independent of the porosity 

end is related to the pore size distribution. Fluid :::xve:::ent in the 

lover third of the flow es it cools could result in larger horizontt!~ 

pertleability in direction of oovement than vertical penneebill.ties. 



Hydrologic characteristics of en aah flow tu:f'f 

at Frijoles Mesa., IDs Almoos County., !few Mexico 

By 

William D. Purt;ymun and Jobn H. 'bra.bsms, Jr. 

Work done in cooperation with the' 

u.s. Atomic Energy Ccmll1as1on 

Frijoles Mesa in Ios Almooa County is about 5 miles south ot 

the c1 ty of Ics Alsm:>s., in oorth-centrel. lew Maxi co. '!he mesa is 

Ullderlain by a series of ash f'ell8 ru'ld ash floVs ~re than 900 

feet thick. The eydrolo61c cherecter1atics 1 porosity., specific 

yield, pore-size distribution, and coeft1c1ent of' permeability of 

the uppe:rm::>et flov were determined in a study made in cooperation 

with the Los ft.lalX>s Scientif'ic Laboratory at ws Alamos, lev Mexico. 
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'fbe ash flov 11 composed o~ reyoli te tutt Nld ia as much Y 

Cb feet thick near tbe center o~ tbe mua. It ia A J.18ht gray to 

light. pinkish gray, containitW pbenocryata ot quartz, aenidine, 

dfN1 trU'ied pumice 1 rcyoli te end lati t.e rock fr&fPIIltB 1n s fJl"'\Uld 

mess or devitrif'led slaaa sharda. 1'be eeh nov ~bits zone1 

varist~oDB ot weldillg of e e.i.mpl.e coolins unit (Snith, l96l) b,

chezlses in porosity in a vertical. aection. '1'ba greeter poroaitiu 

occur in the upper nnd basel peru ot the tlov. SDe.ller porosities 

(:one ot denser wlding) occur io the lower tb1rd ot the now. 1be 

pore a.::.ze distributiOn indicates tbat tbe larser pore size decreesea 

Vith io:reeaed depth. 

1m S"peei!'ic yield of tbe tui"t ia raleted to the porosity eD1 

vith a general decrease in porosity theft ia a decrease in opec1tic 

yield (!18· l}. 'Dle coe1"nc1ent of pe:tilll!tl'biltty is releted to pore 

_Pii\ir! l ( c ept1on on next PS!l belOija nee.r be;=e. 
a1ze distribution ratber then poroe1 ty. '.ele pemeabili ty decreases 

at 1D:reue4 4~ vith 11 decreue in pore size greater then C.l JZ 

(uble 1). 

3 



Figure 1 The relationship ot specific yield to porosity of an 

ash flow tutf. 
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Table 1.--H;ydrologic chcracteristics of en e.sh flov tufi', 

Frijoles Mesa., Ios ft~t:aOO& County 1 New Mexico. 

(analyses by the U. S. Geol. 9.lrvey) 

Height 
PoJ.ity 

Coef:f'ic ient of Pore size 

e.bove base permeebili ty distribution 

of flow {percent) (gallons per day (percent of 

(feet) per square foot) porosity) 

Vertical Horizontal >.Ol IIm < .01 mn 

59 54 2 

47 50 ' ' 39 61 

47 511 6 5 26 74 

40 51 4 4 20 80 

29 49 l 

22 41 .1 2 20 80 

20 47 2 2 15 85 

19 42 1 .8 

l2 38 ·9 1 

1 51 1 17 8; 

1 49 -9 2 10 So 

5 



The variations 1n vertical aDd horizontal ~rmeabilitiea in 

tbe lover third o~ the tl.ow may be due to fiuid !IX)VezDent and 

compaction of the ash flow as it cools. Fluid movement of the 

flow as it cools could result in elongation of the pores 1n a 

horizontal plane and permeabill ty alo~ the direction of mvement 

me.y be greater then that taken vertically or at right SZJgles to 

tbis movement. Three of the t1ve horizontal permeabilltiea in 

the lower third of tbe flow retlect a larger horizontal permes

bil1 ty ( teble 1) ; b:>vever, the permeabill ties were taken in random 

directions BDd no attempt vas made to orient them in the probable 

direction of movement of the flow as it cooled. 
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Illustrations 

Figure l.--Relationship of specific yield to porosity of an 

ash 1'low tuff'. 
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T~bles 

T~ble 1.--Hydrologic characteristics of an~sh flow tuff, 

Frijoles Mesa, los )lemos County, lfev Mexico. 
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GEOHYDROLOGY OF BA:SDELIER NATIONAL MONUMENT, NEW MEXICO 

by 

William D. Purtymun and Howard Adams 

ABSTRACT 

Bandelier 1\'ational 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 ashflow 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 
.tfi...t km' of the drainage area in the upper and middle reaches of Canon de 
los Frijoles. Alamo. Lummis and Capulin Canyons were burned on'r 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 comer of 
the Monument to 3109 m in 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. 

l 
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Physiographic features in the vicinity of 

Bandelier National Monument. 

en 
z 
41 
~ 

z 
::> 
0 
:IE 

0 
~ 
en 
a:: 
(,) 

""' Q 

""' a:: 
C) 

z 
<: 
Vl 

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 increa;;;es from about 23 em along the river to as 

much as 'i6 em along the crest of the mountains. The 

average precipitation on the plateau is about 46 em, 

with about iO% of the 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 

t•m in 3.94 X 10- 1 

m ft 3.28 
km m1 6.22 X 10- 1 

m' acre-ft 8.11 x w-• 
km 2 mi2 3.85 X 10- 1 

t/.,; gal/min 15.8.; 

m3/s ft 3/s :15.3 
llslm gal/min/ft 4.82 
m2/cia:-· ft 2/day 10.16 

m'/s!km2 ft 1/s/mi2 91.5 
kg ton 1.10 X l(l 3 

kg/km 2 lh/mi 2 5. 'il 

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 al. (197Q).H 

The Monument is located on the southeastern 

f1ank 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 torm the Sierra de los Valles and San 
Miguel Mountains, while the basaltic rock ofthe Rio 
Grande outcrops along the Rio Grande. A large arE: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.8 Major faults 

3 



TABLE I 

GENERALIZED STRATIGRAPHY OF MAP l 1l'\ITS 

Map Unit 

Alluvium 

Volcanic Rocks of 
the Pajarito Plateau 

Volcanic Rocks of 
the V a lies 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 (TsO. 

Shales, siltstone and conglomerate (Tg). 

along the we~tern boundary of the Monument are 
part of the faulting associated with the Rio Grande 

depre!-ision 1 Fig. :! l. 

(U.S. Geol. Survey Gaging Station), about 18 km 
upstream from the mouth of Canon de los Frijoles, is 
about :~i X 103 km 2 in southern Colorado and 
northern !\ew Mexico. 

II. SURF ACE WATER 

Major canyons that originate in or cross the 
Monument are Canon de los Frijoles, Lummis, 
Alamo, Capulin, Medio and Sanchez. All are 
tributarie~ to the Rio Grande. 

A. Rio Grande and Cochiti Reservoir 

The Rio Grande is the master stream in north 
central !'liew Mexico. The drainage area above Otowi 

4 

The discharge at Otowi for 78 years of record to 
19i8 has ranged from 1.7 m3/s in 1902 to 691 m3/s in 
19:!0. During 19ii the discharge ranged from 4.8 m3/s 
to i4 m3/s, with 5.3 X 10' m3 of water passing 
through the station. The daily sediment concentra
tions in 1977 ranged from 53 to 17 500 mg/l, with 
about 8.1 X 108 kg of sediments carried by the 
station.' 

During 19i8 the discharge at Otowi ranged from 
6.8 m3/s to 114 m3/s with 8.6 X 10' m3 of water pass
ing through the station. The daily sediment con
cent rat ions ranged from 76 to 6000 mg/l with a bout 



TABLE II 

CAPACITY OF COCHITI RESERVOIR 
BASED ON ELEVATION 

Elevation Storage 

(m) (ft) (m') (Ac-ft) 

1621.5 5,320 56.7 X 10' 46,010 
1624.6 5,330 i2.4 X 101 58,730 
1627.7 5,340 90.5 X 10' 73,410 

1.1 X 109 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 
resen·oir 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 
riwr from Otowi to Cochiti.9 Seepage investigations 
oft he riwr in 196:3 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 !rom Canon de los Frijoles to Cochiti the river 
was lo~ing water to the sediments and volcanics un
derlying the river channel. 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 III). 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 above 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 mainly cut into th~ 
tuff. East of the upper crossing and across 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~o. 

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 
f(>rks of the canyon as it cuts into the slopes of the 
Sierra de los Valles <Fig. :3). 

The L" .S. Geological Survey made a series of low
How 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 250m 
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 \"). 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 .1 em. This station was 

moved in 196:i into a reach of the canyon above the 
Monument Headquarters (Fig. 3). The drainage 

area above the relocated station was about 45.3 km2 • 

Runotf at the lower station ranged from 1.5 to 3.3 em 

6 

as the result of surface waters loss 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 above the station. Runoff in 1978, after the 
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TABLE III 

DRAINAGE AND BURN 
AREAS OF CANYONS 

Drainage 
Area• 

Canyon kJn2 mil 

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 . 

bTributar:·• to Capulin. 

burn, was 128.2 X 10• p13 or about th~ same a~ oc
curred at the station (1964-69) before the fire (Table 
VJ. Though it appears that the volume of runoff ha;.; 
not changed, the time of collection and retention of 
precipitation in the drainage area has decreaf'ed. 
This ref'ulted 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 19ii 
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 
19i8.7 8 

kJn2 

26.2 

6.0 
11.1 

3.1 

46.4 

ml2 

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/km2

• In a smaller 
canyon to the north the yield for a season of summer 
runoff events in 196i averaged 0.024 m3/s/km 2

•
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 0.017 0.017 0.040 0.025 0.027 
c 0.059 0.042 0.034 0.034 0.045 o.m4 0.041 
D 0.054 0.076 0.045 0.040 0.059 o.m4 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 0.025 o.m8 
c. 0.034 0.062 0.037 0.034 0.028 0.048 0.028 0.088 

H 0.037 0.074 0.031 0.031 0.028 0.042 0.02:~ 0.088 
I 0.034 0.045 0.031 0.034 0.023 0.040 0.02:~ o.m2 
,J 0.020 0.014 0.034 O.OOR 0.019 

---------
•For location, see Fig. 3. 
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TABLEV 

AN:"JllAL RUNOFF AT GAGING STATIONS 

Water 
Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1978• 

•After burn. 

Volume 

104 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 4il.:~ km 2 (1 7.5 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. :~). 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°o. 
Stream !low in the canyon is a result of snowmelt 

runoff or summer t:-·pe storms. On July 5, 1977, after 

the hurn. precipitation in the drainage area 

produced a runoff event, with a discharge estimated 

at (i.iJ m3/s. The drainage area discharge yield for the 

ewnt was o.:~:~ m3/s/km~, or slightly less than the 

0.41 m3/s/km2 that occurred in Canon de los Frijoles 

on the same da:-· (Table VI). 

E. Alamo Canyon 

Alamo C'am·on heads on the flanks ofthe 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 ].977. 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. 21. 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 flow 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 wall 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/km2
, 

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 km 2 or 6% of 

the drainage area was burned over in 19ii. 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 flow in the upper, middle, and part of the 

lower reaches of the canyon is perennial. The base 

tlow is from springs and seep in the upper reach of 

the canyon. Base flow in July 1977 was 0.02 m3/s at 



TABLE VI 

.MAXIMUM DISCHARGES ABOVE 0.54 m3/s ( 19 cfs) AND Rl'NOFF 

JULY-SEPTEMBER 1977-7~ 

Date Time 

July 5. 19ii (Unknown) 
July 8, 19ii (18:00) 
July 9, 19ii (19:30) 
July 27, 1977 (15:30) 
Aug. 12, 1977 (08:45) 
Aug. 12. 1977 (15:15) 
Aug. 16. 19ii (01 :30) 
Aug. 1i. 19ii (20:15) 
Aug. 19. 19i7 (20:30) 
Aug. 20. 19i7 (15:15) 
Aug. 20, 19ii (21:30) 
Aug. 22, 19ii (16:30) 
Sept.2, 19ii (15:45) 
Sept.3, 19ii (14:30) 
Oct. 4. 19ii (li:OO) 
.June 30. 19i8 (13:00) 
.July 12. 19i8 (15:00) 
.July 21. 19i8 (13:45) 
Aug. 9. 19i8 (20:30) 
Sept.24. 19i8 (06:00) 

Stations !\ and 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 ft'/s m'/s/km2 ft3/s/mP 

18.5 653 0.408 3i.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 O.ot5 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.i 
7.48 264 0.165 15.] 

10.1 358 0.223 20.!) 

1.59 56 0.035 3.2 
2.10 i4 0.046 4.3 
1.25 44 0.028 Vi 
8.38 296 0.185 16.9 

51.0 1800 1.13 1m 
88.5 3030 1.95 1i3 

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). 
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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 Caiion 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·

1
H
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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 1.4l/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 ofCaiion de 
los Frijoles (Station 10). 

10 

The spring at Station 3, North Fork of Canon de 
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 m•/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 l/s. 

The spring near the mouth of Canon de los Frijoles 
(Station 10) discharges from volcanic sediments as
sociated with basalts. The discharge is about 0.1/,/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. 10 

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 375 m; the surface slopes gently 
eastward at about 10 m/km. The water in the aquifer 
moves from the major recharge area in the Valles 
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/,/s, indicated 
specific capacity of 3.3 t/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. 
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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." 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 

\\'ater 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- • 

12 

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 of the 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/l 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 

Vll). 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 !oihows 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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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//, in March 1977 to 214 mg//, in July 1977. After 
July, the TDS concentrations declined slightly (Fig. 
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TABLE VII 

CHEMICAL QUALITY OF SURFACE AND GROUND WATER, AUGUST 1957-MARCH 1977 

mill Tot. I 

St.tion Loeation Date Ca M1 Na co, HCO, Ct F NO, TDS Hard 

Adjaeent to Monument 

Rio Grande at Otowi :1-R-77 44 i 2:1 () 124 8 0.4 0.11 316 138 

Rio Grande at Cochiti :1-8-77 44 II 22 0 1:16 2 0.4 0.4 308 142 

DoeSprin~t I0-2i- 74 13 2 13 n 66 4 0.5 0.8 138 42 

Test Well-Plateau 3-ll-7i 9 I 11 0 56 3 0.2 0.3 106 28 

5 Frijoles. Upper CroASin~t 5-13-66 6 :1 1:1 0 :14 I 0.2 0.4 Ill 28 

lneide Monument 

i Apache SprinK 6-7-61 ... . .. 5 n 6i I 0.1 0.1 -·· 44 

II ~·rijnleK. Mon. Hdq 
1957-1976 

!llo. or Analyses 13 13 2:1 2:1 2:1 23 22 22 13 23 

Minimum 6 2 5 n :14 <I <0.1 0.1 84 28 

Maximum 11 II 15 n 112 II 0.9 1.6 168 68 

Avera~te 9 5 JO () 56 :1 0.:1 0.4 137 39 

Standard Deviation I 2 :1 II II 2 0.2 0.3 25 9 

3-8-77 8 2 10 () 411 2 0.2 <0.4 110 30 

9 Frijole~ at Rio Grande 9-12-?:l 1:1 :1 11 n 56 4 <0.1 0.4 174 44 

10 Sprinr: 9·1-i3 II 4 9 0 AA 6 0.2 0.11 206 44 

10·3-i4 I :I 2 1:1 n 66 4 0.5 0.8 1311 42 

S.,eclne 
Conduet.nee 

(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. QIIAUTY OF' SIIRF'ACE ANIJ GROllNIJ WATER, Jl1NE 1977-SEPTEMRF.R 197!1 

Station J.ocalion 

Adjat"ent to Monument 

Kin (;rande at Otowi 

Rio (;rande at Cochiti 

Doe Spring 

Test Well-Plateau 

Turkey Spring 

ltu~ide Monument 

01 
!II 

02 
112 

0~ 

0:1 

04 

05 
0~ 

Frijoles. North Fork 

Frijole!~, W..,.t Fork 

Spring, North Fork 

Frijole!l, Connuence 

Frijoles above Burn 

Date 

3-6-711 

:J-7-711 

9-20-78 

10-27-77 

7-10-77 
7-10-711 

7-8-77 
6-27-78 

7-11-77 
6-27-78 

7-8-77 
6-27-78 

6-27-711 

7-8-77 
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09 

If) 
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r, 

!J 
2 
:I 

2 ,, 
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Total Conductance 

F NO, TDS Hard _(pmh~-

0.5 <O.t :194 
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11.:1 <0.1 IIIII 
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0.1 
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11.:1 
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0.1 1111 
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ll.:J 1.6 190 
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pH ~.!_)_ 

R.f> 

II :1 

7.6 

i.R 2.11 ± n:1 
11.4 

7.:1 1.9 ± fl.6 
7.11 

i.R v; ± n.6 
i.i 

i.R :,u; ± fl.6 
7.9 

7.9 

7.7 2.11 ± 11.6 
7.9 

7.6 :1.4 ± fi.R 
11.11 

-.. '-·l 
i.i 

2.11 ± 11.6 

7.6 r,_;, ± 11.11 
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TABLE VIlli coot) 

CHEMICAL QUALITY OF SURFACE AND GROUND WATER, JUNE lt77-SEPTEMRER lf18 

•II' s.-•ne 1'otal 
Total Coaduc:taace Uranium Temp 

Stall.., Loealloa Data 810, c. Mr K No co, HCO, SO, CJ F NO, TDS Hanl _J!mhol pH Cpr/JI I"C) 
- - - - - - -

II Alamo Canyon 7-10-77 ... 13 3 4.1 3 0 50 ... 2 0.2 0.2 148 44 140 7.2 v; * o.e 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 7-10-77 ... 29 4 6.3 8 0 98 . .. I 0.1 0.1 176 90 260 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 2011 11.1 

13 Alamo Canyon 7-10-77 ... 33 5 4.0 II 0 122 ... 3 0.1 0.3 232 104 240 7.7 :1.7 * 0.11 22 

13 7-10-78 43 24 6 ... 9 0 82 6 3 0.6 <O.t 178 83 210 11.2 

14 Capulin Canyon 7-10-77 ... IIi 3 2.3 10 0 72 ... 3 0.1 0.1 148 51 170 7.7 19 * 0.6 17 

14 7-10-78 .. 12 & ... 10 0 66 <I 3 0.5 <0.1 162 lit 1411 11.5 

15 Capulin Cany1111 7-9-77 21 4 4.5 8 0 92 ... 2 0.2 0.1 178 70 220 7.11 :.!.4 * 0.6 Ill 

IIi 7-10-78 .. 14 4 ... 10 0 72 <I :1 0.4 <0.1 162 114 1&0 11.:1 
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TABLE IX 

CHEMICAL QUALITY OF BASE FLOW AND STORM RUNOFF 

(Analyses in mg/l) 

Type 
of 

Location Flow Date Ba Ca Fe HC01 Mg Mn 
-- - -- - --- -

Frijoles, Mon. Hdq. Storm 8-12-77 ).f) 164 42 262 9 9.:1 

Rase R-27 · 77 <O.fi 100 2.4 92 14 0.4 

Rase 9-15-77 <0.5 101 O.R 8R t:l <O.t 
Base 10-1-77 <O.fi 19 0.9 R9 6 <0.1 

Base 2-8-78 <0.5 :l <O.fi 67 t <0.1 
Storm 6-19-78 1.3 fJR 240 112 2R 14 

Alamo Canyon Base 9-1-77 <0.5 87 0.6 RO 11 <0.1 

Base 10-6-77 <O.fi 20 <O.fJ R!l !) 0.1 

Base 6-2-77 <O.fJ {) <O.fJ % 1 <0.1 

Capulin Canyon Storm 8-17-77 0.8 112 :q 52 20 1.2 

Base 9-9-77 <0.5 65 <O.fJ 72 1:l <0.1 

Base 4-30-78 <0.5 [) <O.!l R1 1 <0.1 

Base 11-30-78 <0.5 6 <O.fi 56 7 <0.1 

Pb Phenol Zn 

0.58 0.068 0.6 

<O.O:l <O.OOfi <0.5 

<O.O:l <0.001 <0.5 

<0.03 <0.001 0.6 
<O.O:l 0.003 <0.5 

1.0 0.023 1.2 

<0.3 <0.001 <0.5 
<O.:J 0.002 <0.5 
<0.3 <0.001 <0.5 

<O.:l <0.001 <0.5 

<O.:l <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 19ii and 1978 above, within, 

and downgradient from the burn (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/l 

CaCO, Na Cl 

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 l.i 
34 10.5 2.5 
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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 

(Tahle VIlli. 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 VIIIJ. 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 
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Fig. 8. 
Base flou· chemical constituent vanatlOn 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 l9°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 :3 forms 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 1i5 mg/t with a water temperature of 

about 10°C. Station i is a small seep with principal 

ions of calcium-sodium and bicarbonate (Fig. 11). 
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Base flow and stOr-m 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/l, 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 l9°C. 

TDS are less than 200 mg/l (Tables VII, VIII). 
The chemical quality of water from the seep at 

Station i (Apache Spring) has shown some effect of 

recharge from the burn area. In July 197i, after the 

fire, the TDS were 222 mg/t, while in 1978 they had 

decreased to 110 mg/t. 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, 
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Fig, 10. 

Calcium, sodium, chloride, total dissolved solids, and bicarbonate m surface water zn 

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/£. carries a small amount of suspended sediment. 
The average suspended sediment concentration in 
base t1ow for a 15-day period in July 1977 was about 
140 mg/£ at the Monument Headquarters. During a 
24-h period the stream carried about 381 kg of 
suspended sediments in 2.7 X 1()3 m1 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) (ft1/s) (mg/£) 

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 1,2:10 
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 
statiori 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 1()3 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 1Q3 
mg/l. About 16.6 X 1()3 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 103 

mg/l (Table XI). The mea'D.. discharge for the 5.7 h 



e\'ent was 0.5i m3/s with a mean suspended sedi

ment concentration of 5.8 X 1Q3 mg/l. About 6.7 X 

10• 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 f1anks 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 19'7'7 wildfire occurred mainly in the upper 

reaches of the canyons in areas of the greater chan

nel gradients. This results in increased flow 

\'elocities 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/km 2
, 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 tak~m 

over a :!1-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 Ca'non 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 

f1ow Rhould 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 3i5 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. :i'Jorth 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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DEVELOPMENT OF GROUND-WATER SUPPLIES ON THE 

PAJARITO PLATEAU, LOS ALAMOS COUNTY, NEW MEXICO 
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Work do-ne in oooperatkm toUh. th.e U.S. Atomic BnerQII Commt.!1ion 

ana th.e Loa Alllmo1 Boisnti;tic LoliONJtor"lf 

.tbdruct.-The Pa:tarito Mesa well field, completed In 1966 
on the Pajarito Plateau, COIIltributed 37 percent of the total 
water supply to Los Alllllilos in 1967. Two ~ells in the field are 
capable of yields of 1,400 gallons per minute each. This yield 
1s about three times that of any of the other 13 supply wells in 
the water-supply system. The high yield of the two wells is at
tributed to the occurrence of CX~arse volcanic debris and arkosic 
sediment 1n the Puye and Tesuque Formations of the Santa Fe 
Group that make up the main aquifer beneath the Pajarito 
Plateau. 

• 'he town of Los Alamos and· la.boratories of the 
l Atomic Energy Commission and the Los Alamos 
Scientific Laboratory &re located on the Pajarito Pla
teau in north-central New Mexico (fig. 1). Since the 
community was established in 1943 the dema.nd for 
water, created by population growth and the expan
sion of the labora.tories, has equaled a.nd 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 in&dequate, 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
~ey, 1952, p. 93). The plateau is formed by rocks of 

the Santa Fe Group of middle ( 9) Miocene to Pleisto
cene ( ? ) age, and ,·olcanic 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 pennea.ble sediments 
of the Tesuque Formation are the main aquifer pene
trated by the wells in Los Alamos and Guaje Canyons. 

Bne from Geoloa•c map 
ot "'"' Mt••co. 1928 
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FIGUBE 1.-lfap of the Los Alamos area, showing topographic 
features mentioned in the text. 
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'f.he Tesuque Formation consists of friable to moder

at vell cemented light-pinkish-gray to light-brown 

sil~"ne and sandstone that contains lenses of con

glo. 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.Jrom sourCes both east 

and "·est 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 grny and consist of _fragments of quartzite, 

schist, gneiss, and granite, ranging in size from,; sand 

to boulders. The fanglomerllite is generally gniy 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. 
,'fhe basaltic rocks of Chino 'Mesa consist ·of basalt 

~. asa1t breccia that overlie the Puye along the Rio 

U!f!l.'ntle and interfinger with the conglomerate to the 

We!. ~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 ,th~ ~n1_1delier Tuff of Pleisto

cene age. The Tschicoma FormS.tion forms the moun

tains of the Sierra de 1~ V a.lles, and iS p~nt in the 

subsurface beneath the western edge of t~e platea.u 

(fig. 2). The deposits are comP<>sed of la.tite, quartz

latite flows, and pyroclastic rocks. The Tsch1coma 

Formation is overlain by the Bandel~er Tuff along 

the flanks of the mountains. The Bandelier Tuff a 
. ' 

ser1es of ash flows and ash falls of rhyolitic tuff, caps 

the Pajarito Plateau and unconforma.bly overlies the 

Puye Formation and basaltic rocks of Chino Mesa. in 

the ~ntral and eastern parts of the pla.teau. The 

Tschl<:oma Formation, the Bandelier Tuff,· and t:he
basaltlC rocks of Chino MeSa. contain only . small 

amounts of water, which usually is perched a.bove 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 PaJarito.Plateau m Los Alamos Canyon and Guaje 

Canyon, wh1ch are tributary to the Rio Grande (fig. 

~). The ";ells were located in the canyons rather than 

m the h1gher elevations of the Pajarito Plateau in 

order to k~ep-drilling depths to a minimum and to be 

as dose its· P()SSible to the then-known a.quifers in the 

~a~ta Fe Group. The wells yielded satisfactory quan

tltles of water, 500 gallons per minute or more and 

several of' them have been in continuous servi~ 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 

and Guilje Canyons, new locations were sought on the 

Pajari~ 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 Forma.tion is satu

rated and becomes a part of the aquifer. 

These data, ~ well as extensive knowledge of the 

surface geology, suggested that the sart.urated portion 

of the Puye Fdrmation and the sedim~tsjn 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 th.?~sand 

\, . ,_ 
,. 

TABLE 1.-Pumping ratt, ~l pumpage, and rpeCijic capacitiea of weU. in Loa .Alllmor Canyon Guaoe Canyon and Pa•arito Meaa well 

field., 1967 ' " ' " 

z-tlon Number 
of wella 

FrOm · To 

Total pump&le 

Millions Peroent 
of of 

lallODI &ota1 

Specl6c capacity (lpm per ft 
of drawdoWD) 

·RaDle 
Aven~~e 

:From To 

~ !J{foe Canyon ••••• ·-------------------- 6 360 565 495 373 28 2 14 6 

Fd~~J~ ~yon·------------------------------ 7 395 560 425 465 35 2 13 6 

:. · ·tto esa·------------------------------ 1 2 635 1, 425 1, 030 481 37 15 26 20 

~·~~~~~~--------------------------
-----------------

1 ro ... not lndude well P-3, which_,... added &o tbe IIYIICn In 1anuary 18118. 
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feet deeper than wells drilled at lower elevations in 

the canyons, the economic savings resulting from 

shor·ter pipelines and greater choice for well locations, 

le such drillingJ~sible. 
!'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 Pajarito 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 2,800 

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 oi producing 1,400 

gpm each. The specific capacity of these wells 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 ' 

tlquifer 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.So 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-8 

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-8, 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 1.8 billion gallons. Two wells on the Pa.j arito 

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 oonglomerate 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 ch6racterUtiu of aelected welll in the Loa Alamos area 

Supply well or test Date Depth to water PumJ::> rate Specific capacity Coellielent of 

well• drilled Depth (feet) I • (feet) ~perftof Aquifer• transmissibility 

wdown) <rl>d per sq It ) 

lr1B ___________ 1960 1,750 40 560 5 QTst--------------------------- 17, 000 
lr5 ____________ 

1948 1, 750 170 485 ( _____ do-------------------------------------
G-1 ____________ 1950 2,000 265 150 5 _____ do------------------------- 12,000 
G-5 ____________ 

1951 1,840 "5 555 7 _____ do------------------------- 12,000 

P-1------------ 1964 2, 500 740 640 15 -~-:~~o~~~t::::::::::::::::::::: 
55,000 

P-2------------ 1965 2,300 835 1,425 26 40,000 

P-3------------ 1966 2,550 740 1,400 38 _____ do------------------------- 343,000 

T-1------------ 1949 815 750 6 . 5 gTsp _______________ _:__________ 7, 700 

T-2------------ 1950 1, 205 1, 166 2 .6 Tt-------------------------~- 1,000 

T-3·----------· 1960 1, 821 1, 173 88 6 QTsp, QTt, QTst.--------------- 11, 000 

T-4 .... ---· .. __ 1960 1, 065 968 16 2 QTBP-------------------------- 2, 400 

T-5------------ 1949 2,000 970±5 ------------------ _ ----- QTsp, QTt _____ ----------------------.------

'· o. supply well in OuaJe Canyon; L, mpply well in Lol Alamos Canyon; P, mpply well on Pa)arlto Plateau; T, test well. 

• Completed depth of .well. • 

• QTsp, Puye Formation; QTst, Tesuque Formation; QTt, Tlcblcoma FOI'IIIatlon. 

I, 
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T · 3.-Chernical aMlyaea.'oj vater jrum ~elected vella in Loa Alamos Canyon, Guaje Canyon, and Pajarito Mua veU fields 

[An&IJ11115 by Group B-7 orthe Loa ~!amos 8clent111e Laboratory] 

Ch~ constltuents (parts per mllllon) 
8pec111c 
conduc, 

Supply well I Date Tam· SWea' Cal· Mag· Sodium Car- Blear· Chlo- Flue- Nitrate Total Total 
tlvity 
(micro-

Collected pera- (SIOo) clum neslum (Na) bonate bonate ride ride (NOo) dl&- hard- pB mhos 
tun~ (Ca) (Mg) (CaCOo) (HCOI) (Cl) 
(OF) 

(F) IOlved 
IOlldl 

ness Cu at26°C) • 
CaC01) 

~1B----------------- 5-28-68 87 37 8 1 195 0 262 17 2 0.2 409 24 8. 1 600 

~5------------------ 6-18-68 78 36 10 0 105 0 134 0 .9 • 2 191 26 8.3 232 
J-1 __________________ 

5-28-68 so 84 12 . 5 38 0 74 3 .4 .3 199 32 8.0 152 
J-5 __________________ . 

5-25-68 78 60 18 3 23 0 74 3 . 4 .4 163 56 7. 8 158 

~-~------------------ 6-18-68 83 82 28 5 36 0 122 5 . 3 . 1 246 90 7. 9 248 
~-2 __________________ 

6-18-68 73 81 13 2 21 0 58 0 . 3 . 3 176 40 7.6 114 
~-a __________________ 

6-18-68 81· 74 26 8 33 0 122 7 . 3 . 1 259 98 7.8 260 

1 Q~,aupply well in Onaje Canyon; L,supply well in Loa Alamos Canyon; P, supply well on Pajarlto Plateau. 

' I:Wle& analyses are from aamples collected in May 1867. Later aamples have not been analyud for aWea. 

:iecreases eastward with the gentle slope of the land 

surface to a depth of about 600 feet along the eastern 

~ge (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 carefully 

so as to Hoid the relatively impenneable rocks of the 
Tscl1icoma 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 ro be 

cri· d because, in drilling, the bit may be deflected 

by' .J1nts or caYities. If rotary methods are used, it 

rna~ ~ difficult to maintain fluid circulation in the 

hole at places where open joints occur. Additional 

wells capable of yielding from 1,000 ro 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)8 (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.' 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.• 

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 

1 



content of the tuff in undisturbed areas ranged from 

4 to 6% by volume.6
•
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 April 1969. 

The cement-paste volume released into the shaft 

was 85 m3
, of which about 28 m8 was fluids. Test 

hole TH-7A, 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 

-E 
Cl) 
u 
0 -... ::1 
Cf) 

~ c: 
0 
...1 
~ 
_g 
Cl) 

CD 

2 

0 

5 

10 

15 

20 

Fluid Change 1968 To 1969 
(% by volume) 

INCREASE DECREASE 

10 5 0 5 10 
I IiI i I 1 iii I I I i 1 I I I I I i 

Sboft 

Fig. 1. 

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. 
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A. Movement of Fluids 

About 1.5 X 1()3 /, 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 /,/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 2 m (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 1()3 /, 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 /,/day for 3.3 days, then sharply decreased 

to 0.5 t/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. 
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Fig. 3. 

Fluid level declines in shaft receiving sludge on 

March 29 and May 13. 
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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 ~shflow 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 

3 



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 l, of which 1.6 X lOS l were fluids in the tuff 

prior to the study and 1.5 X loa l were fluids that 

had moved into the tuff from the sludge (Fig. 3). 

The two releases of sludge contained about 2.9 X 1()8 

l 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 238Pu and 219Pu 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 ::0. 10 
10 ::0. 22 
22::0. 39 

Tension 
(bars) 

15.2 
0.34 

tion in the 2.9 X loa l of sludge pumped into the 
shaft was about 45 X lOS pCi/l, or about 1.3 X w-• 
Ci. About 90% of the plutonium was 21'Pu. 

Cores analyzed from the C-series test holes, taken 
about seven months after the second release of 
sludge into the shaft, showed 211Pu 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 
IT). 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 239Pu. 
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 

(
231Pu and 239Pu) 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 1oa g (0.67 m•), 

and the outer volume a concentration of 0.26 pCi/g 
and a mass of 9.3 X 1()6 g (0.63 m8

). The amount of 

plutonium in the tuff was estimated at 1.1 X w-• 
Ci. Compared to the 1.3 X w-• 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 



TABLE II 

PLUTONIUM ANALYSES FROM C-SERIES TEST HOLE 
NOVEMBER 1968 

Picocuries per Gram 

snpu 

From To C-1 C-2 

1.8 2.1 <0.02 <0.02 
2.7 3.0 0.04 0.02 
3.4 3.7 0.06 
4.0 4.3 0.05 <0.02 
4.6 4.9 0.15 <0.02 
5.2 5.5 0.12 <0.02 
5.8 6.1 <0.02 <0.02 
6.4 6.7 <0.02 <0.02 
7.3 7.6 <0.02 <0.02 
8.8 9.1 <0.02 <0.02 

10.7 11.0 <0.02 

Total Plutonium 
(pCI/g) 
0.10 1.0 

... , ... ... , .----,_ 

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. 

snpu 

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)a 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 2"Pu 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 

WILLIAM D. PURTYMUN and STEVEN JOHANSEN 
Environmental Studies Group 

University of California 
Los Alamos Scientific Laboratory 

Los Alamo<-, New MP.xir,n 

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 P1c1~tocene age (Gri~gs, 1964). liH.: ~.m' 

Group comprises the Tesuque and the Puye Form "'"'"'"r ., ~ -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 conglomerate 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 Gran de. 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

latite, 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. 
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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 

tern 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 overlies 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 

.;ediments in the basins are lacustrine deposits of clay, sand, 

I gravels (Conover and others, 1963), which are underlain. 

volcanic 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 

349 

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 194 7. 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 

~:~::s %~~ ~~ t~o 
1 
~~ ~:n. while total hardness (as CaCO 3) 
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Distribution of moisture and radioactivity 

in the soil and tuff at the contaminated 

waste pit near Technical Area 21, 

Los Alamos, New Mexico 

By 

William D. Purtymun and William R. Kenned~/ 

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 SO 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 H-5, Los Ala~os 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 liqLids that contain radioactive particles are 

buried in pits dug into the surface of these mesas. 

One of the oldest contaminatec 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. Urainage ~ to the south and grasses and 6ak 

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-evaluatinn of present land 

use to determine if the land is being utilized in the best possible way. 

It Has 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 oi 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 LJboratory and the Water Resources Division 

of the l'.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 cor;iderably ,eyond a radius of 1,050 feet 

from Technical Area 21 (fig. ~)--an area approved for commercial 

property. 

Thirteen test holes ranging in depth from 25 to 50 feet were 

drilled in the vicinity of the outer edges of the waste pit (fig. 2). 

The log and moisture content of the soil and tuff penetrated by the 

test holes are sho>ro in figures 3 through 15. Samples of soil and 

tuff were collected during drilling of the h ·es ~nd were analyzed by 

Group i~6 for radioactive contamination. The results of th~se analyses 

are shown on tables 1 through 13. 
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Table l. --Radiochemi,:al ano.lys0s of scil anj tuff fran: test hole DPS -1. 

Dcpc.it ~later ia1 Gr0ss alpha :;ross b,2ll-_.;;.unma Plutonium 'Jranium 

( c:et) 1/ l/ 1/ 
~I 

\ 

) .. , 
(d/m/ 0)- (-1-:n/;J- ( ~/m/g)- Wo/5-

0- 1 Soil 0.4 j. l <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 

l 0 -l.:i Tuff .6 2.7 < .4 < .;) 

15-20 iuff . 7 3.6 < .4 < .s 

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-+0 Tuff .3 .6 < .4 < . 5 

40-45 Tuff .4 1.2 < .4 < . 5 

43-50 Tuff .4 .0 < .4 < . 5 

l/ Disintegrations per minute per gram. 

2/ 
~licrograms per gram. 
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Table 2.--Radiochemical analyses of soil clOd tuff from test hole DPS-2. 

Dept:h ~·!aterial Gro::>s .::l::.:a . rOSe> oc La-"; d!'.rrna Plutonium Jranium 

(feet:) 1/ 
(d/m/ :;)-

1/ 
(d/m/.;)-

1/ 
( j /r.l/ .,; )- "/ We/g):::_ 

0- 1 Soil 0.9 () . l <,_;,4 <0.5 

1- 2 Sr::.1 . ) 2.8 < .4 < . 5 

,., 
3 S\.;il .8 .6 < .4 < . 5 .<.-

3- 5 Tuff .6 .3 < .4 < • J 

5-10 Tuff .3 1.8 < .4 < . 5 

10-15 Tuff .6 ., -_,) < .4 < .5 

15-20 Tuff .6 3.3 < .4 < • 5 

20-25 Tuff .5 2.1 < .4 < . 5 

1 I Disintegrations per minute per gram. 

2/ 
~~icrograms per grao. 
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TJ,le 3.--Radiochemical analyses of soil and tuff from test hole ;:JPS-3. 

Depth }!at~ria1 Gross aloha Gross bet a -~am:na Plutonium :r1nium 

(feet) ~d/m/g2l/ 
1/ 

~d/m/ ~)- (.:./m/ ,z)Y 
2/ 

V!_.;/g)-

~~ 

0- 1 Soil 1.2 12.. 0 <0.4 <v.j 

1- 2 Soil .3 4.3 < .4 < . 5 

2- 3 Soil . 1 1.6 < .4 < . 5 

3- 5 Tuff .1 1.5 < .4 < . 5 

5-10 Tuff .6 1.3 < .4 < . :; 

10-15 Tuff .3 .0 < .4 < • 5 

15-20 Tuff . l .0 < .4 < . 5 

20-25 Tuff .l .1 < .4 < . 5 

25-30 Tuff .1 .1 
/ .4 < .5 ..... 

30-35 Tuff . 5 1.6 < .4 < • 5 

35-40 Tuff .4 • 7 < .4 < . 5 

40-45 Tuff .0 .1 < .4 < . 5 

45-50 Tuff .1 . 7 < .4 < . 5 

1/ Disintegrations per minute per gram. 

2/ Xicrograms per gram. 
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Table 4.--Radiochemical analyse3 of soil and tuff from test hole DPS-4. 

Depth ~laterial ,_;ross !lpha ·~ross heta-gamma Plutonium Uranium 

(Le~~) ( I I )1/ ·.! n:,,-
11 

1._llm1,)-=-' 
1/ 

(d/m/ .;)-
2/ 

().l;/ g)-

0- 1 Soil u.3 .:..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 ru£1. .1 1.3 < .4 < .5 

15-20 Tuff . 5 .6 < .4 < .5 

:20-25 Tu.L.l. . ':} 4.l < .4 < .s 

1 ' ..; )is integrations minul.c .;ram. per per 

2/ 
:Hcrograms per .;ram. 
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Table 5. --Radiocheraical analyses of soil and tuff from test holt:! DPS-5. 

Depth l-:ater ial Gros:> alpha Cross b~t.:1-;ar:ur.J Plutonium Craaiun 

(feet) . 1/ 
(d/mi';;,)- (0./m/ b).!:.!' ('~/r:o./ J)y 

2/ 
()l;/ .s)-

0- 1 Soil 0.5 4. 5 <L'.4 <u. 5 

1- 2 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 < .4 < . 5 

10-15 Tuff .4 3.6 < .4 < .5 

15-20 Tuff . 3 1.3 < .4 < . 5 

20-'2:) Tuff • 3 1.6 < .4 < .5 

25-30 Tuff 1.0 7.6 < .4 < .5 

30-35 Tuff . 5 j • .L. < .4 <": . :) 

35-40 Tuff .2 .9 < .4 < . 5 

40-45 Tuff • 2 2.5 < .4 < .5 

45-50 Tuff . 3 -..u < .4 < .5 

I 1/ Disintegration:> per minute per .;;rar: .. 

2/ :licrograms per gram. 
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Table 6.--Radiochemical analyses of soil and tuff from test hole DPS-6. 

alpha beL a -gamnld Plutonium 
Depth :i-~aterial Gross Gr0ss uranium 

(feet) 1/ 
( '/ I ')y ( l. /m/ g)}_/ (pg/g)ll 

(d /m(:,)-:- - m, . ., 

0- z so-a 0.8 6.1 <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 < • !f < .5 

30-35 Tu££ .5 2.7 < .4 < .s 

35-40 ruff . 3 3.6 < .4 < .5 

40-45 Tuff . 2 2.8 < .4 < .5 

45-50 Tuff • 2 3.} < .4 < .s 

l/ Disintegrations per minute per ,;ram. 

2/ :·licrograms per gram. 
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Table 7.--Radiochemi~al analyses of soil and tuff from test hol~ DPS-7. 

Dept:h :1aterial Gross al pi1a Gross oet.1-:;amr.1.~ 

(£8et) 1/ ' I I · l/ 
( d /m/ b)-;:-____ \'- m ~,;-

Pluton~um :;raniun 

( I , , l/ 
)j 

'-' m; o)- (p;/-;).::.. 

0- ') :.:Jil l ·) - • J 
<v . .:. <.,: ... :r.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 Tdf .;) 2.4 < .4 < . 5 

20-25 Tuff .4 2. 7 < .4 < . 5 

1/ 
~isintegrations per minute per gram. 

2/ 
~·:icrograrns per gram. 
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Table 8. --Radiochemical analyses of soil and tu.ff from test hole DPS-8. 

Depth M3.terial Gross alpha. Gross "2eta-g~-::r.Ja Plutonium Uranium 

(feet) ll 
(d/m/~).....: 

l/ 
~:./m/ .,)-

l/ 
~d/ml~l-

'I 0ls.l ~F-

0- 2 Soil 0.6 :.0: •• 
.,;•:J <0.4 <0.5 

2- 5 So'' J. .... ·5 4.9 < .4 < ·5 

5-10 Soil and .4 5.8 < .4 < -5 
Tuf'f 

10-15 Tuf'f ·3 3.6 < .4 < .5 

15-20 Tuf'f .4 2.2 < .4 < ·5 

20-25 Tu:f'f .4 1.3 < .4 < .5 

25-30 Tuff .1 1.0 < .4 < ·5 

30-35 Tuff .6 3.4 < .4 < .5 

35-40 Tui'f .2 4.9 < .4 < .5 

40-45 Tuff' .4 4.6 < .4 < .5 

45-50 Tuff .4 3.0 < .4 < .5 

y Disintegra.ticns per r..inute ;;er ;raz .. 

?) Y~crograr.~ per gra~. 
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Table 9.--Radiochereical analyses o~ soil and tuff fro~ test hole DPS-9. 

Depth Y,;:,.terial Gross alpha Gross beta-~rumna P:utoni'Llir. Uranium 

(fc2t) 'I I ) 11 (dlml g)~· ~I 
}.'/ 

,d m ~- - .. :::., ~~- (P,i,l ~)-

0- 2 Soil 0.7 2.4 <0.4 <0.5 

2- 5 Soil and ·5 2.1 < ,4 < .5 
Tuff 

5-10 T'u.ff .4 3·7 < .4 < .5 

10-15 '1\lf'~ o5 1.8 < .4 < .5 

15-20 7..lf'~ ·5 3·7 < .4 < .5 

20-25 'I•..lf'f .3 1.0 < .4 < . 5 

!/ Disintegrations per minute per gram. 

g; Micrograms per gram. 

I 
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Table 10.--Radiochernicel analyses of soil and tuff from test P~le DPS-10 

Depth :t-nterial Gross alpha Gros3 beta-ga=rra Plutonium Uranium 

(feet) -1! 
(d/m/ ;)-

I / 

(-:./m/:;,)..=..! 
. 1/ 

(j/m/ ~)-
'J/ 

<~:. ~/ ~ ) .::. 

0- 2 Soil 0.4 j.l <0.4 <0.5 

2- 5 Soil and .3 ).0 < .4 < ·5 

Tuff 

5-10 Tu:ff .8 2.5 < .4 < .5 

10-15 Tuf'f .6 2.7 < .4 < -5 

15-20 Tut'f .6 4.3 < .4 < ·5 

20-25 'lUff .5 2.7 < .4 < .5 

25-30 Tuff .2 2.1 < ,4 < .5 

30-35 Tuff 1.0 ·1 < .4 < .5 

1/ Disintegrations per minute per ~ra.-:J. 

2/ Micrograms per gram. 
-· 
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Table 11.--Radiochemical analyses of soil and tuff f'rom test hole DPs-11 

Depth Material Gross alpha Gross beta-gamca Plutonium Uranium 

(feet) (d/m/ c,).J 
' I 1/ ., 2/ 

( 1/m/ ;).:..! (.J,/m/li~- ~~L~L-

0- 2 Soil 0.3 2.1 <0.4 <0.5 

2- 5 Soil and .6 4.0 < .4 < ·5 
Tuf'f 

5-10 Tuf'f .4 1.3 < .4 < ·5 

10-15 Tuff' .5 1.9 < .4 < ·5 

15-20 Tuff .5 2.8 < .4 < ·5 

20-25 Tuf'f .5 1.2 < .4 < ·5 

25-30 Tuff ·7 3.0 < .4 < ·5 

30-35 Tuf'f 

35-40 Tuff' .6 1.;1 < .4 < ·5 

40-45 Tuff ·9 2.7 < .4 < ·5 

42-20 Tuff ·2 1.8 < .4 < ·2 

1:1 Disintegrations per minute per gra.r; •. 

g/ Micrograms per gram. 
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Table 12.--Radiochernical analyses of soil and tuff from test hole DP8-12 

Depth Mit erial Gross alt~ha. Gross beta-gamma PlutoniUil: 'Uranium 

(feet) ( /ml_;)l/ ( .. /ra; ;c)..:_ I . )1 .. , I ) 21 
I. 

>Q Ill/ ,-2 - ,pg 2 -

0- 2 Soil 0.8 1.2 <0.4 <0.5 

2- 5 Soil and. .4 1.6 < .4 < -5 

I Tuff' 

5-10 Tui'f .4 .4 < ,4 < ·5 

10-15 Tuff .3 1.0 < .4 < ·5 

15-20 Tuff' .4 .o < .4 < -5 

2C-25 Tui'f -5 3.0 < .4 < -5 

25-30 T'..rl'f .8 -9 < .4 < ·5 

30-35 Tu:f'i' .4 .6 < .4 < ·2 

l:/ Disintegrations per ~inute per grc~. 

g) MicrO{!rams per gram. 
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Table 13. --Rad.ioche,.,..; cal e.nalyses of soil o.nd t·J.:ff f'rom test :hcle DPG-13 

I)ept:':l Nat-=ri.:ll Gross alpb3. Gross beta.- :;o.:~"Xa Plutonium Ura.."li -..ur. 
(feet) . ' ll , J. I . ) l/ \-:.)mf.'¥.)- \. m;•- ( dl m/ ~'):_I ')I 

(J.t~/ ~ )..:. 

0- 2 Soil 1.0 4 . .) <0.4 <0.5 

r-c:- 5 Ta:ff -7 .0 < .4 < ·5 

5-10 Ttu'f .4 2.1 < .4 < ,5 

10-15 Tuff ·1 2.8 < .4 < ,5 

15-20 Tuff .6 .0 < .4 < -5 

20-25 Tuft' .8 -9 < .4 < .5 

25-30 Tuf'f ·9 1.9 < o4 < .5 

30-35 Tuff .4 .4 < .4 < -5 

I y Disintegrations I-·er minut~ per ~ram. 

'5/ Micrq;rs..ms per gram. 
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Description of soil and tuff 

The 1 ight- brown clay soil c-over 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'l..;r 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 tppermost -•3hflow. 
the 

The light brownish-gray and/light-brown tuff (both partly weathered) 
crystal 

~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 and/grayish 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 

~veathering to silt and clay. The thickness of the fill material above 

the wastes is unknown. 
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Distribution of moisttu:e 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 impet1ed by th~ dense transition 

zone between the soil and tuff. Little if any water from precipitation 

moves into the underlying tui£, 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 do\vnward and laterally it:to 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 Here 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 the 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 contept of the light-gray 

tuff was generally less than 10 percent in test holes pentrating this 

unit. 
40 
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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 surfnce.to depths between 12 and 24 feet [test 

holes DPS-1 (fig, 3), DPS-4 (fi3. ~), DPS-5 (fi::. 7), DPS-6 (fig. 8), 

and DPS-7 (fib• 9): then increases slightly. The moisture incre~se 

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 analyz9d for radioactive contamination 

(tables 1 through 13) to determine if watl.!r had moved contaminants 

into the adjacent soil and tuff. Six sa~ples 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 sampl~d 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 lLlL..:rvals to total depth. The 

samples (soil and tuff) ~ere analyzed for gru~s ~lpha and gross beta 

radioactivity and speciiic analyses Lor ?lut0nium and uranium. 

The radioa..:t: iviLic~ rrh.:J.surt.!d on Lilt.! ::lu.Li anw ... uii ::>dmples rrom 

the test holes var il:!d in sn ::;s J.lpha ra~1.oact i.vicy from 0. 0 d/m/; 

(disintegrations per minute per ;ram) to 1. u.ha/~ and in gross beta 

radioactivity from 0. Q d/:/.,;, Lo 12.6 "/n/ "-. The :m<1lyses of the s:tmples 

collected near the wast~ pit indicate that they contain no more 

radioactivity than those coll..!.: Leu from an arc.:l far removed from the .1rea 

of waste disposal (table 14). In _scncral, all th<:! .,una~~ samples (5o.-: 

analyzed had a slightly higher gross ;.)eta radioact .vi.ty than thos.; 3amptes 

taken at depth. This is probably due to radionuclide absorption o£ iall-

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 l-tol ;;s near the >here there is no radioactive 

radioactive wa:;tt..: .1..0 the pit w..tsc:e c-:>n~.;aminatiun 

Material alpha}_/ 
, : I 

beta!/ Gross t;ross ~,l!ta~ .. ss ..1 ~; .• d1~ Gross 

Range ~~.J.nt;~ Ran.se Ran6i.! 

Soil 0.0 to 1.2 u.O to 12.6 1.2 tu L4 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 concamination 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.~ d/m/g 

of plutonium and less than 0.5 p~ of uranium. 

I 
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Conclusions 

I 

The moisture contt2nt of the tuff adjacent to che test holes and 

C!c pit was low, genl:rally less than 10 percent by volu;ue, thus the 
J 

La~i is not saturated. RadioGhemical 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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GEOLOGY A!m HYDROLOGY r8 IIISITA DBL BlJBY 

by 

Williaa D. Purtyaun and Williaa R. Kennedy 

ABB';t'RACT 

Mesita del Buey is used for the disposal of wastes con
t&Ddnated by radionuclides, of toxic or explosive cheaicals, 
and of classified materials. These are buried in pita or 
shafts dug into the •• surface. The ••, covered by a 
clay-like soil, is underlain by a series of aabfalls of 
rhyolite tuffs froa 240 to 590 ft thick. The tuffs are above 
the main aquifer of the Loa Ala.oa area Wbich lies at a depth 
of about 1,000 ft. Streaa flow in adjacent canyons is inter
aittent. 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 aaterial used to cover the wastes 
indicate DO recharge to the at~connected aquifer or aain 
aquifer through the soil, buried wastes, or tuff at Meaita 
del Buey. 

INTRCiltJCTIOR 

Mesita del Buey is part of the Pajarito 
Plateau about 4 ailea southeaa t of the co .. 
munity of Los Ala80a, New Mexico (J'ig. 1). 
The mesa, designated Technical Area M, is 
used for the disposal of wastes cont ... 
inated by radionuclides, of tozic or explo
sive cheaicals, and of classified aaterials. 
These are buried in pita or shafts dug into 
the me• surface. Disposal operations on 
the me8& bepa 1a 19M. 

The geol.., &Dd hydrology of Meaita del 
Buey were at1111·1•· The Msa, covered by a 
clay-like soil. is UDderlain by a series of 
ashtlowa and aahtalla of rhyolite tuff, 
The ashflow units underlying the aesa top 
were mapped. Logs of a supply well and 
test holes in Pajarito Canyon, south of 
the mesa, were used to correlate the sub
surface geology. Joint ayst ... in the upper 
ashflows in the dispo8&1 areas were ana
lyzed. Hydrologic data on soil and tuff 
moisture, surface water·, stre~connected 

aquifers, and the main aquifer were col
lected. The erosion rates of the tuff were 
estiaated. The study was to determine the 
geohydrologic pattern in relation to the 
disposal operations. 

Mesita del Buey is a narrow southeast
trending aesa about 2 ailes long and a 
quarter ot a aile wide (Fig. 2). The mesa 
surface slopes gently froa an altitude of 
about 6,900 ft near its western margin to 
about 6,600 ft near its eastern end. It is 
bounded on the north by an unnamed canyon 
and Canada del Buey, and on the south by 
Pajarito Canyon. The canyons have cut 50 
to 100 tt below the surface ot the mesa. 
The edges ot the ae• are vertical or near
vertical cliffs, with steep slopes at their 
baaee. The ashflon on the north-facing 
slopes at the foot of the mesa are covered 
with detrital alluviua, whereas those on 
the south-facing slopes are exposed. 

1 
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Fig. 1. Location of lleaita del Buey. 

GEOLOGY 
The Pajarito Plateau fora8 a topo-

graphic high area along the western part of 

the Rio Grande depression in north central 
New Mexico. Mesita del Buey is a part of 
the Pajari to Plateau. The plateau is foraed 
by a series of Plei8'tocene &8hfalls and ash
flows of Bandel~ Tbff.~ In the subsurface 
are the sedi~ ... volcanic rocks of the 

Santa Fe Group of ~le Miocene to 
Pleistocene age. The·forwations in the 

Santa Fe Group, froa oldest to youngest, 
are the Tesuque and Puye with interbedded 

Chino Mesa basalt {Griggs''~asaltic rocks 

of Chino Mesa"). 
STnATIGHAPBY 
Santa Fe Group. Santa Fe Group foraations 

are not exposed at Mesita del Buey, 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 formationo 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 rocl::s and interbec:teleci 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 ashflows 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 Me~rs. 

Guaje llellber. The Guaje Member is an 

ashfall puaice w~b a thin layer of water

laid pumiceous tulf-that rests on the. Puye 

Formation and the Chino Mesa basalt. The 

Gua,Je consists of gray luap-puaice fragaents 

as large as 2 in. in diaaeter. Glass 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 Mesita del 

Suey, but below the surface it varies froa 

about 30 to about 10 ft thick froa west to 

east in Pajarito Canyon. 

Otowi Member. The Otowi Member is a 

light gray. nonwelded. puaiceous, rhyolitic 

tuff. It contains quartz crystals, glass 

shards minor aaounts of aafic minerals, 

and varying aaounts of rock fragaents of 

rhyolite. latite, and puaice in a fine

grained ash. The Otowi is aostly ashflows, 

but contains several beds of reworked tuff 

and pumice at the top. It does not outcrop 

at Mesita del Suey but is found subsurface 

(Fig. 3). 

Tshirege Kember. The Tshirege Keaber 

is a series of ashflows of rhyolite tuff 

which have been classified according to de

grees of welding, i.e., nonwelded, aoder

ately welded, and welded tuffs.• The non

welded tuff has high porosity, only light 

cohesion of glassy fragaents, and cruably 

fracture. The aoderately welded tuff has 

less porosity, aoderate cohesion, slight 

deformation ot .. llu•J fragaents, and a some

what brittl• fneture. The welded tuff has 

low porositTo:~· . ...,. cohesion, a higb degree 

of deformatioa b7 flatteniDI of glassy 

fragments. and a brittle fracture. Most of· 

the pores are capillary in size. The fol• 

lowing shows porosity range in each class

ification. 

Nonwelded tuff 
Moderately welded tuff 

Welded tuff 

Range (Vol S) 
40 to 60 
30 to 55 
15 to 40 

The Tshirege Meaber has been divided 

into three units, determined by Baltz et 

al.a where it outcrops in Mortandad Canyo~ 

The Tshirege at Mesita del Suey was mapped 

using these units. At Mesita del Suey, as 

at Mortandad Canyon, Unit 

divided into units la and 

into 2a and 2b (Fig. 2). 

1 has been sub
lb, and Unit 2 

At Mesita del 

Buey, Unit 3, a nonwelded to moderately 

welded puaiceous tuff, is absent. 

Unit 1. The lower unit of the Tshirege 

Member 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 light orange to light 

brown, puaiceous tuff breccia. It con

tains nuaeroua puaice luaps as much as 

6 in. long, with small 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 Buey 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 smaller 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. 

Its thickness averages about 25 ft. 

Unit 2. Unit 2 forms the walls and 

surface of Kesita del Buey. It consists 

of several ashflows, divided into lower 

3 
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WEST 

Buey 
EAST 

Guaje Member 

Chino MilO Batalt 

Fig. 3. Geologic cross section (Baat-West) showing relationship of the Chino Mesa 
basalt to the Bandelier Tuff. 

Unit 2a and upper Unit 2b. 
Unit 2a is a light-gray pumiceous 

tuff that contains rock frac-ents of 
puaice, latite, and rhyolite, with so .. 
quartz crj~tals 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. The western part of 
the unit is a moderately welded tuff that 
forms a vertical wall alone the canyons. 
Eastward, the welding decreases to a non
welded unit vhere it for .. a talus slope. 
There are two a.bflo .. or ashfalls in 
Unit 2a. 'l'b41;-....-r part of the unit near 
the westera, 1iii11iiat& of the mapped area 
(Fig. 2) ia na•ately welded tuff that 
becomes nonweldM as ons progresses east
ward. The nonwelded portion is apparent
ly an ashfall containing nu .. rous 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 fro• about 85 ft 
th iclc 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, 
weathered rhyolite tuff with solllEI peb
ble-size rock fragaents of pumice, lat
ite,and rhyolite and numerous crystals 
and crystal fragments of quartz and 
·sanidine. It is a moderately welded to 
welded tuff that forms 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 froa the underlying Unit 2a 
by an erosional contact, marked by a 
thin layer of silt, sand, and pumice. 
Unit 2b is coaposed of at least two ash
flo .. 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 size and number of pum
ice fragments with an occasional deposit 
of reworked tuff and pumice. Unit 2b is 
about 60 ft thick. 

Soil and Alluviua. The soil cover is 3 to 
4 ft thick along the axis of the Mesa and 
thins toward the canyon rias where the tuff 



is exposed. The light, brown, clay-like 

soil is deriY .. froa weathering of the tuff, 

The primary soil constituents are quarts 

nnd feldspar with~tbe clay minerals .ant

morillonite and tliit~. • 
The allu_viwa overlying weathered tuff 

in the streaa channels north of the aesa 
is probably no aore than 3 to 4 ft thick. 
It consists of sand-size quartz and sani

dine crystals and crystal fragaents, and 

pebble-to cobble-size fragments of l&tite, 

rhyolite, and puaice derived froa weather

ine and erosion of the tuff. 
Tlle alluviwa in Pajarito Canyon, south 

of the mesa, is 20 to 30 ft thick. About 
1/2 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 roclts that fora the aountains. 
The sand-grain-size material is derived 
in part from weathered tuff. Grav•ls froa 

pits in this canyon have been used for 

road construction and concrete mix. 

GEOLOGIC STRtJCTCRB 

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 u~tlllllflon at llesita del Suey 

dip 2 to 3 ~- to the southeast. The 

ashflows of ·~~elier Tuff thin east
ward because til ... younger rocks lie on 

top of the older b&aalt (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 ashflows of the 

Bandelier tuff are broken into a nuaber of 

blocl~s by joints, formed by shrinkage 

(tension) as the ashflow cooled. The near-

vertical attitude of most of these joints 

and the curved form of so .. , 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 teaperatures. 
The joints are classified as master 

and minor joints. Kaster joints are nu
merous and long, and .. Y pass through one 

or more ashflows. A single unit may con

tain several ashflows eaplaced at different 

tt.es, 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 aore ashflowa may be laid down 

in rapid succession and cool as a single 
unit with joints foraing in the flows at 

the same tt.e. 
The master joints are vertical or 

nearly vertical and generally dip 70 d~ 

grees froa 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 aore nwaerous near 

the tops of ashflows and do not persist 

as they intersect the master joints. 
A joint traced vertically through an 

ashflow aay be closed in places and open 

in others. Locally the opening may be 

as .. ch as 2 in. wide, but most 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 nt 

the surface. 
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Fig. 4. Crientation of joints in Unit 2b. 

The master joints are tension joints 
formed by the contraction of the tuff as it 
cooled. In a coolinghomogeneoua 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 columna. 
A rose diagram illustrating the orientation 
of joints formed from a homogeneous molten 
liquid would show three joint sets (a nu.
ber of joints with the .... characteristic 
pattern) intersecting at angles of 60 
degrees (Fig. 4}. 

The hetero...-oua characteristics of 

the tuff did not allow joint seta to fora 
vertical hexagonal colUIIDS· A rose diagraa 
prepared using the orientation of 1,078 
master joints (492 in Area G (Fig. 2~296 
in Area L, and 290 in Areas J and B) showed 
the average of the three joint seta inter
secting at angles of 30 and 90 degrees 
(Fig. 4). The three joint sets, N30°W to 

Nso•w, N&o•w to Nao•w, and N40°B to N60°B, 
comprise 40% of the joints measured for the 
study. 

8 

The bloclts formed by the joints range 
from a few square teet to as much as 500 
fta at the surface. In the walls of the 
pits there is about one master joint for 
every 7 ft of horizontal wall. 

BYDROLOOY 
The annual precipitation on the 

Pajarito Plateau is about 18 in. Most 
occurs in July and Au,ust as thunder show
ers. so .. 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 
-stream-connected aquifers in the stream 
channel alluviua, and the 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 A!ID TDJ'F IIOISTDRB 

Part of the precipitation that falls 
on the Mesa surface infiltrates the soil 
and tuff. Where the soil cover has not 
been disturbed, little if any water from 
precipitation infiltrates the underlying 
tuff."' 

Where the .Oil cover has been dis
turbed, as in the disposal areas, the 
moisture content of the tuff indicates 
that precipitation may have infiltrated 
to a depth of 10 ft. The moisture ranges 
froa 2 to 8% by weight, decreasing with 
depth. Below 10 tt, the moisture content 
ranges from 0.5 to 2S by weight, showing 
that the moisture is redistributed by 
diffusion. 

Teats of infiltration of precipitation 
in the tuft used to cover the waste in 
pita showed that moisture from a single 
stora may reach a depth of 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 

I I 



4 ft with clay that acts as a seal and pre

vents precipitation from infiltrating the 
tuff, 
SURFACE WATER 

Stream flow in the canyons north of 
Mesita del Buey is.interaittent flow from 

storm runoff, These canyons head on the 
Pa,iarito Plateau :1nd have a s11111.ll drainage 

area. Stream channels in the canyons are 

nnrrow with few if any cut banks, indicating 

small and infrequent runoff, 
Pajarito Canyon, south of the mesa, 

heads on the flan!:s of the mountains to the 

west :1nd has a large drainage area. The 

intermittent flow in the canyon is froa 
spring snowmelt and summer thunder showers. 

Gravel pita in the canyon usually contain 

ponded water. Some intermittent return 

flow occurs about 1 mile southwest of the 

mesa, where the alluviua laps on to a 
bas a 1 t flow. 

STnEAM-cONNECTBD A~IJ'BRS 
The alluvium in the canyons north of 

Mesi ta del Buey is thin and contains no per

ennial water owing to the.small amount of 
runoff. 

The intermittent streaa in Pajarito 
Canyon, however, recharges a perennial body 

~f water in the stream-connected aquifer in 

the alluvium. As is typical of stream

connected aquifers. the water table is high• 

est during the sprin~ froa snowmelt and in 

late summer from showers. In the fall and 

early summer the water table declines. 

Gravel pita in the canyon have been dug into 

the top of the •~connected aquifers. 

MAIN AQUIFD. 
The top of the aain aquifer (capable of 

municipal and industrial 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 aquif"er tests of 

supply wells is estimated to be 1 ft/day. 9 

From Meaita del Buey to the Rio Grande is 

about 4 1/2 miles, so we estiaate 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 Mesita del Suey is the rate at 
which the tuff encompassing the wastes 

erodes. Soae of the wastes contain radio
nuclides with a very long half-life. 

There is no practical method to deter

mine the erosion rate of the tuff during 

the abort time that the mesa has been used 

for waste disposal. Erosion rates can be 
approxilll&ted by relating the age of the 

tuff to ita past erosion. Erosion rates 

baaed on these assuaptions are conservative 

because the tuff probably eroded faster 
initially than at present. The area is 

more stable since the atreaa 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 :,rears 

ago. 5 The thickness of Unit 3 tuff eroded 

froa the surface of the mesa at Area G is 

eatiaated 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 

8 x 10-4 ft/year. At Area G, horizontal 

erosion at the top of the mesa is estimated 
-4 to be about 4.5 x 10 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-S ft/year, 



it would tal;e 27, 000 years for the mesa top 

to erode to the top of the wastes. 

TI1e ed~es of t~e pits are 50 ft or 

more from the edge o.L ...the mesa. Consider

ing the horizontal erosion of 60 ft of tuff 

at a rate of 4.5 z io-4 tt/y .. ar it would 

ta~~e more than 110, 000 years for the tuff 

to erocle far enough to exPQse the wastes 

in the uits. 
WASTE DISPOSAL AREAS 

There are four areas on Mesita del 

Buey used for disposal of wastes conta.

inated by radionuclidea, of toxic or explo

sive chemicals, and of classified aateri

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 (Apoendix A). 

Access to the disposal areas is froa 

Pajarito r.oad. The mesa is fenced fro• 

canyon to canyon at its western margin. 

A:::'..EA G 

Area G has been designated for the 

dis!)osal of solid wastes and pacltaged 

sludges that contain radioactive nuclides. 

The solid wastes range from rubber gloves 

and classwear to oarts of buildings or 

truc~;s that cannot be cleaned.10 The 

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 dtaension to facili

tate entering tbe pit with trucks to dis

pose of the wastes. 'nle nates are buried 

in 6- to s- ft-d-. layers, aDd each layer 

is covered with 1 to 2 ft of tuff, The 

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 

draina~e. 

There are a number of shafts for dis

posal of organic material, oil, or solid 

vmstes. The shafts are 2 to 6 ft in dia

meter and up to G4 ft deep. Special shafts 

for certain tyoes 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. 

The 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 baa been designated for the dis

d.iauosal 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

tend through Unit 2b into the too of Unit 

2a. 
AREA J 

Area J is used for the dispgsal of 

wastes froa areas wbere sxolosive chemicals 

are processed. It consists of pits 50 ft 

wide, 2~0 ft long, and about 15 ft deep. 

There are ramps at the ends of the loncr 

dimension of the pits. The area is fenced 

but not locked. The pits extend into 

Unit 2b. 
AREAL 

Area L is used for the disoosal of 

chemicals or possibly toxic materials in 

pits or shafts. The oit is 12 ft wide. 

200 ft long, and about 12 ft deeo with 

ramps on the long dimension. Shafts are 

6 ft in diameter and about 60 ft deeo. The 

area is fenced and loc~ed. The pit extends 

into Unit 2b, and the shafts extend throu~h 

Unit 2b into the top of Unit 2a. 

WASTB DIGPOSAL AND THE GEOBYDROLOGIC 

ENVInONlfENT 

Total containment of contaminants is 

of paramount importance in the disposal of 

wastes at Mesita del Busy. 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 •• see• unlikely because 

the \VB.Stes are buried. 

Little if all)"-...ter fro• precipitation 

or surface runoff- ~1ltrates through the . . 

seal material overlying wastes in filled 

,its. Titere is not enough water to leach 

the contaminants fro• the wastes aDd move 
them into the tuff, The 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 aDd condi

tions of the soil, seal material, and tuff 

indicate no recharge to the strea.-connected 

aquifers or main aquifer through the surface 

soil, buried wastes, or underlying tuff at 

Mesita del Buey. 
The natural moisture content of the un

saturated tuff is in the range in wbich 

moisture is redistributed by diffus.ion. 

Contaminants may be transported by diffusion 

if ~ses or volatile fluids are placed in 

shafts or pits. Diffusion may take place 

through the tuff where there are large 

amounts of pore space, through opeD joints, 

or along contacts between ashflows. 

Vertical and horizontal erosion rates 

of the tuff surrounding the waste in pits 

or shafts indicate that under present cli

matic conditions the estimated life of the 

pits will b~ about 27,000 years. Routine 

maintenance to control erosion of the seal 

material will extend this life, 
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APPENDIX A 

GUIDELINES FOR- CONSTRtx::TION OF PITS OH 

MESITA DEL BUBY* 

These guidelines were formed during a meeting held at Los Alamos 
on June 23, 1968, with the following people in attendance: Salvatore 
Russo, Eng-3; Ben Willi& .. , Eng-3; Dean Meyer, H-1; Williaa Kennedy. 
H-6; c. w. Christenson, H-7; of the Los Alaaos Scientific Laboratory; 
and Dr. c. v. Tbeis, F. c. Koopaan, and Williaa D. Purtyaun of the u. s. Geological Survey. 

Construction 

Pits should be a ainiaua of 50 ft from the canyon ria. 

Pits should be no deeper than adjacent canyon floors. 

Tbe 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 removed 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 botto .. 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 
iaaediate area.) Tbe wastes should be buried below the 
soil-zone within the tuff, 

Surface seal of pits 

Pits C&D be filled with wastes to within 2 ft of the 
land surface. 

Seal material (tuff) overlying the wastes should be 
8 to 8 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 pits 
should be considered. 

* From letter to s. E. Russo, LASL Group EHG-3, from F. c. Koopman. 
u. s. Geological Survey, June 30, 1965. 
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Physical cl~racteristics of the Tshirege Member of 
the Bandelier Tuff with reference to use 

as a building and ornamental stone 

By 

W. D. Purtymun and F. c. Koopman , 

L"!t reduct ion 

The suitability of the Tsllireee Member of the Bandelier Tuff for 
insU:Stion, or~nt, building stone, and other uses is dependent on 
its availability, accessibility and physical properties. At the 
rcquL:s:. of Mr. Paul Tafoya, Governor of Se.nta Clara Indian Pueblo 
and Mr. W. Williar'..s, Advisor of the Community Action Pro;;ra.r::t at 
Sama Clara, New Mexico, the infornBtion available as to its c;eographi-
cal and geological accessibility and its physical properties are 
presented in thls report. The information will be usefUl in the 
ConmnL~ity Ac~ion P!Ogram 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 aBY be interested. 
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The infornE.tion contained in this report was abstracted from 

reports in the files of the u.s. ~eolo~ical Survey, prepared for and 

in cooperation with the U.S. Atomic Ener::;y Commission and tLe University 

of California's, ws Ala.mos Scientific laboratory at I.cs Alamos, New 

Mexico. Tl:e repcr-: s .I~J:.a.t conta.i::. ti:e in.forr at ion on the physical 

properties of the tuff' were prepared f'ro;:: da~,a col::..ect-ed during 

invcsti~ations related to the dis;cs~l of solid ~~ste naterials, 

indus-rial effluents, and studies pertainin£ to the development of 

t;rowld--wa:r.er SUP?lY at Lcs Alazoos. 

The fact that sor.~e of the tuf'f is sui table for building purposes 

-was reco~nized by the historical cliff dwellers, and in modern tioes 

by the l;ulldc::-s of the first houses at l£>s Ala.mc>s. It -was found to 

llave .-:-ood ir:.s·J.:.a::::.n,__: properties and good S 4.:.rencth as "Well as beaut:.r. 

It was ;.;.seJ to cons~::-uct :'our fi:::·eplaces at the Lcs Ala.nos Lod;:e. 

Ar.1on: t:-.e ne·,;er buildin,-s constr.lci..ed of tuff nrc: the fire to-wer, 

tl:csc buildinr:s of tr.e :Ws Alamos !3'..15-lding and Loan Conpany, and the 

Gate Res·.a"..lrant. A:sc 1 many stone fences, reta.i!1inc wlls 1 d..raina.__:;e 

ditches, and pro-:ective slope covers are constr·.1cted of tui'f at I.cs 

Ala!:con. A faw Lomes and fireplaces in Albuquerque are constructed of 

t"J.f:f. 
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Availability and accessibility 

The tuft' is available in lar.--;e quantities and also reasonably 

accessible because of its favorable :eograp~uc location a..'ld c:eolo,:;ic 

occurrence. It is the cap rock of a large plateau lying between t~e 

volcanic center, Sierra je los Valles, on the west and the Rio Grande 

on t1.1.t: ..:as- in Nonr.- central New Mexico (:fit;. 1) . This tu:ff has 

Fi,:;ure l ( ~e-:'· ~: n on next pe.~e) belongs near here. 

been sculptured by erosion into a picturesque arrangement of canyons, 

mesas, and cliffs roughly parallel to esch other and all extending 

outwarc: and dmrr.slope to'Wa.I'd the river, away 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 was originally a nearly-

snooth slopir~ s~face formed as the result of the accumulation of hot 

volcanic ash material ejected from the volcanic center to the west 

{Valles Caldera). 

Rocks exposed on or near the Pajarito Pleateau are the Tesuque 

Fon::ation, Puye Conglomerate, the Tschicoma Formation, and the 

Bandelier Tu:f'f. A generalized east-west geologic section s!10wing 

their relationship in an area south of Santa Clara Indian Reservation 

is shown on figure 2. A detailed description of these fornations ;::an 

Figure 2 (caption on next pa€e) belon;;s near here. 

be found in Grie;gs (1964) and Spiegel and I:Bldwin (1963). 

6 
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Figare 1.--~p showing topograp!.cic features in the region of the Santa. 

Clara Indian Reservation and their relation to the 

Bandelier Tuf'f (sraded) of the Je!"..ez M:>untains. 

fcr::nti;:;:-.;.;:; in tl.e G.rc.a ;:;ou.tl-.;. of t:.c .::iu/-...::.. c:: .. a.ra. Indian 
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':'he Bc.n ~eli~::r 'l\u'f was fcrr::e'~ fron: a series of ash f'alls and 

ash flowes ejecteJ. from the volcanic center to t:!:J.e west. It is of 

rhyolitic CCil'lJ)osition and con::;:::_s-:c: of three ::-"e~bers t!at fon:. a part 

T..'1e G'.la~c Me~bc!' cor>..Dists oi' light-bray aa~.-.!'all pumice and wter-

lai :l ~Jt.wi.ceous -:::.l::'f. Tl:e base of t.~e unit contains gray lur.rps of pumice 

::::.s r::;".lch as 2 inci1cs in le%---th. The average thickness of the Ju.aje 

ra..'JLCS from 20 to 35 feet. Pumice :from the Gu.a.je Member is Ir.ined for -----·-----
in concre~e agcregate. 

T:.:e Otowi Member consists of a light-gray, nonwelded, friable, 

·J;r..m:iceot:.s 1 :·!"zy-oli te tuf'f that veatl:ers to a gentle slope. Its 

t~..icl:nnss varies and may be c.s nruch c.s 4oo feet oencath the central 

-;.;8.:!.~.:. cf the p::..e.-'-~ea"...t. T:"le nonweld.ed friable U..."lit would not be S"J.itable 

as a buil~ing stone. 

The Tsl"..irct:e Mci::bcr overlies the otowi ~ber and it forr.s the 

ca:? rock of t:::-~e fingcr-li}:e mesas of the Pajarito Pl.a.teail. I-.; ..,,;as 

:'c:r-mcd of a series of as!:J. flows ncmrelcled 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 Tshirege Member 

is given in the following section. 

The Ts[l.irege Merlber is well exposed along the canyon walls and 

is also rea·lily accessible under a thin mantle of surface soil on the 

mesa to:ps. 

8 
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Physical cba:ac"':..eris-:icz of t~:e Tsl:irege Member 

of' the Bandelier Tuff 

~~e tui'fs of the '::shire,·;e Mcr.:bc1· were formed by a series of 

a.J:~ f:mrs and as~1 falls which arc dcsc:.·iued as ncnvelclec, moderate:i.y 

vlelcleC:., a:::1d we1dei tU::f. Tr.c nom:-cldoc, moderately welded, and "Welaed 

tuf:.~ g:::a::le one i.."l.to the other both vertically and hori~ntally. 

9 
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() Welding 

The welding process of an as:i- flov tufi bee; ins af'ter emplacement. 

The I!Bjor f'actors o.fi'cc~ing welding are Loot at the tiDe of emplacement, 

amount of volatiles in t:=:c mnos, rate of coolin.-, and thickness of the 

asi:: flow. The degree of welding ranges from incipient stages marked 

by the sticking together or cohesion of glassy fragments to complete 

welding marked by tte cohesion of the stU'faces of c:lassy fragments 

accompanied by their deformation and elimination of pore spa~e (3mith, 

196C). 

Zonal variation of welding occtU's vertica12y within individual 

flows or within a series of flows that have cooled as a single unit. 

Single o.sl:. flO'W'S that have cooled as a unit my show a greater degree 

of welding near the center tmn near the upper and lower contacts. A 

series of ash flows tl:.at have been emplaced in rapid succession may cool 

as a single unit with the greatest degree of welding near the center. 

Variavion of welding occurs horizontally within individual flows 

with greeter degree welding near the mountains (the source area). The 

degree of welding becomes less eastward across the plateau. 

10 
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T!.:.e tuffs in the ws Ala.Ioos area are classified according to 

the J.e :ree of weldioe:--i. e., nonweldeC., moderately welded, and welded 

tuffa. Welding results in increased co~esion and deforcation of the 

glas::;y fragments in t:1e tuff. Nonweldcd tuff has high porosity, only 

slir;ht cohesion of the glassy fragments, and crumbly fracture; modera".:.ely 

weld~~ tuff [as lesser porosity, moderate cohesion, slight defortation 

of t!-_e glasGy fragt;lents, and a somewhat brittle fracture; and welded 

tuff :as lower porosity, good co:tesion, a !:igh dec;ree of defonnation 

by fln~tcr~ng of glas3y fragments, and a brittle fracture. 

T.:~e :iecrce of welding influences most of the pi:ysical cbaracter:.stics 

of t~:e ind.ivi3.:.J.a:!. as~.-:~low tuff units. 

TI-.e following s~1ows a la.rc;e ranee in porosity in each of the 

varia~ions of tuff indicating that welding is only one of several factors 

dc~e~ir~n3 porosity. 

Nom;elded tuff 

M:>derately welded tuff 

Welded tuff 

11 

Range in porosity 
(percent by volume) 

40 to 60 

30 to 55 

15 to 4o 
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Density 

The bulk density of nonwelded tuff is lower than in welded tuff. 

This is d.ue to the compaction of the matrix (glass shards and asi~) 

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 tu.f'I'. The 

specific gravity of the tuff matrix averae;es ~bout 2. 55. Tr.e range in 

bulk density of nonwelded to welded tuff depends on the porosity (i.e., 

the lart;cr c. -porosity the sr.aller the buld density). 

The follo-w-ing table sLo"Ws a comparison of the bulk densi tics of 

the t.uf'i' (::onwcla.ed to welded.) with other building stone. 

Nonve~~e~ tuff 

HJ..:.~rut.cly v:cl-:ied tuf'f 

Br . ,~1/ 
~C.r.-

G nit 
1/ -ra. e-' 

1/ 
Cone ret 13-

. 
1/ !-!and.book of P!:ysics and ChCI!list:::-y, 1958. 

l2 

Range in bulk 1er.si ty 
(lbs. in cu. ft.) 

64- 95 

72-115 

95-135 

87-137 

165-172 

160-lTI 

134-147 

170-190 

' I 
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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 the tuff increases from non~elded tuff to 

welded tuff). 

Data are available on the bearing capacities of the moderately 

weldeJ tuff. The £ollo~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. ft.) 

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 

Pumice fragment inclusion in a small sample of the tuff Nould 

decrease the bearing capacity as failure NOulci 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 lbs. per cu. ft.) 

C0ncretc )j 

Sandstone l/ 

B . k 1/ r1.c -

1/ Mdrble -

G 
. 1/ rantte -

1/ 
HanJbook of Chemistry and Physics, 1958. 

Bearin& capacity 
(lts. 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 buildinb 

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 theroal conductivity of the tuff is related to porosity, 

thus, the thermal conductivity of a nonwelded 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 thermal conductivity 

increases the insulating value . 

Range of thermal conductivity 
(~.~.U. per hr. per sq. ft. and temp. 

Ruilding stone or material gradient oi 1°r per in. thickness) 

1/ 
Rock wool -

Moderately welded tuff 

Brick Y 
1/ 

Concrete (seL)-

1/ 
Sandstone -

Marble }j 

. 1 I 
Gran~te -

0. 26- o. 29 

. 31- .38 

3 - 6 

6 - 9 

8 -16 

14 -20 

13 -28 

1/ 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 cherr.ical composition of a rock may affect its usefulness 

in a concrete aggregate and for other purposes. The following table 

snows a representative analyses of the tuff. 

C'1enical constituents 

Silica (Si02) 

Alumina (A1 20) 

Ferric oxide (Fe 203) 

Ferrous oxide (FeO) 

Ha:;nt!Sium oxide (MgO) 

Calcium oxide (CaO) 

Sodium oxide (~a 20) 

Potassium oxide (K20) 

Water CI20) 

Titanium oxide (Ti02) 

Phosphorous oxide (P20
5 ) 

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 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 

ana crystal fragoents of sanidine, and quartz, in a matrix of glass 

shards and welded ash. Dark minerals are s~arce although traces of 

crystal fragments of biotite, hornblende, and pyroxene have been 

observed (~ri~gs, 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 

which is presented here: 

Pore space 

Phenocrysts 

Sanidine E 

Quartz 

Magnetite 

Pyroxene 

about 30 percent by volume 

-

about 20 percent by weight 
I ::,- : .:. -~ f- :0 -

12 percent by weight 
I~ I I 

6 percent by weight 

1± percent by weight 
, _, I 

0.5± percent by weight 

The ground mass is typical devitrified welded 

tuff, 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 materia1·(probably montmorillonite). 
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Pumice, rhyolite, and latite rock inclusions 

Rock inclusions of pumice, rhyolite, and latite are found in 

the tuff. The frequc:1cy of occurrence of the rock frac;ments differs 

in in,. ividual ash flows and at different locations within the same 

ash flo;.,. 

The pur..ice fra;;ments may be as much as two inch~s in le::10L:1 and 

one inch in dianctcr. The pumice is soft and friable and shouL' cause 

no probLem in cuttin.:; the tuff. The rhyolite and lai...i.i..l.! iragments are 

dari< 5ray, hard, and may be as much as t·.-10 or thre;; inc he~ across. 

These larse rock fra;ments may cause some difficulLy in cutting the 

tuff so that care should be taken in selectin0 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~.: ... ~ru..:,l~.ou ciS l.L .1.s exposed to the \-leather. In this process, 

due to the porosity Ol. 1:.ae tuff, moisture is absorbed and some 

mineral~ ar~ u.1.~~~1vea. The minerals are returned to the surface by 

evaporation as Lhe tuff dries out where they are precipitated to 

form a rind. Tbis rind forms a protective surface which resists the 

wearing a\vay of the surface by wind and water. Hm-1ever, exposed 

punice fragments \veather out rapidly to enhance the beauty of the 

stone. 

Lichens grow on tuff where moisture accumulates for brief 

periods. Lichens covered tuff has been used as ornamental stone for 

th~ ccnsLruction of fences and walls of houses in Albuquerque, ( 
::ew Hexico. 

The weatherin~ characteristics of the tuff do not affect its 

us~ as a building stone; but on the contrary, it enhances the beauty 

of the stone • 

--
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Color 

The color of the tuff ranges from very lidht gray to medium dark 

gray. Some units range from pinUsh ;;ray to light pink. Large 

fra~~ents of pumice that appear nuch darker than the matrix in some 

u~Lts 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 chanzes in the 

ci1emical canst ituents and heat of emplace:·1ent. Weather in-; of the 

tu£1 changes the color very slightly. 

) 
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Natural moisture content 

The natural moisture content of the tuff forming the mesas between 

the eastward-trending canyons is generally less than five 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 

do;.m . .,ard 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 

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 50 feet. Some of the uppermost ash flows are beveled off 

by erosion eastward across the plateau. Outliers of tuff overlie the 

Puye ConJlomerate along Puye Escarpment. Most all ash flows thin 

eastward from the source area (Sierra de los Valles). 

Non,..elded 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. 
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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 (:clwer joints are found in nonwelded tuff than in welded tuff). 

rhe nunerically predominant joints are n~ar vertical and are persistent 

i.n len;;t • anL~ pass throu::;h several groups of tuff units. rhese joints 

tend to curve slightly. The joint face is relatively smooth and will 

add rustic beauty as use as a buildin~ stone. The presence of the 

joints should caus~ no difficulty in cutting the tuff, but aid in 

quarrying blocks of tuff. 

' 
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( r 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 ~hose and other purposes, and it promises to be a valuable 

resource to the Santa Clara Pueblo Indians and to other citizens of 

New Mexico. 

) 

itlim· 
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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 of air taken into the reservoir 
was 2910 m while 1425 m3 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
cal/m3 while the average energy in the air of the exhaust 
period was 19.3 x 103 g-cal/m3. 

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 re13ased 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 coFrelatable. 
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 or1g1n. 

Though ~he 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. 

1 



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 atrnospheri~ 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 

rn thick along the flanks of the mountains 

and thins to less than 80 rn 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 rn have been detected. 3 The 

exchange of air through bore holes at a 

depth less than 35 rn has been detected. in

dicating that a differential pressure does 

exist between the atmosphere and the upper 

35 rn ot 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 rn 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 rn deep; the wa

ter level in the hole is 332 rn below the 

land surface. The bore hole, 40.6 ern in 

diameter, contains casing 30.5 ern in diam

eter that is reduced in diameter to 10.2 ern 

at land surface to accommodate instrumen

tation. The casing is 433 rn in length, 

with slots cut into the lower 105 rn. About 

4 rn of the slotted casing extend above the 

water table. About 88 rn 2 of conglomerate 

and 334 rn 2 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 rn 

west of DT-10. Alpha is completed within 

tuff in the zone of aeration at a depth of 

58 rn. It contains casing 61 ern in diameter 

that extends to a depth of 3 rn, thus about 

106 rn 2 of tuff in the bore walls of the 

hole are exposed to the atmosphere. In

struments were placed in the casing at a 



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 afr-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 by a thermistor

type temperature sonde and 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 

into the reservoir ranged from 40 m3 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 

was 1425 m3 During the 95 h the net 

increase of air to the reservoir was 1485 

m3 • 

The largest 

during the 95 h 

period from 1900 

on October 13. 

volume of air transferred 

was during the 40 h intake 

on October 11 to 1100 

During this period 2440 m3 

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 

C:lcle No. (h2 (m3) (hl (m3) 

1 7 310 18 540 

2 4 40 9 540 

3 40 2440 9 340 

4 6 120 2 5 

3 



Cycle 

•30~~~--~---~~~--~--~12~~--~13~~~~ 

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 At this 

3 rate was 114 m /h. 

II). 

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 whil~ 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 

1 
cmHg 

Exhaust 2 
crcle No. Intake 

1 0.15 

2 o.os 

3 0.46 

4 0.10 

1Pressure Increase 
2Pressure Decrease 

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 exhaust period (Table 
pressure increases in the 
during the intake period 
during the exhaust period. 

the beginning of 
III). The air 

reservoir rock 
and decreases 

TABLE III 

crcle 

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 .oo 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 

I I 



Periods of short duration in which 

small volumes of air were transferred oc

curred with only ~mall atmospheric pressure 

changes. This resulted in a period change 

at or near the same 

at which the period 
transitional pressure 

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 

2520 g-cal (10 BTU). 
been made equal to 

At -18°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

erage moisture content was 4 g/m3 • 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 106 g-cal 

was added to the reservoir during the 95-h 

study. 

The air temperatures during the 24-h 

study on November 14 ranged from l°C to 

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 

5 



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 

contained about 129.2 x 106 

ergy. 

500 m3 which 

g-cal of en-

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 106 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 

ENERGY TRANSFERRED THROUGH TEST HOLES DT-10 AND 

ALPHA DURING A 24-HOUR EXHAUST PERIOD 

Test Hole DT-10 Al:eha 

Volume of Air (m2) 1,160 10,500 

Average Temperature ( oc) 16 7 

Average f.loisture Content (g/m3) 11 2 

Energy per cubic meter 19.3 X 103 12.3 X 103 

Total Energy Transferred (g-ca1) 22.4 X 106 129.2 X 106 
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earth tide effects. These effects (water

l~vel 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 

effects, estimated from 

eliminating atmospheric 

the aquifer. These 

the records by 

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) (emil zO) 

.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 
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The variation in barometric efficiency 

of the aquifer ~s 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 inc~eased 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 

\l > 
'"""'J(U -'V (p + pn), (1) 

~here \lis the fluid viscosity (ML-lT- 1), 

k the permeability (L 2), pis pressure 

(FL- 2), p is density (ML- 3), u is velocity 

(LT- 1), and n is an arbitrary potential with 

units of (T" 2). fl 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 

> 
a > + ~ • V'~ = _ .! 'V vr r: + F (2) 

at u "P p - : • 

If the time dependence and inertial terms 

are neglected in (Z) and if the friction 

term F is made proportional to the velocity 
> > 

through - ~ u = F the results bq, 

(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 + 
'IT 

lJ ··> P1< u .. 
1 

- - v p • p 
(3) 

The assumption of constant density simpli

fies the mass continuity equation tc 

> 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), 

v 2 p .. 0 (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 

2 
~. l~ 
dr2 r dr 

o, (6) 

where r is the radial distance from the 

center of the hole. Equation (6) can ·be 

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 = u0 , the solution is 

p (r) 

(7) 

Positive u, u0 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 u0 
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, 

sin vt Nro 
p = 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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(9) 

Equation (9) shows that the velocity lags 

the external pressure by an amount 

-1 lJ• 1T 
tan (- UK) - '! . (10) 

This supports qualitatively the results 

depicted 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-

1 tions for R and ~. The equation for R, 

(12) 

has a solution 

(13) 

K0 and 10 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 

a 2 = o. 
The equation for ~.gives some condi

tions on the parameter, m~ • 

(14) 

10 

has solutions of the form 

(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 (B < 0) or out of 

(B > O) 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 

z 
S(m) "' J 

0 

Bz sin mz dz 
'64 

S(m) B 1 z* [-z sin mz* - m cos mz*]. 
'64 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) = Bz 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: 

p(r,z) = J 
0 

p (r,z,m)S(m)dm 
m 

"" K0 (mr) 
f S(m)K (mr )az,dm, 
0 0 0 

(19) 
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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 K1 (mr) 
f mS(m) dm 

].I 0 K0 (mr 0) 

_ kS 
00 K0 (mr) 
f S(m) dm, 

].I 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 [-in(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 ~ (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 =--1'1 

( 1) 

where P is the pressure [M L-ls- 2] 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 

( 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 v 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 :t. 
at • £1'1 v• (PV.I:') • (4) 

We now make use of the fact that atmospheric 

pressure variations p are small compared to 

the mean pressure P
0 

and write 

P=P +p. 
0 

( 5) 

Substituting Eq. (5) into Eq. (4) and line

arizing the result gives 

·an kPo 2 
.::...•--Vp at · £n • 

which can be written as 

where 

v2p • _a2 !2. -at• 

a2 - £rt :kP . 
0 

(6) 

(7) 

( 8) 
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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(O,t) p* ( t) (9) 

p( -oo, 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,O) = 0, (11) 

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 -Js rt -•/z 
p • - :QZV J p*(t - ~)~ 

2 0 

exp(- ~ZzZ~- 1 )dA 
4 (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 passa~e 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 

2 2 -1s_ 
p = (at + l:i aa. z )er!c( -t:ia.zt 1 + 

l:i 2 2 -1 aa.z(tf,r) exp(- ~a. z t ) (14) 

where erfc denotes the complementary error 

function defined by 

~c.(• 2 
er!c(x) = 1- er!(x) = 2v -~ exp(- u )~u. (15) 

X 

The resulting velocity field is found 

by applying Darcy's law to Eq. (14). This 

gives 

At the surface (z = 0) Eq. (15) reduces 

to 

v(z = 0) =- 2a(l(k/n)(t/'11') Is=- 2a[£k/(nP 'II')P t l:i, 
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 .l:::q, (10) is 

13 



p ljl exp(Bz)sin(wt + Bz) 

where 

e = (w/2) ~a • 

The corresponding velocity field is 
again found from Darcy's law and is 

(19) 

(20) 

v = ; ~ +exp(~z) {sin( Ill t + ~z) + cos( lilt + ~z) }• 

( 21) 

At the surface (z • 0) Eq. (22) becomes 

v(z = 0) = + [£kill/( T\P0 ))sin(lllt + 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 can choose £ • 0.5, 

k • l0- 8cm2, and n • 1.8 x 10-4 g cm-ls- 1 • 

A reasonable estimate of ljl/P
0 

is 0.01 and 
we can let the period of 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 

ABSTRACT 

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. INTRODUCTION 

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. 

l 



SCALE 
0 2km 

Fig. 1. 
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 of 21 

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. "5'
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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.' 
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. 
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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(TLl. 

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. 
!\iear 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. 

4 

III. HYDROLOGY 

Water from springs generally acquires its chemical 
charact~ristics 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 !
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 19i8. 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. 231Pu. 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 I 
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and 3H 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 mgll. Total 

dissolved solids (TDS) range from 112 to 210 mg/l, 

with an average concentration of 163 mg/l (Table 

Ill. 
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 

Us directly into the river. Springs in or near Cha

quehui Canyon (Springs SA, 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 l/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 mgll. The 

TDS range from 154 to 262 mg/l, with an average 

concentration of 183 mg/l. 

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/l. 
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 

t1ows 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 20m 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/l, 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 mgll, 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 
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from other springs in the canyon. The discharge to 
the river is estimated at less than 0.1 lis. The dis
charge from spring 2A is a sodium and bicarbonate 
water. The sulfates are about 7 mg/1., chlorides 2 
mg/.t, and TDS 270 mg/1.. 

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 21./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/1., chlorides 4 mg/1., and 
TDS are elevated at 500 mg/1.. 

1 0 

Canada Spring is located east of the Rio Grande in 
the channel of Canada Ancha. It is a seep area in 
tine-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//,, and TDS 298 mg//, 
(Table Ill. 

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, NO,, 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/l or above the 
standard of 5 pCi/l. This may be due to presence of 
mRa. 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 

I I 
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TABLE III 

GROSS ALPHA. GROSS BETA, AND 
TOTAL URANIUM IN WATER FROM SPRINGS 

(Analyeee in pCi/l ezcept •• noted) 

Group I 
Group II 
Group III 
Group IV 

La Mesita 
Ancha 
Spring2A 
Spring38 
Canada 

Group I 
Group II 
Group lii 
Group IV 

La Mesita 
Ancha 
Spring2A 
Spnng 38 
Canada 

Group I 
Group II 
Group III 
Group IV 

La Mesita 
Ancha 
Sprmg 2A 
Spring 38 
Canada 

"IJ.g/l. 

MiD 

<0.5 
<0.5 

0.9 

MiD 

1.1 
0.2 
1.8 

MiD 

<0.01 
<0.1 

2.2 

Maz 

2.4 
2.1 
1.0 

6.3 
8.0 
5.5 

13.0 
3.2 

Maz 

5.4 
3.6 
3.9 

7.0 
11.0 
4.5 

ll.O 
5.1 

Maz 

1.9 
1.3 
2.3 

14.0 
14.0 
8.0 

20.0 
3.7 

Gro .. _Alpba 
:1 • -
1.4 0.9 
0.9 0.6 
1.0 0.1 

GrOll Beta 
i • -
3.4 1.5 
2.6 1.1 
2.8 1.5 

Total U• 
i' I 

0.6 0.6 
0.5 0.6 
2.2 0.1 

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 'J!lg/l, chlorides 29 mg/t, nitrates 

60 mg/t, and TDS at 552 mg/1. (Table IT). Most 

chemical constituents are higher than found in 
natural waters of the region. 

Base flow in Pajarito Canyon is principally a 
cal~ium and bicarbonate-type water similar to that 
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disc~arging from springs in the Totavi Lentil (Table 
ll). Sulfates are about 6 mg/.t, chlorides about 5 
mg/l, 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 ll). Principal ions in 1979 were calcium 

and bicarbonate with sulfate concentrations of 4 
mg/.t, chlorides 3 mg/t, and TDS 138 mg/l (Table 
ll). 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., Cl, 

F, NO,, and TDS meet the drinking water standards 

with the exception of NO, in sanitary effluents in 

Mortandad Canyon. The NO, 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 SELECf CHEMICAL 

AND RADIONUCLIDE CONCENTRATIONS WITH DRINKING WATER STANDARDS 

mg/t Gros1 Total 
so. Ct F NO, 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 III 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. 
c~g//.. 

dPajarito, Ancho, and Frijoles stream. 
•Mortandad stream, sanitary effluent. 

mg/l 

I 00 80 60 40 20 0 

Co 

No 

MORTANOAO 

PAJARITO 

ANCHO 

FRIJOLES 

Fig. 5. 

200 400 

TOS 

600 

Graphic comparison of chemical character

istics of water from streams. 

TABLEV 

GROSS ALPHA, GROSS BETA, AND TOTAL U 

IN WATER FROM STREAMS 
(Analyses in pCVt except as noted) 

Gro11 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 
--------
•JJ,g/t. 

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 fronf 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 
ref1ects 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 
t1ow from Group I springs in the Totavi Lentil. The 
quality of water in Ancho Canyon. reflects mainly the 
base t1ow 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 
t1ow 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 , Cl, 
F. l\i03, 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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by 
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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, 90Sr, 137Cs, 238Pu, 239
•
240Pu, 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. 1
•
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 (TA) 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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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 10 m deep. The waste is placed in layers 1 to 

2 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 30m wide, 160m long, 

and a bout 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 
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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.' 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 Mem her 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 precipitation. 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 
10- 3 em/min, and the conductivity decreases rapidly 
with decreasing water content. 10 At a water content 
of 5% by volume, the hydraulic conductivity of the 
tuff is less than 10- 8 em/min, 10 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. 10 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 3 m, 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. 11 

Stream f1ow 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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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 dis9harged 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-
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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 publicationY 
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 mat the 

far (western) edge of the pit (Table 1). 

' I 
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Cross section of the mesa showing geologic units, pit 3, and the trace of core hole MH-4. 

Fig. 9. 

Cross section of the mesa showing geologic units, pit 3, and the trace of core hole MH-5. 

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. 13 

B. Radiochemical Analyses 

The core samples were analyzed for gross alpha, 

gross beta, 90Sr, 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 242Pu 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 

I I 



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) 

---------
•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 90Y 

daughter and any interfering radionuclides. Stable 

Y was added as a chemical carrier. After allowing 

the 90Y 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

·
240 Pu 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. 
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TABLE II 

NATURAL AND FALLOUT 

CONCENTRATIONS OF RADIOACTIVITY 

AND RADIONUCLIDES IN REGIONAL 
SOILS AND SEDIMENTS 

(Concentrations in pCi/g 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 
••pu <0.001 0.045 0.008 
eosr <0.01 10 0.25 

Total u• <0.1 5.1 1.8 

•/J.gjg. 

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 IP The 

natural uranium content of the tuff varies from unit 

to unit. 1
' 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, !J.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 1b 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 
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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 2u 

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 28'Pu as standard. 

and :~:l 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-l Am (Table VIII). Of the 43 samples, 

l:l were from the area adjacent to the pit and 30 were 

from the area tJnder 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 

:\1DL 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 2u 

Adjacent to Pit 
Unit2b 

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 

Unit 2a 
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 10Sr 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 Ill) 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 :J 
(concentrations in J.Lg/g) 

No. of 
Analyses Min Max X 2a 

Adjacent to Pit 
Unit 2b 

MH-1 9 4.4 ± 1.0 .1.0 ± 1.0 4.7 0.4 
MH-2 11 4.5 ± 1.0 5.0 ± 1.0 4.7 o.:l 
MH-:l 10 4.8 ± 1.0 .1.2 ± 1.0 4.9 o.:l 
MH-4 10 4.:~ ± 1.0 4.8 ± 1.0 4.6 0.4 
MH-5 16 4.5 ± 1.0 6.2 ± 1.2 4.9 0.8 

Unit 2a 
MH-1 2 4.7 ± 1.0 5.0 ± 1.0 4.8 0.4 

llnder Pit 
llnit 2b 

MH-2 9 4.1 ±0.8 5.4 ± 1.0 4.8 0.9 
MH-:l 9 4.5 ± 1.0 5.:l ± 1.0 4.7 O.G 
MH-4 4 4.7 ± 1.0 .1.5 ± 1.0 .1.0 0.7 
MH-G 2 5.0 ± 1.0 5.9 ± 1.2 !).4 I.:l 

Unit 2a 
MH-1 7 4.9 ± 1.0 .1.:l ± 1.0 !) . I 0.1 
MH-:l 5.1 ± 1.0 .1.1 1.0 
MH-4 7 4.!) ± 1.0 !J.:l ± 1.0 !J.O O.G 

llnit I b 
MH-1 10 6.7 ± 1.4 8.() ± 1.8 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 
useless any data on tritium content of the samples. 

The movement of tritium (as tritiated water 
vapor) from disposal pits and shafts has been 
documented. 18

•
17 The tritiated water is incorporated 

in the natural flow 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 
bulk 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 1 b. 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 
observed 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 
lb and 2a or 2b. Both decay chains contain 
numerous beta emitters, which would contribute to 

11 



' I 

TABLE VII 

CESIUM AND PLUTONIUM IN SAMPLES FROM CORE HOLES 

ADJACENT TO ANO UNDER PIT 3 
(concentrations in pCi/g) 

No. of 
Analyses Min Max X 2u 

117Cs 
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 

2aapu 
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 

Urider 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; 211Pu, 211Pu, 0.005 pCi/g. 



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 pCi/g) 

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 241Am 0.005 pCi/g; ' 0Sr, 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 
m·erlying 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. 
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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 p!:!rmeabilities 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, 241Am, 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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ABSTRACT 

In 1960 and 1961 a series of experiments involving high explosives and 
radioactive materials were conducted at Los Alamos, New Mexico, primar
ily to understand certain safety aspects of operational nuclear weapons. 
The experiments were conducted underground in large diameter holes as 
deep as 120 ft. The experiments were conducted in an area that was 
extensively studied in advance by the U.S. Geological Survey. The loca
tion was selected because it had geologic and hydrologic characteristics 
that assured complete containment of the experiments and precluded any 
possible contamination of groundwater. Important features verified by the 
USGS included the absence of any recharge and about 1200 feet of dry 
rock above the groundwater aquifer. 

Residual materials dispersed by detonation of the high explosives re
main at the bottom of the experimental holes. The materials of sig
nificance from an environmental standpoint include about 40 kg of plu
tonium, 93 kg of enriched uranium, at least 82 kg of depleted uranium, 13 
kg of beryllium, and an undetermined amount of lead. The area is 
presently Identified as a radioactive and hazardous material disposal area 
for purposes of compliance with Department of Energy and Environmental 
Protection Agency requirements. 

Environmental monitoring has been carried out regularly since the time 
of the experiments. Results of measurements confirm that there has been 
no contamination of groundwater. Minor surface soil contamination dat
ing from the time of the experimental operations has been detected in 
small surface drainages near the experimental area. None of the surface 
contamination has been measurable at Laboratory boundaries or points of 
public access on a state highway. Additional environmental studies will 
be conducted in the future under auspices of Department of Energy pro
grams designed to assure appropriate management of buried transuranic 
waste and full compliance with requirements of the Comprehensive Envi
ronmental Response, Compensation, and Liability Act. 



I. HISTORY AND BACKGROUND 

A. Hydronuclear Experiments 

Hydronuclear experiments were con

ducted underground at the Los Alamos Sci

entific Laboratory (LASL; the word "Scientific" 

was included in the name until 1980 when it 

was changed to "National"), Los Alamos, 

New Mexico, in 1960 - 1961. The experi

ments were conducted at Technical Area 49 

(T A-49), located on Frijoles Mesa in the 

southwest corner of the Laboratory (Fig. 1). 

The experiments, conducted at the direction 

of President Eisenhower, were primarily to 

answer fundamental questions regarding cer

tain safety aspects of four weapon systems 

that became operational In 1958. These ex

periments involved a combination of con

ventional (chemical) high explosives, usually 

in a nuclear weapon configuration, and fissile 

material whose quantity was reduced far be

low the amount required for a nuclear explo

sion. Between January 1960 and August 

1961, a total of 35 hydronuclear experiments 

and 9 related calibration, equation-of-state, 

and criticality experiments, all involving some 

fissile material, were conducted (Thorn 

1987). Other experiments Involving high ex

plosives and possibly some small amounts of 

radioactive tracers, but no flssHe materials, 

were conducted starting In October 1959 and 

extending through the same period. The 

aerial photograph on the cover of this report 

shows TA-49 In late 1959. 

B. Operations 

The experiments involving tissUe materials 

were conducted In 3- or 6-ft-diameter ex

perimental holes at depths of 31 to 108 ft. 

Some of the other experiments were con

ducted in holes as deep as 120 ft. Several 

such experimental holes were augered and 

prepared for use in sequence. The ex-
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perimental configuration was emplaced at 

the bottom of the hole, which was then 

stemmed (backfilled) with sand to contain 

the physical force of the high-explosive det

onation. As the experiment was detonated, 

measurements and samples were taken 

through access tubes or pipes. After com

pletion of measurements and sample collec

tion, the experimental holes were backfilled 

with additional sand and sealed with con

crete. Results of analyses were used to 

modify the next configuration in the series. 

The first series of nine hydronuclear experi

ments was conducted between January 12 

and February 11, 1960 (Thorn 1987). 

C. Materials left In Place 

All presently known remaining contami

nation at TA-49 Is described In the next three 

sections. 

1. Experimental Areas. Most materials 

were left In the experimental holes in which 

the experiments were conducted. The prin

cipal materials of interest from an en

vironmental standpoint include plutonium, 

uranium, beryllium, and lead. A total of 

about 40.1 kg of plutonium, 93 kg of en

riched uranium, at least 82 kg of depleted 

uranium, and 13 kg of beryllium were utilized. 

(No estimate of the amount of lead left from 

the experiments Is presently available but will 

be determined from detailed review of engi

neering drawings during followup studies de

scribed later in Section IV of this report.) A 

small amount of fission products Qess than 1 

millicurie) would also be present. 

Physical properties of the tuff and sand 

readily absorbed the energy of explosions 

and confined most of the materials within a 

maximum distance of 10 to 20 ft from the lo

cation of the experimental configuration. 

This confinement is indicated because in 

only one case was contamination from an 

__ ) 
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adjacent, previously used experimental hole 
encountered during drilling of a new experi
mental hole. The experimental holes were 
bored on 25-ft centers in 100-ft-square grid 
patterns in the four initial experimental areas 
(Areas 1, 2, 3, and 4) prepared at TA-49 (Fig. 
2). 

Other contaminated materials related to 
the experiments were also left in the experi
mental areas. One or more holes in each 
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Figure 2. Map of TA-49 showing experimental areas, core holes, deep test wells, and sediment 

sampling locations. 

experimental area were used to permit ex

pansion of gases passing through the sam

ple collection devices and probably contain 

some particulate contamination. Some of 

the holes were used to dispose of pipes and 

other equipment contaminated during the 

experiments. Steel boxes buried adjacent to 

the experimental holes were used to contain 

sample collection equipment and often be

came contaminated. These were filled with 

concrete and left in place. 

2. Surface Contamination. Some plu

tonium contamination was measured at the 

surface in experimental Area 2 in December 

1960 and was traced to cuttings from experi-
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mental hole 2-M drilled during October and 

November. Plutonium had apparently been 

dispersed through fractures in the tuff by 

detonation of an experiment in an adjacent 

experimental hole. All surface soil contami

nation measurable by standard procedures 

and instruments of the time was collected 

and placed back In experimental hole 2-M. 

The experimental hole was then filled with 

clean sand and capped with concrete. The 

entire surface of Area 2 was covered with 6 ft 

of compacted aggregate in January 1961 

and sealed with a 4- to 6-ln. -thick asphalt pad 

in September 1961. The asphalt pad can be 

seen in the upper right portion of the aerial 

photograph in Fig. 3, which was taken in 



Figure 3. Aerial photograph of TA-49 from 1965. Note asphalt pad covering experimental area 2 in 
upper right. 

1965. This inadvertent contamination inci
dent left some remaining trace amounts of 
pi utonium on the surface In the vicinity of T A-
49. After closure of the original 100-ft-square 
experimental Area 2, additional experimental 
holes were constructed to the west (Area 2A) 
and south (Area 28) as indicated in Fig. 2. 

3. Contaminated Structures. Structures 
located in Area 11 (Fig. 2) of TA-49 were 
used for radiochemistry. They were decon
taminated, demolished, and removed in 
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September of 1971. Close inspection of the 
aerial photograph in Fig. 4, which was taken 
in 1974, shows the absence of the structures 
in Area 11. Contaminated materials were 
packaged and transported to the Labo
ratory's radioactive waste disposal facility at 
TA-54. Uncontaminated materials and debris 
were buried in a landfill about 1 /2 mile 
northwest of the TA-49 experimental area. A 
contaminated subsurface drain field that 
served the radiochemistry facility was left in 



Figure 4. Aerial photograph of TA-49 (1974). Note absence of structures in experimental area 11 

in top center when compared was photograph in Figure 3 (1965). 

place and represents a source of near-sur

face contamination remaining in the TA-49 

vicinity. 

II. SITE SELECTION AND EVALUATION 

A. Reconnaissance Survey 

The Water Resources Division of the U.S. 

Geological Survey (USGS), in cooperation 

with the U.S. Atomic Energy Commission 

(AEC) and LASL, in 1947 began a series of 

6 

geologic studies and hydrologic investiga

tions related to developing a water supply for 

Los Alamos and disposing of low-level ra

dioactive liquid effluents. Because of this 

expertise. in January 1959, AEC and LASL 

requested the USGS make a preliminary 

study to locate a site for the hydronuclear 

experiments. The site was to be within the 

Laboratory at a distance from the Los 

Alamos townsite, have a flat area large 

enough to accommodate the experimental 

facilities, be able to contain the experiments, 

__ __,/ 
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and have geologic and hydrologic charac
teristics that would retain any residuals or 
contaminated materials from the experiments 
and preclude contamination of the water 
supply. 

The study identified Frijoles Mesa as a fa
vorable site. The mesa was relatively flat and 
large enough to accommodate the experi
mental facilities. The area was believed to 
have about 1200 ft of unsaturated tuff and 
sediments above the main aquifer. The mesa 
was not considered to be a source of 
recharge to the underlying aquifer. The 
mesa was selected as the site pending de
velopment of additional data related to the 
geology and hydrology. A detailed study 
was initiated by USGS in September 1959 at 
AEC's request. 

B. Detailed Hydrogeologic Investigation 

The USGS performed a detailed geologic 
and hydrologic investigation of Frijoles Mesa 
(TA-49). The field work began October 1959 
and the most intensive part was finished by 
mid-May 1960. 

The fundamental conclusion of the study 
was that "Recharge to the ground water from 
Frijoles Mesa is very small or nonexistent; 
thus no contaminants in solution are likely to 
be carried to the ground water beneath T A-
49" (Wier 1962). 

The hydrogeologic investigation of the 
mesa was focused on assuring containment 
of residual materials that would be left in the 
experimental holes. Three deep test wells 
ranging from 1409 to 1821 ft were drilled into 
the main aquifer of the Los Alamos area to 
determine thickness of the tuff and volcanic 
sediments and hydrologic characteristics of 
the aquifer. Deep test well DT-5A is located 
near the center of the four experimental ar
eas (Fig. 2). Wells DT-9 and DT-10 are lo
cated down the groundwater gradient to the 
east. In addition, four core holes ranging in 
depth from 300 to 500ft deep were drilled in 
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the centers of the four experimental areas to 
detail the geology and hydrologic character
istics of the tuff beneath the areas. These 
holes were cased and left in place for future 
monitoring. Surface geology of the area was 
mapped and correlated with subsurface ge
ology determined from logs of the test wells 
and core holes. 

Soil moisture studies were made in 23 
moisture access holes ranging from 1 0 to 49 
ft deep, which were drilled on the mesa sur
face. Soil thickness was measured and 
mapped. The holes were logged with a neu
tron probe to determine moisture content of 
the soil and tuff near the mesa surface. 

Data on soil and tuff characteristics were 
examined and mapped for a number of the 6-
ft holes drilled for the experiments. Data 
were also collected from two holes, one 
drilled 692 ft into the tuff and the other drilled 
968 ft deep through the tuff and into the top 
of the volcanic sediments. These two holes 
were later abandoned. Two 2-ft-diameter 
holes were drilled to a depth of about 189 ft. 
one on the mesa surface and the other in the 
adjacent canyon to the north. Both were 
completed in the tuff. None of the holes 
contained any perched water. Samples of 
tuff were collected for analyses of hydrologic 
properties (Wier 1962). 

The geologic studies documented that 
the Bandelier Tuff is about 930 ft thick in the 
vicinity of TA-49 (Fig. 5). It is composed of 
three members (Griggs 1964). The upper 
member, the Tshirege Member, is about 640 
ft thick composed of 6 units of nonwelded to 
welded ashflow tuffs (welded tuff exhibits 
higher density and cohesion) and a waterlaid 
sand between two ashflows (Fig. 6). The 
middle member, the Otowi Member, is com
posed of two nonwelded ashflows or ashfalls 
that are about 200 ft thick. The lower mem
ber, the Guaje Member, is an ashfall of 
pumice with a thickness of 90 ft. The vol
canics and volcanic sediments, the Puye 
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Figure 5. Geologic cross section through TA-49 from the Pajarito fault zone to the Rio Grande. 

Conglomerate and the Tschlcoma Forma

tion, underlying the tuff are about 600-ft thick. 

They are In turn underlain by siltstones and 

sandstones of the Tesuque Formation, which 

exceeds a thickness of 2300 ft in the area 

(Fig. 5). 
The three deep test wells indicated that 

the top of the main aquifer was at a depth of 

about 1170 ft near the center of the four ex

perimental areas. The test wells and other 

holes drilled in the area Indicated no perched 

water in the tuff or volcanics above the main 

aquifer in spite of the presence of potential 

perching beds. This absence of perched 

water indicates that no recharge to the main 

aquifer occurs through the plateau in the 

vicinity of TA-49. 

The direction of groundwater movement 

in the deep aquifer is to the east-southeast 

toward the Rio Grande where a part of the 

water is discharged into the river through 

seeps and springs (Fig. 7). The rate of 

movement of the water determined from 
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aquifer tests was estimated to be about 400 

ftjyr for the upper 400 ft of the aquifer (Wier 

1962). The aquifer tests indicated the aver

age specific capacity of 15 gpmjft of draw

down, an average field coefficient of per

meability of 83 gpdjtt2, and a transmissivity 

of 36,000 gpdjft (Wier 1962). 

As an additional benefit, these extensive 

hydrologic study data were utilized to de

velop an improved water supply for Los 

Alamos. The data resulted in siting and 

drilling high-yield (greater than 1000 gpm) 

water supply wells for the Laboratory and for 

the community on the Pajarito Plateau, 2 to 4 

miles northeast ofTA-49 (Purtymun 1969). In 

1986 these wells accounted for 56 percent of 

the total water production for Los Alamos. 

Hydrologic characteristics of the main 

aquifer on the Pajarito Plateau and at Frijoles 

Mesa were re-evaluated in 1984 using data 

from 5 water supply wells and 10 test holes. 

The rate of movement of water in the upper 

490 ft of the aquifer was calculated to be 

--~ 
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Figure 6. Ashflow units 4 and 6, and sand unit 5 of the Tshirege Member of the Bandelier Tuff at 
TA-49. Upper photograph shows outcrop one quarter mile northwest of Well DT-9; lower 
photograph shows units as penetrated by an Experimental Hole in T A-49 at about 60-foot depth. 
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Figure 7. Map showing generalized contours on top of main aquifer and annual rate of movement 

of groundwater in the vicinity of TA-49. 

about 345 ft/yr, which is simHar to the rate 

calculated in 1960. The water Is a sodium

bicarbonate type with total dissolved solids 

ranging from 124 to 142 mgfL 

A water-level recorder was operated from 

1960 to 1968 and from 1970 to 1982 on well 

DT-9. The record indicated that the main 

aquifer is very sensitive to atmospheric pres

sure changes, earth shocks (earthquakes), 

and probable earth tide effects (Purtymun 

1984). The water-level trends over a 22-year 

period indicate a general water-level decline 

from about 1 003 to 1 006 ft below the surface. 

10 

The decline indicates deficient recharge, with 

only one period (1971) of recharge exceed

ing the normal discharge of the aquifer 

through springs in White Rock Canyon. The 

major recharge area for the aquifer is the in

termountain basin formed by the Valles 

Caldera beyond the Sierra de los Valles, 

about 10 miles west of Frijoles Mesa 

(Purtymun 1984). 

Laboratory analyses of the tuff from the 

core holes indicated very complex hydro

logic properties. These properties depend 

strongly on the degree of welding of the tuff, __ ) 

i I 



which ranges from nonwelded to welded. 
The porosity of the tuff at Frijoles Mesa 
ranged from 19 to 54 percent by volume, 
specific retention ranged from 11 to 27 per
cent, and specific yield from about 1 to 43 
percent. The laboratory permeability ranged 
from less than 0.05 to 22 gpdjft2. The per
meability of the tuff is related to the degree of 
welding of the tuff because porosity is gov
erned by pore size and interconnection of 
pores. Lower permeabilities occur in welded 
tuffs and the larger permeabilities occur in 
the nonwelded tuffs. The striking charac
teristic of the tuff is its low moisture content. 
The tuff contains no free water; natural 
moisture content ranges from less than 4 to 
about 8 percent by volume. 

Tuff has the capacity to retain plutonium, 
thereby limiting its movement, even if water 
were present, by the chemical process of ion 
exchange. lon exchange capacity of the tuff 
was measured by both the USGS and LASL 
The USGS results indicated a range of 0.5 to 
about 4 meq/100 g. LASL results indicated a 
range of about 0.7 to 2.8 meq/100 g. Cal
culations based on an ion exchange capacity 
of 1 meq/100 g indicated 100 g of tuff could 
retain 60 mg of plutonium. Laboratory 
experiments confirmed retention of at least 1 
mg/100 g and suggested higher capacity but 
were terminated at that level. 

Soil cover on the mesa surface is com
posed of layers starting with a weathered 
zone of tuff and clay, then a pumice, and fi
nally an upper clayey soil zone. Measure
ments made with neutron moisture gaging 
equipment in the spring, summer, and fall of 
1960 indicated little if any movement of 
precipitation into the tuff underlying the soil 
cover (Abrahams 1961). Annual evapo
transpiration is greater than annual pre
cipitation. Natural moisture content of the 
tuff ranges from less than 4 to about 8 per
cent by volume, indicating that movement of 
water could occur only in the vapor phase by 
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diffusion. There Is insufficient moisture avail
able to move contaminants from the experi
mental holes toward the main aquifer. Data 
collected from Frijoles Mesa during drilling of 
experimental holes, test wells, surface and 
subsurface mapping, moisture monitoring of 
soil and tuff, as well as laboratory analyses of 
tuff, indicate the soil cover " .. .forms an al
most perfect seal over the mesa surface and 
the near-surface joints" rt'Jier 1962). The 
mesa is not a recharge area for the main 
aquifer (Abrahams 1961 and Cushman 1965). 

Ill. ENVIRONMENTAL SURVEILLANCE 
SINCE 1961 

A. U. S. Geological Survey Surveillance 
(1961-1970) 

From the time of the initial hydrogeologic 
study until about 1970, a joint cooperative 
effort between the USGS and LASL contin
ued to perform periodic monitoring of the 
conditions in the vicinity of TA-49. This in
cluded measuring water levels and sampling 
the water in the main aquifer by the three 
deep test wells in 1963, 1967, 1969, and 
1970. No changes in concentrations of natu
rally present radionuclides occurred and no 
plutonium was observed. 

Water from the main aquifer discharges 
from Ancho Springs and other springs in 
White Rock Canyon about 4 miles east of T A-
49 (Fig. 7). Water samples collected from 
Ancho Springs in 1961, 1962, 1963, 1965, 
and 1969 contained only background ra
dioactivity showing no effect of the ex
periments at TA-49. Sediment samples taken 
in 1965 from Water Canyon and Ancho 
Canyon drainages adjacent to TA-49 and 
several other stations downgradient toward 
the Rio Grande showed no indication of plu
tonium contamination. 



B. Los Alamos Surveillance (1971-1986) 

Environmental surveillance of the entire 

Laboratory environs has been conducted by 

the Laboratory's Environmental Surveillance 

Group and reported annually since 1971 in a 

series of publicly available reports. Some of 

the data pertinent to T A-49 have been docu

mented in these annual reports. Specifically, 

analyses of the main aquifer water samples 

from the deep test wells and springs have 

been reported regularly. Results for surface 

water and sediment samples at the Labora

tory boundaries have been reported. Air

borne radioactivity at a station near T A-49 

has been reported. No data have shown any 

indication of contamination of the main 

aquifer or any offsite transport of plutonium 

contamination from T A-49 by surface water 

or airborne transport. The supplementary 

onsite monitoring and special studies in the 

immediate vicinity of T A-49 have been doc

umented in a series of periodic internal 

memorandum reports. 

C. Surface Conditions 

Many radionuclides have an affinity for 

fine clay and silt particles in soil or sedi

ments. These fine clay and silt particles with 

attached radionuclides are subject to trans

port with storm runoff. Sediment sampling 

stations were established downgradient from 

T A-49 in Water Canyon (the drainage area in

cludes the north side of experimental Areas 1 

and 2; Fig. 2) at State Road 4 (SR-4), and at 

the Rio Grande (Fig. 8). Other stations are 

located in Ancho Canyon (the drainage area 

includes the east and south portions of 

experimental Areas 3 and 4) at SR-4 and at 

the Rio Grande. There have been no data 

from measurements of radionuclides in sam

ples from these stations that can be at

tributed to the hydronuclear experiments at 

T A-49. Data from these stations have been 

reported in the annual environmental 

surveillance report under sections on 
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Perimeter and Onsite Sediment Stations 

(Environmental Surveillance Group 1986, 

1987). 
Eleven sediment stations were estab

lished in the immediate vicinity of TA-49 dur

ing 1975 in natural drainages from the four 

experimental areas (Areas 1, 2, 3, and 4; Fig. 

2) and in three canyons downgradient from 

the experimental areas. A twelfth sediment 

station was added in 1981 as the drainage in 

the area was modified (Fig. 2). Sediments 

are typically collected in late fall after spring 

and summer runoff. The data collected an

nually indicate that only three onsite stations 

exhibit plutonium in excess of worldwide fall

out. These stations are downgradient from 

and drain Area 11, the former site of the 

chemistry building (removed 1971), and the 

area adjacent to Area 2 where some surface 

plutonium contamination occurred during the 

experiments conducted in 1960. 

Station A3 (Fig. 2) has shown the highest 

concentrations. The plutonium-239 concen

trations for 12 analyses between 1975 and 

1986 have ranged from 0.01 to 17 pCijg with 

a mean of 3.5 pCijg and standard deviation 

of 5.2 pCi/g. The plutonium-239 concentra

tion in the 1986 sample was 10.7 pCijg. Re

sults over the past 12 years at the stations 

have shown no particular trend. 

Background or fallout concentrations of 

plutonium on sediments in northern New 

Mexico are about 0.01 pCijg (Environmental 

Surveillance Group 1986). The Environ

mental Protection Agency proposed screen

ing level, to assure meeting proposed dose 

limits to the public for exposure to trans

uranic contamination over a large area, is 

about 15 pCi/g (USEPA 1977). Plutonium at

tached to sediments transported by storm 

runoff into Water or Ancho canyons is dis

persed over a large area resulting in concen

trations indistinguishable from background. 

Beryllium analyses were first made in 

1985. Surface runoff samples in 1985 from 

Water Canyon at SR-4 had levels less than 

detection limits for both water (50 mg/L) and ___ ) 
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Figure 8. Sediment sampling stations in Water and Ancho Canyons, deep test wells at TA-49, and 
springs in White Rock Canyon. 

suspended sediments (10 mg/L) (Environ
mental Surveillance Group 1986). Measure
ments of sediment samples from both Water 
and Ancho Canyons at SR-4 in 1986 also 
showed beryllium concentrations to be less 
than the limit of detection (Environmental 
Surveillance Group 1987). 

The supplementary monitoring and spe
cial studies at TA-49 have been documented 
in a series of periodic internal memorandum 
reports. 

D. Surveillance of the Main Aquifer 

The three deep test wells described ear
lier were drilled from the surface of Frijoles 
Mesa into the main aquifer of the Los Alamos 
Area (Fig. 2). These test wells and the 
springs along White Rock Canyon of the Rio 
Grande are sampled to monitor water quality 
in the main aquifer. Pumps were temporarily 
installed in the test wells to perform aquifer 
tests in 1960. Water samples were collected 
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at that time to establish background water 
quality. The pumps were removed upon 
completion of the tests. After 1960, water 
samples were bailed from the wells until 
permanent pumps were installed to facilitate 
and permit more frequent sampling. A pump 
was installed in well DT -SA in 1970 and one 
was installed in well DT-10 in 1978. Test well 
DT-9 is scheduled to receive a pump in 1987. 

There has been no significant change in 
the chemical or radiochemical water quality 
parameters measured since the first samples 
were collected from the wells in 1960. All 
measurements are consistent with expecta
tions for natural variation. Neither has there 
been any significant change in measure
ments of the water from the springs since the 
first samples were collected in 1964. The 
water samples from the wells and springs 
show no effects of the hydronuclear experi
ments at T A-49. These data have been 



reported in the annual environmental surveil

lance report under sections on Onsite Moni

toring and White Rock Canyon (Environ

mental Surveillance Group 1986, 1987). 

E. Maintenance and Special Studies 

In March 1975 the asphalt pad over ex

perimental hole 2-M in Area 2 was found 

collapsed leaving an opening in the asphalt 

and underlying clay and gravel about 8 ft 

long, 6ft wide, and 3ft deep. In September 

1976, the opening was filled with a rock and 

clay mixture, compacted, sealed with as

phalt, and the entire asphalt pad above Area 

2 was repaved. 
Before being repaired, the opening in the 

pad apparently allowed water to move into 

experimental hole 2-M and through the frac

tures into the adjacent core hole 2 (USGS 

CH-2). The 500-ft-deep, 4-1 /2-in.-diameter 

core hole had been drilled with mud in 1959 

and was cased to the bottom with 2-in.-di

ameter galvanized pipe including a 20-ft 

slotted section at the bottom. About 50 ft of 

water was observed in the bottom of the hole 

in February and December of 1975. Unfil

tered samples of water bailed in October 

1977 and August 1978 contained 1. 7 to 3.1 

pCi/L of plutonium-239. In April and May 

1979 and April through June 1980 the 

amount of water standing in the core hole 

was measured several times to be about 150 

ft. The water, about 24 gat.., was removed 

from the cased hole by bailing in June 1980. 

Three filtered samples of the bailed water 

contained a maximum plutonium-239 con

centration of 5.5 pCifL and the suspended 

sediment contained a maximum of 0.7 pCifg. 

{These concentrations are small compared 

with guidance issued by the Department of 

Energy [DOE] for controlled areas of 100,000 

pCi/L [US Department of Energy 1981]). 

This indicated water had moved plutonium 

from the experimental hole into the core 

hole. After the core hole was bailed dry, it 
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did not yield any additional water. It has re

mained dry through April 1986, the time of 

the last inspection. 
Concern related to the presence of water 

in the core hole resulted in initiating a special 

hydrologic investigation in the spring of 1980 

to locate the source of the water, determine 

whether it resulted from infiltration through 

the broken asphalt above experimental hole 

2-M, or whether water was moving into the 

tuff beneath the experimental area on a 

larger scale. This investigation focused on 

the upper 50 to 78 ft of the tuff at Area 2 and 

the sand unit that separates the two ash 

flows of moderately welded tuff units (Fig. 6). 

The sand unit is located at depths ranging 

from 70 to 80 ft and is up to 2 ft in thickness. 

The widespread sand unit is quite permeable 

and could transmit water to the core hole if 

sufficient water was available. 

For the first part of the investigation, five 

4-in.-diameter holes were augered to a depth 

of 123 ft, about 50 to 60 ft away from the 

edges of Areas 2, 2A, and 28, to determine if 

the sand unit could be conducting water into 

the three experimental areas. These holes 

penetrated an upper moderately welded 

ashflow unit, the sand unit, and the un

derlying moderately welded unit. Cuttings 

from the holes were monitored for plutonium 

and the moisture contents were determined. 

The holes were also logged with the moisture 

neutron equipment. The sand and tuff pene

trated by the auger holes contained no plu

tonium. The moisture of the cuttings and tuff 

determined in the laboratory and by the neu

tron logging indicated normal moisture con

centrations ranging from less than 4 to 8 

percent by volume. The data collected from 

the holes indicated that there was no 

recharge moving into the tuff beneath the 

three experimental areas nor was there any 

movement through the areas. 

The second part of the investigation ad

dressed six experimental holes that remained 

__ ) 
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unused In Areas 2A and 28 when the ex
periments of 1959-61 ended. Because of 
concern for safety, these experimental holes 
had been filled with sand in 1963. Thus there 
was a possibility that these sand-filled experi
mental holes were pathways for water from 
precipitation or run-off to enter core hole 2 in 
Area 2. Moisture access tubes were installed 
in the sand of three of these experimental 
holes and penetrated into the underlying tuff 
where possible. Moisture contents of the 
sand and tuff were determined with neutron 
moisture logging equipment. The moisture 
content of the sand in the unused experi
mental holes showed unsaturated conditions 
and therefore could not contribute to the 
presence of water in the core hole. 

The conclusion from both parts of the 
special investigation was that the water in the 
core hole came through the depression 
formed by the collapse of asphalt above ex
perimental hole 2-M. Apparently the water 
that was present was confined to the imme
diate vicinity of the core hole because of the 
seal formed by the mud used during the 
drilling. However, to limit any future possibil
ity of infiltration, the integrity of the unused 
experimental holes in Areas 2A and 28 was 

improved by removing the upper 2 to 3 ft of 
sand and capping them with concrete in Au
gust 1981. 

The La Mesa Fire in June 1977 burned 
across Frijoles Mesa and TA-49. The asphalt 
pad on Area 2 was not damaged. Some re
maining buildings, structures, and cable 
ways from the 1959-61 experimental era and 
subsequent unrelated activities at TA-49 were 
damaged or destroyed. In 1984 special 
funding permitted cleanup of surface debris 
at T A-49. Debris was removed to a landfill pit 
at the western end of the mesa and covered 
with crushed tuff. Additional fill (clay and 
gravel) was placed over Areas 1 and 4. 
Cracks in the asphalt pad of Area 2 were 
sealed. Surface drainage of the area was 
improved. 
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IV. APPLICABLE ENVIRONMENTAL REG
ULATIONS AND DOE REQUIREMENTS 

Federal regulations promulgated pur

suant to the Resource Conservation and Re
covery Act (RCRA) and the Comprehensive 
Environmental Response, Compensation, 
and Liability Act (CERCLA) impose require
ments for some actions in relation to T A-49. 
A number of DOE Orders also require certain 
environmental monitoring, waste manage
ment, and evaluation studies. The following 
sections describe recent and planned future 
actions and programs responsive to the vari
ous requirements. 

A. Designation as Hazardous Waste Site 
Under RCRA (Section 3016) 

In accord with requirements of RCRA and 
DOE Order 5480.2, Hazardous and Radio
active Mixed Waste Management, the Lab
oratory Identified TA-49 to DOE as a haz
ardous waste site for reporting to EPA in 
January 1986 as part of the biannual Federal 
Facility Hazardous Waste Activities Inven
tory. The four experimental areas have been 
collectively designated as Material Disposal 
Area AB. The information on Material Dis
posal Area AB reported to the EPA is pre
sented in Appendix A. This information will 
be used by the EPA to maintain the required 
lists of Federal Hazardous Waste Activities. 
As new information is developed by the 
planned studies described in the subsequent 
sections, it will be incorporated in the bian
nual updates required by Section 3016 of 

RCRA. 

B. Required Future Action Under CERCLA 

In accord with the requirements of CER

CLA and DOE Order 5480.14 CERCLA Pro
gram, TA-49 is being studied under the DOE 



Albuquerque Operations Office Compre

hensive Environmental Assessment and Re

sponse Program (CEARP). As part of the 

Phase 1 CEARP evaluation, TA-49 was eval

uated for potential migration of contaminants 

by the EPA Hazard Ranking System (HAS) 

for chemical contaminants and the DOE's 

modification (mHRS) of that system for 

evaluation of radioactive contaminants. The 

overall migration mode scores were derived 

to be 6. 7 based on the beryllium and 5.3 

based on the plutonium. The HRSjmHRS 

scoring forms are reproduced as Appendix 

B. These scores reflect relatively low po

tentials for migration of contaminants. Facili

ties evaluated by the EPA must have scores 

of 28.5 or higher to be considered for in

clusion on the National Priorities List. The 

site will receive additional field study under 

Phase 2 of CEARP. This will lead to an eval

uation of risk that will form the basis for a de

cision on what, if any, remedial measures 

should be recommended for T A-49. The in

formation provided to EPA as required by 

RCRA for the Federal Hazardous Waste Ac

tivities Inventory probably will be placed on 

the Federal Facility Docket required by the 

Superfund Amendments and Reauthorization 

Act of 1986 (SARA). 

C. Routine Environmental Monitoring 

The routine monitoring of groundwater in 

the main aquifer, surface water run-off, and 

sediments as described earlier in Section 

111.8 of this report will be continued as part of 

the annual environmental surveillance pro

gram carried out by the Environmental 

Surveillance Group. These results will con

tinue to be reported in the annual environ

mental surveillance reports (Environmental 

Surveillance Group 1986, 1987b). This mon

itoring satisfies the requirements of DOE Or

ders 5480.1, Environmental Protection, 

Safety, and Health Protection Programs, and 
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5484.1, Environmental Protection, Safety, 

and Health Protection Information Reporting 

Requirements. Supplementary onsite moni

toring results will be included in periodic re

ports prepared for the Interim Waste Man

agement Program or CEARP as appropriate. 

D. DOE Radioactive Waste Area Mon

itoring 

The Laboratory's Health, Safety, and Envi

ronment (HSE) Division conducts a continu

ing environmental surveillance program 

sponsored by the Interim Waste Manage

ment Program of DOE's Office of Defense 

Waste and Transportation Management. 

This program provides supplementary 

monitoring for the radioactive waste disposal 

areas within the Laboratory boundaries 

meeting the requirements of DOE Order 

5480.2, Radioactive Waste Management 

(Environmental Science Group 1987). This 

cooperative effort among the Environmental 

Science, Environmental Surveillance, and 

Health and Environmental Chemistry Groups 

has an established program schedule 

whereby each designated waste area re

ceives an intensive characterization at 5-year 

intervals and routine monitoring during other 

years. Designated Waste Disposal Area AB 

at TA-49 will be included in this program 

starting in 1987. 

E. CEARP Remedial Investigation 

Preliminary, summary information on T A-

49 will be included in the CEARP Phase 1, In

stallation Assessment, document for Los 

Alamos, which is expected to be released in 

1987. A detailed plan for field investigation of 

T A-49 will be prepared during 1987 under the 

auspices of the CEARP. This will result in a 

CEARP Phase 2, Confirmation, Site-Specific 

Monitoring Plan (US Department of Energy 

1986). The Site-Specific Monitoring Plan will 

__ ) 
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include detailed evaluation of all known 

existing data. This evaluation will be the ba

sis for developing a detailed sampling plan 

that will meet all the guidelines required by 

DOE under its applicable programs (in

cluding the Defense Buried TRU Waste 

program described in the following section) 

and those required by EPA for a Remedial 

Investigation under CERCLA. The Site-Spe

cific Sampling Plan will be made available to 

the EPA and appropriate New Mexico agen

cies for information and review. 

F. DOE Defense Burled TRU Waste 

Evaluation 

Under the Defense Buried Transuranic 

(TRU) Waste Management Program, wastes 

resulting from defense programs with con

centrations of transuranic elements greater 

than 100 nCI/g receive special attention. A 

significant portion of the contaminated sand 

and tuff at the bottoms of the experimental 

holes is presumed to have concentrations of 

plutonium exceeding this criterion. A crude 

estimate of the maximum volume of material 

meeting or exceeding the TRU criterion can 

be calculated by assuming the plutonium is 

distributed uniformly through an approxi

mately 100 m3 spherical volume (diameter 

between 5 and 6 m) at the bottom of each of 

44 experimental holes for a total volume of 

about 4400 m3. The approximately 2890 

curies (total alpha activity in 40.1 kg of 

weapons grade plutonium assuming 0.072 

Ci/g) would be distributed at an average 

level of 0.65 Ci/m3 throughout the 4400 m3. 

Using an average density of about 1.5 gjcm3 

for tuff, leads to a concentration estimate of 

about 430 nCi/g. 

A similar crude estimate of the total vol

ume of contaminated material that might 

have to be removed to get all the TRU waste 

can also be made. Assuming uniform distri

bution of the plutonium throughout rectan

gular solids having the same area as the 
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experimental hole grid patterns and a thick

ness of 5 m results in an estimated volume of 

about 36,000 m3. This volume would have 

an average concentration of about 50 nCifg. 

The Los Alamos National Laboratory 

(LANL) is presently preparing a Site Long

Range Plan (SLAP) for buried TRU waste. 

This plan will be part of a nationwide DOE 

program to provide a description of the ap

proach, resources, and schedules to ensure 

uniform, coordinated CERCLA response at 

all DOE buried TRU waste sites. At LANL this 

will be accomplished largely by addressing 

all buried TRU waste sites in coordination 

with the CEARP, described in the previous 

section. T A-49 is on the list of designated 

buried TRU waste disposal areas at Los 

Alamos. It will be evaluated along with the 

other buried TRU waste disposal areas at Los 

Alamos for risk and possible remedial action 

from a consistent basis. 
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A. 

APPENDIX A 
INVENTORY OF FEDERAL AGENCY HAZARDOUS WASTE ACTIVITIES 

RESPONSIBLE FEDERAL AGENCY: 

1. 

2. 

3. 

4. 

Responsible Field 
Organization 

Address: 

DOE Site Contact: 

Phone Number: 

u.s. Department of Energy 
1000 Independence Avenue sw 
Washington, DC 20585 

DOE - Los Alamos Area Office 

Los Alamos, N.M. 87545 
(Street, City, State, Zip) 

Harold E. Valencia 

(505) 667-5105 843-5105 
(Commercial) (FTS) 

B. INSTALLATION/SITE LOCATION 

c. 

1. Installation name: Los Alamos National Lab <LANLl 

2. Federal Facility ID Number (GSA No.): ~NH~0~8~9~0~0~1~0~5~1~5 ______________ __ 

3. Address: P.O. Box 1663. Los Alamos. N.M. 87545 
(Street, City, County, State, Zip Code) 

4. Number of sites on this installation:~ ~0~------------------------

5. Site name and/or site number: Material Disposal Area AB 

6. Address: Same as B.3. above 
(Street, City, County) 

7. Coordinates: ll0~li' Q~l" 
(For a rural site 

HAZARDOUS WASTE MANAG~NT STATUS 

1. 0 c 

Storage: Containers I I I I 

Tanks I I I I 

Surface I I I I 
impoundments 

Waste Piles I I I I 
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(State, Zip Code) 

lQ§0 U' Ol~" 
with no street address) 

Date closed 



Treatment:Tanks 

Surface 
impoundments 

Incinerators 

Other 
(describe) 

Disposal: Landfill 

Land Treatment 

surface 
impoundment 

Underground I 
Injection Wells 

Waste Piles 

o = Operating c = Closed 

Installation ~LA~N~L~--------------

Site Area AB 

0 c 

lXI Prior to 1980 

If the above space is not sufficient, or if the site has one or 
more operating or closed units in any technique, provide the 
necessary information in an attachment labelled Attachment c and 
enter "Attachment C" in the space provided for each technique. 

2. Is Attachment C included with the inventory? Yes I I No I I 

3. Indicate if any of the following forms were submitted for 
this site and, if so, the date of the original submittal: 

RCRA S3010 Notification 

RCRA Part A 

RCRA Part B 

RCRA Closure Plan 

Yes No 
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lXI 

lXI 

lXI 

lXI 

Date Submitted 

, I 



Installation ~LA~N~L~--------------

Site Area AB 

RCRA S3019 Exposure Assessment 

CERCLA S103 Notification 

lXI 

lXI 

4. If a RCRA Part B was submitted, what is 

Permit Issued I I Permit Denied I I 

5. If a closure plan was submitted, what is 

Closure Approved I I Closure Denied I 

its current status? 

No Final Action 

its current status? 

I No Final Action 

6. If the closure plan was approved, has closure been certified? 

Yes I I No I I 

7. If the site is no longer used for hazardous waste management, 
what other activities are currently carried on at the site? 
(e.g., pasture, building site, park}: 

B. Is this a RCRA site, a CERCLA site, or both? 

I I 

I I 

RCRA I I CERCLA I X I Both I I 

D. WASTE TYPE 

1 

2 

3 

4 

5 

1. 

Waste Estimated Amt. 
Code Handled FYB5 

(Amtjunit of 
measure) 

Unit(s) 
Involved 
(Form At
tachment C) 

21 

6 

7 

8 

9 

10 

Waste Estimated Amt. 
Code Handled FYB5 

(Amt/unit of 
measure) 

Unit(s) 
Involved 
(Form At
tachment C) 



Installation ~LA~N~L~------------
Site Area AB 

Submit, as Attachment D, the following information: summarize the results of all waste analyses in tabular form, including the presence and approximate concentration ranges of measured hazardous constituents. See the guidance to this form for additional instructions. 

If the above additional waste analysis information was submitted previously in a form indicated in C-3, indicate the kind of submittal, the date of the submittal and the location of this information in that submittal. Label this information "Attachment D." If any previously submitted information must be updated, update that information in Attachment D. 

2. Is Attachment D included with the inventory? Yes lXI 
E. ENVIRONMENTAL CONTAMINATION 

1. Has this site had releases to the environment? Yes I I 
2. If yes, indicate in which media the release(s) occurred: 

No I I 

No lXI 

Air I I surface Water 1 Groundwater I I Subsurface Gas I I 
3. If yes, when did the release(s) occur: 
4. If yes, type and concentration of wastes or waste constituents involved in the release(s): 

5. If yes, give the extent of the release(s) in terms of the lateral extent of release, environmental impact of the release, and any other information necessary for EPA to assess the extent of the release: 

If the above space is not sufficient to answer each question, submit the necessary information in an attachment labeled Attachment E. If the information was submitted previously in a form indicated in C-3, indicate in Attachment E the kind of submittal, the date of the submittal and the location of the information in that submittal. If the previously submitted information needs to be updated, update that information in Attachment E. 
6. Is Attachment E included with the inventory? Yes I I 
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Installation .LA~N~L~-------------

Site Area~A~B~-------------------

F. ENVIRONMENTAL MONITORING DATA 

1. Does this site have environmental monitoring data? 

Yes lXI 

2. What statistical and analytical methods were used to analyze 
the data? Monitoring is for materials not regulated under RCRA. 

3. How was the data obtained (~, grab sample, etc.)? 

No I I 

Groundwater Cbailingl ; surface and drilled sample~s~·----------------------

4. When was it obtained: 1960 - present 

5. If the site is a land disposal site and it does not have environ
mental monitoring data, why not? 

If the above space is not sufficient to answer each question, submit 
the necessary information in an attachment labelled Attachment F. 
If the information was submitted previously in a form indicated in 
C-3, indicate in Attachment F the kind of submittal, the date of the 
submittal and the location of the information in that submittal. If the 
previously submitted information needs to be updated, update that 
information in Attachment F. 

6. Is Attachment F included with the inventory? Yes I I 

G. RESPONSE ACTIONS 

1. Have response actions been undertaken for this site? 

2. Have response actions been studied for this site? 

3. Are these actions part of a CERCLA effort? 

4. What kind of actions are already underway: 

Yes I I 

Yes I I 

Yes I I 

No I I 

No I I 

No I I 

No I I 

Study I I PA/SI I I RIFS I I Remedial Investigation I I 

Remedial Action 1 1 Removal I I 
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Installation .LA~N~L~--

Site Area~A~B~---------If the above space is not sufficient to answer each question, submit the necessary information in an attachment labelled Attachment G. If the information was submitted previously in a form indicated in C-3, indicate in Attachment G the kind of submittal, the date of the submittal, and the location of the information in that submittal. If the previously submitted information needs to be updated, update that information in Attachment G. 

5. Is Attachment G included with the inventory? Yes I I No I XI H. FOR DISPOSAL SITES ONLY 
1. Describe the hydroqeoloqy of the site: The main aquifer is 1200 ft below the site with an eastward flow of an average flow rate of 0.3 

2. Indicate the location of withdrawal wells and surface water within one mile of the site: There is intermittent streamflow in Water canyon located about 2000 ft north of the site. 
If the above space is not sufficient to answer each question, submit the necessary information in an attachment labelled Attachment H. If the information was submitted previously in a form indicated in c-3, indicate in Attachment H the kind of submittal, the date of the submittal, and the location of the information in that submittal. 
If the previously submitted information needs to be updated, update that information in Attachment H. 
3. Is Attachment H included with the inventory? Yes I I No lXI 
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N 
(11 

Area AB 

EPA Hazardous waste 
Number Code (from 
40 CFR 261.21-.33) 

P015 

ATTACHMENT D 

Type of Analyses Used to Identify This Waste 
(Example: Analysis of waste stream directly, 
analysis of landfill leachate or other environ
mental monitoring result, analysis of surface 
impoundaent contents, etc.) 

Analysis of material at disposal time. 

Installation: =LA==N=L~---- Site: 

Principal 
Constituents 

Minimum 
Concentration 

(mgjl) 

Maximum 
Concentration 

(mg/1) 



APPENDIX B 
HAZARD RANKING SYSTEM/MODIFIED HAZARD RANKING SYSTEM (HRS/mHRS) 

HRS/mHRS SUMMARY COVER SHEET 

SITE NAME: Area AI, TA·49 LOTUS FILE NAME: 

(AFTER KEYING IN SITE NAME, PRESS "ALT" & "A" KEYS SIHULTANE(lJSLY) 

FIELD OFFICE: Los Alamos Area Office. u.s. Department of Energy 

EPA REGION: Region VI-Dallas 

PERSON($) IN CHARGE OF SITE: Harold Valencia, Area Manager 

u.s. Department of Energy 

NAME OF REVIEWER: J. Lynn Scholl DATE: February 17, 1987 

GENERAL DESCRIPTION OF THE FACILITY: 

(For ex~mPle: landfill, surface impoundment, pile, container; types of hazardous substances; location of the facility; contamination route of major concern; types of information needed for rating; agency.action, etc.) 
The main concern at this area fa beryllium, lead, high exploaivea, and radioactive material in shafts. 

CHEMICAL RADIOACTIVE MAXIMUM SCORES: .............. ........... 

Sm• 6.67 5.26 6.67 

Sgw • 11.53 9.11 11.53 
Ssw • 0.00 0.00 0.00 
sa • 0.00 o.oo 0.00 

Sfe " 0.00 0.00 0.00 

Sdc "' 0.00 0.00 0.00 
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GROUND WATER ROUTE WORKSHEET Site: Aree AI, TA·49 

·····VALUE····· SEL MULTI· MAX. REF. 
RATING FACTOR ·····RANGE····· VAL PLI ER SCORE SCORE SEC. REFERENCES FOR EACH ASSIGNED SCORE 

1. OBSERVED RELEASE 0 45 0 0 45 
If Observed Release is Given a Score of 45, Proceed to Line 4 
If Observed Release is Given a Score of 0, Proceed to Line 2 

2. ROUTE CHARACTERISTICS 
A. Depth to Aquifer of 0 2 3 

Concern 
B. Net Precipitation 0 1 2 3 
c. Permeability of the 0 1 2 3 

Unsaturated Zone 
0. Physical State 0 1 2 3 

TOTAL ROUTE CHARACTERISTICS SCORE 

3. CONTAINMENT 0 1 2 3 

4. WASTE CHARACTERISTICS 

Chemical 
A. Toxicity/Peraiatence 0 3 6 9 12 15 1a 
a. Haurdous Waate 0 1 2 3 4 5 

Qu.ntity 6 7 8 

Radioactive 
A. Meximu. Observed 0 1 l 7 11 15 

21 26 
a. MaximuM Potential 0 1 3 7 11 15 

21 26 

TOTAL WASTE CHARACTERISTICS SCORE 
CHEMICAL 

RADIOACTIVE 
5. TARGETS 

A. Ground Weter Uae 
8. Distance to Neerest 

Well/Populetlon 
Served 

0 1 2 3 
o 4 6 a 10 
12 16 1a 20 
24 30 32 35 40 

TOTAL TARGETS SCORE 
6. CALCULATION 

If Line 1 Ia 45, Multiply 1 x 4 x 5 
If Line 1 ia 0, Multiply 2 ll 3 X 4 X 5 

0 

0 
2 

2 

3 

1a 

0 

15 

3 
20 

2 

3 

CHEMICAL 
RADIOACTIVE 

7. NORMAL I ZA Tl 011 
Divide Line 6 by 57330 end Multiply by 100 

0 6 

0 3 
2 3 

2 3 

4 15 

3 3 

1a 1a 
a 

0 26 

15 

19 
15 

9 
20 

29 

26 

26 
26 

9 
40 

49 

6612 57330 
5220 57330 

CHEMICAL Saw • 11.53 100.00 
RADIOACTIVE Saw • 9.11 100.00 

MAXIIUI Saw • 11.53 100.00 
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3.1 No observed release. 

3.2 
Depth to top of aquifer approx. 1200 ft CLA·9957·MS, 
fig. 4; ENG·R 5277/6) 
20 in. total annual precip.; 46 in. total evap. 
(40 CFR 300, App.A, figs. 4, 5) 
Measurements range from 2E·5 to 5E·4 CLA·8962·MS, p.21l 
Powder. 

3.3 No liners. 

3.4 

3.5 

Berylltun, lead, high explosives. 
Quentlty assumed to be less then forty drum.. 

PlutoniUII, ureniun, -rich•. 

Dlitence to neerest supply well less then three miles. 
Population served greeter than 10000. (LA·9957·MS, 
figs. 5, 10; LA·10n1·ENV, p.13; ENG·R 92) 

NOTE: NE me- Not Evelu.ted. 



SURFACE WATER ROUTE WORKSHEET Site: Area AB, TA·49 

RATING FACTOR 
· · · · ·VALUE····· SEL MUL Tl· 
·····RANGE····· VAL PLIER SCORE 

MAX. REF. 
SCORE SEC. REFERENCES FOR EACH ASSIGNED SCORE 

1. OBSERVED RELEASE 0 45 45 45 45 4.1 Observed release. (WOP 1983) If Observed Release is Given a Value of 45, Proceed to Line 4 If Observed Release is Given a Value of 0, Proceed to Line 2 

2. ROUTE CHARACTERISTICS 

3. 

4. 

A. Facility Slope and 0 1 2 3 NE 
Intervening Terrain 

8. 1·yr. 24·hr. Rainfall 0 1 2 3 NE 
c. Distance to Nearest 0 1 2 3 NE 

Surface Water 
D. Physical State 0 1 2 3 NE 

TOTAL ROUTE CHARACTERISTICS SCORE 

CONTAINMENT 0 1 2 3 

WASTE CHARACTERISTICS 
Chetnical 
A. Toxicity/Persistence 0 3 6 9 12 15 
8. Hazardous Waste 

Quantity 

Radioactive 
A. Maximum Observed 

8. Maximum Potential 

0 1 2 3 4 5 
6 7 8 

0 1 3 7 11 15 
21 26 
0 1 3 7 11 15 
21 26 

NE 

18 

TOTAL WASTE CHARACTERISTICS SCORE 
CHEMICAL 

RAD I CACTI VE 
5. TARGETS 

A. Surface Water use 0 1 2 3 
B. Distance to Sensitive 0 1 2 3 

Envirorment 
c. Population Served/ 0 4 6 8 10 

Distance to Water 12 16 18 20 
Intake Downstre.. 24 30 32 35 40 

TOTAL TARGETS SCOIE 
6. CALCULATION 

If Line 1 is 45, Multiply 1 X 4 X 5 
If Line 1 is 0, Multiply 2 X 3 X 4 X 5 

1 
2 

18 

0 

3 

0 3 
0 2 

0 

CHEMICAL 
RAD I OACT I VE 

7. NORMAL! ZA T I 011 
Divide Line 6 by 64350 and Multiply by 100 

NE 

NE 

NE 

NE 

CHEMICAL Ssw • 
RADIOACTIVE Ssw • 

MAXIIUII Ssw • 

ERR 

ERR 

18 
1 

0 

3 

19 
3 

0 

0 

0 

0 

0 
0 

3 

3 
6 

3 

15 

3 

18 
8 

26 

26 

26 
26 

9 

6 

40 

55 

64350 

0.00 100.00 
0.00 100.00 
0.00 100.00 
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4.2 

4.3 

4.4 

4.5 

Berylliu., lead, high explosives. 
Assune quantity less than forty dr\.1111. 

Plutonium, uranium, am.ricium. 

No surface weter use within three miles. 
No sensitive environments within one mile. 

No surface water intake within three miles. 

NOTE: NE meena Not Evaluated. 



AIR ROUTE WORK SHEET Site: Area AB, TA·49 

·····VALUE····· SEL MULTI· MAX. REF. 
RATING FACTOR ·····RANGE····· VAL PLIER SCORE SCORE SEC. REFERENCES FOR EACH ASSIGNED SCORE 

1. OBSERVED RELEASE 0 45 0 0 45 5.1 No observed release. 
Date and Location: 
Sa~l i ng Protocol: 
If Line 1 is 0, the Sa = 0. Enter on Line 5 
If Line 1 is 45, Then Proceed to Line 2. 

2. WASTE CHARACTERISTICS 
Chemical 
A. Reactivity and 

Inc~tibi l i ty 
B. To>ticity 
C. Hazardous waste 

Quantity 

Radioactive 

0 2 3 

0 1 2 3 
0 1 2 3 4 5 

6 7 8 

0 2 5 8 12 16 20 

TOTAL WASTE CHARACTERISTICS SCORE 
CHEMICAL 

RAD I OACTI V£ 
3. TARGETS 

A. Population Within 0 9 12 15 18 
4-Mile Radius 21 24 27 30 

B. Distance to Sensi· 0 1 2 3 
tive Environment 

c. Land Use 0 1 2 3 

TOTAL TARGETS SCORE 

4. CALCULATION 
Multiply 1 "2 "3 

0 

0 3 
0 

0 

0 

0 2 

0 

CHEMICAL 
RAO I OACTI VE 

5. NORMALIZATION 
Divide Line 4 by 35100 and Multiply by 100 

CHEMICAL Sa • 
RADIOACTIV£ Sa • 

IWCIIUI Sa a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

9 

8 

20 

20 
20 

30 

6 

3 

39 

0 35100 
0 35100 

0.00 100.00 
0.00 100.00 
0.00 100.00 

5.2 

SIMWIT CALQJLATII;* OF TOTAL MIGRATION SCORE 

Ground Water Route 
Surface Water Route 
Air Route 
Sl.lll of Squarn 
Square Root of SUI 

TOTAL MIGRATION SCORE 

(Sgw) 
(SSW) 
(Sa) 

(Sill) 

CHEMICAL RADIOACTIVE 

11.53 
0.00 
0.00 

133.02 
11.53 

6.67 

29 

9.11 
0.00 
0.00 

82.90 
9.11 

5.26 

NOTE: NE ~~eens Not Evaluated. 

Square Root of Sun Divided by 1. 73 



DIRECT CONTACT WORKSHEET Site: Area AB, TA·49 

·····VALUE····· SEL MULTI· MAX. REF. RATING FACTOR ·····RANGE····· VAL PLIER SCORE SCORE SEC. 

1. OBSERVED INCIDENT 0 45 0 0 45 If Observed Incident is Given a Score of 45, Proceed to Line 4 If Observed Incident is Given a Score of 0, Proceed to Line 2 

2. ACCESSIBILITY 

3. CONTAINMENT 

4. ~ASTE CHARACTERISTICS 

Chemical Toxicity 

Radioactive 

5. TARGETS 
A. Population ~ithin a 

1·Mi le Radius 
B. Distance to a 

Critical Habitat 

0 1 2 3 

0 

0 2 3 

0 1 2 4 6 
9 12 15 

0 2 3 4 5 

0 1 2 3 

TOTAL TARGETS SCORE 

6. CALCULATION 

15 

If Line 1 is 45, Multiply 1 X 4 x 5 

0 

0 

0 

0 

0 4 

0 4 

If Line 1 is 0, Multiply 2 X 3 X 4 X 5 

7. NORMALIZATION 

CHEMICAL 
RAD I CACTI VE 

Divide Line 6 by 21600 and Multiply by 100 
CHEMICAL Sdc • 

RADIOACTIVE Sdc • 
MAXI MUM Sdc • 

0 3 

0 15 

0 15 

0 15 

0 20 

0 12 

0 32 

0 21600 
0 21600 

o.oo 100.00 
0.00 100.00 
0.00 100.00 

30 

8.1 

8.2 

8.3 

8.4 

8.5 

REFERENCES FOR EACH ASSIGNED SCORE 

NOTE: NE means Not Evaluated. 



FIRE AND EXPLOSION WORKSHEET Site: Area AB, TA·49 

·····VALUE····· SEL I'UL Tl· MAX. REF. 
RATING FACTOR ·····RANGE····· VAL PLIER SCORE SCORE SEC. REFERENCES FOR EACH ASSIGNED SCORE 

............................... .................. ························-·····-························ 
1. OBSERVED RELEASE 3 0 0 3 7.1 

2. WASTE CHARACTERISTICS 7.2 
A. Direct Evidence 0 3 0 0 3 
B. lgnitability 0 1 2 3 0 0 3 
c. Reactivity 0 2 3 0 0 3 
D. I ncompat i bi l i ty 0 1 2 3 0 0 3 

E. Waste Quantity 

Chemical 0 1 2 3 4 0 0 8 
5 6 7 8 

Radioactive 0 1 2 3 5 6 8 0 0 8 

TOTAL WASTE CHARACTERISTICS SCORE 
CHEMICAL 0 20 

RADIOACTIVE 0 20 

3. TARGETS 7.3 
A. Distance to Nearest 0 1 2 3 4 5 0 0 5 

Population 
B. Distance to Nearest 0 2 3 0 0 3 

Bui ldir19 
c. Distance to Sensi· 0 1 2 3 0 0 3 

tive Environment 
D. Land Use 0 1 2 3 0 0 3 
E. Population Within 0 2 3 4 5 0 0 5 

2·Mile Radius 
F. Buildings Within 0 1 2 3 4 5 0 0 5 

2·Mile Radius 

TOTAL TARGETS SCORE 0 24 

4. CALCULATION 
Multiply 1 X 2 X 3 

CHEMICAL 0 1440 
RADIOACTIVE 0 1440 

5. NORMALIZATION 
Divide line 4 bv 1440 8nd Multiply bv 100 

CHEMICAL Sfe • 0.00 100.00 NOTE: NE means Not Evaluated. 

RADIOACTIVE Sfe • 0.00 100.00 
MAXIMUM Sfa • 0.00 100.00 

31 
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WATER SUPPLY AT LOS ALAMOS: CURRENT STATUS OF WELLS 
AND FUTURE WATER SUPPLY 

by 

W. D. Purtymun and A. K. Stoker 

ABSTRACT 

The municipal and industrial use of groundwater at the Los Alamos National Lab
oratory and Los Alamos County was about 1.5 billion gallons during 1986. From a total of 
19 wells that range in age from 5 to 41 years, the water was pumped from 3 well fields. The 
life expectancy of a well in the area ranges from 30 to 50 years, dependent on the well 
construction and rate of corrosion of the casing and screen. Twelve of the wells are more 
than 30-years old and, of these, four cannot be used for production, three because of well 
damage (LA-1, LA-4, and G-3) and one (LA-6) because the quality of water is not suitable 
for use. Eight (LA-2, LA-3, LA-5, G-1, G-2, G-4, G-5, and G-6) of the twelve oldest wells 
are likely to be unsuitable for use in the next 10 years because of well deterioration and 
failure. The remaining 7 wells include 2 (LA-1B, G-1A) that are likely to fail in the next 
20 years. Five of the younger wells in the Pajarito well field are in good condition and 
should serve for another two or three decades. 

The program of maintenance and rehabilitation of pumps and wells has extended 
production capabilities for short periods of time. Pumps may be effectively repaired or 
replaced; however, rehabilitation of the well is only a short-term correction to increase the 
yield before it starts to decline again. The two main factors that prevent successful well 
rehabilitation are: (1) chemicals precipitated in the gravel pack and screen restrict or re
duce the entrance of water to the well, which reduces the yield of the well, and (2) the 
screen and casing become corroded to a point of losing structural strength and sub
sequent failure allows the gravel pack and formation sand to enter the well. Both factors 
are due to long-term use and result in extensive damage to the pump and reduce the depth 
of the well, which in turn causes the yield to decline. Once such well damage occurs, 
rehabilitation is unlikely to be successful and the ultimate result is loss of the well. Two 
wells (LA-4 and G-3) were lost in 1987 because of such damage. 

It is essential to implement a program to replace wells that have failed or will fail in the 
next 10 years to ensure a continued and reliable water supply. Any change in operation of 
the Laboratory or county that will require additional water adds to the urgency to develop 
a system of new wells. Rehabilitation of the older wells will not ensure a continued or 
reliable supply, or meet additional demands for water. This report presents the history of 
the wells and well fields, briefly describes the geology and hydrology of the area, includes a 
section on production and production capacity, and outlines development of additional 
water supply. 
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I. INTRODUCTION 

A. Background 

The Los Alamos National Laboratory and 
the communities of Los Alamos and White Rock 
are supplied by water pumped from deep wells in 
three well fields located in Los Alamos Canyon, 
Guaje Canyon, and on the Pajarito Plateau. 
These wells produce water from the main aquifer 
of the Los Alamos area that lies at depths varying 
from several hundred to more than a thousand 
feet below the mesa tops. The main aquifer is the 
only aquifer in the area that is capable of munici
pal and industrial water supply. 

Water moves eastward through the aquifer 
from the major recharge area in the Valle 
Caldera, several miles west of Los Alamos, to
ward the Rio Grande, where a part is discharged 
into the river through seeps and springs. The up
per surface of the main aquifer slopes gently 
downward through the lower part of the Puye 
Conglomerate beneath the central and western 
parts of the plateau and then through the Tesuque 
Formation down to the Rio Grande at the eastern 
margin of the plateau. The main aquifer is under 
water table conditions beneath the western and 
central part of the Pajarito Plateau; along the 
eastern margin and near the Rio Grande it is un
der artesian conditions. 

This groundwater resource was developed as 
a result of the decision to make Los Alamos a 
permanent research facility after World War II. 
Water supply through the World War II period 
had been from surface water sources. During the 
winter of 1945-1946 surface water supply failed 
and for several weeks water had to be hauled 
from the Rio Grande. The U.S. Geological Sur
vey began investigations in 1946 to develop a reli
able water supply. 

Studies were first made in the Valle Caldera, 
Valle Grande, and Valle Toledo, west of Los 
Alamos. The plan was to develop wells and 
transmission lines over the mountains to Los 
Alamos. The completion of test holes and aquifer 
tests indicated a potential water resource; how
ever, the surface water and groundwater in the 
area were connected and pumping of the wells re
duced stream flow. Fully appropriated surface 
water rights in the drainage area precluded use of 
the resource for water supply. 
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At the same time, additional studies were 
conducted north of Otowi along the Rio Grande 
and in the lower part of Los Alamos Canyon. 
These studies indicated that a water supply could 
be developed in lower Los Alamos Canyon. 

The original six wells in the Los Alamos field 
were drilled and completed from 1946-1948. An 
additional well was completed in 1960. Water 
from the Los Alamos field is lifted vertically about 
1,800 ft through four booster stations into storage 
to serve both Laboratory and community areas. 

Water usage at the Laboratory and the 
community during the late 1940s continued to in
crease, and to meet this increased need, five wells 
were completed in 1950 and 1951 to form the 
Guaje Canyon field. Two wells were added to the 
field to replace declining yield of older wells in 
1954 and 1965. Water from the Guaje field is 
lifted vertically about 1,500 ft through four 
booster stations into storage, mainly serving the 
northernmost community areas. 

The Pajarito field consisting of five wells was 
developed from 1965-1982 to supply increased de
mand for water and to supplement the declining 
production from the wells in the Los Alamos and 
Guaje well fields. There are three booster sta
tions that can lift water to White Rock or the 
Laboratory and the townsite area. 

A small amount of the original surface water 
sources are still used for water supply. In 1986 
this amounted to about 4% of the total production 
or about 28 x 106 gal. 

The wells in the three well fields range in age 
from 5 to 41 years. Declining production from 
deteriorating wells in the Los Alamos and Guaje 
fields in the past few years has become significant. 
Recent attempts to rehabilitate older wells to re
store production have failed and focus concern on 
the need for a comprehensive plan to ensure a re
liable water supply for the long term. The pur
pose of this report is to review and evaluate the 
condition of the wells and well fields as to their 
reliability to meet future water demands. A ra
tionale for constructing new wells is based on 
these conclusions and understanding of the geo
hydrology of the area. 

B. Geology and Hydrology 

The geology and hydrology of the wells and 
well fields have been presented in detail in 



another report (Purtymun 1984a). A summary of 
the major geologic and hydrologic features is in
cluded through a series of figures appearing in 
that report. These figures will provide informa
tion for discussions of the wells and well fields in 
this report and can be referenced as a basis for 
understanding the geohydrology. Fundamental 
geologic and hydrologic data were compiled from 
observations and measurements from supply 
wells, stock wells, and test holes completed in the 
main aquifer or springs that discharge from the 
main aquifer (Fig. 1). The geologic data were 

WIOO 0 EIOO E200 

N300 

N200 

NIOO 

0 

5100 

5200 

5300 

used to prepare a diagrammatic section of 
geologic units (Fig. 2) and a geologic section 
showing the stratigraphy and structure from the 
Sierra de los Valles across the Pajarito Plateau to 
the Rio Grande (Fig. 3). The section shows the 
top of the main aquifer and its relation to the ge
ologic units. The depth to water in the main 
aquifer was used to determine and map the sur
face of the main aquifer essential to defining the 
hydrologic gradient of the groundwater (Fig. 4). 
Interpretations of aquifer tests performed in the 
supply wells and test holes provided the basis for 

E300 E400 E500 

e SUPPLY WELL 

' STOCK WELL 
o TEST HOLE 

O..SPRING 

E600 

Figure 1. Location of supply, test, and stock wells completed or spring discharging from the main aquifer. 

3 



~ .. 

G 5 

EXPLANATION 

rrm BANDELIER TUFF 

~ PUYE CONGLOMERATE 

~ BASAL TIC ROCK OF 
1.!..!...!.:!J CHINO MESA 

L--::=J TSCH I COMA 
L::...:..:J FORMAT ION 

r;:-;"1 TESUQUE 
~FORMATION 

r;:-7A1 BASALT IN TESUQUE 
l..!...!...J FORMATION 

2 I 0 

Oft 

0 

00 

APPROXIMATE SCALE 

Tsf 

2mile 

LOCATION OF LINES OF SECTION 

Figure 2. Diagrammatic section of geologic units in the Los Alamos area. 

defining the hydrologic characteristics of the main 
aquifer (Fig. 5). The movement of water in the 
aquifer was inferred by combining the gradient 
and the hydrologic characteristics of the aquifer. 
Movement is basically perpendicular to the water 
surface contours, generally to the east and south
east toward the Rio Grande with estimated rates 
of flow in the aquifer ranging from about 20 to 
about 350 ft/yr (Fig. 6). Periodic water level data 
were used to determine trends of water level de
clines in wells or test holes completed in the main 
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aquifer (Fig. 7). Water-level declines related to 
production are used for comparison of production 
per ft of water-level decline in the Los Alamos 
and Guaje fields and wells PM-1, PM-2, and PM-
3 of the Pajarito field (Fig. 8). The basic chemical 
quality and graphic depiction of principal chemi
cal quality parameters determined by analysis of 
samples from supply wells, test holes, stock wells, 
and springs shows basic similarity throughout the 
main aquifer (Figs. 9 and 10). 
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FtgUre 4. Generalized contours on the surface of the main aquifer. 

C. Data Sources 

The data presented in this report have been 
collected from a number of published and un
published reports, unpublished notebooks, and 
operating records. Reports include the "Summary 
of Los Alamos Municipal Well Field Character
istics, 1947-1971" (Purtymun 1972) and the series 
of annual water supply reports covering the years 
1972-1987 (Purtymun 1972a-1987). Other reports 
included Theis (1962), Cushman (1965, 1975), 
Purtymun (1977), and Purtymun (1984a). Well-
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field development and well locations were de
scribed in two reports from the U.S. Geological 
Survey (Purtymun 1965, 1969). A description of 
early developments of the Los Alamos and Guaje 
well fields is found in Griggs (1964) and Black 
(1951). Some data were taken from planning re
ports (Herkenhoff 1974; Keiser 1984). Measuring 
points of the various wells and well conditions 
were taken from an unpublished notebook from 
the U.S. Geological Survey. Notes and data col
lected during well rehabilitation or testing of the 
wells were reviewed. Notes and video tapes taken 
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Figure 5. Hydrologic characteristics of the main aquifer. 

while video logs were run in a number of wells 
provided details on well conditions. Some well 
data, mainly the depth setting of pumps, came 
from unpublished records of the Pan Am Utility 
Division. 

II. WELL CONSTRUcriON AND REHABIL
ITATION 

for their construction. Much of the present un
derstanding of well deterioration comes from ob
servations related to well rehabilitation efforts 
over the years. This section provides summary 
descriptions of well construction techniques and 
rehabilitation as background to understanding 
subsequent discussions of individual well histories. 

Some of the important and unique charac
teristics of particular wells or groups of wells are 
directly dependent on the original techniques used 

A. Well Construction 

Three basic methods of well construction 
have been employed for the water production 
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Ftgore 6. Rate of movement of water in the main aquifer. 

wells. They generally correspond to specific time 
periods and reflect some evolution of un
derstanding of the most effective methods for the 
local geohydrologic conditions. 

Basic data on the construction of individual 
wells are presented in Table 1. This includes the 
year of completion, the total drilled depth of the 
pilot hole, the depth to which casing was installed, 
and the total length of screen or perforated casing 
installed. Additional information includes the 
most recent measurement of the depth to which 
sand has filled the well and the length of screen or 

8 

perforations that remain uncovered. Additional 
detailed data on the individual well casing and 
screen parameters are summarized in Table 2. 

Wells lA-1, -2, and -3 were constructed by 
drilling 16- or 19-in.-diameter holes. Geophysical 
logs were used to determine the depths of the 
most permeable zones of the aquifer. Sections of 
12-in.-diameter screen were set opposite the per
meable zones alternating with 10-in. slotted casing 
between the screen sections. The wells were 
gravel packed. 
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Wells LA-4, -5, and -6 in the Los Alamos 
field and wells G-1, -2, -3, -4, and -5 were started 
with a 20-in.-diameter surface casing (blank cas
ing used to shut out shallow water) set and ce
mented in a 22-in.-diameter hole to a depth suffi
cient to seal out surface and near surface ground
water. Then an 11-1/2-in.-diameter pilot hole was 
drilled to the total depth of the well. It was 
reamed to 19-in.-diameter to the total depth of 
the pilot hole or a depth including the most per
meable section of the aquifer. Selected depths 
opposite the most permeable zones in the aquifer 

were determined from geophysical logs. The in
tervals including these zones were underreamed 
to 27-in.-diameter and well screen sections placed 
opposite those zones. Blank casing is in the inter
vening zones. The wells were packed by pumping 
gravel through a drop line between the annulus of 
the hole and the casing or screen. This resulted in 
different thicknesses of the gravel pack in the well 
and is now believed to be poor design in well 
construction. The gravel pack will not settle and 
clean up during development because the gravel 
pack will separate in the sections of blank casing 
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Figure 8. Water-level declines related to production from well fields and supply wells. 

between sections of screen. Video logs of wells 
where several louvers were missing show that no 
gravel pack remains between the screen and hole 
wall. There was no apparent movement of gravel 
from the upper part of the well pack in the surface 
casing. 

The casing in these Los Alamos and Guaje 
wells is reduced from 12-in.- to 10-in.-diameter at 
depths well below the pump intake setting (Table 
2). The 12-in.-diameter casing is necessary to al
low setting of the line shaft turbine pump. Expe
rience has shown that the intake to the pump 
should be set in blank casing. If the pump intake 
is set in the screen, the backwash from the pump, 
when it is shut off, will cause cavitation in the 
gravel pack, resulting in gravel pack separation in 
the screen opposite the pump intake. Formation 

Well l.A-1B was constructed in essentially 
the same fashion with two exceptions: the entire 
depth to be cased was reamed to 27-in.-diameter, 
and perforated casing was used instead of well 
screen. 
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Figure 9. Chemical quality of water from springs, supply, test, and stock wells. 

sand and gravel from the gravel pack will enter 
the well when the pump is restarted. 

Well G-6 and all the wells in the Pajarito 
field were constructed by starting with a large di
ameter surface string cemented to keep out sur
face water. Then a 9-1/2-in.- or 11-1/2-in.-diam
eter pilot hole was drilled to total depth. Geo
physical logs indicating permeable sections of the 
aquifer were used to determine completion depth 
of the well. The well was then reamed uniformly 
to completion depth to a diameter of 27-in. or 29-
in. The well was cased with blank pipe to a depth 

of about 100ft below the estimated pump setting. 
Continuous well screen was set extending to the 
bottom of the well. The casing and screen are 
uniform diameter for the entire depth, depending 
on the well, 12-, 14-, or 16-in.-diameter from top 
to bottom. The uniform thickness of gravel pack 
and the continuous screen in the lower part of the 
hole allowed better development of the wells and 
allows the gravel pack to move readily to fill voids. 
Separation of the gravel pack is less likely with 
this type of construction. 
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Well G-6 and all the wells in the Pajarito 
field are constructed with a 5 ft length of blank 
casing welded to the bottom of the screen. The 
end of the pipe is welded closed with a steel plate. 
At least 30 ft of sediments and scale should be left 
in the well to prevent the sand pump or bailer 
from damaging or separating the casing by 
bumping the steel plate. 
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B. Well Deterioration and Rehabilitation 

Well yields decline over a period of time for 
various reasons. Chemical precipitation, espe
cially calcium carbonate, in the gravel pack and 
screen tend to restrict the entrance of water into 
the well. The calcium carbonate formation in the 
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l.>l 

Depth of 
Coqlletion Pi lot Hole 

Year (ft) 

Los Alamos Field 
Well LA-1 1946 1001 

LA-18 1960 2256 
LA-2 1946 882 
LA-3 1947 910 
LA-4 1948 2019 
LA-S 1948 2024 
LA-6 1948 2030 

Guaje Field 
Well G-1 1950 2002 

G·1A 1954 2071 
G-2 1951 2006 
G-3 1951 1997 
G-4 1951 2002 
G-5 1951 1997 
G·6 1964 2005 

Pajarito Field 
Well PM-1 1965 2501 

PM-2 1965 2600 
PM-3 1966 2552 
PM-4 1981 2920 
PM-5 1982 3120 

Note: Numbers in parentheses indicate year of measurement. 

Table 1. 

Cased 
Depth 
(ft) --

870 
1750 
870 
870 

1964 
1750 
1710 

2000 
1519 
1970 
1792 
1930 
1840 
1530 

2499 
2300 
2552 
2875 
3093 

Well Construction 

Length of Length of Percentage of 
Screen or Depth Screen or Screen or 

Perforation Open Perf oration Perforation 
(ft) (ft) Open (ft) Open <X> 

805 598 (60) 538 (60) 67 
591 1655 (83) 576 (83) 97 
760 878 (62) 568 (63) 75 
760 816 (83) 701 (83) 92 
400 1907 (88) 378 (87) 95 
400 1954 (62) 400 ((12) 100 
400 1200 (76) 210 (76) 53 

490 1750 (62) 420 (62) 86 
563 1500 (73) 553 (73) 98 
425 1707 (81) 385 (81) 91 
400 1238 (88) 280 (87) 70 
360 1172 (81) 180 (81) so 
400 703 (86) 100 (86) 25 
825 1480 (79) 790 (79) 96 

1549 2479 (73) 1534 (73) 99 
1291 2280 (87) 1276 (87) 99 
1591 2552 (66) 1591 (66) 100 
1594 2875 (81) 1594 (81) 100 
1632 3093 (82) 1532 (82) 100 
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Table 2 • Well Casing and Screen 

Deeth to 
P~ Intake Top of Bottom of Location of 

Setting Upper Screen Lowest Screen P~ Intake 
Casing and Screen Diameter (ft) (ft) (ft) Setting 

Los Alamos Field 
Well LA-1 12-in. to 465, alternate 1D" and 12" to 87D -- 6D 865 

LA-1B 12-in. to 650 ft; 10-in. to 1750 ft 360 326 1694 Blank 
LA-2 12-in. to 495, alternate 10" and 12" to 870 380 105 865 Screen 
LA-3 12-in. to 445, alternate 10" and 1211 to 870 340 105 865 Screen 
LA-4 12-in. to 754 ft; 10-in. to 1965 ft 460 754 1964 Blank 
LA-5 12-in. to 580 ft; 10-in. to 1750 ft 500 440 1746 Blank 
LA-6 12-in. to 600 ft; 10-in to 1790 ft 300 420 1778 Blank 

Guaje Field 
Well G-1 12-in. to 490 ft; 10-in. to 2000 ft 465 490 1980 Blank 

G-1A 12-in. to 663 ft; 10-in. to 1519 ft 496 563 1513 Screen 
G-2 12-in. to 600 ft; 10-in. to 1970 ft 500 425 1960 Blank 
G-3 12-in. to 695 ft; 10-in. to 1792 ft 500 400 1785 Blank 
G-4 12-in. to 720 ft; 10-in. to 1930 ft 610 360 1925 Blank 
G-5 12-in. to 739 ft; 10-in. to 1840 ft 600 400 1830 Blank 
G-6 12-in. to 1530 ft 710 825 1525 Blank 

Pajarito Field 
Well PM-1 12-in. to 2499 ft 900 945 2494 Blank 

PM-2 14-in. to 2300 ft 950 1004 2295 Blank 
PM-3 14-in. to 2552 ft 830 956 2547 Blank 
PM-4 16-in. to 2875 ft 1150 1260 2854 Blank 
PM-5 16-in. to 3093 ft 1384 1440 3072 Blank 

Note: Screen or perforated sections in wells in Los Alamos and Guaje fields (except G-6) are located at select depth intervals opposite 
permeable section of the aquifer; wells in the Pajarito field and well G-6 contain screen through the aquifer. 



gravel pack and screen is probably enhanced be
cause of the pressure drop as the water enters the 
well. Sand moving into and lingering in the gravel 
pack also restricts the movement of water into the 
well. In some wells sand is carried through the 
gravel pack into the pump. This tends to wear the 
pump out. Other sand pulled through the gravel 
pack falls to the bottom of the well covering 
screens that reduce the amount of water entering 
the well. Some restoration of yield in older wells 
can be accomplished by rehabilitation. 

Three methods of well rehabilitation have 
been used at Los Alamos to try to improve the 
yield of the older wells. These methods are: (1) 
brushing and swabbing the casing and screen to 
remove scale and to rework the gravel pack, (2) 
using a sand pump to remove scale and sand cov
ering screen at the bottom of the wei~ and (3) an 
underwater explosive detonation technique in 
screened sections to remove scale and work the 
gravel pack, combined with sand pump removal of 
scale and sand, from the bottom of the well. 

The working of the well with a brush and 
using the brush as a swab to create pressure dif
ferences to pull sand through the gravel pack in a 
screen section has been used on most of the wells. 
The brush dislodges chemical precipitate scale 
that has accumulated on the interior of the well 
screen and casing. This type of rehabilitation is 
followed by use of a sand pump to remove the 
sand and scale from the bottom of the well. In 
some cases a sand pump alone may be used to 
produce some swabbing effect and remove accu
mulations from the well. In general these simple 
rehabilitation measures increase the yield from 
the well for a short time and then the yield again 
declines. However, these methods can also cause 
additional deterioration of performance by physi
cally damaging the well screens, especially in 
older wells. Older wells are more susceptible to 
damage because of corrosion weakening the 
screens. The use of a heavy wire brush in one of 
the older wells (IA-4) apparently damaged the 
screen, breaking out louvers in the screen, so that 
the sand entrance into the well could not be con
trolled. 

A proprietary technique employing small ex
plosive charges detonated in screened sections to 
break loose and remove scale and work or loosen 
up the gravel pack was employed in 1987 in one of 
the older wells (G-3, completed in 1951). 

The overall effect on the well was adverse as a 
number of louvers were broken from the screen 
by the detonations. Additional louvers were 
broken by subsequent use of a sand pump to 
remove sand and scale from the bottom of the 
well. The broken screen permits significant 
amounts of formation sand and gravel pack to 
enter the well, restricting yield and precluding 
further use in the water supply system. 

However, this experience provided some of 
the most revealing information on the possible 
condition of many of the oldest wells in the Guaje 
and Los Alamos well fields. A small bucket was 
suspended below each section of explosive 
charges. The bucket caught some of the louvers 
broken from the screen as well as the scale, sand, 
and some of the gravel pack from the screen. The 
condition of the louvers indicated that the sections 
were almost completely rusted through, showing 
little or no competent metal remaining. The lou
vers were essentially cemented in place only by 
the chemical precipitates. The louvers were en
crusted and cemented with the gravel, also indi
cating that the gravel pack itself is probably par
tially cemented by the formation of calcium car
bonate in the gravel pack. Because of the exten
sive metal corrosion, use of acid to remove cal
cium carbonate deposits will probably result in 
complete failure of the screen and casing. The 
casing and screen in the older wells have been so 
weakened by rusting and corrosion that severe 
well damage is likely to result from any further 
attempts at rehabilitation. 

Damaged screen and casing can sometimes 
be repaired by running a liner through the dam
aged section. This was done on well G-4 in 1976. 
The liner was set below the reduction of the cas
ing from 12-in. to 10-in. As the well continued to 
produce sand with the pumpage, the liner lost its 
effectiveness within a short time. 

Rehabilitation efforts of these older wells are 
only a short-term correction of well problems. 
The yields can be increased for only short periods 
of time before the yields continue their declines. 
The weakening of the well screens by corrosion 
and rust precludes any further rehabilitation in 
most of the wells in the Los Alamos and Guaje 
fields. Deterioration of casing and screen that 
allows sand to enter the well results in excessive 
wear on the pump, thus shortening the life of the 
pump. 
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III. HISTORIES OF THE WELL FIELDS 

A. General Production and Performance Data 

The total use of water for the Laboratory 
and the community increased by 230 x 106 gal. in 
1976. Water use in 1977 declined to about 1500 x 
106 ~al. and has varied since 1977 from about 1450 
X 10 gal. in 1979 to 1625 X 106 gal. in 1985 (Fig. 
11). The decline in 1977 was attributed largely to 
a rate increase for water used in the community. 
A trend line projection of future water demands 
was made in 1985 based on water use data from 
1977 through 1985. The projection suggested an 
annual increase of about 17 x 106 gal. The 1986 
production fell below the projected production by 
about 105 x 106 gal. (Fig. 1) (Purtymun 1987). 

The cumulative contribution to water pro
duction for each well through 1986 and cumula
tive totals for each well field are presented in 
Table 3. The annual production from each well 
field is charted in Fig. 12. Since the mid-1960s, 
production from the Los Alamos and Guaje fields 
has generally declined, while production from the 
Pajarito field has increased. Production from the 
Los Alamos field has decreased most rapidly in 
the last several years because of well deterioration 
and because it has the largest energy cost. 

Changes in performance characteristics of 
individual wells give an indication of well condi
tion and the degree of deterioration that has oc
curred with time. Data on pumping rates and 

specific capacities were presented for each well at 
the time it was completed and in 1986 (Table 4). 
The pumping rate is influenced by several factors 
including the proportion of the well screen that is 
open, the well's specific capacity, the aquifer 
drawdown, and the need to throttle the well be
cause of snagging. The pumping rate, in turn, 
strongly influences the cost of producing water 
from a given well. The specific capacity is often 
an important indicator of well deterioration. It is 
an indicator of the pressure difference needed to 
move water from the aquifer into the well and is 
influenced by the amount of chemical precipi
tation and cementation in the gravel pack and the 
well screen. 

The condition of the aquifer in the vicinity of 
each well is indicated by the change in non
pumping water levels presented in Table 5. These 
values indicate the ability of the aquifer to recover 
from pumpage and suggest the amount of water 
that has been "mined" from the vicinity of each 
well. 

Particularly significant data will be high
lighted ia subsequent discussions of individual 
well histories. 

B. History of the Los Alamos Well Field 

The Los Alamos field is the oldest well field 
consisting of seven wells (Fig. 1). In 1986, the 
field produced 179 x 106 gal. or about 12% of 
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Figure 11. Water production 1947 to 1986 and projected demand 1986 to 1990 
(Purtymun 1987). 



Table 3. Production 1947-1986 and 1986 

1947-1986 1986 
PumJ'age Percent of PumJ'age Percent of 
X 10 gal 

Los Alamos Field 
Well l.A-1 154 

l.A-1B 2,1% 
l.A-2 1,484 
l.A-3 1,745 
l.A-4 3,777 
l.A-5 3,290 
l.A-6 2,884 

Total 15,530 

Guaje Field 
Well G-1 2,630 

G-lA 3,380 
G-2 2,770 
G-3 2,183 
G-4 1,350 
G-5 3,082 
G-6 1,300 

Total 16,695 

Pajarito Field 
Well PM-1 1,941 

PM-2 6,330 
PM-3 4,429 
PM-4 1,539 
PM-5 149 

Total 14,388 

Grand Total 46,613 

the total well field production of 1,496 x 106 gal. 
(Table 3). The pumpage from the field from 1947 
through 1986 has been 15,530 x 106 gal. At this 
writing, November 1987, production is from only 
three of the wells. Welll.A-1 was abandoned in 
1956 due to sand problem. Wells l.A-4 and -5 are 
down for repairs. Damage to the screens of l.A-4 
may prevent the well from ever being put back on 
the line. Well l.A-5 should be restored to pro
duction after the pump is repaired. Well l.A-6 
was taken out of active production in 1976 as the 

Total 

<1 
5 
3 
4 
8 
7 
6 

33 

6 
7 
6 
5 
3 
6 
3 

36 

4 
14 
10 
3 

<1 

31 

100 

X 10 gal Total 

0 0 
55 4 
24 2 
27 2 
39 3 
34 2 
0 0 

179 13 

30 2 
130 9 
109 7 
27 2 
34 2 
52 4 
77 5 

459 31 

74 5 
84 6 

246 16 
307 20 
147 9 -
858 56 

1,496 100 

water from the well could no longer meet drinking 
water standards for arsenic content. 

1. Well LA-1. Welll.A-1 was used from 1947-
1952 and again in 1955 and 1956, with a pro
duction of 154 x 106 gal. The well, completed in 
1946, had large amounts of sand produced with 
the pumpage. The sand wore the pump out and 
reduced the pumping rate by covering the screen 
at the bottom of the well. Rehabilitation of the 
well has included reworking the gravel pack by 
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Figure U. Annual production from Pajarito, Guaje, and Los Alamos fields. 

swabbing the well and a reported treatment of 
acid to dissolve the scale. The acid not only re
moved the scale, but probably enlarged the screen 
openings and broke down the formation, which 
increased the sand content with the pumpage. 
The pump was pulled from the well in the late 
1950s. It was open to 598 ft with only 67% of the 
805 ft of screen open. Since that time, the well 
has been used only as an observation well to 
monitor the water level changes in the upper part 
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of the aquifer in the lower part of the Los Alamos 
field. The water level fluctuations in the well re
flect the pumpage from IA-1B. The condition of 
the well precludes its use for part of the water 
supply. 

2. Well LA·1B. WelllA-lB, drilled to re
place lA-1, is located about 150 ft northeast of 
lA-1. The pumpage from the well from 1960-
1986 has been 2,196 x 106 gal. When the well 



Table 4. Coq:>arison of P~ing Rate and Specific Capacity 

P~ing Rate Specific Capacity 

~!le!!l ~sem£ft drawdownl 
Change Change 

Coq>letion Current (:!:) C~letion Current (:!:) 

Los Alamos Field 
Well LA·1 260 (47) 

LA-18 558 (61) 573 (86) +15 5.6 (61) 4.8 (86) -0.8 
LA·2 423 (50) 312 (86) -111 1.9 (50) 1.8 (86) -0.1 
LA-3 345 (50) 338 (86) ·7 2.6 (50) 2.0 (86) -0.6 
LA·4 631 (50) 552 (86) -79 8.4 (50) 5.9 (86) -2.5 
LA-5 535 (50) 419 (86) ·116 4.4 (50) 2.9 (86) -1.5 
LA-6 623 (50) -- -- 11.8 (50) 

Guaje Field 
Well G-1 538 (50) 249 (86) -289 5.0 (50) 1.5 (86) -3.5 

G·1A 577 (55) 468 (86) ·109 11.3 (55) 11.4 (86) +0.1 
G-2 550 (52) 382 (86) ·168 11.5 (52) 14.7 (86) +3.2 
G-3 458 (52) 196 (86) ·262 9.5 (52) 1.9 (86) -7.6 
G-4 395 (52) 211 (86) ·184 3.9 (52) 1.2 (86) ·2.7 
G-5 477 (52) 394 (86) ·83 8.2 (52) 9.6 (86) +1.4 
G·6 392 (64) 293 (86) -99 5.0 (64) 3.8 (86) -1.2 

Pajarito Field 
Well PM-1 600 (65) 578 (86) ·22 15.0 (65) 26.3 (86) +11.3 

PM-2 1425 (66) 1359 (86) -66 22.6 (66) 21.2 (86) ·1.4 
PM-3 1342 (68) 1397 (86) +55 47.9 (68) 58.2 (86) +10.3 
PM-4 1460 (82) 1305 (86) ·155 35.6 (82) 37.3 (86) +1.7 
PM-5 -- 1199 (86) 

Note: Numbers in parentheses are year of measurement. 
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Table 5. Comparison of Nonpumping Water Levels 

ft 
Change 

Completion Current (± ft) 

Los Alamos Field 
Well IA-1 F (46) 34 (86) -34 

IA-1B +34 (60) 25 (86) -59 
IA-2 F (46) 74 (86) -74 
IA-3 F (47) 88 (86) -88 
l.A-4 189 (48) 284 (86) -95 
IA-5 71 (48) 168 (86) -97 
l.A-6 2 (48) 92 (85) -90 

Guaje Field 
Well G-1 192 (51) 279 (86) -87 

G-lA 265 (55) 310 (86) -45 
G-2 279 (52) 369 (86) -90 
G-3 310 (52) 375 (86) -65 
G-4 357 (52) 396 (86) -39 
G-5 417 (52) 453 (86) -36 
G-6 576 (64) 576 (86) 0 

Pajarito Field 
Well PM-1 746 (65) 748 (86) -2 

PM-2 826 (66) 851 (86) -25 
PM-3 743 (68) 763 (86) -20 
PM-4 1050 (82) 1084 (86) -34 
PM-5 

Note: Numbers in parentheses are year of measurement; F indicates flowing 
well while + 34 indicates flowing well (water level above land surface). 

was completed, it was artesian with a head of 
about 34 ft. Pumpage has reduced the artesian 
pressure and the nonpumping water level had 
declined to 25 ft below land surface in 1986 or a 
total decline of about 59 ft (Table 5). The well 
was Jogged with the downhole video camera in 
1983. At that time the well was open to a depth of 
1,655 ft with 576 ft or 97% of the 591 ft of 
perforation open. The lower 95 ft of the well was 
filled with sand that had moved through the gravel 
pack and perforations into the well. The well 
pumping at 573 gallons per minute (gpm) has 
about 119 ft of drawdown and there is little, if any, 
sand produced with the pumpage. The video tape 
of the hole revealed a slight bend in the casing at 
a depth of 385 to 405 ft as indicated by the roll of 
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the camera. The casing reduces in size from 12-
in. to 10-in. at a depth of 650 ft (Table 2). As the 
well is cased with wrought iron pipe, no attempt 
should be made to bail or remove sand from the 
bottom of the well. Overall, the well is considered 
to be in fair condition and is likely to be usable for 
as much as 20 years more. 

3. Well LA-2. The pumpage from well l.A-2 
from 1947-1986 was 1,484 x 106 gal. The well 
when completed was artesian. The nonpumping 
water level declined from flowing in 1946 to a 
depth of 76ft below land surface. The pump was 
last removed from the well in 1962 and 1963. The 
well had accumulated little or no sand during the 



one year of pumping. It appears that the well 
makes very little sand; however, the pumping rate 
must be held around 300 gpm with limited 
pumping time, 12 hours or less, or the pumping 
level will decline to the level of the pump intake. 
The well is considered to be in only fair condition 
and is likely to be usable for no more than an
other 10 years. 

4. Well LA-3. The pumpage from well LA-3 
from 1947-1986 was 1,745 x 106 gal. The pumping 
rate and the specific capacity have not changed 
significantly. The well was artesian when com
pleted with nonpumping water level declining to 
about 88 ft below land surface in 1986. The pump 
was removed from the well in 1983. At that time, 
the well was open to a depth of about 816 ft; 
about 92% of the 760 ft of perforations was open. 
The scale was removed from the casing and per
forations with a wire brush. The well produces 
sand with the pumpage at high discharge rates. 
The pumping rate should be maintained around 
300 gpm, which will result in a drawdown of less 
than 1.50 ft. A drawdown greater than 1.50 ft will 
result in water and sand cascading into the well, 
which will cause excess wear on the pump and will 
decrease the well efficiency by sand accumulating 
and covering up the perforations. The well is con
sidered to be in fair condition and is likely to be 
usable for no more than another 10 years. 

5. Well LA-4. The pump~e from well LA-4 
from 1948-1986 was 3,n7 x 106 gal. The pumping 
rate decrease, the specific capacity decline from 
8.6 to 5.9 gpm/ft of drawdown, and the 95 ft non
pumping water level decline indicate some deteri
oration of the well. The line shaft turbine pump 
failed in early 1987 and was pulled and replaced 
with a submersible. The hole was logged with the 
downhole video camera in July 1987 and was 
found open to 1,921 ft. A heavy wire brush was 
used to clean scale off the casing and screen. The 
scale and formation sand were removed to a 
depth of 1,942 ft in late July. The new pump was 
run in the hole, but testing indicated that the 
pumpage contained large amounts of sand. The 
well was shut down and several tests were run at 
discharge rates ranging from 351 to 525 gpm. The 
tests ranging from 2 to 4.5 hours indicated little or 
no sand in the pumpage. The well was put back 
on the line at about 525 gpm; however, after sev-

eral hours of pumping, a large amount of sand oc
curred in the discharge. To prevent damage to 
the new pump and the pumps in the booster sta
tion the well was again taken off the line. The 
future action to be taken with the well has not 
been decided. Before removal of the pump early 
in 1987, the pumpage from the well contained lit
tle or no sand at a high pumping rate. The video 
log of the well in April1987, before rehabilitation, 
indicated no damage to the casing or screen. The 
presence of large amounts of sand occurring 
periodically in the pumpage indicates that the 
casing, screen, or the reduction between the 12-in. 
and 10-in. was ruptured during the rehabilitation 
of the well. 

The pump was pulled from the well in Jan
uary 1988. Two video logs were run of the well. 
The log of February 3, 1988, was to the total 
depth of the well at 1 907 ft. The second log was 
run March 1, 1988, to a depth of about 780 ft. 
The logs indicated that the casing has separated at 
a depth of about 7.50 ft where the casing reduces 
from 12-in. to 10-in. diameter. It may be possible 
to repair the separation if the condition of the 
casing has not deteriorated because of corrosion 
and can stand the pressure of swedge inserted 
between the 12-in. and 10-in. diameter. 

During 38 hours of pumping, including 
testing, during August 1987, about 35 ft of 
sediment had accumulated in the well. The depth 
of the well was reduced from 1942 ft to 1907 ft. 
The accumulation of sand in the well over a short 
period of pumping indicates the serious nature of 
the separation. 

6. Well LA-5. The pumpafe from well LA-5 
from 1948-1986 was 3,290 x 10 gal. The well was 
sounded in 1962 (the last time the pump was re
moved from the well) at a depth of 1,954 ft. It 
was apparent that the pilot hole below the bottom 
of the casing was open for more than 200 ft. The 
pumping rate declined from 535 gpm in 1950 to 
419 gpm in 1986 and the specific capacity decline 
from 4.4 to 2.9 gpm/ft of drawdown showed 
deterioration in the efficiency of the well. The 
nonpumping level declined about 97 ft from 1950 
to 1986. The well produces little or no sand with 
the pumpage. The well is equipped with a line
shaft turbine pump, but needs a larger line-shaft 
to keep the pump in adjustment. In the summer 
of 1987, the line shaft separated. The well 
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is currently down for repairs. The well is 
considered to be in fair condition and is likely to 
be usable for no more than another 10 years. 

7. Well LA-6. The production from well 
IA-6 was 2,884 x 106 gal. from 1948-1976. The 
well was taken off line in 1976 because of exces
sive arsenic in the water. The concentration of ar
senic in the water· had increased over time so that 
it could no longer be diluted with pumpage from 
other wells in the field to meet Federal Drinking 
Water Standards. During 1976, sand was used to 
pack off sections of the well from the bottom up 
to test various zones in an attempt to determine 
the source of the high arsenic concentrations 
(Purtymun 1977a). During this work, the tail pipe 
of a pump was lost in the sand at a depth of about 
1,200 ft and, subsequently, a "fishing tool" and ca
ble was lost at that depth trying to remove the tail 
pipe. The well had 400 ft of perforations or 
screen of which 210 ft or 53% of the perforations 
are above the tail pipe and fishing tool. Before 
these problems occurred, the well had been a 
good producer. The pumping rate declined only 
modestly and the specific capacity actually in
creased. With the effective depth of the well re
duced to 1,200 ft, the well could sustain a pumping 
rate of about 580 gpm with a drawdown of about 
60 ft. The well flowed water under artesian pres
sure at one time during construction. At the pre
sent time the well is not used in the system, nor 
are there any future plans to use the well because 
of the water quality. 

C. History of the Guaje Well Field 

The Guaje field consists of seven wells (Fig. 
1). Wells G-1, -2, -3, -4, and -5 were completed in 
1950-1951. Well G-lA was added in 1954 and G-6 
was added in 1964 to offset the declining produc
tion of the other wells in the field. The produc
tion from the field during 1950-1986 was 16,695 x 
106 gal. In 1986 the field produced 460 x 106 gal. 
or about 31% of the total well field production of 
1,496 X 106 gal. 

1. Well G-1. The pumpage from well G-1 
was 2,630 x 106 gal. from 1950-1986. The well was 
last sounded in 1962 and was open to a depth of 
1,750 ft with 576ft or 86% of the screen open. No 
rehabilitation was undertaken at that time. The 
considerable decline in both pumping rate and 
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specific capacity indicates significant deterioration 
of the well. The deterioration is probably a com
bination of scale forming on the screen, deterio
ration of the gravel pack, and sand covering the 
screen openings in the bottom of the well. The 
nonpumping water level declined from 192 ft in 
1951 to 279 ft in 1986 or about 87 ft (Table 5). 
The well is considered to be in fair condition, but 
because of limited yield is likely to be usable for 
no more than 10 years. 

2. Well G-lA. Well G-lA was drilled in 
1954 to supplement the declining production of 
the five original wells in the well field. The well 
produced 3,380 x 106 gal. from 1954-1986 or about 
20% of the total field production (Table 3). The 
pump was removed in 1973 and sediments were 
cleaned out of the well to a depth of 1,500 ft. The 
sediment left in the well covered only 10 ft of the 
563ft of screen in the well. The pumping rate has 
declined only modestly and the specific capacity 
has remained about constant. Overall, the well is 
considered to be in fair condition and is likely to 
be usable for as much as 20 years more. 

3. Well G-2. The production from well G-2 
was 2, 770 x 106 gal. or about 17% of the total 
pumpage from 1950-1986. The pump was re
moved in 1981 for the first time since it was in
stalled in 1950. During rehabilitation, the scale 
was removed from the casing and screen using a 
wire brush. The sand in the well was removed to 
a depth of 1,707 ft. A section of 1/2-in.-airline in 
the well prevented the removal of sand to the total 
depth of the well. Of the 425 ft of screen in the 
well, 385 ft or 91% of the screen was open. A 
video log was made of the well, which contained 
some interesting views of the screen and aquifer. 
The bore hole log showed water cascading 
through screened sections at depths of 285 to 295 
ft, 300 to 310 ft, and 320 to 330 ft. The water level 
on December 18, 1981, was at 355ft and on Jan
uary 11, 1982, was at 333ft. The water level in G2 
fluctuates due to pumping of well G-lA about 
1250 ft to the southwest. The pumping rate has 
declined from 550 gpm in 1952 to 382 gpm in 
1986. The specific capacities appear to have in
creased from 11.7 gpm/ft of drawdown in 1952 to 
14.7 gpm/ft of drawdown in 1986. The apparent 
increase is due to heavy pumpage of the well that 
does not allow the nonpumping level to make a 



complete recovery and does not accurately mea
sure well efficiency. The nonpumping water level 
has declined from 279 ft in 1953 to 382 ft in 1986. 
Overall, the well is considered to be in fair condi
tion but because of declining yield is likely to be 
usable for no more than about 10 years. 

4. Well G-3. The pumpage from well G-3 
was 2,183 x 106 gal. from 1952-1986. Several at
tempts have been made to rehabilitate the well 
since 1975 to increase the yield. The rehabilita
tion efforts have failed to increase the yield. The 
pumping rate has declined from 458 gpm in 1950 
and 196 gpm in 1986. The specific capacity of the 
well declined from 9.5 gpm/ft of drawdown in 
1950 to 1.9 gpm/ft of drawdown in 1986 indicating 
significant well deterioration. During well reha
bilitation in the winter of 1975-1976, the depth 
sounded was 1,558 ft. After the scale was re
moved from the casing and screen, the well was 
swabbed to try to work the gravel pack free of 
possible formation of calcium carbonate. The 
well was cleaned out to a depth of 1,601 ft before 
the pump was replaced in the well. 

The pump was again removed from the well 
in January 1984, and the well was found to be 
filled with sediments to a depth of 1,304 ft. After 
rehabilitation, the sand and scale were removed 
from the well to a depth of 1,631 ft. The pumping 
rate and specific capacity declined rapidly from 
1984-1986. The pump was removed from the well 
in June 1987. The well was logged to a depth of 
1,492 ft. A proprietary explosive technique was 
tried to develop and rehabilitate the well. Small 
explosive charges were set off in 22 sections of 
screen to a depth of 1,492 ft. The well was exam
ined with the downhole camera. . The explosive 
shock waves had dislodged louvers leaving holes 
in the screen at 5'Z7, 757, 893, 957, and 1117, and 
in the section from 1,220 to 1,230 ft. Scale, forma
tion sand, and gravel pack had entered and filled 
the hole to a depth of 1,431 ft. The well was de
veloped by running a bailer up and down the hole 
to remove the remaining scale from the casing 
and screen as well as to move and open the gravel 
pack. At the end of 6 hours of development the 
hole was filled to a depth of 1,384 ft. After several 
days of additional development using a sand pump 
as a swab, the depth was at 1,238 ft. At that time 
only 280 ft of the 400 ft, or 70%, of screen in the 
well remained open. The sand and gravel pack 

were entering the hole faster than it could be 
removed. Further development and bailing of 
sand and gravel pack were terminated and the 
pump was replaced for further testing to assess 
the results of the explosive type of rehabilitation 
and development. Initial testing at a low dis
charge rate, 200 gpm, indicated that the well was 
making a large amount of sand. Additional 
testing is planned for late winter or early spring 
1988. Depending on the amount of damage to the 
well screen, it may be that the well will no longer 
be usable. 

5. Well G-4. Pumpage from well G-4 was 
1,350 x 106 gal. from 1952-1986. The pump was 
removed from the well in 1981. The depth was at 
1,172 ft. No rehabilitation was attempted. Only 
100 ft or 25% of the 400 ft of screen in the well 
was open. Significant declines in both the pump
ing rate and the specific capacity of the well indi
cate serious deterioration (Table 4). The non
pumping water level declined from 357 ft in 1952 
to 396 ft in 1986. The distance between G-4 and 
G-5 is about 2,500 ft; however, the pumping of 
one well affects the water levels in the other. 

The well was badly damaged during con
struction. After completion in 1952, low yield 
from the well indicated well damage. The pump 
was pulled and a caliper log run of the well indi
cated that it was open to a depth of 1,381 ft. The 
caliper indicated no detectable breaks or holes in 
the screen or casing above 1,381 ft. An ob
struction in the well prevented any removal of 
sediments below 1,381 ft. The pump was pulled 
from the well in February 1974, and the well was 
only open to a depth of 750 ft indicating that 1,215 
ft of sediment had collected in the bottom of the 
well. Sediments were cleaned out to a depth of 
1,185 ft when a sand pump was lost in the well. A 
video log of the hole was run to a depth of 1,167 ft 
and showed a few louvers out of the screen at a 
depth of about 765 ft. The sand pump was recov
ered and the well was cleaned out to a depth of 
1,756 ft. A number of louvers, scrap iron, rags, 
and gloves were recovered at about 1,380 ft, the 
depth of the obstruction noted in 1952. A second 
run with the video log was made to a depth of 
1,492 ft (limit of the equipment) that showed well 
screen damage from 1,270 to 1,290 ft, 1,312 to 
1,332 ft, and 1,383 to 1,393 ft. It was quite evident 
that during construction and emplacement of the 
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gravel pack, the drop lines with external couplings 
feeding the gravel into the annulus between the 
casing and the hole wall tore the louvers from the 
screen. A slotted liner was run into the well to 
compensate for the damaged section. The liner, 
"belled-out" at the top, was 7-1/2 in. o.d. and was 
about 536 ft long. The bottom of the liner was set 
at 1,750 ft with the "belled-out" end set in the 
blank casing of the well at a depth of 1,214 ft. The 
yield of the well initially increased from about 280 
gpm to around 400 gpm. At the higher yield, the 
well produced sand with the pumpage. The pump 
was pulled in 1981. Sand containing some gravel 
pack had accumulated to a depth of 1,150 ft. The 
well was cleaned out to a depth of 1,172 ft and the 
pump was replaced in the well. The pump failed 
and was pulled for repairs in 1985. The depth of 
the well was about 1,123 ft. No rehabilitation was 
attempted. The well is considered to be in poor 
condition and is unlikely to be usable for more 
than 10 years. 

6. Well G-5. The pumpage from well G-5 
was 3,082 x 106 gal. or 18% of total field produc
tion from 1952-1986 (Table 3). No major changes 
have occurred in the pumping rate, specific ca
pacity, or nonpumping water level. The line shaft 
turbine originally installed in the well was re
placed with a submersible in 1958. At that time 
the well was open to a depth of 673 ft. In 1975 the 
pump was removed for repairs and the sediments 
were removed to a depth of 912 ft. No attempt 
was made to remove sediments from the well be
low 912 ft because of significant well screen dam
age between 700 and 912 ft. The well bore filled 
with sand and gravel faster than it could be bailed 
from the hole. There were two badly damaged 
sections of screen at 710 to 714 ft and 738 to 740 
ft. Large cobbles, 4 to 6-in. in diameter could be 
seen outside the casing with no gravel pack re
maining in back of the damaged screen. The 
pump has been removed several times since 1975; 
however, due to the damage to the casing below 
700 ft, no rehabilitation of the well has been un
dertaken other than removing scale for the screen 
and casing above the reduction in the casing at 
700 ft. Sediments and sand had accumulated in 
the well to a depth of about 700 ft when the wells 
was measured again in 1979. 

The damage to the casing probably occurred 
when the well was constructed or when the test 

24 

pump was dropped into the well during testing in 
1950. The pump was fiShed out of the well. Al
though only 100 of the 400 ft of screen in the well 
are above the 700 ft depth, the well has been and 
has continued to be one of the best and most reli
able wells in the field (18% of total production 
from the field). However, because of its age and 
the damaged screen, the well is considered to be 
in poor condition and it is unlikely that it will be 
usable for more than 10 years. 

7. Well G-6. Well G-6 was added to the well 
field in 1964 to replace the declining production 
from the other wells in the field. Since 1964, the 
production through 1986 was 1,300 x 106 gal. The 
pump was removed in April 1979 for repairs and 
the sand was removed from the well to a depth of 
1,510 ft. In December of 1979, the pump was 
again removed for adjustment and the hole was 
open only to 1,480 ft. The pumping rate and the 
specific capacity have declined significantly. 
These changes and the amount of sand production 
indicates that considerable well deterioration has 
occurred in the past few years. At startup the 
pumpage contains excessive amounts of sand and 
gravel pack. The discharge is pumped to waste 
for the first few minutes to keep part of the sand 
and gravel pack out of the distribution system. 
The continued deterioration of the well, as shown 
by production characteristics, indicates that it 
should be replaced within 10 years. 

D. History of the Pajarito Well Field 

The Pajarito field consists of five wells 
(Fig. 1). The field was developed from 1965-
1982. The field was developed to meet a small in
creasing demand for water and to supplement the 
declining production from the Los Alamos and 
Guaje fields. The production from the field from 
1965-1986 was 14,388 x 106 gal. or 31% of all 
production (Table 3). Four of the wells in this 
field are considered high yield wells (pumping 
rates in excess of 1,000 gpm). 

1. Well PM-1. The pumpage from well PM-
1 was 1,941 x 106 gal. from 1965-1986. The pump 
was pulled in 1973 and was open to a depth of 
2,479 ft. Only about 1% of the 1,549 ft of screen 
was covered with sediments. There was no reha
bilitation of the well. The pump was repaired 



and replaced in the well. The pumping rate has 
declined slightly and the specific capacity has in
creased from about 15 gpm/ft of drawdown in 
1965 to 26.3 gpm/ft of drawdown in 1986. The in
creased specific capacity results from further de
veloping the well by setting the gravel pack, as 
well as cleaning the gravel pack and aquifer of 
residual drilling muds. The further development 
of the well is also evident from the insignificant 2 
ft change of the nonpumping water level (Table 
5). The well produces sand in the pumpage at the 
start. A sand separator is used to remove sand 
from water as there is usage before the ftrst stor
age tank, which separates the sand from the 
water. The well is considered to be in good 
condition and is likely to be usable for 20 to 30 
years. 

z. Well PM·Z. The pumpage from well PM-
2 was 6,330 x 106 gal. from 1966-1986. The pump 
was pulled for rehabilitation in 1987. The well 
was open to a depth of 2,283 ft. The blank casing 
and screen were worked over using a bailer or 
sand pump. This removed the outer scale from 
the casing and screen and reworked the gravel 
pack. The pumping rate, specific capacity, and 
nonpumping water level have only declined 
slightly. The well is a high-yield well and had a 
pumping rate of over 1,350 gpm in the fall of 1987. 
The well has produced more water than any other 
well in the three well fields. The well is consid
ered to be in good condition and is likely to be us
able for 20 to 30 years. 

3. Well PM-3. Pumpage from well PM-3 
was 4,429 x 106 gal. from 1966-1986. The pump
ing rate and the specific capacity have increased 
slightly since completion. The nonpumping water 
level has declined only 20 ft. The well has the 
lowest amount of drawdown and largest specific 
capacity of any well in the three well fields. Well 
PM-3 is a high-yield well with the production sec
ond highest of any well in the three fields. The 
pump, a line shaft turbine, has not been removed 
from the well since it was installed in 1966. The 
well is considered to be in good condition and is 
likely to be usable for 20 to 30 years. 

4. Well PM4. Well PM-4 is a relatively new 
well that was added to the field in 1982. The well 
produced 1,539 x 1cf gal. from 1982-1986. The 

well is equipped with a line shaft turbine driven by 
a natural gas engine. A slight change in engine 
performance readily affects the pumping rate. 
The pumping rate declined from about 1,460 gpm 
in 1982 to about 1,305 gpm in 1986. This decline 
may have been caused by engine performance. 
This decline in gpm does not reflect well deterio
ration as the specific capacity increased slightly 
from 35.6 gpm/ft of drawdown to 37.3 gpm/ft of 
drawdown in 1986. The nonpumping water level 
declined from 1,050 ft to 1,084 ft during the same 
period. The well is considered to be in good con
dition and is likely to be usable for 30 years. 

S. Well PM-5. Well PM-5 was the last well 
added to the system. The well was completed in 
1982 and placed on line in 1985. The production 
from the well from 1985-1986 was 149 x 106 gal. 
The pumping rate is about 1,200 gpm. Due to the 
presence of drilling mud in the access line for the 
transducer, no water levels have been recorded 
since the well was tested. At that time the water 
level was about 1,210 ft below the surface of the 
mesa. The well is considered to be in good con
dition and is likely to be usable for 30 years. 

IV. WELL FIELD PRODUCI'ION CAPACITIES 

Well field and transmission system capacities 
limit the ability to meet peak demand re
quirements. Peak demand typically occurs during 
the summer months when temperatures and land
scape irrigation requirements are highest. Cur
rent maximum production capabilities are only 
slightly greater than the historic maximum peak 
demand period. Maximum well field yields are 
given as the total of all wells in a field pumping at 
their rated current yields. F'trm yield is taken to 
be the maximum yield reduced by the yield of the 
largest producing well in that field. Maximum 
yield and ftrm yield are over a 24-hour period. 
For the Los Alamos and Guaje lines, maximum 
transmission system capacities are determined by 
assuming all pumps in the booster stations are 
functioning. F"trm transmission system capacity is 
the maximum reduced by the rated capacity of the 
largest pump. The Pajarito field can supply water 
to different parts of the distribution system, and 
transmission system capacity cannot be readily 
defined. 
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The maximum yield from the Los Alamos 
field in 1986 was 1,610 gpm or 2.32 million gallons 
per day (mgd), whereas the firm yield was 1,040 
gpm or 1.50 mgd (Table 6). The booster capacity 
to transfer water through the four pumping sta
tions into storage in the Laboratory and townsite 
has a maximum capacity of 3,000 gpm or 4.32 
mgd, and a firm capacity of 2,000 gpm or 2.88 
mgd (Table 6). The maximum and firm yield 
from the well field is much less than the maximum 
and firm capacity of the booster stations. The 
maximum yield from the Los Alamos well field 
could be nearly doubled to use maximum booster 
capacity. The increase cannot be accomplished by 
the rehabilitation of the present wells; it could be 
realized by the addition of new wells constructed 
with the latest methods. 

The maximum yield for the Guaje field in 1986 
was 2,000 gpm or 2.88 mgd, whereas the firm yield 
was 1,530 gpm or 2.20 mgd (Table 7). The four 
booster stations that transfer water from the field 
to the Laboratory and townsite have a 

maximum capacity of 3,000 gpm or 4.32 mgd, and 
a ftrm capacity of 2,000 gpm or 2.88 mgd (Table 
7). The maximum yield from the well field could 
be increased by about 50% to make full use of the 
maximum booster capacity. This cannot be ac
complished by well rehabilitation because of the 
current conditions of the wells, but it must be ac
complished by addition of new wells to the field. 

The maximum yield for the Pajarito field in 
1986 was 5,845 gpm or 8.42 mgd, whereas the firm 
yield is 4,445 gpm or 6.40 mgd (Table 8). Wells 
PM-1 and -3 pump water to the community of 
White Rock or into storage that serves White 
Rock and Pajarito Acres. If necessary, water 
from storage can also be pumped into the next se
ries of boosters, which will distribute the water to 
storage in the townsite area and the Laboratory. 
Wells PM-2, -4, and -5 pump to booster station 2, 
which backflows water for distribution in White 
Rock and Pajarito Acres or can pump it to Pajar
ito Booster 3 and then into storage for the Labo
ratory or townsite. 

Table 6. Los Alamos Field 
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Summary Well Capacity 

Maximum Yield Firm Yield 
(1986) 

Well gpm mgd gpm 

LA-la 0 0 0 
LA-lB 570 0.82 
LA-2 300 0.43 300 
LA-3 340 0.49 340 
LA-4b 0 0 0 
LA-S: 400 0.58 400 
LA-6d 0 0 0 

Total 1610 2.32 1040 

3Well abandoned. 
bwell damage; probably will never be placed back on line. 
eWell down for repairs (November 1987). 
dStandby - chemical problem. 

Summary Booster Capacity 

Maximum Booster Capacity - 3000 gpm: 4.32 gpd 
Firm Booster Capacity - 2000 gpm: 2.88 gpd 

(1986) 

mgd 

0 

0.43 
0.49 
0 
0.58 
0 

1.50 



Table 7. Guaje Field 

Summary Well Capacity 

Maximum Yield Firm Yield 
(1986) (1986) 

Well gpm mgd gpm 

G-1 250 0.36 250 
G-lA 470 0.68 
G-2 380 0.55 380 
G-3a 0 0 0 
G-4 210 0.30 210 
G-5 395 0.57 395 
G-6 295 0.42 295 

Total 2000 2.88 1530 

1Well damaged; probably never will be placed back on line. 

Summary Booster Capacity 

Maximum Booster Capacity- 3000 gpm: 4.32 gpd 
Firm Booster Capacity - 2000 gpm: 2.88 gpd 

Table 8. Pajarito Field 

Summary Well Capacity 

mgd 

0.36 

0.55 
0 
0.30 
0.57 
0.42 

2.20 

Maxim~ Yield FtrDl Yield 
(1986) (1986) 

Well gpm mgd gpm mgd 

PM-1 580 0.83 580 0.83 
PM-2 1360 1.96 1360 1.96 
PM-3 1400 2.02 
PM-4 130S 1.88 1305 1.88 
PM-5 1200 1.73 1200 1.73 

Total 5845 8.42 4445 6.40 
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Table 9. Peak Demand Periods- 1976 
(June 11 -July 12) 

No. of Days 
Total Production 
Average Daily Production 

No. of Days Exceeding (gal.) 

10 X 106 

9x 106 

8x 106 

7x 106 

<7 X 106 

32 
299 X 106 gal. 
9.3 X 106 gal. 

Days 

14 
9 
4 
3 
2 

Maximum and Frrm Yield - 1986 

Maximum Firm 
Field (x 106 gpd) (x 106 gpd) 

Los Alamos 2.32 
Guaje 2.88 
Pajarito 8.42 

13.62 

V. PEAK DEMAND 

The historical maximum peak demand pe
riod occurred during the summer of 1976. The 
peak demand period was 32 days, from June 11 
through July 12. During that time, 299 x 106 gal. 
was pumped or an average of 9.3 x 106 gpd. 
Fourteen days exceeded 10 x 106 gpd (Table 9). 

The daily maximum yield from the three well 
fields in 1986 was 13.62 x 106 gal. and the frrm 
yield was 10.1 x 106 gal. Thus, the system could 
probably meet a peak demand period similar to 
the one that occurred in 1976 if all major produc
ing wells in the three fields are operating. How
ever, the maximum and frrm yields from the three 
fields can be expected to continue to decline as 
the older wells deteriorate. At present, six wells 
(LA-1, 2, -3, -4, -5, and -6) in the Los Alamos 
field and six wells in the Guaje field (G-1, -2, -3, 
-4, -5, and -6) will have to be replaced in the next 
10 years to meet present and future demands. 
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1.50 
2.20 
6.40 

10.10 

VI. PUMPING SCHEDULE 

The cost of operating various wells and well 
fields differ based on power consumption, which, 
in part, is based on yield and location. A detailed 
pumping schedule has been designed to minimize 
the cost of well field operations (Foreman 1985). 
The schedule does not consider the present well 
characteristics or conditions (1987). In general, 
when a well pumping rate falls below 300 gpm, it 
is excessively expensive to operate. The schedule 
is an idealized guideline; it can be modified as 
needed to accommodate the actual demand and 
to account for equipment down for maintenance 
or repair. 

The schedule for operation of the wells (in 
hours/month) is detailed in Table 10. Pumping 
times for each well are based on expense of op
eration modified by considerations of controlling 
water quantity. 



Table 10. Monthly Pumping Schedule (in hours) for Individual Uellsa 

Los Alamos Field 

Wells LA-18, ·2, ·3, -4, and -5 are to be pumped 18 hours monthly 

Guaje Field G-1 G·1A G-2 G-3 G-4 G-5 G-6 - -- - - -
January 36 350 350 200 200 350 350 
February 36 300 300 100 100 300 160 
March 36 300 300 100 100 300 160 
April 36 400 400 200 200 400 355 
Hay 36 400 400 200 200 400 355 
JI.M'le 36 400 400 200 200 400 355 
July 36 400 400 200 200 400 355 
August 36 400 400 200 200 400 355 
Septenmer 36 400 400 200 200 400 355 
October 36 300 400 200 200 400 355 
Novenmer 36 300 400 200 200 400 355 
Decenmer 36 300 300 100 100 400 160 

Pajarito Field PH-1 PH-2 PH-3 PM-4 PM-5 -- -- -- -- -
January 50 180 300 240 100 
February 50 180 300 170 100 
March 50 180 300 170 100 
April 50 300 300 240 100 
Hay 300 350 550 500 450 
JI.M'le 300 350 550 500 450 
July 250 320 500 500 450 
August 150 280 480 500 450 
Septenmer 100 220 480 300 450 
October 50 180 225 210 100 
Novenmer 50 180 300 210 100 
Decenmer 50 180 300 170 100 

~ aSummary reference (Foreman 1985); at present time (1987) wells lA·4 and G-3 are not in use due to well damage. 



The Los Alamos field is the most expensive 

to operate. Wells in this field need to be pumped 
a minimum of about 4 hours a week to prevent 
bacterial growth. They are pumped more than 
four hours a week just to meet actual demand or 
maintain fresh water in the lines. 

The Guaje field is more cost effective to op
erate. Well G-1 is the most expensive well in the 
field and needs to be run 8 hours per week to pre
vent bacterial growth in the well and lines. All 
other wells in the Guaje field are generally not 
pumped more than the number of hours shown in 
Table 10 for each month. If circumstances re
quire that some wells are used more than the 
ideal amount, then use in future months should be 
reduced so that the total number of pumping 
hours over the year is not exceeded. 

The Pajarito field includes the highest yield
ing wells. Wells PM-1 and -3 are used mainly to 
serve White Rock and Pajarito Acres, with water 
being pumped to Pajarito Booster 2 only when 
absolutely necessary. The schedule indicates that 
most of the water used in White Rock and Pajar
ito Acres is pumped from PM-3 as it is less expen
sive to operate than PM-1. Water from wells PM-
2, -4 and -5 is generally not directed to the White 
Rock tank unless that is the only way to meet ac
tual demand in White Rock and Pajarito Acres. 
Wells PM-2 and PM-4 are located close to each 
other and excessive pumping in one well may 
affect the water level in the other well. Thus, the 
recommended total pumpage from the two wells 
is not normally exceeded. 

VII. DEVELOPMENT OF ADDITIONAL 
WATER SUPPLY 

Replacement of wells in the Los Alamos and 
Guaje fields and additions to the Pajarito field will 
be necessary to meet the current demand as well 
as the projected future demand. The status of all 
the existing wells is summarized in Table 11. The 
deterioration of the wells in the two older well 
fields will gradually reduce the yield until current 
demand cannot be met. As discussed in the 
section on well field histories, it is likely that at 
least six wells in the Los Alamos field and six 
wells in the Guaje field will have to be replaced in 

the next 10 years (Table 11). 
The large number of wells in the Los Alamos 

vicinity and the long production histories provide 

a solid basis for recommendations for location 
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and development of new and replacement wells. 
The recommendations in this report are elabora
tions of basic concepts presented in a previous re
port, "Hydrologic Characteristics of the Main 
Aquifer in the Los Alamos Area: Development of 
Ground Water Supplies" (Purtymun 1984a). That 
report contains sections describing drilling 
conditions, geologic and geophysical logs, and well 
construction techniques applicable in the Los 
Alamos area that should aid in the construction of 
new or replacement wells. 

A. Geologic and Hydrologic Consideration 

The main aquifer extends from the Rio 
Grande westward beneath the Pajarito Plateau 
and rises stratigraphically through the Tesuque 
Formation into the lower part of the Puye Con
glomerate. The Puye Conglomerate is an im
portant part of the main aquifer. The coarse vol
canic debris within the conglomerate yields water 
readily to wells and, in part, allows the de
velopment of high-yield, low-drawdown wells in 
the area. The conglomerate attains its greatest 
thickness in a north-south trending basin beneath 
the central part of the plateau as shown in Fig. 13. 
The Tesuque Formation beneath the plateau is 
saturated and is the main source of water supply. 
The sediments of the Tesuque Formation become 
coarser westward from the Rio Grande; the upper 
beds become younger with the westward dip. This 
coarse sediment aids in the development of high
yield wells in the same general area. 

The locations of future wells in this area 
must be chosen carefully because wells placed too 
far west will encounter hard volcanic rocks of the 
Tschicoma Formation, which do not yield water 

readily. A weD that is completed in or near the 
outcrop of Tschicoma would not yield an appre
ciable amount of water because the rocks are rel

atively impermeable and they form a barrier to 
the east and southeast movement of groundwater 
in the main aquifer. Wells placed too far to the 
east encounter thick basalts, which constitute dif
ficult drilling and may not yield water readily. 
The siltstones and fine-grained sandstones of the 
Tesuque Formation do not yield water as well as 
the coarser sediments found further to the west. 

Proposed locations and staging for new and 
replacement wells in each of the three fields are 
discussed in the next three sections. 



<..l ..... 

Field and Well 

Los Alamos Field 
LA-1 
LA-18 
LA-2 
LA-3 
LA-4 
LA-5 

LA-6 

Guaje Field 
G-1 
G-1A 
G-2 
G-3 
G-4 
G-5 
G-6 

Pajarito Field 
PN-1 

PM-2 
PM-3 
PM-4 
PM-5 

Age 

41 
27 
41 
40 
39 
39 
37 

37 
33 
36 
36 
36 
36 
23 

22 
22 
21 
6 
5 

Yield 
(gpm) 

0 
513 
312 
338 

0 
419 

0 

249 
468 
382 

0 
211 
394 
293 

578 
1359 
1397 
1305 
1199 

Table 11. Well Characteristics 

Yield8 

None 

Adequate 
Adequate 
Adequate 
None 

Adequate 
None 

Marginal 
Adequate 
Adequate 
None 

Marginal 
Adequate 
Marginal 

Adequate 
High 
High 
High 
High 

Well 
Conditionb 

Poor 
Fair 
Fair 
Fair 
Poor 
Fair 
Poor 

Fair 
Fair 
Fair 
Poor 
Poor 
Poor 
Poor 

Good 
Good 
Good 
Good 
Good 

Maxi nun 
Remaining 

Life 

0 
20 
10 
10 
0 

10 
0 

10 
20 
10 
0 

10 
10 
10 

20 
30 
30 
40 
40 

8 Yield: Marginal • <300 gpm, expensive to operate; Adequate - 300-1000 gpm; and High - 1000+ gpm. 

Remarks 

Pump failure (1987) 
Arsenic above MPCc 

Gas power 

bWell Condition: Poor - damage to casing and screen; Fair - well deterioration due to corrosion and sanding; and Good · little, if any, well 
deterioration. Wells equipped with electric motors except PM-4. 

cMaxinun permissible concentrations for drinking water standards. 
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Figure 13. Proposed location for supply wells and areas for development of high-yield, low
drawdown wells. 

B. Los Alamos Field 

Within the next 10 years most, if not all, of 
the wells in the Los Alamos field will have to be 
replaced or relocated. The Los Alamos field is 
located east of Los Alamos in Santa Fe County on 
the San Ildefonso Pueblo Grant. The aquifer in 
this area is composed of siltstones and fme 
grained sandstones of the Tesuque Formation. 
Only low- to moderate-yield wells (300 to 500 
gpm) can be located in this area. There has been 
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some problem with the water quality; well I.A-6 
has been placed on standby because of arsenic 
concentrations in excess of standards for munici
pal use. 

Location and development of additional 
wells for the Los Alamos field should be west of 
the present well field (Ftg. 14). This is in an area 
where high yield and low drawdown (1,000 gpm 
with less than 100ft drawdown) can be developed. 
The proposed location is on land controlled by the 
Department of Energy (Otowi Section). In this 
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rtgUre 14. Proposed location for supply wells in the Otowi section. 

area, the lower part of the Puye Formation is sat
urated and coarser sediments in the upper part of 
the Tesuque Formation are within the main 
aquifer (Table 12). Three wells could be devel
oped in this area of lower Pueblo and adjacent to 
Los Alamos Canyon with adequate spacing so that 
cones of depression caused by pumping of the 
wells will not overlap. The wells should be drilled 
in sequence as shown (Otowi-1, -2, and -3 in rtg. 
12) at about 3500 ft spacing. The well field could 
take advantage of the existing booster stations and 
water line from the Los Alamos field. Combined 
production rates from the three wells are ex
pected to be at least 3,000 gpm, which will match 
the capacity of the booster stations. The quality 
of water from the wells is expected to be similar 
to that of well PM-1. 

An alternate location for a well (Otowi-4) near 
the Otowi section would be in Los Alamos 
Canyon below TA-53 (Mason facility). The an
ticipated geologic log of the well is shown in Table 

13. The chemical quality of water in the aquifer 
would be similar to the other wells in the Otowi 
section. The well could be used to supply TA-53 
to the south or pumped into the Los Alamos line 
to the north at Booster No. 4 (rtgS. 13 and 14). 

C. Guaje Field 

Within the next 10 years, six of the wells in 
the Guaje field should be replaced (Table 11). 
The five wells (G-1 through G-5) located in Guaje 
Canyon did not meet their full potential for yield 
and production due to well damage and poor con
struction. It is now known that screens in wells G-
4 and G-5 were damaged during construction. 
The method of well construction in all five wells 
( underreaming opposite permeable sections of the 
aquifer and setting screen opposite the under
reamed section) did not develop the wells to their 
full potential yield Setting blank casing below the 
pump intake and screen to the bottom of future 
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Table 12. Anticipated Geologic Log of a Supply Well 
in Lower Pueblo Canyon 

Elevation: 6400 to 6600 ft above sea level 
Depth of Pilot Hole: 2500 ft 
Hydrologic Data: 

Depth to Water: 600 to 750ft 
Yield: Estimated 1000 gpm 
Drawdown: Estimated 100 ft or less 
Aquifer: Puye Conglomerate and Tesuque Formation 

Stratigraphic Unit 

Alluvium 
Gravels and boulders 

Puye Conglomerate 
Conglomerate 

Basaltic Rocks of Chino Mesa 
Basalts and interflow breccia, 
may contain perched water, 
at a depth of 210 to 260 ft 

Puye Conglomerate 
Conglomerate 

Basaltic Rocks of Chino Mesa 
Basalts and interflow breccias 

Puye Conglomerate 
Conglomerate 

Tesuque Formation 
Siltstone, sandstone, and 
conglomerate with 
occasional basalt flow in 
upper 1200 ft of formation 

well would allow better well development with 
higher resulting yields. The hydrologic character
istic of the aquifer indicates that wells with a 
moderate yield and low drawdown (500 to 1,000 
gpm with about 100ft of drawdown) can be devel
oped within the present well field (Table 14). 

Four wells could be developed that would 
replace the yield of the six wells (G-1 through 
G-6). The replacement wells should be spaced in 
a manner to cause minimum interference between 
the wells as they are pumped. The additional 
wells should not be located northwest or west of 
the existing wells because of the outcrop of 
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Thickness 
(ft) 

20 

60 

205 

165 

100 

250 

1700 

Depth 
(ft) 

20 

80 

285 

450 

550 

800 

2500 

Tschicoma in the area. The land is east of well 
G-1 within the San Ildefonso Pueblo Grant so 
the replacement well should be between G-1 and 
east of the Tschicoma outcrop near G-6. 

The location of the wells should allow maxi
mum spacing between the wells (Fig. 15). Con
struction should be done in a specific sequence 
with the hydrologic data collected during con
struction and testing evaluated to confirm the 
proposed location of the next well. The proposed 
sequence of construction would be Guaje re
placement well 1 (GR-1) located about halfway 
between wells G-3 and G-4; a Guaje replacement 



Table 13. Anticipated Geologic Los of 0-4 (Otowi-4) 
in Los Alamos Canyon Below TA-33 

Elevation: 6625 ft above sea level 
Depth of Pilot Hole: 2800 ft 
Hydrologic Data: 

Depth to Water: 750 ft 
Yield: Estimated 800-1500 gpm 
Drawdown: Estimated 100 ft or less 
Aquifer: Lower Puye Conglomerate and Tesuque Formation 

Stratigraphic Unit 

Alluvium 

Bandelier Tuff 
Ashflows and pumice 

Puye Conglomerate 
Conglomerate 

Basaltic Rocks of Chino Mesa 
Basalts and interflow breccia 

Puye Conglomerate 
Conglomerate 

Tesuque Formation 
Siltstone, sandstone, and 
conglomerate with possible 
basalt flows 

well 2 (GR-2) located 150 ft from well G-5; Guaje 
replacement well 3 (GR-3) located midway be
tween G-2 and G-3, and Guaje replacement well4 
(GR-4) located near well G-1. The existing wells 
with yields at or about 300 gpm should be left on 
the line as the replacement wells are drilled. The 
chemical quality of the replacement wells will be 
similar to the existing wells. 

D. Pajarito Field 

The Pajarito field is composed of five wells; 
four are developed as high yield wells (Table 11). 
The age and present condition of the wells suggest 
that there is no need for replacement in the next 
20 years. New wells may be needed if additional 
water production is required to supplement the 
production from the three fields. 

Thickness Depth 
(ft) (ft) 

20 20 

160 180 

100 280 

80 360 

500 860 

1940 3800 

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 unavailable in Sandia Canyon for 
additional wells if space is maintained between 
wells to reduce interference or overlapping draw
down. 

The suggested location for additional wells in 
the Pajarito field is southwest of well PM-2 (Fig. 
13). The locations are chosen for maximum 
spacing between wells to minimize the in
terference between wells when they are pumping 
and to align the wells perpendicular to the move
ment of groundwater in the main aquifer. 

One well, Pajarito 6 (PM-6), could be lo
cated about 3500 ft southwest of PM-2 at an ele
vation of about 6850 ft. This well is recom
mended if the proposed M-Division central 
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Figure 15. Proposed location for replacement wells in Guaje field. 

Table 14. Anticipated Geologic Log of a Supply Well 
Near Well G-4 in Guaje Canyon 

Elevation: 6230 ft above sea level 
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 

Stratigraphic Unit 

Alluvium 
Gravels and boulders 

Puye Conglomerate 
Conglomerate 

Tesuque Formation 
Siltstone and sandstone 
Basalt and interflow breccia 
Siltstone and sandstone 
Basalt and interflow breccia 
Siltstone and sandstone 
Basalt and interflow breccia 
Siltstone and sandstone 
Basalt and interflow breccia 
Siltstone and sandstone 

Thickness 
(ft) 

15 

105 

380 
30 

330 
75 
30 
20 

130 
40 

850 

Depth 
(ft) 

15 

120 

500 
530 
860 
935 
965 
980 

1110 
1150 
2000 



Table 15. Anticipated Geologic Log of Supply Wells on the 
Pajarito Plateau South of Well PM-2 

Elevation: 6850 ft above sea level 
Depth of Pilot Hole: 2850 ft 
Hydrologic Data: 

Depth to Water: 950ft 
Yield: Estimated 1000 gpm 
Drawdown: Estimated 100 ft or less 
Aquifer: Puye Conglomerate and Tesuque Formation 

Stratigraphic Unit 

Bandelier Tuff 
Ashflow tuff and pumice 

Basaltic rocks of Chino Mesa 
Basalt and interflow breccia 

Puye Conglomerate 
Conglomerate 

Tesuque F'lrmation 
Sandstone and conglomerate 
Basalt and interflow breccia 
Sandstone and siltstone 
Basalt and interflow breccia 
Siltstone and sandstone 

complex is developed; this would provide a water 
source for the complex and preclude pumping the 
water to the reservoir string and feeding it back 
down toR-Site. A second well, Pajarito 7 (PM-
7), may be located about 7000 ft southwest of PM-
2 at an elevation of about 6800 ft (Fig. 11). High
yield wells can be developed at these locations 
(Table 14). The water quality should be similar to 
that of PM-2. 
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WATER SUPPLY AT LOS ALAMOS DURING 1987 

by 

W. D. Purtymun, A. K. Stoker, and M. N. Maes 

ABSTRACT 

Municipal and industrial water supply during 1987 was 1594 x 106 gal. 
from wells in three fields and 34 x 106 gal. from the spring gallery in Water 
Canyon. About 2.8 x 106 gal. of nonpotable water from the Guaje Reservoir 
and 3.2 x 106 gal. from the Los Alamos Reservoir were used for irrigation; 
thus, the total water usage in 1987 was about 1634 x 106 gal. Water supply 
was satisfactory in that the production met demand and water quality in the 
distribution system was in compliance with state and federal regulations. 
However, in 1987 two wells were lost because of deterioration of the casing 
and screen. In spite of rehabilitation attempts to maintain the yield, produc
tion from the older wells continued to decline. A comprehensive evaluation 
of the wells and well fields made in late 1987 concluded that replacement 
wells and new wells were needed soon to ensure a reliable water supply for 
the Laboratory and the county of Los Alamos. 

I. INTRODUCTION 

This report summarizes production and aquifer conditions for water wells in the Los Alamos, 
Guaje, and Pajarito well fields (Fig. 1). The wells supply most of the water used for municipal 
and industrial purposes in Los Alamos County and the Los Alamos National Laboratory. The 
spring gallery in Water Canyon supplies the rest of the water to the system. A summary uf data 
on the surface water from Guaje and Los Alamos Reservoirs that is used for irrigation is included 
in this report The chemical quality of water from wells, the gallery (spring), and the distribution 
system is also discussed. 

This report is a joint effort between the Laboratory Environmental Surveillance Group 
(HSE-8) and the Utilities Depanment of Pan American World Services (Pan Am). The purpose 
of this report is to ensure a continuing historical record and to provide guidance for management 
of water resources in its long-range planning for the water-supply system. We have issued 
1 summary report for the period 1947-1971 and 16 annual reports that contain the results of our 
studies of these water supplies.1- 17 An additional report summarized the hydrology of the main 
aquifer with reference to future development of ground water supplies.18 In late 1987 a report 
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was prepared examining the current status of wells and the future water supply.19 A part of the 
abstract of that report is included here to provide a complete historical record. 

Pan Am, which is the support contractor to the Laboratory and the Department of Energy 
(DOE) at Los Alamos, maintains and operates the water-supply system. Water from the system is 
sold to the county for the communities of Los Alamos and White Rock. 

After the water is pumped from the wells into distribution lines, it is lifted by booster pumps 
into reservoirs for storage. Water from the gallery flows by gravity through a microfllter and 
chlorination station and then is pumped into one of the system reservoirs for distribution. The 
entire water supply is disinfected before distribution to Los Alamos, White Rock, and Laboratory 
areas (Fig. 1). 

Pan Am maintains a record of the hours of operation for each well along with records of daily 
and monthly water production. The monthly averages of water levels from nonpumping and 
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pumping wells are computed from air-line pressure or transducer data recorded continuously at 
each well. These data are used in calculating pumping rates, drawdown (the difference between 
water levels from nonpumping and pumping wells), and other well-field statistics that are 
included in this report. The Appendix contains annual pumping and production information for 
each water-supply well and gallery for the period of record. 

Water for the Laboratory and for the Los Alamos and White Rock communities is supplied 
from 17 deep wells in 3 well fields and from 1 gallery. The well fields are located on the Pajarito 
Plateau and in the Los Alamos and Guaje Canyons east of the plateau (Fig.1). The wells are 
completed in the main aquifer, the only aquifer capable of municipal and industrial water supply 
in the area. The depth to water ranges from 25 to 30 ft (semiartesian) in the well field in lower 
Los Alamos Canyon to about 760ft along the eastern edge of the Pajarito Plateau, and increases 
to about 1200 ft near the center of the plateau at Well PM-5. Water in the aquifer moves from the 
recharge area in the Valles Caldera eastward beneath the plateau to the Rio Grande, where a part 
is discharged into the river through seepage and springs.l8 The gallery, which is located west of 
the Laboratory on the flanks of the Sierra de los Valles, discharges water from a small aquifer 
perched in the volcanic rocks. 

Water from the two reservoirs is used for irrigation of lawns during the summer. The reser
voirs are in canyons on the flanks of the mountains. Los Alamos Reservoir is located west, and 
Guaje Reservoir, northwest, of Los Alamos. The source of water in the reservoirs is from 
springs, snowmelt, and summer run-off. 

ll. WELL-FIELD CHARACTERISTICS 

Production from the three well fields increased 97 x 106 gal., from 1497 x 106 gal. in 1986 to 
1594 x 106 gal. in 1987 (fable 1). The months of heaviest production in 1987 were June, July, 
and August. The production during these months was 582 x 106 gal., an increase from 503 x 106 

gal. for a similar period of heavy production in 1986. The months of lightest production were 
January, February, and March, with a production of285 x 106 gal., an increase from 262 x 106 

gal. for a similar period in 1986. 

The difference in demand between periods of heavy and light production (summer and win
ter) is mainly because of water usage for lawn irrigation. The water levels in the wells respond 
accordingly, with the highest water levels observed during months of least production and the 
lowest water levels during months of greatest production. 

The production and use of water at the Laboratory and the community increased from about 
230 x 106 gal. in 1947 to 1700 x 106 gal. in 1976. However, water usage in 1977 declined to 
about 1500 x 106 gal. and has varied since then from about 1450 x 106 gal. in 1979 to about 
1628 x 106 gal. in 1987 (Fig. 2). The decline in 1977 and the lower demand since then have been 
attributed largely to a rate increase for water used in the community and to water-saving measures 
in the community and the Laboratory. Much of the landscaping in the community has been 
changed from lawns and shrubs, which require watering, to southwestern landscaping (native 
plants and gravels), which requires little if any water other than normal rainfall. 

A projection of future water demand was made in 1985 based on production data from 1977 
through 1985. This projection indicated an annual increase of about 17 x 106 gal., or about 1% 
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Table I 

Production from Wells and Gallery 1947-1987 
(in Minions of GaUons) 

Los Alamos Guaje Pajarito Water Canyon Production 
Year Field Field Field Gallery Total 

1947 147 0 0 84 231 
1948 264 0 0 97 361 
1949 302 0 0 92 394 
1950 547 3 0 54 604 
1951 702 68 0 39 809 
1952 448 350 0 48 846 
1953 444 372 0 39 855 
1954 380 374 0 40 794 
1955 407 375 0 33 815 
1956 437 506 0 23 966 
1957 350 378 0 40 768 
1958 372 395 0 60 827 
1959 391 478 0 54 923 
1960 530 533 0 48 1 Ill 
1961 546 624 0 54 1224 
1962 577 597 0 67 1 241 
1963 539 654 0 51 1244 
1964 627 665 0 45 1 337 
1965 447 571 99 72 1189 
1966 450 613 127 82 1272 
1967 373 464 481 56 1374 
1968 345 474 584 65 1468 
1969 331 435 569 80 1415 
1970 360 423 595 65 1443 
1971 412 484 657 37 1590 
1972 380 467 662 40 1549 
1973 406 475 685 49 1615 
1974 369 453 802 35 1659 
1975 356 431 749 42 1 578 
1976 343 531 817 41 1732 
1977 345 515 614 57 1 531 
1978 302 444 690 45 1481 
1979 289 456 662 44 1451 
1980 339 485 743 32 1 599 
1981 336 469 701 45 1 551 
1982 317 422 773 46 1 558 
1983 221 338 904 38 1 501 
1984 326 460 780 34 1600 
1985 290 456 841 37 1624 
1986 179 460 858 28 1 525 
1987 217 485 892 34 1628 

15 743 17 183 15 285 2072 50283 

4 



I I I I I 1 'If I I I I I I l I I I' I I 1 I I I I I I I I I! I 1 I I I I I I I I I I! 

2500 
1-

PROJECTED\_ 
2000 1- DEMAND -

1-

CD 
1500 -0 -

"" 
0 

1000 -01 -

500 - -

111 
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 j I l I I I I I I I I I I 

1945 50 55 60 65 70 75 80 85 1990 
YEARS 

Fig. 2. Water production and usage from 1947 to 1986, and projected 
demand from 1986 to 1990. 

per year. The actual increase has been about 0.6% per year, with production this year falling 

about 75 x 106 gal. below the projected amount (Fig. 2). 

The peak demand period for 1987 was a 16-day period, July 2-17, when production was 
134 x 106 gal., or about 8.4 x 106 gal./day (Table II). The demand for water during this period 

was up 43 x 106 gal. from the peak demand period of 14 days in 1986. 

No. of days 

Total production (gal.) 

Average 
daily production (gal.) 

No. of days exceeding 
10 x 106 gal. 
9 X 106 gal. 
8 x 106 gal. 
7 x 106 gal. 

<7 X 106 gal. 

Table II 

Peak Demand Periods 1982-1987 

June 23-
July 11 

1982 

19 

145 X 106 

1 
9 
9 
0 

June 30-
July 11 

1983 

12 

91 X 106 

6 
2 
4 

5 

Demand Period 
June 8-
June 18 

1984 

11 

81 X 106 

2 
6 
3 

June 29-
July 16 

1985 

18 

138 X 106 

3 
4 
9 
2 

July 28-
August 10 

1986 

14 

91 X 106 

2 
2 

10 

July 2-
July 17 

1987 

16 

134 X 106 

4 
7 
4 



( 
1000 

800 

c.o 600 
0 ,..... 
X 400 
cti 
0> 

200 

PAJARITO FIELD 

o~---~--~--~---+~uy~~~~~~~~~ 
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 I I I I 

800 

c.o 600 
0 ,..... 
~ 400 
(ij 
0> 

1-200 

800 

c.o 600 
0 ,..... 
~ 400 
(ij 
0> 

200 

1~1~1~1~1~1m1~1~1~ 

GUAJE FIELD 

LOS ALAMOS FIELD 

Fig. 3. Comparison of annual production from three well fields. 

The cumulative production total since 1947 from the three well fields and gallery is 
50 283 x 106 gal. (Table 1), with 15 743 x to6 gal. (31 %) from the Los Alamos field, 
17 183 x 1o6 gal. (34%) from the Guaje field, 15 285 x 106 gal. (31 %) from the Pajarito field, and 
2072 x 106 gal. (4%) from the gallery in Water Canyon. 

Although cumulative well-field productions are nearly equal, they do not reflect current pro
portionate contributions because production generally declines with the age of the well field. The 
wells in the Los Alamos field were constructed in the period 1947 through 1960, with production 
peaking in 1951 and declining since that time (Fig. 3); wells in Guaje field were constructed in 
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Tablem 

Production Characteristics for 1986 and 1987 

Production 
Amount WeD Field Total Production 
(106 gal.) (%) (%) 

1986 1987 1986 1987 1986 1987 

Los Alamos Fkld 
WellLA-1 
Well LA-lB 54.9 97.3 31 45 4 6 
Well LA-2 24.1 39.6 13 18 2 2 
WellLA-3 26.9 50.9 15 23 2 3 
WellLA-4 38.8 1.6 22 <1 2 <1 
WellLA-5 34.6 27.9 19 13 2 2 
WellLA-6 

Subtotal 179.3 217.3 100 99 12 13 

Guaje Field 
Well G-1 30.3 29.2 7 6 2 2 
Well G-1A 130.4 122.5 28 25 9 7 
Well G-2 109.3 109.7 24 23 7 7 
Well G-3 26.7 <0.1 6 <1 2 <1 
Well G-4 33.9 25.1 7 5 2 2 
WellG-5 52.4 116.7 11 24 3 7 
Well G-6 76.7 81.4 17 17 5 5 -

Subtotal 459.7 484.6 100 100 30 30 

Pajarito Field 
Well PM-1 73.9 102.4 9 12 5 6 
WellPM-2 84.4 28.3 10 3 6 2 
Well PM-3 244.8 250.2 28 28 16 16 
Well PM-4 307.4 392.2 36 44 20 24 
WellPM-5 147.3 118.6 17 13 9 7 -- -- - - -

Subtotal 857.8 891.7 100 100 56 55 

Water Canyon (Gallery) 28.2 34.2 100 100 2 2 

Total 1525.0 1627.8 100 100 

the period 1950 through 1964, with production peaking in 1964 and declining since then. Wells 
in the Pajarito field were constructed in the period 1966 through 1982, with peak production 
occurring in 1983. 

The present yields generally reflect the age of the wells in the three fields. In 1987 about 55% 
of total production came from the Pajarito field, 30% from the Guaje field, 13% from the Los 
Alamos field, and 2% from the Water Canyon gallery (Table III). 
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A. Los Alamos Well Field 

The Los Alamos well field includes six supply wells and one observation well. Three wells 
(LA-1, -2, and -3) were completed in 1947 to depths of about 870ft. Because Well LA-1 
produced excessive sand with the water, which rapidly wore out the pumps, it was replaced by 
Well LA-1B in 1960. During the period from 1948 to 1950, Wells LA-4, -5, and -6 were com
pleted, to depths of about 2000 ft Well LA-lB was completed at a depth of 1750 ft. 

The 1987 production came from four of these wells (LA-1B, -2, -3, and -5). The pump in 
Well LA-4 failed in 1986 and was removed in 1987. Rehabilitation of the well caused separation 
of the casing, which permitted excessive sand to enter the well. Repair of the separation is doubt
ful because of the age of the well and weakness of the casing. Well LA-6 was placed on standby 
in 1977 because the water contained an excess of natural arsenic. 20 

Production from the Los Alamos well field increased about 38 x 106 gal., from 179 x 106 gal. 
in 1986 to 217 x 106 gal. in 1987 (Table III). The well field contributed about 13% of the total 
1987 production, a slight increase over the 12% contribution in 1986. 

The average pumping rates in 1987 ranged from 252 to 589 gallons per minute (gpm) 
(Table IV). The combined pumping rate of the field declined from 2194 gpm in 1986 to 
1559 gpm in 1987, partly because of the loss of Well LA-4. There was little or no change in the 
specific capacities of the wells in use in 1987 when compared with the capacities of those same 
wells in 1986. 

The water levels in the individual wells fluctuated with the amount of production. For exam
pie, water levels for 1987 showed a decline due to increased production from the three wells in 
the lower part of the field (Wells LA-1B, -2, and -3) when compared to water levels and produc
tion reported from those wells in 1986. The water level in Well LA -4 rose after that well was out 
of service for a year. The reduced production from Well LA-5 because it was down for several 
months as a result of pump failure caused little or no change in the water level (Fig. 4 and 
Table V). The decline of the average water level in the Los Alamos field from 1986 to 1987 was 
about 24ft. 

B. Guaje Well Field 

The Guaje well field includes seven wells ranging in depth from 1500 to 2000 ft. Wells G-1, 
-2, -3, -4, and -5 were completed in 1950, Well G-lA was completed and placed in service in 
1954, and Well G-6 was placed in service in 1964. 

The 1987 production came from six of these wells. Rehabilitation of Well G-3 damaged a 
number of screens, causing the well to pump a large amount of sand. It is unlikely that this well 
will be placed back in service. 

Production from the Guaje field increased about 25 x 106 gal., from 460 x 106 gal. in 1986 to 
485 x 106 gal. in 1987. The well field contributed about 30% of the total production in 1987, the 
same as in 1986 (Table III). 

The average pumping rate of the six wells ranged from 208 to 457 gpm (Table IV). The loss 
of Well G-3 in 1987 and the continued deterioration of the other six wells because of age resulted 
in a decline ofthe combined pumping rate of244 gpm, from 2193 gpm in 1986 to 1949 gpm in 
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Table IV 

Average Pumping Rate and Specirac Capacity, 1986 and 1987 

Average Average 
Pumping Rate Specific Capacity 

(gpm) (gpm/rt or drawdown) 

1986 1987 1986 1987 

Los Alamos Field 
Well LA-I 
WellLA-lB 573 589 4.8 4.9 
WellLA-2 312 252 1.8 1.3 
Well LA-3 338 313 2.0 1.8 
WellLA-4 552 0 
WellLA-5 419 405 2.9 2.8 

Subtotal 2194 1559 2.9 2.7 

Guaje Field 
Well G-1 249 235 1.5 1.4 
Well G-IA 468 457 11.4 10.9 
Well G-2 382 404 14.7 12.2 
Well G-3 1% 0 
Well G-4 211 208 1.2 1.2 
WellG-5 394 379 9.6 9.0 
WellG-6 293 266 3.8 3.5 

Subtotal 2193 1949 7.0 6.4 

PajariJo Field 
Well PM-I 578 586 26.3 27.9 
WellPM-2 1359 1340 21.2 23.9 
Well PM-3 1397 1397 58.2 55.9 
WellPM-4 1305 1289 37.3 35.8 
WellPM-5 1199 1220 

-- --
Subtotal 5838 5832 35.8 35.9 

Water Canyon (Galkry) 54 65 

Total 10279 9405 

1987. The specific capacities of the individual wells declined slightly, with an overall decline of 
<1 gpm/ft of drawdown. 

The water levels in nonpumping wells in the lower part of Guaje field (Wells G-1, -1 A, and 
-2) remained about the same or rose slightly. The increased production from the upper part of the 
field (Wells G-4, -5, and -6) caused a slight decline in water level (Fig. 5 and Table V). The 
overall decline in the well field was about 7 ft 
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Fig. 4. Nonpumping water levels in the Los Alamos well field 

C. Pajarito Well Field 

The Pajarito well field includes five wells. The wells were completed over a 17-year period, 
from 1965 through 1982, and range in depth from 2300 to 3100 ft. Because they are located on 
the Pajarito Plateau, the depths to water range from about 750ft at Well PM-I to more than 
1200 ft at Well PM-5. 

The production from the Pajarito well field in 1987 was about 892 x 106 gal., an increase of 
34 x 106 gal. more than the 858 x 106 gal. produced by this field in 1986 (Table III). The field 
contributed about 55% of the total 1987 production, slightly less than the 56% contribution in 
1986. The production from Well PM-4 represented 44% of the total Pajarito field production and 
24% ofthe total water produced at Los Alamos in 1987. 

The average pumping rates of the Pajarito wells ranged from 586 to 1397 gpm. Four of the 
wells (PM-2, -3, -4, and -5) had high yields, with pumping rates over 1000 gpm (Table IV). The 
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Table V 

Average Water Levels for Nonpumping and Pumping Wells 
and Average Draw down, 1986 and 1987 

Average Water Levels 

Nonpumping Pumping Drawdown 
(ft) (ft) (ft) 

1986 1987 1986 1987 1986 1987 

ws Alamos Field 
WellLA-1 34 7 
WellLA-1B 25 60 144 187 119 121 
WellLA-2 74 129 252 319 178 190 
Well LA-3 88 118 255 289 167 171 
WellLA-4 284 269 377 357 93 88 
WellLA-5 168 167 310 314 142 147 
WellLA-6 

Average per field 112 136 

Guaje Field 
Well G-1 279 280 450 451 171 171 
Well G-1A 310 320 351 362 41 42 
Well G-2 369 366 395 399 26 33 
Well G-3 
Well G-4 396 398 574 573 178 175 
Well G-5 453 462 494 504 41 42 
Well G-6 576 595 654 671 78 76 

Average per field 397 404 

Pajarito Field 
Well PM-1 748 752 770 773 22 21 
WellPM-2 851 851 915 907 64 56 
WellPM-3 763 763 787 788 24 25 
WellPM-4 1084 1081 1119 1117 35 36 
WellPM-5 

Average per field 862 862 

pumping rate from the individual wells varied slightly from 1986 to 1987; however, the combined 
rate in 1987 (5832 gpm) was nearly unchanged from the 1986 combined rate (5838 gpm). 

The specific capacities of the wells in 1987 ranged from 23.9 to 55.9 gpm/fi of drawdown. 

There was no significant change in the specific capacities between 1986 and 1987 (Table IV). 

The water levels in these wells fluctuated very little in response to the amount of water 
pumped from the individual wells. There was no change in the average nonpumping levels be

tween 1986 and 1987 (Table V and Fig. 6). 
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Fig. 5. Nonpumping water levels in the Guaje well field. 

D. Pump Failures and Repairs 

90 

The line-shaft turbine pump in Well LA-4 failed in late August 1986 and was removed in 
early 1987 to be replaced with a submersible pump. The well was logged with a down-hole video 
camera in July 1987, which showed it was open to a depth of 1921 ft. After the well was logged, 
a heavy wire brush was used to clean the scale off the casing and screen. The scale and formation 
sand pulled into the well during the cleaning operation were removed to a depth of 1942 ft before 
the submersible pump was set in the well. The pump failed because of electrical problems. It 
was pulled, repaired, and returned to the well, but when the well was placed on line production 
contained a large amount of sand. Test runs at several pumping rates (tested over a 38-h period) 
could not reduce the sand to acceptable levels where the pump, system lines and tanks, and 
booster pumps would not sustain damage. The pump was removed a second time in January 
1988 and the well was again logged with the video camera. The heavy wire brush had apparently 
caused the casing to separate at the point where the size of the casing was reduced from 12 to 
10 in. in diameter, at a depth of about 754 ft. It is probable that the well cannot be repaired and 
will be lost as a producing well in the Los Alamos field. 

\._ _____ _ 
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Fig. 6. Nonpumping water levels in the Pajarito well field (no water-level 
data for Well PM-5). 

The line shaft in Well LA·5 separated in July 1987, causing the well to be down from August 
1987 through January 1988. The pump motor and part of the line shaft were pulled and repaired, 
and the difficult job of adjusting the line shaft is in progress. The well should be back on line be
fore the heavy demand period that usually begins in late May. 

The pumping rate of Well G-3 declined to about 150 gpm by July 1986 and the well was 
placed on standby. The specific capacity of the well had declined steadily since 1979, indicating 
well deterioration. The pump was pulled in June 1987 and the well was logged to a depth of 
1492 ft. Well rehabilitation was attempted using an explosive technique. Shock waves were pro
duced by the explosives to break up scale and any chemical precipitates in the screens and gravel 
pack that limited water flow into the well. The well screen sections were weakened from corro
sion as a result of age and the explosives broke out a number of louvers from the screen sections, 
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allowing fonnation sand and gravel pack to enter the well. The present condition of the well is 

such that it will probably never be returned to service. 

The pump in Well PM-2 was pulled for rehabilitation and repair in March 1987. A video log 

of the well detennined the depth to be 2283 ft. A sand pump and bailer were used to remove the 

scale from the casing and screen and to loosen the gravel pack. The well was placed back in ser

vice in September 1987. 

E. Current Status of Wells and Future Water Supply 

In the fall of 1987 a comprehensive study was made of the water-supply system to detennine 
the current status of the wells and to evaluate the future water supply for Los Alamos.19 A brief 

summary of the resulting report is presented here. 

The three well fields include 19 supply wells ranging in age from 5 to 41 years. The life ex

pectancy of a well in the area ranges from 30 to 50 years. 

Twelve of the wells are more than 30 years old and, of these, four cannot be used for produc
tion, three because of well damage (LA-1 and -4 and G-3) and one (LA-6) because the water is 
not suitable for use. The other eight (LA-2, -3, and -5 and G-1, -2, -4, -5, and -6) are likely to be

come unsuitable for use in the next 10 years because of well deterioration and screen failure. 

The newer seven wells include two (LA-1B and G-1A) that are likely to fail in the next 20 
years. The five wells in the Pajarito well field are in good condition and should serve for another 
20 to 30 years. 

The program of maintenance and rehabilitation of pumps and wells has extended production 
capabilities for short periods of times. Pumps may be effectively repaired or replaced, but reha
bilitation of wells is only a short-tenn correction that will restore some of the yield before the 
yield continues to decline. 

The report concludes that it is essential to implement a program to replace wells that have 

failed, or will fail in the next 10 years, to ensure a continued and reliable water supply. 

ill. WATER CANYON GALLERY 

The spring gallery in Water Canyon is dug back about 30ft into the Bandelier tuff. The 

gallery or tunnel is framed with timbers and sheet metal to keep the wall and ceiling from col

lapsing. The floor of the gallery is constructed to fonn a basin. About 1 mile of water line con

nects the gallery to the micro filter station, located nearS-Site along the southwestern edge of the 
Laboratory. The water flows through the microfilter station, then is chlorinated, and is pumped 
into a tank for storage and distribution. 

The water occurs in the fractures of a welded tuff, which is underlain by a nonwelded tuff (tuff 
with few fractures that prevents water from moving downward), creating a perched aquifer. 
Recharge to the perched aquifer is rapid. In the spring when snowmelt occurs, the discharge from 

the gallery increases and causes increased suspended sediment. When the sediment concentration 
in the water reaches the limits allowed for a municipal water supply, a turbidity-monitoring de
vice switches the flow to a waste to keep the sediments out of the distribution system. 

,, '-..... ______ _ 
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The gallery is a valuable source of water supply. During 1987 about 2% of the total municipal 
and industrial water supply was obtained from the gallery (Table III). The production from the 
gallery increased about 6 x 106 gal., from 28 x 106 gal. in 1986 to 34 x 106 gal. in 1987. Since 
1947 the total production from the gallery has been 2072 x 1o6 gal. (Table 1). 

IV. GUAJE AND LOS ALAMOS RESERVOIRS 

Water from Guaje and Los Alamos reservoirs was used for the municipal and industrial water 
supply at Los Alamos during the early days of the Manhattan Project. Use of the water from the 
reservoirs for the municipal supply was discontinued about 1959 because of intermittent periods 
of turbidity caused by storm run-off and because of difficulties in maintaining bacteriological 
levels below the limits allowed for a municipal water supply. 

Both of the reservoirs and adjacent areas are now open for recreational use. The water from 
the reservoirs is available for irrigation of lawns and shrubs in the community and Laboratory. 
Parts of the line are above ground and are subject to freezing; thus water use from the reservoirs 
is limited to the period from late spring to early fall. 

Guaje Reservoir in upper Guaje Canyon has a capacity of 0.25 x 106 gal. and a drainage area 
of 5.6 sq miles. 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 miles of distri
bution line for irrigation of lawns and shrubs at Los Alamos Middle School and Guaje Pines 
Cemetery. The line from the reservoir is not a part of, nor is it connected to, the distribution sys
tem for the municipal water supply. 

The annual production from Guaje Reservoir when it was used for the municipal water supply 
from 1947 through 1958 ranged from an estimated 24 >:< 106 to 213 x 106 gal. (Table VI). There 
is no record of the amount of water used for irrigation from 1959 through 1971, but since 1972 
the amount of water used for irrigation has ranged from 2.4 x 106 to 9.7 x 106 gal. The amount 
used in 1987 was 2.8 x 106 gal., up from the 2.4 x 106 gal. used in 1986. 

Los Alamos Reservoir in upper Los Alamos Canyon has a capacity of 13.4 x 106 gal. and a 
drainage area of 6.4 sq miles. The reservoir is used for storage and recreation. The water flows 
by gravity through about 2.6 miles of distribution lines for irrigation of lawns and shrubs at the 
Laboratory's Health Research Building, the Los Alamos High School, and Mesa School. The 
line from the reservoir is not a part of, nor is it connected to, the distribution system for the mu
nicipal water supply. 

The annual production from Los Alamos Reservoir when it was used for the municipal water 
supply from 1947 through 1958 ranged from 4.8 x 106 to 54.8 x 106 gal. (Table VI). There is no 
record of water usage from the reservoir from 1959 through 1978, but since 1978 the amount of 
water used for irrigation has ranged from 0.9 x 106 to 3.2 x 106 gal. The amount of water from 
the reservoir used for irrigation in 1987 was 3.2 x 106 gal., up from the 1.5 x 106 gal. used in 
1986. 

V. QUALITY OF WATER 

The quality of water is monitored to determine whether water from the wells, gallery, and the 
distribution system meets federal requirements (standards) for a municipal water supply. Water 

15 



( Table VI 

Production from Guaje and Los Alamos Reservoirs 
for 1947-1958 and 1972-1987 

Year 
Guaje Reservoir• 

(106 gal.) 

Municipal Water-Supply Production 
1947 87.8 
1948 119.8 
1949 116.1 
1950 79.9 
1951 41 
1952 131 
1953 58 
1954 66 
1955 71 
1956 24 
1957 213 
1958 193 

Irrigation Production 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

5.8 
9.7 
4.9 
5.3 
4.4 
4.1 
2.8 
3.7 
4.7 
2.7 
3.4 
3.4 
3.0 
2.8 
2.4 
2.8 

Los Alamos Reservoir 
(106 gal.) 

21.7 
21.9 
14.7 
20.6 
10.5 
33.6 
14.8 
16.9 
18.1 
4.8 

54.8 
49.4 

1.3 
2.3 
2.1 
2.8 
1.4 
1.3 
0.9 
1.5 
3.2 

•Production from Guaje Reservoir for 1951-1958 is estimated. 

samples are collected and analyzed from the wells and gallery and from six stations in the distri
bution system (five at fire stations and one at Bandelier National Monument). 

Primary drinking water standards are related directly to safety of the drinking water supply.21 

Table VII shows the standards and maximum concentrations observed in samples from the wells 
and distribution system. Federal primary standards for fluoride have been raised to 4 mg/1.. 
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(Ref. 21 ), and proposed New Mexico regulations when they go into effect will be raised to that 
leve1.22 

Table Vll 

Comparison of Standards for Drinking Water with 
Maximum Concentrations of Chemicals and Radiochemicals in Water Supply 

Standards 

Primary Standards" (mg/L) 
Ag 0.05 
As 0.05 
Ba 1.0 
Cd 0.01 
Cr 0.05 
F 4.0 
Hg 0.002 
N03(N) 10 
Pb 0.05 
Se O.ot 

Secondary Standtudsb (mg/L) 
Cl 250 
Cu 1.0 
F 2.0 
Fe 0.3 
Mn 0.05 
so4 250 
Zn 5.0 
Total dissolved solids 500 
pH (no units) 6.5-8.5 

Radiochemical Standards" (lfr9 J!CilmL) 
I37cs 200 
238Pu 
239,2~ 

Gross alpha 
Gross beta 
Total uraniumc (j.J.g/L) 
3H (to-<> J.!Ci/mL) 

aReference 21. 
bReference 23. 
~eference 24. 

15 
15 
15 

1800 
20 

17 

Maximum Concentrations of 
Chemicals and Radiochemicals in Water 

Supply Wells Distribution 
and Gallery System 

<0.001 <0.001 
0.044 0.017 
0.084 0.107 

<0.0005 <0.0005 
0.022 O.Oll 
3.2 1.0 
0.0003 <0.0002 

<1 <1 
0.092 0.031 

<0.002 <0.002 

17 45 
0.266 0.024 
3.2 1.0 
0.095 O.llO 

<0.009 <0.001 
39 10 
0.250 0.096 

430 276 
8.6 8.4 

42 71 
0.011 0.012 

-Q.044 0.037 
-5.0 2.4 

3.2 42 
6.0 2.0 
0.3 2.1 



( 
The maximum concentrations of all chemicals were below the standards except for one analy

sis for lead reponed in water from Well PM-5. After this finding three additional samples from 

Well PM-5 were collected and analyzed for lead. The concentrations in the three samples were 

below the limits of detection of 0.001 mg/L. Samples from the well taken in previous years 

showed that the lead concentrations in those samples were at the limits of detection. The report 

of the sample with 0.092 mg/L of lead is probably the result of contamination of the sample when 

it was collected and does not reflect the quality of water from the well. 

Secondary drinking water standards, which are related more to the quality of water as deter

mined by public acceptance of the municipal water supply, are intended as guidelines.23 The 

quality of water from the wells and gallery was within the secondary drinking water standards. 

Water in the distribution system met all standards, primary and secondary. 

Water from the wells, gallery, and distribution system was in compliance with the radio

chemical standards21 (Table VII). 

Radiochemical and chemical analyses of water from Well LA-6 were not included in 

Table VII; detailed results were reponed in the annual environmental surveillance repon25 for 

1987. Well LA-6 was placed on standby in 1977 because it contained natural arsenic that ex

ceeded drinking water standards. The well remains on standby. The arsenic concentrations found 

in this well in 1987 were 0.147 mg/L, compared with the standard of0.05 mg/L. 

Individual primary, secondary, radiochemical, and miscellaneous chemical analyses for each 

well, gallery, and station in the distribution system are presented in "Environmental Surveillance 

at Los Alamos During 1987."25 In summary, water in the distribution system is in compliance 

with federal and state primary, secondary, and radiochemical standards. 

VI. SUMMARY 

Operations of wells and well fields in 1987 were satisfactory. Though production during the 

year increased, the system was able to handle the increase even during the peak demand period. 

Trends showing water levels in the wells were as expected considering the current amount of 

production. The loss of two wells during the year did not overload the system. However, the loss 

of the two wells and the declining yield from the older wells indicate the need to add new wells to 

the system to handle future demand and to allow for any increase in demand for water at the Lab

oratory and the community. Future operations of the wells and water-supply system should be 

continued as in past years. Continued collection of hydrologic data from the wells and well fields 

is necessary to evaluate present and future wells and well-field operations. 
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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 
1983 
1984 
1985 
1986 
1987 

Appendix 

Annual Statistics on Aquifer Characteristics 

Well LA·l 

Pump Time Production Pump Rate 
(b) (106 gal.) (gpm) 

3468 54.0 259.5 
2988 34.7 193.6 
1361 26.7 327.0 
563 10.5 310.8 

1215 14.6 200.3 
286 3.4 198.1 

0 0.0 0.0 
0 0.0 0.0 

690 9.7 234.3 
39 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 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 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 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 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 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 0.0 0.0 
0 0.0 0.0 

21 

Water Level 
(Nonpumping) 

(ft) 

19.0 
59.0 
40.0 
36.0 
44.0 
51.0 
33.0 
33.0 
10.0 
13.0 
13.0 
59.0 
84.0 
90.0 
95.0 
76.0 
70.0 
52.0 
42.0 
38.0 
37.0 
51.0 
49.0 
55.0 
53.0 
58.0 
69.0 
74.0 
68.0 
38.0 
40.0 
51.0 
98.0 
46.0 
71.0 
63.0 
34.0 
70.0 



( Appendix (cont) 

WellLA-lB 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (b) (106 gal.) (gpm) (rt) (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 
1983 407 12.1 495.0 61.0 160.0 99.0 5.0 
1984 2673 96.9 604.0 75.0 201.0 126.0 4.8 
1985 1919 68.5 595.0 55.0 179.0 124.0 4.8 
1986 1598 54.9 573.0 25.0 144.0 119.0 4.8 
1987 2753 97.3 589.0 66.0 187.0 121.0 4.9 
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Appendix (cont) 

WeULA-2 

Pump Pump Water Level Specific 
Time Production Rate Non pumping Pumping Drawdown Capacity 

Year (h) (106 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 1991 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 
1983 2752 54.5 330.0 121.0 321.0 200.0 1.6 
1984 2753 53.7 325.0 130.0 323.0 193.0 1.7 
1985 2027 37.1 305.0 112.0 291.0 179.0 1.7 
1986 1289 24.1 312.0 74.0 252.0 178.0 1.8 
1987 2619 39.6 252.0 129.0 319.0 190.0 1.3 
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Appendix (cont) 

Well LA·3 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (h) (106 gal.) (gpm) (rt) (rt) (rt) (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 43.3 368.9 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 
1982 3691 54.9 247.0 118.0 246.0 128.0 1.9 
1983 949 14.7 258.0 89.0 203.0 129.0 2.0 
1984 838 16.6 329.0 142.0 301.0 159.0 2.0 
1985 2078 41.9 336.0 104.0 280.0 176.0 1.9 
1986 1328 26.9 338.0 88.0 255.0 167.0 2.0 
1987 2710 50.9 313.0 118.0 289.0 171.0 1.8 
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Appendix (cont) 

WeULA-4 

Pump Pump Water Level Specific 
Time Production Rate Non pumping Pumping Drawdown Capacity 

Year (b) (106 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 120.0 588.9 273.0 346.0 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 5942 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 
1983 1840 61.5 577.0 287.0 392.0 105.0 5.3 
1984 2695 87.1 539.0 290.0 383.0 93.0 5.8 
1985 2667 86.4 540.0 292.0 378.0 86.0 6.3 
1986 1172 38.8 552.0 284.0 377.0 93.0 5.9 
1987 38 1.6 269.0 357.0 88.0 
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Appendix (coot) 

Well LA·S 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (b) (106 gal.) (gpm) (rt) (rt) (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 
1983 2842 78.1 458.0 154.0 295.0 141.0 3.2 
1984 2889 72.1 416.0 156.0 281.0 125.0 3.1 
1985 2153 55.8 432.0 174.0 308.0 134.0 3.2 
1986 1376 34.6 419.0 168.0 310.0 142.0 2.9 
1987 1148 27.9 405.0 167.0 314.0 147.0 2.8 
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Appendix A (cont) 

WeULA-6 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (h) (106 gal.) (gpm) (ft) (ft) (rt) (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 90.6 572.4 118.4 155.0 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 
1983 81.0 
1984 83.0 
1985 92.0 
1986 
1987 <0.1 
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( Appendix (coot) 

Well G-1 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (h) (106 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 70.5 448.4 226.0 295.0 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 2:460 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 
1983 2871 52.2 303.0 272.0 443.0 171.0 1.8 
1984 3804 62.8 275.0 276.0 448.0 172.0 1.5 
1985 3004 48.3 268.0 278.0 450.0 172.0 1.6 
1986 2027 30.3 249.0 279.0 450.0 171.0 1.5 
1987 2070 29.2 235.0 280.0 451.0 171.0 1.4 
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Appendix (coot) 

Well G·lA 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (h) (106 gal.) (gpm) (ft) (ft) (ft) (gpmlft) 

1954 108 4.6 709.0 
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 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 
1982 3618 109.7 505.0 305.0 347.0 42.0 12.0 
1983 2901 86.7 498.0 301.0 336.0 35.0 14.2 
1984 3789 113.9 501.0 302.0 345.0 43.0 11.7 
1985 4430 128.4 483.0 306.0 348.0 42.0 11.5 
1986 4644 130.4 468.0 310.0 351.0 41.0 11.4 
1987 4468 122.5 457.0 320.0 362.0 42.0 10.9 
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( Appendix (coot) 

Well G-2 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (h) (106 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.Q 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 
1983 624 16.5 441.0 356.0 399.0 43.0 10.3 
1984 2018 43.7 361.0 358.0 385.0 27.0 13.4 
1985 4339 96.6 371.0 352.0 381.0 29.0 12.8 
1986 4769 109.3 382.0 369.0 395.0 26.0 14.7 
1987 4526 109.7 404.0 366.0 399.0 33.0 12.2 
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Appendix (coot) 

Well G-3 
...... 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (b) (106 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 82.6 463.4 359.0 447.0 88.0 5.3 
1977 2961 78.9 444.1 353.0 448.0 95.0 4.7 
1978 2590 66.4 427.5 345.0 443.0 98.0 4.4 
1979 3014 69.0 381.0 345.0 450.0 105.0 3.6 
1980 3448 61.8 298.6 348.0 453.0 105.0 2.8 
1981 4315 66.6 257.2 357.0 467.0 110.0 2.3 
1982 3550 51.0 239.0 349.0 459.0 110.0 2.2 
1983 2183 31.3 239.0 340.0 463.0 123.0 1.9 
1984 1211 19.0 267.0 355.0 475.0 120.0 2.2 
1985 1587 22.1 232.0 351.0 470.0 119.0 2.0 
1986 2266 26.7 196.0 375.0 492.0 117.0 1.7 
1987 <0.1 
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( Appendix (cont) 

Well G-4 

'"' 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (h) (106 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 3TI.O 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 
1983 2604 42.2 270.0 
1984 3766 49.7 220.0 
1985 1747 21.7 207.0 402.0 572.0 170.0 1.2 
1986 2678 33.9 211.0 396.0 574.0 178.0 1.2 
1987 2011 25.1 208.0 398.0 573.0 175.0 1.2 
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Appendix (cont) 

Well G-5 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (b) (106 gal.) (gpm) (rt) (rt) (rt) (gprn/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 
1983 2904 73.2 420.0 445.0 492.0 47.0 8.9 
1984 3838 115.4 501.0 452.0 507.0 55.0 9.4 
1985 2193 67.9 516.0 453.0 509.0 56.0 9.2 
1986 2219 52.5 394.0 453.0 494.0 41.0 9.6 
1987 5732 116.7 379.0 462.0 504.0 42.0 9.0 
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r Appendix (cont) 

Well G-6 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (h) (106 gal.) (gpm) (rt) (rt) (rt) (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 
1983 1960 35.4 301.0 582.0 668.0 86.0 3.5 
1984 3010 55.3 306.0 589.0 666.0 77.0 3.9 
1985 3980 71.4 299.0 586.0 664.0 78.0 3.8 
1986 4420 76.7 293.0 576.0 654.0 78.0 3.8 
1987 5100 81.4 266.0 595.0 671.0 76.0 3.5 
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Appendix (cont) 

WeiiPM-1 

" 
Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (b) (106 gaL) (gpm) (ft) (ft) (ft) (gpm/ft) 

1965 2754 99.2 600.3 746.0 786.0 40.0 15.0 
1966 3<Mki 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 90.6 593.3 145.0 767.0 22.0 27.0 
1979 2350 83.4 591.5 744.0 766.0 22.0 26.9 
1980 2786 98.5 588.6 746.0 769.0 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 
1983 2464 86.5 585.0 747.0 769.0 22.0 26.6 
1984 2667 92.8 580.0 749:0 772.0 23.0 25.6 
1985 2760 95.4 576.0 749.0 770.0 21.0 27.4 
1986 2130 73.9 578.0 748.0 770.0 22.0 26.3 
1987 2912 102.4 586.0 752.0 773.0 21.0 27.9 
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( Appendix (cont) 

WeiiPM-2 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (h) (106 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 1262.2 872.0 924.0 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 
1983 1922 157.9 1369.0 876.0 935.0 59.0 23.2 
1984 996 81.6 1365.0 866.0 930.0 64.0 21.7 
1985 1749 143.3 1365.0 851.0 916.0 65.0 21.0 
1986 1036 84.4 1359.0 851.0 915.0 64.0 21.2 
1987 351 28.3 1340.0 851.0 907.0 56.0 23.9 
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Appendix (coot) 

WeiiPM-3 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (b) (106 gal.) (gpm) (rt) (rt) (ft) (gpm/rt) 

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 
1983 2496 2!.)7.6 1386.0 762.0 785.0 23.0 60.3 
1984 3317 275.6 1385.0 762.0 787.0 25.0 55.4 
1985 2643 221.2 1395.0 762.0 784.0 22.0 63.4 
1986 2920 244.8 1397.0 763.0 787.0 24.0 58.2 
1987 2984 250.2 1397.0 763.0 788.0 25.0 55.9 
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( Appendix (cont) 

Well PM-4 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (h) (106 gal.) (gpm) (ft) (ft) (ft) (gpm/ft) 

1982 869 76.2 1460 1050 1091 41 35.6 
1983 52fj7 452.5 1432 1066 1101 35 40.9 
1984 4059 325.8 1338 1065 1104 39 34.3 
1985 4759 379.2 1328 1066 1101 35 37.9 
1986 3925 307.4 1305 1084 1119 35 37.3 
1987 5071 392.2 1289 1081 1117 36 35.8 
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Appendix (coot) 

WeiiPM-5 

Pump Pump Water Level Specific 
Time Production Rate Nonpumping Pumping Drawdown Capacity 

Year (b) (106 gal.) (gpm) (ft) (ft) (ft) (gpm/ft) 

1985 2.0 
1986 2047 147.3 1199 
1987 1620 118.6 1220 
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( Appendix (cont) 

Water Canyon Gallery 

Discharge 
Time Production Rate 

Year (h) (106 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 

Ill+,, 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 
1983 8760 38.2 72.7 
1984 8784 34.0 65.4 
1985 8760 36.6 69.6 
1986 8760 28.2 53.6 
1987 8760 34.2 65.1 

\......_..._ _____ _ 
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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 10 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 

::\lesita 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 
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WH'TE 
ROCK 
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PAJARITQ 
ACRES Area G. Technical Area 54 (TA-54). has been 

designated by the Los Alamos Scientific Lahoratory 

(LASLl 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 lJ. 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 an)id contamin_ation of the core by water (fig. 3). 

A wrtiral 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 23, 19i6. b~· 
Re~·nolds Electrical and Engineering Company 
(REECol of Las Yegas. ::\evada. Construction and 

completion data for each core hole were published in 
a summar~· 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 2Cl21.6 m abow sea lew!. The 
core holes were collared at elevations ranging from 

2019.6 to 2019.9 m and were oriented at angles of 
00°.57' to 4°00' above a horizontal plane <Table Il. 

As coring of a giwn hole progressed. the vertical 

angle decreased due to gravitational forces and rota

tion of the coring assembly 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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During drilling operations. the air and cuttings 
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
wlocity filters to retain any remaining du,.;t that 

migh't otherwise haw been transmitted into the at
mosphere. Water and cuttings from the tank were 
monitored· for radioactive contamination. as wa,.; 

ambient air in the area. ::\o contamination was 
detected in the water. cuttings. or air. 

The cores were about 4.8 em in diameter. Each 

was packaged in plastic wrap and boxed according 
to hole and distance from hole collar. Later. in the 
laboratory. the core:;; were described. and section,.; of 

core were remO\·ed for radiochemical analy;;es. 
Core runs ,·aried in length from 1.5 to 6.1 m. In 

most runs. the first part of the core was lost due to 

abrasion in the core barrel and erosion of the core h~· 
the cuttings carrier (airl. 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 5 .. "> m oft he 

pit. From that point onward the core was sampled 

about E'\·er~· 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 

P-3MH-I 

Hole collar elevation (m) 2019.6 
Initiai angle above horizontal 00°57' 
Hole orientation 573°\\' 
Distance to horizontal ( m l 12 
Total distance cored (m) 87.5 
Total core recovered(%) 56 
Cnit 2b cored (ml 45.1 
l'nit 2b core recovered(%) 75 
l"nit 2a cored ( m l 42.5 
l'nit 2a core recovered(% l 37 
Hole length at near 

ed~e of pit (m) 53.2 
Hole length at far 

ed~e of pit (ml 84.6 
Depth beneath pit 

at near edge (ml 3.4 
Depth beneath pit 

at far edge (m) ~ ') 

'·-
"Completed beneath pit. 
bCompleted in fill within the pit. 

sections. 5 to 6 em in len~th. 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 desi~nated 
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 
ran~ed from MAR-77.00751 toMAR-7i.01104.* fora 
total of 354 samples selected from the 5 core holes. 

*Laboratory numhers. Anal~·tical Chemistry Data 
Base, Group H-8, LASL. 

Core Holes 

P-3MH-2 P-3MH-3 P-3MH-4· P-3MH-5 

2019.8 2019.7 2019.8 2019.9 
03. 0 00' 03°15' 03°00' 04°00' 

S72°W N90°W N70°\\' :\51 ow 
34 38 28 42 
82.9 86.9 92.7 73.2 
i4 59 51 tv 
82.9 85.4 69.5 73.2 
74 58 52 75 

1.5 23.2 
100 49 

53.6 51.8 54.9 67.1 

82.98 82.3 87.8 73.2° 

1.2 0.6 0.8 0.0 

3.1 3.1 4.4 O.:i 

II. GEOLOGY 

Mesita del Buey is underlain by the Tshirege 
Member of the Bandelier Tuff. The ~eology and 
hydrology have been described in previous reports.•' 
The units of the Tshirege :\1ember important to thi~ 
study were Cnit 2b (Qbt2bl and the underlying l'nit 
2a (Qbt2al . 

Unit 2b is a li~ht ~ray to light pinkish-bro,,·n. 
moderately welded tuff that contains quartz and 
sanidine crystals and crystal fra~ments in an ash 
matrix. The unit contains some fra~ment~ 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 

Unit 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: howe\·er. 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 11 m 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. ~o cores or cuttings of 

the tuff were recovered, so correlation of the various 

units or members of the Bandelier Tuff was not 

possibl.e. The hole was completed in the basalt at a 

depth of 50 m. 

III. HORIZO~TAL CORE HOLES 

The horizontal core hole~ were cored from a drill 

pad located in a small can\·on east of Pit:\ and wert· 

oriented to penetrate different areas beneath the pit 

4 

(Figs. 2 and 3). Pit 3 is 30.5 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 1.5- 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 3 m 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.i'i m 

below the floor of the pit. 

Core hole P-3 MH-1, cored to a distance of 8i .5 m. 

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 7.2 m 

below the pit floor (Table n. Sample numbers in 

this interval were MAR-ii .00i84 through :\1AR-

ii.00805 (see Appendix Al. ' 

Core hole P-3 MH-2. cored to a distance of82.9 m. 

assumed the horizontal at about 34 m and then 

plunged downward in Unit 2b (Fig. 51. The hole en

tered the area beneath the pit at a distance of 53.6 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 Bl. 
Core hole P-3 MH-3, cored to a distance of86.9 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 Unit 2h (Table ll. 

The sample numbers in this inten·al were :\1AR

ii.0090i through :\1AR-i7.00945 (see Appendix Cl. 

Core hole P-:~ :\lH-4. cored to a distance ol!1:.!.';' m. 

assumed the horizontal at about :2~ m and tlwn 

plunged downward through l'nit :2h int(l l·nit :2;1 

(fig. 7l. The h<•le entered the an·n lwnrath th(· 

n<,rthern tw<•-third~ <,f the pit. The p<>int ld t:·ntn 

beneath the pit wa,.. .-1-Ul m from the hole l'ollar and 
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Cross section of the mesa shou·ing geologic units, Waste Pit 3, and the trace of core hole P-3 

MH-5. 

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-77.01032 (see Appen

dix Dl. 
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 Il. 

The hole appeared to have penetrated the crushed

tuff hackfill in the pit. The hole terminated at a 

depth of 0.:\ m below the pit f1oor. Only OJ> m oft u!T 

wa;; recm·ered in the 6.1-m length of holt· cort'd 

beneath the pit. The sample number;; bent:-ath tlw 

pit were :\IAH-77.01100 through :\IAY-77.01 J(l-ll;;t·t· 

Appendix E1. 
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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 ofwa~tes. The ma

jor joints were vertical or near vertical with dipi' 

greater than 70°. The joints were filled or plated 

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 cores from l'nit :!b 

(Table Ill .. Joints filled or plated with brown clay 

made up 72°o of the joints. joint~ that were \)pen 

with ,.;lightly weathered surface,.; mad£> up ]~1°o. 

while join~,; filled or plated with ealichP and min11r 

amount,.; ofbrown claY made up the remaining \l 0 o. 



TABLE II 

JOI!"JT CHARACTERISTICS OF CORE 

Unit 2b 
.Joints open.
slight weathering 
on joint face 

.Joints filled 
or plated 
with brown clay 

.Joints filled 
or plated 
with caliche 

Unit 2a 
.Joints Ppen. 
slight weathering 

. Joints filled 
or plated with brm.,·n clay 

No. of 
Joints o/c 

3 lS 

14 S2 

There were li joints logged in lTnit 2a. of which S2% 

were filled or plated with brown clay and the 

remaining lS% Were open with a slightly wea!hered 

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 ~i0°W 

and :'\20°E to ~60°E (Fig. 9). The number of joints 

in these two sets comprised 5i% of the joints 

measured. A rose diagram of lOiS joints in Unit 2b 

at Mesita del Buey indicated three major joint sets: 

:\:30°W to ~50°\V, N60°W to NS0°W, and ::--:40°E to 

::\60°E (Fig. 9). 'these three joint sets constitute 

40% of the lOiS 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 l.S 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 

WEST '---~---".......;~:...:.:....:.........._...::..:;;~i.:i.:I..--L... _ __; EAST 
30 20 10 0 10 20 30 

NUMBER OF JOINTS IN EACH 10° SECTOR 

Fig. 9 . 
Joint orientation in Unit 2b on Mesita 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 1.4 m 

of holes cored (Table Illl. This joint frequency is 

higher than that obseryed in Pit 3. which was one 

joint per 2.2 m. The joint frequency in holes P-:3 

MH-3 and P-3 MH-4 was one joint per 1.6 to 1.7 m 

of core recovered. or one joint per 2.8 to 3.:3 m of 

holes cored (Table Illl. This frequency brackets the 

observed frequency in Pit 3. The joint frequenc~· in 

Unit 2a was one joint per O.Sm (P.-3 MH-:3). 1.2 m 

(P-3 l\1H-4). and 2.6 m (P-3 MH-1) of core 

recovered. Minor joints were probably not com

pletely mapped on the wall oft he pit. because of dif

ficulties in identif~·ing them. Howewr. these minor 

joints were prominent in the cores. which tended to 

break along joint faces. Thus. as seen in hole~ P-:~ 

MH-1. P-3 MH-2, and P-3 l\.IH-5. joint frequenc~· 

was higher in the cores than in the pit walls. 

An e\·aluation was made to determine if \·aria

tions in joint frequency or core recover~· were related 

to the orientation and intersection oft he core hole;; 

with the major joint sets. :\o relationship wa~ e~

tablished. 

-
I 



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 

3 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 i4 

to i5%, while in holes P-3 MH-3 and P-3 MH-4 

recovery was lower, at 52 and 58% (Table 1). Core 

recovery in Vnit 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 0 to 

i.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 intervals of 

0.3 m for radiochemical analyses. When possible. 

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 .S:2°o 

to i5%, 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 

formed as the ashflows cooled. 
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~e distribu~ion of coisture lll the soil and underly1Dg tuf! at 

Technical Area 49, Frijoles Mesa, 

Los Alamos Count.y, ~lev Mexico 

By 

Williac D. Purtyt:1un 

Abst.ract 

T1-1enty-three moisture test holes -.:ere constructed in February 

and March 1960 to ~tudy the r.oiature distribution in the soil aod 

underlying tUl':f' at Technical ri;·ea 49, on the northern segment of 

Fri~oles Mesa, in north-central· Ne"W MeXico. Radioac~ive contaminants 

are buried. vithin tlle t.uff i:l this area, and sufficient infiltration 

ot ·.:a.ter from prec:!.t>i tati=!l cculd cause the: to move into r..earby 

surface and ground-~~ter supplies. 

Moisture cea.surements, tabulated in this report, indicate tbat 

o:U.y small and insignificant amounts of •.Jater io:f'il trate tbe soil 

and underlyin.s tuff in Tech.1lical Area 49, except at sites 'Where 

constru.c~ion vork fl..as d:.!.stur'bed the ::-.atural soil cover or changed 

the patte~ cf sUTface drainage. 



Tbe periodic =oisture measurements, made by a neutron-scattering 

coisture probe for a 2-year period, :ndicated the moisture content of 

the soil and trnnsition zcne varied dae to veatber conditions. The 

IilOisture content of' the tu:!f recained tbe same, varied due to weather 

conditions, or increased slightly in tbe upper few feet of tuft 1n 21 

of tbe test holes. The ooisture content in tbe tuft, • to a depth 

of 16 feet, in two test holes increased from 13~ to 28 percent by 

·.-olume, !.ndicat!.ng ::oue 1:-..f!.ltrat!.on of wter. 
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Introduction 

-Technical Area 49 (TA-49) is leee••i on the northern segment of 

Fr~cles Mesa in Los Alamos County, about 5 miles south at the city 

of !..os Alamos, in north-central New Mexico (fig. 1). The mesa is 

Figure 1. --Index cap o.:· part of Loo Ala.t:oc aDd adjacent 

counties, !Te'W Hexicc, sbo""L"'l;; tbe location ot Teeh:'..ical 

Are~ 49 (T.~.-49) and F'r::...jole::; Mesa. 

:.:.=..:.e::ls.ii: o:r a ueries of ash falls and news of rhyolite tuff oore 

-:.!::an -;.:.JO feet thick.. The surface of the mesa slopes gently eastward 

a":>out 150 feet per ::11le and contains shallow arroyos which drain 

i..:lto d~p-cut eastward.-trendins ca.r..;yons that. bound t.be wesa on the 

:-..=rth and south. 

TA-!t9 is used a.s a test area b:,r the Los Alamos Scientific 

~bo1-atory. 'at.l:lin TA-49 are ame.l.ler test areas know. as Areas 1, 

<=-z ;, -t, 5, 6, and 10 (fig. 2). All other locations vitbin TA-49 

Figure 2. --Location ot test areas and moisture-measurel:lent 

test holes in TA-49, Los Alamos County, N. Mex. 

are k.Dow. as Area 9. 

Clayey soU caps most of' the mesa and. overlies a transition zone 

between the soil and the u."lderlying welded rhyolite ~{"except in 

Areas 2 and 10 vbere a layer ot w-ater-laid pumice oc~~s between tbe 

transition zone' and the clayey-soil coverr. 
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Rad~oac'ti ve contami Mnts are buried in the tutf in Areas 1, 2, 

3, ... , and 10 at depths \AP to 100 feet belo-w tb.e surface c:f the cesa. 

Surficient infiltration o:f water from precipitation could remove 

these conta.l::linants from the tut:f and move them outwrd i;lto the deep 

cacyons that bound the mesa, or perhaps even oove them C.:,vn'WB.l'd to 

the cain ground-water body -which l.!.es 1,000 to 1,200 feet belo-w the 

su:~ace o:f the ceaa. 

This study ws Dade in cooperation vi tll the Los Ala:x>s Scientific 

Laborator; to deten:i.ne the ooisture distribution in the soil cover 

aru! und.erlyi.n;; tu:f'!' at ::A.-49. 'l.Venty-tllree test holes were drilled 

1:1 !'ebruar; and March 1960 to stud:,· the thickness o:f the soil and 

the changes in moisture content in the soil and underlyi.Dg tuff. 

The test holes raDge in depth :from 9 to 50 :feet and are leea'led 

'" ....... .. 
ape me i\ test a~eas, roadside drainage ditches, and arroyos. Tb.e holes 

were drilled with a ~on drill -which used air to remove the cuttings. 

All boles except those 1...'1. Area ; were drilled to diameters slightly 

greater tban 2 inches~ and plastic <;ubing ,m_s forced into the holes 

by t.b.e hydraulic lift of the wgon drill so as to insure a tight :fit 

bet-•een the ,-nUJ.s o:f the boles aod the tubing. Tb.ree test holes in 

Area 3 vere drilled 2. 5 inches in diameter, aDd the annular space 

be't:Ween the hole w.l.l and tubing w.s packed "With ground tuft. 

Moisture content o:f the soil cover a.nd tuft was measured at 

various depths in the plastic-lined holes with a neutron-scattering 

::1oisture probe vhich had previously been calibrated :for use in 

::;lastic tubing. The moisture-content measurements ;nade in these 

bo!.es are believed to be within 1 percent of the Mt:.:..ral coisture 

co=~ent o:f ~he soil ~r tu:f:f. 
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The test boles are designated by _irea number, ''M" !'or moisture 

test, and the number of the bole within the frea. Test bole 2-1·:3 is 

in Area 2, is a moisture-test bole, aDd is the third hole drilled in 

that trea. In Area 1 a subscript "A" ws added to an o!"tset bole 

dr-l.led near test hole lM·3· The locations of the test boles are 

based on the Los Alamos grid system, vb.ich is a rec~ system 

of squares numbered in feet south and east of established base lines 

( f!.g. 2). 

The report 11Geology and hydrology of Technical Area 49, Frijoles 

Mesa, Los Alamos County, Nev Mexico," by James E. Weir, Jr. and 

WU1ia::1 D. Purtymun, on file 'With the Atomic Energy Cotc.ission at 

Los Alamos, contains basic data obtained during the first six mnths 

of the study. This report as a continued study summar!.:es r::10isture· 

content measurements made in the 2:3 test boles in the TA- 49 area during 

the period Marcb·April 1960 to March-April 19(52. Included, also, are 

li t.holog1c logs of the test holes and other data perti.Dent to the 

continuation, by the Los Alamos Scientific Laborator;, of moisture 

measurements in these test boles. 

5 
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Dencript1cr. o£ the e:cil and underl:r1I'l6 tuf'f' 

During the drilling of the test holes, tbe air-retarned ~~ttings 

·.rere observed., and. a visual 11 tbologic log '-~as made ( taDles l-2;). 

The ·transition zone could not be d.isti~~ished., in ~e sample 

cuttL'"lgs, i'rom the overlyi%'.6 clayey-soil zone. Therefore, ~e clayey 

soil and the transit~on zone were logged. as a single ~t. 
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Rllyoli te t.;ll'1' 

The coisture test holes are 'Oo't.totled. in a sL.~le asll flow 

cocposed. of_ ,.,elded rhyolite t.utf, wilich is as mucil as Oo feet thick 

near t.he center of the mesa. The air-returned cuttings of tuff that 

"Jere logged. during drilling or the test holes varied in color :!'rom 

liaht bro'Wllish-red., l!.gllt tan, light pink, and very ligll't. gray to 

wb..ite. Unweathered tuf'1' is very l!.ght ;;;ray to white. The darker 

colors probably represent different. degrees of weathering tbat 

occurred prior to development of the soil cover or weathering that 

!s occurrir~ at present because or variations ot moisture content 

in the tuff. 

The tuff contains phenocrysts of quartz and sanidine ranging in 

size from medium to coarse sand, gray devitrified pumice fragments 

up to three-quarters of an inch, a.cd gray to light--brow rhyolite 

and lat1 te fragments. Some of the quartz crystals are clear and 

bave well developed crystal faces; others are dipyramidal in crystal 

form and contain ilb.i te globular inclusions. Mineralogic analysis 

indicates the tuff also contains a small percentage of magnetite 

and pyroxene and some clay, which is probably moiborilloni te. . . 
~~ c_,.,, <fok'l, ':- • ~ ... 7'Jo. ,... 

Natural ooisture content in the tuf!J1rangeil fran 0.8 to 8. 7 

percent by volume. Porosity ranges from ;8 to 54 percent by volume 

and specific retention from 16 to 27 percent by volume. The higher 

porosities occur near the surface. Vertical permeability ranges 

from 0.1 to 6 gpd (gallons per day) per square root. Tbe borizontal 

permeabil1 ty r~es i'rom 0. 2 to 5 gpd. per square foot. 
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Percolation oi' -wat.er could cccu: througll open joints ·..-here the 

soil cantle has been .:.tripped oft, :.cavi!JO the t...:.ft exposed. Moveent 

of -water through the u."'ljointed. tuf!' ·~ould. be slov, as i.."ldicated by 

the range-of percesb~lities of 0.1 ~ 6 gpd per square foot. 
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Water-laid pumice 

A layer of fairly 1rrell sorted, wter-wrn pumice !"ragments was 

f'ound. in test holes in Areas 2 and 10. The l.Byer is 2 to 4 f'eet 

thick and overlies the transition zone and is overlain 'by clayey 

soil. The 'Pumice is brolllliab.-gray to brown,. vi th cell:.U.ar structure 

c! frothy glass contnining 'Phenocrysts of' quartz aod sanidine. A 

!ew layers of clay and aome intermixed brovn clay were found in the 

pumice layer along '111 tb. roots. 

The layer of pumice probably is highly pemeable, because it is 

loosely consolidated and the fragments are well sorted and vell 

rounded. The clay layers probably impede dovnward moYement of' wat.er. 
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Transi t1on zone and clayey soil 

The 'transition zone is composed of partly weathered, but angular, 

tu.:"!' .!'ragtlents in a matrix of brown clay wl:Uch contains a few roots. 

Thickness ranges from a few inches to 4 feet. The zone grades upwrd 

into clayey Doll except were it is overlain .by pumice. The base of 

the transition zone grades into and is irregularly discon.f'ormble 

vi "toll the top of the underlying tuff. Joints and cracks in tbe upper 

part of the tuff are clay filled. 

The bro'Wil clayey soil which occurs on most of tbe c.esa contains 

percentages of particle sizes estimated as follows: 20 percent sand, 

~!I 
;o percent silt, and ~ percent clay. Sand-size particles are crJstals 

and fragments of quartz. 

The soil thickness appears to depend upon the amount of wt.er 

available for \Ieatbering tbe underlying tuft. The thickest- soil 

zones are found aloll6 sballow slow-draining ditches, arroyo channels, 

and relatively flat areas w"bere water collects and stane.s (fig. 2). 

So~ and transition zone thickness, combined, range trc: l to 9 feet 

in the test boles. 

Tbe clay in the transition zone is nearly impervious and 

virtually eliminates percolation tbrougb this zone. Tbe weathered 

anouJ.a.r tuff fragments usually are isolated in the clay ~:~&trix and 

co~tribut.e little.to the bulk permeability of the zone. 

Percolation of wter through i:.be clayey soil is small where the 

soU is relatively 1.1Ddisturbed. Arr:f movement of ,.ter ~ugb the 

eo:!.l vould be ·:ery slow and vould occur only during exceytionally long 

vet. periods, wich a.re rare in the region. 

10 



\ The road metal used !.r. some of the test and parltillg areas 

ccnsist of crushed tuff, sometimes mixed vi th soil. A 1"111 of 

c..-usb.ed tuf't alone wuld transmit water rapidly, but a.n admixture 

ot soil !.I:lpedes infiltration of wter. 

ll 
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Mois~u.-e distribu~ion i~ the soil 

Moisture ceasure:lenta reported :!..:1 tables l tl:lroug!l 2} cover a 

2-year period.. Three to four series of ceas\U"eejlents vere !:lade !.n 

l$6J, tw in 1961, and one in 1962. Tb.e tables of 1!ld1v1dual. test 

boles shov dep"ths belo,., BI (height of i:lst:rument '·1bich is at tb.e 

'to~ of the shield or the neutron probe), depths bel()9.f land surtace, 

:Jat.eris.l !.:l •.thich the moisture oeasurement ws made, and moisture 

conte~t in -perce.."lt by volume at various dates aDd depths. The log 

o'f the test hole appears beneath the ::101sture meesurements o.nd 

rema~s concerning changes in moisture content below the logs. 

The :::oisture ceasurements in the fill and soil cover, which 

i:l.clu.d.es the transition :one, varied due to prevailing •Jeather 

conditions. The ooisture content 1.'"1 the test boles was highest in 

March and April as the result of late winter snow and senerall:r •.1as 

l=west i.:1 the oonths A~..1st through October due to the high 

eva-poti'anSl)iration rate during the SU3ler and earl~ tall. The 

:noisture content also varied with prevailing weather cooditions 1n 

the fill and pumice of test hole 2M-2 and in the pumice ot test holes 2M·I hi 

lOM-l. Ho significant change in moisture content occ-.u-red ill the 

?Umice of test hole~ aM l ~ lOM-2. 
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The moisture content of the tuft in test boles 2M-:;, ;M-1, ~-2, 4'-"'·~ 

!oH-2, 4M-4, 5M-l, 5M-2, 9M-l, and 9M-2 varied or increased slightly 

due to prevailing weather conditions or because of new drninage 

constructed near the boles. The increases in moisture content were 

sl.igb.t and, in most instances, were confined to the upper few teet 

of the tuft. 

Test holes 1M-:; and 1M-!A showed an increase in moisture content 

i.:l the tuff' ~ to a depth of' 16 teet. The moisture content increased 

trom 14;2 percent to 28 percent by volume in the 2-year period, 'Which 

L"ldicates some intiltration of' w-ater. This condition w.a caused by 

ponding of' wter in a nearby arroyo due to construction 'WOrk (fig. 2). 

13 



Conclusions 

The ooisture measurements made during the 2-yea.r period of 

observation _!.ndicate tl:lat ·.;ater, from precipitation, rarely 

in!'iltrates the undizturbed ~-:JU cover into the Wlderlying tutf. 

The increase or variation in moisture content in the tuf'f', which 

'~us observed in test. holes 1M-; and l.M- :;A, is caused primarily by 

changes in the natural cond.i tion.s t.bat existed prior to constr.J.ction 

i~ the e.:-ea. Drainage in the arroyo south of test holes ll-1-3 and 

11-~- ;r~, •mere uater ~s presently impounded, :lbould be izproved, or 

,_-a ~er ;:ay ~ve into the radioacti·1e ::a terials buried in Area 1 

'n ~"lin t;,.e next fev years. 
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!able 1.--Moisture content and lithologic log of test hole lM-1, 
Tecr.nical Area 49 

location: lo4 + 4os 
85 + 48B 

Depth MOisture content (percent by volume) 
De'ptt 'tel. ow 
belov land Mar. May June-~~ M&r. ·sept. Ma:r. 

m: 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 

.!.0 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. l2 12 9·5 7·5 

43 41 do. 1~ 4 3-5 4 4 

48 46 do. 4 4 4 4 4 

------

Lithologic leg 
--- ----------

Descr!:ption of mate:-13.1. Thic~ess Depth 
(feet) (!eet) 

Soil, brown, clayey 4.6 4.6 

Tuff, light brovnish red 7·4 12 

Tuff 1 white to very light gray 3 15 

Tuff' light pink 34 49 

Remarks 
-----

No significant change in moisture content in the tuff except at 36 feet 

bela-• land surface, which probably is a clay-filled crack that is drying out 

since penetration by the test hole. 
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Table 2. --Moisture content and 11 thologic log of teS't hole l.M-2 1 

Technical Area 49 

Location: le4 + 63S 
83 _+ 39E 

---····------
Depth Moisture content (percent by volume) 

Depth '"::lelow 
below land 

HI s-.u-face Mar. Mar. May June Oct. Mar. Aug. 

(feet) (f'ee't) 
29, 7 28, 29, 

---- Materi~ __ 1£(l ___ ~--- 1Jh lg60- 1960 19fiJ --J.96i. 

3 
4 
5 
6 
8 

10 
l2 
14 
16 
18 

1.5 Tuff 37 38 39·5 39 37.5 40 38 

2.5 do. 8.5 7·5 9 ll 10.5 16.5 12.5 

3·5 do. 4.5 4.5 4.5 5 4.5 4.5 7.5 

4.5 do. 4.5 4.5 4.5 4.5 4.5 4.5 6 

6.5 do. 4 3·5 4 4.5 4.5 4 4.5 

8. 5 do. 4 3·5 3 3 3 <3 <3 

10.5 do. 3 3·5 3 3 3·5 <3 <3 

12.5 do. 3 3 3 3 3 <3 <3 

14.5 do. 3 3 3 3 ~ <3 

16.5 do. 3 3 4 3 <3 <3 

L1 tho logic log 

- -· ---------------------.- - - - __ , _______ -

Description of' material Tb.ickn~ss 
~feet) 

Fill, broken tuff' 
Soil, brawn 
Tuf'f', white to very light gray 

Remarks 

0.5 
0.5 

18 

<re~i~ 
o. 5 
l 

19 

Mar. 
8 

1~2... 
23 

7 
6 
5 
4 

<3 
<3 
<3 
<3 
<3 

Uo significant change in moisture content of the tuff below 2. 5 f'eet below 

l.aDd surface. 
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Table 3.--Moisture content and lithologic log of test ~ole lM-3, 

Technical Area 49 

Locat1Cl:l: 105 + 9.25 
84 ! 95E. 

Depth Moisture content (percent by volume) 

Depth ':elov 
below !.and Mar. Mar. Apr. Jtme Oct. Mar. Aug. Mar. 

HI surface 
(feet) (i"eet) Material 

16, 30, 21, 29, 5, 28, 29, 8, 

l.960 1Q60 1Q60 _1960 1960 12Ql 196l ___ J..9§~_ 

3 1 Soil 37 32 27 

4 2 do. 45 41.5 39.5 36 33.5 36.5 .31.5 31.5 

5 3 do. 27 23 27 26 10.5 19 15.5 34.5 

6 4 do. 21 18 18.5 21 2~ 25 21 16.5 

7 5 Tuf'f 18 16 20.5 21.5 26 23 21.5 

8 6 do. 24.5 24.5 26.5 25.5 25 28 25.5 23.5 

9 7 do. 27 27 27 26 27 26 27 

10 8 do. 28 27.5 27.5 26.5 26 27.5 26.5 29 

12 10 do. 30 30 .30 28.5 27.5 28.5 29 33 

13 ll do. 32 33 
32 30 

14 1.2 do. 29.5 29 29 29.5 28 28.5 29 31 

J.6 14 do. 34 30.5 29.5 27.5 27.5 27 27.5 29.5 

18 16 do. 39 35·5 35·5 32.5 30 31 30 28 

20 18 do. 40 36.5 34 26.5 26 24.5 29.5 

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

U tho1ogic log 

------- --------- -
Description of material 

Soil, brown, clayey 
TUff, light brownish red 

--------
Remarks 

Thickness 
(feet) 

4 
15 

Depth 
(teet) 

4 
19 

Moist·.1re content varies in soil zone and tuff. Ponded vater nearby may be 

infiltrating the tuff. 

t1 
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., Table 4 .--M:::listure content and lithologic log of test tole 1M-3A, 

Tecr..nical Area 49 

toc~ti-on: 105 + 92S 

Depth 
below 

HI 
(feet) 

4 
5 
6 
7 
8 
9 

10 
ll 
l2 
13 
14 
15 
16 
17 
18 
19 
21 
23 
25 
28 
33 
38 
43 
47 

85 + ceE 

Depth Moisture content (percert by volume) 

be1ov 
land Apr. May June 

surface 21, 3, 30, 
(feet) Material 1960 1960 Jg6Q 

1 Soil 40.5 35.5 
2 do. 37·5 38.5 30 
3 do. 31.5 31 31 
4 Tl.lfi" 33 30 31.5 
5 do. 32 31.5 33 
6 do. 30.5 31.5 32 
7 do. 27 28 28 
8 do. 24.5 23 25.5 
9 do. 18.5 23 

10 do. 21.5 
ll do. 19.5 24 
l2 ~o. 13 
13 do. 13 16 
14 do. 8.5 
15 do. 7·5 8 
16 do. 7 
18 do. 
20 do. 5 
22 do. 
25 do. 5 
30 do. 4.5 
35 do. 4 
40 do. 4 
44 - do. 4.5 

"' 
L1 tholog1c lOg 

Description of naterial 

Soil, brown 
Tu:1':1', light gray 

Remarks 

O::t. Mar. 
5, 28, 

J960 ]~J 

25 ,a.; 
33·5 42 
25.5 39.5 
27.5 38 
28.5 39 
29 39.5 
28.5 34.5 
27 31 
26 29.5 

30 
27.5 31 

28 
9 23.5 

15 
ll 

5·5 
,.. 
0 

4 4. 5 
4 4 
4 4 
4 4 
4 4 

Thickness 
{teet) 

~.2 
45.8 

July 
13, 
,~J 

;4.5 
31.5 
26 
27.5 
29.5 
30.5 
30.5 
29.5 
30 
31.5 
31 
30 
24 
J.8 
14 
u.s 

7 
6 
4.5 

Depth 
(teet) 

3.2 
49 

Aug. 
29, 

l96l 

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, 

l9E~ 

~ 
4o.5 
34.5 
31.5 
31 
31.5 
27.5 
26.5 
26.5 
28 

27·5 
23 
19.5 
17 
15.5 
l2 
8 

4.5 
4.5 
4.5 
4.5 
4.5 

Moisture contents in soil varied due to prevailing veatt.er conditions. 

f.bisture c CJltent in tuN' incretised. from 7 to 20 feet i.Jelow land surface due 

to infiltration of vater 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!.~n: 107 + l2S 
100 _:to 05E 

Depth 
Moisture content (percent by volume) 

Depth telow 
below land Mar. May O::t. Apr. Aug. Mar. 

HI surface 
Material~~ 

3, 31, 8, 

( fee.!L_U'_~et ) 1961 196;1. 1962 

2 l Fill 37 32· 5 23 41 36 36 

3 2 do. 34 33·5 26.5 32.5 28.5 30 

4 3 do. 32.5 j2.5 29.5 38 33 j2.5 

c: 4 do • 23 2:;.; 18 ;;.5 31 29 
., 
6 5 do. 20.5 19 15 24 26.5 22.5 

7 6 Pumice 12.5 ll.5 8.5 10 9-5 ll 

8 7 do. 7 6. 5 6. 5 5 5.5 5·5 

9 8 do. 29-5 j0.5 25.5 29.5 28.5 

10 9 do. 6 6 5.5 7·5 5·5 6 

------------· ---------------------

IJ. t.h.ologic log 

Description of material 

Fill, crushed tuff and soil 

Pumi~ tan 

Remarks 

Thickness 
(feet) 

5.5 
4.5 

Depth 
(teet) 

5-5 
10 

Moisture contents of fill and pumice varied due to prevailing weather cond.itioilll. 

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 
belov 

HI 
(feet) 

3 
4 
5 
6 
7 
8 
9 

10 
12 
14 
16 
18 
20 

96 + OlE 

Depth 
~elov 

Moisture content (percent by volume) 

land Mar. Apr. May June oct. 
surface 13, 1, ·3, 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 

Uthologic log 

Description of material 

Soil, brovn, clayey 
Tuf:f', light gray 
Tuff', light pink 

Remarks 

Thickness 
(feet) 

5 
11 
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 
ll.5 

ll 
8 
6 
5.5 
5 
4.5 

No significant change in moisture content in the tuff belov 10 feet. belov 

land suri'ac e • 

~\ 

M&r. 
8, 

1962 

22.5 
16.5 
29 
11.5 
12.5 
11.5 

8.5 
7 
6.5 
6.5 
4.5 
4.5 



Table 8. --Moisture content ond l1 thologic log of test hole 3M-l, 

Technical Area 49 

wcati.::n: ll5 + 97S 
82 + 03E 

Depth Moist~re content (percent by volume) 

Depth "::elow 
belov 

HI 
(feet) 

2 
3 
4 
5 
6 
8 

10 
12 
14 
16 
18 
20 
23 
28 
33 
38 
43 
48 

land Mar. Apr. May 
s;.u-face 17, 5, 4, 
(feet) Material 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. 

IJ. tho logic log 

Description of material 

Soil, brown, clayey 
Tuff, light gray 

----
Remarks 

·--------

June O::t. 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-; 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 depth 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 

Loce.t!.on: 114 + 82s 
82 + 6'7E 

Depth 
below 

HI 
(feet) 

3 
4 
5 
6 
8 

10 
J2 
14 
16 
18 

------------------------
!)epth 
=elov Moisture content (percec~ by volume) 

land Mar-. -"7Apr .- May - June 

surface 1"7, "7 4 29 
I I I I I 

(feet_)_Ma_t:~ial_lg60 l~Q_J.~-~0 

1.5 Soil 39 38 38 38 
2.5 do. 30 31.5 33.5 33 

3 . 5 Tuff 1 '7 17 15 • 5 1 '7 
4.5 do. 10 10 

6.5 do. 5.5 5.5 

8.5 do. 5.5 5.5 

10.5 do. 3.5 3.5 

J2 • 5 do. 4 3 • 5 

14.5 do. 4.5 4.5 

16.5 do. 3.5 3·5 

Uthologic log 

~T:.- ---y.rar. AUg. liJir----:-

'7, 28, 29, 20, 

1960 ~~~ -- .-~~~- ~?__ 
36.5 40.5 39·5 44 
33·5 39 41 30 
1'7 1'7 29 1'7 
11 14 15 J2.5 

5·5 6 6 4.5 
6 4.5 5 4 
3·5 3·5 3.5 <3.5 
3·5 <3.5 3.5 4 
4.5 4 4 3.5 
3.5 3.5 3. i 3.o 

Description of material 

Soil, brown, clayey 

Tbickness 
(feet) 

Depth 
(feet) 

Tuft', light gray 

Remarks 

2.6 
16.4 

2.6 
19 

------------------
No significant change in moisture content occurred in tr.e tuff below 4.5 

feet belov land surface. 



Table 10.--Moisture content and lithologic log of test hole 3~3, 
Technical Area 49 

Loca-eion: 114 + 56S 
79 + 96E 

Depth MOisture content (percent by volume) 
Depth belov 
belov 

HI 
(feet~ 

2 
3 
4 
5 
6 
8 

10 
12 
14 
16 
18 

land Mar. Apr. M&y June Oct. 
surface 17, 1, 4, 29, 7, 

{feet} Material 1960 lg()O 1960 1960 1960 

1 F1ll. 25.5 30.5 27 25 23 
2 do. 38 42 38.5 38.5 37.5 
3 da. 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 'l'uf'f 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 

L1 thologic log 

Description of material 

Fill, crushed tutf 
Soil, brawn 
Tuft, light gray 

Remarks 

Thickness 
(feet) 

4 
3 

13 

No significant moisture changes occun-ed in the tu:f:t'. 

Mar. 
28, 

lg61 

36.5 
41.5 
11.5 
6 
7 
6 
4 
4 
3·5 
3·5 

<3·5 

Depth 
(feet) 

4 
7 

20 

Aug. 
29, 

lg6l 

33 
39 
10.5 
8 
8 
6 
4.5 
4.5 
3.5 
3.5 

<3.5 

Mar. 
20, 

lQ62 
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 pole 4M-l, 

Technical Area 49 

Locati~: 121 + 295 
96 + 44E 

Depth 
Depth 1::elov Moisture content (percent by volume) 

belov land Mar. Apr. May Oct. Mar. Mar. 

HI surface 
(feet) (!"eet) Material 17, 7, 2, 7, 29, 20, 

J,Q60 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_ <;.5 <3·5 5 

12 11 do. <3·5 <;.5 <3·5 4.5 

14 1' do. <;.5 <;.5 <3·5 4 

16 15 do. <3·5 <;.5 <;.5 4 

18 17 do. <;.5 <;. 5 5 

23 22 do. <;.5 <3·5 3·5 

28 27 do. <3-5 <;.5 3·5 

33 32 do. 4.5 4 4 4 4 

38 37 do. <;.5 <3.5 <;.5 

43 42 do. 3·5 3·? 3·5 3·5 3·5 

48 47 do. 3·5 3-5 4 

Uthologic log 

Thickness Depth 

Description of material (feet) (feet) 

Soil, brown 1.9 1.9 

Tuff, light gray 13.1 15 

Tuff, llght brown 2 17 

Tuff, light gray 32 49 

Remark a 

Septe:lber 19, 1961.-·Casing broke off at ground level a.nd bole filled ·,;ith 

'..ater. ~-mch 20, 1962.--r\eading high. No significant cb.3ni;e in moistu:-e 

con~ent of the tuff occurred 4 feet below land surface prior to September 

19(51. 

25 



Table 12. --}ok)isture content and lithologic log of test hole 4M-2, 
Technical Area 49 

Location: 120 + 575 
94 + 70E 

Depth 
Depth =elov Moisture content (percent by volume) 

beHilov land Mar. May June- -ret. Mar. sept. Mar. 

S".u-face x 9 8 

( ) ( ) 
231 ,n 2 1 5, 291 1 20, 

fee_t __ r_e_et __ Ma_t~rial __ ~.!:...-96'-0-'-1~96_0_ 1960 l-'-96_o __ l.:...96_1_1961 ~96~----

2 0.5 Soil 10 8 ll 31 

3 1.5 Tuff 30.5 28 26.5 26 38 

4 2.5 do. ll.5 29.5 

5 3 . 5 do. 15 • 5 17 16 

6 4 • 5 do • 6 • 5 5 5 • 5 6 5 • 5 

8 6 . 5 do. 7 8 8 6. 5 
10 8.5 do. 4.5 4.5 4.5 4.5 

12 10.5 do. 5 5.5 5.5 5 

14 12 • 5 do. 5 • 5 5 • 5 6 5 

16 14.5 do. <3. 5 <3. 5 <3. 5 <3. 5 

18 16~5 do. <3.5 <3.5 <3.5 

31.5 25 
25 34 
8.5 18 
7 7 
5 7 
4 4 
5 4.5 
4 4 

<3.5 5 
<3.5 <3·5 

-------------------·--------------------------------- --
U thologic log 

Description of material 

Soil, brawn 
Tuft, light gray 
Tuff, light brawn 

Thickness 
(feet) 

1.2 
6.8 
1 

Depth 
(teet) 

1.2 
8 
9 

11 20 
____ Tu_f_f, light gr_a"""'y _____________________ _ 

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 

LOcatic:=.: l22 + 765 
96 + 94E --- -- --- --------

Depth 
Depth tel.ov Moisture content (percent by volume) 

below l.&nd 
HI surface 

Mar. May June - o:t.·--- Mar-.--------

(feet) (~eet) Material 17, 3, 29, 7, 20, 

1960 12§<2__~269 __ -~~_Q__l:_96~. -- --

3 1 Fill 39 32 25 21.5 32.5 

4 2 do. 39·5 38.5 37 37 41.5 

5 3 do. 28.5 25 24 26 37.5 

6 4 Tuff 10.5 9 9·5 9·5 22.5 

7 5 do. 5.5 5 5·5 6.5 19.5 

9 7 do. 5 5 5·5 18.5 

ll 9 do. 3.5 4 4 8 

13 ll do. 3.5 3·5 3·5 4 

15 13 do. 3.5 3.5 3·5 4 

17 15 do. 4.5 4.5 4.5 4.5 

19 17 do. 3.5 4 4 

--------------------------------- -----· 
U thologic log 

------------------ --· 

Description of material 

Fill, crushed tuff 
TUtf, light gray 

Tl:liclmes 
(feet) 

3 
16 

Depth 
(feet) 

3 
19 

---------------
Remarks 

---------------------------------------------- --
Maret 29, 1961.--C&aing broke off at ground level and hole filled v.-ith vater. 

Marc!:. 20, 1962 .--Moisture reading high. 
No significant change in moisture content in the tuff prior to March 1961. 



Table 14.--Moisture content and lithologic 
Technical Area 49 

log of test hole 4~4, 

Location: 118 + 728 
94 '! 94E 

Depth Moisture content (percent by volume) 
Depth belov 
below land ~e.r. :APr. May-June Ckt. Mar. Sept. flm. 

BI surface 18, 1, 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. ;,.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 

l2 10 do. 4 4 4 3·5 3·5 4 

14 l2 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 

--------------------------------------------
Uthologic log 

Description of material 

Soil, :rovn 
'l'ut1', light gray 
'l'ut1', light brown 

------~~~~~~·~ght ~y 

Remarks 

Thickness 
(teet) 

2.9 
9.1 
3 
4 

Depth 
(feet) 

2.9 
l2 
15 
19 

No significant chaDges in moisture content occurred in the tuff belov 6 feet 

be lev land surface. 



""" 

Depth 
below 

HI 
(feet) 

3 
4 
5 
6 
8 

10 
l2 
14 
1.6 
18 
20 
25 
30 
35 
40 

log of test hole 5M-l, 
Table 15. --~isture content and 11 tb.ologic 

Technical Area 49 

Loc_ation: lll + 325 
94 + 36E 

Depth 
~elov Moisture content (percent' by volume) 

land Mar. Apr. Apr-.- May O::t. Apr. 
s-.u-face 14, 7 I. 30, 6, ;, 6, 

(feet) Material 1960 1960 1960 1960 ~0 1961 

0.5 SoU u.s 30 34.5 14.5 <3·5 37·5 
1.5 do. ll.5 30 34-5 33 l2 36 
2.5 Tuff 10 ll u.s 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 

L1 tb.ologic log 

Description of material 

Soil, brown 
Tuff, llght gray 

Remarks 

Thickness Jepth 
(teet) (teet) 

2.2 2.2 
36.S 39 

Au8· 
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 tbe tuff below 5. 5 

feet belov 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 log of test hole 5M-2, 
Technical Area 49 

Locati~::.-: ill + 058 
92 +_38E 

~t.h 

Depth below MOisture content (percent by volume) 

below l&lld Apr. May oct. APr. Aug. Mar. 

HI S'..lri"ace 1, 2, 7, 3, 31, 9, 
(feet) (feet) Material 1960 -~-1~0 1961 1_261 ~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. u.s 10 11.5 14.5 14 14 

10 8 do. 7 7 7·5 9 10 12 

J2 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 

--------------------------------------
Lithologic log 

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

Description of material 

Soil, brown 
Tuff, white to light gray 

Reaarks 

Thickness 
(teet) 

3.3 
15.7 

Depth 
(teet) 

3·3 
19 

No signi:f'1cant changes in moisture content occurred in the tuff below 

6 feet below le.Dd surface. 



Table 17.--Moisture content and lithologic log of test hole 6M-l, 
Technical Area 49 

Location: la:! + 15S 

Depth 
below 

HI 
(feet) 

3 
4 
5 
6 
7 
8 
9 

10 
12 
14 
16 
18 

68 + 83E 

Depth 
"telow Moisture content (percent by voluce) 

land Mar. APr. Mi.y June Q:t. 
surface 14, 5, 3, 30, 7, 
(feet) Material 1960 1960 1960 1960 1960 

1 Soil 48 37 28 23 16 
2 do. 42.5 44 41.5 37.5 28 

3 do. 45 45.5 45 44.5 43 
4 do. 44 44.5 43.5 43.5 

5 do. 38.5 39 39 38 
6 do. 34.5 37 ;6 34.5 

7 do. 20.5 23.5 23 22 
8 do. 15.5 19.5 19 19-5 

10 1\lff 10 10 8 8.5 9 
12 do. 6 6 6 6 6.5 

14 do. 6.5 7 8 8 8.5 

16 do. 4.5 4.5 4.5 4.5 4.5 

L1 thologic log 

Description of material 

Soil, dark brown, moist 
Tuff, light yellowish brovn 
Tu:ff, light gray 

Remarks 

Thickness 
(feet) 

9 
1 
9 

Mar. 
28, 

1961 

32.5 
42.5 
46.5 
45 
41 
36 
22 
19 

7 
5.5 
7 
4 

Depth 
(teet) 

9 
10 
19 

AUg. 
29, 

1961 

31.5 
42 
44.5 
42.5 
39 
36.5 
30 
21 

8 
5.5 
8 
4.5 

No significant chaDge in moisture content occurred in the tui'f. 

3\ 

Mar. 
20, 

1962 

29 
39·5 
44.5 
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 + 67S 

Depth 
below 

HI 
(feet) 

3 
4 
5 
6 
7 
8 

10 
12 
14 
16 
18 

88 + 44E . 
Depth Moisture content (percent by volume) 
l::elow 

land Mar. Mar. May O:t. 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.; ;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 

Uthologic log 

Description of material 

Soil, brown 
Tuff 1 light tan 

Remarks 

Thickness 
(feet) 

6.g 
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 
(teet) 

6.g 
19 

Mar. 
20, 

1962 

36 
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 1a probably 

due to a nev chaimel cut near the moisture hole. 



Table 19.--lobisture content and lithologic log of ~est hole 9M-2, 

Technical Area 49 

Location: ll3 + 4os 

Depth 
belov 

HI 
(feet) 

3 
4 
5 
6 
7 
8 

10 
l.2 
14 
16 
18 

98 + 15E 
-

Depth Moisture content (percent by volume) 
below 

laDd Mar. Aj)r. Apr. May Oct. Apr. 

surface 14, 7, 30, 6, 1, 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 l.2 .5 10.5 14.5 14.5 17 

10 do. 4.5 4.5 4.5 6.5 5.5 5·5 

l.2 do. 4.5 4.5 4.5 5 4.5 4.5 

14 do. 7 9 8 6.5 6 

l.6 do. 11.5 8.5 7 6.5 6 

L1 thologic log 

Description of material 

Soil, brown 
Tu!f, light gray 

Remarks 

Thickness 
(feet) 

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, 

l962 

29 
1.o 
4.4.5 
46.5 
45.5 
30 
17.5 

6.5 
4.5 
5 
6 

No significant changes in moisture content occurred in the tutt belov 10 feet 

below land surface. 



Table 20.--Moisture content and lithologic 
Technical Area 49 

log of test hole 9~3, 

Location: 117 + a:!S 

Depth 
belmr 

HI 
(feet) 

3 
4 
5 
6 
7 
8 

10 
12 
14 
16 
18 

lo4 + 57E 

Depth Moisture content (percent by volume) 
belmr 

land Mar. Apr. May O::t. Apr. 
surface 14, 30, 6, 7, 6, 

(feet) Material 1960 J,960 1960 1960 1961 

1 Soil 43.5 34 38.5 ll 39·5 

2 do. 42 34 39·5 13 41 

3 do. 43.5 41.5 42.5 36.5 46 

4 do. 8 6.5 7.5 7 ll 

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 brawn 
Tuff, light brown 

Remarks 

Thickness 
(teet) 

4.2 
13.8 

1 

Sept. Mar. 
19, 

l96l. 

30 
26 
40 
7 ·5 
7.5 
6.5 
6 
5.5 
4.5 
4.5 
4.5 

Depth 
(teet) 

4.2 
18 
19 

20, 
J,962 

35.5 
33 
41.5 
7 
1 
6.5 
6 
5.5 
4.5 
4.5 
4.5 

--------

No significant changes in moisture content occurred in the tuff. 



Table 21.--Mbisture 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\o" land Mar. May - ~t.- APr. sept;- 1iJif. 

HI surface 25, 3, 7, 6, 8, 8, 

(feet} (feet) Material 1960 1960 1960 1961 1961 1962 
~- --··--------

3 "1 !'ill 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 d.o. 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 d.o. 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 

Lithologic log 

---------·------- -------------

Description of material 

Fill, soil aDd crushed tuff 
Tu!f, light gray 

Remarks 

Thickness 
(teet) 

1.2.4 
6.6 

Depth 
(feet) 

12.4 
19 

No significant changes in moisture content occurred in the tuff. 



Table 22.--Moisture content and lithologic log of test hole lOM-1, 

Technical Area 49 

Locati:Jn: 104 + 965 

Depth 
below 

B:I 
(feet) 

2 
3 
4 
5 
6 
8 

10 
12 
14 
16 
18 
20 
24 
26 

110 + 31E 
-

Depth Moisture content (percect by volume) 

below 
land May CEt. MB.r. Sept. Mar. 

surface 4, 5, 29, 5, 9, 
(feet) Material 1960 1960 1961 1961 1962 --------·--

0.5 Soil 8 <3.5 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 13.5 

4.5 do. 5 4 4.5 19.5 15.5 

6.5 Turf <3.5 <3.5 <3.5 <3·5 3 

8.5 do. <3·5 <3·5 <3·5 <3.5 <3·5 

10.5 do. <3.5 <3.5 <3.5 <3.5 <3.5 

12.5 do. <3-5 <3.5 <3-5 <3·5 <3·5 

14.5 do. <3.5 <3-5 <3-5 <3-5 <3-5 

16.5 do. <3·5 <3.5 3.5 3.5 3·5 

18.5 do. 3·5 ,5.5 3.5 3.5 

22.5 do. 3.5 3·5 3·5 3·5 

26.5 do. 4 4 4 4 

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

IJ. thologic log 

Description of material 

Soil, brown 
Pumice, light gray 
Tu:N', light gray 

Remarks 

Thickness 
(teet) 

2.4 
2.1 

24.5 

Depth 
(teet) 

2.4 
4.5 

29 

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

No significant changes in moisture contellt occurred in the turr. 



Table 23.--Moisture content and lithologic log of test hole lOM-2, 

Technical Area 49 

Location: 104 + 548 
108 + 69E 

. - --- -- ---- -· 
Depth ~isture content (percent by volume) 

Depth 'below 
'below laDd --

BI surface 
Mar. May O:t. Mar. Sept. Mar. 

(feet} (feet) Material 28, . 4, 5, 29, 5, 9, 
1960~0 lg60 1961 196l_J.262 

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 11 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 1~. 5 4.5 5 4.5 

12 ll do. 3·5 3.5 3·5 3.5 <3·5 3-5 
14 13 Tuff' <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 

·----------------------------------------------
Uthologic log 

---------- ... ·---- ----------------- . -

Description of material 

Fill, soil 8lld crushed tuff, mixed 

Pumice, light gray 

Tuff, light gray 

Remarks 

Thickness 
(teet) 

4 
8 
8 

Depth 
(teet) 

4 
12 
20 

No significant changes in moisture content occurred in the pWilice or tu:t'f'. 
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Geology of the microseismograph station at S-Site, 

Los Alamos County, New Mexico 

By 

William D. Purtymun 

Abstract 

The Bandelier Tuff crops out at the surface of the Pajarito 

Plateau at S-Site. Underlying the tuff are rocks of the Puye, 

Tschicoma, and Tesuque Formations. Beneath the Tesuque Formation, 

and above the Precambrian basement complex which is at a depth of 

about 4,300 feet, the rocks probably consist of sandstone, con

glomerate, shale, and limestone. 

S-Site is on the western edge of a buried depositional basin 

in the Tesuque Formation beneath the central part of the Pajarito 

Plateau. This basin is filled with volcanic debris of the Puye 

Formation. A deep sediment-filled trough, caused by down-faulting 

of the Precambrian rocks underlies the depositional basin. 

The western edge of S-Site is bounded by the Pajarito fault 

zone, a series of normal faults downthrown to the east. East of 

the site a minor fault cuts rhyolitic rocks of the Bandelier Tuff. 
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Introduction 

The University of California, Los Alamos Scientific Laboratory, 

has established a three-component microseismograph station on the 

western edge of the Pajarito Plateau in Los Alamos County, north-central 

New Mexico. The station is located in Building TA-16-80 in Technical 

Area 16 (TA-16) known as S-Site. At the request of Mr. C. W. Trask 

and Mr. Dean Keller, Engineer I, Los Alamos Scientific Laboratory, 

through Mr. Harry Standring, U.S. Atomic Energy Commission, and 

Mr. William Kennedy, Group H-6, Los Alamos Scientific Laboratory, an 

investigation was made to determine the geology and geologic structure 

of the area. The investigation is a part of the continuing geologic 

and hydrologic site studies which are a part of Contract AT (29-1) 

1739 modification 8 between the U.S. Geological Survey, the U.S. Atomic 

Energy Commission, and Los Alamos Scientific Laboratory. 

Much of the information for the investigation was abstracted from 

previous reports of the U.S. Geological Survey prepared for and in 

cooperation with the U.S. Atomic Energy Commission and Los Alamos 

Scientific Laboratory at Los Alamos, New Mexico. These reports contain 

data on the geology and structure of the area which were collected 

during investigations for the disposal of liquid and solid radioactive 

wastes and for studies of ground-water development at Los Alamos. 

Data also were abstracted from other geologic reports of the area. 

This report presents a general description of the geology and structure 

of the Pajarito Plateau with particular reference to S-Site. 
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Geology 

The Pajarito Plateau forms an apron around the east flank of 

the Sierra de los Valles, slopes gently eastward, and terminates 

along the Puye Escarpment and White Rock Canyon (fig. 1). The 

plateau is structurally a part of the Rio Grande depression--a 

complex series of en echelon faulted troughs or basins that extend 

from southern Colorado southward along the Rio Grande valley to 

Mexico (Kelly, 1952, p. 93). 

In the Rio Grande depression, Precambrian basement rocks--granite, 

gneiss, schist, and quartzite--have been faulted downward to great 

depths (fig. 1). A sequence of rocks believed to consist of sandstone, 

conglomerate, shale, and limestone of Paleozoic and }!esozoic age overlie 

the Precambrian rocks. The upper part of the depression contains rocks 

to Tertiary and Quaternary age that are "basin fill" sediments and 

volcanics. 

In the Pajarito Plateau area rock units exposed, or buried in the 

near subsurface, are, in ascending stratigraphic order, the Tesuque 

Formation of Pliocene age, the Puye Formation of Pliocene age, the 

basaltic rocks of Chino Mesa of Tertiary age (Santa Fe Group), the 

Tschicoma Formation of Pliocene age, and the Bandelier Tuff or Pleistocene 

age (volcanic rocks of the Jemez Mountains). The stratigraphic relation 

of ·these rocks on the Pajarito Plateau is shown on figure 1. Section A-A' 

(fig. 1) is a generalized illustration of the near-surface geology and 

structure in the Los Alamos area. A detailed description is given by 

Griggs (1964, p. 16-74). 
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Santa Fe Group 

The Tesuque Formation of the Santa Fe Group consists of siltstones, 

sandstones, clay lenses, and conglomerate, and some interbedded basalt. 

The formation crops out in the bottom of the canyon ~valls along the 

Rio Grande; it is in the subsurface beneath the Pajarito Plateau. 

Near the Rio Grande the thickness of the formation exceeds 2,600 feet. 

The Puye Formation of the Santa Fe Group overlies the Tesuque 

Formation. It forms the Puye Escarpment and crops out along White Rock 

Canyon. The Puye is composed of two members. The lower member, the 

Totavi Lentil, is a thin, poorly consolidated conglomerate; the upper 

unnamed fanglomerate member is a poorly to well consolidated fan 

deposit of volcanic detritus derived from the Tschicoma Formation. 

Near the Rio Grande the Puye is only 60 to 80 feet thick. The formation 

thickens northward and westward on the Pajarito Plateau (Griggs, 1964, 

p. 29). 

The basaltic rocks of Chino Mesa originated from vents near Chino 

Mesa (fig. 1). They consist of a series of flows and interflow breccias 

that are as much as 500 feet thick along the Rio Grande. The basalts 

thin westward beneath the Pajarito Plateau where they are interbedded 

with the fanglomerate member of the Puye Formation. 
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Volcanic rocks of Jemez Mountains 

The volcanic rocks of the Jemez Mountains in the report area 

include the Tschicoma Formation and the Bandelier Tuff. The 

Tschicoma Formation forms the core of and crops out on the flanks 

of the Sierra de los Valles and is in the subsurface along the 

western edge of the plateau. It is composed of latite, quartz 

latite, and rhyolitic flow rocks (Ross and others, 1961, p. 139). 

Along the western edge of the plateau some of the younger flows 

intertongue with the Puye Formation. 

The Bandelier Tuff forms the upper surface of the Pajarito 

Plateau. The Guaje Pumice Bed, an ash-fall pumice, is the lower 

part of the Otowi Member. The Otowi Member is generally a nonwelded 

ashflow of rhyolite tuff. The upper Tshirege Member is a series of 

nonwelded to welded ashflows of rhyolite tuff (Purtymun and Koopman, 

1965, p. 11). The tuff is as much as 1,000 feet thick along the 

western edge of the plateau near Los Alamos. It thins eastward to 

less than 50 feet along White Rock Canyon. The upper ashflows of 

the Bandelier Tuff dip gently eastward toward the river at 1 to 2 

degrees. 
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Structure 

The most prominent structural feature of the Pajarito Plateau 

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 consists of normal 

faults that are downthrown to the east and displace rocks of the 

Bandelier Tuff, Puye Formation, and Tschicoma Formation (fig 1). 

The displacement, estimated from the fault scarp west of S-Site, 

is from 400 to 500 feet. The amount of displacement decreases north

ward where, at a point north of Los Alamos, all visible traces of 

the fault disappear (fig. 1). 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 (Willden and 

Criley, 1966, p. 6). 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. 1) 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. 

10 



Beneath the central part of the Pajarito Plateau a north

trending depositional basin is formed in the Tesuque Formation 

(fig. 1). 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 flo~vs of basalt from Chino Mesa, 2 to 

4 miles west of the Rio Grande (John and others, 1967, p. 28). 

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, (Cordell and 

Joesting, 1965). The bottom of this sediment-filled trough lies 

about 5,000 feet below sea level (fig. 1). 
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S-Site 

S-Site (TA-16) in which the microseismograph station is located, 

is on the Pajarito Plateau at the western edge of the Rio Grande 

depression (fig. 2). 

Knowledge of the subsurface geology in this area is poor, due 

to the lack of nearby test holes; however, an estimate of the geologic 

units present and their thickness was made from geologic logs of test 

holes DT-5A, PM-2, and H-19 (fig. 1) and a gravity survey. The 

thickness and average depth below land surface to the tops of the 

units are listed below: 

Geologic unit 

Bandelier Tuff 

Puye Formation 

Tschicoma Formation 

Tesuque Formation and 
earlier sediments 

Precambrian rocks 

Thickness 
(feet) 

800 

500 

1,000 

2,000 

12 

Average depth 
below land 
surface to 
top of unit 

(feet) 

0 

800 

1, 300 

2,300 

4,300 
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Figure 2.--Geology in the vicinity of S-Site, Los Alamos County, New Mexico. 



The rock cropping out at the S-Site area is the moderately 

welded to welded unit of the Tshirege Member of the Bandelier Tuff. 

The unit is about 60 feet thick and it is separated from an underlying 

moderately welded unit by sheet-wash sand and gravel that marks an 

erosional unconformity. The sand and gravel bed is exposed in a 

north-trending fault scarp about 4,200 feet east of the station and 

~ along the walls of Canyon de Valle and Water Canyon. The scarp 

results from a minor normal fault do~vnthrown to the east, in the 

Bandelier Tuff (fig. 2). The measured displacement at the fault is 

88 feet on the north wall of Canyon de Valle. 

The northward-trending Pajarito fault zone branches into two 

major faults about 3,000 feet west of the microseismograph station 

(fig. 2). Movement along both the Pajarito fault zone and the minor 

normal fault, east of the station, has probably been in small in-

crements that began prior to the deposition of the tuff and continued 

into post-Bandelier time. 
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Summary 

S-Site is on the western edge of the Rio Grande depression, a 

major structural feature formed by a complex fault system that extends 

northward through New Mexico. The microseismograph station at S-Site 

is on the west edge of a buried depositional basin that is filled 

with volcanic debris of the Puye Formation and younger rocks. The 

basin trends northward near the center of the plateau and overlies 

a deeper sediment-filled trough formed by downfaulting of the Pre

cambrian basement rocks. 

The surface of S-Site is capped by moderately welded to welded 

tuff of the Tshirege Member of the Bandelier Tuff, Nonwelded to 

welded units of the tuff are estimated to be about 800 feet thick at 

the site and to be underlain by about 3,500 feet of volcanic debris, 

volcanic flow rocks and sediments. The Precambrian basement complex 

is estimated to be at a depth of about 4,300 feet. On the west, 

the site is bounded by the north-trending Pajarito fault zone, which 

is the major surface structural feature in the area. The fault zone 

forms the boundary between the western edge of the plateau and the 

flanks of the mountains. The major faults in the zone, downthrown 

to the east, break the rocks of the Bandelier Tuff, Puye, and 

Tschicoma Formations, and extends into the Precambrian crystalline 

rocks. The site is bounded on the east by a minor fault which has cut 

the rhyolitic rocks of the Bandelier Tuff. 

15 



References cited 

Cordell, Lindreth, and Joesting, H. R., 1965, Geophysical investiga

tions in the Rio Grande graben and Valles Caldera: U.S. Geol. 

Survey manuscript rept. in files of Crustal Studies Branch. 

Griggs, R. L., 1964, Geology and ground-water resources of the Los 

Alamos area, New Mexico: U.S. Geol. Survey Water-Supply 

Paper 1753, 106 p. 20 figs. 

John, E. C., Enyart, E., Purtymun, W. D., 1967, Records of wells, test 

holes, springs, and surface-water stations in the Los Alamos area; 

U.S. Geol. Survey open-file rept., 129 p., 10 figs. 

Kelly, V. C., 1952, Tectonics of the Rio Grande depression of central 

New Mexico, in The Rio Grande Country, 1952: New Mexico Geol. 

Soc. Guidebook, 3rd Field Conf., p. 93-105. 

Purtymun, W. D., and Koopman, F. C., 1965, Physical characteristics 

of the Tshirege Member of the Bandelier Tuff with reference to 

use as a building and ornamental stone: U.S. Geol. Survey open

file rept., 25 p., 2 figs. 

Ross, C. S., Smith, R. L., and Bailey, R. A., 1961, Outline of the 

geology of the Jemez Mountains, New Mexico, in The Albuquerque 

Country, 1961: New Mexico Geol. Soc. Guidebook, 12th Field 

Conf., p. 129-143. 

Willden, Ronald, and Criley, E. E., 1966, Study of possibilities of 

seismic hazards in the vicinity of Los Alamos, New Mexico: U.S. 

Geol. Survey manuscript rept. in files of Crustal Studies Branch. 

16 



scientific laboratory 
of the University of California 

LOS ALAMOS, NEW MEXICO 17544 ' \ 

LA-5286-MS 
Informal Report 

UC·41 

ISSUED: May 1973 

Underground Movement of Tritium 

from Solid-Waste Storage Shafts 

by 

William D. Purtymun 



INTRODUCTION 

UNDERGROUND MOVEMENT OF TRITIUM 
FROM SOLID-WASTE STORAGE SHAFTS 

by 

William D. Purtymun 

ABSTRACT 

Tritiu:n 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 diltance of 
105 ft in 4 yr. Major movement has been along the contact between 
th~ two ashflow1 penetrated by the shafts, with secondary transport 
through open joint• and through the tuff matrix. Evaporation from 
surface 1oil and tuff and transpiration from plants has been a contribu
ting factor in the relea•e of tritiu:n to the atmo1phere. 

Shafts in Area G, Technical Area 54 on the 

Melita del Buey, are used for the 1torage of solid 

wutes (Fig. 1 ). The surface 10il in thil area ia 

under lain by a series of ashflow1 of rhyolite tuff, 1 

into which the shafts are completed. 

Ltoend 
40 0 Shafts In 11M 

13 • Shafts filled and capped 
8 • Teat holts 

E• 

I& 

•• 
2• 

3• 
4• 
5• 

6• 
7• 
a• 
9• 

F• B• 10• 

L& J& ... lie 

039 

040 
041 N& 
042 
043 
o44 
045 

•M 

Shafts 1 through 14 were drilled with a bucket 

auger in the 1pring of 1966, and are Z and 3ft in 

diameter and ZO !t deep. Wutes, packaged in 

plutic bags or metal container•, were placed in 

these unlined (except abaft 14) 1ha!t1, which were 

capped with concrete when filled. Storage recorda 

indicate that the •hafts were filled and capped prior 

to 1970 and that all except •haft 14 received some 

wute contaminated with tritiuzn. 

G• 

046 
12 • o47 

Shaft• 39 through 48 were drilled, allo with 

a bucket auger, in June 1970. They are Z !tin di

ameter and 25 !t deep. Samplu of tuff were col

lected as the 1haft1 were being drilled to determine 

;j 

Fig. 1. 
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Planview of 1haft1 and test holu in Area 
G, TA-54. 



the leveb of tritium in moilture in tho tuff. The 

moilture content of the tuff waa determined and tri

tium ·analyaea were made on water diatilled from 

the tuff samplea (Table I). 

The water distilled from the tuff contained 

above-background concentration• of tritium, indi

catins leakage of tritium from the waatea in the 

nearby ahafta 1 through 13. The largeat concentra

tions of tritium were in moisture from aamplea 

collected in ahafta 47 and 48. These two ahafta are 

adjacent to ahafta 12. and 13 (Fig. 1), which re

ceived an w:l.known amount of tritium as aociated 

with a clauified ahipment of waatea in July 1966 

and September 1966. 

A atudy was made in Auguat 1970 to deter

mine the extent of the movement of tritium with 

moisture into the tuff and to delineate aome of the 

geologic factor• related to thia movement. Four

teen teat holea were laid out and drilled, lZ to the 

Shaft 

~ 

39 

40 
40 

41 
41 

42. 
42. 

43 
43 .. 

44 
44 

45 
45 

46 
46 

47 
47 

48. 
48 

z 

TABLE I 

TRITIUM ANALYSES OF MOISTURE 

FROM DRILL CUTTINGS 
SHAFTS 39 THROUGH 49 

Moiature 
Depth Content Tritium 

..J!!L ~!obi wt! ~2Ci/ml! 

2.5 1. z SZ, 800 

15 z. 0 7,400 

zs 1. 0 15, 100 

15 1. 1 116,000 

2.5 1. 4 6,800 

15 1. 4 70,700 

2.5 o. 9 10, 600 

-· 15 1. 2. 3, 100 

2.5 o. 2. 2.3,000 

15 1. 6 4,640 

2.5 0.6 1. 780 

·' 15 1. 0 2.11, 000 

2.5 0.8 178, 000 

15 0.9 30,800 

2.5 0.5 6, 810 

15 0.9 2.2.1,000 

zs 0.7 1,180,000 

15 2.. 3 171, 000 

2.5 0.8 3 2.5, 000 

weat of the burial shaft• and 2. to the east. Thia con

centratfon of observation points to the we1t waa cho

un becauae 1hafta 39 through 48 (to the ea1t), which 

were open at the tinle, permitted air exchange from 

the tuff to the at:mo1phere and could have affected 

natural migration of tritiated moilture through the 

tuff. 

The teat holea, 6 in. in diameter and SO ft 

deep, were drilled with a power auger. Tuff sam

ple• representing 5-ft intervals were collected from 

the auger cutting1. The hole• were thoroughly 

cleaned before each 5-ft sa.rnple run, and the re

IUlta of the tritium analyus indicated that there 

waa little, if any, cro11-contamination betvteen 

1a.rnple• from succe1sive 5-ft intervals. 

The 1a.rnples of tuff cutting• were collected in 

plastic bag• and returned to tt.e laboratory for anal

yd•. Each sample waa placed in a 600-ml beaker, 

filling it to about 3 em from the top. A 50-ml 

beaker was ne1tled in the top of the cuttings, and a 

large watch slau filled with ice was placed on the 

top of the 600-ml beaker. The beaker and tuf!were 

heated to drive out the water vapor which conden1ed 

on the bottom lide of the watch glasa. The conden

sate dripped into the 50-ml beaker and was retained 

for further analy1ia. Preparation of surface soil 

and tuff 1ample1 were made in this same manner. 

Water from vegetation in the area wa1 ana

lyzed to determine if the vegetation contained triti

ated moilture or waa tran1piring it to the atmos

phere. To e1tabli1h tritium content, a. sa.rnple of 

vegetation was collected, cut into 1mall pieces, and 

1ubjected to the ume distillation proceu a1 the 

soil and tuff •a.rnple1. Transpired moisture wa1 

collected a1 a conden1ate in a pla1tic bas tied over 

a plant or a portion of the plant for 2.4 h. 

A 0. 5-ml aliquot of the water obtained from 

the 1oil, tuff, or vegetation waa mixed with 15 ml 

of a dioxane-base liquid acintillation cocktail and 

counted in a liquid •cintillation counter for 100 

minutea. Inatrument background wa1 determined 

by auaying a limilarly prepared 1a.rnple containing 



only blank reagents. The detection limit for the 

above method was about 5 pCi/ml of water. 

PHYSICAL CHARACTERISTICS OF THE TUFF 

The teat holu and the burial ahafta penetrated 

two uhflowa. The upper now is about 17ft thick at 

the shafts, thinning slightly to the wut due to ero

don of ita upper surface, and dipping somewhat to 

the southeast. The shafts were completed into the 

top of the lower aahflow which il about 40 ft thick. 

The aahflowa are similar in composition. 

Both are moderately welded light gray tuff com

posed of quartz and sanidine crystals 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 fiows is characterized by a zone of 

reworked tuff fragments and by an increase in the 

size and number of the pumice fragments in the 

base of the upper aahflow. 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 aahflows were broken into 

a number of large blocks by vertical or near verti

cal joints. Since both nowa cooled aa a single unit, 

the joints extend through both. Joint openin&• may 

range to aa much as 1/2. in., with those terminating 

at the surface of the mesa being filled with a light 

brown clay to a depth of 3 to 4 ft. The joint fre

quency ia about 1 per 7 ft of lateral distance aa 

observed in the walla of 11 storage pita at TA-54. 

Measurements of moisture content of the 

a ample 1 indicated that precipitation had infiltrated 

into the tuff to a depth of over 10ft. The moisture 

content in this 10-ft interval ranged from 3 to 8"/o 

by weight, decreasing with depth. From a depth 

of 10 ft to SO ft the moisture content ranged from 

0. 4 to about 3o/o by weight. Tbil low value lies in 

the regime where moisture transport is primarily 

by diffusion in the vapor phase. The movement of 

the tritium il by exchange with natural airborne 

moisture in the tuff. 

UNDERGROUND MOVEMENT OF TRITIUM 

Tritium concentrations were determined for 

water distilled from 140 samples of tuff collected 

from the 14 teat holes (Table II). In general the 

tritium concentrations increased to a maximum be-

tween depths of 10 and 30 ft and then decreased with 

depth. 

laotritium contours were constructed at depths 

of 10 to 15 ft, 2.0 to 2.5 ft, 30 to 35 ft, and 40 to 45 

ft (Figs. 2. and 3 ). Teat holes and burial shafts 

were used for control points on Fig. Z while only 

the teat holes were used on Fig. 3. The irregular

ities in the botritium contours just east of the 

shaft• 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 ia apparent only near the 

shafts due to the close spacing of control points 

used in construction of the contours. West of the 

shafts where control point a (teat holes I are located 

on ZO ft centers the effect of the jointa on movement 

of the tritium ia not apparent. The contours are 

elongated to the west of the shafts showing the prin

cipal movement of the tritium. 

laotritium contours were also constructed for 

a vertical plane extending east and west through 

shaft 13 (Fig. 4). The contours show that the major 

movement of tritium took place along the contact 

between the two ashflowa. The abundance of pum

ice fragments in the lower part of the upper aahflow 

and the presence of the reworked tuff between the 

two fiowa cauaea a greater porosity and permeabili

ty in the contact region 1.1 compared to the matrix 

or joints in the overlying or underlying tuff. The 

tritiated moilture migrating along the contact 

aervea aa a source for movement into the upper 

and lower ashflowa. 

A comparilon of the iaotritium contours in 

planview (Fig a. 2. and 3) just above and below the 

contact ahowa that migration of the tritium was ·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 
_i!!L.. A 

o~ ·s 
S-10 

10-15 
15-ZO 
ZO-ZS 
25-30 
30-35 
35 .. 40 
40-45 
45-50 

:~?~ '. 

'" Depth 
.. ,,~ .. 

68,000 
94,700 

196, 000 . 
159,000. 
471,000 

-:·· ·· z7s, ocfo 
140,00.0 
Zll, 000 
116, 000 
79,000 

B c 

5,370 7, s 10 
11, 800 zz, 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_ 

,. . 0- 5 42 41 77 

-- ', 

-~:··os-to 3o 144 267 
10-15 131 182 3, 720 
15-20 .. 197 320 5,490 

·· · Z0-25 445 195 7, 210 
ZS-30 430 207 6,340 
30-35 512 196 969 

·3J-40 330 140 1, 230 
40-45 278 144 966 
45-so Z35 136 844 

of reworked tuH lying along the contact which in

creases the rate of movement in that direction. 

The tuH in the ash!lowa ia not homogenoua. 

It is broken by joints, and poroaity variea within 

the tuff matrix. The c:ontac:t between the two aah

flowa adds to the inhomogeneity. Thus the extent 

of the m,i,gration c:an only be approximated. About 
'' > .... . -: .i.·:·! . . 

4 yr after the waate1 were etored in aha!ta 12 and 

13,- ~ . ibb J;ci/ml contour haa moved to a diltanc:e 
~ r>t- : ·,..:.: .r-t- .. r:~~· 

. . of abou.t lOS ft weat of the aha!te along the c:ontac:t 
... ·-~-,.. .. .i ~ 7.;,:--.:~.1;~ • . .,~ ' 

between the two aehflowa (Fig. 4), and the 100 pCi/ 
~:;t~ .,.··:~=<:···~· ·'":"i' ~ " 

. ml contbUr 'extrapolated beneath the •haft• il at a 
:.:tP:-~. :•.:·." ~ -:, '.<:. 

depth of about 97 ft below the aurfac:e of the mesa. 

·r ·· 'nere · ii ·a aec:ond c:ontac:t beneath the lower aah

fiow (Fig. 4), however, and thil c:ontac:t would alow 

·· .. ~· r!:.. 
th~. vertical migration of tritiated water vapora 

through the tuff by allowing them to move laterally 

along the more permeable c:ontac:t. In general, the 
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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 

K L _M_ N 

42 37 4,830 250 
154 157 6,680 2,410 
405 249 6, 920 6, 140 
876 205 7,480 8,790 
912 145 5,780 9,400 

1,060 127 4, 100 9, 820 
1,060 122 3,690 9,290 

728 87 2, 780 7,760 
801 57 3,020 6, 250 
569 44 2, 550 4,710 

volume of tuH containing the tritiated moisture has 

assumed the ahape of an irregular lena, shortened 

to the east and elongated to the weat (Fig. 4). 

Little water from precipitation infiltratea 

through the soil into the underlying tu!!. 1 There is 

not enough water to leach the tritium from the 

waatea and move it through the 240 ft of dry tuH and 

610 ft of dry volcanic: rocks and sediments to the 

main aquifer that liea at a depth of about 850 ft at 

Area G • 

RELEASE OF TRITIUM TO THE ATMOSPHERE 

Intake of air during periods of high atmoa

pheric: preuure and exhaust of air during periods 

of low preuure have been noted for burial shafts 

and teat holea in the tuH in Area G. The soil and 

weathered surface tuH forms a partial barrier 

against the exchange of air between the underlying 



Depth 10 to 15 ft 

0 20 ......___. 
Sea~ (ft) 

0 20 
Sea~ (ft) 

Ia I#' 
/ 

• 

• 

Fig. z. lsotritiwn concentrations in picoc:uries 

per milliliter of moisture in planview at 
depths of 10 to 15 ft and ZO to Z5 ft. 

tsotrltium Contours in Picocuries per Milliliter of Moisture 
Sllaft 13 

40 zo 0 zo 40 100 120 
hit Distance fiOfll Shcrft (ft) 

... , 
Fig. 4. lsotritium concentrations in picocuriu 

per milliliter of moisture in section east 

and west.of shaft 13. 

tuff and the atmosphere. 1 Air was pwnped from 

shaft 47 to determine if measurable amounts of 

tritiwn 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 

Depth 40 to 45 ft z. 
1110 

0 20 .._.. 
Sco~ (tt) 

Legend 
· • Shoff 13 

• Tnt hoiH 

-11102- llotr~ium 
contours in 
picocuriH 

' per milliliter 
, of moisture 

Fig. 3. lsotritiwn 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 98'/o at a temperature of about 

70"F. Prior to receiving wastes, shaft 47 wiu 

aealed at the aurface and air pwnped out of the un

lined shaft at a rate of about z. 5 cfm for Z4h. Mois

ture waa collected in a condenser at the pwnp and 

analyzed for tritiwn. The tritium concentration 

waa 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 !). 

A nwnber of ·~plea of surface soil were col-
, ,I•. ·- ~·~i:;-:.::~' " .· 

lected west of shaft 13 out to a diatance of lZO ft 

(Table ID). Tritiated moisture, concentration• gen-
\. '.' . 

erally decreased with distance from-~hafta '1z and 
' ,-'' ~:.~....,: ... 

13. The a ample collected at 80ft. cons-isted· of tuff 
: ', :~ ~~-- ~ ~...~ ("'-~~ 

since there was no soil cover at that point. We 
.~ ' ; " ;~:.,,: _r_,+-' . .f." 

therefore conclude that tritium is beina released to 
:; .. : 

the atmosphere as a result of evapor~tion of soil 

moisture near the shafts. 
;$ 

In an effort to determine whether_ or not vege-

tation baa any influence on the transfer of tritiated 

moisture from the disposal shafts to the atmo

sphere, five samples of vegetation and moisture 

5 



MO:STUR.E :OONT.Ebti' AND TRITIUM ANALYSES 

. 91: M9~7;tro,:E. fR9M SOIL AND TUFF 
wlfi··oF SHA"FT 13, AUGUST 5, 1970 

ottltiaAU ..-; 'eo -:.: Motriure Ccmtent 

!!~$);·,~-~ .... ·:·~-~- . 'fit.W:wt! 

5 ~~~8 

10 17. 3 
20 10. 2 
40 7.0 

:60; -:::-:.of': "_,. ;·.6·!·-· 
. :l.S.O ...... , •. ~~ ,, .. : :, ;J.c:;·r.:;:~,_l" __ 

100 ; "'"'"' 7:d. ,; 
lZO . 8. Z 
"f-\~r,:.;r.-,t:'::-r:·.:r. ,c "":.:-"'- ·; · 

Tritium 
(pCi/ml) 

1, 100 
327 
131 
40 
68 

1ZZ 
30 
Z1 

tr~~~~~a1icim\;egeta~~ii were collected in the 
lt<'~ •., .,;.~ •. l.~ . "· .. i~ .. ~~ ·~~'.!: ~'-

immedft.te. vic:iJU:ty !)f· the disposal shafts (Table IV). 

These analyses indicate that there is an uptake of 

~ ~t'r1titdil'.byl"lanta from th-.J-.oil and tuff and that 

tritiated moisture ia being transpired to the atmo

sphere. Measurem.ents from two S&lnples col

lected about 0. 5 miles west of the shafts are in

cluded for comparison. No attempt was made to 

determine the &lnount of tritiated moisture being 

released to the atmosphere due to transpiration 

from plants and evaporation from surface soil ad

jacent to the shaftl. 

STORAGE OF TRITIUM-CONTAMINATED WASTES 

Containment is the goal of every waste stor• 

age operation. To attain this goal, newpackaging 

techniques for tritium-contaznin&ted wastes were 

initiated. Small item.s are placed in 55 aal drums, 

which are then filled with asphalt, sealed, and low• 

ered into the shafts. Larae 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 ash11ows. This may not always 

be possible due to the location of the disposal site. 

Furthermore, the frequency of joints and frac• 

tures in the ashflow tuffs makes it difficult to lo

cate shafts where open joints and fractures do not 

intersect the walls. Therefore, the walls of all 

1hafts should be coated by spraying with a.1phalt to 

help retain the tritium by sealing any contact be

tween ashflows as well as any open joints or frac

tures, and by decreasin1 the porosity of the tuff 

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 alona the contact 

between two ashflows, and secondary movem.ent 

was through open joints and through the tuffmatri.x. 

TABLE 'N 

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 Sh-aft 13 Ch&lnisa 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/ml) 

392 
398 

101,000 
17,700 
7, 970 

<5 
<5 



Thia migration baa cauaed lOOpCi/ml concentra

tion• of tritiated moilture to be diaplaced about 

105 ft weat of the ahafta in 4 yr. Since the tuff il 

not homogenoua, the tritium-contalninated volume 

baa formed the ahape of an irregular lena truncated 

to the eaat of the abaft and elongated to the weat. 

Tritiated moiature baa migrated to the aurface 

of the meaa where evaporation from the aoil and 

exposed tuff and transpiration from plants ie re

leaaing it to the attnosphere. Thia effect il moat 

noticeable in an area adjacent to the ahafta and de

creates with distance outward. 

Qi:449 (160) 

'i'·- !.:' 
• • i .. • ;:; ;;_ 

New atorage teclmiquea mclude encaaina triti-

um-contaminated w&atea in aaph&lt.·w·prevent mi-
.. " "' ..... - -

gration from the ahafta. Additio~tpie~i\!tibll.t . .,(. . ··~ .... 
could be taken by apraying the walla of all ahafta 

with aaphalt in order to:'·~· .c,q .... cta betwee:z;~••h.,~ 

flow• and open jointa and:I.t.&.~r~• and to r!'..S:\l.Q,I!L,.. 

the poroaity of the tuff matri.x. 
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ABSTRACT 

The facilities of Los Alam::>s Scientific Laboratozy are located on 
the Pajarito Plateau in North-Central New Mexico. The plateau is fonned 
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 Basal tic Rocks of Olino 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 storm 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 ground water systems in the canyons. A near 
surface ground water system occurs in the larger canyon in the alluvium 
which is underlain by the tuff. This system is recharged by the inter
mittent storm runoff or release of effluents. A deep ground 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 nnuntains 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 
Laboratozy 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 \varranted 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 corrmunity 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 \vater aquifer in 
the alluvium of the canyons. 
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Two drainage areas, 5 (Los Alaroos Canyon) and 7 (}brtandad 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 sevage ef

fluent as previously mentioned. 

The chemical quality of \vater 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 envirorunent. 

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 (?-brtandad 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 jtmction 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 :t>brtandad Canyon. The concentrations also 
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decrease downgradient fran the effluent outfall. Although the radionuclides 

are dispersed bt storm 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 runoff 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. 

Ra.dionuclides occuring in the waters are natural and do not indicate any 

contamination from the release of industrial effluents on the plateau. 
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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 
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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 with 

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-



i . a I s ... • I e 
;.3 .. 

: --· 
. a ~ e ; :z .. • .. ~ ... § .. ... ~ :I 

.. 

\
,
 

i I. F
--t•t• -

<
&

,_
n

• ....si ~
 .. ._ _

_
 , 

<
-•"1

•U
) JJ"-' • .,,.,_

. 

_
_

,_
 -
r
-

,. ~
-

.,_
,., l 

0 

\ 
'· 

il-I . 
j ... ~ 

/ 

:· 
.::: 

~
 

...... 
:.:::1

: 
___ .... 
-. ·-· 
-· 

,.:..:1
 

I 
• 

..... 
: i.::: :: 
·e:.:-: ... s 
.: ... ~

.
 

~ ::: il 
i ·=

::. 
.: 1

! .:i 
'5 

• 
-
•
•
 

~
i
i
i
:
:
 

...... 
: =-·~.: 
=·:·= 
;:t.-zr 
:: 

.· 

(1)-•••••t•-
_

,,. 
_

,_
 •-r ""' J

• ~
-

., ... ,., 

6A
 

.• i • 

.! 

./ i .: :: .. ~ : -'I -: . i .. 



0\ I ll:l 

' 

~ . . ,.\. 

... 
w 
w ... 
~ 
w 
a 
::» ... 
;:: .... 
c 

11100 -~ 
.... I,, ... ,,, .. 
WEn' 

•.ooe Ill IIIlA dtlll VALLU ~! 

·--~~ 
ti 
w ..... ... 
~ 

4/RO 

w 1,000 
a e ........ . 
~ .. .-
c ··-.. .-

Pnat•aflel C.,tlaiJIAI AttU 

, 

• 
. .. 

LAMESITA 

, ... , .. ,., ••• lea -...... 
'---1 . 

EAIT 

1 
l= .: 

" I 
PA.IAIIITO PLATEAU 2 LAIKSITA 

~ 

••••••••rr ••• 'Yttaoola ..... 

'"-- C.,Ooaw.. •-

···-'---------------------------------.:----J 
WEST ICALI 

EAST 

I I I I I 4 IMILtl 

GEOLOGIC SECTI....ONS 
.,,,,,,, ,,,., ,.,,,,. .. ,.,n 

Fig. 2B Geologic sections showing stratigraphic units and basement 

Precambrian rocks beneath the Pajarito Plateau. 

.:1 

' 

• 



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 
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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 frag~ents 

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 
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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 ori 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 rn. 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. 

-11-

-. ----·-----------



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 iuye 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 gauging station at Otowi on the Rio Grande 
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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. Sediment 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 F6rmation 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 
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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. 

Z. 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 Los 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 SO 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 300m 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 (N03), 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 .presented in Appendix E 

for the drainage areas. 

-16-
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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 ~g/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 pg/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."ll · 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 

-19-



Grade Size Range 

Granules 

Sand 

Very Coarse 

Coarse 

Medium 

Fine 

Very Fine 

Silt and Clay Less 

(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~ 
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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, 

-21-



length of section 7 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. Tiiereare nogauging 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. 

-22-
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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 8S 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 

with 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 7 or many more than 

SO years may elapse before the occurrence of one SO year flood. 

Frequencies may be expressed in terms of probabilities 7 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\o~ 
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melt in the upper reaches of the canyon, There is no effluent 

disc~arge 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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Fig. 5, Drainage Area 1 (Barranca Canyon) showing location of 

sediment sampling station. 
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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 runoff 

Chemical analyses was made of storm runoff that occurred at 

Station 1 in August 22, 1957 (Fig. 6). 

yon. 

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-

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 
· · · '(percent 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. 

Station 1 Station 1 

Determination 11-24-65 2-5-70 

Gross alpha 1 cm/g <1 pCi/g 

Gross beta <1 cm/g <1 pCi/g 

Gross gamma <1 cm/g <1 pCi/g 

Plutonium-238 <0.001 pCi/g 

Plutonium-239 .004 pCi/g 

Station 2 Station 2 
Determination 11-24-65 2-5-70 

Gross alpha 3 cm/g <1 pCi/g 

Gross beta 21 cm/g <1 pCi/g 

Gross gamma <1 cm/g <1 pCi/g 

Plutonium-238 < .001 pCi/g 

Plutonium-239 .004 pCi/g 

C. Flood-frequency and Maximum Discharge 

B~yo 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 

SO-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. Sewage and Industrial 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 tre·atment 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 bu~ied 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 103m3 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 --
l\1agne s i um ~-

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 pla.nt 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 

Ca1citun 14 74 116 96 55 15 10 80 82 28 76 27 4 

Mlgnesium 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)!Y 24 130 178 10 24 2 zoo 12 3 7 4 1 1 
Hardness 46 390 537 240 88 195 90 219 225 70 200 68 10 
Conductance!i 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 Micromhos at 25° C 

2.Radiochemica1 Quality 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 
P1utonium-238 
Plutonium-239 

Cesium-137 
Tritium 
Total Uraniuma/ 

~/ ~g/1 

Pueblo 
1 

9 
0.05 
0.05 

350 
1, 000 . 

1.6 
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2 

30 
0.05 
0.05 

350 
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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 10 3 ) 

.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 mil1icuries of plutonium 

were released into the canyon. 
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Annual Amount of Radionuclides Released 
with Effluents from TA ... 45 

.. Mi llicuries 
Gross Gros$ Total 

3Ha 
Year al:eha ·beta Pu 

1943-SOa 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-Msl 3 

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\~ 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) 

Period 

Chemical Constituents 19 5 3 - 1•9 6 4 . 1965-1972 

Chemical (mg/1) 

Chloride 33 77 

Fluoride 3.9 1.4 

Nitrate 83 4.4 

Total Dissolved solids 735 320 

Conductance (llmhos) 670 240 

pH 8.4 7.5 
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The water was basic and fluoride and nitrate concentrations were 

high 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 Conduc-
1 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 5.1 23 350c 540 8.1 

1959 3 87 45 4.0 26 400c 610 8.3 

1960 1 85 44 3.9 16 33sc· 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 ... 

1 pH£/ 
Year samples Na Cl F N0 3 TDS tance !. 

1953 9 31 2.2 61 35oc/ 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. 
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Quality of Surface Water at Pueblo 2 
(Average Yearly Analyses 

No. of 
Year samples Na 

1953 8 
1954 9 
1955 z 
1956 9 
1957 4 63 
1958 1Z 64 
1959 5 7Z 
1961 1 38 
1962. 1 61 
1963 3 71 
1964 2 84 
1970 z 81 
1971 1 7Z 
197Z z 73 

a Micromhos at 25° C 

b No Units 

c Estimated 

Cl 

3Z 
3Z 
34 
34 
Z7 
Z7 
31 
1Z 
Z5 
30 
31 
44 
Z8 
39 

in mg/1 except as noted) 

COndUC-
F N03 TDS tance2/ 

l.Z 4Z. 3os£/ 470 

l.Z 60 310~ 475 

z. 5 64 360c 557 

Z.4 26 444 
Z.3 25 zsoc 437 

1.7 24 26Sc 409 

1.5 . 35 ~2sc 497 
1.0 13 Z94 Z8S 

l.Z 30 3ZS 3ZO 

1.5 40 398 30Z 

z. 0 40 390 4ZO 

1.3 22 40Z. 410 

. 6 26 330 360 

3.3 31 363 395 

p~ 

8.Z 
7.6 
7.8 
7.3 
7.8 
7.Z 
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 
l-1&1 1) (Average of t\vO analyses in 

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 grass beta 

activity generally decreased downgradient from Acid Weir in Acid 

Canyon to Pueblo 3 in Pueblo Canyon, Due to the "slugn 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 "''t 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. 

Radiochemical 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 .05 .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" 1cro.grams 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 

-49-



Springs (fig, 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-11). 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 Hamilton··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 

-so-



sewage effluents predominating, Surface water in the canyon re~ 

charges water in the alluvium, 

The chemical quality of 0 \vater in the alluvium in Acid Canyon 

varied markedly between sampling periods, but the water was high~ 

ly mineralized. In Pueblo Canyon the chemi~al 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. 
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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 N0 3 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 
(Average of several analyses) 

Hamilton 
Station P0--.4A PQ ... 4B Bend Spr,. 

No. of Samples 3 1 4 

Chemical (mg/1) 
Calcium 21 12 17 
Magnesium 5 10 7 
Sodium 63 66 72 
Carbonate 0 0 0 
Bicarbonate 85 116 118 
Chloride 35 30 38 
Fluoride 2.5 1.0 2,5 
Nitrate 34 6 16 
Dissolved Solids 344 299 423 
Total Hardness 73 70 68 

Conductanceb 347 360 367 
pHC 7.2 7.0 7.6 

a Completed in Puye Formation 

b Micromhos at 25° C 
'C No Units 

1972 

P0-3Ba 

5 

27 
10 
28 

0 
76 
32 

4q0 
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 1 1 2 

In Solution 
Cadmium 1.1 .18 15 
Beryllium < • 2 5 <.25 < .25 
Lead 3.5 4,5 3.0 
Mercury .13 <. 02 .25 

Particulate 
Cadmium .68 .72 5.8 
Beryllium <.25 <.25 <. 25 
Lead 4.5 4.8 18 
Mercury .27 <. 02 .8 
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2, Radiochemical Quality of Water in the Alluvium 

Water in the alluvium is recharged directly from stream flow; 

thus as with the surface water, concentrations ~f 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 nurri::>er of. ana~yses in :P:i/1) 

Years 1958 1959 1960 1961 196Z 1963 1964 

Station 

AC-3 5. 3 z. 9 <.5 14. 6 18. z 
AC-4 1.9 41.9 4. 0 1.3 

AC-5 4.9 <.5 

PC-1 <.5 <.5 

PC-Z <.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 z. 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 ~.s . < .s <.5 .......,.. <.5 < .s·· < .s 
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<.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 1764 1965 

Station 

AC-3 788 347 12.60 108 2.60 

AC-4 810 62.1 165 198 

AC-5 1080 

PC-1 < 14 < 14 < 14 

PC-2. 2.6 <14 

PC-3 2.8 z.z. 15 135 

PC-4 337 <14 900 z.z. 
PC-5 <14 <14 

PC-6 32. <14 16 90 <14 31 <14 

PC-7 2.60 <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-lA 2.68 <14 < 14 --- 18 

P0-4A 69 < 14 <14 <14 <14 

P0-4B 2.7 <14 < 14 <14 

Hamilton Bend < 14 <14 <14 <14 <14 <14 <14 <14 

Springs 

Otowi Seep 38 <14 <14 <14 87 <14 

M-3B < 14 <"14 <1·1 < 1~ < 14 

a Six analyses, Gross beta reported 3/58, 1270 P::i/1~ 5/58, 189 ?=i/1, 

6/58 14 :t:Ci/1. 

The maximum concentration of plutonium in water in the allu-

vium \.;as 180 pCi/1 from hole AC-4 in May of 1959. Gross beta 
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Radiochemical Analyses of Water in the Alluvium 
1910 through 1972 

(Average of a number of analyses in pCi/1) 

Station PQ ... 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 .os 
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 0,5 1,1 0.7 

a M. 
~crograms 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. 
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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 z.o 1.0 

Very Coarse 47.0 4Z.5 36.5 34.5 Z8.0 10. 0 17.0 

Coarse 44.0 39.5 50.5 37.0 31. 0 40.0 50.5 

Medium z. 0 6.0 7.0 11. 0 19.0 Zl. 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 z. 5 6.5 z.o 

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-S 190 120 64 52 100 57 

Acid Weir 34 so 48 

Pueblo 1 35 2 11 s 3 

PC-2 16 3 6 9 3 

PC-4 52 3 41 

PC-S 9 ---- 4 11 

PC-6 4 4 9 

PC-7 54 2 s 

P0-4A 4 2 

Gross Beta Activity of Sediments from Acid and Pueblo Canyon 

19 54 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-S 11 90 440 ISS 480 . 120 

Acid Weir 830 107 340 3650 

Pueblo 1 < 1 120 so <1 120 

PC-Z 17 12.0 7 40 z.o 

PC-4 370 90 <1 

PC-S 
<1 <1 

PC-6 60 z.o 10 

PC-7 10 40 190 

P0-4A z.o 70 <1 
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1961 

130 

40 

37 

220 

57 

20 

10 

11 

10 

120 

33 



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 27 5 <l 

Acid Weir 22 20 6 

PC-1 1 19 16 

PC-5 1 6 <1 

PC-7 3 <1 30 

PC-9 3 32 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 \iere 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. 
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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) 

P~~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 
Plutonium-238 .016 .007 .012 .006 .001 < .002 
P1utonium-239 2.93 2.20 2.55 .761 .391 .370 
Cesium-137 < 1.5 3.4 <1.5 3.9 
Na tura1 Uranit.mt'l 0.19 .22 .42 .12 .10 .32 

a micrograms per gram 
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E, Inventory of Plutoniu~ 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 

1, 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 m to 2,600 m 
Width 2.5 m Depth 0.15 m 
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 m 
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 ]JCi/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 [Octob~~ 2 1972) 
. .Concentration Total Pu ' of 

Section · Stat:i'tm · )JCi/s '·Ave · mCi : Total Pu 

o .. 480 AP ... 1 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 .. 10 1.2 .78 2.3 20 

6,800 .. 10,280 AP-10 1,2 
SR .. 4 ,37 ,78 2.6 22 

Total 11.6 Ioo 

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 mCL 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. 
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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 

10-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 mat 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.l972. 

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 the 

disposal of liquid wastes at Los Alamos. Wastes from the processing 
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Fig. 10. Seepage pits for industrial effluents. 
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of plutonium at TA~21 \vere 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 ~er 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 103m3 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 to 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..,l TH ... 2 TH-3 

Depth Plutonium Depth Plutonium Depth Plutonium 

(m) (d/m/g)a ·em) (d/m/g)a (m2 (d/m/g2a 

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-1 TH-5 

Depth Plutonium Depth Plutonium 

(m) (d/m/ g) a (m) (d/m/g2a 

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·l.S m 3.2 millie~ivalent 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) a~d that 
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h . . t . th f . . l l3 
t e retent1on 1s gr~a er 1n e 1ner mater1a s, The horizontal 

migration of plutonium is very small within 6,1 m of the surface, 

(TH-1 and TH~Z), 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 min 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 dowm¥ard 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 ·' 
Gross alpha• All Cores 

( I'1) Cores Gross alpha (Max.) (Mis.) 

lj8 10 3,003 6,613 4 

;h4 7 1' 30.6 2,850 11 

3.0 8 1,143 1,872 12 

:L7 6 821 1,729 414 

4.3 9 749 2,094 1 

4.9 9 732 1,305 8 

5.5 4 517 923 141 

6.1 7 183 506 45 

6.7 4 15 20 11 

7.3 8 402 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. 

1 
1-A 
2 
3 
4 
5 

No. of 
Samples 

10 
10 
11 
11 
13 
7 

Depth 

(m) 

23 
25 
28 
30 
30 
23 

a/ C t ' oun s per m1nute per gram. 

Gross alphaa 
( Avg.) (Max.) 

2 3 
24 24 

698 3,722 
3 7 
1.5 2 
3 6 

Note: Hole DPW -lA angled at 11 1/2 degrees toward pit 1 
Hole DPW -2 angled at 19 degrees toward pit 1. 

C. Observations January 1967 

( Min..) 

1 
9 

142 
2 
1 
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. 
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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 litho~ 

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 wastes from 

this area contained high concentrations of inert salts that would 
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interfere with the usual treatment of plutonium and americium 

wastes, These wastes were treated separately, Chemical wastes 1 

such as hydrofluoric acid used in proces~ing 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 in~o 

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 Tes~ 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 tritium, 

Source 

Test Hole B-1 

Test Hole B -3 

Test Hole B-S 

Test Hole B-7 

Test Hole B-9 

Shaft 1 

Shaft 9 

Shaft Z4 

Shaft 30 

Shaft 3Z 

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 SOl 

10 S4ZO 

6 1480 

4 4887 

3 5397 

z 1306 

8 Zl9Z 

7 495 

The tritium has moved loJith the moisture 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 \<~ere 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 i~mg/1 except where noted) 

Determinations 12-5-67 5-5-69 8-5-69 

Calcium 20 16 16 

Magnesium 1Z 4 7 

Sodium 160 230 175 

Carbonate 0 0 0 

Bicarbonate 280 394 190 

Chloride 35 50 35 

Fluoride 3 2 4 

Nitrate /f .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.Z 

a/ l1icrohms 
~/ 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 
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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 o! Industrial Effluents a 

(Analyses in mg/1 except where noted) 

1960 1961 196Z 1963 1964 1965 1966 .1967 1968 19691970 1971 197; 

Calcium 

Magnesium 

Sodium 

Carbonate 

Bicarbonate 

Chloride 

F: Fluoride 

Nitrate (:i) b 

Total Hardness 

Conductance c 

4 1 2 4 4 44 64 56 

2 1 <1 1 1 1 z 10 

532 485 423 272 413 195 270 690 

314 560 428 118 690 315 1740 130 

478 626 558 296 920 430 Z036 210 

370 405 234 290 665 45 178 598 

60 140 20 30 140 0.9 15 15 

67 25 5 10 26 13 104 23 

16 7 6 12 15 115 170 180 

1600 4ooo 1860izooo 56oo 1880 4400 3200 

11. 3 11. 8 11. 4 1 o. 9 1 z. 1 11. 7 1 z. 0 11. 4 

a Weekly Composite 1st week of July of year noted 

b . mh 
M~cro os 

c No Units 
d 

n X 4. 4 = N03 

22 8 26 

<1 <1 29 

280 340 270 

37 300 300 

212 505 420 

7Z 40 113 

11 44 7 

~5 34 11 

54 20 185 

8 

2. 

) ( 

490 681 

2.60 11: 

910 79 

55 9 

2.0 1 

48 19 

30 6 

900 Zl40 2260 2240 ?.70 

9.8 11.511.5 10.3 8. 

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. 
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Radiochemical Analyses of Sewage Effluent 

J_Analyses in picocuries per liter) 

Determination lZ-S-69 S-S-69 8-S-69 Z-16-70 

Gross Alpha 3 3 < 2. 3 

Gross Beta 14 2.0 13 14 

Plutonium 2.38 <; • OS <.OS < • OS . 16 

Plutonium 2.39 <.OS < • OS < • OS • 14 

Americium 2.41 • 07 • 08 

Radium 2.2.6 < • lS 

Tritium <SO,OOO < 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 
1_954 
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 626 582 

11660 309 251 
12150 2800 174 

6228 26 .. - 181 
9594 140 103 

10920 93 81 
7832 290 290 
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Averaoe Annual ConcentTations Gross Alpha, 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 89• and 90 

Picocuries'per liter 
' < 

Tritium Cs ·137 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. 

Annual Amounts of Radionuclides Released lii th 

Effluents DP-West (DP-35 and 257) 
~1i llicuries 

Gross Gross Total 

Year Alpha Beta Pu 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

1.1 
1.0 
1.1 

• 8 
1.1 

• 6 
1.0 
1.9 
5.8 
3.6 

34 
. 2 

1.3 

.. 8z-

--. 

. 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 \'lith 
Effluents DP-West (DP~35 and 257) 

(Continued) 
· Millicuries 

Gross Gross Total 
Alpha Beta __ P_u __ __ 

1.0 
2.3 
5.1 
2.9 

"'t-

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 water 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"'l to DPS- 4. A general summary is sho,¥n 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 • 0 •• 74 85 79 

10 .. 9 10.1' 12.1 7.4 

134 66 92 62 

Total Dissolved 
Solids ll75 708 657 695 

Conilllcbnceb/ 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-3,and DPS-4 

(Average of a number of analyses in rrg/1} 

No. of t03 Conductance a pH b 
Source Year Analyses Na Cl F TOO 

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 

DPS-1 1969 2 375 92 32 53 1100 1700 10.7 

DP5-l 1970 5 241 140 6 .. 0 118 878 1080 9.6 

DP5-1 1971 4 233 76 4.7 .62 893 lllO 9.3 

DPS-1 1972 3 206 137 2.5 88 932 1130 7.9 

DPS-2 1967 1 290 75 8.0 140 669 900 8.5 

DPS-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 

DPS-2 1970 2 ~ 188 85 13.0 48 714 920 9.1 

"')P5-2 1971 1 68 15 3.7 35 642 330 8.2 

DPS-3 1967 1 310 85 10 28 799 -960 8.8 

.. Jl?S-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 

DPS-4 1962 2 143 134 15 40 771 745 7.4 

DP5-4 1963 2 132 ll3 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 

DPS-4 1967 2 253 103 7.7 145 757 990 7.9 

DPS-4 1968 2 200 85 6.2 370 607 850 8.1 

DPS-4 1969 2 198 60 5.0 35 390 660 8.0 

DPS-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 

I Ho Units 
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Select trace metal ion analyses were made of water frcrn two 

stations, DP5-1 and DPS-4 in 1971 and 1972. They indicate sane trace metals 

in "t:r.e surface water. 

Metal Ion Analyses 

(range and average of 5 analyses in ]Jg/1) 

Station 

In solution 

cadmium 
Beryllium 
Lead 
Iv'£rcucy 

Particulates 

Cadmium 
Beryllium 
Iead 
l-1ercw:y 

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 
l-ti.n. !~..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 

Radiochsnical analyses of surface water fran 1961 through 1965 

indicated . sane Gross beta and plutonium in at DPS-4 from the treatm.:mt plant 

at Building 35. Analyses fran 1967 tl1rough 1972 show a general decrea~e in 

the concentration of radionuclides down gradient in the canyon. 

Gross Beta and Plutonium in SUrface Water at DPS-4 

(average of a IUJmber of analyses in picocuries p=o...r liter, 1961-1965) 

N:l. of Gross 

Year 1\nalyses Beta Plutoni'lr.l 

1961 2 91 <0.5 

1962 3 139 <0.5 

1963 2 197 0.7 

1964 3 71 0.9 

1965 3 so 0.7 

-86-



\ ... 

,.... 

,.... 

SOUilCI ti:Ail MAX• I ClOSS GlOSS 
S.L.'iPt.&l ALPHA II'U 

..... 
IIPS-1 1?67 l 6l 51700 
DPS-1 1968 3 34 14307 
DPS-1 1969 3 14 2060 
DPS-1 1?70 5 7 1202 
DPS-1 1971 4 22 1392 
DPS-1 1972 3 13 2469 

DPS-2 1967 1 4 6690 ,.... DPS-2 1961 2 7 4695 
DPS•2 1909 2 22 1055 
DPS-2 1970 2 8 990 
DPS-2 1971 1 .s 640 
DPS-2 1972 

,... DPS-3 1967 1 5 291) 
DPS-3 19U 2 6 1525 
DPS-3 1969 2 19 941) 
':lPS-3 1970 2 24 945 

\ 
•PS- 3 1971 

DPS-3 19 72 

.i'S·4 196f 1 -2 1800 
D?S•4 1?68 2 6 625 
DPS-4 1969 4 2 418 

...... DPS-4 1970 4 1 457 
nrs-4 1971 4 3 370 
DPS-4 1972 l 2 609 

Di"S-E 1967 1 , 14 
DPS•E 1961 -
DPS•E 1969 2 2 17 
D?S-~ 1970 1 3 14 
I)PS-E 1971 
:DPS-E 1972 

-----·----------

liP CA:IYOJI 

Sllli.PAC'I now 5.\}!Pt.lJIC Sl'US 

UlllOCRIKICAL QUALITY OF VATIII. 

238 139 241 226 
Pa Pa ,. Ia 

3.87 76.10 1.211 -.15 
4.25 za.u 4.52 .17 
s • .ss 9.111 3.511 .24 
.81 2,20 1.19 -.u 

1.16 2,07 ,61) -.15 
• 32 5.68 .33 -.oo 

,38 2.70 ,63 -.u 
• 30 2.10 .112, -.15 

2.29 3,64 1. 70 -.15 
1.14 1.3l .58 -.15 
.s.,. .72 ,25 -.oo 
-.oo -.on -.on -.on 

.21 ,77 -.os -.15 
,43 2.63 1.42 ,18 

3.05 4. 23 1,01) -.15 . 
1,40 1.09 ,6:l -.15 
-.on -.oo -.on -,0(\ 
-.oo -.oo -.on -.oo 

,13 ,14 -.o5 .35 
,09 ,08 ,08 .17 
.44 ,52 ,JS -.15 
.13 .n • 20. -.oo 
.11 .1l ,o8 -.on 
.11 .27 .25 -.on 

-.os -.os -.on -.15 
-.on -.oo -.on -.on 
-.os -.o5 ,07 -.oo 

.16 .14 .oa -.oo 
-.oo -.oo -.on -.oo 
-.oo -.oo -.oo -.oo 
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234 137 90 
u C• Sr 

32.10 34000 U6CIO 
56.30 13400 11360 
32.63 .3490 800 
12.33 692 568 
12.31 1203 716 
- .• on -.u.s 

4.40 2740 51110 
11.70 3165 2620 
57.30 2260 350 
26.4S 480 534 
2.11 523 376 
-.on 

9.311 310 2260 
16.20 1445 3180 
54.1n .SJO 500 
18. 61) 395 453 
-.on 
-,01) 

2.05 -240 632 
3.35 -240 4 35 
2. 71 -243 380 
1.53 -234 233 
1.72 -306 l15 
-.on -154-

-.on 
-.oo 
-.oo 
-.oo 
-.oo 
-.oo 

3 
II 

~42(11)0 
200~ 

430 
40, 
3S6 

396100 

660 
413 
670 
381 
195 -
927 
549 
140 
459 

410oon 
476000 
346250 
1622SO 
1032SO 
172500 

-scooo 

-SOOOQ 
&000 

13~ 
l: 

.0~1 

.021 

.021 

.02) 
,))(< 

),10(1 

,021 
,021 
.o 2) 
.OH 
.o 21 

-,OilCI 

,021 
,021 
.021 
,01) 

•,C•OCI 
•,OOC• 

-.ooo 
-.ooo 
-:..OOCt 
-.ooCI 

,600 
3.30(1 

-.ooo 
-.00\1 
•,OOC• 
-,00(• 
-.ooo 
- ,(10(1 

/ 
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c. surface ·water,· ·res Alarros Canyon 

Los Al.arros Canyon heads on the flanks of the nountains anc:I has a 

small perennial stream and a spring that feerls into the resez:voir. Surface 

flow below the reservOir is inteJ::mitt.ent due to overflow fran the reservoir and 

sto.z:m .runoff. Small ancunts of waste water are released fran TA-2 and scm!! 

treated sewage effluent from a treatment plant near TA-41. Due to only inter

mittent flCM belCM the reservoir, sanples are collected when flow occurs in 

this reach of the canyon. 

· ·1~ · · · 'Chanical ·auatity ·of ·SUrface '\-1ater 

water samples have been collecte:l and analyzed fran above and at 

the reservoir. The following table presents results of sane of the earlier 

analyses. 

Quality of Surface Water at and 

Los Alarrcs Reservoir 

. : J:1illigrams per 1l.ter 

Date Sodium 

6/7/61 .!/. 3 

6/12/58 2/ 3 

10/1/52 y 3 

.!/ 1.1 Mile above Reservoir 

2/ 0. 2 Mile above Reservoir 

3/ Resez:voir 

Chloride Fluoride 

1.0 0.1 

1.2 .4 

5 2.0 
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wnoos 

Nitrate COnductance EH 

.2 65 7.4 

.3 80 7.1 

<.1 8.0 



rater analyses from 1967 through 1972 are shown below. 

Quality of Water in los Alarros Reservoir 

(Analyses 1967-1972 in rrg/1 except as noted) 

Dissolved 
pHb 

Date Sodium Chloride Fluoride Nitrate Solids Conductance a 

12/67 8 3 .2 .4 80 120 7.3 

4/69 6 2 <.1 .4 85 110 7.3 

5/71 7 <1 <.1 .4 110 140 7.1 
\ 

5/72 7 2 <.1 .4 98 140 7.0 

a. Microrrhos at 25 ° C I 

b Ho units 

The stream flow in the canyon belcw the reservoir is intel:Jtli.ttent. The follow

ing table lists miscellaneous analyses taken in this reach of canyon. 

Intenni. ttent Stream Flow 
(Analyses in mg/1 except as noted) 

Date ·Sodium Chloride 

5/67!/ 38 28 

8/69!1 79 26 

12/Gil/ 70 35 

8/57y 12 4 

4/5gY 9 5 

6/58y 19 11 

l/ Near obs. Well IN>-1 

2/ Near Obs. Well I.A0-4. 5 

31 Flood Flow at Highway 4 

Y Snow melt at Highway 4 

a ~crormos at 25° c 
b No Units 

Fluoride Nitrate 

<.1 .9 

.5 2.2 

.3 13 

1.2 2.3 

.6 2.2 

.4 5.2 
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Dissolved 
Solids Conductance a pHb 

180 210 7.5 

250 280 7.7 

260 290 7.6 

240 7.6 

130 7.5 

210 7.7 



2. Radiochenical Analyses of SUrface l•Jater --
Radiochemical analyses of surface water fran sources other than 

stonn runoff are shown on the following table. The analyses only reflect back

ground radioactivity except the tritium concentration at UD-4.S. The surface 

flow at UD-4.S is retuJ:n flow frcm the alluvium and the tritium is fran the 

effluents in DP-Can~. 

Radiochsnical Analyses of Surface ~Tater in los Alam:::>s canyon 

(Average of a number of analyses in picocuries per liter except as noted) 

No of Gtoss Gross Total !I 
Source Analyses Date Alpha Beta 238Pu 239Pu 3H Uranium 

Reservoir 1 1971 2 2 <.OS <.OS <.4 

At IA0-1 3 1969 <1 17 <.OS <.06 <lxl03 .7 

At IA0-1.8 1 1964 <1 4 <.OS <.OS l.S 

At ~4.S 1 1967 <1 18 <.OS <.05 160xl03 1.1 

1/ llg/1 

D. Water in Alluvium, los Alarcos canyon 
\ 

The alluvium in the canyon ranges fran about 6 ft thick at I.M>-<:: 

to about 20 ft at IAO-S. The all~ aquifer is recharged from the release 

of sewage effluent fran TA-41, cooling water, and intez:mittent stonn runoff. 

Recharge also noves into the aquifer fran the alluvium at the nouth of DP 

Canyon. There are 9 shallow observation wells in the canyon (Fig ) • 

1. Chenical Quality of Water in Alluvium 

The chemical quality of water fran wells in the alluvium fran test 

holes LAO-C,. IA0-1, and LA0-1. 8 show concentrations of chemical constituents 

above \vhat would be expected in natural water. These concentrations are due 

to nmoff f~an storm drains and probably outfalls from Technical Areas, HRL, 

TA-41, and TA-2. 
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Q.Jality of l•7ater in Alluvium 

(Average of a nurrber of ~nalyses in mq/1 except as noted) 

No. of Dissolved a 

Source Analyses Sodium Chloride Fluoride Nitrate Solids Conductance pH 

IH>-C 7 39 47 0.5 J.6 223 265 7.5 

LMJ-1 22 80 38 0.8 "4.4 356 415- 7.4 

I.A0-1.8 2 47 30 < .1 .4 203 245 7.4 

I.A0-2 18 96 49 7.1 17 461 535 7.6 

LA0-3 20 126 52 6.6 is 370 515 7.6 

LA0-4 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 

LAO-S 6 36 36 0.4 .1.3 215 240 7.3 

LA0-6 2 so 30 0.3 .4 211 270 7.4 

a llitlhos 

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 che'r.icaJ. 

changes at each station during the years 1967 t:hJ::?Ugh 1972. The quality of the \-~ater 

at I.A0-2 reflects the inflow from DP-Canyon which re=eives industrial effluents. The 

quality of the water ~s down gradient in the canyon fran I.A0-2 to I.A0-6. 
. . . ~ 
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QJality of lt-7ater in Alluvium 

(Average of a number of analyses) 

Mi11ig;:ams per Liter l.Jl'l'l.hoS 

No. of 
Dissolved 

Source Year .Anal:z::ses Sodium Chloride Fluoride Nitrate Solids COnductance piH 

IAO-C 1970 1 28 21 1.0 4.4 166 160 7.5 

I.JO-C 1971 2 37 46 .2 .4 249 190- 7.5 

IAO-C 1972 4 53 74 .4 2.4 253 345 7.5 

IA0-1 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 

IA0-1 1970 4 54 26 .9 .3.5 434 335 7.8 

IA0-1 1971 4 74 27 -~ 6.6 414 470 7.3 

INJ-1 1972 4 75 so .7 5.7 397 475 7.4 

INJ-1.8 1969 2 47 30 < .l. .4 203 245 7.4 

IA0-2 1967 1 180 73 7.0 7.5 594 760 7.3 

IA0-2 1968 3 94 39 8.1 9.6 334 440 7.6 

IA0-2 1969 2 37 37 5.0 7.9 369 410 7.f 

IA0-2 1979 3 96 44 6.3 20 479 510 7. 

IA0-2 1971 2 91 33 5.6 19 431 490 7.5 

L\0-2 1972 3 97 55 4.4 24 472 573 7.5 

IA0-3 1967 ·2 139 57 7.5 2S 451 550 7.4 

IA0-3 1968 2 84 ·. 30 8.5 4.4 . 362 405 7.6 

INJ-3 1969 2 us 54 5.0 15 394 500 7.6 

IA0-3 1970 4 85 43 7.0 13 445 490 7.7 

IA0-3 1971 3 82 40 5.2 17 439 500 7.4 

IA0-3 1972 4 109 69 4.9 ·~7 484 615 7.5 

IA0-4 1967 2 100 36 .6 7.0 294 360 7.3 

IA0-4 1968 3 66 31 1.5 1.8 285 315 7.5 

IA0-4 1969 2 65 35 2.3 .9 21.7 280 7.5 

IA0-4 1970 1 57 40 2.0 19 284 370 7.1 

IA0-4.5 1963 2 58 32 < .1 • 9 ' 277 270 7.6 

IA0-4.5 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 

-
IA0-5 1967 1 42 28 .4 2.6. 208 240 ., • 2 
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Source 

' - "\0-5 

~5 

.L."Z\D-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 .5 < .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 i.ncreases~below the confluence with DP canyon due to the re-

charge consisting partly of effluents fran the Industrial Treatlnent Plant at 

TA-21. 

Metal Ion Analyses of water in Alluvium 

(Average of a nurrber of analyses in \.19/1} 

Source LAO-C IN)-1 I.A0-2 J..N)-3 IA0-4.5 

No nf An<'!').yses 4 5 4 5 4 

In So1uti~,. 
C"adm:i.um . 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 

P~~te 
< .02 .07 < .02 .38 < .02 

-~urn 2.1 .65 1.35 1.30 .55 

Beryllium - 1.7 < .25 • 78 .77 .42 

Lead 22.6. 10.7 10.2 12.3 13.2 

Mercury .ll .07 .5 .04 '< .02 

2. Radiochemical Analyses of '-Jater in Al1uvhun 

"· The earlier analyses , 1966 and 1968, are shown on the foll~ling 

table. Traces of .radionuclides were reported in the canyon. 
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lladiochemical Analyses of Water in Alluvium 1966-1967 

(Aver~e of a nur.'ber of analyses) 

Picocuries per liter u2fl 
NO. of Gross 'fetal 

Source Year Anal;tses~ Beta Plutonium Uranium 

IA0-1 1966 3 17 <.5 < .5 

IA0-1 1967 1 ll3 <.5 < .5 

LNJ-2 1966 2 32 .6 < .5 

!.10-3 1966 3 32 <.5 2.6 

!.10-4 1966 2 <14 <.5 < .5 

IA0-4 1967 1 15 <.5 < .5 

IA0-5 1966 1 <14 <.5 < .5 

The recap of radiochemical analyses fran 1967 through 1972 are presented on the 

following table. The increase in radionuclides is note:i at IA0-2 where the in-

dustrial effluents fran DP Canyon recharge the water in the alluvium. As in DP 

Canyen, the cx:mcentration of radionuclides decrease dcwngradient due to ion ex-

change and adsorption with alluvial zraterials and dilution with water noving 

through the alluvium. 
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SOURCE 

"'"o-c 
LAO•C 
LAO•C 

LA0•1 
LA0-1 
LA0-1 
LA0•1 
LA0•1 
LA0•1 

LA0•1,% 
LA0-1,2 

Lo\0•1.8 

LA0•2 
LA0·2 
LA0-2 
LA0-2 
LA~-2 
LA0•2 

LAO•) 
LAO•l 
LA0-3 
tAO•) 
L40•3 
LA0•3 

LA0•4 
LA0•4 
Lo\0•4 
LA0•4 

J-4. s 
...• 0-4,5 
LA0-4,5 

·o-4.5 

LAO-S 
LAO-S 
LAO•S 

LA0•6 
LA0•6 

LOS ALA.'IOS CA!'l'Oif 

ALLUVIAL AQUIT!t OIS!ItVATIO~ V!LLS 

.ADlOCR!MICAL QUALITY OP WATEit 

' Y!A& KAX• I CROSS c•oss 231 239 241 %26 234 137 90 3 
SAMPLES Al.Pll4 lETA •• 'u A• •• v c. Sl' B.. 

1970 1 -1 4 -.os ·-.os -.01) -.oo -.oo -1000 
1971 2 -1 3 -.os -.os -,01) -,01) -.oo -345 -1000 
1972 4 -1 s .06 .n7 .13 -.on -.oo _,, 

--1225 

1967 1 -1 so -.os -,I)S -.on .19 -.oo - -
1961 3 3 37 -.05 .na -,05 .16 ,32 -241) -
1969 3 -1 36 -.os ,06 -.nl) -.oo -.oo 
1970 4 -1 76 .05 -.on -.oo -.no -.oo - -·- -
1971 4 1 94 .05 .27 -.oo -.oo -.oo -345 20750 
1972 4 1 127 .17 .11 -.os -.on -.oo •354 19S7S 

1969 2 1 s -.05 -.os -.oo -.no -.oo 
1970 1 -1 3 -.os -.os -.oo -.oo -.no -
1969 2 1 5 -.o5 -.05 -.oo -.oo -.oo -
19U 1 -1 t1 -.os - OS -.oo ,)0 -.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 -.no -250 -
1971 2 1 101 ·" .33 -.oo -.no -.oo •340 52000 
19 72 3 2 111 ,09 .lt .12 -.oo -.oo -3S4 1S3300 

1967 1 -1 45 -.os .OS -.oo :U -,01) 214000 
1961 3 '. 2 61 ,07 .oa -.o5 -.oo -240 125667 
1969 '2 2 49 -.os ,06 -.on -.oo -.oo - 350000 
19 70 4 2 56 -.os .oa -.oo -.oo -.oo -230 73000 
1971 3 3 " .07 .oa -.on -.oo -.oo 333 .37667 
1972 4 3 92 .10 .lS -.os -.oo -.oo -355 116850 

196 7 1 -1 9 -.o5 ,06 -.on -.oo -.no - 222000 
1961 3 s 16 .os ,05 -,05 -.15 -.on -240 61000 
1969 2 -1 9 -.os -.o5 -.on -.on -.oo sssoo 
1970 1 -1 10 -.os -.os -.oo -.oo -.oo 66000 

1969 3 -1 5 -.os -.05 -.on -.oo -.oo 43noo 
19 70, 5 1 26 ,1)6 ,07 -.on -,110 -.oo 77750 
1971 3 1 5 ,07 .o~ -.oo -.oo -.oo - 24000 
19 72 4 2 10 ,09 ,06 .05 -.no -.oo -353 2117S 

1967 1 -1 4 -,1)5 -.os -.01) -.oo -.oo 126000 
1961. 2 1 a -.os ,09 -.os -.15 -.oo -240 70000 
1969 2 -1 ' -.os -.os -.on -.oo -.oo ,500 

1961 . 1. 2 11 ,17 ,25 -.on -.15 -.oo -240 75000 
1969 1 -1 7 -.o5 ... .-.o5 -.oo -.on -.o~ •240 SlOOO 

E. Stem Runoff DP - Los J\larros Canyon 

A qaqing station was constructed at the m:>Uth of DP Canyon in the 

Spring of 1967. A secorxi gaging station was established on Los Alarrcs canyon 

above the junction with DP canyon in the Spring of 1968. The follor.-1ing table 

presents a recap of flow events from 1970 through 1972 at each station. 
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v 

1. 20CJ 
-.400 
1.100 

1, 300 
-.ono 

• 1100 
, SvCI 
.aoo 
• )Qt) 

.&00 
-.4CCI 

1.~00 

:>.ooo 
1.60CI 
1,60(• 
.too 
.S'OO 

2,)00 

'··900 
• 80(1 

1.(00 
.930 

1,200 
3.000 

.1100 
1,200 
.t.oo 

-.406 

.701) 
,,00 
• ,00 

1~30(1 

-. '0() 
J.~oo 
• aoea 

,400 
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Storm Runoff at DP-Canyon Gaging Station 

No. of Total Discharqe 

Year Month Events rn3 

1970 April 7!/ 5300 

May 1 615 

June 5 2220 

July 5 3945 

Auq 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 

g Sna,.;melt (7 day) 

Stoz:m Runoff at IDs Alancs Gaging Station 

NJ. of Total Discharge 

Year Month Events m3 

1970 April 17a; 44000 

Jtme 3 2465 

July .:.4 6290 

Aug 9 51800 

Sept 8 9600 

1971 July 5 13600 
I 
I 

I 

Aug 1 615 I 
O::t 2 1970 

\ 

1972 Sept 4 37000 ! 

aj 17 days of sncwme1t runoff 
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2, Transport of radionuclides in sto.Dn runoff 

A stu::iy to deteDnine trans};X)rt of radionuclides in storm runoff was 

nade at DPS-4 at the :rrouth of DP canyon (Fig. 9). 

Storm Runoff and Transport of Radionuclides in DP canyon, los Alanos 

Co ty N Mexi.
. 15 

un , ew co. 

ABSTRACT 

Effluents from the waste treat:mant plant at Los Alanos Scien

tific I.al::x:>ratoey's Technical Area 21 are released into DP Canyon. 

The radionuclides remaining in the effluents are bound to stream

channel se:Hments which are later carried out of the canyon by 

storm runoff. 

A stu:iy was made to detenni.ne the rt.JI'X)ff volume, the suspended

sediment load, and t.l'e arromt of radio-activity carried out of DP 

Canyon by storm runoff. During the surrmer of 1967, precipitation 

resulted in 23 runoff events that carried ~as 000 kg of sus:pended 

sediments out of the canyon in ~36 800m3 of water. Less than 

74 uCi of gross alpha emitter and~40 100 uci of gross beta were 

carried out of the canyon in solution. The suspended se:ii..rcents 

carried out~70 uCi of gross alpha emitters and ::::=11 300 uCi of gross 

beta emitters. About 31 000 uCi of 9 0 Sr left the canyon in solution, 

as did traces of 2 3 8Pu, 2 39Pu, am 2 .. 1Am. . 

CUmulative sanplers to collect sarrpl~ of storm runoff (water and suspend

ed sediments) were installed in the wall of the gauging station at DPS-4 in 

1967. Sai'rples were collected of the runoff events during the surrmer of 1967 

and 1968. 'Ihe chemical quality of the water is shown on the following table. 

Olemical Quality of Storm Runoff 

~verage of a number of analyses, 1967 and 1968) 

Year ~:t~b Na Cl. F ro3 TDS Conductance 

1967 14 103 47 4.5 13 354 490 

1968 10 125 38 4.1 6 343 550 

Radiochemical analyses of surface runoff for the similar period are presented 

on the following table. 'Ihe analyses indicate that some radionuclides are 
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SOD:RC! 

being tra,nsported. out of the canyon, 

Y!:Alt MAX• I CllOSS 

1967 
1961 

SAMPI.ES AUiiA 

10 
1S 

-2 
4 

CJtOSS 
llTA 

1089 
770 

SORPAC! FLOV JAKPLIKC SIT!S 

RADIOCH!KICAL ~UALITY OP WAT!Jt 

(FLOOD PLOW COKDITIOKS) 

231 239 
Pu Pa 

.16 

.3.5 
• L9 

1. 11 

241 226 
Aa aa 

.27 

.91 
-.15 
-.15 

234 
u 

137 
c. 

1.09 -240 
3.44 . 321 

an 
444 

Trace concentrations of radionuclides were detected in solution of the 

runoff at DPS-4, thus indicating the trans:E;Ort of radioactivity out of the 

effluent release area. 

3 
I 

In 1968, Cl.mllative sanplers were installed in the stream channel in Los 

Alanos Canyon, one above the junction with DP Canyon and three below the junc

tion. The runoff was collected fran four events; hc:Mever, plugging of the in

take on sc::rre of the sarrplers during an event caused loss of sample for that 

station. The sanples were collected to see if a measurable arrount of radio-

23S 
u 

- -.ooo 
- -.ooo 

activity carried out of DP Canyon diluted with runoff in Los Ala.Itos Canyon o:mld 

be detected. 

The average of a number of water sarrples frcm cumulative samplers at the 

four stations in Los Ala.Itos are shovm on the follc:Ming table for the year 1968. 

'nle locations are sl'x::Jwn on Fig. 12. 

Average of a number anal~ses ·- (picocuries per liter) 

Number of Gross Gross 238Pu 239Pu 
SOurce Analyses Alp.."la Beta 

LAS-1 4 <2 12 .08 .10 

IAS-2 1 <2 220 <.OS .19 

IAS-3 4 <2 288 <.OS .12 

IAS-4 1 <2 830 .12 .17 
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Suspended sediments fran the runoff were also analyzed and are shown 

on the following table far the year 1968. 

Source 

IAS-1 

IAS-2 

IAS-3 

IAS-4 

Number of Sarooles 

4 

1 
..... ":' 

4 

1 

Average of a number of analyses 
Picocuries oer dry gram 

Gross Gross 
Alpha Beta 

5 

6 

"9 

13 

5 

52 

38 

92 

The results indicate that measurable arrounts of radionuclldes are found 

in solution and in the suspended sedirrents in IDs Alanos canyon, having been 

carried out of DP Canyon. 

A series of sanples were collected of stonn runoff with a DH-48 sed.i.nent 

sanpler at the gauging staticn in los Alanos and DP Canyon in the SlJliil'ler of 

1968. '!be samples were collected at intervals through an event. 'lhe discharge 

and sediment concentrations were determined. The fluids were separated from 

the suspended sedi.rrents and were analysed for gross alpha and gross beta activity. 

'Ihe investigation was made to determine if secli.nent and radioactivity changed 

with time through a runoff event. '!be follaNing 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 Sediment 
Suspended Sai:i.rcent (pCi/1) (P:::i/g) 

Discharge Concentration Gross Gross Gross Gross 
Hour (1/sec) (ITP/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 second set of samples were collecte:l on July 31, 1968. Discharge, sedi

nent concentrations and gross alpha and gross beta activity were determined fran 

the sarrple in solution and in the suspended sediment. The results are present-

ed as fol1c:Ms: 

DP Canyon, July 31, 1968 

In Solution Sus:pended Sedi.""rent 
Su.sperx1ed Se diltent (~/1) (~/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 SOlution Suspended Sedi.rce'lts 
Suspended Sedirrents (pCQl) (pCi/g) 

Discharge Concentration Gross Gross Gross Gross 

H:>ur (1/sec) (ng/1) Alpha Beta A1Eha 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 Canyon and Los Alarros Canyon 

al:x::Jve the confluence with DP for o::xrp.rison on Au;JUSt 6, 1968. 

DP and Los .Al.altcs Canyon, Au;ust 6, 1968 

In SOlution Suspended Sediments 

Suspended Sedinents <PCi/1) (pCi/g) 

Discharge Concentration Gross Gross Gross Gross 

H:>ur (1/sec) (rrg/1) AlJ2ha Beta A1Eha Beta 

DP Canyon 

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 

Los Alancs canyon 

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 A.l.anos 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 re.cei ves industrial effluent, A canparison of the activity 

in the runoff of DP Canyon and Los Al..araos canyon indicates magnitu:ie of measure-

able o:>ncentrations being transported, In general, the seCtim:mt concentrations 

decrease with discharge. In DP Canyon, the activity concentrations vary through-

out the event. 

F. Radiochemical Analyses of Sediments 

Channel sediments in DP canyon are derived fran weathering of the 

Bandelier Tuff. Sedi.'terlts in IDs Alarrcs canyon are derived fran \&7eathering 

of the Bandelier Tuff ani Tschicx:rna Formation. 

Particle-size distribution of channel sedments at stations are 

shewn on the following table. 

Particle-Size Distribution 

(Percent by Weight) 

Source DPS-1 DPS-4 IAO-C IA0-1 INJ-3 

Granules 8.0 4.0 16.5 < 0.5 0.5 

Sand 

Very Coarse 48.5 42.~ 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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- -----

Olannel sediments were collected in D1? Canyon in 1967 and 1968 for 

radiochemical analyses. 

Average of a number of a.n.alyses · 

Picocuries per dry gram. 

Number of Gross Gross 
Z38Pu Z39Pu 

Source Samples alpha beta 

DPS-1 z 16 536 ·• 62. 7.68 

DPS-2. 1 3 140 .12. 1.32. 

DPS-3 1 z. lZ.Z .lZ • 79 

DPS-4 3 3 2.9 • 07 .• 65 

-------

The concentration of radioactivity and radionuclides in the channel 

seiiments is greater near the effi~t outfall fran the treatment plant at TA-21 

in DP Canyon with the concentrations decreasing downgradient in DP Canyon and 

IDs Alam::>s Canyon to the Rio Grande. The radionuclides in the effluent are bein~ 

adsorbed or exchanged l-7i th clay minerals in the channel sediments. Storm runoff _ 

is noving the sediments downgJ:adient in the ca.nyon dispersing them over a larger 

area. It appears that tbere is a build-up in til$ seCllinents near the effluent 

outfall during the fall, winter, and spring wheri stoi:m runoff is at a rainimum. 

Heavy thunder ~s during the stmner transport the sediments downgradient in 

the canyon so that a large build up of radionuclides at the outfall does not occur. 

Olarinel-·se:iil!ents were collect.ed fran DP and Los A.larcos Canyon in Novetber; 

1965 and analyzed for gross alpha, beta, and ganma activity. The results are 

shown in the folla.oting table. 
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IDeation 

DPS-1 

DP5-4 

UD-C 

IA0-1 

LA0-3 

.Rd-4 

Radiochemical Analyses of Sed.ilr.ents, 1-bvember 1965 

(Analyses in Counts per Minute per Dry Gram) 

Gross Alpha Gross Beta Gross Gamna 

6 566 130 

3 25 8 

2 7 30 

2 8 2 

2 4 12 

1 <1 < 1 

A similar set of sanp1es were collected. and analyzed for gross a1~..a, 

gross beta, and plutonium i.n the spring of 1970. The results are shown on the 

following table. 

Radiochenical Analyses of Sediments, February and March, 1970 

(Analyses in picocuries per dry gram) 

Location Gross Alpha Gross Beta 238Pu 239Pu 

DPS-1 28 391 15.8 2.69 

DPS-4 5 92 .219 1.40 

I.AO-C 2• 1 < .001 < .001 

IN>-1 1 4 .026 .101 

LA0-3 2 9 .09 .189 

I.A0-4 2 12 .Oll .153 

I.A0-6 2 9 .032 .364 

Rd-4 2 8 .003 .845 
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Sanp1es of sed:i.mants fran the stream channel were collected in Februacy 

1970, fran U>s Al.aitcs Canyon, one alJove the junction with DP canyon and the 

rest c:JaNngradient to the Rio Grande (Fig. 12). The averages of the samples 

of the channel sediments are sl:own on the following 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 4S • 07"!_/ . 87!/ 

LAS-Z 2 4 16 • os]:J 2. 3~/ 

LAS-3 4 3 61 . oa~/ . so!:.' 

LAS-4 3 12 124 .o~l • 4SlJ 

LAS-S 3 2 16 • OS .16 

LAS-6 2 2 9 • 02 • 56 

LAS-7- 2 1 11 • 03 • 16 

LAS-S 2 2 6 • 02 12 

1/ 
Average 2 analyses 

Z/ Average 3 analyses 

Sarrples were analyzed from two stations at UD-3 and State Road 4 in 1971 

am 1972. 
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Radiochen:i.cal Analyses of Seclilrents 1971 and 1972 

(Analyses in picocuries per dry gram except as noted) 

IM-3 Fd. 4 
5)1/71 10/14/71 10)10/72 5/7/71 10/14/71 10/10/72 

Gross Alpha 

Gross Beta 
23~ 

239Pu 

-~7es 
-Total~ Urani\.Jn 

3 

1 

.007 

.961 

0.81 

18 

73 
2.45 

1.36 

103 

.16 

<1 

2 

.037 

.370 

7.3 

.40 

2 

4 

.007 

.112 

.09 

<1 

<1 

.003 

.054 
3.4 

.02 

<1 

6 

.004 

.004 

4.6 
.33 

'Ihe results of the analyses of charmel sed.:iments indicate that stonn rlll'X)ff 

is transporting radimuclides out of DP Canyon and into Los Alarros Canyon and 

probably measurable ancunts to the Rio Grande. 

G. Inventory of Plutonium in Channel Sed:irrents 

The inventory of plutalium was made of channel sediment of DP and los Alarcos 

Canyon to the Rio Grande. 'nle physical characteristics of the channel used in 

canputing the inventory for July 1968, August 1968, Februacy 1970, am October 

1972, are shi::Mn belcw. 

Physical Olaracteristics of Channel 

DP-IDs Alarros Canyon 

1. 0 to 1 800 m 
Width 1.5 m 
Sp. g. 1.57 

(DP Canyon) 
Depth 0.15 m 
Weight 459 X 106 g 

2. 1 800 m to 6 600 m (IDs Alancs 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 Weight 3 408 x 106 g 
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l?hysical 01a.racteristics of Channel 
(Continued} 

Confiuence Pu:!blo-Ios Alanos ·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 staticn, average at each station, 

and total am:>unt at each section are presented in the following table. 

Concentrations and Total Plutcniun in Sections of Olannel 

DP-Ios Alam::>s Canyon (May, 1968) 

Concentration Total % of 

Section Station ~Ci/g Ave. nCi Total Pu 

o-1 800 DPS-1 16.20 
DPS-4 .84 8.5 3.9 78 

1 80Q-6 600 IAS-3 .65 
IAS-5 .15 .40 1.1 22 

5.0 100 

Ios Alancs Can:YOn (Juli:, 1968) 

1 soo-6 600 IAS-2 4.39 
IAS-3 .72 
IAS-4 .68 
IAS-5 .22 1.5 0.4 

'ICTAL 0.4 

DP-Ios Alarros Canyon (August, 1968) 

0-1 BOO DPS-1 0.41 
DPS-2 1.44 
DPS-3 .91 
DPS-4 .88 0.91 .4 27 

1 SOQ-6 600 IAS-2 .60 
IAS-3 .37 
IAS-4 .30 
LAS-S .23 .38 1.1 73 

1.5 100 
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Concentrations and 'Ibtal Plutonium in Sections of Channel 
(Continued) 

·oP-Ios Al.ancs Canyon· (February, ·1970) 

Section 

0-1 800 

1 800-6 600 

Station 

DPS-1 
DPs-4 
IAS-2 
IAS-3 
IAS-4 
IAS-5 

. Concentration 
llCi/9 · Ave. 

18.4 
1.62 

.198 

.156 

.396 

.848 

10,1 

0.4 

DP-Los Al.arcos Canyon (OCtober, 
0-1 800 DP-5 0.76 

DP-6 19 
DP-7 .93 6.9 

1 80o-6 6oo DP-9 .20 
DP-10 .30 
SR-4 .01 .17 

'IO'mL 

1/ DP Series Ecology Sectic:n 

Total Pu 
nCi 

4.6 

1.1 
5.7 

1972)1 

3.2 

.5 
3.7 

%of 
'IbtalPu 

81 

19 
roo 

86 

14 
100 

Los ·Al.anos Canyon [ Confluence IA-Pueblo to Rio Grande] (May, 1968) 

Confluence-
4 800 IAS-6 

IAS-8 
4 800-7 200 IAS-8 

IAS-9 
'l'O'l1\L 

.• 62 
.34 .48 
.34 
.24 .29 

1.6 

1.0 
2.6 

62 

38 
100 

Los Alatros canyon [Confluence IA-Pueblo to Rio Grande], (August, 1968) 
Confluence- IAS-6 • 53 

4 BOO IAS-8 • 02 • 28 1. 0 100 
4 BOD-7 200 IAS-8 .02 

IAS-9 <.01 .01 <.02 
'1"0'mL r:o 100 

Los Alancs Canyon [Confluence IA-Pueblo to Rio Grande] (February, 1970) 
Confluence- IAS-6 .B60 

4 BOO IAS-7 .338 .60 2.0 65 
4 Boo-7 200 LAS-8 .591 

IAS-9 .364 .48 1.1 35 
TOTAL 3.1 100 
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The inventories axe oonsidered in DP Canyon (0-1800 m) and. Los Alarros 
' 

Canyon (1800 to 6600} to the a:mfluence with Pueblo Canyon, Recap is as 

follcws: 

Section (m) 

o-1 800 

1 80()-6 600 

'lO'mL 

May 
1968 

3.9 

1.1 

5.0 

Total Plutonium (rrCi) 

July 
1968 

0.4 

Aug. 
1968 

.4 

1.1· 

1.5 

Feb. 
1970 

4.6 

·1.1 

5.7 

Oct. 
1972 

3.2 

.5 

3.7 

'llle i.nventoey in DP-I.os Alaircs Canyon for 1968 reflects the transport by 

st.ot'm runoff. The May concentrations decrease through AU3USt as the material 

containing plutonium rrcves out into Los Alaircs Canyon with sumer runoff. 

'nle channel in this reach (Q-1 800) has a very thin alluvium cover ani a 

steep gradient. Runoff is above oonnal due to the developed area. In the l.ow

er reach (May 1 19681 February, 1970 and October, 1972) , the transport appears 

to have equalized, with input equal to output. 

The inventoey 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 xrCi (1952-1967) 

released remains in the Canyon. In Au;ust, only 1.5 nCi or 6% of the 24.1 nCi 

remained. Transp::>rt out of this reach of the canyon by stem runoff for the 

year was about 3.5 nCi. In February, 1970, about 5. 7 nCi or 21% of the 

27.3 ItCi (1952-1969) of plutonium remained in this reach. The October 1972 

saxrpling indicated a}x)ut 3. 7 nCi or 8% of 30.8 nCi · (1952-1972) rerained in the 

canyon. 

The inventories are considered in Los Alanos Canyon from the junction of 

Pueblo Canyon to the Rio Grande (0-7 200m) •. The recap of the total anount of 

plutonium in the t..ro sections in this reach of charmel are as follows: 
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Los .AJ.ancs canyon fran J\mCtion with Pueblo to Rio Grande .. 
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 

~ 2.6 -;:::.1.0 3.1 

'lbe inventory in Los Alancs canyon fran the confluence of Pueblo to the 

Rio Grande in .t-ay 1968, was 2.6 nCi which decreased to :::::1.0 in August with 

the transport of plutoniun with S1.mter runoff. 

'lbe inventory of Februaey 1970, carbining both DP-Ios .Al.atros (5, 7 rcCi) 

and Acid-Pueblo (18.1 nCi.) and belCM the oonfluence (3.1 nCi), indicates a 

total of 26.9 rcCi of plutonium in the three separate reaches ::=14% of the 

.. ancunts released into DP-Ios Alanos (27 .3 nCi., 1952-1969) and Acid-Pueblo 

(170 rcCi, 1943-1964). If one oonsiders the inventoey in each of the three seg-

ments of the three canyons or CXJmbinations of segments and assumes all plutonium 

is tied up in the se:iiments, the loss of plutonium or transp:lrt. to the Rio 

Grande is about 80 to 90% of all plutonium released fran the treat:Irent plants. 

H. Flood Frequency am MaximJm Discharge 

Los Alarrcs Canyon heads on the flanks of the Sierra de los Valles at an 

altitude of about 3170 m. 'lbe flood frequency and naxiJm.lm discharges at botm

dal:y are baSEd on the following data. 

Frequency 
Frequency 

2:-year 
5-year 

lo-ye.ar 
25-year 
so-year 

Drainage Area 27. 5 Jmf 
Main Olannel Slope - 0. 040 

Maximm Discharge 
(m3-/sec) 
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VII, DPAIW\GE ARE.Z\ 6 (SANDIA CANYON) 

Sandia Canyon heads on the Pajarito Plateau and is tril:rutary to the Rio 

Grande. The alluvium in the ~ reach of the canyon is thin in the western 

part of the plateau, but thickens to about 12 m at State ~d 4. 'ttle alluvium 

is underlain by the Bandelier TUff. 

'lhe stream in the upper reach of the canyon is perennial from the re

lease of effluents fran the sewage trea:l:lnent plant ani ~er plant at TA-3 

(Fig. 13) • The flew extends eastward to near the center of the plateau where 

all fl.c:u is lost to evar:otranspiration or infiltration into the underlying 

tuff. Only during heavy thundershowers during the sunner does the inteJ::mj.ttent 

stonn runoff extend in the canyon across the plateau to the Rio Grande. 

A. Industrial Waste Treatment· .Plants 

The sewage treatm:mt plant serves the office-type cx:rrplex of laboratories 

and shops that are centrally located in the TA-3 area.- About 75 percent of the 

effluent is cycled into the :p::Mer plant for cooling ptn:pOSes. The conbined re

lease ·of effluents fran the sewage treatment and :p::Mer 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 nesa between Sandia and Los Al.arros Canyons. Overflow f:rom 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 and scs-2 (Fig. 13). 

l. 01emical Quality of Surface Water 

'lhe chemical quality of water at SCS-1 belc:w the outfall from l::oth treat

rrent plants reflects the quality of effluent released into the canyon. As 

sh:::Mn on the follCMi.ng table, the quality of the water ilrproves downgradient in 

"·· the stream. 
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Olemical Quality of Surface Water~ 1969-1972 
(Average of a nurrber of analyses in mg/1 except as noted) 

Station SCS-1 SCS-2 

N:>. of .Analyses 12 12 

Sodium 200 150 

Chloride 282 66 

Fluoride 27.5 3.6 

Nitrate 18 17 

Total Dissolved solids U60 730 

Conductance !I 1515 730 

pHb 6.4 7.1 

a/ Micranhos 
b/ No Units 

'lhe following table presents averages of analyses by years of the two 

stations. 

Cllemica1 Quality of Surface Water 
(Average of a n\ltber of analyses in rrg/1 except as noted) 

tb. of a/ 
Source Year Analyses Na ····-· Cl F 

ro. 
3 -·-· TDS Conductcnce 

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/ Micromhos 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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b/ 
pH 

7.7 

6.9 

5.6 

5.5 

7.9 

7.3 

7.6 

5.6 
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The chemical treatment of water for use at the :r:ower plant resulted in 

release of hexavalent chranate. The use of chrcxrate in treatment of water for 

o:lOling at the power plant \'.as discontinued in April 1972. The concentrations 

varied downgrad.ient in the channel, shewing no apparent trends. 

Hexavalent Chranate in SUrface water 

. (Average of a nunber of analyses in rrr;/1) 

No of 
··station Year Analyses Hexavalent Chranate 

S:S-1 1969 1 0.07 

SCS-1 1970 4 8.5 

SCS-1 1971 2 11.2 

SC5-1 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 tretal ion analyses were made of water fran the bJo stations. 

The following table shows sane metal ions in the surface water that are probably 

the result of treatment of the water used in the cooling prcx::ess at the Power 

Plant. 
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SOUP.CZ 

,.. 
SCS-1 
SCS-1 
SCS-1 
scs-t 

scs-2 
SCS-2 
SCS-2 
SC!i-2 

MErAL ION ANALYSES 

(Range and average of a nuni::ler of analyses in \.i'g/1) 

&S-1!1 scs-.;:1 

Station Min Max AV Min Max Av 

In Solution 

cadmium <0.25 18.8 8.6 0.4 6.8 3.2 

BeJ:yllium <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 

I.ead <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 

!¥ Three analyses 

2. Radiochenical Quality of surface Water 

The radiochsnical analyses of surface water fran stations SCS-1 and 

S:S-2 showed only traces of radionuclides which may have been released with sewage 

influent fran laboratories in the TA-3 canplex. The following table presents an 

annual average of radionu:::J.4.~. for tile years 1969 throu;h 1972:~-] 

. . . .. __ . sAliDa cuto• _ . -·. _ _ . 

{Averag~- of a nuni:ler of analyses in p:i/1 except as noted) 
. • SVKFACI FLIIV SAMPLt•C SitES . 

KADIOCRIMICAL Q~ALITT OF VATIZ 

Y!Ail MAX• I C1tOSS C1t0SS 238 239 241 226 234 137 90 3 

SAMPLES ALPHA BETA ... ... A• 1ta v c. S.l' H•. 

1 9oS 9 1 -1 a -.os -.05 -.on -.Ot) -.on 8700 

19 70 5 -1 14 ,06 .05 -.oo -.no -.no - 32600 

19 71 4 1 B ,07 .07 -,l)n -.on -.oo -230 46n 

1972 4 1 17 .11 .06 -.nn -.on -.oo -150 3350 

1969 1 -1 11 -.05 . -.05 -.oo -.oo -.no ?11'" 

1970 5 -1 11 -.os -.05 -.on -.oo -.oo - 17C 

1971 ' -1 11 -.!)5 -.05 -,01) -.oo -.oo -240 7~ 

1971 ' 1 16 ,oa . 06 ,07 -.oo -.oo 753 4 

a/ Analyses in ll9/l 
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c. Water in Alluvium 

'.I'Wo 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 stcJ:m runoff in the canyon in early September, 1969 water did in

filtrate into the alluvium near role SCC>-4 an:1 a sarople was collected and analyzed. 

1. Chemical Quality of water in Alluvium 

The chemical qual:i ty of the water in the alluvium recharged fran 

stcJ:m runoff showed sane effects fran the effluent released fran the p::Mer plant 

with the presence of chranate. 

Analyses of water in Alluvium at sco-4 

(Sept. 1969, -rrqil ·e.~ept as noted) 

Sodium Chloride Fluoride Nitrate 
Dissolved 
Solids Conductance~ 

80 15 <0.1 0.18 .1. 3 320 350 

~ micranhos 

2. 
.• ,,,.;. ,~, "l 

Radiochemical "Quality of l'1ater in Alluvium 

The radiochemical analyses indicated only background anounts of 

radionuclides. 

Radioche:ni.cal .Analyses of t-Jater. in Alluvium at &:0-4 

r -·-· • - • 
(Sept. 19~9, in pCi/1 except as noted) 

Gross 
Aloha 

<1 

Gross 
Beta 

2 

a/ Micrograms per liter 

238Pu 

<0.05 <0.05 
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D. Radiochemical Anal vses of Sed.i.n'ents 

Sediments fran the stream channel have been collected for particl~ 

size distribution analysis. The particle size distribution of sediments at 

stations are shown on the following table. 

Stations 
(Distribution by weight) 

Near Near 

Grade S::S-2 SC0-4 State Road 4 

Granules 20.5 9.0 6.0 

Sand 

Very Coarse 23.0 22.5 u.o 

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, SCD-3 and at State Road 4 

were collected for analyses in 1965 and 1970. The results of the analyses in

dicate only background an-ounts of radionuclides. 
0- -

~ ---- ----~ 

Radiochemical Analyses of Sed:iinents 

(Analyses in iciig-~ept ~ noted) 

Gross Gross -------- - . --. ···-

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/ 
Counts per minute per dry gram 

-118-



E. Flood Frequency and Maximllm DiSCharge 

SaOOia canyon heads on the Pajarito Plateau at an altitude of about 

2290 m and/ is tributary to the Rio Grande. · The flood-frequency and maximum 

discharge at the lx>undary are based on the following data: 

Frequency 

2-year 

5-year 

lQ-year 

25-yea.r 

so-year 

Drainage Area 7.0 km2 

Main Channel slope 

>J VIII. Drainage Area 7 (Mortandad Sanyon . 

0.028 

Maximlm Discharge 
(cubic ft per second) 

2,0 

5.4 

8.5 

16 

18 

Mortandad canyon heads on the Pajarito Plateau and is tributary to the Rio 

Grande (F~.l4). The main industrial treatment plant at TA-50 releases effluent 

into the can~. 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 tc 125 x 103 m3 of waste water from TA-48, New Sigma and :atonn li.ll'X)ff 

enter the canyon c-nnually. 'lhe stream in the upper reach of the canyon is peremual 

from the release of imustrial effluents and cooling water. Storm runoff adds 

to the volurre of flow1 however, since 1960, when hydrologic observations began, 

all storm runoff as well as effluent has infiltrated into the alluvium west of 

the discharge boundary due to the snall drainage area and large volurre of tm-

"'" saturated. allUV'ium. The alluvium in the canyon thickens from less than l m 
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in the upper reaches to nore than 40 m : at the l:x>urviary. 

The ~al flow fran the efflUP.nts and intennittent stonn runoff re

charges a s:tall b:xJy of water in the alluvium that is perchei on the ·U.'1derlying 

tuff. As the water in the alluvium noves eastward, steady losses to evapo

transpiration with minor losses into the tuff occur so that the water in the 

alluvium is of limited extent ani does not extend to the surface water discharge 

OOundary at the Santa Fe-Ios Alarros County line. 

Ql 
B. Geologic and Hydrologic Investigations 

Prior to release of effluents into l-t)rtandad Canyon, studies were 

made to determine the geologic and hydrologic characteristics of the canyon in 

regard to the disp::>sal 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 treat:Irent wastes generated by the lamratory. An abstract of 

the results fran these reports is presented in the following section. 

1. Preliminary Rep:?rt of the Geology and Hytirology16 

The preliminary report (1963) surmarizes the studies october 1960 

through June 1961 

The u.s. Geological Survey, in cooperation with the u.s. Atanic Energy 

Carrnission and the IDs Alarrcs SCientific laboratory, selected the upper part 

of Mortandad canyon near Los Almrcs, New Mexico as a site for disp:>sal of treated, 

liquid, lc:M-level radioactive waste. This report sunmarizes the part of a stu:iy 

of the geology and h;tdrology that was done fran October 1960 through June 1961. 

Additional \alerk is being continued. 

Mortandad canyon is a narrow, east-southeast-trerxiing canyon ab::>ut 9-1/2 

miles long that heads on the central part of the Pajarito Plateau at an altitude 

of ab:mt 7,340 feet. The canyon is trib.ltary to the Rio Grande. The drainage 

area of the part of l-t)rtan:iad canyon that was investigated is about 2 square 

miles, and the total drainage area is al:out 4. 9 square miles. 
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The Pajarito Plateau is capped by the Bandelier TUff of Pleistocene age. 

MJrtandad canyon iS cut in the Bandelier 1 and alluvium coverS the floor Of the 

canyon to depths ranging f:z:an less than 1 foot to as rcuch as 100 feet. The 

Eandelier is underlain by silt, sand, conglarerate, ard interbedded basalt of the 

5anta Fe Group of Miocene, Pliocene, and Pleistocene age. Serre 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 al:out 990 feet belcw the canyon floor. 

Joints in the Ban:ielier TUff probably were caused by shrinkage of the tuff 

during cooling. The joints range fran hairline cracks to fissures several inches 

wide. water can infiltrate a1onq the open joints where the Ban:lelier is at the 

surface; how'ever, soil, alluvial fill, an:i autochtl':lonous clay inhibit infiltration 

on the tops of rresas, and probably in the alluvium-floored canyons, also. 

Thirty-three test holes, each less than 100 feet deep, were drilled :i..n 10 

lines across M:>rtandad canyon fran the western margin of the stu:iy area to just 

west of the Los Alarrcs-Santa Fe cn.mty line. Ten of the holes 1Nere cased for 

observation wells to rreasure water levels an:i collect water samples fran the 

alluvium. Twenty-three of the holes were case:i to seal out water and were used 

as access tubes to aco:::m::date a neutron-neutron probe for deteiinining the 

rroisture content of the alluvium and tuff. 

The source of recharge for the perchel ground-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 snowpack 1-2 feet thick acC\Jmlllated in the narre7N 

shaded upper part of the canyon. The alluvium beneath the snowpack received sane 

recharge because of diurnal rrelting during the winter. In March 1961 the snQ'.tl

melt water saturated mst of the thin alluvium in the upper part of the canyon, 

and a surface stream began to flow. The maxinun flow of the surface stream was 

about 250 gpn (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 rround was formed beneath the channel by water infiltrating 

fran the stream. The front of the surface stream and the front of the ground

water :rround advanced eastward to al:out the middle of the area studied. Fran this 

point eastward, the alluvium is thick enough to absorb and transnit t."le anou."'1.t 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 period the 

ground-water rround decayed, and ground-water levels dropped in the upper part of 

the canyon as water drained into the channel and downgradient through the alluvi1n. 

The anount of recharge was small in the wide lower part of t."'le canyon during 

the perio:i 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 rrcved 

downqradient by underflow through the alluvi\m\ fran the recharge area in the upper 

part of the canyon. Moisture measurements indicate that only a little water 

rroved 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 rottcm of the canyon. The water rose a.l.nost 30 feet in 

the well, indicating that confining beds exist in the lower part of the Puye 

Conglanerate. The piezanetric surface of the rrain aquifer slopes eastvard, 
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indicao.ng that the na.in aquifer is recharged mainly west of the Pajarito Plateau, 

and that it discharges the water near the Rio Grande. Samples of water fran 

the main aquifer and the alluvium had no radioactivity al:ove that of a standard 

sample of water. · 

The infiltration and l'I'CV'enent of waste liquid will follCM 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 

nove 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 ITOVe downward into the Bandelier 

Tuff in the area stu::lie:i, and probably none will reach the main aquifer in t.'l1.e 

Santa Fe Group. The rrcvement of ground-water in the part of the canyon east of 

the Ios Alarros-Santa Fe County line was not determined. 

The clay in the alluvium probably will rerrove nost of the radioactive waste 

material by soxption and base exchange. This might eventually build up relatively 

high ~ncentrations of radioactive material which ~d nove slowly downqradient 

throuqh the alluvium. Further work will be necessary, before and after waste is 

discharged fran the plant, to obtain quantitative hydJ::ologic data and to determine 

the rrcvements of the water in the alluvium belcw the area studia::l. 

A pmgress.rep:>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 se:llinents fran the stream channel 

and observation mles. l7 

2. Distribution of Radioactivity in Alluviuml8 

A smrt paper was prepared in 1966 \.mich describes radioactivity in 

the alluvium of ~Drtanlad Canyon. 

Fine particles in alluvial material in a disposal area for liquid radio

active wastes at Ios Al.ancs have greater affinity for radionuclides than coarse 

particles: however, mst of the radioactivity is in the coarse material, which is 

ncre abundant. The radioactivity in the alluvium is dispersed by waste water and 

storm runoff and decreases with distance fran the p:>int of effluent outfall. !-bst 

of the radionuclides are retained in the upper 3 feet of the deposits, resulting 

in very little change in the quality of the ground water perched in the alluvium. 
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3. DiSPOsal of Industrial Effluents in M::>rtandad eanyon19 

A report was 5\Jl:rnitted in 1967 describing a study to detell!line the 

rrcvement of effluents in !-brtandad canyon and evaluate the possibility of contamina

tion of surface and ground water outside the canyon disposal area. 

M:>rtandad Canyon is cut into the Bandelier 'I\lff, which fo:ms the Pajarito 

Plateau. The drainage area above and within the disposal area is snall.. The 

alluvium is thin in the upper canya1 but thickens eastward into the middle and 

lower can~. 

The canyon has no natural perennial streamflow. Surface water enteri.nq t."le 

disposal area is stem rlllX)ff, waste water fran coolinq process at New Sigma and 

~-48, and industrial effluents franithe waste treatment plant at TA-50. The 

stoJ:In runoff, waste water and effluents infiltrate into the alluvium to recharge 

a body of water perched in the alluvium overlying the tuff. As the water rroves 

through the alluvium sane is lost to evapotranspiration while the re!!'ai.nder in

filtrates into the tuff. 

An inventory of surface water and water in the alluvium fran July 1963 to 

Jm1e 1965 indicated that a greater arrcunt of water was lost into the tuff in the 

upper canyon than in the middle and lew& canyon of the disposal area becuase the 

alluvium overlying the tuff in the upper can}'On is rccre pemeable (silty sand) 

than the alluvium overlying the tuff in the middle and lower canyon (sandy silt) • 

The rccvement of water in the tuff is downward beneath the disposal area into the 

unsaturated volcanic rocks and sediments of t.~ Puye Conglanerate. 

The upper part of the main aquifer in the IDs .Al.anos area is in the Puye 

Conglanerate, al:x:>ut 1,000 feet beneath the canyon floor. The water in the nain 

aquifer is rrcving at about 70 feet per year toward the Rio Grande. The P.io 

Grande, about 6 miles east of the disposal area, is the natural discharge for the 

main aquifer. 

The che:nical and radiochemical quality of water in the alluvium ~es 

downgradient in the disp:>sal area due to dilution of the effluent by storm runoff 

and waste water, and by adsoJ:ption of certain ions and radionuclides by clay 

minerals. Water in the main aquifer sl'x:lwed no sign of chemical or radiochemical 

contamination. 

The geology and hydrology of M:n"t:andad canyon is ·ideal for the disposal of 

lCM-level radioactive effluents. The small drainage area and the volune of alluvium 

(to absorb the storm runoff) re::luces chances for storms to flush contaminates to 

the Rio Grande. Chemical and radiochemical contamination is confine::l to the dis

posal area. The diSJ;X>sal area has an environment that re::luces the contamination 

in the effluents, and the slow rrover:ent of water in the main aquifer beneath the 

diSJ;X>sal area ~uld allow ion-exchange and half life decay of a:trj radionuclides 
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that sh::>uld reach the aquifer, so that no cx:mtarnination ~uld remain in the 

water when it reached its natural discharge area. 

4. Cccurance of Tritium in the Shallow Alluvial Aquifer, 1966-1969 20 

The occurance arxi 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 released in early operations of 

the treat:lnent 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 1~ canyon was about 19.0 million liters. The average tritium concentra-

tion (MD-6, z.m-7, MX>-7. 5, and M:0-8} for February was 490 ];:Ci/ml; thus, it 

was estiroated 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 evapotranspiration. 

5. Dispersion and ~t of Tritium in the ShallO\<r AQuifer 
21 

A report in 197 4 describes the ITOVemel'lt and dispersion of tritium in 

ground water in the alluvium. 

Twenty (20} Ci of tritium dischaxged into t·t:lrtarrlad canyon in Novenber 

· 1969 were used to deteJ::mine the dispersion and rrovernent of the tritium in a 

shallow aquifer in the alluvium. It took 388 days for the peak concentration 

to rrcve 3, 027 m fran the effluent outfall to the eastern end of the aquifer. 

The cx:mcentration decreased fran 77,700 p:i/ml to 310 p:i/ml in that distance. 

Ground water in transit storage contained about 0. 9 Ci of tritium prior to the 

release of the 20 Ci. Atout 3.9 Ci of tritium remained in transit storage at 

the erd of 1970. The reraining 17.0 Ci were lost with evapotranspiration, infil

tration with ground water into the underlying tuff, or suspended with soil noisture 

al::ove the aquifer. 

The rate of rrcvem:!nt of .,~ter in the alluvil.m\ 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 

IDeation Unit (M/day) Penneability (m/~ 

Upper coarse sana 18 141 

Middle Sil ty-Sand.-<:lay 5 so 

rower Sllty-Sand-<:lay 2 7.6 

B. Industrial Waste Treatment 

Liquid wastes, products of research by the IDs Al.anx:>s Scientific 

Laboratory, are treated at the waste treatrrent plant at TA-50. The liquid \olaStes 

contain a varying ancunt of chemical and radiochenical constituents. H:Jwever, the 

treatment of t..~ influents to reduce haz: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 chemi

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 arii calcium hydroxide are added as 

the influent enters flocculatorclarifiers; this precipitates out the radioactivity 

that was carried in suspension or was othezwise insoluble. The precipitate is 

collected as a sludge in settling basins, dried, mixed with vemiculite, placed 

in\ barrels, ani buried in disp:lsa.l pits on the plateau. Flocculation rE!t"CVeS 

nest 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 coll.lims where artificial resins renove nost of the retaining 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:>lding tanks prior to disposal. 
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Concentrations of sodium, calcium, carbonate, bicarbonate, nitrate, and 

chlorides, as well as total dissolved solids, are higher than found in native 

waters. If the wastes are acidized for the ion.-exchange colurms, high nitrate 

and conductivity are characteristic of the effluent. 

Careful control is rraintained throughout the entire treatment operation 

by frequent collection and analysis of the influent at the different stages of 

treatment. 'ltle resulting effluent is discharged into the disposal area when 

the radioactivity is less than 10 percent of the MPC (maxinn.ml permissible 

concentration) as reccmnended by the InteJ:Ba.tional Cc:mnittee on Radiation 

Pmtectial. 

l. Chemical Quality of Effluent 

'nle liquid wastes vazy in chemical and radiochemical constituents when 

they arrive at the plant; lxJwever, the resulting effluents reflect the chemi

cal treatment of a weekly cxmposite, as shown on the follcwing table, 

Chemical ()lality of Effluents !I 

(Analyses in m:t/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 < l < 1 1 5 2 2 

Sodium 96 280 205 135 100 135 2250 500 740 215 

carbonate 139 280 290 130 230 340 2350 158 120 20 

Bicarl;onate 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 

Fluoride 2 
Nitrate (n)b 3 
Cyanide < 1 
TotaJ. Dissolved 

Solids 

Conductancec 760 
_pHb ll.3 

< 

Chemical Quality of Effluents!/ 
tAnaJ.yses in nq/1 except where noted) 

(Continued) 

1964 1965 1966 1967 1968 1969 1970 

2 3 1 3 2.6 .2 .9 

29 6.0 7 7.9 6.0 74 223 

1 < 1 < 1 < 1 < 1 < 1 < 1 

42S8 2132 
1980 1760 1280 1380 )2090 4SOO 2400 

11.6 u.s u.s 11.4 \ 11.7 12.1 10.9 

1971 1972 

3.2 < .1 
280 52.8 

< 1 < 1 

2118 768 
2520 1140 

9.7 8.9 

a/ Weekly catp:)site, 1st week of July, filter Sanple~ if ion-exchange column 
used, nitrate and calcium higher. 

Ef N x 4. 4 • ~D3 

£1 Micronhos 

d/ No units 

The average annual chemical quality of the effluents is presented in the 

following table. 
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'llle Average Annual Olem:ical Quality of Industrial Effluent from TA-50. 

Effluent 

Cherrdcal Constituents 

TA-50 

Milligrams ~r liter 

Cal- Hagne- So- Car- Bicar- Chlo- Fluo- Ni- Dis- 'lbta1 . Specific 

cium siun diun bonate b:>nate ride ride trate solved hard- oonductance pH 

Year (Ca) .Q:!lL (Na) (OOJ) (HClh) (Cl) J!L (00)) solids ~ (IJnUJS at 25°C) 

l963y 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 so 660 145 1280 11.4 

1967 110 3.1 120 226 306 21 2.3 55 570 289 1520 11.2 

J 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 

\D 
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 ~ure of the effect of the effluents on plant growth is the sodium

adsorption ratio (SAR} and conductance. 'I1le SAR approximates the base ex

change of sodium in the effluent and is a measure of the alkali hazard that 

could occur and in turn would effect plant grc:Mth in the canyon. It is ex-

pressed in equivalents per million as: 
. Na" 

mzJCa: Wg 

'nle sodium (alkali) hazard is based on SAR of 0 .... 10, low, ll ,_ 18, 

medil.mt, 19 - 26, high: and above 26 very high. 

'Ihe salinity hazard is based on the conductance or mineral concentration 

in solution of the effluent that is available for precipitation into the 

soil that in tum can effect plant grc::wth. '!he classification is based on 

100 to 250 J.mhos, lc:M; 250 to 750 llhn'os, nedium; 750 to 2250 }Jinhos, high; 

and above 2250 )JII'Ihos very high. 'Ihe follc:Ming table sl'rJws the sodium (alkali) 

and salinity hazard of the effluent based on average armual concentration. 

Effluent - TA-50 

Sodium Conductance Salinit::{ 

Year SAR (Alkali) Hazard (lJI!Ihos/cm) Hazard 

1962 

1963 7.0 low 1730 High 

1964 6.9 'I.otl 1950 High 

1965 8.4 low 2070 High 

1966 5.5 Low 1280 High 

1967 3.1 IJ:::w 1520 High 

1968 4.1. IDw 1630 High 

1969· 8.1 low 1990 High 

1970 14 Medium 2340 verJ high 

1971 17 Medium 2450 very high 

1972 26 High 2570 very high 
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Waste \Vclter is discharged into the disp:>sal area fran New Sigma and TA-4 8 

fran cooling processes in the laboratories. The water is originally fran the 

numicipa.l supply fran IDs Alamos. t-."0 chemicals are added; however, the chemical 

quality may have been changed slightly by use, due to evat:eration losses as 

sh::Mn on the follawing table: 

Chanical Quality of l-'7aste Water TA-48 and New Sigma 

(Analyses in rrq/1 excePt as noted) 

Dissolved a/ 
Source Year Sodium Chloride Fluoride Nitrate Solid~ 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 

a/ Micranhos 

'Y _B_. __ Ra_d_i~oc-..hemi __ · ..... ca_..ll.--=Qual=~i;..;.ty...__o~f;,_;;;;.E;;;..ff~l;..;uen~t 

After treatment and release, the effluents contabl scme radionuclides. 

The following table presents the average annual concentrations in the effluent. 
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Average Annual Radiochemical Quality of Effluents, TA-50 

pCi/1 

.1m::)lmt Gross Gross Total 

Year (M3) Alpha Beta Pu 89Sr •osr 

1963 27390 194 12700 58.4 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 r 

a/ 238Pu 130~ 239Pu 18 

The annual and total arrDlmt of radionuclides released in effluents fran 

TA-50 is presented in the following table. 

Annual Atrount of Radionuclides Released with Effluents, TA-50 

nCi 

Gross Gross Total 

Year Alpha Beta Pu e•sr •osr 

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 a/ 12.3 31.5 

1972 13.7 382 ' 8.4 3.5 5.5 

64.7 7352 42.1 449.3 314.9 

a/ 2 3 ePu, 7 .4; 2 3 'Pu, 1.0. 
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In addition to the effluents released fran the treatment plant at TA-50, 

a srral.ler plant was operated at TA-35 fran 1956 through 1963. The effluents 

were released into 10-Site canyon. The volume of effluent '\Vcl.S not sufficient 

to rrove as surface flow into r-Drtandad Can}'()n. Storm runoff entered ll.brtandad 

can}'On between r.rn-6 and r-co-7. The effluents contained main1 y strontium and 

cesium. The annual average concentrations of radionuclides are shown on the 

following table. 

Average Annual Radiochemical Quality of Effluents, TA-35 

pCi/1 

Artount Gross 
Year (t-13) Beta 

89Sr 90Sr 

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/ Estimate:l 

The annual and total arrounts of 8 9Sr :T.d 9 0Sr released frcm TA-35 into 

10-Site Canyon are presented in the following table. 
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Annual Am::runts of 89Sr and 90Sr Released with Effluents, TA-35 

nCi 

Year egsr gosr 

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/ 

'lUI'.AL 1 325.8 223.4 

a/ Estimated 

' 
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c. Surface Water 

Surface water entering the· canyon consists of effluent from om-so~ storm 

runoff and waste water. The effluent from TA-50 for the period 1964 (first 

full year of discharge) to 1972 has ranged from 46 x 103 to 60 x 103 rn3 or 

an annual average of about 54 x 103 m3. 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 cx::curred ranging fran 2 to 6 weeks in tine. 'Ihe releases 

were 1962 (18 x 103m3), 1963 (37 x 103m3), 1964 (19 x 103 m3), 1965 (18 x 

103 m3) , and 1969 ( 48 x 103 m3) • 'Ihe average annual runoff and waste water 

entering the canyon from 1962 through 1972 has ranged from 26 x 103 to 

125 x 103 rn3 or an annual average of about 63 x 103m3. 'lhus, over a period 

of time the dilution of effluent to runoff and waste water has been about 

one to one. 'Ihe 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 Gauging Station l 

Effluent TA-50 
(x 103m3) 

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 
50 
29 
26 

a/ Operations July-Decenber 
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A second gauging station GS-2 was operated about 1370 rn downgradient 

frcm GS-1 from March 1962 through Pecerrber 1965~ The annual surface water 

loss between the two stations ranged fran 51 x 103 rn3 to 115 x 103 rn3• The 

loss was to evapotranspiration and infiltration into the alluvium and under-

lying tuff. Water infiltrating into the alluviun recharges the water in the 

alluviun that is preched on the underlying tuff. The water in the alluvium 

ItOved dc:Mngradient into the lc:Mer 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. The following table presents the annual 

records of surface water passing by Gauging Stations 1 and 2 and losses 

between the two stations. 

Surface Discharge at Ga~ing Stations 1 and 2 and loss 

between Stations 1962-1964 (In Cubic Meters) · 

Gauging Gauging Surface 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 flow at stations .M:S-3.8 and M:S-3.9 is return flc:M from the 

alluviun. The increased gradient in the channel causes thinning of the 

alluvium causing water in the alluvium ItOVing dc:Mngradient to flc:M on the 

surface for 30 to 60 rn. 

1. Chemical Quail ty of Surface Water 

The chemical quality of the surface flc:M 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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Olemical Quality of Surface l-7ater, 1962-1972 

~verage of a nurrber of analyses in :m;/1 except as noted) 

Station GS-1 M:S .. 3.8 M:S···J, 9 

No. of Analyses 37 16 19 

Sodium 183 134 148 

Olloride 15 20 31 

Flooride 1.2 2.0 1 .. 3 

Nitrate 24 33 11 

Total Dissolved Solids 494 555 636 

Canductanceb 570 600 720 

pJ:f 9.6 8.4 8.3 

a Sanples collected during release of effluents from New Sigma. 

b Micronros 

c No Units 

GS'"'2a 

3 

122 

14 

1.3 

29 

443 

500 

The return flCM at MCS-3.8 and 3.9 indicates dissolution of chE!tlical 

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 Sigma Bldg. The follONing table presents average 

annual quality of water at GS-1 fran 1962 to 1972. 
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Quality of Surface Water at Gauging Station 1 
{_Aver_age of a nUI'ti;:)er of analyses in rrg/1 except as noted) 

No. of 
003 . a tP Year Analyses Na Cl~ TDS Conductance p 

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 Microhircs 
b 

r'bUnits 

The chemical quality varies due to the change in quality of the effluent from 

'm-50. 'Ihe nitrate concentrations have increased in the latter part of the 

pericrl due to a greater use of the ion-exchange colUIYU"lS which use nitric acid 

as part of the treatment process. 

'lhe following table presents the average annual chemical quali t;y of water at 

MCS-3.8 for the years 1963 through 1971. 
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Quality of Surface Nater at .t-a;-3.8 
(Average of a nurrber of analyses· in ng/1 eJ<Cept as noted} 

N:>. of ro3 Conductance a pfib 
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 Microhmos at 25° C 

b No Units 

'nle 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 nurrber of analyses in rrq/1 eJ<Cept as noted) 

N:>. of 
Year Analyses Na Cl F 003 'IDS Conductance a p~ 

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 Micronilos at 25° C 
b No Units -139-



Analyses .frcm 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, i~ 

quite prominent. Total dissolved solids also shows a large increase in con-

centration. 

'lhe following table shows analyses of water at Gauging Station GS-2 

which is mainly waste water from New Sigma Bldg. 

No. of 
Year Analyses 

1962 1 

1964 2 

1965 1 

Quality of Surface Water at Gauging Station 2 

(Average of a nurber of analyses in m;/1 except as noted) 

Na Cl F :003 '1m Conductance a 

48 6 .a .2 232 250 

151 17 1.8 10.0 544 600 

167 20 1.3 10.0 552 640 

a Mic:rozmos at 25° c 
b No Units 

plP 
7.7 

9.5 

10.2 

Selected netal ions were analyzed from sanples 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 
Beryl1iun 
I.ead 
~ 

Particulates 

cadmium 
Beryllium 
lead 
!".ercury 

M3tal Ion Analysis 
(Average of a n1.JI1'ber of analyses in J,lg/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 



SOUilC! 

cs-1 
c~-1 
cs-1 
CS-1 
CS-1 
CS-1 

MCS-3.9 
KCS• 3, 9 
KCS• 3. 9 
MCS-3.9 
MCS- 3. 9 
HCS•3,9 

c:s-2 

2, Fadiochenical Quality of Surface Water 
; 

'Ihe surface water in M:::lr't:an:lad Canyon at GS-1 and GS-21 prior to the release 

of effluents from TA-50, contained less than 0. 5 :t:=Ci/1 of plutonium and gross 

beta was near or below 14 :t:=Ci/1. The follcMing table presents radiochemical 

quality of water fran 1962 through 1965. 

RadiochEmical Quality 1967-1965 

No. of pCi/1 _J2f1 

Station Year Anal:ises Gross Beta 'Ibta1Pu 'lbtal Uranium 

GS-1 1964 6 570 6.0 1.1 

GS-1 1965 5 1200 2.5 .8 

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 .a 

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 

<15-2 1964 2 490 2.7 .8 

GS-2 1965 4 140 1.2 <.5 

'!here was no analyses of surface water in 1966. 'lhe following table pre-

sents the radiochemical quality of water fran 1967 through 1972. 

MOilt AlfOAD CAJ!OIC 

SUilfACE FLO~ ~~~PLI~G SitES 

llADIOCH!MlCAL QUALITY OP WAT!Il 

't!U MAlt• ' CllOSS t;llOSS 238 239 241 226 234 137 90 3 

SAMPLES ALPHA I!:TA Pu Pu A a la v Ca 51' M, 

1967 1 -1 343 -.05 -.05 -.nn • 38 ,40 -240 -so 

1968 2 -1 292 .46 ,42 -.05 -.1S ,811 255 - -so 

1969 2 10 1174 11,46 6. 6lo -.nn -.15 1.111 3020 169 241 

19 70 I n 333S 19,111) 5.60 3.CII -.15 2,01 6336 315 17 

1971 5 31 16n4 25.35 5.06 4,51 -.15 4,16 3S56 233 31 

1972 4 12 520 •• 611 ,97 • 77 -.ll'l -.on 71S 234 75 

19!1 7 1 -1 97 -.05 -.05 -.oo -.15 -.oo - 112 

1961 2 1 19 3 .12 ,22 -.05 -.15 -.nn -240 -
1969 1 -1 142 .22 .17 -.nn -.on -.nn - 6 

1970 2 2 309 ,35 .26 -.oo -.on -.:.n - 17 391 

1971 4 10 8l7 3.14 ,34 -.on -.15 -.oo 323 167 loS 

1972 4 12 523 5.97 .90 ,116 -.oo -.oo -3SC 46933 

1971 1 95 312 1.05 5.00 3.02 -.15 2.03 390 19 28 
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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. Hater in Alluvium 

Water in the alluvium is redw:ged fran industrial effluents, storm run

off and waste water. As the water in the alluvium noves cbwngradient in the 

canyon, loss to evapotranspiration and into the underlying tuff is of l:imited 

extent. 

The volume of water in the alluvium was calculated from the known vol\lrie 

of saturation in the alluvium as determined by test drilling, and subsequent z 

water level in test holes as the volume of water fluctuates, dependent on 

arrount of recharge. 'Ihe following table presents the volume of water in stor-

age in the aquifer as of I:'ecarber 31 for the years 1961 through 1972 and 

the annual volume of surface and ground water loss in the canyon. The calcu

lations are based on volume of infJ.or..l at Gau;ing Station 1 for the year and 

changes in storage. 

Storage in 1lquifer and Surface and Ground Water !Dss 

Year 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

Storage in aquifera 
(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 



Storage ;in the aquifer has ranged fran 20 x 103m3 to 30 x 103m3 fran 

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 volurre of surface water infJ.o.r 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 ccmpu

tation of storage. 'Ibis division is sc::Jm:!tim:s used to catpUte the nass of 

radionuclides or chemicals in storage. The foll.owing table presents the 

volume of water in storage in the alluviun in the three sections of the 

canyon fran 1961 through 1972 as of De.cerrber 31. 

Volune in Storage in Three Sections 
of Aquifer, 1961-1972 

Volume in x 10? m3 a/ 
Year Upper M.i.ddle IJ:Mer Total 

1961 3.2 3.3 13.3 19.8 

1962 2.4 5.7 11.8 19.9 

1963 2.1 3.5 16.5 22.1 

1964 5.9 4.7 13.2 23.8 

1965 3.9 6.3 14.9 25.1 

1966 2.8 3.1 14.2 20.1 

1967 6.7 5.1 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 DecerttJer 31 

Water samples were oollected from ten (10) observation holes (Fig. 10). 

'Ihe depth to water ranges from about 1.2 mat Observation Hole MD-3 to 24 m 

at Cbservation Hole MX>-8. The water levels will vazy deJ?endent on the 

vol-ume of water entering the canyon as surface flow. 
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1, Che:nical Quality of Water in Alluvium 

Sartples were oollected and analyzed prior to the release o~ e.ffluents 

fran TA-50 to provide a base line of the chemical quality changes that would 

occur in water in the allwium. 

The followirig table presents a SUfi'I'ICU'Y of the chemical 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 mg/1 except as nota:l) 

Obs. No. of 
Hole Analyses Na C1 F ID3 TDS ·eondu:::tancea 

M:0-1 1 95 10 1.0 0.5 175c 270 
MX>-2 1 115 12 1.0 1.5 18sC 290 
MCD-3 3 52 7 0 .. 7 0.9 398 420 
M:D-4 3 48 7 0.7 0.8 370 440 
MD-5 3 28 7 0.7 0.8 203 270 
MD-6 3 16 8 0.7 1.1 325 350 

MCD-7 3 15 7 0.7 1.1 283 240 
M:0-7.5 2 18 8 0.4 1.4 230C 350 
MD-8 3 16 7 0.7 0.9 175 230 

a Micromhos at 25° C 

b N:> Units 

c Estimated 

p!P 

7.1 
7.0 
7.1 
7.2 
6.7 
6.6 
6.7 
6.8 
6.8 

Observation Holes M:0-1 and MD-2 were drilled in or near the stream channel 

to depths of less than 2 m. The chemical quality is essentially the same as the 

stream or cooling water discharged from TA-48. No sanples were collected after 

1962. 

Observation Hole Ml:>-3 is lo:a.ted 122 m west of the effluent outfall. 'lbe 

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 through 1972 is presented on the 

following table. 
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Chanical ().lality of Water, MJJ-3 
(average of a mmber of analyses in nq/1 except as noted) 

No. of 
Year Analyses· Na cr F 

ro3. TOS./ Conductancea pH 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 Micrarrhos at 25 ° C 

b N:> Units 

c Esti.rta ted 

Observation lble MCD-4 is located 1460 m east of the effluent outfall. 

'llle hole was drilled to a depth of 5.8 m. The water level is a.l:out 3. 7 m. '!he 

average chemical quality of water from 1961 through 1972 is presented on the 

following table. 
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Olemical QJality of Water, KD-4 

(average of a mmber of analyses in rrg/1 except as ooted). 

No. of N)3 ·~ 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 0.5 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 s.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 

ClJservation lble M::0-5 is located 1841 m east of the effluent outfall. The 

hole was drilled to a depth of about 11, 5 m, The water level is about 6.4 m. 

The average che:nical quality of water fran 1961 through 1962 is presented an the 

folla.ving table. 
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Cheni.ca1 Quality of Water, .Mo::>-5 
(average of a number of analyses in rrg/1 except as noted) 

No. of N:>3 
Year ~.na1vses 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 8.8 307 360 

1969 2 118 12 <0.1 28 281 375 

J.-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 Micrahmos at 25° C 

b !'b Units 

Observation lble M:X>-6 is located 2234 m east of the effluent outfall. 

'lbe hole was drilloo to a depth of 21. 6 m. 'lbe water level is about 11 m. 

'lbe average chemical quality of water from 1961 throU3'h 1972 is presented on 

the fo11c:Ming table. 
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Chemical Quality of Water, M:D-6 

(average of a nurrber of analyses in nq/1 except as noted) 

N:>. of N03 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 Microhzros at 25° C 

b No Units 

c Esti.rrated 

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 

0.8 , 409 1000 1195 

0.8 '-246 920 1100 

Observation Hole 'f:I0:)-7 is located 2554 rn east of the effluent outfall. The 

role was drilled to a depth of 20.7 rn. The water level is about 12.2 rn. The 

average chemical quality of water fran 1961 through 1972 is presented on the 

following table. 
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Clemical Quality of l'later, ~m-7 

(average of a number of analyses in mg/1 except as noted) 

No. of 
Year ~.r.alyses Na Cl F 

N03 TDS Conductancea oHb 

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 Micrahrros at 25° C 

b tb 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 

l.O 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 Ible MX>-7. 5 is located 2844 m east of the effluent outfall. 

The hole was drilled to a depth of 18. 3 m. 'lhe water level is about 13. 7 m. 

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 

Olemical Quail ty of Water, M::x:>-7. 5 

(average of a nurcber of analyses in m;/1 except as noted) 

No. of ID3. Conductance a EH b 
Anal:z:ses Na Cl F TDS 

2 18 

5 17 

10 23 

5 50 

3 69 

2 145 

2 123 

2 llO 

2 86 

3 190 

4 166 

a Micrahm:>s at 25 ° 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 Hole MX>-8 is located 3027 m east of the effluent outfall. 

'lhe role was drille1 to a depth of 25. 3 m. The water level is about 21. 3 m. 

'lhe average chemical quality of water from 1962 through 1972 is presente1 on 

the folla-ring table. 
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Chemical Quality of Water, .M:0-8 

(average of a nuni:>er a.f analyses in nq/1 except as noted) 

NJ. of N:>3 Conducta.,cea EH b 
Year A."\alyses Ha Cl F TDS 

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 50 11 0.3 18 310 345 

197lc 

1972 3 107 

a Micronhos 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 follCMing table 

shCMs the increase of certain chemical and physical constituents. There was 

no change in flooride. 'Ibtal 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 Quality of ~7ater 1962 and 1972 

(average of analyses from seven observation holes) 

1962 1972 

So:lium (ng/1) 28 196 

Chloride (mg/1) 0.8 242 

Fluoride (mg/1) 0.7 0.7 

Nitrate (m;/l) 1.0 55 

'Ibtal Dissolved Solids (mg/1) 292 860 

COnductance (lJII'.hoS) 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 \mat would be expected in natural waters. 

Metal Ion Analyses, 1971-1972 

(average of a mJnber of analyses in llg/i) 

Source . M:0-3 M:o-4 t1C0-5 M::0-6 :r.m-7 rrco-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 

Hercury 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 0.11 0.10 0.19 
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2. Inventoey of Cllemical Released and in Storage 

An inventoey of chemicals released into the canyon was estimated using 

the annual average concentration and wlume of ·effluent for the period July 1963 

through Decerrber 1972. '!he inventoey of chemicals 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) Ci:>servation Holes and the wlume of 

water in storage. The following table presents mass of chemical release:i with 

effluent, the mass in storage prior to release of effluents. and the mass in 

storage after 10 years of effluent release. 

Inventory of Chemicals in Effluents Released 
and in Storage in the Aquifer 

Chemical 

Calcium 

Magnesium 

Sodium 

Ca.rlxmate 

Bicarbonate (as Ca<X>3) 

Olloride 

Fluoride 

Nitrate 

Total Dissolved Solids 

'roTAL 

Effluents 
1963-1972 

32 

1.4 

143 

126 

210 

26 

1.1 

120 

519 

989.5 

kg ~ 103 

In Storage 
1962 

0.2 

.08 

.6 

0 

1.8 

.1 

.01 

.06 

6.4 

9.2 

1972 

0.9 

.3 

4.9 

0 

5.1 

1.2 

.01 

5.7 

20.9 

39.0 

'!he inventory of chemicals released into the canyon are estirrated 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 (af~ 10 yeazs of release) .. The arrount of chemicals 

unacc01.mted for in the inventory were taken up by plants, base exchange with 

alluvial material 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 conpiled fran armual average concentration of sc¢ium, calcium, and 

magnesiun (SAR) arrl conductance. 

Sodium and Salinity Hazard 
in Storage in the Aquifer 

Sodium Conductance Salinity 
Year SAR (Alkali Hazard) ( lJII.i1os/ em) Hazard 

1962 2.1 lCM 360 medium 

1963 3.2 lCM 360 medium 

-1964 1.1 lCM 510 medium 

1965 5.5 1cM 440 medium 

1966 5.4 lCM 470 medium 

1967 7.2 low 400 medium 

1968 5.9 1cM 360 medium 

1969 6.7 low 410 nedium 

1970 5.9 lCM 560 medium 

1971 7.9 1cM 1160 high 

1972 9.6 low 1000 high 

l Radiochemical Quality of Nater in Alluvium 

Sar.ples were collected and analyzed prior to release of effluents 

fra:n TA-50 to provide a base line of the radiochemical changes that would occur 

in water in the alluviln. 

The following table presents a surmary of the radiochenical quality 

of water prior to the release of effluents fror.t TA-50. 
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ObSo 
Hole 

M:0-1 

r-"L'0-2 

:t-x::o-3 

.M:D-4 

M:0-5 

MC0-6 

M:o-7 

ttro-7.5 

M:0-8 

Radiochani.cal Quality of t'later in Alluvium 

(ayerage of a number of analyses, 1961-1962) 

No. of .pCi/1 
Analyses Gross Beta 'l'otalPu 

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 

lJpl 
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 can:yon. 
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Radiochemical Quality 1963-1965 

(average of a number of analyses) 

Obs. No. of . p:i/1 llg/1 

Hole Year Analyses Gross Beta TotalPu Total Uranil.J'!\ 

r£0-3 1963 2 14 6.5 <0.5 

M::'0-3 1964 10 247 3.2 <0.5 

M:X>-3 1965 5 131 1.7 3.8 

r-m-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 

MD-5 1965 5 34 1.4 <0.5 

M:0-6 1963 3 26 <0.5 1.5 

.t-o:>-6 1964 10 64 2.0 <0.5 

MD-6 1965 5 32 2.0 <0.5 

K:.0--7 1963 3 <14 <0.5 <0.5 

M:o-7 1964 10 38 <0.5 0.6 

M::0-7 1965 5 15 <0.5 <0.5 

l-o:>-7. 5 1963 2 <14 <0.5 <0.5 

MC0-7.5 1964 9 30 0.5 0.5 

rt.co-7 .5 1965 6 17 <0.5 <0.5 

MC0-8 1963 3 <14 <0.5 <0.5 

n::o-8 1964 10 16 0.7 1.5 

M:D-8 1965 6 <14 <0.5 <0.5 

The concentrations of plutonium were greater near the effluent dis

cha:r:ge area and dec:reasei downgradient in the canyon. Only trace concentrations 

of plutonium were noted at observation r.ole t-:r:o-7 by 1965. Gross beta emitter 

in the 'i.-later sha .. ,ed the same general pattern as the plutoni\.!r.l decreasing in con-

centratio.."'1 downgradient in the canyon. The gross beta activity rray have extended 

to "hole r-r::o-7. 5. Total uranium showed no apparent increase or trend in the canyon. 
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...... 
SO'CII.C'E 

t!C:0-3 
t\C0-3 
t\C:0-3 
KC0-3 
MC:0-3 

'"' 
MC0•3 

MC:,-4 

""" MC0•4 
MC:0-4 
KC0-4 
MC0-4 
t\C0-4 

t\C0-5 
MC:O·S 
MC0-5 
t\C:0-5 
MC0-5 
tiC0-5 

't\C0-6 
MC0-6 
HC0-6 
HC0-6 
MC0-5 
t\C0-6 

MC0-7 
M:0-7 
MC0-7 
MC0-7 
MC0-7 
HC0-7 

MC:0-1.5 ,..., ~c;C-7.5 

1-!C0-7,.5 
Mcn-7,5 
~c:0-7 • .s 
!1C0-7 • .S 

,... MC0-8 
~co-s 
MC'J-8 
Y.C0-8 ,..., MC<:'-8 
MC0-8 

There were no radiochemical analyses of water in the alluvium in 1966. The 

following table presents a recap of radiochemical analyses from 1967 throuqh 

1972. 

MOit'rAl DAn CA'IIYOII 

ALLUVIAL AQUIP!It o•SEJtVATIO• V!U.S 

ltADIOCH!KICAL QUALITY OP VAT!It 

TEAit MAX• I C:!tOSS C:ttOSS 231 239 241 226 234 137 90 

SA.'l!L'ES At.l'HA '!lETA •• •• ,.. l• v C• Sr 

1967 1 '-1 116 -.os .14 -.oo -.1S -.oo -
1961 2 1 166 .27 . .22 -.o5 -.1S 2.77 -240 

1969 1 7 93 • 27 .35 -.oo -.oo -.oo - -
1970 5 6 505 1.03 ,47 .20 -.1S -.no )45 92 

1971 4 21 1471 14.31 1,60 -.oo -.1S -.oo 2090 314 

1972 4 11 612 3.94 • 35 .so -.oo -.oo 31% 

1967 1 -1 13 -.os ,06 -.on -.lS -.oo -
1961 2 1 83 .11 .43 -.o5 -.15 1.48 -240 

196? 3 3 129 .14 ,12 -.on -.on -.oo -
19 70 6 3 141 .11 .oa -.on -.15 -.oo -230 -
1?71 4 . '3 418 .23 ,07 -.on -.nn -.oo •277 179 

1972 4 9 343 .93 .16 .10 -.oo -.oo -350 

1967 1 2 9 -.os -.os -.oo -.15 -.oo -
1965 2 1 45 .11 ,63 3.11 -.15 -.no -240 

H69 2 -1 29 .05 ,0? -.on -.oo -.no 

1970 2 4 2S .06 -.o5 -.on -.no -.oo - -
19 7l 4 1 186 .09 -.05 -.on -.oo -.no -263 175 

1972 4 3 112 .14 ,07 .19 -.oo -.oo :-350 

1967 1 2 7 -.os ,09 -.on -.oo -.oo -
1963 2 6 27 ,07 • 79 -.05 • 36 -.oo -240 

19 69 2 4 18 -.o5 .06 -.on -.15 -.oo 

1970 6 4 31 -.os -.05 -.oo -.15 -.no -230 

1971 4 2 168 .os -.os -.on -.oo -.oo -240 

1972 4 2 132 .os -.o5 .22 -.oo -.oo -350 

1967 1 2 2 -.os .os -.on -.oo -.oo -
1963 2 1 10 -.o5 ,11 -.05 -.15 -.oo -240 

1969 2 5 9 -.o5 .o5 -.on .19 -.oo 

1970 4 2 17 -.o5 ,06 -.on -.on -.on -230 

1971 4 -1 105 ,0? -.os -.on -.on -.oo -26S-

1972 4 2 73 .12 .06 .oil -.oo -.oo -350 

1?67 1 3 11 -.o5 .06 -.on -.15 -.no -
1968 2 2 ' .11 ,32 .111 ,56 -.no -240 

1969 2 1 39 ,10 .15 -.nn -.on -.no 
-.nn -.on -.oo -240 

3 
H 

40500 
47100 

----49250 
64475 

64000 
78250 

-
-51500 

59500 

-1!4000 
6U75 

-
19 70 3 7 32 ,32 ,37 

1971 3 1 61 .12 -.n5 -.on -.nn -.no -277 12%000 

1972 4 1 70 ,0!1 ,12 1.011 -.on -.no •350 4~$2S 

191\7 1 -1 10 -.os -.ns -.nn -.15 -.on - -
19 6~ 2 -1 a .os .11 -.05 -.no -,0(1 •240 

1969 2 1 22 -.os -.ns -.nn -.oo -.no -
l? 70 4 -1 10 ,06 -.ns -.oo -.no -.no •230 

1!)7l - - -.oo .--.~~ -.oo -.no -.oo 

19 72 3 J 46 .10 • 31 -.oo -.no •3SO 129733 
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During 1972, gross alpha activity decreased from 11 r.Ci/1 to less than 

1 r.Ci/J. downgradient in the aqui£:er. Gross beta decreased frcm 612 to 

46 r.Ci/1. The concentration of plutonium was greater for 238pu than 239Pu 

as shown on the preceeding table. 'Ihe influent to the plant was careying 

IrCre 238pu than 239Pu for treatment. The 238pu decreased fran 3. 94 to 

0.10 r.Ci/1 downgradient in the canyon. 'Ihe 239Pu varied from <0.5 to 0.52 

I;X:i/1 shc:Ming no particular trend. The 241Am in the aquifer also varied in 

the canyon showing no particular trend. Tritium increased fran 47 x 103 to 

129 x 103 pCi/1 c]a..mgradient in the canyon. The increase was due to the re-

lease of 20 curies of tritium with effluent in 1969 and sh:::Ms residual from 

novenent downgradient. 

E. Invento:cy 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 volu:ne 

of water in storage as of Decerrber 1972. The follcMing table shows data used 

in estimating invento:cy. 

Inventory of Plutonium In Solution 

TotalPu Av. Pu Volurre in A~fer 'lbtalPu 

Section Obs lble (J;Ci/1) (P:i/1) x 10~ m3 l.ICi 

Upper MX>-3 4.29 
MX>-4 1.09 2.69 4.4 11.8 

Middle M:0-4 1.09 
MD-5 .21 
M:D-6 .13 0.72 5.0 3.6 

la.v'er MD-6 .13 
MD-7 .18 
M:0-8 .6 0.28 13.6 3.8 

19.2 

The total arrount cif plutonium in solution in the aquifer as of December 

1972, was estinated to be 19.2 l.JCL The arcount of plutonium released with 

the effluent from 1963 through 1972 was 21.9 rrCi (21. 9 x 103 l.!Ci) . 'Ihus, only 

a small fraction (0.08%) of plutonium released was present in solution in the 
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F. Stann Runoff and Transi.X>rt of Radionuclides 

Three stations were established and equipped with cumulative sarrplers 

at GS-1, GS-2, and midway between GS-1 and GS-2. The stations were equipped 

with 5 sarcplers each. '!he water fran the samplers was combined for radio-

chemical analyses for flc:w events on July 11, 1967 and Septanber 14, 1967. 

The average of the radiochemical analyses for storm runoff event July 11, 

1967, are shcMn on the follc:Ming table. 'lbtal volume of runoff was about 

560 m3 through the GS-1 gauging station. 

Gross alpha 
Gross beta 
238 Pu 
239 Pu 
231t u 
226 Ra. 
137 Cs 

Runoff event July 11, 1967 m pCi/1 

Source 
Upper Middle 

2 2 
94 163 

.13 .17 

.13 .56 

.25 .69 
<.15 <.15 

<240 <240 

rower 

<1 
205 

.12 

.37 
1.13 
<.15 

<240 

The radiochemical analyses of storm nmoff that occurred on Septarber 14, 

-
1967 are shCMn on the following table. The voluem of storm nmoff was about 

1.1 x 103 m3 through the GS-1 gauging station. 

Gross alpha 
Gross beta 
238 Pu 
239 Pu 
226 Ra 
137 Cs 
'lbtal Uranium 

Storm runoff September 14, 1972 
{analyses in I=(:i/1 except as noted) 

Upper 

2 
35 

.18 

.22 
<.15 

<240 
<.4 
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Sed:inents fran the UfPE!r 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 radionuclides at 

various heights within a flow event. 

The anlayses indicate that the concentrations of radioactivity decrease 

with increasing height above the channel. The sedirrent concentrations also 

decrease with increasing height above the channel, the heavier and larger sedi-

nents being transported as channel bed sediments. The larger and heavier 

susperiied sediments decrease with the increased height above the channel 

with lighter arrl finer suspended sediments near the top of the flow. 

Height above 
stream channel 

(m} 

0.0 

0.3 

0 •. 6 

0.9 

1,2 

Sed~ents analyzed; runoff event 9/11/67 

Picocuries per dry gram 
Gross Gross 
alpha beta 

171 

175 

44 

15 

14 

234 

297 

68 

72 

28 

In general the finer sediments (clay and silts) contain the greater arrount 

of radionuclides; h:Jwever, the transport of the finer naterial 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 charmel. 

Sarrples 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 

follc:7Ning table presents average activity for a nurcber of holes drilled in 

the line. 

Radiochemical Analyses of Cuttings 

(average of a mmber 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 
0.3m 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 
0.3m 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 fmm effliJents released from Ten-

Site. There were also sane liquid effluents released from Ten-site into 

Ten-Site canyon which is confluent to M::>rtandad upgradient fran Line 8 and 

belON Line 6. 

H. Radiochemical Analyses of Sed:iltents 

Channel sediments in M::>rtandad and tributary canyons are derived fran 

weathering of the Bandelier Tuff. Particle-size distribution of channel 

sediments at stations are shown on the follCMing table. 
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Particle-Size Distribution 

(Percent by Weight) 

Near Near 

Source Ne\v Sigma 'GS-1 MCS-3.8 ~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 
r.tedium 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 r.brtandad Canyon 

Radiochemical analyses of alluvium from the stream channel 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 ••• 

C\1 ..c: 
~ 
C\1 

VI 
VI ' 0 

tS 

ro 
+.l 
Cl) 

..0 
VI 
til 
0 
..... 
~ 

Radiochemical Analyses of Sediments, ~fay, 1963 

(Counts per minute per day gram) 

Sampling Stations 

Depth 

below 6 
•.-i 

land ~ 
+.l 

surface 
U) P'"i co 
bO • • 

(m) -~~ 
tl") tl") "=t' 1.11 \0 

I I I I I 

bO § -~ 
0 -~ § 

(g ~-

Surface 1 <l 2 1 2 2 

0.3 1 1 2 1 <1 1 

o;6 3 1 2 <1 2 2 

p_. 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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Another set of surface sediments were collected in November, 1965 and 

analyzed for gross alpha, beta, and gamma activity. The results are shown 

on the following table. 

Location 

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 Ga.rrnna 

32 

74 

4 

72 

< 1 

A sim~lar 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 d~Y. Gram_) . 

Location Gross Alpha Gross Beta 238Pu 239Pu 

Near New Sigma 2 2 <:ooz <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 

t-lC0-12 3 5 .003 .016 

-165-



Additional samples were collected in 1971 and 1972 at MOD-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 1956. The following table show results of analyses 

of surface sediments from 1956 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 \vith 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/ Comts 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 Gamma 

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 boundary since hydrologic observations in the canyon 

began. 21 The area of the canyon considered for the inventory was determined 

by the results of analyses that indicated above ground concentration of plu

tonium in the channel. 

The physical cl1aracteristics 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 ~ci/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 
M:0-7 .40 1.6 1.2 7 

TOTAL 17.0 100 

October, 1972 
Concen'trat1on Total Pu % of 

Section Station ~ci/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 :tvfC0-5 2.8 

M-9 11 6.9 5.1 15 

1UfAL 33.3 100 

The recap for 19.70 and 1972 is presented below. 

Section 
0-1 460 

1 460-3 040 

TOTAL 

:tvbrtandad Canyon 
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Total Plutonium (mCi) 

Feb. Oct. 

1970 1972 

15.8 28.2 

1.5 

17.0 

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 mCi has been carried past 

MC0-8 by storm runoff, but not to ?v!C0-12 ,.,.here the sediments contained only 

background amot.mts 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 \~as 42.1 mCi. The remaining 8.8 mCi were carried east of MC0-8 by 

storm runoff but not to MC0-12 (Fig. 14). 

J. Flood Frequency and Maximum Discharge 

There has been no runoff out of the canyon disposal area to the AEC 

boundary 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 l<m2 with 1.2 km2 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 km2 west 

of Cbs. Hole ~J:O-8. The canyons contributing runoff are Mortandad, Effluent 

and Ten-Site canyon. East of M00-8, the remaining 1.4 km2 are relatively 

flat with no major or minor canyons entering from adjacent mesas. 

The stream channel east of MC0-6 braids out on the canyon floor as the 

canyon begins to widen and alluvium thickens. The small drainage area ldth 

thick sections of unsaturated alluvilD11 allows rapid infiltration of storm 

runoff to date. 

As the channel is not well defined in the lol~er section of the canyon, 

the method for flood-frequency and maximum discharge analyses as described 

by Scott is not applicable. However, as the channel is well defined west 

of MC0-6, the flood-frequency and maximum discharge was computed at GS-1. 

The drainage area is 1.2 km2 with a mean channel slope of 0.029. 

-170-



\ 

Frequency 

2-year 

5-year 

10-year 

25-year 

50-year 

Flood-Frequency and Maximum Discharge 

at Gaging Station 1 

Max. Discharge m3/sec. 

1.1 

3.4 
5.4 

12 

14 

The maximum discharge during the period 1962 through 1972 was estimated 

to be about 2. 3 in which 11 x 103 m3 of Hater passed through the gaging sta

tion. This occurred on July 31, 1968 and caused flooding in the canyon 

which ended bet\<~een MC0-10 and MC0-12. The nmoff 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 

storm rtmoff into the canyon. At a mrucinrum 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. DAAINAGE AREA 8 

Drainage area 8 is a small mesa top and slope which contain no defined 

drainage (Fig. 15). No data has been collected li1 the area which is about 

2 0.5 km . 

X. DAAINAGE AREA 9 (Ca.ittda del Buey) 

Caflada del Buey heads on the Paj ari to Plateau. It has cut a canyon in 

the Bandelier 'fuff 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 knmin perched water in tha alluvium. 
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A. Surface Water 

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 \<later 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. 

Olemical Quality of Surface Water in Canada del Buey 
Near TA-46, in mg/1 except as noted 

No. of 
Year Analyses Na 

1967 1 
197l 1 

1972 1 

a Microhmos at 25° C 
b No Units 

41 
24 
17 

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 

prf 
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 
cadmium 0.92 0.25 
Beryllium <0.25 <0.25 
Lead <1.0 5.5 
Mercury <0.02 <0.02 

Particulates 
Cadffiium 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, The concentration dissolved 

is lrnv, in the range of water in the municipal 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 of Surface Water in Canada del Buey N~ar TA-48 

pCi/1 exce,t as noted 

Gross Alpha 
Gross Beta 
238Pu 

239Pu 

137Cs 
Tritium '/ 
Total Uranium a 
a/ llg/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. 

The 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 

-174-



Radiochemical analyses at the same station for the year 1965 and 1970 

are shown belmv. 

Radiochemical Quality of Sediments in Canada del Buey at State Road 4 

1965 "!! 1970 21 

Gross Alpha 
Gross Beta 
Gross Garrana 
238Pu 

239Pu 

1/ Counts per minute per dry gram 

2/ Picocuries per dry gram 

2 
<1 
14 

C. Flood - Frequency and :t-.1a...ximum Discharge 

1 
1 

<0.002 
0.009 

Cafiada 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 \va-

ter which moves downgradient in the alluvium overlying the tuff. Water in 

the alluvium is seasonal and dependent on intermittent flo\v for recharge. 
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Fig. 16. Drainage Area 10 (Pajarito Canyon) showing location of sampling 

stations. 
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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 as noted 
No. of 

Year analyses Na 
N03 

Cl F Conductance!/ E!i £/ 

1962 1 46 

1967 2 36 

1971 1 24 

1972 1 17 

a Micromhos at 25° C 

b No Units 

11 

11 

5 

6 

0.4 

1.5 

0.8 

1.0 

0,9 

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 foll0Wing 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/ 

~ l.lg/1 
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1962 

1 

<14 

< 0.4 

< 0.5 

1967 

2 

< 1.4 

< 0.4 

< 0.5 



B. Radiochemical Analyses of Sediments 

,,, ~lain 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 Q.002 0.002 0.026 

l37Cs 4.1 1.9 9.1 

Total Uranitun 0.07 0.05 0.18 0.58 

The radiochemical analyses of sediments in the drainage area are low, in 

the range of worl&vide 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. 

-180-



Drainage Area 2 7. 4 km2; Main Channel Slope -0. 039. 

Freguency 

2-year 

5-year 

10-year 

25-year 
SO-year 

XI I • DRAINAGE AREA II (WATER CANYON) 

Max~ Discharge_ 
(m /sec) 

3.0 

7.1 

10 
16 

20 

Water Canyon heads on the flanks of the mmmtains 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 under

lying Tesuque Formation. The alluvitun is thin in canyons on the flanks of 

the motmtains where the channel gradient is steep, and the alluvitun thickens 

across the plateau. Near State Road 4 gravels have been removed for use as 

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 water 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 alluvitun a short 

distance downgradient from the junction of these two canyons. The stream flow 

in the remainder of Water Canyon is intermittent and results from storm rtm

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 

Sediment sampling stations 

Fig. 17. Drainage Area 11 (Water Can~on) 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 E~ Sources Year Analrses Na Cl F TDS Conductance a 

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 lOS 7.4 

Am. Spr. 1970 1 4 1 <.4 .1 soc 120 7.2 

Armstead 
Spr. 1958 1 6 2 .4 .s 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 Micrornhos 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. 

- Metal Ion Analyses 

(In ~g/1) 

Water Canyon Near Beta Hole 

In Solution 1971 1972 1971 1972 

Cadmitun 0.40 <0.25 1.5 <0.25 
Beryllitun <0.25 <o.25 <0.25 <0.25 
Lead 1.3 <1.0 2.0 5.5 
Mercury <0.02 <0.02 <0.02 <0.02 

Particulates 

Cadmium <0.25 <0.25 0.44 <0.25 
Beryllitun <0.25 <0.25 <0.25 <0.25 
Lead 2.2 <1.0 2.2 <1.0 
Mercury <o.n2 <0.02 <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 Smface Water 

Radiochemical analyses of surface \vater 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 <0.05 <0.05 0.4 
American Spr. 1969 1 <1 3 <0.05 <0.05 0.5 
American Spr. 1970 1 <1 10 <0.05 <0.05 0.4 
Water Canyon 1967 1 2 6 <0.05 <0.05 1.3 
Water Canyon 1969 1 4 6 <0.05 <0.05 2.5 
Water Canyon 1970 1 2 5 <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 <0.05 0.2 
Valle Canyon 1967 1 <1 6 <0 .OS <O.OS <0 .4 
Valle Canyon 1969 1 <1 2 <O .OS <0.05 0.6 
Near Beta Hole 1970 1 1 2 <0 .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 \<0.05 1.3 

a 
~g/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 3.5 40.0 25.0 3.0 2.5 11.0 3.0 
Sand 

Very Coarse S1.5 35.S 50.5 27.0 34.5 30.5 28.0 32.S 27.0 
Coarse 34.0 41.5 41.0 18.0 28.S 44.5 S6.5 36.0 48.0 
Medium 4.0 11. s 3.5 s.o 7.0 14.0 15.0 11.0 15.0 
Fine 1.0 4.S 0.5 3.5 2.0 s.s 4.0 4.S 4.5 
Very Fine 0.5 1.5 0.5 3.0 0.5 2.0 1.5 3.5 1.0 

. Si1 t 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 Gamma 

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'l972. 

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 <0.001 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 radionuc1ides except the total Uranium in samples from Station 1 \'lhich 

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 Miximum 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-'fear 
SO-Year 

Drainage Area 33, 2 km2 

Main Channel Slope-0.050 

Max~ 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 (ANCID CA.WON) 

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 \vater perched in the alluvium seasonally. 

1. Chemical 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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Chemical 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 . 5 16S 7.S 

Ancho Spr. 1954 2 9 2 .4 .6 115 7.5 

Ancho Spr. 195S 1 9 2 .4 . 2 673 7.2 

Ancho Spr. 19S6 3 12 3 .4 .s 14S 7.9 

Ancho Spr. 19S7 1 12 3 .s .4 14S 7.9 

Ancho Spr. 1959 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. 1965 1 7 3 .s 2.2 124 140 7.7 

Ancho Spr. 1969 1 19 3 .1 .4 206 260 S.5 

Ancho Spr. 1971 1 12 2 .1 .9 162 200 7.9 

Near Rio 

Grande 1963 1 lS 5 .8 .4 204 240 8.1 

Near Rio 

Grande 1964 1 11 4 .4 .4 271 240 s.s 

Near Rio 

Grande 1967 1 17 1 .8 .4 203 260 7.6 

Near Rio 

Grande 1969 1 21 2 .s .4 156 270 8.4 

Near Rio 

Grande 1971 1 12 2 .1 .4 1S8 140 S.6 

~cromhos 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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Metal Ion Jnalyses 
(In ug/1) 

Pncho Spring Stream Near Ro Grande 

In Solution 

~dmitun 1.7 1.5 

Beryllium < .25 < . 25 

Lead <1.0 <1. 0 

Mercury < .02 < .02 

Particulates 

Cadmium < .25 .25 

Beryllium < . 25 < .25 

Lead <1.0 2.6 

Mercury < .02 < . 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 lio Grande. 

The results of samples from 1960 through 1967 are shown on the 

fo llOl·ling table. 

Radiochemical Analyses, 1960-1967 

(pCi/1 except as noted) 
Gross Total Total 

Source Year Beta Plutonium Uranium 

Ancho Spr. 1960 <14 <0.4 <0.5 

lncho Spr. 1961 <14 < .4 < • 5 
Ancho Spr. 1962 <14 < . 4 . 5 
Jsncho Spr. 1963 <14 < .4 3.1 

Ancho Spr. 1965 <14 < .4 < . 5 
Nr. Fi.o 

Grande 1963 27 < . 4 < . 5 

Nr. Rio 
Grande 1964 6 < .4 < • 5 

Nr. Rio 
Grande 1967 4 < . 4 < . 5 

~I ug/1 
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Radiochemical analyses from the two stations from 1969 and 1971 

are sho\.in on the following table. 

Rldiochemica1 Jnalyses, 1969-1971 

(Picocuries per liter, except as noted) 
Gross Gross 238 239 Total 

Source Year Alpha Beta Pu Pu Uranium 

Ancho Spr. 1969 <1 1 <0.05 <0.05 0.4 
Jncho 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 weathering 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. 

Station Gross 

1 2 
2 2 
3 <1 
4 1 
5 1 

Sediment klalyses, 1970 
pCi per dry gram 

AlEha Gross Beta 

<1 
2 
1 

<1 
1 

' 
238Pu 

<0.002 
<0.002 
<0.002 
<0.002 

0.010 

<0.002 
<0.002 

0.006 
<0.002 

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 

klcho 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:. F load-frequency and maximum 

discharge is based on the following data: 

-193-



Irainage Area 17.4 km2 
Main Channel Slope-0.045 

Frequency Maximum Discharge 

2-Year 
5-Year 

10-Year 
25-Year 
SO-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 in~ermittent. 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 ivhich is called Doe Spring, 

01emical Quality of Water from Doe Spring 

(In mg/1 except as noted) 

Year("Analrses Na C1 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 Micromhos at 25° c 
b No Units 
c Estimated 

Trace metal ion analyses lvere made from Doe Spring in 1971. 

In Solution 

Cadmium 
Beryllium 
Lead 
Mercury 

Particulates 

Cadmium 
Beryllium 
Lead 
Mercury 

~~tal Ion Analyses 
(In 'llg/1) 

Doe Spring 

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 
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The chemical quality of ,.,ater from the spring is low. The increase in 

total dissolved solids in 1965 and 1967 may show the effect of residual from 

s term nmoff 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 JJg/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 lJg/1 

<,s 

<.5 
<.5 
1.2 . 

<.5 

.s 

1971 
<1 

3 
<0.05 

<0.05 

0.6 

The analyses show no radionuclide above limits of detection except 

uranium which 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. 

Gross Alpha 

Gross Beta 

238Pu 

239Pu 

Radiochemical Analyses of Sediments 
(pCi per dry gram) 

2 

3 

0.003 

0.003 

The levels of radioactivity are background or in the case of plutonitml 

are no greater than world-wide fallout from atmospheric testing. 

C. Flood Frequency and Maxinrum 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 mix:imum discharge is based on the following 

data: 

Frequency 

2-year 

5-year 
10-year 

25-year 

SO-year· 

XVI I DRAINAGE AREA 16 

Drainage Area 4. 7 1<m2 

Main Channel Slope-0.078 

Maximum Discharge (m2/sec) 

1.1 

3.0 
4.5 
8 

10 

Drainage Area 16 is a steep \'lall on the west side of the Rio Grande and 

contains no.well defined drainage (Fig. 19). The area is about 1.0 1<m2• 
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No data has been collected in this drainage. 

XVIII PERCHED WATER IN TiiE PUYE FORMATION 

The only known body of \'later perch in the Puye Fonnation· 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 number 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 1947 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. 

Geologic Log of TW-2A 
(Altitude of Land Surface 2026 m) 

Unit 

Alluvium 

Bandelier Tuff 

Otowi f'.1ember 

Guaj e l\lember 

Puye Formation (fanglomerate) 

Thickness 
(m) 

3.4 

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 TI~-2A (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 hr 

Entire Test 

Transmissivity (m2/day) 

Hydrologic Conductivity (m/day) 

1.5 

4.5 
0.018 

35.4 

3.1 

0.062 
0.062 

0.62 
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 2A. 

A. Chemical Quality of Water 

Water samples have been collected from the test hole from 1951 through 

1965. The following table presents a surrmary of the chemical quality to 1965. 

Chemical Quality of Water W- 2A 
(Average of a number of analyses in mg/1) 

No. of N03 
Year Analyses Na Cl F ms 
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 13oa 
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.,emical Quality of Water, TI'l- ZA 
(Average of a number of Analyses in pCi/1 except as noted) 

No. of Gross Total Total 

Year Analrses 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 IliYl 

The results of the ~lyses sh~ that the concentrations of radioactivity 

were below limits of detection. 

XIX PERmED WATER IN BASALTIC ROCKS 

Perched water was encountered in the basaltic rocks of Olino 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 water in the basalts at a depth of 136 to 141 m. The section of 

perched water was cased and grouted with cement slury out of the supply \vell. 

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 

Otrrl lwiember 

Guij 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 Formation and Basaltic rocks of Chino Mesa as shown on 

the geologic log. 

Geologic Log of TW-lA 
(Altitude of Land Surface 1942 m) 

Unit 

Puye Fonnation (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 punp. The following table s\.Dtliilarizes the 

hydrologic characteristics of the aquifer that occurs in an interflow breccia, 

the contact between two basalt flows. The water in the aquifer is under 

artesian head. 
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Aquifer Test TW-lA (1952) 

Thickness of aquifer (m) 

Duration of Test (hrs) 

Pumping Rate (1/sec) 

Water Level Prior to Test (m) 

Total Drawdolm (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-1; 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 Alaroos 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 Se\iage Treatment Plant while 

storm runoff 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 water-level response to stream flow it \'las esti-

mated that the recharge from near Observation Hole P0-3B to Otowi Seep takes 

one to tlio months to reach Test Well lA with another 2 to 3 months 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 1W-1A 
(Average of a number of analyses in mg/1) 

No. of f\!()3 
Year Analyses Na Cl F TDS 

1951 4 46 24 0.6 27 298 

1952 3 34 19 . 5 23 243 

1953 9 26 12 .s 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 16Sa 

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 \~ater from Basalt Spring 

is shO\m on the following table. 
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No. of 
Year .Anal:z:ses 

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 .s 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 
19la 

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 nq-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 

:t-tercury 

Particulates 

Cadmium 

Beryllium 

Lead 

~1ercury 

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 1W-1A 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. S pCi/1 as \'las the tritium 

<SO X 103 pCi/1. 

The following table presents an annual summary of the radiochemical 

analyses of \'later 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 Plutonium Uraniuma 

1958 3 <14 <o.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 s'llilmlary of the analyses 

made in 1968, 1969, and 1971 are shown below: 

Radiochemical Quality of Water, 1W .. lA 
(Average of a number of analyses in pCi/1, except as noted) 

Year 1968 1969 1971 

No. of Analrses 2 1 2 

Gross Alpha 1 2 1 

Gross Beta 12 7 a 

238Pu <0.05 <0.05 <0.05 

239Pu <0.05 <0.05 <0.05 

Total Uranitmtb 1.1 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 ].lg/1 

An annual surmnary 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 Water, Basalt Springs 

(Average of a number of analyses in pCi/1, except as noted) 

Total No. of Gross Total 

Year Analrses Beta Plutonium U . a ranuun 

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 1972 

No. of Analyses 1 1 2 1 2 2 

Gross Alpha 1 1 <1 <1 1 <1 

Gross Beta 4 4 4 5 2 4 

238Pu <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

239Pu <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Total Uraniuma 1.2 1.0 1.6 0.4 1.6 3.0 

a llg/1 

The radiochanical analyses show natural or less than detectable amotmts 

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 Ml\IN AQUIFER OF 1HE LOS ALAM:>S 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 determine 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 

~1esa as shown by the log. 

Unit 

Geologic Los of TI~-1 
(Altitude at Land Surface 1942 m) 

Thickness 
(m) 

Puye Formation (fanglomerate) 
Basal tic 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 



\ 

0 

0 I 4 t.III..ES ...... · 

.• 

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 n~-1 (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. Olemical 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 

shm-m on the following table. 

Cllemical Quality of Water 1W-l 
(Average of a number of analyses in mg/1) 

No. of N03 
Year Analyses Na Cl F TDS 

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 120a 

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 lJ&/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 
UraniurnCl 

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 \\'as 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. 

Units 

Alluvium 
Bandelier Tuff 

Otowi Member 
Guaj e Member 

Puye Formation 
Puye Formation 

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 ptunp. The following table s'LUTilllarizes the 

hydrologic characteristics of the aquifer that occurs in a conglomerate of 

sand, gravels, and boulders in the Puye Fonnation. 

Aquifer Test n~-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 



2. Chemical Quality of Water 

/ Chemical analyses of water from nv-2 were made from 1951 through 1972 as 

shown on the following table. 

Chendcal Quality of Water TI'l-2 
(Average of a number of analyses in mg/1) 

No. of N03 
Year Analyses Na Cl 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 0.5 0.4 78 

a Estimated 

In general, the chemical quality of the \vater 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 1W-2 
(Average of a number of analyses in pCi/1 except as noted) 

No. of Gross Total Total a 
Year :Analyses Beta Plutonium Uranium 

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 
239 . 

Pu 

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 backgrO\.md or below limits 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 

lm.;er 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 

Guaj e r.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 summarizes 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 following table. 
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Chemical Quality of Water T\'1- 3 

(Average of a number of analyses in rng/1) 

Year Analyses Na C1 F N03 TDS 

1951 7 25 4 0.5 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. 14Sa 

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. 



In Solution 

Cadmium 
Beryllit.ml 

Lead 
:Mercury 

Particulates 

Cadmium 

Beryllium 

Lead 
~1ercury 

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 following 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 <0.05 <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 llg/1 

There were no significant concentrations of radionuc1ides 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 
Guaj e 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 \vell has been equipped with a pump. It was removed in 1973. The 

follO\ving table StmliTlarizes the hydrologic character~stics of the aquifer that 

occurs in a brecciated zone in the volcanic flo'" 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 pump 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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I 

Olemical 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 TI'I-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 Basaltic Rocks of Chino Mesa as shmm by the log. 

Units 

Alluvium 
Bandelier Tuff 

Tshirege Member 
Otowi ~tember 
G.laj e Member 

Geologic Log of TH-5 
(Altitude of Land Surface 2009 m) 

Thickness 
(m) 

7.0 

Basaltic Rocks of Chino Mesa 

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 Member 
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 



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 Basaltic Rocks of Chino Mesa as shown by the log. 

Units 
Alluvium 
Bandelier Tuff 

Otowi Member 

Geologic Log of T-7 
(Altitude of Land Surface 1897 m) 

Thickness 
(m) 

Basaltic Rock of Chino Mesa 

3.0 

10.7 
3.0 

~~ 
·~ 

3.0 

13.7 
16.7 

The lower Guaje Member of the Bandelier Tuff 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 ~brt

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 \vas not equipped with a punp tmtil 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 Fonnation. 

Thickness of Aquifer (m) 

Duration of Test (hrs) 

Bailing Rate (1/sec) 

Aquifer Test TW-8 (1960) 

Water Level prior to Test (m) 

Total Drawdown (m) 

Specific Capacity [(1/sec)/(m)] 

Estimated 

Transmissivity (m2 /day) 

Hydrologic Conductivity (m/day) 

~esidual drawdown 5 min after bailing ended 

bEstimated 

2. Olemical Quality of Water 

24.4 

2.0 

1.0 

293.4 
O.lOa 

2 

30 
1.2 

b 

There was no ptmrp on 1\\'-8 during the period of the report. Samples were 

collected with a sampling bailer. The follmving table presents the chemical 

quality of water. 
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Chemical Quality of Water TIV-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 
Beta 

<14 

<14 

<14 

<14 

Total 
Plutonium 

<0.5 

<0.5 

<0.5 

<0.5 

b Average of 2 analyses 

Total 
Uranium a 

<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 ].lg/1 

No significant concentration of radionuclides were detected. 

I Test Well DT-SA 

Test well DT-SA 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 Tuff 

Tshirege Member 
Otowi Member 
Guaj e 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 \vell 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), 

Tschicorna and Tesuque Formations. 

Thickness of Aquifer (m) 
furation of Test (hrs) 
Pumping Rate (1/sec) 

Aquifer Test DT·SA (1960) 

Water Level prior to Test (m) 
Total Drawdown (m) 
Specific Capacity [(1/sec)/(m)] 

(Entire Test) 
Transmissivity (m2/day) 
Hydrologic Conductivity (rrVday) 

106.7a 
25 
5.1 

357.5 
4.3 

1.2 
136 

1.2 

a Saturated section that should yield \1/ater 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 \IJ'ith a srnapling bailer. The following table presents 

the chemical quality of water. 

Chemical Quality of Water DT-SA 
(Analyses in rng/ 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 \vater during the 

period 1960 through 1970. 
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3, Radiochemical Quality of Water 

The following table presents radiochemical quality of water as detennined 

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 J..lg/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 J..lg/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 Plutonhun -
<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 lJg/1 

Radiochemical Quality of \Vater DT- SA 
(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 ur-9 was completed in 1960. The \vell drilled for geologic 

and hydrologic data as previously mentioned. It is located on the plateau 

south of Water Canyon (Fig. 21). 

1. Geologic and Hfdrologic 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 l\lember 

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 ,.,.a,S removed. The well has been equipped \vith a semi-continuous \vater 

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 Formation (fanglomerate and conglomerate) 

Tschicoma and Tesuque Formation. 

Aquifer Test DT-9 (1960) 

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)] 

(Entire Test) I 
J 

Transmissivity (m2/day) 

Hydrologic Conductivity (m/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 \vhich 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 Cl F N03 1DS 

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\ving 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 ~g/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 ~g/1 in the four samples analyzed. 

The following table presents analyses collected in 1969 and 1970. 
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Gross Alpha 

Gross Beta 
238Pu 

239Pu 

Total Uraniuma 

a ~g/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, Tschicoma., and Puye Fonnations as shown by the log. 

Geologic Log of DT-10 
(Altitude of Land Surface 2139 m) 

Units 

Bandelier Tuff 
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 following 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 Formation 

( 2 m). 

Thickness of Aquifer (m) 

Duration of Test (hrs) 

Ptunping 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 well. 

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 rrr-10 
(Analyses in mg/1) 

Year Na Cl F 
N03 ms 

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 

~g/1 

The following data was collected in 1960 and 1963. 

Date 

5-5-60 
b 9-20-60 

11-13-63 

2-15-67 

a ~g/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 ~g/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 a 
Uranium 

<1.0 

<4.0 

0.7 
<0.5 

4-30-70 
<1 

2 

<0.05 

<0.05 

0.4 



There were no significant concentrations of radioactivity detected in 

the aquifer at Well ffi'-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 tmits of alluvium, Bandelier 'lUff, Puye 

and Tschicoma Formation 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) 
Tschicama 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 \'lell. 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 backgrotmd 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 Formation and has a reported water 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 summarizes the chemical quality of water in 1967. 

Chemical Quality of Water, RWP- 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. 

Radiochemical Quality, IU~- 2, RWP- 5 
(Analyses in pCi/1 except as noted) 

RWP-2 RWP-5 

Gross Alpha 4 2 

Gross Beta 10 14 

238Pu <0.05 <0.05 

239Pu <0.05 <0.05 

Total Uraniuma 1.8 2.3 

a \lg/1 
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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 sounded in 1964, it was only open to 

13.1 m. The \vell was flowing about 0.3 1/sec on August 25, 1964. 

1. Chemical and Radiochemical Quality of Water 

The following tables summarize the quality of water from the well. 

a lJg/1 

Na 

Cl 

F 

N03 

TDS 

Chemical Quality 
(Analyses in mg/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 compar~ with other waters of the main aquifer. 
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XXI Sill-NARY . 
The surface water and ground water in the alluvium are separated frrim 

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 intenn.i ttent 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 municipal, indus

trial, or agriculture use. There is no surface flow of effluents beyond the 

Laboratory botmdaries. 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 '\'las used as a test area until 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 community 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 10\ver 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 channel. This is due mainly to the uptake 

of the radionuclide by sediments in the stream channel. 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 nmoff. 

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 uncontroled 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 am:n.mt of plutonium released in; the canyon during the period 

1943 to 1964 \vas estimated at 170 mCi. The major moounts 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 storm runoff into Los 

Alamos canyon. 

Drainage Area 5 (DP-Los Alamos Canyon) 

The drainage area of 27.5 km2 receives effluent from two 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 impol.lllded 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 alltNium. "This 

is quite evident as the industrial and sewage effluent from DP Canyon move 

into the mid-reach of Los .AJ.aiiX)s Canyon. As in Pueblo Canyon, the chemical 

quality of the water 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 I!Li was flushed during storni nmoff 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 mg/1 while that in the alluvium ranged from 360 to 1130 mg/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.; 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 
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of the canyon. 

Radionuclides released with the effluent are bound to sediments in 

the stream channel. The sediments are subject to transport by storm runoff; 

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 Mortandad. There has been 

little or no transport of these radionuclides into Mortandad. 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 water 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 motmtain 

intennittent 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 (10\v TDS) 

nor does it contain concentrations of radionuclides that indicate contamination. 

Drainage Area 11 (Water Canyon) 

The drainage area of 33.3 krn2 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 

backgrotmd 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 krn2 contains no Hell defined channel nor 

receives any effluent discharge. 

Drainage Area 13 (Ancho Canyon) 

The drainage area of 17.4 krn2 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 nonnal. 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 krn2 contain a small spring bed reach of 

perennial flow above the Rio Grande. The canyon receives no effluent 

releases. Chemical and radiochemical analyses of \'later 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 \'later in the allwial 

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 \vith 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) with 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 :~infiltrate into the alluvium of the 

Canyon to recharge bodies of water perched on the tuff. As the water move 

do,vngradient 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 Formation and Basaltic Rocks of Chino ~1esa 

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~ \vater 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 \velded, and welded tuff. The nonwelded, 

moderately welded, and welded tuff grade one into the other both vertically 

and horizontally. 

The upper Tshirege Member, is about 250m thick along the western edge 

of the Pajarito Plateau and thins east\vard to less than 15 m. Individual 

moderately welded and welded ash flows in the upper part of the Tshirege 

Member range from 6 to 40 m thick. Some of the uppermost ash flows are 

beveled off by erosion eastward across the plateau. Outliers of tuff overlie 

the Puye formation along Puye Escarpment. -Most all ash flows thin eastward 

from the source area (Sierra de los Valles). Nonwelded ash flows of the Otowi 

Member may be as much as 90 m thick near the center of the plateau.!! 

I. Welding 

The welding process of an ash flmv 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 sho\i a greater degree of \velding near 

the center than near the upper and lm-1er 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 eastward 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 crumbly fracture; rr~derately 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 form a rind. This rind forms a protective surface \vhich re

sist the wearing a\vay of the surface by wind and water. 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 density). 

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 

(gm/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 fo\Dld in the tuff. The 

frequency of occurrence of the rock fragments differs in individual ash flows 

and at different locations \ii thin the same ash flow. 

The pumice fragments may be as much as 5 em in length and 2 em 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 IIIl.lch as tlio 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/em3) 

MOderately 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 'v-elded tuff as 

more pore space is available for insulation. 

The only data available on the thermal conductivity was 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 rock types. 

A decrease in thermal conductivity increases the insulating value. 

Mbderately welded tuff 

Limestone 

Sandstone 

Marble 

Granite 

V. N[neral composition 

Range of thermal conductivity 

cal, gm-cn 
(fir 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 terms of proportion by weight. The results of 

all seven were similar, one of which is presented here: 

Pore space about 30 percent by volume 

Phenocrysts about 20 percent by weight 

Sanidine 12 percent by weight 

Quartz 6 percent by \V"eight 

r.lagnetite 1 percent by weight 

Pyroxene 0. 5 ± percent by 'v-eight 

The ground mass is typical devi trified welded 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 units range from pinkish gray to light pink. Large fragments of pumice 

that appear much darker than the matrix in some tmits enhance the color of the 

tuff. Moderately welded units are generally lighter in color than the welded 

units. 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 alunina. The range 

in chemical constituents is shown on the following table. 

Chemical constituents 

Silica (SI02) 

Alumina (Al2o3) 

Ferric oxide (Fe2o3) 

Ferrous oxide (FeO) 

t-fagnes ium oxide (MgO) 

Calcium oxide (CaO) 

Sodium oxide (Na2o) 

Potassium oxide CKzO) 

Water (H2
0) 

Titanium oxide (Ti02) 

Phosphorous oxide (P 2o5
) 

Manganese oxide (MnO) 

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 

4.2-4o7 

.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 two 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 tmi ts 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 

HYdrologic Characteristics of the 

Bandelier Tuff 

The natural moisture content of the tuff forming the mesas benveen the 

eastward-trending canyons is generally less than five percent by volume. Thus, 

movement of moisture is under unsaturated conditions. The lmv 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 \vhich 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\vard 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 ~lember 

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 betl'leen 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 rnillequivalents 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 l~s generally lowest in the months of August through 

October owing to high evapotranspiration rates. Water from precipitation 

rarely infiltrated through the undisturbed soil cover into the underlying tuff 

and only in an extremely low moisture range (less than S percent moisture by 

volume) within the upper 1 m of the tuff. 2 

The upper two units 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:>derately 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 Nember of the Bandelier 1\.rff, 

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 

Hfdrologic characteristics of 

of the Tshirege Member 

at Frijoles Mesa 

Hydrologic Characteristics 

Degree of Specific 

welding Porosity yield 

(percent) (percent) 

lliderate 38-54 . 18-34 

None (sand) 

M:>derate 33-54 11-43 

Nonwelded 48 34 

Welded 19-37 .6-26 

lB 83.5-152.7 Nonwe1ded 
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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 

50-2.1 



III. r.Dvement 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 unsaturated flow. Test holes drilled through alluvium and into 

the tuff in Water and Mortandad Canyons penetrated thick sections (up to 55 m) 

of wet tuff (up to 60 percent moisture by volune); however, no free water 

moved into the test holes. 

Holes through which instnunents can be used to measure moisture content 

of the bore wall were holes constructed in the tuff beneath the stream channel 

in upper M::>rtandad Canyon and these holes contained no free water, although the 

welded tuff beneath the stream contained as JIDJch 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 unsaturated 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 

moistm-e content of the tuff was about 41 percent by volume. lfuen 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 l\1esita 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 anq 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 m/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 unit by vertical changes in porosity. The 

moderately \velded 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 

porosities (zone of denser welding) are in the 10\ver one third of the flow, 

and the pore size decreases lvith increased depth. The following table presents 

the hydrologic characteristics at different intervals in a single ash flmv 

tuff. 

Hydrologic characteristics of an ash-flow tuff at 

Frij ales r.tesa 
.,.. 

,, 
Height Pore size 

above base Specific Specific Hydrologic distribution 
of flow Porosity yield retention Q:mducti vi ty (percent of 

(m2 (percent2 (Eercent) (Eercent) (m/dar2 Eorosity) 

vertical hari zontal > OJ mm< OJmm 

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 

..,c..("'! 



Hydrologic characteristics of an ash-flow tuff at 

. Frijoles Mesa (cant' d) 

Height 
above base 
of flo\'1 

(m) 
Porosity 
(percent) 

Specific 
yield 

(percent) 

Specific 
retention 
(percent) 

Hydrologic 
Cbnducti vi ty 

(m/day) 

Pore size 
distribution 
(percent of 

porosity) 

vertical horizontal >.01 mm <.01 mm 

5.8 42 

j.6 38 

1. 0.3 51 

1. 0.3 49 
---- ---

23 

18 

33 

24 

19 0.041 0.033 

20 

18 

25 

0.037 0.041 

0.041 

0.037 0.082 

17 
20 

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. 

83 

80 

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 ruch a 5 an, 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 composed 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 intercomected 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 intercomected 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 roderately welded to \ielded tuffs will transmit water de

pending upon the amol.U'lt of opening and the degree of interconnection bet\ieen 

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 \ihich 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 fonnation within 3 hours. 

The number and orientation of joints in the hole were detennined 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 \vater roved 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 more porous and permeable. :t-bvement in the pumiceous zone \vas lateral. 

Infiltration into a moderately welded tuff underlying the pumice zone was from 

near the center of the saturated area in the pumiceous lense. The moisture 

content of the top m::>derately welded tuff was much lower than the underlying 

pumiceous 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 bet\veen 

flows tend to perch infiltrating water. In the stream channel in M:>rtai"ldad 

Canyon, water is retUined to the surface from tmderflow in the alluvium and in 

a moderately \velded 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 OtO\vi 

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\vnward movement of this 

water is impeded or stopped by the dense transition zone bet\veen 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, Guaje, Los Alamos, and 

Frijoles Canyons 

Surface \iater drainage accross the Pajarito Plateau is eastward 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, Guaj e and Los Alamos Canyon contain perennial streams in their 

upper reaches. Only during periods of excessive precipitation (heavy snow 

melt or sunmer thunder 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 sUITillarizes 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 G.laje 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, l.Ds 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 Alam:>s Area showing tocation of low-flow investigations 

in ~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 Joss or gain in stream flow in evaluating recharge or discharge to 

stream connected 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 cha.Imel 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 flmv as 

the gradient of the channel decrease to an average of about 115 ft/mi where the 
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Puye and Tesuque Fonnations tmderlie the stream. It is evident that the 

alluvium begins to thi~en east of station 26 th~ a part of the flow is lost 

into the stream cormected aquifer in the alluvium and tmderlying Puye \<Thile the 

rest is lost to evapotranspiration. 

n<~o 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 Jtme 1967. There was no apparent 

loss of \<Tater from the reservoirs into the tmderlying fonnations 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 runoff (volume of 

water to cover entire watershed) ranged from 1.3 to 3 inches (Table 2). 

II. GUAJE 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 amJtmt of flow is 

added to the stream from coalluvium 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<~ith no diversion from the reservoir) to 

extend near mile 6 before being depleted to evapotranspiration and infiltration 

into the tmderlying alluvium and formations. The gradient of the stream channel 

underlain by the Tschicoma Formation is about 300 to 500 ft/rni decreasing to 
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Table 1. Santa Clara Canyon Low Flow ~~asurements 

(cubic feet per second) 

1958 1959 1960 1957 

Oct. Apr. JWle Aug Oct }.!a.y June J~o::te 

14-15 ·14 2 31 12-14 16-17 20-22 30 

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 3.6 

11 4.0 4.1 5.2 4.8 3.8 8.6 2.8 3.5-· 

. 
16 4.6 5.4 4.9 5.6 4.5 8.6 2.8 3.4 

23 4.5 5.4 5.2 6.1 4.3 7.9 3.7 3.4 . .. 

26 3.9 6.0 5.3 4.9 4.2 8.8 4.3 . 3.2 
. 

31 5.5 s.o 4.6 5.3 3.4 8.3 3.6. 2.7 

34 3.1 3.6 3.9 4.3 3.2 7.4 2.1 -

~ ..... .. .... -. 
. ........ 

/. ,..-._ ._; . 

""· ........ ·· ·:··- Table-. 2-:· -~1--R:Yngff-at Gaging :StatiO!Lin · : ·. 

· Santa Clara Can~on · · - --·- --.:--::---· . -·-:--·-··--:---

ANlrnAL RUNOFF 

I 
WATER !EAB (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 Flmv Neasurements 

(cubic feet per se~ond) 

1958 1959 

Site Oct Apr June Sept Oct Mar 

1960 

June 

No. 17 15 3 1&4 12-14 16-17 2G-22 

4 0.2 0.2 0.3 0.5 0.2 0.4 0.3 

6 0.4 0.4 0.4 1.0 0.4 1.0 0.5 

·10 0.4 0.4 0.5 2. o· 0.4 1.1 o.s 

11 o.s 0.5 0.5 2.0 0.4 1.0 0.6 

13 0.4 0.6 0.4 2.7 0.5 1.5 0.5 

Da.m E/ 
12 0.3 0.7 0 0 0.9 0 

8 0.3 0.8 0.04 0.01 0.8 0.04 

6 0.2 0.5 0.02 0 1.0 0.05 

5 0.03 .0.3 0 0 1.0 0 

2 0.05 0.4 0.04 0.08 1.2 0.1 

B 0 - 0 0 0.9 0 

I 

!!:,1 lieasurements with par~ flume 

1967 

Mar June 

3.!/ 9a/ 

0.34 Q.31 

0.36 0.34 

0.29 0.26 

0.24 0.21 

0.17 0.15 

0.21 0.18 

0 0 

~I Water diverted to Los Alamos on·a1l runs except Apr. 15, 1959 
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about 210 ft/rni \vhere 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 fonn t\vo small structural basins accross the 

canyon between mile 3 and 6 (Fig. 3). The channels in these basins are tmder

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 amotmts 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 impenneable 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 Guaje 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 bo1.mdary to the easnvard 

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 

11ft 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. 

II I. LOS ALAMJS 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 

mountains 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 Fonna.tion. 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 dolvnstream before infiltrating into the underlying alluvium. 

Eight shallow observation wells are drilled through the alluvium into the 

tuff or basalt bet\V'een Miles 5 and 9. The stream flow which during the spring 

tops the reservoir and during heavy summer thunder showing maintain some water 
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Table 4. Los Alamos Canyon Low Flmi Measurements (cubic feet per second) 

1958 1959 1961 

Site May 23 Oct. 30 Apr. 15 May 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 9. 0 !-_/ - - - 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 m:>tmtains 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 charmel 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 Fonnation. 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 

benveen 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 lm.;-flow investigations 1958 and 

1960. They were analyzed for bicarbonate, sodium, and chloride ions as well as 

conductance to detennine 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 Guaj e Canyon is quite 

simialr to the quality of surface water in the canyon. 

The radiochemical quality of the \vater shows only traces of natural occuring 

activity, Results of analyses 238Pu and 239Pu in the four smaples were below 

limits of detection of 0.05 pCi/1. 
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Table 5. Frijoles Canyon L0\'1' Flow ~teasurements (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 -1~ 16-17 2Q-22 

10 -- -- 0.9 0.5 0.3 0.1 0.9 0.5 

16 -- - 1.4 0.9 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 ]..0 1.5 0.8 

15 1.5 2.4 -- 1..1. 1..2 . ]..]. - 0.9 

21 ]..2 2.2 - ]..3 1..2 1•0 ]..7 1.0 

22 1.3 2.6 - 1.1. 1.1. ]..0 ]..5 o.s 

26 ]..2 ]..6 - 1..1 1.2 o.s 1.4 0.8 

30 - - -- -- 0.7 0.5 ]..2 0.3 

Table 6. Annual Runoff at Gaging ·station in Frijoles Canyon 
. - ··--

Tlater Year Annual Runoff 

- Acre Feet Inches 

1.960 1.,332 2.8 

1961 1.,1.80 2.5 

1962 1.,240 2.6 

1.963 .-
1964 580 0.6 

1965 830 0.8 

1966 735 0.8 

1967 673 0.7 

li:j(;o..,. 
I :;. (;() /,3 

liu-'! 
I 0 ~C' ·t. 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 ground water in alluvium. 

Santa Clara 
Station 16 

~ate Collected 4-25-69 

~emical 
.S Calcium 6 
'1"'4 Magnesium • 5 
..-~Sodium 10 

'"' Carbonate 0 g Bicarbonate 22 
til Chloride 1 
E Fluoride o.o 
~ Nitrate 0.1 
!~ 
'1"'4 Dissolved Solids 82 
;: Total Hardness 
~ as ca.co3 

16 

Conductance in 
Micromhos at 25•c 54 

pH 7.3 

Radiochemical 
Gross Alpha 1/ o. 00:0.76 
Gross Beta 17 3.1 ±1.9 
Uranium (Natural) !/ 0.2 ± 0.4 

1/ .Picocuries per liter 
~I 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 ±1.2 
0.5 ±0.4 

I 
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Los Alamos Frijoles Guaje Canyon 
Station l Station 25 near Station·2 

(All uv iu.t:1) 

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 
0.35±0.89 o. 00:0.87: o. 0:1.2 
2.2 ±1.3 3.9±1.3 2.4±1.3 
0.6 ±0. 4 0.8 ±0.4 o.o±o.4 
. 

• 



VI. Sffi.MARY 

Precipitation on the slopes of the mountains is the source of surface flow , 

found in canyons cut into the Pajarito Plateau. The major ioss of stream flo\v 

on the plateau is due to evapotranspiration; however, eastward across the 

plateau surface flm.,r recharges stream connected aquifers in the alluvium. The 

amotmt of water in the alluvium is seasonal dependent on stream flow. As the 

\vater in the alluvium moves dolmgradient some infiltrates into the underlying 

rocks and some is lost to evapotranspiration. An 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 tmSaturated 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 motmtains and western part of the plateau. The structural basin in 

Guaje 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," Ne\o~ Mex. Geol. Soc. Third Field Con£., Rio Grande Country 

(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. Purtymun, ''MJvernent of Perched 

Grotmd 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. Purtymun, "Geology and Hydrology of White Rock Canyon from Otowi to 

the Confluence of Frijoles Canyon, Los Alamos and Santa Fe Cm.mtries, 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, New Mexico," U. S. Geol. Survey Admin. Rept. (1968). 

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. Purtynn.m and J. B. Cooper, ''Development of Grotmd-Water Supplies on 

the Paj ari to Plateau, Los Alamos County, New Mexico," U. S, Geol. Survey 

Prof. Paper 650-B (1969). 
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~ 
,. /0 .. 1/- 7;.2 1'1 1/ IIJO ;Q /blJ 3;!. ? $.3 ~ft) t-1/ ._.yo 7.1; ,, 

Put=blo 1 _1/ -16- 7_t.J .7.o 6 'lg_ 0 'It, 1/0 .J.K :52,8 310 7CJ J/Co l.V: 

" ll -19·70 /9 -? i!L 0 . 7'1 39 .s: .J').{, 1/t,"'~/ 70 -?tV '/, v: 

" lt'-JI~JI It· 7 
•' 

f?2 0 96· .1f{ 6.0 st..r '176 ·6fi" -4100 'J,O 

, '1-5-72 1'1 1' J,-) 0 (,g' .n: S.'Ji/ S/.3 1/'16 ·t:z 1/1/cJ lirt 

" 1/J-11-7.2. 16 2'' 7~) 0 . ~-6 ~i ,7 S'l.l> -- Jt6 l_f 1/20 71 

Poeblo 2 J/ -It:· 7tJ /6 7 7fi' 0 61/ .?0 3.6 137,f .Ji? 70 1110 7.9 

" II· 1'1_- 70 /_ ... -) 6 8''1 0 ~~~ 3/ s j'J.~ JISt (;3 400 7.:1 

,, ·/0·-t.,- 71 /( s 7.2 0 9t .% 1/.b ~1/,6 330 66 _x.o 7.3 

~ ''-' 

,, 1- s-72 . 16 6 75 0 9:2 I/'/ S.1.1 1/;1.7 378' ·&g i/.1(} 7.8' 

··- " Ll/ 71 /t-"1 31/t 
10-JI- 7.). Jj 0 3Jj .7 .){..8 52 370 7.6 

Pl!d/o 3 J/-/6-10 ;)0 S· g.~· 0 go ~0 J/ SJ.;J 376 7cJ :1 f? ~.~ 

, . J/-19-70 If/ . 7. '1!/ 0 )~D :1.3 ..s· ?c!'/ .J/7 ;,~r *~J 1.1 

" /cJ·/11-7! 7 71 96 /:J ·0 ;)6 ;.g 6.S.6 lj/6_ 60 Jr,;) 6? 

II 1-S- ?~ ...& !l 75 Pt Jl 5.57 1//.1 39,2 56 1/;.uJ J.3 
0 

II /0·1/· 72. Iff 7' ;..-/ 4¥ ;,; 1il._ 37( ..'S(.~ 1/(,:J' /.1' 
.1 0 -.:>v 

1/o,. B~nJ Spn. .Y-17· Jc.,"> _L(z_ It/ 78 0 /.12 .Ju J,l- J/,'1 {;/.1 8L."' .11/£1 7.~ 

II J/·19- 70 17 '/: 70 D ltv i/.] 1' :l2..iJ Ji/1 57 370 Jl 

,, 
1/-~-/:J It 1 6J 0 /.2tJ 3& :1,::,-IJ /~./ J7() {:g 3~0 7.? 

, 
/0 ·//· 7:1 19 s· _21 0 _l.2._t2 _ _ '1_:1,~-~ _! g'~- 1/.9. 'I _ ~-?0 t ~~_3!"(2_~ ___ ?1-_ 

----~-

.J 
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.! 

---~---··- .. -......_., ......... . 

.... 

..... '-

-·. ·-

. Source 

p_o-38 ,, 
., 

._,. ,, 
,, 

PO-'II} 
II 

" 
P0-11_8 

"'ksilt't? l/ TU/·lll , 
, 
,, 
,, 

f!,,AeA /{- J#'lrlllct , 
If 

. l . 

" 
/' 

I( ,, 
r( 

Dato or Cal-
Collection ciwn 

(Cn) 
., 

i/~17· 70 .:'.1/ 
/i·/?·'10 ,g 
/(.,"J·/4. 71 :1../ . 

.t/·5. 7.2 JO 
!0-1/·7.:!- 3.2 

J/-/6 -70 ;J..O 

J/-S- 7.J. 30 

10-/1-7.2. 13. 

#·17-70 /J. 
!) _, ... ,. '-.1 )7 

l· -Jt-f.:, y 22 

). . "]..., -(:.fl 2 rJ 

l· • f - 7 I :!7 

q-/-7 I '24 

I '2. ·- t, .. ,,:J ~/__ 

~r -I-,, c~ ~L. 

. 5"-12-{-9 7.7 

~ -1£- {-f._ 7..) 

'5-7-71 --:'>0 
c;.:-){ -71 '7..7 

'"l-(7-7'"2 ~0 

(-3t-7L- 3o 

. 
J\J '1 ..... \&.Jl.;~o. ~ 

"' (Cr~tf 1) 1 

• . • . .•. • .. • '1 
• I I 

___ ... :. ~-- -· ·--~--..:_ -~ ·: ... : ___ : ___ _._ .. l._ ...... ··- · --------· · · Po-~ ?- cr>f f8 
-

. . ' •. I . • .. ........ - • I 

Chc11dcal Constituenli1:1 
.. H:i.lligrat11:; 12£1~ J.i.tor 

Magno- So- car:. Bicar- Chlo- Fluo- lli- Dis- Tot:tl SJX)Ci!ic 

siUlll diwll bon- bonate ride rido trato solvod hnrd- conductnnco 

. {Mg) .. .(Na) a. to· (llCO)) (Cl) ' (F) (l103) solids ness (microl:lhos 

(co
3

) 
at 25°C) -·· _.. .. f ..... 

/II" . ,;J] 0 .. ~IJ .3<.1 '1.0 J,j_ :lli{ /.20 :;; /i!J , .. .21__ 0 - ~, 3:i. Jr.& 30.~ . J11 /vv :ltO 

- _& 

g' .;l~ 0 'lv .31 ·II,(} 15-0 .251!: !~f :J.'/() 

g ;t 0 72 3:1 /, ~ /.J.J ~~gs· 1'06 :2 tY 

II :J] .o /cJ() ,)(} :/.2. ,'f .21/.1 /.')1/ .:J.70 

j{J _fL (."> 7& ~s 3 i/'1 .. ""</ .Y:1 90 J.20 

I . 62 0 r.v Jj( 3.' 33.2 .J6S kO J!OV 

1/' -18' 0 C-16 1 . 3.2 .8 23.6 3;1_1{ ·1/K 3/.r.J . 

/0 (,{, 0 lib. -10 1~0 5.7 299 '70 36</ 
-

7 qo " {Y/. ~7 /,""?, /,?,."~. Z~¥ /It' I .,..LJ 

1-z. 9/ cJ 114- l'i ':JD .J.li. 14 ']_ I o 4-- 5"t'o 

I I 7'7 (> /~7 17 ],(,, /.') 5-v .. i CJ4 ?.4-o 

7 4 '7. D q,, 4.) /.~ I Z-l 7/-;:?.. _q{. ~<?£' 

q 7~- 6'- I 2. II- >o 2,) 5 7..1. 3J!f:_ Jo~· 4-20 

Ill- "17 {) ~, 15" 0.3 /3 . .t 1~"-D ?.. IO "1.7.> 

IO. 1.4: 0 . Bb I tJ. . ,. /1.'1 ( {·f?. 1_2.0 7~1-fl 

. 7. 1.4- (I 72. 13 .s 8.~ 2/"'Z.. t'f.ti/ 1.1/ f. 

q 24- ·C> ~4- 14- ;3 I D.G 202 /l'f. z4) 

./.L_ J)" C' 92 ro '-~ /2.3 214. /2C' '"'}.1/.o 

11 '·" _Q_ 88 11. 'c, 1/.'-1 21.} /"2.() 2 "3L1 

9 'l.l (.'> Bf:. 14- ,l fL.~ :2.'3 g 117. 22t' 

/D . I 7 f) 88 llf- . I 7 !/J_ /S6 II l· 2.4c 
. 

.. 
; .. 
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.. 

~ 

pH 

7.0 
7.1 
(,.J 
J..~ 

'IJ 

t.9f 
7.3 
l;u 
/;o 
17.7 
7.4 
l._':t 
7,., 

' 
17,(f.. 

711-
~L 

9.7 
]r_? 
·1s· 
7,; 
7.~ 

D./ 
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(Continued) • ·1 
0 

· _ ~ dts ··- -
,, . I -· f~-"-'-"--

---·····-~ .... :..-:...:.:_:.:_-~-- ·: .. _. _______ • ___ L_ -···-·-···-···- -. -

---···-···-·· ·-·-··· .. ·- -- -- ·-
. . ... . . ~ ' •• ' . • ...... ,. - - I 

' Chenrical Con:;tituent:J 

·. ttiJ.liro•AA:-; pet. JJ.tor 

Dato of Cal- 1-la~c- So- Car- Biear- Chlo- Fluo- tli- Dis- Total Specific 

. Source Collection citua si\IJll diUl4 bon- bonate ride rido trato aolvod hard- conductnnce p.'l 

DRAINAGE IIREA 5 (Cn} (Hg) , (Na} ate (HCOJ) (Cl) i (F) (tlOJ} solids noso (rnicrol':lhOS 

(DP CANYON} ·• .. . (CO)) •.• -· .. , ... . 
at 2}0C) 

l---

DPS-1 /.2-5"67 I/. 10 . J,IQ1 !/0 ... ;{/to /f(j 'I IL3~.'1 &!f'l 7c..., lu£o /t!t 

" 'I·S0-66 .20 17. · ?a;~ .1~V €)'[:0 ~~~) 1.2.6 1!1.1 3./JO /.)0 446V 1/1 

.... '' ~ -19-68 .20 10 {.gv .:7u1 6ZO :J.l-5 /f6 .:K.Y I 69B fO 23o0 ~1 

. _,- '' /0-i/-t.'l I{ .9 1/]c.J 1.2 ~1..0 /55 37 !36.' LO.JI _Jg _i#OO til 

" .S· . ..I> -69 II. .2 5f!Z. 1ft..":' 610 ISO .).2 30.8 /261 50 i6..Yt.J 2@f 

'' f: -..S- 69 ~g o :l/,v ..<'6cJ Jio 3.->- "'.J.. .7£7.. -r f/34 7() 1 ?t..a .&l 

H (, -;11/-10 g 1. .<50 90 3-icJ /6:> 10 3$..2. 962 3:J IJ-fO &2J 

.. oo· /.Y-70 ·pf. s -~7v 60 3/"tJ /10 s 1.2.].1. _go&_ . ~- /.ZCO . If.~ 

'' 1·.:1/f • 70 /( :J. /.(t.J ,j'{) 2 }O (.S 3 ~.' 1/tf)_ . /(5" 6.}(....-'1 tj,lj. 

•. 1!- /2_-7t..' :JO I . ' ;J?S .f....j' J.)!) .12c) 06._ lS5 . .7_ /19/f .5:....1)"· Dt'O /,S r 

• 

.. '-

" /.:J- I -;lt.J ;U/ ~ :ISV .;]{.) .12t) JJ/0 b /76.C! 964 70 /I ?J f.] 

'' .2-0-71 ;(.1. ..5 J{'O ~flu 3<);~ l_2S 9.3 1.13.1..V..:l.2.Z. :'6. /S~O f,l 

" _')- 7-71 19 5.. :175 6£ .5:!8 70 ~. 0 ,;,t /~9'1: ?,r( 13..< 0 ~) 

" ~ -/6 ~ 'II . 6 3 10i 7.J. .:01,~ ~?. /1,2 /. Es.. 6-?g · :<K 8'-10 j:f 

··- '' 11-1-71 :211 _,- 167 o 196 · J·~ J>l t.2,9 1.-00 -~) 7t-'a J.l 
··-

• .2-17-7.Z 38' 6 · 21/o () J/6'1 17rt .J.S /37.3 1.2fr1 i.:Jo /4.fV J.S 

" · 7-:JI-?.J. Y.2. · 6 · /1/11 cJ 300 'b ;;,.s· 65. t 6 b2 1.28 &' .f'O 7.9 

.. • 11-.:J. -7.2 18 //. .:235 C) 3/.l /{;,6 /,6 (,.0,(1 <3'-:U IH /(tlc.J 7.7 

DP-~-2 1]-.5-67 16 !:( ;J.9c:J u ..<f'cJ -75 g /J/0.~ 66.9 f/() 9t!'-~.J. 

'' '1·30-(,'5 .:<o ... r; .:t'JV 3S :15$ 80 ~g 1515.4 778 7o lt'60 f,.3 

.. 6 · /9 -~ 8 .:l. 0 I :J .2SO 0 .,< 2t..' SO /(.) 1/f,o 7 /'I /tJo 900 fif_ 

" s-.S-t:?2. · 16 :z · :3/v /a? 47v ~.,- 13 39.6 !.£6 m i»_a 9.6 

" f/-.S-&7 lb /tJ lf5 '/0 :J.:J.u 110 II · /J • .2 .1/56 ~ 6~0 ?.1 

'' 2 -L&.:}~ll . 2_~ .. 10 · I.YS .,1.0 350 60 I? Ill. I ?tJt:J 1/tJ ~.ft? 'f,o _ 

• --
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,. 

-----·-· --~···· .. 

. Source 

DPS·-2 , 

.DPS- 3 
·/ "' '-

.. 
,, 
,, 
,, 
, 

DPS-1/ ,, 
,, 
., 
, 

·- ~ .. , ,, 

• , 
., 

" 
" 
If 

1/ 

,, 
• , 

J\npy VX E 

.. · l~ontinuedi ~ 
• . • ....:.. ... ... • .1 

I ' I 
. . 

--- - .. --·:·=--------·~-:-~::_::_:_-·~--.-:-~. . -... , ~__::::·. ·.::._. :._..::_...::~ .. --~--l~-=----·- -"-·-·---_· ~·-_:-_-_e_r:?_~~~-t ~~·:/ 16· . --·-·-
. . .... 

. 

Date or C<ll-
Collection ciwn 

(Ca) .. 

g-Jf·?v 2:1. 

/~0-7/ 3i) 

/.2-5-67 tp. 
4 -Ji.7·6!) 2f.. 
(, -19-6~ _l/0 

5-5--69 L6 
1)-..s·-c.y 1.2 
. .2 -/6 -7£,1') . "1Jj .,.. . . 
'l-1-1/-70 If 

12. -s -~7 36 
1/- .2?- (,9, :32 

'/_ -~ .]_(.) -6 5 25'. 

s -.5 ~(.9 .24 
8- .1/-{;9 ·.2o . 

.2-1~- ?0 .28 

6 -.2!1_-20 ~CJ 

. ~ -il/-70 2'/__ 

II-17A70 .23 
2-12-7/ ~.2. 

s -7-11 .24 
g-16- 71 17 
JI-J/-71 · /9 
.2 -/6-7.2. .27 
7-3/-·7..2 .1/ 

. - . .. ~ .. 
· . 

1-Ia&no-
siUJ'Il 

. (lfc) : 
.. -
'2 . .. 

II-. . 

7 
0 

.1.2 

5 
/0. 
/:1< 
;· 
;o:. 
/0 
s· 
2 
/0 
;; 
:I .. 
•2 . 
7·.· 
'/1·' 
.r· 
4 
2.: 
,2· 

{,· 
~---

-~ 

So-
di\Uil 

,(Na) 

.:2)U 

68 
~vu 

;<jt,J 

3(i£ 
#.~0 

It-~-> 
/50 
2i0 
;(/0 

1.210 

J9f..l 
?.](} 

16._5' 

9-Y' 
/0:3 
j(,""j 

/tJS 
/JS 

1/.?t,/ 
/.13 
91/ 
Ji.J 
1~8 

.. . 

• -.. .... •• - .. t 

Chc~1cal Conatituent~ 

, 
_I 

H.i.llir.r:u\1~ -pet~ J.i.tor I 

car;. Dicar- Chlo- Fluo- lli- Dis- Totnl SJX!ci.fic I 

bon- bonate ride rido tratc aolvod hard- conductance H ~-

ate· {llCO)) (Cl) l (F) (N03) sci lids ness (micronhos 

(co3) 
at 25°C) 

-·· -· .. ... -·· 
,?'(.) 3.2()'' t~u· ·'/ 4[{1_ 7.~o bS /000 '/.I 

c;-1 l 'J ··o -:-f-
0 1.18 

.... ..l/ 3.5.2 {,f.2 f.l 
/...J /.4 ,.). 

0 .3l.V 8-'' . /(} /27 .. l 7tJ9 /'0 u6~.,_ fl 
-'/~..-1 :<9.2 f.5 !.lS 199.0 8ftJ tto I.:JCO 9.3 

~0 360 80 //_ Vb.f! 1'(...1 _t!fcJ I!KO ~f 

/tV .1!2c..1 '/_{Js- I& S'lZ 5/1 (.0 /3(:?0 9.t 

0 -2.:<V #..--_., (, 1./JI ,JiYI ?t-' Sl:o 8;;t' 

.!.;0 j~(? 6-i' /.2 'lt.8 8'b't) ·//0 /t-"'tXJ . 17.3 

.:5:9 310. /;/0 g tt.JJ ;%r{_ . so /t--70V '1.3 

0 '2f0 ~,s· g J'LK 57.">' /.30 7~0 g . .} 

() :ljg //6- 8'.-:J- Jt).J/• 65''6 1.20 ~;KO ~I 

0 ~5"0 S...f" .). 8_. 1157., .55(. C!~ .z. J;Jc) Iii 

0 :2/7 0 8(.'7 L . Jll._i 226 zo 260 g.2 

t.) ..150 fO g 2:l_;t) 50'1 .Yc,"' . ... 5"60 l.9 

.20 .200 1/0 s Jt18 ¥8'.2 /~o 5.~0 ,'i.e? 

0 2.10 /1.:) g IZ6_ 1_&" "&o 5/fO ~.2 

,:It) :Jtv IJO 7 g,l ~1!6 7(.) _t_oo l~.'l 

·0 ;l.~,r;- ..... "f.,- IJ 13.2 ;yl/ 8':;- .5.Jv 7._8 

0 ..<t-V - ~..,-· .. r;; 1 .)7. (.. {{.] /vo taJ Z,5 

D' )Jt..} ~,(..) 66 '1¢0 5._'1(; 76 %_,.':'0 j,1 

0 ,l.S{; 1/0 .1/.8 .22.1/ S?o 81 (.~80 tL 
0 lf/13 ..30 3.7 2/.1 .1/ J1_ ..5~ 1KO Z1 

0 18';} _8_8 .1/,..} '11.3 s(;_f 76 68v 1,8 

0 .JI/0 .f6 -9-7 19.1 1(16_ 7t b-OO g'.f 
-- -~-- -~------

- .. ., 
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APPENDIX E 

(<;:onti+lued) f 
• I 

.. 

I • 
• ~ -· • • .... ••• v • • •t . 

• ·• ' • ·' • -· ••. ... .• • I'J c:- ./ lg 

-----.. ____,....... ···-··-.. -----.. ·--··-.. ·-··-·-··-·-··-·· .. ·--··· ... -··----·--·-- ·-------------·-'·-·· .. c.~ 7 (P/ tlr 
. 

· · •· ·· · · · ··: ·• · · · · •·· •· -Chcm.ical Conutitucm~~ 
I 

• ·. H.i.lliRr.'lJ\t~ pet JJ.tor I 

Date or Cal- }l:l&no- So- Car;.. Dicar- Chlo- Fluo- lfi- Dis- Totnl SJX:cilic I 

Source Collection ciUJil sium diur11 bon.. bonate ride rido trato solvod hard- conduct<lnce pH I 

. (Cn) · (He) .' ~ (Na) ate· '(Hco3
)' {Cl) (F) (}103

) solids ness (micronhos 

· · · .. . • -. • (co3) ~-- -- - ... -·· .. at 25°C) 

OPS -1/ 11-.2-72 :21 s· . /Oc.? 0 ·:212. .1/IJ' 3'1 22..0 1/.1~ 72 520 7.8 

'-

OPE- STP 1.2-s· '67 ).0 /.i . )6cJ 0 . ,;Jgo 3!; 3 0.9 3S3 /00 580 7.5 

'' .5· -.s -67 /6 . '1. ;JJc.'J v 39'/ so · 2.. J.J .t/5/J 5.5" Uoo 'PI 

·/ II g'- S-69 16 7 775 0 JfO :J.') f /3.2 1/i/.2 70 5 70 ~·2 
. 

. . 
r------------------+--------------~---

---~--~----r---~~--~-----+----+-------
T-----1~-----~----------+--.. 

.. . .. 

. ,-. . 
. 

. 
.. • < •• • 

'4··' 
-1---t----t·---1----1---+-----l-----+------i-

·- . 
. . . 

~--------------~f-------------~---+----
-~----1--------+---~~----+----l-----r--

-~-----~------------~ 

1-------t----~
- - ~·

r-------------l~---------1-----~~----
-~--~--------

. .. 

. . '· 

.. 
. 

toz-

l.---



APPr.~r ,~ • 
'f-

r 

I 
. . - .. . . . . .. , .. .... -· ... -Ch~~tcai Con5tituents 

. · . ltiJ.lir.raflls 1>et' Ji tor 

Date or Cal- 1-W.enc- So- Car~ Bicar- Chlo- Fluo- lli- Dis- Tot:1l Specific 

Source Collection Ci\Ull siUJil dium bon- bonate rid a rido trato solved hard- conductllncc pH 

DRAINIIGE IIREJI 5 (Cn) . (l-Ie) : , (Na) :1tc (HOO )" (Cl) . (F) (No3) solids ncsa (micro1:1hos 

(LOS IILAHOS CANYON ... (co3) . ) at 25°C) .... ..... - "'· ... 

. I . . . 
(CpntifluCd). · • ·i P. ~>£- f.."/' 18 

··-·- ---··-----· .... ··--.. --.. ---~---:~~-·-...... i_~ --~· ·;-~~----:·~-~:·J-~--~--··-~-·----_· ....... ·~Q.I/ 
.. . 

------··-·-· ·-·~-v······ 

LjJ. Ro.e,-voir /:J-7-t7 ".2.0 o· .. 8 C) ·-4iJ - 3*' ·.2 J,.S 79 50 66 7..J 

,, 
4 -.23-~1 6 ;z·. 6 0 -.:16 .:2 

. .o ,I/ g[, .2/ .. S(;, 7.3 

" s·- 7- 71 /0. c; . 7 0 .1/1/ 0 .1! /10 6V 70 7.1 . v. 
·/ 

,, 
S-.5-- 7.2 g 6 7 0 11/ 2 0 ,'f 9~ _!/1_ 7t 7.0 

... 
\._ 

s I yV. ,,f L/}0-/ S#5-6Z II/ 2. .38 0 60 .2S 0 ~~ 171 1/J ..1 £,!1 v:s 
II 8'-11-69 16 1' 79 0 9'-6 ,, ,. ,S ,2,:1.. .2.5/ ...5~ :J.K(J llf .,..c 

S, W. ol L/10-i/.5 /2- ,r;-r; 7 .28' /0' 10 0 )!)/ . 3/'/ .3 /3.1 ~£,6 /10 .2~2 7.6 

7_ /66 ~_g 
--~ 

LAcJ- c 11-2s-zo /6. .2~ 0 J_? ;)./ I i/..1/ /60 . '"-' ,_ . 

" v.- fl.,- Zl ~:2 6' 37 0 ff 1/5 ./ .i/ J. Jj_~ :Jl..O ;JOO ;..z[ 
,, 

11- s- 71 :<'/ ;o: .. Jfu 0 '(,0 i/6' ,.2. J/ . 25.2 . /VV :J..ro i7.3l 
-

" .) -I 7-1.2 ).? ·7 to 0 ill fJ ,OJ ,2_ .27.2 16 3..5'0 1.G 

,, 
5-. .5-72. 1?1 7 :3/ 0 hg 56 V. ,J/ . lflt:.. 7.2. 300 ,., I ,, 

, . 7- 3i-72 it/ 5 50 _Q_ 100 .lf2 .s. ,Jf ;!.'J.G {.g .)8.!( 7.'1 

.. ,, 
II- .2- 72 '30 /0 {,I/ 0 '61/ /tJ6 . ·3 .lJ. .12S 116 . 4-''/0 7.2 

... 
L2- .?·,67 ,l!J J). 7:ls 0 9.1/ .3.5'7_ _1/c)O l.l 

LfiO -I 
3.:r- .7 f.~ /.10 ··-

II 
-Jj~ • .1 'l- t_ t_ ~1 .$·· /17.: 0 K·!.f _6_0 .~ 3.9 ;l.2t.J tv '11/c,? 1.7.-¥ 

• . 6-19-68 /'I . o· 70 0 7rl fJI :3.0 /.J .258 36 2{:$ 7.1 

.. ff)·1-6rt /f . 3.· r;s .o 1/tJ ~'I /.5 .9 :l/:1 J/~ 300 7.2 

" S-.5-67 .22 . .s· 7'1 ·o 10 61/ ./ ;,g :Jv? 71/ 1/0c.) J,1 
~..;... 

" g. _.,._t1 /& s ~b 0: $10 2.9 .s 2,2 ~(;/ 6Jj Jr(.) 7,3 

, 
,.2-/{r/l-~ . )f/ /.2 5;! 0 /CO .JQ 0 6'./ . 31/1/ /.)0 JJO 

,. 
~ .. L 

" 6 -J'I- /0 It S· '12 . 0 76 .13 ·• 7 ~9 J...5'r to .180 7.5 

" g-/3-'70 ·21/ ·. 7 '" 0 /00 2.5 ~.a_ .:/,6 35ft ?0 _'1_00 7.8 

,, 11-17-70 .10 /,2.· 5.1.. 0 86. PI :1. 1/.4 7Z1 /tJO :J;<O 7.6 -
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· · •· .. · •• • ... 1 ·• '· · .... ~ -Chemical Con:;tituents 

. ·. · H .. i.lliP.rru'll." oot Uter - ----
Dato or . · Cal- llaBtlC• So- car;.. Bicar.. Chlo- Fluo- lli- Dis- Total S}XlcUic 

. Source Collection ci\nn si\lJI\ dium bon- bonate ride . rido tratc solvod hard- conductance pH 

(Cn) · (Mg) .' , (Na) nte ·oteo3)' (Cl) (F) (tlo3) solids noss (micror..hos 

.. · .• - (co3) .;. .• - - ·•· .... \ at 25°C) . 

LAO-I ..2-1.2-71 3S 1-2· . tJ/ 0 ·-v. :~.s· J,JI 7.9 IJCI/ /.18 J/10 7-J 

'' s- 7· 71 .... 15 11 · . 7t:' o .. 92. .21" .if 7,0 J/t!J 1.12 5{)0 V.o 

'' g' -/(. ~ 71 ~9 . 7 · }]£) c) /()8 33 · .. 'J. 6.6 J./]Cl /0C1 500 7.'1 

.,. '' II- S-71 21( q 8...! 0 /CJ<t .:1.2 ,J €:,2 4tlf f/6 if/tJ /,6"1 

'' .2 -/J-72 :!f. S /)"# 0 (,1' (,(} ,1/ ,,/ JS6 f/j i/.:10 . 7S 

.. 
.. '-

" S-.5-7.Z .:1./ 7· GS o Po i'tJ Jl 3.1 J3S fv /f(,v 7.11 

, 7 -3/-7.1 35 II . F 0 'N.i .Jl·. .J 7. 9 /198' /JJ -~ZO u 
.. ,, ·J!-.2-7.). t/1/. 8" 86 0 /)f. :14 /.f) S,J :J9Jt ·'I.Z 1/{.() lt-2 

Lf/0-1.2 S- .. .t;-(,CJ 11 Jf' [;.(.. 0 . 72. 1/2 0 .Cj 160 ·f£' JOO /.5 

" fJ -S·'-9 17 s: .. 71 o 7g 3.1' o ·'I J..39 • 61/ .JOO J.1f 

" tJ -IJ -10 It I .5.) 0 10 30 0 2.2.. .J..31_ 6-J JOO 7./ 

LAO -I. 8 5-S- (.9 /8 )/ . 1/1. 0 .51/ 33 cJ , 'I lf52 62 .:1Jfv 7..5 

" · S-5-6_9~ ;q .5 · .5L....E..__ 76 :J.-7 0 .11 :1.1.1 70 :l .. -J2 1.1/ 

.. 
LAO-2 1:1.- 5-67 . :1'1 /:2. l~rJ 0 .A01 7J . 7 '71-3 5f/11 /10 . 760 7.3 

··- " 1-.:1'/-b~ /,2 S /.).7 0 . 1'C'O 115· 11/.7 /.V :J((:;, .StJ 1/J(J '/& ·-
" (, -!·l- t-'h' j{, . 2 . . 'li . 0. 6 s 25 7 .i/ :1tJ8 1/f .2 y.y 7..5 

" · 9- Jo-tg .l g ·s · 11~~~ o :1.1a '17 :;,If :<1. '11-1 9v t-oo !__~ 

• 5-5-69 'I f·. ·. 7-'1 ·O . S6 Jj'_ 6.0 .1.2. .167 .~~ 310 . ./7 

" f! -'1-69 .lo · ·s. · 110 o .:vo .Jif 10 13.:2 '17.2 J;.l .,;-~ 7.C. 

~-----~--------~~~~~~---
--

--~ 

,, .2 -/6-70 1f] /0 /C'O !).. · ·::l/0 1/5 ~. 39. & 5/..2 /10 5$ft.J CJ.(: 

I 

• ..r;-fl-70 . /6_ 7 Bl o /~{. liS g 1.3,2 1:f8 JtJ 1/.SV . .7..~ 

" · '3 -13-10 If; II : 10<7 0 :1.1/0 i/() ·7 8.8 i/6& 60 SilO 1.1 

" e-16-71 :1.1 . 3 ;o;z o 216 JtJ s:v ;r. a '17.2 · 61/ SfO 7.6 

" II- Jll-71 /3 .S· _JQ_ o ~ l...?___L'--~f?~-~~6-. /$.7 _ _2?_q__ :J"2 1/00 7.1 

. -A .. . ··---... 
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-Ch~ndcai Con:;tituents 

. · . Hi.lliP..rru'll$ oot litor 
-

Data or . · Cal- 1-lacnc- So- car:.. Bicar- Chlo- Fluo- Hi- Dis- Total Sr:ccific 

Source Collection Ci\111\ siUJI\ diura bon- bonate ride rido trato solvod hard- conductance p.t{ 

(Ca) . (Mg) .' .(Na) ate· '{liCOjl (Cl) (F) . {ll03) solids ness (inicror.lhos 

.. (co3) nt 25°C) -·· .... - ... . ... 

Lf-10-1 .). -12-71 3S /:J. . .. tl/· 0 ·-v- .~~<"· J,l/ 7.9 1/01 /.38 ·VIc:? 'J,J 

" .s- 7- 71 .. 'iS II .. 7t) 0 -92. .25" .i/ 7,{} J/tlf 1.12 5!.10 J,O -· 
., (( -/(.' -71 .:l9 . 7. 8t.J () /0.~ 33 . . 3 . 6.6 )/.']{.} jOO soo 7.1(1 

.,.,. ,, II- ,:,--71 .:<1/ q 8..;! 0 /0~ 'i') ,J 6',2 4(}1 96 il/tJ /.6": .,.,_ 
.. .• 
'- .. .2 -/7-71 ~~- g r.L {) g:y (,() ,I/ b./ JS6 f-f i/.:lt.J 7-:T 

,) 

" .s- 5-7.:!. .1.1 1 ~~ ~{) 0 7t:J Jl 3./ .33S ~{) /!be? 7.1 

II 7 -3/-7.1 .35 II' 9:l 0 "iii • .36· .] 7.9 1/98' /3.;1 .S(.O .7.6 

" ·II -.2-l..l :1'/. 8 . 8{, 0 /;'12_.' .Ji/ ltJ S.J .1'1_4 ·'1.< 1/(,{.} 11-2 

LR0-1.1 ~5"- ,.r;- - (, ') 17 1/' {;0 0 7,?. . 1/2 0 ·'f 260 . (:0 JOO 7.5 

" f/ -/j- f.'i /J s:. 7~ 0 ?g; 3.5' 0 .I/ :1.3'1 • 6'/ .]00 7.1 

" fl·/3 -70 /6 ., .5,) 0 90 30 0 2.1. .).31_ 6.5' JOO 7./ 

LAO-/. 8 5-S -(.q /8 )/' 1/:2. 0 Sf/ 33 0 .'I )~2 62 :l'lv 7-5 

II s -s -6~ /9 s 51 0 76 ;l.J 0 Jl ;t13 70 ::?:>2 Ji/ 

.. 
LA0-2 1;1-5-67 . ~~~ 1:1. /~0 0 JOi/ 73 .7 z~~ 5'11/ /10 . 7b0 7.3 

... _, .. 
1-.:11-6~ /2 s 11/.l 'J,v J(-6 1/J(J 'IS 

/;17 o· /t.?O 1/5· .so ·-
" (, -h1 ~ t-' Ef It . ~ .. 1./i ' 0. 6S 25 7 ..v :u:g 1/f/ ;J F'"' ;1..5 

.. . 9- .30-tf] ~s ·s. /!~~- 0 '17 ~.I/ 22. f/2ll 9o 60t..J /...j 
:uo 

• 5-S-69 '/ I· .. 7-1 ·0 86 3+' 6.0 1.2 .)(.7 ::1.8 3.~0 7.? 

,, 'i--'/-69 .2.0 ·s. 1'10 0 .%!0 .Jtf. 10 13,-t .1/7/. 72 .;a; !-C. 

" .2-/6-70 Jg /(} IC'O ~- :J.Jo /Is ,if 31.& .5Zl /10 5¥cJ ~l.-

• S-/1-70 16 g} /~(. 7 0 liS JS 13-2 . '1:)8 /0 1/j-(} . J,.5 

H ·fJ-13-70' If} II: ;oq 0 :2.1/0 i/0 '7 8.8 '16G 60 SI(O 7.1 

II e-16-71 ~I 3 I OJ?. 0 2/t~ 39 '5,6 1'1. B 1/}.2. 61/ s~o 7,6 

H IF- 1'1-71 _ /3 .5· -~Q_ 0 /56 ;2.6 S:6 /~.7 ~90 .:.J-;! -'/00 7.1 
--- --~ -~~- ---

-305-



APPENDIX E 

------··-·----·--,.--·· -· 

• · (ContinueU) · .. ·. 1 
• 

• 
0 ' 

.. . .. . . . . . . -~· ... ... . . 'l . 
. . • ·. ~ • j -· :.. ... .. • • . • -~ 

-·--·-----.. ---··---~-... -... --.......... - ...... -~ .. ~- -··--------.-... ·------------ .......... r~ ...... ~. Iff 
-

• • ... •• 0.. ' ... I •• I. • • .... .. - •• .. I 

' Chcnd.cal Constituen-ts 

- ·. Hilli~·a.J\1s 1>er Utar 

Date or Cal.. lln&no- So- Car:.. · Bicar- Chlo- Fluo- lli- Dis- Total SJXJci!io 

Source Collection ciwn sium diur11 bon- bonate ride rido tratc solvod hard- conductance p.tt 

(Ca) (Hg) : . (Na) ate ·otco3) (Cl) 1 
(F) (No3

) solids ness (rnicror:\hos 

. . .. .. · • - ·. • (co3) .;. .. - - •· .... \ at 25°C) 

LA0-2 .2·17-72 '.2u II ... g7 o 79o .. g~· . 'J.<l 1/!.9 .520 ~o t~Jto 7.6 

'' 7·31-7.2. /9 7·. ill o J.3z -'1~ 1.7 .21.c. 1/{]6 76 {.oo ?.t 

" II - 2 - 7.2 lt. . .S . 9:J 0 :J.OO 3(. · 1~b /.5: 'I '11.2 60 1 B 0 7.'1 

·/ LA~-3 12 -.5-(,~ .YO 7_ /5,Z 0 190 5~ <; .26,0 i/l•J 130 51/0 :UI 
4-J.y.(.l .:Z..Y /0 1.12._ 0 /36 60 7· 2'2.'1 .1!.2.2 /t/0 5l·O W 

.. 
''-

" 6 -:.~.0-6'0 /7 .:1 s2 o io.z .10 10 1/.o 33.5 ..,-y, 3ft.' 7.6 f 

'' lJ-30-·{·8 /{/ :2 . ~5 0 i~rf'O 30 7 )/.// 38!1 Sl/ '13c.> 7. 7 

" · s-.5 -69 j.(... 'I·· 1.22_ o Ito.· 70 .s 22.0 ·'l/1..? ·'31 S':ft:J llS 

'' g -9· 69 /7 "' ' /C'?. 0 l5'Q 3 J 5 ~.~ 3S7 . 60 -'1:2(.} i?.S 

u 2. -1(, ·70 ..2S /7: .. __[£__ /0 l90 35 .S .Z..Z.O t'6g • Iff} '160 ~7 

" 6-:11/·70 16 · 7 <dl o /Sb ~~~ 8 11.2 .Y.'f!J 70 s~o 7.6 

" 9-13-7t.., 16 6 · ioo o 210 3'i 7. ~.:i' 41'1 65 5'/c/ 7.2 

·• · /l-17·· 7c 16 6 _lj_ o llt.J 51 8 8'. S lf'IO 65 1/.J(.i 7.1 

• " 5- 7- 71 . :V "7 f/6 0 16.'1 so .S.5 25.0 i!JtJ ·SO . .6".:!0 7.1 

···' II g-/6·71 ;)./ J/ g.z· o· 190 J/1· 1/.7 6,'/ '1.2.7 6fl 5:l0 7.7 ,r • ....._ 

" II·· .l.J-71 It/ 5.. 77 0. lf?V :Jo 5-b !1/.1 1/32 69 1/60 1.2 

" . .2-lb-J/. J..J!· '6 · 1/.1/-. o I5~ '7$ J/.7 :1.83 l/32 81./ .S~u J.6 

" .5·-5-7.2 26 'I·.· CJ7 ·0 196 !j_2 J/.1 2JI;l SOfS /tJO 7t'0 l2 

'' 7-..31- /,2 .2. 6 . /· . I.JO o. /2(. ]p . Jf g Ji..l 5/0 9.2 68:.J ]_]_ 

" 11-.2-·'12 18 6. 92 O: .2<.-19 38 5.8 /.3.2 43"1 6S ... '>-00 7.'1 

LAO-I-I 12.- .?-67 J(, /{) 117 _o~-t_...;~~?V_+-:..+'.~.7._1_J:.-I+·_;;;f!.;...; •. ~;.._ 1._· ._U~,9-t·-I_Jt.._
1--+_3_Sc._·, ___ l.}_. 

'' _Jj_- 2?-t-8· :20 /.2 · 66 . 0 Zi/ i/t..l /. 3 '1.1 :2.20 /t70 :JOO 7.5 

" ?:r~0--68 /'I · .:J 66 0 /Of :1.7 · 3 ~ 9 366 '0 300 X.i" 

'' IO-.I/-6t3 IS 6 · 67 0 IJO ~7 .. i/ <.I .2 7t!_ 70 _ :J__fo_ ____ ~6 

. ; 
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-Ch~~{cai ConGtituentn 

-. H:illi£l'•'UilS l'lCJ~ J.1.tor 

Date or Cal- ~Iacno- So• car;. Bicar- Chlo- Fluo- Ni- Dis- Tota.l Spcci!ic 

. Source Collection ciwll s1UJ1l diurll bon- bonate rido rido trat.o solvod hard- conductance pH 

(Ca.) . (llg) : , (Na) nte· '(liCO )' (Cl) (F) (tl03) solids noss (micromhos 

... (co3) . 3 at 2S°C) 
-··- .. ... -·· . 

LAO- 'I S-s-t-.9 I? 
J( •.. 60 0 -66 . :J;~· .• 6 .9 It/c.!, 52 .26'1 7.6 

II g-/j-tq . It; 6 .. 70 0 itj;f 
. 

1.0 .'{ .139 70 300 7.'( 
32 

" '8-I=J-70 /.2 . 7· S? 0 l$0 '10 . ;l .. .18'1 8.5" I .170 7.1 
/,3 

., LA0-11.5 5-.5-69 /6 0 57 0 7fi 3.2 0 .9 :II'/ '10 ~{.(/ 7...5 ... 
.. '-

,, fl-#-{/1 /9. z 51 ;O 96 31 0 ·4 .J -.r. 76 .Ago 7..:1 
.J I 

, 
2.-16-70 .2"/ 10 39 0 0 /.EJ J..OJJ /00 :lfO i.:Z f 

/00 JO 

II 5-11-70 }!O 7 33 ·. '8fl :lS .6 ,q 279 8'0 .2(.() 7.t 
0 

,, 
·(,-,2.1/-?0 20. 7' :JcJ 0 j'_o. :Zf/ .6 /. 3 .Z.Jl. ·!10 .260 lUI 

,, 
~ .. f.J-·70 :<.1 a' 46 /JQ /{(). .2 /.5' .11/2 . tfO 32(} 7,{.) 

0 
,, 

-
11-17-70 :),'{ ~: ,. 'I~J 0 ~72 .18 I /,J J62' as .:18-9 8.1 

-,, 
.2-/2.-7/ 22 . 9 . 37 0 fi8 10 ,I{ J/.'1 .J{)q 9/1 261/ 7.2 

"' '3-/6 -71 I? 6' 37 0 ~.9 ..10 ,/ . :J./ 2..16 7.:2· :J.Z.,O 7.7 

,, . /1-1/-71 /i It) 35 {)' f/>J ,?·tJ ,/ . l/.8 ~96 76 .?-3(} IY 

¥ ;.. ~ 16 ·7.2 . :32 . 5 /£10 0 /,6'0 :J() .. .z .z ~62 105' . 3t:'O '/.7 

··- ,, /9 7 31' 5~8 ~tYI 7.2 27.2. 7.3 
S'-5··72 o· 30· ,,Z· ,I/ -·-

" 7- ~J/-72 1'1 . 9 .. 'II' 0. /08 ,5 .9 /80 72. .2 J.:! '1.2 
2.0 

" . 11-2-7.2 /9 ·q . 0 .l.(,_ ,_8_ ,!J :U'f fl.Y .27cJ '73 
.f2· II.?. 

LAo-5 12-.5 .. (,7 2.'i1 10.. 1/.t. ·0 .62 :19 1¥ 2.6 ~0'3 //() :J..;t() /!2 

,, 
6 -.20-(.8 I~ '$·' if-? 0 61/ -

~.y ,fJ ,-if .212 6"{ .:1¥0 7.1.. 

,, 
/r.J- 'I· 68 /(;, s· 'If 0! 90 ·8 <.' (.0 lJ. 

:1.6 ~35" .l-5Z· 

,, 
5-5-69 ·If 'I '19 0 5~ :J/ 0 1.3 18S 7-2 A~; 1.J .;:;.._ 

" 8--'1-69. 17 ?: 56' 0 71 .15 ·o • .p 2)0 70 .260 7.1 . 

Lf/0-6 /0 .. /1-69 ./8 s i{q 0 :1.00 :Z.6 . . s < .-, :2.27 ~I/ ~96 ?.1 

II 5:-.s- 69 19 .5· 5/. 0 66· ;33 .I ,J/ I 'IS 6'1 21/9 1.3 

-· ----- ------- -· ~ - -- --
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· · : · · Chemical Constituen·~D __ I 
• . . · ·.- · · · · Jti.lliP.raflls -pe:t JJ.ter 

Dato or Cal- llaenc- So- car:. Dicar- Chlo- Fluo- lli- Dis- Total Specific 

. Source · Collection ciUJn si\Uil dium bon- bonate ride rida trato solvod hard- conduct~nco p.'{ 

DRAINAGE AREA 6 . . . . .• . (Cn)· · (1-tg) · . (Na) ntc:) pt~o3)' (Cl) {F)·· {No3) solids ness (~icro~hos 

(SANDIA CANYON) . . " • (COJ) I~ ._t 2S C) 

scs -1 q-.s-61· · ·o o · .. ~37.s o .Jfo '15· ·ss <.I 1738 o tao 1.7: 

" 1-13-70. /io !d. 70 0 i76 50 /,/j 30.'6 61.2 /60 S60 ~.1 

'' 6-21-'/0 36. 17 77 v 32 .55' · .3_. 2t,.•t ~37 loo t:oo 1.1 

" 9 ·- 2. '1-70 J/0 II 1~1 0 ?0 60 3 · }(.,_lj /0,<8 /f.;- 'iOO l:!... 

" 3 - 8-71 38 PI 78 o 3.2 ~'55 /..6 .zt;r 700 /52 660 6.7 

" (.- 1- 71 30 12 ·9V ·o· Go 110 16 .22.0 732 I.Z'I I (.1/0 7.0 

II . 9- 11/- 71 S8 3-{ .5l:J- -- · .. .;!.. 45' z 6 .20 .. 11 _.lj_/JO 28.1/ 7t.?OL? ~I 

" '/l.-6-71 JO IS ~u. 0 . j(, .. 5.1/ 14 17.6 6tJ6 136 St,O . j{-.7 

II ~3-3- 72 .:Tif IS. 110 0 I 'lit . 66- J, 8 Jf,J/ 75'1 /?{, 8 '10 7..5 

" 6-9-7.2 ·JI fJ~ •· /56 o ll/8 31/ 171__ 13._0_ 178:t 113 /Joo -

'' s- 31-7-Z 32. ·I 'I . 17 o 1110 6'1 it/ 2 q,5 76o t36 62o 73 

" ·II- 6-7.2.. . 2.2. .. II. 42· 0 .9:1 :28 ~ 7. 3.:;:';t 3.5V /OcJ 3~.,0 /.1 

SC.S -.2 · g:.. .. .z;·-69 'IV 12·.. lt.Jq_ CJ /00 ,'§0 {,. · //.ll 690 /50 'hlO '/.9 

" 1-12-70 1/0. til· /:35' 0 fJt.> C)S' ./:3 .26.lt 1016 160. /NO 'II 

. . . '' '/-21/-lO 36 ·7 /09 o· ICc? -~0 .2 · 17'.l· 6f(J 1-"<0 l·-?'0 7.6 

'' /;.l-.2.1-70 ·sr· -1.5··.166 0. fi]O t;IO ·;.9· 30~ 93.:.1 AOfJ ~:)~7 1.1 

'' .J ·- /.!r- 7/ :3 s · 16 · /ill/ o go 7 ... z,- :J . .2 . · .2~ 2 f/lJ.< leo 8110 7.1 · 

" 6 ·-1- 71 37, II ->. 173 · 0 . 72 6S ·2../ _L'll. '356 /.38 /cl6cJ ~.J 

" 9- Jll- 'II 3S PI·· /15 O. /flO 50 :<.9 /3..t~ 686 t'lf 660 __;__.:!_ 

'' J.2-(J-71 3S II /~0 £_: H¥ 1oe 1.6 JO.B S3'1 /J.l 8'10 7.1 

II .J- 3-72 · J..7 12 1'13 0 61./ .S'O /,8 13,5 h7l/ /16 700 7.2 

" 6-9-72. Z6 g.: 9'1. 0 /0'1 1-2 . .:3.8 '/.~ 599 '16 ~0(1 -::: 

,, --:--

'0'-3/.;. 72 ..26 .. , {,· · 95' 0 /36 'II'/ ·.z.6 . :J./ 4St ~g .SuO '[! 

II /l-.6-7.2 jS l/· /0'1. 0 /J6· :CJiJ. 8.5 132. 606 /3.2 ::ll/0 7.1 

l sco-'1 9-5-69 3~ 7· .. ·so ·0. /llo 1s· l',·o t.~ 3~o 1-"o I "35o 1::2. 
·' 

.. . 

1--:, 
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(Continued) . pf'_<U U d fd 

.. .. I - Chem:ical Constituentf! 

. H.i.llip,raJ\1s 'J)el~ JJ.tor 

Date or Cal- llaena- So- car:.. Dicar- Chlo- Fluo- . lli- Dis- Tot:>.l S}Xlciric 

Source Collection cimn sium di\Uil bon .. bonate ride ride trato solved hard- conduct<lncc pH 

(ca>· . (Mg) . ,(Na) nte' '(llCO )' (Cl) (F)·. (N03) sci lids noss {rnicror.lhos 

DRAINAGE IIREA 7 . . ... (co3) : 3 at 2S°C) 

(MORTANDAn CANYn IJ 
.. 

GS -J 12·6·67 'II'/ o· .. 127· /.?2 /lV s· 'l.o ff.l .:<91 /10 6tJO ll/.2 

•• l/-30-·6~. .3.2 2. .. S£..1 6 icJ?. jc.,"i -9 / .. '? /1/2 90j_2.+'0 9.-l 

" /C'-7-6(1 36. 0. {,/ Jt /16 ;_,-· . . y_ ·'I 211..~- 90 J f:''l 1-6 

" (j-5 -69 21/ 7 #3 0 1:1.0 5 .o . ,:2.. J_ 21/1 'lO ~2() 9.t) 

,, 
(, -..<2 ~ 70 1/Jf .s ISS 1/.1/ PIS /.3 /.iJ ]gJ.g 896 /3(.) et~u 9.1/ 

, 
7·2/·70 G. I !1.1[!_ /~() 27cJ )../ /I '6.12. ~ /735 20 .2 v1..JO II0.6f 

,, 
q-. .?4- J[J 8 . I 111 /{.0 ';290. IO: ,2. 13./.. '11$ 25 7(.)0 1/£?.9 

, 
1/·17-Jt..' 'J ,2 385 /35 ;;.'io 

.. 
22' 2. .:5{)/.' /.1.5/J ~-5 /116t) v'-~9 

,. 
/..2- /-70 31 ;! :M.S 0 '13Q. 20 .J 5'15.' /558 _93 /f.Cc.J 8'3 

, 
/2 · .2/-?L..l 

I . .. Ill '1)'8 /0' /..! IC.J..8 5/g 56 soo. i7.61 
.21 0 -, 

.2 -a -71 51 ·3 81 0 <76 IS If! 79.J 523 1¥9 /fJt} f.O 

, 
6-· ,2-71. 70 ,. 2' 170 1.2' 37t 35 3..5. 2.2 0 "!16 1~6 ~{) f./ 

, . q.J.J- 71 .§Jl ,g · .. /30 0 2.36 49 2.5. -<'1.1. 546 /6« 6Sl) 7.7 

, 
/2·6~71 30. ·7·' :Sj 0 /f(j :36 . /,t /.8 . Jl)c.J jtV/ . J~O 7.6 

- " IJ /.J· 9£tJ 706 52 . 8'10 7.6 
3-3·-72 ·5 21/0 o·· :.J/.2 7.. (J· -

If b -t)-72 21 .. . '7 .. 9'1/ 0 /60 /tJ '16' J.9 '16.?. so 520 l.J 

' <6 -3/-J;!. 19'' . 3. //6.' 0 22'1 ltJ /,5 . 70.1.f 522 to !if{} ~.ci 

... ,, . 11-·(,-71.' '!'/' ·4·.·. 35 ·0 .!CUI /{.) ·/. t) g,~ .;."'.2 'I S2 200 7.3 

mc.s- 3.9. 12 -6~67 ~(.) ··?·' 113 ·o /10. ·/..5'. /.0 IJ.2 j- eo :J/0 ~c. .-=-.;.... 

,, 
1/-30-6f: ~0 7' //0 0: :/30 IS. 2~.2 1/. '/ .160 Bt.J 3/C.) K-3 

, 'I· .2 3.:70 .:JO 'I .260 0 2/t) ~0 /.tJ Jf-6 ·662 9t.J ~20 (,.5 

• 3- e- 71 · 1/2 s.: 290 '36 16( 30 /,S 6c>.l.i 1.1oe /.24 /SOO 9.1 

• 
II 9-1.3 .:.71 1/0 . . . . ~;.:. 3i5 0 ·3 .. 2'8 /5/ '/, 9 . l.2$3 /13'1 /2¥ 1360 ,,; 

. . 
·.·. .. 

- . ·• .~ . - ........ ·----· -----· -----· ·- --
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(Continued) 

• • I 

Pc·w I Z.<f Iff 

Chemical Con5tituen·~D 

. I . H.1.1liP.ra/lls "Pet\ JJ.tor ,-, ----· 
Data or . · Cal- }la8J1C .. so- car:. Dicar- Chlo- Fluo- .Hi- Dis- Total St-ecific 

Source I Collection ciwn siUJil diUJIL bon .. bonate ride rid a trato solved hard .. conductance I pH 

(Ca)· · {Ms) · . (Na) o.to· '(1100 ,. (Cl) (F) . (N03) solids noss {micror.U:os 

.. ••• 0 (co3) ·. 3 at 2S°C) 
.. . . . 

Mc..s- .1. 9 12 -(-.- 71 35 '7' .. zj_s 0 2{.0 /}.2.' /.I 79..7.. ~28 /16 /t._;~c...'1 ~ . , 
.3- :J-72 ,'30 q .. 235' 0 -~9s 54 J.S ...?49.6 9tJ2 11.2 /{)fl{) 5 

I /520 
-

,, I 6-9-72. 2.1 . . 1 . 2£}(.) 30'1 .1/8 . /.1. ·/'_1),~ 1.27S ~a' l8 
::12 

,,. - - - I 
g -31-7.2 .J'/ 6 3/S' 0 'It;'/ ..(6 J,-5 277,,1 121/;..1 /C7~ /JA/0 f:2 

, I 1/-6-1.2 ~6 .3 2.1/v 0 .1..56 26 z..o .233J1 970 76 /OtJO l2_ 

/VJCO- .J r 12-0 -(, 1 1.0 . s· 7</ ~- ?2 8' }0 g, l) 2.5.5' 70 .1.32 &' /f 
II I "1-30-t f ,(()' 7 7~ (, '·lt't). jt) /.1 7.0 2 C'(, go 27S '1..1 

" 
I 

· /0-7- {,Ff '18 'I rt J(.) . ~(, .. IS /.2 :3./ 2S2 to 3'1'-' ff.9l 
, I 6-2-t-.·9 t'"/ 7. ~20 

.. g. .. , . 6 31 fl.20 191/' /000 hu I 
,:!{) ... ..s: 

,, I 
9- s-c.·Cf I« 6' .. 15-'1 {;J ·;;;o .s· /e-16' r.:;J 

() J/f 7tJ JJ!(} . 

,, I 1- l,l-Jt) ,t.O ·7. ?f 0 It?(.) IS /;J /76 :J~V 60 /ft '(1 ~3 

. . I C.-22-70 2. fi .. 7' /90 5"2 166 IS /. .i/. ;!9lllJ !0-? /£7(.) f:(.{} 9..< 

,, I 9-.2'1-70 16· ~-. 26f?.._ 30 ,<,/() 2/i /.v . /?/.6 (,tl 5'{) Jt){) 9..3 

-
• 1.-l- /.1- 70 .:35 .. 2' 3~() 0 loB ;2..S' /:3 .6/r;,q 12/.Y ·96 . /;!C'{J z.s 

. . . 
II 3-,1.5-71 21 ·.V 3iC' /6c? 2"1& J!O /.5· ':11.1 1392 t~ 16~1) f:~ 

" 6-.J-71 2'1' I . . 250 3~ 300 ;(0 .5,,2 .2_17,£ '6'/0 c;1 12C'0 9./f 
. .. 

,, lJ- /.J- ?I :Jo· ·.s . 2.10 16 ·3ClZ /2.2. ;<J/ l/!3.l 9ci'{ (/6 /loft) r.~ 

II /.2-' -71 30, s·.·. .:?(}5 .o .-<3(, 111 /.f 1t.,'C Gtl:. 9(, fg'O . 1.7 
'P "-'-i· 

I• I :J-/0-72 /~ ·~5 .· /70 j;l. /~f 26' :1.2 /J.1,' 6 5..·, 6'/f 6c;o·. KS 
-~ -

II I 

{. _ 9-?.J I so 7' 3/0 0: : 3;J..I/ 3r5 J,;Z .1/26.8 /~.?6 /..5.2 /SC:iO 7.9 

, I g. 3/--72 . 51 b 2&'-'i' 0 3¥0 21 /.I f12.~ ·1.17£) /6'2 /.YtJO ~0 

II I ;i-.2-7;2' ~2 .s.: 17.3' ·o 296 :/0. /.7 l.fi2,g /JO 76 gvo (,3 

. . . . . . . . I . 0 • ~ 
., . •. 

. . 

• I I 
. .... ~ .... . . . .. . . ... 

- . I ..... . 
. I . . •.. . I ; .. .. ·~ .. -------·---"-- ..-.. -
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Source 

MCO-l/ , 

~· ,.._ 
i 

I ~ :\ Ii 

(Continued) 

Pc :.R 13:/ 18 

.. I · · . . Chemical Com;tituen-t-.9 _ 

lhlhgr:U'1s yet Utor :=1 
Date o! 

Collection 

. .. 

Cal- }Jaenc- So~ Car;. Dicar- Chlo-~ Fluo- . lli- Dis- Total 

ciwn sium diuril bon- bonate ride ride tratc solved hard

(Ca)· · (}lg) · : (Na) ate· :oleo3)" (Cl) , (F)> {No3) solids ness 

.. . (co3
) · .. 

Sp:!ci1ic 
conductance I pH 
(micror.U:os 
at 25°C) 

.. 0 

12 -6 ·C. 7 I .2~ I 7. ··1101 ·I 0 I 108 I ;g · f ·2 I 1.121 .? /'¥ I 90 I 3, .. 

'I-.Jl7-{~g /6 12 .. IL27 0 "21.0 /5' 2.1 1..?.6 ~f:f ?t) 1_2~,_., !7.9, 

~ ·· l/u"'- 7- (,g 1'1 . J. /JO o 1'5-s s· ·/.I. 8.'! 3,~'f: Lfg 'llv -1f.v
1 

c -;!-t·r; ~"' ji) /,?0 0 /,,;'}(.J ...5 0· !1t.f :;?(,t.J /00 .1/31.7 f./ ,, 

" f/-{{-69 J..o 2 ;;s o ;s~.; s o· :10.7 3.26 60 .3!;0 ~'/ 

1 '' • -1 1-12 -?o jftJ . .2 · -97 ·o· iit.J IS . 8 3-:;;2 '/L;6 110 I S"ft) J.Sf 

'' 
1 .5-·lf-7t-' .18 · 7 ~Jf CJ :;JcY If: .g tl.t '/11 /f.JO 'ltV r.o 

.. 

.. 
,, 
,, 
,, 

· 6 -2 3-7t> 2 g 10 !il(} () 1-¥6 ·· I~ 1 &"'_ lLJ.l .:.'SV2 II tJ 6 cJO . 1.7. t I 

t;-,l:J -70 If{} I 8 1~7~' I 0 I ~10 .z.o 0 13Jl(•tl .S?-1 /JS I 9~:T.9'l 
1.2-21-70 II~ fil ·· 11/t.J o /~1- ~:J /.t. __ ft~o h25't: / ?t~.. /1~,7,5[ 

.:J-8-71 153 1·/f.·IJJcJI o 1160 l2s I J..t> I ttQ.jiJ.11v lit~ l;sov 17.6 

6-3-71. 1 ft) -·1 .J · _ l-21t.J. I ·o 1.1~ 1-10_ I J.t. I_ 47.1.ti/Jiv I /1/1 1 IJtJO 17.6 

I '' ·I· C/-/.3·· 71 11/0 I /0 · 1.23~~_£_-· J. I A'~ _IL__j l v ·1299. /!tJt !30&' 

/~-L.-71- 1/.3. ·7 2.5() C? .1.'5'.2 /ff-1 . .:6 //0,0 gg~ /100 ,, 
II 3-3-72 I :J~ I · 7 1261 I C."~' I2J..? I st It 2 · I /...lt1.'71 S7L I 11.2 l !LV.o 17.& 

" C .. 9- 7,2 I J 7_ J · 12 ·: ·. lz so I o. I 2rsv I -f't· I J,.i-1 jjj, ~-I j,)l{f 1·-ir'o I 13tx.J 17.-5 

,, f:-::JI-7.2 I :40 ·1 .· 6 · 1..<¢.-:r I o I· 3rt) I 3"/ I J.7. IJJlf,l.f I lk'2 l 1,11 I at·c.: 17.7 

II 

MCD-5. 
J/·6 -7..2 I Jo. I -e;~ ·. I.Jrv 1·0 l3K~ .,3.2 1/sly".ol ltJS?- /~1 ~ ·I /l~v · ~7.~ 

12-6-t./ /,2 '7·' !61/ 0. /6.2 .j.J·· /.0 .9· :J/5' 60 350. 7.5 

,, 
.1./-.30-68 I 12· I .s I IYv I O= I ,,56 I .2 o I .s ·I f!. s I :3 oo I so I 3>.Jo l7.s 

' lt.1-7-68 I. 7- I /.J/ IllS I o I 1L.1 Ill? I .2 I //.0 I<Jit' I 2/1 I 330 17.s 

1 1 6 -2-t1 112 ·1 ·JI:: l12t·1· o 1 1ov 1 ~o 1 ·o· 127-.J l/t70 ~~ 

" 1 • g ;..69 -12- . ·. 7. Ji.t 0. lifO ·s _I-__:Q __ · ..<9-s 3so g.s! 
,, 

·--------- ·.·. . -··· I ··--·.I _____ .l I • • 
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.. 

.. . . . . 
. 

Date or . · Cal- liaenc-

. Source Collection ci\Ull sium 
(Co.). . (lfg) . ~ 

.. .. · ... : .. . . . 

MCO.-S 9· :?.3- 70 32 /0. .. 
,, .3-3-7/ .. ~iP, ···o .;, . 
,, 

b- .:J -71 56. . 1'/. 
II 9-/.:3-7/ .37 /.3 
II /2 -6-1'1 30 g 
,, 

:J-3-Zl -30. 9' 

II b -_9_-72. 3'1' /0 

" . g -:JJ-?~ '1/2 J.ll 
,, JJ- 6-7.2 . .:Jo 12 

MC0-6 12-(r67 It s: .. 
II '1-.Jo~ts /2 ·/0. 

¥ . k·"'-7-68. 6 .. . ,. 
,, 

C-.2-~9 /2 . ,. . 

" ?-!-6? .21/·. . 7" 
. . " / -/,2-'70 :Jc:: .JO 

,, s-J'/-70 ·:2_2 . ·""r . . •/ ... 

II (.-23-70 ·.ZG. 7• 
If f~23-/0 26- 10 ·. 
,, 12-.22-70 1/8 ·jt)· 

, .3 -g'- 71 ss 1?. 
,, 

{.~3-71 . 5'1 PI 
,, 9-I:J-71 37 Jll: 

• 
,, 

l:l-b~71 .1/0. . ./l-
·.···. . 

. .. ... : . .... ... ·····-

APPENDIX E I 

· · (Continued) 

Chemical Con:;tit\\enl:.9 
. Jti.J.li~·Ms wt Utol." 

So- car:.. Dica:r- Chlo- Fl'J.o- .tli-

dium bon- bonato ride rido trato 

(Na) ate· '(HCO )' (Cl) . (F)·. (N0.3) 
(co3) ·. 3 

'1.11· 0 /5(1 ;o· ·0 198.0 

.2SU 0 "/..52 .2..5 ·t' ~·PIJ.l 

/'iO 0 I'/~ :u.:J' . • z_ .set.~ 

;gs 0 /60 ..!>() .6 ;t 7t.'!'l 

2/0 0 I?;! ~g I, 2' /32,C 

·:J.l;{) ·o· •. <' .. 
lvU ~(, ,f /.28'.5 

/.I/ 'I 0 )Ct; . -511 :-J 16l.~ 

27.5 0 26'/" 'Itt ,g 2&(,,0 

1'17 c '2:i(.. :76 .s 271,1. 

I'll 0 '154 3. ,.s g; g· 

/4£} ··o 1'/cJ -IS It /0,/. 

. 91 ·o /06 s . I::!. • 9. J . 

/Jl 0 90 lS"' 0 . 20,1/ 

-/(}5 0 Jilt.' 
. - 0 220· '..::J 

so o·· /5:,_) '/:J· ,J. .J.{,.,I/ 
-

79 0. /22 I' . I~ 3$~t· 

77 0 ·/2() .IS .s. '1t1. 

/,_.."¥) ·0 IYl' 20 . ·9. 17/.._~ 

;.-? :.:>_ ·o !5£: .;!{.; ... ·,6 ~K6.o 

,:(j(.) {_)l :/{:{.) ..25 .6· '/7-->:A 

2.]0 0 121/ :<S .:.o S~,q 

Dis-
solvod 
solids 

.Sf6 

/116 
//(/1/ 

S2.2 
66'1 
t.P/_ 
'llf 
Cjg6 
8.36 

331/ 

Jf"¥ 
~~/ 

..<'96 
. .1.21 

3.!/& 
39$' 
.J&~ 

51'1 

;·7.5"6 
/0/0 

. l..2l-Y~ 

.<a5 ·o /68 _--;zs- ··,6 3t.S:J, ?36 

2.'60 0 ./9.2 "'16 ·o . .<20.0 ~:;~. 

• I . .. 
.. r·· .· ....... -~ ... -- __ :,_ ____ --

/312-

fJc~ l'h---/ (ff 

- . ------

Tot:1l St:eci!io 
hard .. conduct~ncc p.t{ 

ness (rnicromr.os 
at 25°C) 

/20 660 7-5 

..?.i&'l /.~f-0 7.2 

lr& I /J~o 1.7.1 
/'II! ;cc;() ;~ 

/t-'g f2G-' 7.'1 
11.2.. f!20 7.61 
1.2'1 9¥t-' 1!3 

/60 /l(v . 17.4 
1-<"1 &'t'~J 7.-¥ 

60 3/V. 7.5 

7t.J 3CO 1.3 

2.2 5.''/_0 7.9 : 
3S '100 7.8 

·90 . 310 t.. 
e-o 3S'c) ?.K 
& ..... , . i/60 7..5 

8Cl 7'60 J,j . 
110 . 660 7.1 ·-
/l-0 8'0Q_ '/.2 ,_ 
2/.Z ii[O (.() 

If-f /5&"0 7./ 
Jllf /0~0 ?.f' . 
1'/11 /020 7.1 



.. 
--

Data or Cal- 1-Iagno- so-
. Source Collection citun sium diurl\ 

(Ca)· . (Hg) . , (Na) 
. . .... .. 

Mt0-6 3-.3-7..2 '32. 12' .. 2{:./· 
,, 

6~ r- 7.2 32 /{.1 . i 7'/ 

" fC- .J/-7?- 3.5. . /3 :1..'15 

" !/-·{. -72 3Z /;l 2'10 

/VICO- 7 12-6-67 28 ..:S' 121 

" lJ- Jc.-1-f..,~ .20 /0 /32 
, /c}- 7- te II . .2 '13 
,, 

. 6-1"1 -69 20 ;! 118 
II 9· g- 6'1 /6" .5 /15 

. II I-12--7C P.O 7: .. bl 
. ,, 6-:<3-70 :?o . « . !C:J -,, . 9 ·;!'I· 70. /II .. . 1/ . /CO 

" · .J- R- 71 l/0 15·· /41/_ 

" 6-3-7/. 5~·· ;;z· /5_£) 
- " 62 19 /75 q.- /3-'// 

" JJ. -6-11 ·'16 . -lc..., /f/0 

• 3-3-72 -'/0" ··,:; . .10{i 
... .. 6- 9-7?- 40. /2·.·. /]6 

H <l-31-72 l/0 'l')·. 17'1 
, 

/1~6-72 '12 /0 /65' 

MC0-1.5 /2-6-67 . .1/f 12 PI$ 

" J/-30-68 ~0 12:: !ft-.. 

.. 
II /tJ-7~68 -/8 .. . .0· . !06 

.. .· . . . ·.·.• . . .. 
- -

A. ..N·:.. ·' E 

(Continued) 

Chemical Con5tituent.n 
H.i.lli&!:u'll~ -pel,' litor 

car:.. Bicar- Chlo- FluoN .lli-
bon .. bonate ride ride tratc 
nte· 
(co3) 

:niCo3y (Cl) 
l 

(F) . (tto3) 

.. '( 2,.36 12(, . ··7 I.Jia 

0 zio 7;!.. ,.5 2/S:~ 

0 2S6 ..51/ . '/.o.. J.~t/.8 

0 J.76 .YO 1/, c). 33lf, ~ 
0 I 'I if /8 .3 g_ e 
·o· 1"1'1 20 ./ 7.0 
0 )J"·) . ·- (. 

J[i .2 6.2 

0 J.1o 
.. 

;!O 0 /J . .2 

0 I'IQ . /0 0 17.6 

0 'l:fO /t...:' {) 17.6 

0 120 /.5 .3 3C~f" 

·o /.]0 15 ,2, .57~ 

{) ,132 /!.0 .l . 27:Z2 -
0 12.1J 15 .1'6 ¥66.~ 
o·· /20 :;_•5-= • 0.3· 1/3/,l 

c;_ 136 {'.2. 0 32.~' 

0 . /7,.'? 86 J/ . /I/_ I ,g 

-0 1" .. . vc} tJO <./ /5!/,IJ 
{). /9(. .(.(,'' .s 2$/.1, 

o: :212 .5# .'l .23 7,(. 

0 15v .23. 0 /7.6 
·o 162 IS: ··g· • 6.6 

0 .ISO ·.s ··o. .f/. 

; 
.. 

-313-

~-Jlc~~ /s-'c<-/ /8 

-
Dis- Tot:1l S}Xlcific 

solved hard .. conduct<'-ncc p.tt 
solids ness (micror..hos 

:lt 25°c) 

C'PI 1.2 g lt.,'6t' 79 

f6{. I.ZO /IOCJ 1.3 
Ot. 7 (;. lro litO ?.t 

91t /f'O lvoO 7..5 

3.23 9t.7 320 li 
338 90 .1/UO ? sf 
., P.'/ 3'-1 31C) 7.'1 ..... ~ 

1''"' . .::,v 60 1/t)O l?.q 
3.Yu 60 ]50 ~.5 

_Jt.;W g~.'l 3J.(,'l 7.5 

'112 K5 1/'/r} 11 
351/ co. '/_60 7.3 

[,(;.2 /60 7~~} :73 
·9.5(? /9f . /160 7.0 

/0.16 .236 /jt}{J 7.2 

fS!v .. itt: C/fC 72 

71"/ 11/i (/{)O 7.Z 
7J~ 11'9 ~·c:>o . -
;fRB /60 9£.() . 75 

F-

628' /I/ .If tJ¥0 71 

. 1./1/t.i !It) 1/t)O 1.1/ 
3'1.1. /00 1/.lt.) f./ 

303 16 360 IZ2 
. 

··-···-· -· ··---· 



.. . ' 
. '• 

Date or . Cal- l-IaBUO• 
. Source · Collection CiU11\ sium 

( Cn) · . (MB) . 
.. : 

MC0-7.s ,. 'I (l o--6t. 16 5 
, 9-·8-{.9 ~fl 7 
II 1-/2-70 16 /D 
II 9-·Z.J-70 18 5 
II G-3·-71 .1/0 II 
II 1-13-71 ~'(, IT. 
,. 12-6-71 .59' !1 
/I ..3-3-72 48 13 
,, 6 ;_q_ /'~ . ,~- 9. 
.. 8 -3)-1..2 f2 1'/ 
, . 

/1~ 6- 72 48 ·It) 

/VJCO- B /,'!.- (, -t7. 1/0 I.J.. 

" '1-30- 6~ 3.l PI 

" 10- 7-6 8 ;?~ ~· 

,, '6- 11'- 61 2$ 5' 
, q. 8 -69 ·"9 10 A. 

,, 1-!2-70 ·38'. ·h 
,, 

6-.2.3-70 .:ll/ . ·i 
II 9-,..'!.J-;"'O ::!II b 

·II 12'-22-70 1.7 , II 
,, 

6"- 9- '7.2 . 61 /6 
,, 8 -3/-72 5'/ ·18 
II /J-6..: 72 51/. . -17· 

·.· 
·--··~ 

--- - - ~-

APPENDIX E 

(Continued) 

----.. ~. __ e"P<)el_, (j ~/ , 1 

Chcnd.cal ConGtituents -
lulliF!J•ru\ts "Pel' JJ.ter 

so- car:. Dicar- Chlo- Fluo- lli- Dis- Tot:1l Sp:lcific 

diUJfl bon- bona to ride rido trato solvod hard- conductance p.t{ 

(Na) nte' p1~0))' (Cl) (F)·. (ll03) solids ness (micror.lhos 

(co3) at 25°C) 

/,lO ·o /JO /0 0 f:.S S76 6o I 39() J.f 

- ;ool it-V (.) /~0 ·5 0 C.6 332 1/t}O ,es -
72 (> /50 /0 ,z I'A'o 23¥ go Jif{) J.'l 

lrJtJ () /'ft} 5 0 i/t-1 ~72 cs -5/&0 7..3 

/1/0 0 110 /~0 /.3 "'q').· ~ .1 ~3i 1'16 '7/.C' ""I 'I ,.,._ 

/60 () /:1'/ ;.) .?. 1/(ilf,s 'i/6 .J.C'f! /CiOD ;?Of 
.2C'O 0 120 :l.S 0 435:(. 916 .2tY /!'tt'> JtJ 

,ljt,l 0 11/tJ ..S~SJ . .2 3/59 3f'/. I 7.2 'j(/;, ..,,J l7.t 

136 0 17;~ 9'1 .(., J I 71;.·,0 71/.2. J'/8 92t-"' -
170 0 18'1 ~t I .:J' 1'10.8 ?Z~ 1&0 9/.0 ~ 
/..50 0 /fit ·70 . .3 2. ') ?.l t..:-V 160 9tJO /!3 

(/3 ·o - 131/ /6 tO. ,:l2.6 331 /5'() J(,O 7.J 

7$ 0 /JO ~0 - -
,6 . 17G ~u;r. /1/t? IJt.:o 7.] 

60 0 /30 :.s 0 19.8 . 31( /0.5" 3-j'O 7.2 

~":] 0 /10 ,,'!() O· 7.S 30/.' 9u Joe..' 77 

~5 0 f//0 /{,J 0 '1-7 SC'6 ilt.J ·::J70 ~~ 

.IJ7 0 /.20 /0 o. /.3.2 27<,/ 120 .::~-:? {.) 71 

.5V 0 l.t/l) 10 0 17.1. :J/3 Yv Jt_t.-J /.t 

so ·o lie) I&')" 0 22.0 J2.?. 1J_I) 3(, (} .. 7:1_ - .. ...-... 

.s..-> 0 1:<0 1.3 s .1{..1/ 3.::!~ /1.1. 360 7:.2 -
~I/ 0 - /2rt 46 ~./ 2.!91 . 77t) ~16 8.10 -

1/6' 0 P/4 60 .3 -
lg'l,q (,J;} 2/;2 3t:o 7.'1 

/10 0 flfll '61/ . ; tJ . 2/S,' "7li6 ,J.CJI/ 7$0 J.f 

·• ~--- . - ------

.· 
~--.---· 
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APPeNDIX E 

,---------- -- - --- -- -- - -~- -- ---- -- -~ ~ -------------.-----'"---'-'"'-:' 
, ' Cherr.ical Constitucm-~~ I (Conti~ued) Pc...,£ /7_.7_ Iff 

l~i.l.ligraJit..~ yet Utor -

Date or Cal- l-la&nc- So- Car;.. Dicar- Chlo- Fluo- Ni- Dis- Toto.l. Specific 

Source Collection ciwn sium diur11 bon- bono.te ride ride trato solved hard- conduct~nce p.ll 

DRA{N,1Ge AREA 9 . . . (Ca)· · (Mg) · (Na) ate' ptco3)' (Cl) 1 (F) · (No3) solids ness {~icro~.hos 

(CIINIIDA DEL BUEY) . {CO)) •• t 2$ C) 

Tll~16 S-/8-67 /0 4 If/· 0 80 :J· ::!.6 ~9 /~3 1!2 /6~ g,a 

II 5-7- 71 If:. s 21 0 ~&1 5 . 8 /. 8 /8'.!/ 72l 17t- -03 
,. S-3-72 II 'I 17 0 60 b. /.0 ~'I /62. i/'1 T-lJ6 Z3 

DRAINAGE AREA 10 

~ (PAJIIRITO CIINYON) t-----i:---l---i---f--+---t----t--+---l---t----f-----11--+ 

T/1- /8 5- 9-t 7 19 s- 'I 'I o 120 10 • .J ·'I .:21'/ 7t) 2. 32 7i 

'' .S- 7-71 26 . /(.,'l It 0 76 2.0 0 ,Jj /<6Jj 10.1/ :l..t .. JO 7.Vf 

" .s-3-72 3cJ ~1 15 o ve 3v o 17.t 191. 112 .zt.o l7.1l 

DRAINAGE ARE/Ill -------t----l----f---l'--l--+---1---l---i---t---f------+-} 

(I.,.ATER CANYON} 

Arnu. Sp,-. /.2-7- ~I /6 · /0 S 0 60 · .3 0 /. ~ /12 ~C' /!1(.) 7.1' 

'' 4-.23-69. /v ·· ·1 /tJ ·o -S'/ 3 . 0. .? . /,P7 39 /tPI ?.'I 

, 7..; 30-70 II s !L _Q_ Sb / 0 .I/ - '18 / .. :!(.) 7..2. 

Water CtJny. 12-7-67 /2 7 ·g- 0 1/6 ·.s ./ .c; · 31 60 70 7.9 

.. 7-1"7-&f 6 6 9 0 . 1/t) 0 0 ,1/ /12 .yo 7.2 . J5 

'' _Z-Jo-2{} · g' .Z f · {l 12 0 . 0 7.5 «6 3V · tL:, 6.9 

" 7- .:!9-71 8 ·.. .· 6 6 o 76 .2 ~.2. .1.3 q~ fP 6'1 7.2 

'' .2~P1-12 10. ·7 6 t."~ 1/1/ ~ ·0 /.J 8'0 S~ ·74 7.{. 

~--~H----~+-~7_-~2~1-~7.~2~.~~~o~~~7--.~~~ .• --c_~~-~52~~~~~~-·-~~·J~~-9~~3~e~
·-~_5._V.~1--~U7~.lt 

•· /2-.2.1-72 . g· ( 7 o 52 < 1 .1 ·'I /32. .6.:l 12 r.o 

Near BdfJ. Hde 1/-/5 -·7t.) . 12.- .5 /9 C' /C'O q. , 9 ·, 9 ·2.55 .50 1J(i) 1. 9 

It S-/0-71 II g. 25. ~ VI .s .2· ,q /60 60 !50 7.3 

" s·:J-7;!. // .. ·.g. 27 o ~o ·1l/ ·:1 ,'f. 16.2 60 /CJ.-2 7.0 
- - - ·---·----

-315-

.· 
t -~-· 



• 

, ... 
-... 

'-

...:.:...._ 
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Dato or 
Source Collection 

DRAINIIGE AREA 13 

(.IINCIIO CIINYON) 

A~/l,, a.:l 1\t; q-t_z-"7 
/( q -").5""-7 I 

. DRAINIIGE AREA 15 

_(CHA()UEHUI CANYON) 

Dee .. S /.'rl'1~1 q -17- {,.'f 
v f1 -I '2. ~ ...,,_ 

. 

, .. -
------------- - --~ ---

; 

Cal.:. llagno-
cium siwt 
(Ca) (Mg). 

. 

lA- A.. 
IJ.. ·5"" 

12. a. 
/f., ? 

. 

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

APPi E 
I 

(Continued) 

.. fJc~, /[/ ~~ 18 .. 

Chendcal Constituent:J I ~---
1-tilliP-rllllls oor ltter 

so .. Car- Bicar- Chlo- Fluo- Ni- Dis- Total SPJci!ic 

diUJll bon- bonate ride . ride trato solved hard- conductc.nce pi 

(Na) ate _(_HCO)) (Cl) (F) (lro3) solids noss (rnicror.\hos 

(CO)) - at 25°C) -
1../ {) (.q -z_ (?,~ II 1.5~· 

t;-C' 27ZJ ~4 • 

12- 'i( . '"7 L 7- ·' I ' . ,.4- J5 .. CJ {.(I l I 'lo CJ.l 

~_2-
() t,~/. 3 e. ,2- <.' /S3 t.} (. .. I 'i'O Q.fl-·' 

';l./ 0 'l1'4 4 o .. ~ o.ct ~19 60 -;i60 7/1-
I 

.. 
. 

. 

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

---- - ~- ------ -------- -- ---~ 
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Radiochemical Analyses of Sur£ace and Near Surface Ground Water in Drainage Areas
1 

1967 through 1972 

{1, ,r-.. ~Lt'. t ('1- :J/1-

r- P.LCOCURIES PER LITER_.. -y _j ~g~ 

I Da.te I Gross Gross 
. 3 

t:' 
2

:\a 

Source 1 Collected Alpha Dcta. a~·0 Pu 239 Pu 3 •
1 Am a36 Ra. 234 U 137 Cs 90 Sr H · U 

Dr.Jinagc llre.J 4 

(Acid-Pueblo Can!Jon} 
~ __.. _ - - 3 / 4 

llft,J wt''"' L4.J~.:71? .. _ ~j_ __ _ ~4·C. _ !:..~~-~:r_ o~pz ___ -···'""-- ___ ..:::___ _ · ___ ~ 3.Y'~ ~-

!.. " ltt-ICf-16 _ 3 toe;- L.,os- ,4ff -----=-----=-- ....- ____ -:_·_.?_~_[t(~ __ !.L. 

i t• Ito- 4-71 fp·. 52 , 1~ 7. 9y - - - L.3o6 ·- 1.6Yio-;, 3~.1-

~· II. 1 4 ·5 ·7-, { {4c._ ~-·0';[ __ , 1/ - I - - - I.<: 35o - I /,5 'f' lti3 1.?. t: 

(I 

I I 
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APPENDIX F 
(Continued) 

-
fc~ ... 7.. ,f. 2JI-

l .. · I -- PICOCURIES PER LITER > J. \Jg/I I 

I Date I Gross Gross I I · _ _ / ~--L' 
Source , Collected I Alpha Beta :a~·8 Pu. 239 Pu :u1 Am 336 Ra 33-'U l:Pcs ~ 

238
U 

. -

- I - 'L35"o ~I .-r toJ l~·-~ _ 
- I~ '3Y~ ./ 

. ..__ 1---- -
- - --
- -- ~ 3Dz) 
..... " X.Jyo 

- - 43~6 
......... I - I .,_ 

I I I
<· 051·---- __ J .- l " k 35o ! - ~ 1~1<. 4-j 

- ·-·-----....... -···· 1-~---t-_-=-rO..:;...S_-_+-, -.. _...::.._-+- - ..• l ... --~----~-1-- - .I r- : ,. I - LA. j 

--~1.:._ I~ I . - ·-. ~ .- I - __ j_ r:_· 1_-__ 1 :_ .. J _ _, ~J 

,.. ____ _ 
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(Continue4) 

; 

. flo<''-! '? cf( '2lf-- 1 

r--- . PICOCURIES PER LITER - IT I ~g/1 
I 

1
1 Date ' Gross Gross 

Soll 1·ce Collected Alpha Beta 3 a·a Pu 238 P-u 3 "
1 Am 

~ rh,/t 5P ~ [J.::L?c:~ -~ ~--- !.e>_,CJ>_ g~,_Q.2_ ... -=:-_ 
i .. ,, !v-11-t..r <I > L,v~- <.~o5 --

___ :: ___ , - - ..- - 1/,~----- - . 
.. Z!1_ .,...... - -- --·--- ...... 

aaaRa aa"u tosr aaau 
1:11 Ca 3H 

. 
I II I 0 - J () - 7 v < I ~ .(_ ()t; I , 0) -

1-- -· 
r-~·_1 '>- _ 7-1/ , 2 "2 (_ o? l 1 05" 

I -
L.. I (_.c 05 ~ 05"1 -

.,..;.. / - .O..:.t._ I - -
···=-· ), 1- I r" -.... - -

......,.. I- I_ I -- klrto3 },~ 
I( I ~ -3 I - 7 j_ I 4. I 

·3 (-I O'i 
I -l._ oc 

I ':J 

LJ- ,/ ,o) . '-. ,07) -
' 

- ~ - klx!o3.3.4--- I 

- I- ~3~u . ~ _ k I YloJI1.,b_ 
I( I 2 -/7-7'Z.I <J 

II I 7-'3/-72-l (J 

_I 

I 1- I 
I --

t-----1· 
I I I -

--··· --·-------~- -1---l-----t----r---r---.1_ 
--l---~--t--r---

J--------t-........ ------~!-----11 
•-·· ••••.-- I ·--··•-·•• '" ........ 

I I I I . 
I I 1-

~· -----• I I 1------t----•----··--- •·-·---·------·1 . 
I 

; 

i ' ! 
i 

I 

r 
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APPEN: 

(Continued) 

•' 

-··- p~ y~ 2.4-

r-~ --- PICOCURIES PER LITER ~.!...:._ 

. , Date I .Gross G1·oss .
,
 

1 

a 
8 

Source 1 Collected Alpha Beta 338 Pu 239 Pu 341 Am 336 Ra 334 U 1 :J7Cs 9 0sr 
3 H 

3 U 

/)PS. -z ~ 4-: ~-"-·.fi? __ :£__ !!P'i.IL -~-·}C. __ (.yt___ o! •!t_l LtJ·I~ _ 'l-7o_j_12--~ 2.~!1'..~. ,-,., ... ~1-== 

:_ I 
1 I {., -/C(-''if ___ L_ _}~oo ,]cf- 2/d'O /. 2tJ.. _ f .. ~~~- _{?.:!~2.!.~~- _!(_~f-~. ~?.1'!.0!.. -

:__ It I ).- c; -e:. f -;z..C> II 3 '() "3. bS? 4, '17 2 I /t; ~I I J:. 33,/ I '1~ )'!-'_~E-. 79 f{k' !iJ 

I 

I '• ~-s--l:.9 44- 7'>l> ,$q 'J...JJ f,?..f ~./'5" <S'/.'.> - - ~"~tto; -

1,, :2. - I r, • 7 ~ /2. 1 3 ct o ? . o4 ~. 3 3 I 9 7 ~ . I !5" 12. t> 7 ¢6 G "26__ ~I..!!!.., -

L '' 1 ~-14 -7o d. "59o 123 .33 ,/9_ - lo.y ~Z~ 4~7 2SDXIo'L. 

i ,, I J-16 -7/ ~ (,4-o 5',(p4 I 72. I :2j- - 2,// 5"2.3 '376 !J9.)XIto"'l -

. OPS-3 /2-7-f_l_ !:> '"';2~_2g_ __ ..t2L.-·ll-·- ~.q:;- -~·Is q,. 3o ~lo j?,:z~-~22_~--~ 

•' .. 1_:~ ·t.? f. I ~4 , )_(J /, 77 
1 

/, GS ,2/ 13. '1 __ ~--'"-"-~ ~f'7olb>lt X .t>(_:::} 

...__" ___ ~_:Jc:a-~~- (p '1,.Ci20 1 '' . 5.4( 1.11 _ -< 1 I~ l~.s- 1, 3Jo !3 ~9'bjftl_~~--=-

, • 5- s- - ,9_ I f> ~IJ o _ .,- -, L_ _?. '1'1_ _ 2 ,5/L , !.1.. ? 9, tt .U k> I !>J<> ff< <Is .r lo} __:_ . 

" -~-=--2 ~t.i_L ~ 2 __ _,tP-.49 r 79 2. 4.£~ /, ()(J L, .Is I .7-'1. { !>3o :>ob .I~~~~~--~--

~ 11 _? .. -_If_':!_~-- _4_~-- _j_J_~~ ~ • &,o _ /, 94 /, 0 'j .('IS" i ~~ 7 ; 36 •-~~.h .t~~-~~~l-~ _ _j 
I I . I .. I 

I f2P~~i- -i;:';.~~· ;~ -·,;;;- --~;:q ---::i ~:':s -,-;y -~!,_- ::!-ti~ _i;:;;:'J_::] 
, , 4-· 3o-~ ~ 7. ~ _____ !..q_) __ --·-·' C!Y._ ~--·5 __ .. ~.!JS:_ .. }.!_~~-- ~24o ; ~-rz '-.3:_/lo~-J 

,, q, 3/ -tfr q s)6 , 11 1 11 • 11 , 19 3.l~ .L)tf6 i 3j-2 :.:t73 xl~~ .... I 

1 
'' -~ 7.---~~&f __ :_.f _ ___i2o ~.ot:; ,6~ ~If -<-.Jy '2.4-6 .L.:J4o; "27/l:Z.S]-(IoJ - j. 

_ '' 1_5.-5" '(,f "'3 {?o_, ___ .J..i/___ I/{, 1 fb ..... - -· __ 4_~2e:"' '-:24(} i 5Jf'J j7 b4Yfo': - ! 

.: ____ J.2" -~ -(,fj ;?;.. c= .... ~~~ ' /9 ·:; -'- 8' 3 .!,}?.. .. ~-' . --~ . :z. I~ l_~L4p I - I~]~ ~(Jo .. -:- _j 
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Date l Gross I 

Source Collected Alpha 

--

Gross 
Beta 

APPENDIX F 

(Continued) 
---·d- P~ ,. 7' ")If- I 

PICOCURIES PER LITER f ~g/1 

23.8 Pu I a:uaPu I 241 Am I aa 8 Ral 234 U I 137 Cs I 80 Srl 3 H I aut' 

... ' -

. l}fls-1-- [Jo ~-?~.~-~f_ __ _:t ___ -~{¢. ___ .. l.~_{[_ ____ p_,_19_ ____ .. b!]Z. __ ...... a.:: __ ?::..t?L L!4o ---=--~ ,-~yto!_--= 
I I 

/4. . ).3 

: : k -lc. -70 .zf_ '1~~~ L .b5" , >---Lfl___ ..... .: ____ _ ?_._4_!.__ --= -·· ... --:. ... ~l'i. .. t:.'! .. _ _::_____ 

. ! ~ -;;. 4-- 7 o .(. 2. 4 z,, , I o , 54- , 3 7 _ /. 2. ~ ~2So - I If 7 J( 1 c3 ,.-

'-··· 
. ·-- --- ··-·- . 

I 7J • (4- 7 0 ~ I f 1/-6 ' ( 4- I 0 9 I /2 - I ,3 (> L. :2.2o 2 "0 I Cf9 X I 0 3 -

• 
I /1 - 11-?o t( I 4 ~D • 1./L , o~ . I o - /,1, ~.2.3:1 ?- 7o II.) .YI~ 

L_ :1-/':J-71 ~I 4~o ,tJ/ L..oc;- L.. ,0£_ - 1-.~o L2.~ - lt>f X to~_:. __ 
~ ~ I ' a \a 

I . .J .... 
i I ::; -/)·71 ., 7Pt> ,0-1 ~ ,DCJ , IC> _.... - - - ii0J.XIt>1 

. . ~ - /l. -71 L I 4 __ , /_'"J_ • I(. , 07 - {,f ~ c ~'1<> >to l7VX t•i; - I 

' L!t -t_-71 . s 3 <:15 ,/ '>"""'. • 2:1' I . orr - /. ~ L ~"" :;a9 Pe.~ ti4!Ju. ! 
1------I·--?::..:J&.:l.Z <I 4'02 L., 6) ·O? - _.: - tt.. >''o i - 11cwtc3l_of.~ 

7- 3/-. 7 ~ '2. !J9'il __ , o<jj ____ __ _,4 '-. .. ---'-~_f ____ :- ~ < 3'" • - IJG X !Vi 3. ' 

/f-1. .. 72..! 5' _J._'J.Jf_ o'1 .:2/ ~.os ,.. ... .L3;ro - 73.s-tt~ 1.8" 

PPE--STP I.Jt-.:_5"__~f z ____ -;!__ ___ ~_Lti L.05 -< .0';) · -~ ·· · ~ · ·_ · - - ~-":;:~.r;tO_r·, _il 
5" - , -b 9 3 · · ~o ~ .(J<J -<. ~ ~ - - - - - L ~-t> .r '"j , r T 

--. --l--~--=5="~,9-+-~2-- /3 • u;-~;··;···-~-.-~;.-· .. :·~·;···· .. --~ ... ---=- - . - iSOk/~ /,3 I 
• 

.__, I 

?..-Jt,-76 . 3 14- ---~-''-- ---~-tf. __ .~P' ___ -·--=----------=--· - - F.YtoJI .'£_j 
- i ., i 

I : 

i I 

I I ! I : ' '__ ·r-~-·----~,=r=· ~1- --~-1 I -1- ·- - i . i I 1--i 
--1-1 · - ------ , ------ ~ I ._ -· ~ 

I·· ___ ,_!._ ... ·- ·- ·-·-· - -- - -
~...,..., 

--
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.APPE •• ~D, ~· 

(Continued) 
------ /{c.t;H_ q d "). '1-~ 

I ---------~-1_~ -----~-~-~-~-~------~ ____ PICO<:;!JR!~S~ER_L_IT~~-~-------~~- ~ ____ -~~g/1 

r=
~------~-- ------,--;;o-·--~~- -------- ~-~---,---~-g----------~-~---,---_ ----,-~-~~ ---,-----1 ~----1 

Date · Gross Gross 

e Collected Alpha Beta a 3·8 Pu 330 Pu a"1 Am 1338 Ra a:uu 1 37Cs 90 Sr 3 H I a 38 'C 

~ t. .4 o-z. L1 ;:t ~s:--~;:_ -~-L __ ft-L.. !.tJ,p.s;__ <1 w__ .. _:.:_1 t',511 __ :::_ _ _:_ _ _:::-_, 3r6!{4.~ u _ 

~-- t' I 4·)9-t71 3 5'7 ~.oy 1-<.os - ·---- ~-!)?_ ___ ~-1 --·--=--·- -----=- t~~?_tt!!__ 3:.Q 

~--·· 11 (p~fCf~(p~ </ 41/- ~.6S ,{), - iL.,/5 - ; - _ - ';l7XIp3 ~ef-

1 '' tf-~1-t.ft 4. 77 <.Ds ,C1i$' I ~tJ.ds-! L,;,~- - I ~2:>t> - ltfro-ttD3 Z4 

r " I 'j' - 4 -~ 'i 2. ~ t -< I (J S" j I 4 ~ - - - - - ;uD .r IV I 2 ..2 -

L ,, 1!1·5'"-/,y ~I t~- ,/~_:)' ·7ft - - - - - - ! /,tJ 

I 1' I -:2. -1~ -lo <./ 'if~ -<·OS" a/() - . .._ - - - l::z,o.rt41J ,(;, 
; ' . . -

1
' ~-It -7fJ -<I 73 ·--"' .qL ~.Q.- - - - '2:;-o I - L- ;!=.~ 

'' ___ S''~"!-7o_ <! ?17 -<.os- ,}4. - - - ----~--H~~~~~!J. __ •} __ 
1--··---- ___ t;J ·f!.- ?l <-/ I ct <-. os. . It - _ ....... - L '34{) 1 - _.?""?~~~-Ji·L 

~ -·:. ~;~,:~;~ -<\ _ _}_:; ;.:;- ~·.z- ~=---_ -=- ~ :~: t-:-t~~;;t~:~.-
., _7 _-_?_~:z?. __ ;?.. ___ :2 3!! ,tz- , fJt;" .1-z. - - ....c 3..r() ·-=-l!.~!~~-1.1!..~--L 

I I . I I 

u'i-;- ~~!-~~~~--~~ · ~;- -.('.~- ··':~~ --'~k · ~?- : ---~~t-=-~~:;ii: I 
It f-'2.Cf-6tj Z. /03 -~.!._'?_!__ .. ..:·~~- ·---=---- ____ ,_?:_~- ... ";~ C.2'/o 

1 
- ~2o.t/~i..-r.-r-:_~ 

.< I 34- -< .t>s L. .oy - L.., Is- -- - : - · 7o r1o3 {__._7 ~ 
It I ~ -2 o -& f5 

lt~~3o-'cr 3 4s--- ---·· ·- ... - ---- --· 
II =:_'j'- (:,9 '2 .S.:._ 

'' 11· 4. -69 2:.- - S3 
·------·- ~--------- -·---·
---· -·----- -

,,, ,/s- L_ ,(>y 1 5d - L.././/r; : - -i- :;5".t/DJ~ ,tj ~ 

!.._!.P.$ __ L. (>5 -- ·--~ ···---- _::- ; - IS69'.Y!tJ)/,7 I 
t 

I I 

A·'??.. ~ f/l_ ---- _J_ __ ~ ----.!- ----~---= _ -~ JJ9:~j_l~~ _J 
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APPENDIX F 

(Continued) 

j 
PICOCURIES PER LITER ___ _ 

p.~ {C qf7..1f- I 

~g/1 

! Date 1 Gross Gross 
1 

I Soul'Ce Collected Alpha Beta 
338 Pu 239 Pu f 341 Am l 338 Ra 334 U 137 Cs 90 5rf 

3
H I 339

l
1 

rl..A b-3 p :!!>.~1'0. ___ l_ __ . 5!_ ___ -~(?,q_:l_. ~ C!·!'.~ I- -::: __ J __ :: _ - :::.._-. - , 1kJ.li!_~o,'f_ 
! " , ~-).lf·?o ~_j ___ i,s- ~ .os- _!P]_ - ___ ... .:: .. __ . _::_ __ .::: _ _____ :_ 17.!../~'3_ ..:.l6. __ 

l. .. 11 I ~ -/3- 7 o 3 7 s-_ L. . o~ , 07 - ~ ... _ - - __::_ 1o ~ to l } -~ 

H1 { l-17-7o ( / 74. ~ .0!; 1 12 - 1 """ - ~23o - 5ll x t~3 ~.4 

I 
I • 

' 1 ':7-- 7 -7/ ~ I 19 o , I o ,(,.or - - - ~ 3So - "1./ X /P3 .tJ. 

t1 7;-1~-71 L.J 4-_1_ •65" , 12 - - ._ ~~" . - Ss-J.to3IJ.";-

j" 1' I It- 4 -7; 4 4-~ A. .o~- ·-~ - - ·- 4to - !~.r~-tla? I/,;;.· 

! 

I I 

" -:L ·It, -12 L. I t. 2 _<._:_ps.::_ ---!.2._J - - - L 37tJ - il'l!Jto3j_3~ 

__ 11_ I_5-5.:J_z_ 2. /..9 L. .oJ .t:...o~- - - - .L..3.>-tr - ~~.r;oJ! 2.;T 
-- . 

-- __,.. ... -- .. 

'' __ .?-3t-7Z. t. 1~9 .2<; ,41 <.0,()<; -: - ...C3.?o I - P!?1Kio3JS:s-_ 

'' 11- 2-7-z_ _ _2 __ IJ.] .. ~.o:;-: __ --~'()· __ I_.<.~~P~--------=- - _.:::3>6 ' - 7J.usl~ 

L II o-4- 16.:-L"zJ < I _9__ L. • oy- • De. .. -:- _ "":. . - - - f'~~~-'~-

~ ~~--- __ tt_:z.J:.f}t-__ _2 ___ -'.7--~~~o..>__ - -<o,,x.. - -_ - J..?U/o'J_j_,(tJ 
I I 

I 

-----~~'---;:=;~;:I ~iL-;~-- -~.::--· ·;:·:- -~:~;.- -;',~; 1 -=-~24o I ·: -~~~~-1 

~ :: [;:;·::-t :~ ;'!-- "~~~;-- ;:; -~-- ----:: ---~- = I = :;;;::~~~1 
I .._ J : • 

-I·-~ .. -- I - ! .5"6 .rt" )' 1 , ']_ I 
I I ! 1 

- - /tff%/03 i I s ! - ,_ 
I ... :J 

___ ft l\11~1_1_-~ .. ~J.-1 /1) I L:.o~ I .-<,o_> I : I - I - I - j - ~~~AtP 4,4-! 

_A_M-4.L__5..::5-:?.ti L I "3 ___ ~.:P._'L -<.o!J-

~~ . J t:j;-4_-~ -<{-- _ "'-~ _ .<,~-----~·o.S:: -~ ___ , ... _ . . _ 

.'7?t:.. 
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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 Canyon, 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, 10 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. Topographic features in the Los Alamos area. 
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nanks 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 fonns 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 penneable 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 putflping (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. Interflow 

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 oflatite, quartz latite, dacite, 

and andesite. Interflow 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. 
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The tuff overlies the older rocks and forms the surface 

of the Pajarito Plateau. The thickness ranges from about 

I 000 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 80ft 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!lter 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 a9uifer 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. 25 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 trenas 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 I 000 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.25 

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 contains 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 l 000 mg/ J, total dis

solved solids (TDS) J 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 concencrations from this well are 

about 500 mg/ l. It is estimated that the water in thr 

depression will be fresh to a depth of 6000 to 7000 t. 

before the TDS will exceed 1000 mg/t. 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 proaucing 

wells (LA-IB, 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 excessive 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-lA was 

added to the field in 19 54 and well G-6 was added in 

1964. 
The Pajarito Field is composed of wells PM-1. 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 indiyidual 

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. Z$ 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.e 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 7 5 to 

495 ft were artesian, as were the four test holes ranging 

in depth from 375 to 475 ft in lower Los Alamos 

Canyon.31 

Supply wells LA-1 (abandoned and replaced by 

LA-lB), 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 Pump age 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- L G-1 A, and G-2) and in the Pajarito Field (PM-I 

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 76ft below 

the well head. Well LA-I B. !50 ft 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-IB 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 1950 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). 



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• 154 <1 

Well LA-lB 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-1A 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. 
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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 pump age was 3 7% of the total pump age 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 75 

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. 

' II 
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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 19 51 through 1982 has been 54 ft 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 well after it was 

placed in service. 

The water level in well 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 I). The specific capacity of the well has increased 

from 48 gpm/ft in 1968 to about 61 gpm/ft in 1982. 

Based on specific capacity and production rates, this is 

the best well 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 smaller drawdown and a 

greater specific capacity. 

4. Test Wells. Test well 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 well 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 well has produced about 0.3 x 

l 06 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 small, 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 well was not equipped with a 

pump. Water was bailed out for sample collection. No 

more than 500 gal. have been removed from the well 

since 1960. The small amount of water removed from the 

well would not result in significant water-level changes in 

the aquifer. 

The well DT -9 is 0. 7 5 mile south of well DT -10 and 

1.25 miles southeast of well DT-5A, so that the small 

amount of water pumped from these wells will not affect 

the water level of well DT-9 (Fig. 2). Well 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 Canyon. 
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 co 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 air 

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 variations in 

barometric efficiency are the result o( the combined 

different pressures within each formation. 33 

Test well D T -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 4 ft or at an annual rate of 0.5 

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 in 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 

0.75 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. 
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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 Y 

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 SO 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). 
4. Tesuque Formation and Puye Con

glomerate. The well in the Pajarito Field and test wells 

DT-SA, 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 

The field coefficient of permeability of the combined 

Puye Conglomerate and Tesuque Formation is 53 

gpd/ft2 with an average transmissivity of94 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) (I 03 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-SA, -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-SA, -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 I SO 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 
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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. I 0). 
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Fig. 10. Rate of movement ofwater 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
•35 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/ /, 

19 



, II 

TABLE III . 

.. 
CHEMICAL AND RADIOCHEMICAL QUALITY OF WATER FROM SUPPLY WELLS 

Maximum Concentration 

Chemical Units Supply Well Standards 

Chemical Standards• 

Primary 
Ag mg/.t <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/.t 0.022 0.05 

F mg/l 2.6 2.0 

Hg mg/l <0.0002 0.002 

N03 
mg/t 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/.t 0.325 0.3 

Mn mg/t 0.008 0.05 

S04 
mg/.t 27 250 

Zn mg/l 0.12 5.0 

TDS mg/t 408 500 

pH 8.1 6.5- 8.5 

Radiochemical Standards• 

137Cs 10-9 J.LCi/m.t 40 ± 60 200 

mpu 10-9 J.LCi/ml 0.018 ± 0.024 7.5 

239pu 10-9 J.LCi/m.t 0.010 ± 0.010 7.5 

Gross Alpha 10-9 J.LCi/ml 11 ± 6.0 15 

lH 10-6 J.LCi/m.t 4.2 ± 0.6 20 

Total U w-9 J.Lg/.t 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. 3 ~ 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 w-9 JlCi/ml) is 

above the standard ( 15 x 10-9 JlCi/ml). Further analy

ses indicated gross alpha was 0.0 ± 0.8 x w-9 f.l.Ci/ml. 

Analyses were performed for 226Ra. It was 0.03 X w-9 

JlCilml, much less than the 5 X IQ-9 JlCi/ml 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. 11 ). 

1. Los Alamos Field. Predominate chemical con

stituents in water from the Los Alamos Field are sodium

bicarbonate (Fig. 12). The water from the well field is 

very soft with total hardness ranging from 16 to 28 

mg/l. (Hardness classification: soft, 1 to 60 mg/l; 

moderately hard, 61 to 120 mg/ l; hard, 121 to 180 

mg/l; and very hard, > 180 mg/l.)J7 

The TDS range from 70 to 514 mg/ l. The high S 14 

mg/ l occurs in water from well LA-1 B. The maximum 

concentration of chloride is about 15 mg/ l, but fluorides 

range from 0.4 to 2.5 mg/l. Dilution in the distribution 

system reduces the fluoride from well LA-1 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 concentr~tion in water frorn 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 

wa~er in the lower part of the well field (G-1, -1 A, -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. 12). 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 134 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 212 and 216 mg/l in PM-I and -3, 

respectively. Chlorides are 4 and 10 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 140 to 211 mg/ l. Chlorides are low at 9 

111~;/J. or less; fluorides are 0.3 mg/ l. 

4. Test Wells. Water from TW-1, -2, and -3 is a 

calcium bicarbonate water. The w"'~"'T "'"~litv is not 

exactly the same at each of the wells. Water from TW -I 
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Fig. 11. Chemical quality of water from supply, test, and stock wells. 

is hard at 128 ing/ t, and TDS are 220 mg/ t, where 

chloride is 7 mg/t and fluoride is 0.4 mg/t. Water from 

TW-2 is soft at 51 mg/ t, and TDS are 150 mg/ t, where 

chloride is 3 mg/.t and fluoride is 0.5 mg/.t. Water from 

TW-3 is moderately hard at 64 mg/.t, and TDS are 168 

mg/ t, where chloride is 4 mg/ .t and fluoride is 0.4 mg/ .t. 

with TDS of 52 mg/t. Chlorides are about 3 mg/.t. 

where fluorides are 0.2 mg/.t. 

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/ t. The concentrations of TDS range from 

124 to 142 mg/.t with chloride concentrations of 4 mg/t 

or less and fluoride of 0.3 mg/ .t or less. 
Water from TW-4 and -8 is a sodium bicarbon2tc: 

water, which is different in chemical quRlity ~Fig. 12). 

Water from TW-4 is soft at 45 mg/t with TDS of 163 

mg/ t. The chlorides '"''" c100ut 2 mg/ t, where fluorides 

oro -..oA mg/t. Water from TW-8 is soft at 16 mg/t 
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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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Fig. 12. Graphic comparison of chemical constituents in water from supply, test, and stock wells. 

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/t. 

The TDS are 170 and 253 mg/t, where chlorides are 10 

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/ J, 

and fluorides are 0.6 mg/ J,. 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 SA 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/l; 

the TDS are 125 mg/ .t, where chlorides are 5 mg/l and 

fluorides are 0.4 mg/ .e. Water from Spring 4 is mod

erately hard at 92 mg/l; the TDS are 16S mg/l, where 

chlorides areS mg/.t and fluorides are 0.5 mg/.t. Water 

from Spring 5A is moderately hard at 69 mg/l; the TDS 

are lS6 mg/l, where chlorides are 6 mg/l and fluorides 

are 0.3 mg/.t. Water from Spring 5B is soft at 56 mg/.t; 

the TDS are 152 mg/.t, where chlorides are 4 mg/.t and 

fluorides are 0. 5 mg/ .e. 
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/ .t and 11 mg/ .t, respectively. The 

water is soft at 44 mg/ .t, where the TDS are 134 mg/ .e. 
The chlorides are low at 4 mg/ .t, as are the fluorides at 

0.3 mg/.t. 
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/ .t, respectively. The TDS of water from 

Spring SA are 152 mg/.t and those from Spring 10 are 

146 mg/ .t. The chloride concentrations are S mg/ .t or 

less, and fluoride concentrations are 0.4 mg/ .t. 

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-1 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 ( 1946-1948) in service, the combined 

pumping rate has declined from 1935 gpm in 1950 to 

1562 gpm in 1982. 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 



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 welt. 
The water quality should be similar to that of supply 

well PM-1. The water will probably have a hardness of 

about 90 mg/ .e. a TDS concentration of 212 mg/ .e. and 

chloride and fluoride concentrations of 4 mg/.t and 0.3 

mg/.t, 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 19 50 through 19 5 1, 

with one well (G-lA) 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 

gpm/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 

locatio~ 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 the. 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 19 54 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 1 7 50 ft: however, after tl:te 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). The water quality 

should also be similar to that of well G-4. The TDS 

should be about !50 mg/ .t, with soft water. at 48 mg/ .t. 
Chloride should be less than 5 mg/.t 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 

Drawdc;wn: Estimated 100 ft or less 

Aquifer: Tesuque Formation 

Thickness 

Stratigraphic Unit (ft) 

Alluvium 

Gravels and boulders 15 

Puye Conglomerate 

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 



be considered in the future for this well if yield and 

specific capacity decline. 

C. Pajarito Field 

The Pajarito Field is composed of four prod.ucing 

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 > 1000 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/.t with a chloride value of 

9 mg/ .t and fluoride value of 0.3 mg/ .t. The water is soft 

with hardness of 36 mg/ .t. 
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 and 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 Jogs 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 



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 les~ 

Aquifer: Puye Conglomerate and Tesuque Formation 

Thickness Depth 

Stratigraphic Unit (ft) (ft) 

Bandelier TufT 
Ashflow tufT 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 tine 

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 w3ter-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 ;~ 

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.18 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 1350 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 lOJ 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 !OJ gpd/ft with a field 

coefficient of permeability of 8.2 gpd/ft2• The average 

rate of movement is about 35 ftlyr. 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 3 1 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-! 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 

1 982). 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 I 0 6 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 of 0. 7 x 

I OJ gpd/ft and a field coefficient of permeability of 1 8 

gpd/ft2• The rate of movement in the brecciated zone is 

about 50 ft/yr. 

Test wells DT-5 A. -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 IOJ gpd/ft with an average field coefficient of 

permeability of 83 gpd/ft2• The amount ofpumpage from 

these test wells is low. thereby causing no signiticant 

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/ftz. 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/1 00 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 8 LA-18 lA-2 lA-3 lA4 lA-5 lA-6 

~ . 
Date of Completion (yr) 1946 1960 1946 1947 1948 1948 1948 

Elevation of LSD (ft) 5625 5620 5650 5670 5915 5840 5170 

Construction 
Depth drilled (ft) 1001 2256 882 910 2019 2084 7030 

Depth completed (fl) 870 1750 870 870 1965 1750 1190 

Diameter (in.) b 10 12 (650 fi) 10 10 10 12 (754 fi) 10 12 (630 fi) 10 12 (597 ft) 10 

Water Levels 
Date 1982 1982 1982 1982 1981 1982 1982 

Depth below LSD (fi) 40 71 161 118 289 168 90 

Elevation (ft) 5585 5549 5489 5552 5686 5672 5680 

Water level Fluctuations 

Period 1950 1982 1960-1982 1950-1982 1950-1982 1950-1981 1950 1982 1950-1982 

Change (ft) -79 -64 -72 -21 -II -45 -1 

Annual rate (ft/yr) -2.4 -2.8 -2.2 -0.6 -0.3 -1.4 -0.2 

Aquifer 
Formation Tsf Tsf Tsf Tsf Tsf Tsf Tsf 

Saturated thickness (ft) 830 1679 709 752 1676 1582 1700 

Yield 
Date 1950 1982 1982 1982 1981 1982 19RI 

Rate (gpm) 3116 486 269 247 519 467 580 

Drawdown (ft) 293 109 187 128 104 136 57 

Specific capacity (gpm/ft) 0.8 4.5 1.4 1.9 5.6 3.4 10.2 

Transmissivity (gpd/ft) 15 700 2500 2500 9600 4800 15 500 

held coefficient of permeability (gpd/ft1
) 9.3 3.5 J.J 5.1 3.0 9.1 

Production 
Period (yr) 19471956 19601982 1947 1982 1948 1982 1948 1982 1948 1982 1948 1'175 

Pumpage ( 106 gal.) 353 1964 1305 1644 3503 3049 2KK4 
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Quality of Water 

Date 
Chemical (mg/.C) 

Si02 
Ca 
Mg 
Na 
co1 
BC01 
so4 
Cl 
F 
N01 
TDS 
Hardness 
Specific conductance (11mho) 

pH 
Radiochemical 
Total uranium l11g/.C) 
Temperature (°F) 

LA-I" 
---

1952 

29 
7 
I 

80 
0 

177 
20 
18 

1.3 
1.8 

22 
385 

63 

APPENDIX A (coni) 

lA-ID lA2 

2 28-80 2 28-80 

40 26 
7 7 
0.4 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: 1.0 
8J 15 

los Alamos Field 

lA 3 lA-4 lAS 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 t 0.8 3.1 I 0.8 

67 83 77 84 
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APPENDIX A (cont) 

Guaje Field 

Gl G-IA G-2 GJ G-4 G-5 G-6 

Date of Completion (yr) 1950 1954 1951 1951 1951 1951 1964 

Elevation of LSD (ft) 5915 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./' 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 5118 

Elevation ( ft) 5697 5710 5703 5176 5844 51150 51132 

Water-Level Fluctuations 

Period (yr) 1951-19112 1955-1982 1951-1982 1951·1982 1951-1982 1951 1'1112 1964 19112 

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 T~f Tsf Tsf Tsf Tsf Tsf 

Saturated thickness (ft) 1722 1214 1644 1428 1544 IJH5 942 

Yield 
[)ate 1982 1982 1982 1982 1982 19112 19112 

Rate (gpm) 313 505 476 239 297 522 2111 

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 ()()() 6300 

Coeflicient of permeability (gpd/ft l) 7.0 9.1 9.1 5.3 11.3 11.7 6.7 

Production 

Period (yr) 1950 1982 1954-1982 1951-1982 IIJ51-1982 1951 IIJ82 1951 1'1112 1952 19112 

Pumpage ( 1()1> gal.) 23116 2921 2504 20114 1202 2174 1062 



w 
-.1 

Quality of water 

Dale 

Chemical (mg/l) 

Si02 
Ca 
Mg 
Na· 

co1 
HC03 
so4 

Cl 

F 

N01 
TDS 

Hardness 
Specific conductance (l'mho) 

pH 

Radiochemical 

Total uranium (l'g/l) 

Temperature (° F) 

Gl 

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 (contl 

GIA G2 

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 

Guuje Field 

G3 G4 G-5 06 
--- ---

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 lcontl 

Pajarito Field 

PM-I PM-2 P~-3 PM-4 P~-~ 

Date of Completion 1965 1965 1966 1981 198~ 

Elevation of LSD (ft) 6520 6715 6640 6920 709~ 

Construction 
Depth drilled ( fi) 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 1981 1982 1981 

Depth below LSD (ft) 748 874 762 1047 1108 

Elevauon (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/fi) 26.8 23.1 60.9 36.8 8.5 

Transmissivity (gpd/ft) ss 000 40 000 320 000 44 000 10 000 

Field coefficient of permeability (gpd/ft2) 31 28 179 24 5.3 

Production 

Period lyr) 1965-1982 1966-1982 1968-1982 1982 

Pumpage ( 1()6 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/ll 

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 (1-1mho) 260 130 250 120 190 

pH 8.0 7.8 8.3 8.2 8.2 

Radiochemical 
Total uranium (IJg/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 

ISO ft SW of well LA-lB. 

bwe!ls have two different diameter sizes of casing; 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. 
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APPENDIX B 

CONSTRUCTION AND HYDROLOGIC DATA FOR TEST AND STOCK WELLS 

Test WeUs 

TW-1 TW-2 TW-3 TW-4 TW-SA 

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 195 I 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 II 000 

Field coefficient of permeability (gpd/ftl) 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 2.5 

Na 12 9 13 20 II 

co3 0 0 0 0 0 

HC03 121 79 104 70 65 

504 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 Wells 

Sigma 
Stock Wells 

TW·8 DT-9 DT-10 Mesa H-19 RW-2 RYd 

Date of Completion 1960 1960 1960 1979 1949 1954 1955 

Elevation of LSD (ft) 6870 693, 7020 7215 7180 ,642 5820 

Construction 
Depth drilled (ft) 1065 1,01 1409 2292 2000 161 132 

Depth comt>leted (ft) 1065 1501 1408 2000a 161 132 

Diameter (in.) 12 12 

Water Levels 
Date 1965 1982 1967 1979 1949 19,4 1955 

Depth below LSD (ft) 969 1006 1091 llO,.b 970 132 105 

Elevation (ft) 5901 5929 5929 5910 6210 ,, 10 571, 

Water-Level Fluctuations 

Penod 1960-1965 1960-1982 1960-1967 

Change (ft) -I -3 -4 

Annual rate (Nyr) -0.2 -0.2 -0.5 

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 (spm) 16 88 78 

Drawdown (ft) 8.0 4.0 4.9 

Spectlic capacity (gpm/ft) 22 16 

Transmissivity (gpd/ft) 2400 61 000 36 100 

Field coefficient of permeability (gpd/ft2) 25 122 Ill 

Quality of Water 

Date 4-6-81 4-10-81 4-2·81 12-7-67 12-7-67 

Chemical (mg/l) 

Si02 50 72 58 

Ca 4 9 10 32 28 

Mg 0.9 3.1 3.5 s 7 

Na II 12 II 47 79 

co3 
7 0 0 0 0 

HC03 22 69 81 114 1,8 

so. <I 2 

Cl 4 10 

F <0.2 0.3 0.1 0.2 

N03 4.4 4.3 <0.4 0.9 J.l 

TDS S2 142 124 170 253 

Hardness 16 3S 42 \00 100 

Spec1fic conductance (~mho) 90 ISO 130 200 270 

pH 9.8 8.0 8.3 8.1 i.6 

Radiochemical 
Total uranium ( ~g/ t) o.o:!: 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 

-----------
• Hole abandoned. 

b water level interpreted from seophysical logs. 

Note: Tsf = Tesuque Formation: QTp • Puye Conglomerate: and Tt • Tschicoma Formation. 
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APPENDIX C 

HYDROLOGIC DATA FOR SPRINGS IN WHITE ROCK CANYON 

Spring 3 Spring 38 Spring 4 Spring SA Spring 58 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 10-13-81 10-13-81 10-13-81 10-13-81 10-14-81 10-14-81 10-14-81 101581 

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 IS 22 12 II 13 13 

C03 0 0 0 0 0 0 0 0 

HC03 99 392 132 124 87 74 56 80 

so. 4 4 6 7 2 2 3 3 

Cl 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 :t 0.8 19 ± 4.0 1..5 ± 0.8 2.2 :t 0.8 1.9 i 0.8 1.0 ± 0.8 1.7 i 0.8 1.7 i 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 

(Concenuations in mg/l) 

A a As Ba Cd Cr F _2!_ N03 Pb Se 

Los Alamos Field 
Well LA-18 <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.Q7 <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 o.s <0.0002 1.2 <0.003 <0.003 

Well G-2 <0.0005 0.048 O.Q3 <0.001 O.Oll 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 O.o2 <0.001 0.004 0.3 <0.0002 1.5 <0.003 <0.003 

Well G-5 <0.0005 <0.005 O.Q2 <0.001 0.002 0.3 <0.0002 3.0 <0.003 <0.003 

Well G-6 <0.0005 <0.005 O.o2 <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 ).) <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 

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 0.05 0.01 

Level 
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Los Alamos Field 
Well LA-1B 
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 

Secondary Standards 

APPENDIX E 

SECONDARY CHEMICAL QUALITY FOR MUNICIPAL USE 

{concentrations in mg/.t) 

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 
Ul 

Radiochemical 
~~-

a 
0 1982 Illes 2llpu 2l9pu Gross Alpha Gross Beta llf Total U 

< 
"' Station Dale ( 10-9 11Cilml) (lo-9 11Cilml) (lo-9 11Cilml) (IO- 11Ci/ml) (to-9 11Ci/ml) (106 f.ICi/ml) (tJg/l) 

:a -- ----

z 
l los Alamos Field 
"' z WeiiLA-IB 3-30 -50± 80 -0.004 ± 0.014 ~.004 ± 0.012 II± 6.0 6.4 ± 2.4 5.0 i 1.0 
-4 .. WeiiLA-2 3-30 19 ± 40 0.009 ± 0.020 -0.0 19 ± 0.000 9.0 ± 4.0 4.1 ± 1.8 0.3 i 0.6 3.9 i 0.8 

:a 
z WeiiLA-3 3-30 -80 ± 40 0.004 ± 0.012 ~.012 ± 0.008 1.5 ± 1.4 6.5 ± 2.0 1.2 i 0.6 4.6 t 1.0 

-4 WeiiLA-5 3-30 -10 ± 34 -0.005 t 0.010 -0.010 ± 0.010 3.3 ± 2.0 3.8 ± 1.8 0.9 t 0.6 1.0 t 1.4 

z 
a 
0 Guajc Field 

"' Well G-1 3-30 40 ± 60 ~.006 ± 0.012 -0.012 ± 0.012 0.1 ± 1.2 2.4 t 1.6 3.4 t 0.6 0.9 ± 0.8 

"' n Well G-IA 3-30 -2 ± 80 0.007 ± 0.030 -0.007 ± 0.020 0.3 ± 1.0 28 t 6.0 1.8 ± 0.6 1.0 t 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 t 0.8 

- Well G-3 3-30 -40 ± 40 0.004 ± 0.014 -0.0 13 ± 0.000 1.0 ± 1.2 2.1 ± 1.6 4.1 ± 0.6 1.6 ± 0.8 

ID Well G-4 3-30 0.014 ± 0.038 1.1 ± 1.2 1.2 ± 1.4 0.2 ± 0.6 1.0 ± 0.8 .. 40 ± 60 o.o1o ± Oo:6oo 
• 0 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 

... .. 
0 ... Pajarito Field .. • Well PM-I 3-30 -50± 40 -0.010 ± 0.020 -0.050 ± 0.100 0.7 ± 1.4 8.1 ± 2.4 0.5 ± 0.6 1.8 ± 0.8 

0 Well PM-2 3-30 20 ± 40 0.010 ± 0.040 -0.020 ± 0.040 1.1±1.2 1.9 ± 1.6 0.3 ± 0.6 0.0 ± 0.8 
0 ... 

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 -0.012 ± 0.034 0.0 ± 0.8 18 ± 4.0 o.s ± 0.6 0.8 ± 0.8 

WeU PM-S 8-4 36 ± 34 O.ol8 t 0.024 0.004 ± 0.024 3.9 ± 2.2 3.2 ± 1.6 0.4 ± 0.6 2.2 ± 0.4 

los Alamos Field 
WciiLA-6 3-30 -30 ± 40 ~.005 ± 0.000 ~.015 ± 0.030 2.9 ± 2.2 4.0 ± 1.8 0.5 ± 0.6 3.8 ± 0.8 
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GEOLOGY AND HYDROLOGY OF AREA P NEAR S-SITE 
by 

William D. Purtymun 

I. INTRODUCTION 

Area P (Landfill) is located on the western margin of 
the Pajarito Plateau within the boundaries of Los Alamos 
National Laboratory. The Pajarito Plateau, formed by a 
series of ashflows and ashfall tuffs, forms an apron around 
the east flank of the Sierra de los Valles (Fiq. 1). The 
surface of the plateau slopes qently eastward and terminates 
alonq the Puye Escarpment and White Rock canyon above the 
Rio Grande. The surface of the mesa has been dissected into 
a number of narrow mesas by southeast trendinq streams. 

This report was requested by the Requlatory compliance 
Section of the Environmental Surveillance Group (HSE-8). It 
was prepared from published reports and reconnaissance of 
the area. 

II. GENERAL GEOLOGY 

The Pajarito Plateau is structurally a part of the Rio 
Grande depression--a complex series of faulted trouqhs or 
basins that extend from southern Colorado alonq the Rio 
Grande to northern Mexico (Kelley 1952). The basement rock 
has been down faulted in the depression to as much as 10,000 
to 15,000 feet below sea level (Fiq. 2). The depression is 
filled with sediment and volcanic rocks. 

The rocks that outcrop alonq the edqes of and form the 
surface of the Pajarito Plateau are from oldest to younqest: 
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the Tesuque Formation, Puye Conglomerate, Basaltic Rocks of 
Chino Mesa, Tschicoma Formation, and Bandelier Tuff (Fig. 
2). For a detailed description of these rock units, see 
Griggs (1964). The most important rock unit at Area Pis 
the Bandelier Tuff. 

The Bandelier Tuff forms the upper surface of the 
Pajarito Plateau. It is composed of a series of ashfalls 
and ashflows of rhyolite tuff. The three members of the 
Bandelier Tuff in ascending order are Guaje member, a lump 
pumice~ the Otowi Member, a massive nonwelded ashflow; and 
the Tshirege Member, a series of moderately welded to welded 
ashflows (Purtymun and Koopman 1965). The Tshirege Member 
forms the surface of the mesa at Area P. 

The most prominent structural feature of the Pajarito 
Plateau is the Pajarito Fault Zone, which tends northward 
along the western edge of the plateau (Fig. 3). The fault 
is downthrown to the east and displaces rocks of the Bande
lier Tuff, Puye Conglomerate and Tschicoma Formation (Fig. 
2). The displacement is estimated at about 400ft (Budding 
1976). Two smaller faults occur north and east of the Fault 
Zone (Fig. 3). They are the Los Alamos Fault (displacement 
20 tt) and the Guaje Mountain Fault (displacement 10 to 50 
tt). The Water canyon Fault is the most important fault in 
this study as it occurs near Area P (see section III). 

III. LOCAL GEOLOGY 

Area P (Landfill) lies near the western margin of the 
Pajarito Plateau in a saddle of a short eastern trending 
narrow mesa. A scarp due to the Water canyon fault lies to 
the west of the landfill. To the north, the Canon de Valle 
has cut through the scarp and drains an area to the west on 
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the flanks of the Sierra de los Valles. A small canyon has 
cut into the edge of the scarp to the south of the-saddle. 
This south edge of the saddle slopes gently to the south. 
The explosive burning facility occupies the saddle and gen
tly sloping part of the saddle to the south. 

Area P (Landfill) occupies the northern part of the 
saddle that slopes gently to the north for about 400 feet 
and then becomes very steep as Canon de Valle has cut a deep 
canyon into the Bandelier Tuff. To the east of Area P the 
saddle rises gently to the top of the narrow mesa that ter
minates about a mile to the east as canon de Valle turns 
abruptly to the south (Fig. 4). 

The Bandelier Tuft (Tshirege Member) forms the saddle 
and underlies the Explosive Burning Facility and part of the 
landfill. About 50 feet of tuff in the saddle appear to be 
a moderately welded tuff, while about 80 feet of welded tuff 
is exposed beneath the moderately welded tuff in the south 
wall of canon de Valle (Fig. 5). 

The following geologic section is estimated from logs 
of Test Hole DT-5A and PM-2 and log of supply Well PM-2 
(Purtymun 1968): 

Geologic Unit 

Bandelier Tuff 
Puye Conglomerate 
Tschicoma Formation 
Tesuque Formation and 

Earlier Volcanics 
and Sediments 

Precambrian Rocks 

Thickness 
Cft) 

800 
500 
~ 

2000 

-3-

Average Depth 
Below Land 
Surface to Top 
of Unit 

(ftl 

0 
800 

1300 

2300 
4300 



\, 

The Water Canyon fault lies about 2 miles east of the 
Pajarito Fault zone (Fig. 3). It is a normal fault with a 
displacement of about 30 ft as measured between marker beds 
in the Bandelier tuff. The fault is downthrown to the east 
and is abut 2.5 to 3 miles long (Budding 1976). 

The scarp formed west of Area P appears to be an ero
sional scarp. The Water canyon fault lies east (Fig. 4). 
The outcrop of the upper units of the Bandelier Tuff on the 
north wall of Canon de Valle shows no breaks (bed dip to the 
west) northwest, north, and northeast of Area P. Several 
hundred yards east of Area P these beds are broken by the 
Water Canyon fault. The fault zones of broken tuff 
weather rapidly with the formation of silt and clay. These 
zones tend to restrict the movement of water rather than 
promote the movement. East of fault the beds dip gently to 
the east. 

The elevation of the saddle is about 7460 ft above sea 
level. The main aquifer (aquifer capable of municipal and 
industrial supply) lies at an elevation of about 6230 feet 
above sea level, or 1230 feet below the saddle in the Puye 
conglomerate. 

IV. LOCAL HYDROLOGY 

surface runoff from Area P is into Canon de Valle. 
canon de Valle heads on the flanks of the Sierra de los 
Valles to the west and is tributary to a major intermittent 
stream in Water Canyon about 2 miles to the southeast. wa
ter Canyon is tributary to the Rio Grande about 6 miles to 
the east in White Rock Canyon. 
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The stream in Canon de Valle below Area P is probably 
intermittent due to small drainage areas on the flanks of 
the mountain. It contains some water used in cooling 
machining processes from facilities to the west. This water 
forms base flow of the stream. 

Canon de Valle is over 100 feet deep at the saddle near 
Area P. The canyon in this area of the plateau contains 
only a thin section of alluvium (probably less than 10 feet 
thick), which could contain water from the stream perched on 
the underlying tuff. This is a common occurrence with water 
in major stream channels that cross the plateau. In Water 
canyon, about 2.5 miles to the southeast, water in a shallow 
observation well fluctuates with the amount of runoff in the 
intermittent stream. It is dry most of the time. In this 
area, a 200-foot deep/2-toot diameter well cased through the 
alluvium to shut out the water is completed in the tuff. 
This well has contained no water tor the past 25 years. 

Based on other test holes and supply wells on the 
plateau (Frijoles Mesa, Supply Wells PM-2, 3, 4, and 5), 
there is no known perched water beneath the alluvium in the 
stream channel and the top of the main aquifer. 

The top of the main aquifer lies at a depth of about 
1230 feet below the surface in rocks of the Puye conglomer
ate at Area P. The main aquifer is recharged from precipi
tation in the mountains to the west, deep canyons cut into 
the mountains, and from ground water in the Valles Caldera 
west of the Sierra de los Valles. The movement ot water is 
from the recharge area eastward toward the Rio Grande where 
part of the water is discharged into the river through seeps 
and springs. The movement of water in the upper 500-feet of 
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aquifer at Frijoles Mesa to the southwest has been calcu
lated at about 345 feet per year, while to the east the 
movement in the upper 1740 feet of supply well is much less 
at 95 feet per year {Purtymun 1984). The movement of the 
water in the main aquifer is probably near an average of the 
two rates at about 200 feet per year in the upper 1000 ft of 
the aquifer. A thick section of Tschicoma Formation lying 
within the main aquifer has a low permeability and tends to 
restrict the movement of water. 

V. AREA P 

The landfill at Area P is located on the south wall of 
Canon de Valles. The elevation is about 7400 ft. The south 
wall of the canyon contains a thick growth of live oak, 
pine, and wild rose. 

The Bandelier Tuff that forms the Pajarito Plateau 
consists of a series of ashflow and ash falls that are de
scribed as nonwelded, moderately welded, and welded. The 
tuff at the landfill overlies a welded tuff and laps on to a 
moderately welded t~ff {Fig. 5). The hydrologic character
istics of the tuff depend on degree of welding; the denser 
the welding, the lower porosity and hydraulic conductivity. 
The porosity of a moderately welded tuff will range from 30 
to 55 percent by volume, while that of a welded tuff will 
range from 15 to 40t by volume. The saturated hydraulic 
conductivity for a moderately welded tuff ranges from 0.1 to 
1.1 ft/day, while the welded tuff ranges from 0.009 to 0.26 
ft/day. The tuff at Area P is not saturated. 

The tuff is dry with natural moisture contents ranging 
from one to six percent by volume. Soil development on the 
tuff and north facing slopes has restricted most, if not 
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all, infiltration from precipitation into the underlying 
tuff. 

The landfill is an on-sloping bench of moderately 
welded tuff underlain by a welded tuff (Fig. 5). The land
fill was built from west to east. To the west the surface 
of the landfill has been capped with soil and tuff. There 
is no indication of water or leachate leaving the toe of the 
older part of the landfill. 

To the west, on the recently used part of the landfill, 
there is a considerable erosion, subsidence and evidence of 
water entering the landfill. At the toe of the landfill in 
this area the water appears (at time of precipitation, not 
continuous flow) as surface flow on the top of the welded 
tuff. 

The toe of the dump in the older part extends over the 
welded tuff, to the canyon bottom; however, the main part of 
the landfill is well above flood stage of Canon de Valle. 
There are some cans and other debris scattered below the 
main toe of the dump. 

The landfill may not be located in the best possible 
area; however, there are some positive geologic and hydro
logic conditions at the present location. 

(1) The landfill is underlain by a welded tuff, which 
has a low porosity and a low hydraulic conductivity. 

(2) The landfill is above the maximum flood level of 
canon de Valle with exception of minor amounts of material 
that is scattered below the main toe of the landfill. 

(3) It is in an area where all runoff water can be di
verted from the landfill. 

-7-
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(4) About 1200 ft of unsaturated volcanics and sedi
ments lie between the landfill and main aquifer of the Los 
Alamos Area. 

(5) The Water Canyon Fault zone lies about 400 ft east 
of the landfill. 

The depth to the top of the main aquifer, combined with 
the underlying relatively impermeable welded tuff, indicates 
that the present location of the landfill could be ideal 
with stabilization and runon and runoff control. 
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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 
Tuft 

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 effec~ive 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. ROX 740 

Sincerely yours, 

Daniel B. Stephens & Associates, Inc. 

~~¢4-
Warren B. Cox 
Laboratory Manager 
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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 l. 

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 
principl•• ot the analyses and methods of calculation. All 
calculation results are expressed in metric units according to 
Table 2. 
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Table 1. SUn':mary of Tests Performed 

-------------------------------------------- ------
!Hydraulic Cor~~ctivitv!Moisture Retention!L~tial 

' I Dry 
Sa:nple I I IHar.gir..g I Pressure I M:>isture I I B"..U..ic 
Number !Saturated! Unsaturated I Colu:nn I Plate !Content I Porosi cy I De!'.si cy 

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

SQ-81 X X X X X X X 

~ 
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Table 2. Unit Conventions 

Hydraulic Conductivity: em/sec 

M:::listure Content: ~ volume 

Bulk Der.sity: g/cc 

Porosity: dimensionless ( c::n3 1 cm3) 

Note: Unless otherwise stated, lengths are in units of 
centimeters, and masses are in units of grams. 

~ 
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SAMPLE CHARACTERISTICS 
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Table 3. SUrmnary of Sample Characteristics 

Sample No. I Depth ( ft) I Color Texture Colmlents 

---------- -------
7-8 Unknown I Reddish Brown I Volcanic Ash Contained Olivine Crystals 

I I 
11-12 Unknown I Reddish BI'CIWI'l I Volcanic Ash Contained Olivine Crystals 

I I 
16-17 Unknown I Reddish Bl"CN'l I Volcanic Ash Contained Olivine Crystals 

I I 
21-22 Unknown I Reddish BI'CIWI'l I Volcanic Ash Contained Olivine Crystals 

I I 
25-26 Ur..kncwn I Reddish Brown I Volcanic Ash Contained Olivine crystals 

I I 
35-36 Unla1own I Reddish BI'CIWI'l I Volcanic Ash Contained Olivine crystals 

I I 
42-43 Unknown I Reddish BI'CIWI'l I Volcanic Ash Contained Olivine Crystals 

I I 
61-62 Unknown I Reddish BI'CIWI'l I Volcanic Ash Contained Olivine Crystals 

I I 
75-76 Unknown I Reddish BI'CIWI'l I Volcanic Ash Contained Olivine Crystals 

I I and a small area of clay 
I I at one end 
I I 

8D-81 Unknown I Reddish BI'CIWI'l I Volcanic Ash Contained Olivine crystals 

l>ANIE·L B. STEPHENS & ASSOCIATES. INC. 



SATURATED HYDRAULIC CONDUCTIVITY 
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Table 4. Summary ot Saturated Hydraulic Conductivity Tests 

Sample No. ~ (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 TESi DATA 

JOB NAME: Los Alatcs 
JOB NUMBER: 67-L-D70 

SAMPLE NUMBER: 7-6 
RING NUMBER: 14 

DEPTH: unknown 
TYPE OF UATER USED: O.DlN CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c•l 
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) (OAYl (SECl ( Cl HEAD(CMl HEAD(CM) (CM/SECl (CM/SECl 

============================================================================= 
TEST I 1: 

11/5 0.00 19.0 
11/S 0.00 705 19.0 

TEST I 2: 
11/5 0.00 19.0 
11/5 0.00 590 19.0 

AVERAGE K SAT: 1.56£-04 (CM/SEC) 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Steller 
CALCULATIONS MACE BY: S. Stoller 

CHECKED BY: ~. Cox 

0.0 70.5 
0.0 24.6 1.5&-04 1.61E-04 

0.0 70.5 
0.0 30.4 1.52E-04 1.55E-04 

~ 
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FALLING HEAD TEST DATA 

JOB NAME: Los Alaaos 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 11-12 
RING NUMBER: 22 

DEPTH: unknown 
TYPE OF ~ATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. cal 
STANDPIPE X-SECTION AREA: 0.785 (sq. c•l 

SAMPLE LENGTH: 3.0 (cal 

-----------------------------------------------------------------------------DATE TIME DEL T TE~P RESERVOIR SAMPLE K SAT K SAT a 20 C 
(1967) (DAY) (SEC) ( Cl HEAO(CMl HEAO(CMl (CM/SECl (CM/SECl 

============================================================================= 
TEST I 1: 

11/10 639:33 15.0 
11/10 645:39 423 15.0 

TEST I 2: 
11/10 854:11 15.0 
11/10 900:20 3b9 15.0 

AVERAGE K SAT: 2.64E-04 (CH/SECl 

COMENTS: 

LABORATORY ANALYSIS BY: 5. Stol ier 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: ~. Cox 

0.0 74.b 
0.0 29.4 2.3SE-04 2.59E-04 

0.0 74.b 
0.0 28.3 2.BOE-04 3.09E-04 

~ -::.--= DANIEL B. STEPHENS & ASSOCIATES. INC. 
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. FALLING HEAO TEST DATA 

JOB NAME: Los Ala•os 
JOB NUMBER: 87-L·D70 

SAMPLE NUMBER: 16-17 
RING NUMBER: Z 

DEPTH: unkno~n 
TYPE OF UATER USED: O.OlN CaCIZ SOLUTION 

SAMPLE X-SECTION AREA: ZZ.ObO (sq. cal 
STANDPIPE X-SECTION AREA: 0.785 (sq. cal 

SAMPLE LENGTH: 3.0 (cal 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; ZO C 
(1987) (DAY) (SEC) ( Cl HEAD!CMl HEAO(CMl (CH/SECJ (CM/SECl 

======================·====================================================== 
TEST I 1: 

11/5 0.00 19.0 
11/5 0.00 30Z 19.0 

TEST I Z: 
11/S 0.00 19.0 
11/5 0.00 Z76 19.0 

AVERAGE K SATe Z.7BE-04 (CH/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stoller 
CALCULATIONS HADE BY: S. Stoller 

CHECKED BY: ~. Cox 

0.0 b9.B 
0.0 32.7 Z.68E-04 2.73E-04 

0.0 69.8 
0.0 34.0 Z.78E-04 Z.83E-04 
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FALLING HEAD TEST DATA 

JOB NAME: Los Alaacs 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unknown 
TYPE OF UATER USED: O.OlN CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. cal 
STANDPIPE X-SECTION AREA: 0.785 (sq. c1l 

SAMPLE LENGTH: 3.0 (cal 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (DAY) (SECl ( Cl HEAO(CMl HEAD(CMl (CM/SECl (CM/SECl 

============================================================================= 
TEST I 1: 

11/5 0.00 19.0 
11/5 0.00 364 19.0 

TEST • 2: 
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. Stcl ler 
CALCULATIONS MADE BY: 5. Stcl ler 

CHECKED BY: U. Ccx 

0.0 7ld 
0.0 38.7 1.98E-04 2.0ZE-04 

0.0 76.1 
0.0 30.7 1. 95E-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: unknown 
TYPE OF WATER USED: 0.01N CaCIZ SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c1l 
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(CMl 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: 9.1BE-05 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stoller 
CALCULATIONS MADE BY: 5. Stol ier 

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: unkno11n 
TYPE OF WATER USED: 0.01N CiC12 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c•l 
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) !SEC) ( Cl HEAD(CM) HEAO(CM) (CM/SECl (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: 2.2SE-05 (CM/SECJ 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stoller 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: W. Cox 

0.0 70.7 
0.0 36.9 2.07E-OS 2.29E-OS 

0.0 70.7 
0.0 26.1 2.00E-05 2.21E-OS 

~ 
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FALLING HEAD TEST DATA 

JOB NAME: Los Alamos 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unknc111n 
TYPE OF UATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. em) 
STANDPIPE X-SECTION AREA: 0.785 (sq. ctl 

SAMPLE LENGTH: 3.0 (ct) 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (DAY) (SEC) ( Cl HEAD(CMl HEAD(CM) (CM/SECl (CM/SECl 

============================================================================= 
TEST# 1: 

11/10 841:17 15.0 
11/10 904:42 1405 15.0 

TEST I 2: 
11110 905:46 15.0 
11/10 923:33 1067 15.0 

AVERAGE K SAT: 8.57E-05 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stol lrr 
CALCULATIONS MAOE BY: S. Stoller 

CHECKED BY: Y. Cox 

0.0 76.5 
0.0 29.6 7.21E-05 7.96E-05 

0.0 76.5 
0.0 33.3 8.32E-05 9 .18E-05 

~ 
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FALLING HEAD TEST DATA 

JOB NAMEt Los Ala,os 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

DEPTH: unknown 
TYPE OF YATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c•l 
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) (SEC) ( Cl HEAD(CM) HEAO(CMl (CM/SECl (CM/SECl 

============================================================================= 
TEST I 1: 

11/10 840:53 15.0 
11/10 844:18 265 15.0 

TEST I 2: 
11/10 855:36 15.0 
11/10 859:14 218 15.0 

AVERAGE K SAT: S.lSE-04 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stoi ltr 
CALCULATIONS MACE BY: 5. 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 H£AO TEST DATA 

JOB NAME: Los Alatcs 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 75-76 
RING NUMBER: 19 

DEPTH: unknc~n 
TYPE OF YATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. ct) 
STANDPIPE X-SECTION AREA: 0.785 (sq. ct) 

SAMPLE LENGTH: 3.0 (ctl 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT a 20 C 
(1987) !DAY) (SECl ( C) HEAD!CMl HEAO(CH) (CM/SECl (CM/SECl 

============================================================================= 
TEST I 1: 

11/10 840:27 15.0 
11/10 849:03 576 15.0 

TEST I 2: 
11/10 855:03 15.0 
11/10 903:29 506 15.0 

AVERAGE K SAT: 2.28E-04 (CH/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: 5. Stcl ltr 
CALCULATIONS MADE BY: S. Stcl ler 

.CHECKED BY: Y. 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 2.43£-04 
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FALLING HEAD TEST DATA 

JOB NAME: Los Ala,cs 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 60-81 
R LNG NUMBER: 16 

DEPTH: unknown 
TYPE OF YATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.0b0 (sq. cal 
STANDPIPE X-SECTION AREA: 0.765 (sq. cal 

SAMPLE LENGTH: 3.0 (cal 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(19671 (DAYl (SECl ( Cl HEAD!CMl HEAO(C11l (CM/SECl (CM/SECl 

============================================================================= 
TEST I 1: 

11/10 640:02 15.0 
11/10 921:11 24o9 15.0 

TEST • 2: 
11/10 923:49 15.0 
11110 1015:03 3C74 15.0 

AVERAGE K SAT: 4.41E-OS lCM/SECl 

COMMENTS: 

LABORATORY ANALYSlS BY: S. Stcl lrr 
CALCULATIONS MADE BY: S. Steller 

CHECKED BY: ~. Cox 

0.0 74.9 
0.0 27.4 4.35E-OS 4.60E-OS 

0.0 74.0 
0.0 25.9 3.o5E-05 4.02E-05 

~ 
~ DANIEL B. STEPHENS & ASSOCIATES. I~C. 



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 

-o.o 
-101.0 
-199.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-97.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-o.o 
-98.5 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

Moisture Content 
{c:n3/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. 



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) 

-0.0 
-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 

-o.o 
-1019.8 
-3059.4 
-5099.0 

-15297.0 

Moisture Content 
(% vol) 

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 

~ 
~-= DANIEL B. STEPHENS & ASSOCIATES. INC. 



MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 7-8 
RING NUMBER: 14 

DEPTH: unkno~n 

SAMPLE VOLUME: 66.16 (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: 

189. 1 (g) 
72.1 (g) 

0.0 (g) 

82.7 (g) 

51.6 (l vol) 
34.3 (c:d 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(l VOL) 
(1987) (CM) VOL (CCl VOL (CC) VOL !CCl DRYING ~ETTING 

==========~================================================================= 
11/23 1025 0.0 37.1 51.8 0.0 
11/25 800 100.0 35.5 1.6 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. Sto II er 
CALCULATION MADE BY: 5. Stoller 

CHECKED BY: 1.1. Cox 

~ 
~ DANIEL B. STEPHE:"l'S & ASSOCIATES. INC. 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 7-6 
RING NUMBER: 14 

DEPTH: unknown 
SAMPLE VOLUME: 66.16 (eel 

SATURATED UEIGHT AT D CM TENSION 
(UITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY UE!GHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF UATER IN SAMPLE: 
WEIGHT FROM ~ANG!NG COLUMN, U/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

169.1 ( 9) 
72.1 (g) 

0. 0 (g) 

62.7 (g) 

51.8 (1. 1101) 

30.1 (eel 
184. q ( 9) 

195.0 (cal 

DATE TIME PRESSURE UEIGHT CHANGE CHANGES MOISTURE 
!1967) !BAR) U/RING!Gl UT !Gl UT !Gl CONTENT (1. VOL) 

======================================:==============================· 
! 1/3D 645 0.0 164.9 
12/2 735 1.0 164.7 20.2 20.2 15.0 
12/6 630 3.0 164.0 0.7 20.9 13.9 
12/6 840 5.0 163.1 0 .'9 21.6 12.5 

12/13 1655 15.0 160.3 2.6 24.6 6.3 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED SY: S. Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: U. Ccx 

~ -:::---= DANIEL B. STEPHE~S & ASSOCIATES. INC. 



....-.-1 0 4 

L... 
ClJ 
~ 

0 
3: 

...... 
0 

-1 0 J 
E 
u 
~ 

-o 
0 
ClJ 

I -10 2 

ClJ 
L... 
::::::3 
(/') 
(/') 

ClJ 
L... 

Cl.. 
-1 0 

-1 
0.00 0.1 0 0.20 0.30 0.40 0.50 0.60 

Moisture Content (cm3/cm3) 
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DANIEL B. STEPHENS 
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~ 
~ DANIEL B. STEPHENS & ASSOCIATES. I:"JC. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE O!STR!BUT!ONl 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 11-12 
RING NUMBER: 22 

DEPTH: unknown 
SAMPLE VOLUME: 66.16 (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 (g) 
73.3 (g) 

0.0 (g) 

63.2 (g) 

56.1 (1 vel) 
37.1 (eel 

----------------------------------------------------------------------------
DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 

(1987) (CM) VOL (CC) VOL (CCl VOL (CCl DRYING WETTING 
===================:======================================================== 
11/23 1025 0.0 36.4 56.1 0.0 
11/25 800 98.0 34.6 1.8 1.6 53.3 0.0 
11/30 610 198.0 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:\fS & ASSOCIATES. INC. 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBE~: 87-L-070 

SAMPLE NUMBER: 11-12 
RING NUMBER: 22 

DEPTH: unknc111n 
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: 

193.b (g) 
73.3 (g) 

0.0 (g) 
83.2 (g) 

56.1 ( ~ YC I) 

32.6 (cc:) 
169.1 (g) 

196.0 (cal 

----------------------------------------------------------------------
DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 

(19871 (BAR) W/R!NG(Gi WT (G) UT (G) CONTENT (l VOL) 
====================================================================== 
~1/30 845 0.0 189.1 
1212 740 1.0 181.4 7.7 7.7 37.6 
12/6 630 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 17DO 15.0 169.7 4.1 19.4 19.9 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stc II er 
CALCULATION MACE BY: S.Stcller 

CHECKED BY: W. Cox 

~ -:::--= DANIEL B. STEPHENS & ASSOCIATES. I~C. 
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FOR' 
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PLOTTED &Y: CHECKED aY: 
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DANIEL B. STEPHENS 
& ASSOCIATES, INC. 

·~ DANIEL B. STEPHENS & ASSOCIATES. INC. -



MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTR!SUTIONl 

JOB NAME• LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 16-17 
RING NUMBER: 2 

DEPTH: unknown 
SAMPLE VOLUME: 66.16 (eel 

SATURATED UEIGHT AT 0 CM TENSION 
(U!TH CAPANO RING): 

TARE RING: 
TARE CAP: 

DRY UE!GHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF UATER IN SAMPLE: 

193.6 (g) 

73.1 (g) 
0.0 {g) 

64.2 (g) 

54.9 (7. vo I) 
36.3 {eel 

OATE T!ME SUCT!ON BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
( 1987) { CM l VOL (CCl VOL {CC l VOL { CC l DRY lNG UETT!NG 

============================================================================ 
11123 1025 0.0 33.7 54.9 0.0 
11/25 BOO 101.0 32.9 0.8 O.B 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. Steller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: U. Cox 

~-DANIEL B. STEPHENS & ASSOCIATES. INC. 

, II 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 16-17 
R !NG NUMBER: 2 

DEPTH: unkno11n 
SAMPLE VOLUME: 66.16 (eel 

SATURATED UEIGHT AT 0 CM TENSION 
(UITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY UE!GHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF UATER IN SAMPLE: 
UEJGHT FROM HANGING COLUMN, U/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

193.6 (g) 

73.1 (g) 
0.0 (g) 

64.2 (g) 
54.9 (t YO I) 

33.4 (eel 
190.7 (g) 

199.0 (e•) 

----------------------------------------------------------------------
DATE T!HE PRESSURE UE!GHT CHANGE CHANGES MOISTURE 

(1987) (BARl U/R!NG(Gl UT (G) UT (Gl CONTENT (1. VOLl 
=======~============================================================== 
11/30 645 0.0 190.7 
12/2 740 1.0 185.2 5.5 5.5 42.2 
12/6 830 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 

COMMENTS' 

LABORATORY ANAlYSIS PERFORMED BY: S. Steller 
CALCULATION HADE BY: S. Stoller 

CHECKED BY: U. Cox 

~ 
~-= DANIEL B. STEPHENS & ASSOCIATES. INC. 
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FIGURE NUM&ER: 

FOR' 
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& ASSOCIATES, INC. 

~ 
~ DANIEL B. STEPHENS & ASSOCIATES. I:'\fC. 



MOISTU~E RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unkncwn 
SAMPLE VOLUME: 66.18 (eel 

SATURATED ~EIGHT AT 0 CM TENSION 
(~ITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 

194.0 (g) 

73.8 (g) 

0.0 (g) 
83.0 (g) 
56.2 (~ vel) 
37.2 (cd 

DATE TIME SUCTION BURET CHANGE CHANGES MO!STU~E CONTENT(~ VOL) 
(1987) (CM) VOL (CCl VOL (CCl VOL (CCl DRYING ~ETT!NG 

============================================================================ 
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. Stoller 
CALCULATION MADE BY: 5. Stoller 

CHECKED BY: IJ. Cox 

~ 
~ DANIEL B. STEPHENS & ASSOCIATES. I~C. 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 21-22 
R lNG NUMBER: F 

DEPTH: unknown 
SAMPLE VOLUME: 66.16 (eel 

SATURATED WEIGHT AT 0 CM TENSION 
(~ITH CAPANO RING): 

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 
~EIGHT FROM HANGING COLUMN, ~/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

194.0 (g) 

73.6 (g) 
0.0 (g) 

83.0 (g) 

56.2 (l vo I l 
32.7 (eel 

189.5 (g) 

198.0 ( C:l) 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
( 1987) (BAR l Y/R lNG( Gl WT (Gl ~T ( G l CONTENT ( l VCLl 

====================================================================== 
11/30 645 0.0 189.5 
1212 740 1.0 175.4 14.1 14.1 26.1 
12/6 830 3.0 171.9 3.5 17.6 22.6 
1218 840 5.0 169.7 2.2 19.8 19.5 

12113 1710 15.0 165.0 4.7 24.5 12.4 

COI'IMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.Stoller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: ~. Cox 

~ DANIEL B. STEPHE\TS & ASSOCIATES. INC. ,.-., ~ 
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MOISTURE RETENiiON DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 25-26 
RING NUMBER: C 

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: 

198.3 (g) 
72.8 (g) 

0.0 (g) 
91.1 (g) 

52.0 (~ YO I) 
34.4 (cc:) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
(1987) (CMl VOL (CCl VOL (CCl VOL (CCl DRYING WETTING 

=====:====================================================================== 
11/23 1025 0.0 35.6 52.0 0.0 
11125 SDO 98.5 35.2 0.4 0.4 51.4 0.0 
11/30 810 203.0 36.5 -1.3 -0.9 53.3 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stollrr 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: W. Cox 

~ 
-::::--~ DANIEL B. STEPHENS & ASSOCIATES, INC. 
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MOISTURE RETENTION DATA - 15 BAR PR~SSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 25-26 
RING NUMBER: C 

DEPTH: unknc~n 

SAMPLE VOLUME: 66.18 (ctl 
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 COLU~N: 

198.3 (g) 
72.8 (g) 

0.0 (g) 

91.1 (g) 

52.0 (1. vel) 
30.9 (eel 

194.8 (g) 

203.0 (e•l 

----------------------------------------------------------------------
DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 

(1967} !BARl W/RING(G) WT (G) WT (Gl CONTENT (1. VOL) 
====================================================================== 
11/30 645 0.0 194.8 
12/2 740 1.0 179.3 15.5 15.5 23.3 
12/6 630 3.0 178.0 1.3 16.8 21.3 
12/6 840 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. Steller 
CALCULATION MACE BY: S. Steller 

CHECKED B~: U. Cox 

----------- ------~-----------------------------------------

~ -::::---=: DANIEL B. STEPHE~S & ASSOCIATES. I\"C. 
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FIGURE NUMBER= Pressure Head ( §m of water) vs. Moisture 
Content (cm3/cm ), Sample No. 25-26 

FOR• 

Los Alamos 

PROJECT NO: DATE: 
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PLOTTED &Y: CHECKED &Y: 
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& ASSOCIATES, INC .. 

~ 
~ DANIEL B. STEPHENS & ASSOCIATES. !~C. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: B7-L-07D 

SAMPLE NUMBER: 35-36 
RING NUMBER: G 

DEPTH: unk no111n 
SAMPLE VOLUME: 66.18 (eel 

SATURATED YEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF YATER IN SAMPLE: 

208.4 (g) 
73.3 (g) 

0.0 (g) 

106.8 (g) 
42.8 a vel) 
28.3 (ed 

DATE. TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
(1987) (CM) VOL (CCl VOL (CCl VOL (CCl DRYING WETTING 

============================================================================ 
11/24 1120 0.0 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 0.0 0.9 41.4 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stolll!r 
CALCULATION MACE BY: S. Stoller 

CliECKED BY: W. Cox 

~ 
---- DANIEL B. STEPHE;-.:s & ASSOCIATES. I:\C. ,....., ,...... 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISiR!BUT!ONl 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 35-36 
RING NUMBE~: G 

DEPTH: unk nc~n 
SAMPLE VOLUME: bb.!B (eel 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SA7URATED MOISTURE CONTENT: 

INITIAL VOLUME OF YATER IN SAMPLE: 
UEIGHT FROM HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLU~: 

208.4 (g) 

73.3 (g) 
0. 0 (g) 

lOb .8 (g) 

42.8 (1. vel) 
27.0 (cd 

207.1 (g) 

205.0 (c•) 

DATE TIME PRESSURE UE!GHT CHANGE CHANGES MOISTURE 
(1987l (BARl U/RING(Gl UT (Gl UT (Gl CONTENT (1. VOLl 

====================================================================== 
11130 845 0.0 2D7 .1 

1212 740 1.0 200.1 7.0 7.0 30.2 
12/b 830 3.0 189.5 10.b 17.b 14.2 
1218 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:ller 
CALCULATION MADE BY: S.Stcller 

CHECKED BY: W. Cox 

~ 
-::::----:: DANIEL B. STEPHE:'-iS & ASSOCIATES. 1:\C. 
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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: unkncvn 
SAMPLE VOLUME: bb.1B (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: 

206.0 (9) 

72.6 (9) 

0.0 (9) 
107.4 (9) 

42.3 (l vo I l 
28.0 (ec:) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(X VOL) 
(19671 (CMl VOL (CC) VOL (CCl 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 0.1 42.2 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stelle~ 
CALCULATION MADE BY: S. Stolle~ 

CHECKED BY: W. Cox 

----------------------------------------------------------------------
~ 
~= DANIEL B. STEPHENS & ASSOCIATES. INC. 

, II 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 42-43 
RING NUMBER : 4 

DEPTH: unk ncwn 
SAMPLE VOLUME: 66.18 (eel 

SATURATED ~EIGHT AT 0 CH TENSION 
(~lTH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WE!GHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, ~/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

208.0 (g) 

72.6 (g) 
0. 0 (g) 

107.4 (g) 
42.3 (J. vel) 
26.4 (eel 

206.4 (g) 

209.0 (c•l 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
( 1987) (BAR l U/R I NG( Gl UT ( Gl UT ( Gl CONTENT (J. VOU 

=====================================================================2 
!1130 845 0.0 206.4 
12/2 740 1.0 202.2 4.2 4.2 33.5 
12/6 830 3.0 200.2 2.0 6.2 30.5 
1218 840 5.0 199.1 1.1 7.3 28.9 

12/13 1720 15.0 195.1 4.0 11.3 22.8 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION HADE BY: S. Stoller 

CHECKED BY: ~. Cox 

-------------------------------------------
~ DANIEL B. STEPHE~S & ASSOCIATES. I~C. 
~ ,_. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

DEPTH: unknc111n 
SAMPLE VOLUME: oo.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: 

210.1 ('3) 
73.4 ('3) 
0.0 (g) 

112.6 ('3) 
36.4 (1, vel) 
24.1 ( cd 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(l VOL) 
(1987) (CM) VOL (CCl VOL (CC) VOL (CCl DRYING WETTING 

============================================================================ 
11/24 1120 0.0 36.1 36.4 0.0 
11/28 1125 95.5 35.0 1.1 1.1 34.8 0.0 
11/30 810 202.0 33.6 1.4 2.5 32.6 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Staller 
CALCULATION MAOE BY: 5. Staller 

CHECKED BY: W. Cox 

~ DANIEL B. STEPHENS & ASSOCIATES. 1\fC. ,.-..., ,_. 



MOISTURE RETENTION DATA • 15 BAR PRESSURE PLATE 
(PORE SIZE DlSTRlBUTlONl 

JOB NAME: LOS ALAI105 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

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 YATER 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 (1 val) 
20.8 (cc) 

206.8 (g) 
202.0 (c:•l 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(!987) (BAR) W/RING!Gl WT (Gl WT (Gl CONTENT (~VOL) 

====================================•==================•============a• 
11/30 645 0.0 206.8 
1212 740 1.0 198.6 8.0 8.0 1~.3 
1216 830 3.0 193.4 5.4 13.4 11.2 
1218 840 5.0 192.~ 0.5 13.~ 10.4 

12/13 1720 15.0 191.2 1.7 15.6 7.9 

C01111ENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCUI..A Tl ON MADE BY: S. Stoller 

CHECKED BY: IJ. Cox 

~ ·-::::.---= DANIEL B. STEPHENS & ASSOCIATES. INC. 

I li 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBERt 75-76 
RING NUMBER: 19 

DEPTH: unknown 
SAMPLE VOLUME: 66.16 (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: 

204.5 (g) 
73.4 (g) 

0. 0 (g) 
103.6 (g) 
41.6 (1 vol) 
27 .s (cc) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(l VOL) 
(1967) (CMl VOL !CCl VOL (CCl VOL (CC) DRYING WETTING 

=========================================2================================== 
11/24 1120 O.D 34.4 41.6 0.0 
11126 1125 95.0 32.0 2.4 2.4 37.9 0.0 
11/30 610 199.0 26.6 3.2 5.6 33.1 0.0 

C01111ENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CALCULATION MADE BY: 5. Stoller 

CHECKED BY: ~. Cox 

~ -:::----= DANIEL B. STEPHENS & ASSOCIATES. INC. 



MOfSTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE D!STRIBUTlONl 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 75-76 
RING NUMBER: 19 

DEPTH: unkno"n 
SAMPLE VOLUME: 66.18 (eel 

SATURATED YEIGHT AT 0 Cl1 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: 

204.5 (g) 
73.4 (g) 
0.0 (g) 

103.6 (g) 
41.6 (J; vol) 
21.9 (eel 

196.9 (g) 

199.0 (cal 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1967) !BAR) W/RING(Gl WT (Gl WT (G) CONTENT (t; VOLl 

::::::================================================================ 
11/30 645 0.0 196.9 

1212 740 1.0 192.9 6.0 6.0 24.0 
1Z/6 830 3.0 185.3 7.6 13.6 12.5 
1218 640 5.0 184.7 0.6 14.2 11.6 

12/13 1725 15.0 162.5 2.2 16.4 6.3 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: W. Cox 

---------------------------------------------------------------------------
~ DANIEL B. STEPHENS & ASSOCIATES. I~C. ,_.., ,...... 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAM:: LOS ALAMOS 
JOB NUMBER: 87-L-D70 

SAMPLE NUMBER: 80-81 
RING NUMBER: 18 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (:~) 

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: 

215.1 (g) 
73.1 (g) 

O.Ci (g) 

119.1 (g) 

34.6 (1 vel) 
22.9 (c:c:) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(l VOL) 
(1987) iCMl VOL (CCl vOL (CC) VOL (~Cl 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 33.1 -4.0 -4.1 4D.8 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: W. Cox 

~ 
---- DANIEL B. STEPHENS & ASSOCIATES. INC. ,_..., --



~!STURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE OISTRIBUT!ONl 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBE~: 60-61 
R !NG NU/1BER: 16 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

SATURATED WEIGHT AT D CH 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) 
34.6 (1, vol) 
21.4 (c:r::l 

213.6 (g) 

205.0 (cal 

----------------------------------------------------------------------
DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 

(1967) (BARl W/RING(G) WT (G) WT (Gl CONTENT (1 VOL) 
======================================================z=============== 
11/30 845 0.0 213.6 
1212 740 1.0 210.4 3.2 3.2 27.5 
1216 630 3.0 204.3 6.1 9.3 18.3 
1218 640 5.0 203.5 0.8 10.1 17.1 

12113 1725 15.0 199.3 4.2 14.3 10.7 

COMNTS: 

LABORATORY ANALYSIS PERFORMED BY: S.Stoller 
CALCULATION HADE BY: 5. Stoller 

CHECKED BY: \J. Cox 

~ 
~ 0:\:\IEL B. STEPHE~S & ASSOCIATES. INC. 

I II 
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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) (% vo1) 
----------------------------------------------------------------
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 1. 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 l. 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.\\!1-:L B. ~Tf.PilE\,:-l & \SSOCI:\Tf.S. 1\C 



CATA FOR lN!T!Al MOiSTURE CONTENi• 
3ULK CE~SiTY, ANO POROSITY 

JOB .~AME: LOS ALAMOS 
JCB NL~BE~: 87-L-070 

SAMPLE NU~SER: 11-12 
RING NU~SER: 22 

DE?TH: unKnown 

FIELD ~!EGHT OF SAMPLE (~/CAP AND RING): 
TARE ~IGHT, RING: 

TARE ~EIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE ANO TIME OUT OF OVEN: 

168.9 (9) 
73.3 (9) 

0.0 (9) 
66.16 (eel 

12/13/87 1700 
12117/67 9&0 

DRY WEIGHT OF SAMPLE: 63.2 (9) 

DRY BULK DENSITY: 1.26 !9/ccl 
PARTICLE DENSITY: 2.65 (glee) 
!METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 9/ccl 

CALCULATED POROSITY: 52.56 (t vel) 

tN!TIAL MOISTURE CONTENT (VOLUI'1ETR!Cl: 16. 7& tt vel) 

INITIAL ~O!SiURE CONTENT (GRAVIMETR!Cl: 14.90 (t) 

CO~~ENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stel ltr 
CALCULATIONS 1'1AOE BY: S. Stel ltr 

CHECKED BY: W. C~x 

~ -:::---:::::= fl \\fFL B S'ITi'f!r.\.-; .\: .\S;..;OCf:\TES. !\C. 

' II 



DATA FOR INI~IAL ~O!SiiJ~E CCNi::Ni, 
BULK DtNS!TY, AND POROSiTY 

JOB NAME: LOS ALAMOS 
~OB NUMBE~: 87-L-070 

SAMPLE NUMBER: 16-17 
R I NG NUI",SER : 2 

DEPTH: unkno111n 

FIELD WIEGHT OF SAMPLE (U/CAP AND RING): 
TARE WEIGHT, RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

172.0 (g) 
73.1 (g) 

0. 0 (g) 

66.18 (c:cl 
12/13/87 1700 
12117/87 940 

DRY WEIGHT OF SAMPLE: 84.2 (g) 
DRY BULK DENSITY: 1.27 (g/c:c:) 
PARTICLE DENSITY: 2.65 (g/c:c:l 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/c:c:) 

CALCULATED POROSITY: 51.99 (l ¥all 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 22.21 (l ¥01) 

INITIAL MOISTURE CONTENT (GRAVIMEiR!C): 17.46 (Xl 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATIONS MACE BY: 5. Stoller 

CHECKED BY: W. Cox 



CATA ::'QR INP'!AL .010!ST'JRE CONTENT I 

BL:LK DENS l TY I AND ?OROSI iY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unknown 

F l ELO W l EGHT OF SAMPLE (loll CAP AND R l NG l : 
TARE WEIGHT, R!NG: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND T!ME OUT OF OVEN: 

170.0 (g) 

73.6 (g) 

0.0 (g) 

66.16 (eel 
12/13167 17~0 
12117167 940 

DRY WEIGHT OF SAMPLE: 63.0 (g) 

CRY BULK DENSITY: 1.25 (glee) 
PARTICLE DENSITY: 2.65 (glee) 
(METHOD: ASSUME MEAN PARTICLE DENSITY ~ 2.65 glee) 

CALCULATED POROSITY: 52.67 (T. vel l 

!N!T!AL MOISTURE CONTENT (VOLUMETRIC): 19.95 (l veil 

!N!TIAL MOISTURE CONTENT (GRAVIMETRIC): 15.90 (l) 

CCMMENTS: 

LABORATORY ANALYSiS PERFORMED BY: 5. Stol It~ 
CALCULATIONS MADE BY: 5. Stoi le~ 

CHECKED BY: W. Cox 

----------



DATA FOR !Nl;'!AL MOISTURE CCNT::NL 
SULX DENSITY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMSER: 25-26 
~ !NG NU~BER: C 

DEPTH: unk ncwn 

FIELD ~!EGHT OF SAMPLE (U/CAP ANO RING): 
TARE UE!GHT, RING: 

TARE UEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

176.6 (g) 
72.8 (g) 

0. 0 (g) 

bb. 18 (c:c:) 
12/13/87 1700 
12/17/87 940 

CRY ~EIGHT OF SAMPLE: 91.1 (g) 
DRY BULK OENS!TY: 1.38 (glee:) 
PARTICLE DENSITY: 2.65 (g/c:c:l 
(METHOD: ASSUME MEAN PARTICLE DENSITY a 2.65 g/c:c:l 

CALCULATED POROSITY: 48.05 (~ ~cl) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 19.19 (l11al) 

INITIAL MO!SiURE CONTENT (GRAVIMETR:Cl= 13.94 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stol ltr 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: U. Ccx 



OAiA FOR INITIAL ~O!STURE CONTENT, 
Sul~ DENSITY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 35-36 
RING NUMBER: G 

DEPTH: unl: nawn 

FiELD ~!EGHT OF SAMPLE (U/CAP AND RING): 
TARE UE!GHT, RING: 

TARE UEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

195.11 (g) 

73.3 (g) 

0. 0 (g) 

66.18 (c:cl 
12/13/67 1700 
12/17/67 940 

DRY UE!GHT OF SAMPLE: 106.6 (g) 

DRY BULK DENSITY: 1.61 (g/c:c:) 
PARTICLE DENSITY: 2.65 (g/c:c:) 
(METHOD:. ASSUME MEAN PARTICLE DENSITY = 2.65 g/c:c:) 

CALCULATED POROSITY: 39.10 (X vall 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 23.42 (~val) 

!NIT!AL MOISTURE CONTENT (GRAVIMETRIC): 14.51 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stolle~ 
CALCULATIONS MACE BY: S. Stoller 

CHECKED BY: U. Cox 

~ 
--- 1\\ '.ILL li . ..;TEI'!IF:-:s ,\, .\'..;< 1CIYITS. !'\'' .-.._ ........ 



CATA FOR INITIAL ,~O!STURE CONiE1-ii. 
Bt.;L< JE'VS !TY, Al-40 ?0RCS: TY 

JOB NAME: LOS ALAMOS 
JOB NU~SE~: 87-L-070 

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unk nc~n 

FIELD ~IEGHT OF SAMPLE (~/CAP AND RING): 
TARE ~EIGHT, R!NG: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

204.2 (g) 

72.6 (g) 
D .0 (g) 

00.18 (c:cl 
12/13/87 170D 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 107.4 (g) 
DRY BULK DENSITY: 1.62 (g/c:c:l 
PARTICLE DENSITY: 2.65 (glee:) 
(METHOD: ASSUME MEAN PARTICLE DENSITY= 2.65 g/c:c:) 

CALCULATED POROSITY: 38.76 (~ ~al) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): Jb.S7 (~ ~ol) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 22.53 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stol ltr 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: U. Cox 



DATA FO~ INITIAL MOISiURE CONTENT, 
BULK DENSITY, AND PCROSJTY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMSER: b1-b2 
RING NUMBER: A4 

DEPTH: unknown 

FIELD UIEGHT OF SAMPLE (U/CAP ANO RING): 
TARE UE!GHT, R!NG: 

TARE UEIGHT, PAN: 
SAMPLE VOLUME: 

DATE ANO TIME INTO OVEN: 
DATE ANO TIME OUT OF OVEN: 

199.0 (g) 
73.4 (g) 
0.0 (g) 

oo.1a (c:c:l 
12/13/67 1700 
12/17/67 940 

DRY WEIGHT OF SAMPLE: 112.o (g) 
DRY BULK DENSITY: 1.70 (g/c:c:l 
PARTICLE DENSITY: 2.bS (g/c:c:l 
(METHOD: ASSUME MEAN PARTICLE DENSITY • Z.oS g/c:c:) 

CALCULATED POROSITY: 35.60 (l vall 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 19.o4 ('vall 

INITIAL MOISTURE CONTENT (GKAVIMETRIC): 11.55 (l) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Staller 
CALCULATIONS MAOE BY: 5. Stoller 

CHECKED BY: U. Cox 

~ -=::---::: D-\\'ll-:L B. ~TF.PHE\'S & .-\SSOCI.\TES. 1\'C. 
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DATA FOR INITIAL M0[57~RE CONTEST, 
3~L~ JENSiTY, AND ~OROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBE~: 87-L-070 

SAMPLE NUMBER: 75-76 
R!NG NUMBE~: 19 

DEPTH: unknown 

FIEL~ WIEGHT OF SAMPLE (W/CAP ANO RING): 
TARE WEIGHT, RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE ANO TIME OUT OF OVEN: 

19Z.3 (g) 
73.4 (g) 

0. 0 (g) 
bb.18 (c;c:) 

lZ/13/87 1700 
lZ/17/67 940 

DRY WEIGHT OF SAMPLE: 103.6 (g) 
DRY BULK DENSITY: 1.57 (g/ccl 
PARTICLE DENSITY: Z.6S (g/c:cl 
(METHOD: ASSUME MEAN PARTICLE DENSITY = Z.6S g/cc:l 

CALCULATED POROSITY: 40.93 (~~ell 

INITIAL MOISTURE CONTENT (VOLUMETRIC): Z3.1Z (1 ~ol l 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 14.77 (~) 

COMMENTS: 

LABORATORY ANALYSiS =:~FCR~EO BY: 5. Stolle~ 
CALCULATIONS MAOE BY: 5. Stci le~ 

CHECKED BY: ~. Cox 

-- ·------------ ·-·-

~ 
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DATA FOR INITIAL MOISTURE CONTENT, 
BULK DENSITY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 60-61 
RING NUI'!BE~: 18 

DEPTH: unknown 

FIELD ~IEGHT OF SAMPLE (~/CAP AND RING): 
TARE ~EIGHT, RING: 

TARE ~lGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE ANO TIME OUT OF OVEN: 

205.5 (g) 
73.1 (g) 
0.0 (g) 

~~.16 (c:c) 
12/13/67 1700 
12/17/67 940 

DRY ~IGHT OF SAMPLE: 119.1 (g) 
DRY BULK DENSITY: 1.60 (g/cc:) 
PARTICLE DENSITY: 2.~5 (g/cc) 
!METHOD: ASSUME MEAN PARTICLE DENSITY • 2.~5 g/ccl 

CALCULATED POROSITY: 32.09 (~val) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 20.10 (~vel) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 11.17 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. 5tol ltr 
CALCULATIONS MACE BY: 5. Stoller 

CHECKED BY: ~. Cox 

~ =-----= 0.-\:\lEL B. STEPHF.:\S ,.;: .-\SSOCl.-\TI::S. 1\C. 

' " 



UNSATURATED HYDRAULIC PROPERTIES 



Table 7. Summary of Para~eters for Calculating Unsaturated 
Hydraulic Conductivity 

--------------------------------------------------------------------
ex N er (cm~~cm3) Ks 

Sample No. (cm-1) (dimensio::l- (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 0.426 2.25!-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 

~ -::=:----:= 0.\\ IEL G. sn:i'l !E\S ,"<.,; :\~SOCI.-\TES. !\C. 
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PRINCIPLES AND METHODS 



SATURATED HYORAU~IC CONDUCTIVITY 

Method 

The saturated hydraulic conductivit~· ot a soil sample can .. 
ce measured in two types of lacoratory apparatus: a constant head 

permeameter or a falling head permeameter. 

constant head. The hydraulic conductivity K is defined here 

as tl"'.e ratio of q, the volume flux of water pissing'through a 

unit cross sectional area of sci l per unit time, a'nd (6h/L) ·or 

gradient of hydraulic head in the direction ot tlow; corrected 

to 20°C: 

( 1 ) 

where. v 20 ,T is the kinematic viscosity a~ 20 1 C and ocserved 

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 

through the sample. A constant head differential, 6h, 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 

ther!':'lometer. Figure S-1 is a diagram of the apparatus used. A 

constant head system is best suited to samples with conductivi-
. -4 

ties greater than 10 em/sec. 

~ 
~ DANIEL 8. STEPHE~S & :\SSOCI:\TES. I'-:C 
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Figure B-1. Constant Head Permeameter 
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Fall!.r.g head. A soil sample of len~th t and cross sectional 

area, A, is placed in a sample holder which has a standpipe with 

cross-sectional area, a. A head of H1 
, is established in the 

standpipe above 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 best suited to samples with 

-4 
conductivities less than 10 em/sec. The hydraulic conductivi-

ty, is then defined as: 

K • ( a x L/A x t) .2.n (H/H
2
)(V1/V 20) ( 2 ) 

Procedures: 

Constant head. Cylinders containing the soil sample are 

covered on 'ooth ends with loose fitting caps and placed in a 

shallow pan containin~ de-aired water. The samples are allowed 

to wet slowly from 'oelow for 24 hours. The samples are removed 

from the pan, and two screens are placed over one end; a very 

sti!! one of coarse mesh tor support and a fine one of either 80 

to 100 mesh to prevent any sample from being washed.out. The 

cylinder, with screens attached, is then clamped into the sample 

retainer and placed in the permeameter. The level of 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 above the top of the sample, a siphon is placed in 

the sample retainer assembly to remove water from above 

~ 
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Figure B-2. Falling Head Permeameter 
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the sample. Water flows upwarQ through the sample QUe to the 

hyQraulie heaQ Qifferenee across the sample. Periodic measu~e

ments ot discharge and the head difference across the sample are 

made, and the hydraulic conQuctivity is calculated. A correction 

to 20 9 is then applied for differences in kinematic viscosity. 

Measurement continues until the calc~lated hydraulic conductivity 

value stabilizes. 

Falling head. Saturation of the sample is obtained by the 

same proceQures describeQ under constant head test. Screens are 

also attacheQ as outlined under constant head teat. The ring 

with screens is then placeQ 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. !he water level in the standpipe is allowed to tall, 

while the fluid level in the lower level is constant. After a 

perioQ ot time the difference in water levels between that in tne 

standpipe and that in the constant head reservoir are measured 

and the elapaed 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 clue to gra

vity. If water .is extracted from an initially saturateci 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, adciitional water drains trom progressively 

smaller pores. 

Method 

The key component ot the apparatus for measuring the reten

tion of moisture at ciitterent pressure heacis or pore size ciistri

bution is a tritted glass porous plate that conducts water, 

but when wet the plate is impermeable to air. The tritted glass 

DANIEL B. STEPHE~S & ASSOCIATES. !\:C. 



plates have an air-entry pressure ot about 300 to 400 em ot 

water. These plates are affixed in a glass tunnel which is 

connected to a curet with stopcock by means ot flexible tubing. 

A diagram of the apparatus is shown .in Figure 3. A soil sample 

is placed on the plate and tens ion, h' is applied to the sample 

by positioning the fluid level in the curet at ditterent levels 

below the center ot the sample. Water tlowa out ot the sample 

into the curet until e~uilicrium is achieved. The tension is 

again increased or decreased to obtain another state ot e~uili

crium between moisture held by capillary torces 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 tor 24 hours. The 

tunnel with porous plate and the curet are supported on vertical 

rods cy means ot clamps. A saturated sample within its sample 

rin~ 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 ot the water in the buret is recorded. 

The buret is then lowered a small increment ·to about 10 to 

l~ em below the center ot the soil sample. When the stopcoc~ is 

opened, the soil may begin to desaturate, an~ the ~rainage will 

flow into the buret. When drainage has ceased, the stopcock is 
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closed and we ~ecord the water level in the buret and the 

vertical distance trom the bottom ot the meniscus ot the water in 

the buret to the middle of the soil sample. The procedure is 

repeated in a stepwise manner until the maximum tension desired 

is reached. A reversal ot the process is ~sed to gather data on 

the wetting behavior of the sample. 

Calculation 

Saturated moisture content e 
sat 

(volume percent) is 

determined as follows: 

8 sat • (M sat - M dry) /(VT x p ) X 100 
w 

(% vol) ( 4 ) 

where M sat • mass ot sample saturated, M dry • mass of sample, 

oven dried to a constant weight, .v 1 • volume of the sample, p • 
w 

density ot the water at temp when saturated mass was determined. 

The quantity rM sat- M dry)/Pw is the volume, in cubic centi-

meters, o t water initially containec:1 in the aample volume. The 

drainage is subtractec:1 from the initial volume of water anc:1 then 

divided by the sample volume to arrive at the moisture content in 

percent volume at the given value ot tension. 

(% vol) ( 5 ) 

where V • volume ot water initial, v0 • cumulative volume 

drained t~om sample, v1 • volume of sample, eh, • moisture 

content at the tension value h'. This gives then a paired set ot 

values ot 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 difference between the liquid 

phase of 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 tlow to occur across the 

plate (Figure S-4). The porous ceramic plate is supported by a 

tine mesh screen which also provides a passage way tor the 

extracted solution. The water beneath the plate 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 plate extractor during an extraction 

run. 

As soon as air pressure inside the chamber is raised above 

atmospheric pressure, the higher pressure inside the chamber 

forces exce .. water through the microscopic pores in the plate. 

Air, however, will not tlow through the pores of the plate, 

because the plate remains saturated .due to its high air-entry 

pressure. When the press4re in the chamber increases, water 

leaves the sample until the tension ot the water 

~ 
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water films 

·.a_--- soil particles 

ceramic plate 

Figure B-5. 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 Barbara, CA, Moael 1600), 

with 1, 3 and 15 bar ceramic plates. Pressure is proviaea by 

high pressure nitrogen trom cylinders. 

Laboratory Procedure 

The porous ceramic plate is placed is a shallow pan with 

deaired distilled water and allowea to stana overnight. The 

plata is then removed trom the pan and placed in the extractor. 

De-aired distilled water is pourea over the plate to the limit 

allowed by the rubber skirt, which generally just submerges the 

plate. The pressure plate is sealed and pressure brought to 50% 

ot the plates maximum rated pressure. This pressure is maintain-

ed until outtlow ceases. The extractor is opened ana any excess 

water arouna the plate is removed. 

The sail ••mples in their sample rings are then placea on 

the plate, making certain good hydraulic contact is established. 

The extractor is then sealed ana 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, and the pressure is increased to the 

next increment. 

Calculations 

The decrease in mass of water in the sample durin; a period 

of applied pressure is converted to an equivalent decrease in 

volume of water according to: 

(cc) ( 6) 

where t:. m • chan;e in mass of soil sample (g), PT • density of 

water at temperature of experiment (g/cc), v .., • equivalent 

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 (cc), l:t:. Vw • cumulative water volume 
change (cc), vT • total volume of the sample (cc). 

~ 
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INITIAL MOISTURE CONTENT 

Me tho<:! 

Core methoc:!, with oven c:!rying. 

Laboratory Procec:!ure 

The tiel<:! weight of the soil sample is c:!eterminea as soon as 

possible atter the sample is remove<:! from the packing container. 

The tare ot the ring which holas the sample, aa well aa the mass 

of the caps tor the enc:!s ot the ring, are c:!etermined. The volume 

of soil in the sample ring is also calculate<:!. After all speciti-

ec:! analyses have been performec:! on the sample, the sample is 

remove<:! from its ring ani:! spread in an aluminum pan. When 

necessary, soil aggregates are broken up by motar and pestal. 

Care is taken not to change the natural particle size distribu

tion. The sample is place<:! in a convection oven at 110° C tor at 

least 24 hours until dried to a constant weight. 

Calculation• 

The int•~al moisture content is c:!etermined on a percent 

volume basi• .Ccording to: 

(%vol) <a> 
where e i • initial moisture content ( ~ vol) , M 1 • initial mass 

ot soil only {g), M f • final mass ot soil only (g), V T • total 

~ 
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volume of sample (cc), P• aensity ot pore tluia in the soil when 

initial mass was aeterminea (~/cc). The aensity ot the pore 

tluia initially present in the sample is assumea to be 1.0 g/cc. 

----------------------------------- --------
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BtJLK DENSIT¥ 

Method 

Core method, with oven drying. 

Laboratory Procedure 

The volume of the soil sample is datarminaa from sample 

geometry measurements, and the sample 1• driea in the oven at 

110 C until no additional mass loss occur•. 

Calculations 

(g/CC) (9) 

where P0 • dry bulk aensi ty ( g/cc) , M 
0 

• mass ot oven ariea soil 

sample (g), Vr• total volume of soil sample (cc). 

----------·-------------------------
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~OROSITY 

Calcula tee! trom bulk c!ens i ty ana measurec! or assume a values 

ot particle c!enaity. 

Laboratory ~rocec!ure 

Bulk c!ensity, Pb, is c!atsrminec! by oven c!rying, as c!eecribed 
in the section outlining the bulk density determination. For 
this aeries ot analyse• particle c!ensity, p

1 
, is aaeumed to be 

2.6& g/cc. 

Calculation 

(percent) (10) 
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UNSATURATED HYDRAUtiC CONDUCTIVITY 

Me.thcd. 

Mualem ( 1976 ) cieecri'bed. the theoretical 'baeie for a proce-

ciure used. tc estimate unsaturated. hyciraulic cond.uctivity from the 

soil-water release curve acccrciing to the following equationa; 

K • S t[ 
r e 

where Kr • relative 
~
s (1 2 8 1/h(x)dx/ ) 1/h(x) dx] 
0 0 

hyciraulic cond.uctivity, 

(11) 

h • h ( S ) ia the • 
negative preaeure head., given here aa a function of ~imenaionleaa 

moisture ccntent: 

S
8 

• e- er I a,- er (12) 
where subscripts a and. r ind.icate saturated. and reai~ual value• 

ct the acil moisture (e). Tho expreseion relating dimenaionleaa 

mciature ccntent to the presaure head., and. thus the soil moisture 

rsleaae curve ia given 'by: 

Se • [ 1/1+(ah) ~ m m • 1 - 1/n (13) 

where a, ancl n are obtained by a non-linear least square• 

numerical pr .. ~JNI~r• applied to measure~ moisture retention data 

using the 'by Van Oenucbten (1978). 

ta'bcratory proce~ure 

The d.ata input to the eomputer mod.al ot Van Oenuchten (1978) 

~ 
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consists ot the aaturated moisture content, reaidual moiature 

content and values ot ocaerved preaeure head veraua moiature 

content. The residual moisture content is taken to be the 

~oisture content at -15 cars. The paired values ot observed 

pressure head and moisture content are obtained as deacribed 

under the procedures tor determinin~ moisture retention by the 

han~in~ column and pressure plate methods. Saturated moisture 

content ia determined throu~h ~ravimetric measurements and aampla 

~eometry. 

Reterencea 
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19. Iacpacb map ot unit Qbt6 -------------------------

20. 'DlickDella ~ soil 1D '!A49 ------------f}._-~(Y_f._ 

bale ~2 --~-------------------------~---------~ 
2'2. GNpb ot .aiature ccnt.t ad llthol.cQ in teat 

154 ~ 

hole ~1 --------------------------------------~ 154B 

bole ~2 --------------------------------------- 154 L 

bole ~1·------~-------------------------------~ 154 D 

3M2 

bole ·-------------------------------------------/\ 
154£ 

bole ~' --------------------------------------- 154 F 

27. GNpb ot .oiature COD teat am U tbolOSY 1D te.t 

bale ~1 ~-----------~----~--------------------
28. GNph ot Datura coateat 8ll4 11 tboJ.csy 1n tut 

bole ~2 --- ----------------------------------- 154 ~ 

29. QN:ph ot 110iatuft caateat 8Dd l1 tbolOSY in teat 

bole ~~3 --------------------------------------- 154r 

J X. 

..J 
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te.t bole ~ -~------------------------------- 154~ 

te.t bole ~ --------------------------------~ 154 I( 

bole ~ --------------------------------------
33. Graph ot ~ coateat aa:t l1tho'cv 1n teat 

bole 1~1 ----------------------~-·--------~ 

bole 1~2 --------------·---------------------~ 154 A/ 

bola ~1 ------------------------~~-----------~ 15~ () 

bole ~' ~----------------------------------- 154 p 

~ ~3& ------------------------------------~ 

bola~' --------------~-----------------------

hale ~1 -------------~~-----~·-----~---- 154 s 

bole ~1 --~-~--~~---------~------------~ 154 'f' 
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tetJt hoJ.e •1 -•••••-••-••••••-•- -··--••-••••- I 154 ~ 

bole ~2 ~--------------------------------~~~ 

bale~'-------------~~--------~----------~-~ 

vall ~5A ~-------~------~----------------~---

ot tbe .aiD ~~er ----------------------------, 
recorder eb&rta at well D!'-5A ------------- 1684 

recorder charta &~well D!'-9 -------------------

recorder ebarts at vall ~10 --------· ---------

level 1n ve1l D!'-5A ---------------------------- 171A-
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----~ .:~~ -,;.- ,_..._~" - -~ -~-~-·-- - ~-~.,. 
~ -.... ~ 

level 1D vell ~9 -----------------------------

1D vall ~10 ------~----------------~---------- 174 A 

AppemSx 

l'1gg:re 54A. a- ray-DIN'troD lop o~ well D'l'-5 ----------- Pocket{~ 
~B. 1Dduct1on log ot vall ~5 ----------------------- Poctet(3J 
54C. Talpez'ature los o~ wll Df-5 --------------------- Pocat(4. J 
55A. a- l"&y-DeUtroD lop ot well D!-5A ------------- Pocket(~·-
558. I!Dletioa-el.ect.ri.c&l .ad apcataneo.UI-potezrti&l 

laga otwell ~SA -----------------------------
55C. Ja.crol.og aDd llicroeallper lop o~ well M'-SA -----

55D· Laterolcs ot ~ ~SA, ~9 ------- -----------
5 5B· r.c»eature log ot well Ill-5A --- - - ------ - - · -- - - -

SSP. Saa1c ~ otwell ~5A --------------------------
56A. a- l"&y-D8\1'tl"on lcp ot tbe upper 1 1 301 feet 

Pocket(') 

Pocket (7) 

Pocket (1) 

Pocket(~ I 
Pocket (.1 CJ) 

otwell ~9 ----------------------------------- Pocket Ul) 
56B. ~ray log f'raa depth ot 1 1 094 to 1,501 

t'eet ot' vall D'fo.9 ------------------------------ Pocket(/'2 ... ) 
56c. IDducticm-el.ectrical. a.Dd apootaneous-potential 

lags of vell ~9 --------------· ----------·--- Pocket (l~ 
56D. LaterolqJ ot well Ilr-9 ----- ----------------- --- Pocket (1 ~-
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Figure 56L !\!aperature los ot wl.l D'l'-9 ------------------- Pocket U~ 
567. Soa1c los otwell ~9 --- --------------~------- ~"J 

s-O/• 57A. a- ray-aeutroD lew ot well ~10 ----------- PoekeiJ 'f) 
57B· IDducticm-electrlcal. 8Dd apcxrtaDeoua-pateutial. 

lege of well ~10 ----------------------------

57C. !emperature log ot well ~10 -------------------

570· Saaic log otwell Dr-10 -------------------------

58· Gamaa-ray los ot care hOle 1 --------------------

59A· Gemma-ray log ot care bole 2 --------------------

59B· a- rey-:oeutrca log ot upper 201. tNt ot 

Pocket({a) 

Poeket4.._~) 

Pocket~) 

PocketQ.f) 
Pocket(~, 

core bole 2 ----------------------------------- Pocket[4~ 
59C· El.eetrical los ot the upper 368 teet ot core 

hole 2 ---------------------------------------- Pocket~ • 
590. Teiipe:r6ture log ot the upper 200 feet or core 

ho1e 2 ---------------------------------------- Poek~l~ 
60. a--ray log ot core bole 3 in Area 3 ---------- Pocket~ at) 
61. oe -ray log of core hole 4 in .AJ'II& 4 ---------- Pocket(2f} 

62A. a- ray-neutron lop ot Alpha bole ------------ Poeket(4J) 

62B. Izlductioo log ot Al.pl:la hole, TA-49 -------------- Poeke-tG~ 
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Illustrations·-loaa list 

Reference 

Figure 1. lJ:lc1e.x •P o~ part ot Loa Alamos 8Dd adJacent 

, 

c0\.lllt1ea1 ••v Mexico, sbowing the locatioa of 
'rec!mical. Area 49 (TA-49) __ ..;.________________ 7 

2. ~out ot larae-di.aiMter boles in Areaa l, 2, 3, 4, 
and 10 shoving boles -.pped 8Dd. de.cribed. 

(Areas sbovn 011 tigure 6.) ---------------- }4 A-
3. Del.eted. 

4. Geo1061c tap at tbe Loe Alama area, •v Jlexico J!'.e.#~ 44 
5· G.:ologl.c crou eectioc. tllroush FriJoles lleM trca 

tbe Pajarito ~ault to tbe Rio Gnmde. Locatioa ia 

shalm 011 ~iaure 4. DescriptiCXl ot UD1ta 1a 

sbovn on ttsurea 4 8Dd 6 ------------------ 44 A-
6. Geol.()61c .ap aa4 cross sectioa sl:lov1..tJa location ot 

exploratory drill boles, TA-49, Loe AJ.a.oe County, • • .... _____________________ (},_~f(!':.J::._ __ 

7- Structure ccmtoura 011 un1 t Qb~ ot tbe 'rabirege 

Mlllber or tbe BN:Idel1er 'fu.tt, 1'A-49, Loa Alaaoa 

f t:Jt:. /'1 ~ -r ~-. 8. ~. ---.. -~---------·~--.--·-------~----..-....--~ 
a. ~ .. blld.~ ..,..,_ r:/ ~I f ,- 1 ..._ SA..''~- ,f-~ {J 

9· Deleted. A 
, , 

' I t 

10. Deleted I t I t " ~ t 

91 

l2l 

(~2-4 

I"J 'l. fJ 

/3-:J.. t-
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muatrati01l8·-10116 list - Calt1Due4 

He terence 

F1gm-e ll. Water-laid sand of unit Qbt_ or tbe Tah1rege 
) .,~ ...,,. ~-.;.. 

Hem.her or tbe Balldelier 'fu.tf underlain by 
.,~ /t weathered iron-stained naa ~~ soutbe&at 

'W8ll or vest hole 1n Area 10, 'J!A~, Loa Al..,. 

County, I. alex. -----------~ 6'-.,.. 
1

--- G32 g> 
12. Deleted. ~~J (A,..,..,-/-'" 5 Jt~ ~j illt4t It I~ "Z..,C 
13. Structure contours ca the top ot unit Qbt

5 
ot tbe 

'rshirep N 't:iv ot tbe Baodalier 'ruff, TA-49, 
P tP e It ~.:f Loa .u.a.oa Cow:aty, •. llu. ------------------- ( 135) 

14. Outcrop ot curved Jo1nt tace 1D Ullit Qbt6 or the 

Tshirege ~r at tbe Bandelier 'l\dt. lorth 

side ot lev Jlexico 11~ 4, about 1.5 lliles 

west ot entrance to 'fA~, Loa A.l.._,. County, 

B. Max. ----------~-------~--~---~-----------· 
15. Mapa ot walla ot selected large-dia.eter boles 

137 4 

1n Area 1, '!A-49, Loe Al81108 Count1, 1. Max f/~(i?l3} 
16. llapa ot ...Ua ot eelected larp~ter boles in 

Area 21 '!A-491 Lo8 Ala.oa COUllty, 1. Max. _t!Pk!Jpf {:?13 ) 
17. MI.~ ot walla ot selected large-dia.eter holes in 

Area 31 'rA-49, Los Alalloe County, •· Mu. __ {!;.:{~ill38 ) 
18. Jlape ot W&lls ot selected large-di-ter boles in 

Area 4, TA-49, Loa Alaaoli Councy, • • lla. e~~L-ts "~c 1?/3 ) 
19. Isopach mp of unit Qbt6 ot tbe 'l'ahirege Member ot 

the Bandelier rutt I rm-49, Loa Alalaoa County J 

xll 

( 1471 

_j 



Illustrationa--lang list - Contiaued 

Fie-ure 20. Tllicknes~ o! soil and location of moisture

measurement test ho.les in TA-491 Loa AJ.smos 

Reference 

County ••• Jlex. ___________ et!~&.L_______ ( 152) 

21. Graph ot moisture content 8Qd l1 thology 1n test 

hole U&-21 -a~, Loa AJ..a8)s County, 1. Mex. ----

22. Graph o! moiature coatent and 11 tholOQ in test 

hole al-l~ TA-49~ Loa Al8111Ca County, lf. Mex. ----

23. Graph or moisture content 8lld lithology in test 

hole 211-21 'll-491 Loa Alaaoe County 1 I. Mex. ----

24. Graph of 1101sture content and lithology in test 

bole !M-1, ft-49 1 Loa Alamos County 1 !. Mex. ----

25. Graph ot mOisture coctent and li tholo6)' 1n teat 

hole !11-21 '!l-49, Loa Alamos County, 1. Nex. ----

26. Graph at 110iature cartent and 11 tholOi)· in test 

bale !11-31 B..Jt91 Loa AJfVI08 Courlt71 I. Mex. ----

27- Graph ~ .o1ature caa.tent and. litbolOQ' in teat 

bole ltll-1, 'J!l-49, Los Alelaos County, 1. Mex. ----

28. Grapb ot .oiature content and lithology in teat 

bole ~~ m-49, Lee Alamos County, 1. Mex. ----

29· Qrapb at IIIIOisture coatent 8Dd lithology in test 

bole .,, B-49, Loa A.l.aoa County, B. Mex. ----

3(). Graph at 110ieture cOD tent and 11 tbolOQ' in test 

hole 4M-4, S-49, Loa Alamos County, !. Mex. ----

154 l) 

154 E. 

154 F 

154 c. 

154 1-l-

154 ..:t:" 

154 ;;-·· 
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Illustrations--lang liat - Continued 

Reference 

page 

Figure 31. Grapb ~ .:>isture content and lithology in test 

I 

bole 511-21 ~-491 Loa Al.alloe County, B. Mex. ----- 154 I'( 
32· Graph or 1101eture coatent aDd lithol.ogy in test 

bole $11-4, TA-49~ Loa A~ County, B. llex. ----- 154 J--. 
33. Graph o~ 1101ature eon tent and l1 tbology in test 

bol.e lCJl-1, 'IA-49, Loa ~ County, 1. Mex. ---- 154 AI\ 
34. Graph o'! 1101ature CCIIltent and litbology in teat 

bole lCJl-2~ 'm.Ja9, Loa Alapoa County, •. Mex. ---- 154 ¥ 
.3;. Graph o~ JaOiature content 8Dd l1 tbologr 1n test 

hole lX-l, '11'·491 Loa Al811l8 County, B. Mex. --··· 154 6 
3(). Graph ot aoisture coatent and li tbology in test 

bole l.JI-3, 'l'A-49, Loa Ala.oa County, 1. Mex. ----- 154 rJ 
Yf. Graph ot .oiature content and li tbolOQ in test 

hole l..ll-!a\1 B-49, Loa Alamos County, •· Me%. 154 9 ,a. Graph ~ IIOiature content aDd lltbolog,y 1n test 

hole at-3, '!A-49, Loa Aluoe County, 11. Mex. ----- 154 ~ 
~. Graph ~ ztature eooteat and lithology 1n test 

bole 511-l, 'rA-49, Los Al.slloa County, •· Mex. ----- 154 5 
40. Graph ot IIOi.st~ content and lithology in test 

bole 611-11 TA-49, Los .U.Oa County, 1. Mex. ----- 154 I 
41. Grapb ot 110isture content and li tholog; in test 

bole ~1, 'l'A•49, Los Alamos County 1 11. Mex. ----- 154 /A_ 

"' I - ,, 
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lllustratiooa--loaa list - Cootinued 

page 

Figure 42. Graph ot JK>iature eoatent and litbology in test 

b<lle SM-2, 'fA-49, Loa AJ.amoa County, •· Jlu. ----- 154 V 
4j. Graph ~ .oiature ecatent aDd 11t.bolOQ' in teat 

bole SM-3, 'fA-49, Loa Alama County, 11. Mu. ---- 154 LV 
44. Graph ot ~ta ot now d.owatreaa t'rca 

wll D'r·5A u c~ to 418Ch&rge at well 

durina ~in6 teat AprU ~ 1, 1960, at 

45. GeneraUzed c:oat<lura OD tbe p1e~tzo1c aurf'aee 

~ tbe -.in aquiter, Loa A.laa:>a area, 1. )lex. ---- 166 p..r 
46. lb'drograpb ot -water levels ..uured aDd traa 

recorder charta at well D'r·5A1 ~-49, Los Alamos 

Cotmty, a. ~ • ..-.-...--... ----------------------------- 1t>a A 

4'7. B,ydrograph ot water levela measured and trca 

recorder chArta at well D'r-91 TA-49, Loa Alamos 

48. B;ydrot;z'a}1b ot vater levels •aaured aDd traa 

recarder cbarta at well Dr-10, 'fA-49, Loa Alamos 

County 1 •• Jlex. ••••••••-••••••••-•••••••••••••• 169 4 
Ji9. ~~·Wen/(~ A•<i l>t-t:) 11D A 

50. De~. D•.s~'-• .. ,. f)T-'1 .Itt ..... ,. -,..,..s-.., 1""1 /7~ ~ 

51. Sem1logar1tt.ic grapb ot recovery ot water level. 

in vell D'l-5A May l aDd 2, 1960, atter pu11p1ng 

25 boura at an averaee rate ot 81 gpa ---------- 171 4 
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Illustrati008••loo.g list - Ca1t1nued 

Figure 52. SemUogaritt.ic graph ot recovery ot water level 

in well I1r-9 May '7 and 8, 1960, atter pumping 

Be terence 

page 

24 hours at an avere.se ratA ot 88 s.a ===--------- 172 4 
5). 5elz11oga.ritblli.c graph ot recovery ot water level in 

well D'r·lO, Sept-'>er 22 and 2}1 19601 after lo 

hours ot PIJIIP1116 at Bll averaae rate ~ 78 gpn --- 174 f.t-

Append1 X 

J'16W'e 5~. Gaaae. ~-oeutron loga ot well D'r=5, TA-49, Los 

Alamos County, If. Max. ----------------------==== Pocket( 2.) 
548. Induction log ot well M'-5, TA-49, Lo.v Alamos 

County, 1. Max.--------------------------------- Pocke1(~} 
54C. ';t'emperature log ot veil M-5, TA-49, Los Al..allos 

County, B. Jle.x. ------------------------------ Pocki!t!J-} 
55A· Gaaas ra.y=neutroo logs at · .. ell D'r-5A, 'rA-49, Los 

Alamos County, s. Max. -------------------------- Pocket~) 
55B· Induction-electrical and spontaneous-potential logs 

otwell D'r=5A, 'l'A-491 Los Alamoa County, 5. Hex. = Pocket(C. } 

55C. IUcroloa and Dlicrocaliper loga ot well D'r-SA, 

TA-49, Loa .UBD)8 County, 1. Jlu. --------------- Pockat[_'7 ) 
55D. Laterolos ot 'Well D'!-5A, TA-49, Loa .AJMO& County, 

I. 14ex. ·--------------------------------------- Pocket(_~ J 
551. 'l'el"'fiU'&ture log of 'Well IY.r-5A, TA-49, Los Al011os 

County, 5. Max. -------------------------------== Pccke~~} 
551'· Sonic log ot veil M'-SA1 TA-49, Los .Al8111(>8 County, 

". ffex. -= --· -----------------------------
•I I·-



Illustrations--long list - Continued 

Figure ;6A. Gamma ray-neutron logs of the upper 1,301 feet of 

well DT-9, TA-49, Los Alamos County, N. Mex. 

56B. Gamma-ray log from depth of 1,094 to 1,501 feet 

of well M-9, TA-49, Los Alamos County, 

Page 

Pocket(j I) 

N. Mex. --------------------------------------- Pocke~l-/ 
56C. Induction-electrical and spontaneous-potential 

logs of well M-9, TA- 49, Los Alamos County, 

N. Mex. --------------------------------------- Pocke~ ~ J 0 
56D. Latent.log of well DT-9, TA-49, Los Alamos County, 

N.Mex. --------------------------------------- Pock~~ / 
56E. Temperature log of well DT-9, TA-49, Los Alamos 

County, N. Mex. ------------------------------- Pocket{} ~r·1 
56F. Sonic log of well D1'09, TA- 49, Los Alamos County, 

N.Mex. --------------------------------------- PocketlJ~) 
57A. Gamma ray-neutron log of well DT-10, TA-49, Los 

Alamos County, N. Mex. ------------------------ Pocket {f 7 ) 
57B. Induction-electrical and spontaneous-potential 

logs of well M-10, TA-49, Los Alamos County, 

N. Mex. --------------------------------------- Pocke~ Oct} 
57C. Temperature log of well DT-10, TA-49, Los Alamos 

' II 

County, N. Mex. ------------------------------- Pocket Ll t:t } 
57D. Sonic log of well M-10, TA-49, Los Alamos County, 

N. Mex. --------------------------------------- Pocket 2..0 



Illustrations--long list - Continued 

Figure 58. 
-r"Gl~ 

GammaA log of core hole 1 in Area 1, TA-49, Los 

Alamos County, N. Mex. ------------------------
-'"'j 

59A. Gamma log of core hole 2 in Area 2, TA-49, Lcs 
A. 

Page 

Pocket(?- /j 

Alamos Cou.~ty, N. Mex. ------------------------- Pocket(<~ 
59B. Gamma ray-neutron log of upper 201 feet of core 

hole 2 in Area 2, TA-49, Los Alamos County, 

N. Mex. ---------------------------------------- Pocket~~~/ 
59C. Electrical log of the upper 368 feet of core hole 

2 in Area 2, TA-49, Los Alamos County, N.Mex.- Pock.e/__)._ 'f) 
59D. Temperature log of the upper 200 feet of core hole 

2 in Area 2, TA- 49, Los Alamos County, N. Mex. - Pocket ~ ~) 
60. Gamma-ray log of core hole 3 in Area 3, TA-49, Los 

Alamos County, N. Mex. ------------------------- Pocket (Z..' J 
61. Gamma-ray log of core hole 4 in Area 4, TA-49, 

Los Alamos County, N. Mex. --------------------- Pocke~ 1} 
62A. Gamma ray-neutron logs of Alpha hole, TA-49, 

Los Alamos County, N.Mex. --------------------- Pocket~~) 
62B. Induction log of Alpha hole, TA-49, Los Alamos 

County, N.Mex. -------------------------------- Pocke~~) 
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Pr1Jolea Mesa, Loa .Al.uoa County, lev Mexico 

J~~~~ea B. Weir, Jr. a:ad WillU. D. JIUrtyam 

Pr1Jolea Mesa is a part of the PaJarito Platean, a cUaaacted 

aah--tlov field tlat lapa onto tbe 81G'l'a de los Val.lee to tbe vest 

and termiuates in cliffs IWmc Wbite Rock~ to tom .. t. 
Tedm:ical. Area ~ ('l'A-~) occupi .. about 2 equare ailes on tbe 

DOrtJ:aern ail!lpiiSlt ot P'ri.Jolea lleaa near tbe centC' ot the plateau, 

about 5 lliles aouth ot Loa ~a. 

~ l'OCU aposed at the surtace at '!A-~ are ot tbe Bandelier 

'lutt ot Pleiatoeene ap. Subeurtace rocka ot tbe Santa re Group 

ot JUddl.e(?) JI1Dcene to Ple1atoce41~ and tbe 'l'acbica~a Pol"'Btion 

ot Pl1oceN am Pl.eistoceae('f) aae wre peetrated by tbree deep 

test boles. ~ rocks ot the SU.ta l'e Group, 1n aacending order, 

an: tale W141fterent1atecl unit, tbe ~·Conglomerate, aDd ~ 

bMaltic 1'0Cb ot Ch1J:I:) ••· In~ v1 tb tbe rocks ot the 

~I 
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The UDUttveatiated UD1 t ccmaiata ot ••U1M71ta 1&14 cSCND u 

a.Uuvtal-taD em tlood•pla1n depoaita. Above tbe UDditf'enatiated 

unit u tbe Plqe Cons'••r.te, which eOI'l81sta ot tvo mmbers. !be 

lover JISIIber 11 a poorly couolldated cbumel·t1ll depoa1t cal.led 

tbe Totavi Lc'til. O.Vl)'1QJ the 1'otav1 l'Ant1l u the tqlc:merate 
F 

~ that 1a D*le u:p ot volcaDic debria. Izrterbedded v1th tbe 

rancl , .. rate -.bel' are the baeaJ.t1o rocka ot Ch1DO Mila& and lati te 

aDd quuots-l&t1te .fitft; ...... or the Tlch1caaa J'ol"lation. 

-------- -~;.;. 

1'be Bu:deUe Tun ovw11• the fangl ~te ~r. It conaieta , 
ot uh·tall. ADd aah-tl.ov roclta that ue draped over tba older rocu, 

t1~ tbe lon 8D1 ~ CQt tJ» topqpoapey- ot tbe older l"'CU. 

'!be ~lier Tun' caa.ata ot tJJ.Ne ..abel"~~. In uceM-1!JS order they 

are: ~ Qu.aJe laaber 1 c uh-tall ~Qd.ce aDd water-laid puzliceoua 

tutr; the Otc:N1 Jllllbe1"' • triable Uh-tlov tuff; md u. uppermoat 

~hirep IIII her, & MriH ~ uh-tlow tu1'h vith ODe tb1D vater-la1d 

bed DMZ' tbl top. 

b 1'ab1ns• Jllllber t=- tbe t1rJcer-llke JDH& at 'fA-49. It 

11 tbe .. t 1llportaDt poJ,.to uzd. t becauM tetlt operatiaa. vill 

*'•vi 05-1..4t.~ 

place ~ 1D tbHe rocka Avitbla 100 teet ttl' tbe ••• surface. 

'!'bee tbue ~ ccul4 be ~ by vater AD1 carried into 

tbe ._. ot ..turaticm. 
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The X-ray aDd chemical anal.yaea ot the tutf trca tbe Tshirege 
Member indicate that they are ~litic in composition. Hydrologic 
analysis of tbe turf indicated tbe following ranges: porosity, 19.3 
to 54. 1 percent; specU"ic retention, 11. 3 to 27. 3 percent; specific 
J ield, 0.6 to 42.6; permeability, 0.04 to 22 glX1 (gallons per day) 
per square foot for consolidated samples, and 34 to 59 gpd per 

square foot for unconsolidated samples. )t)isture content ranged f,.om 
0.2 to 8.7 percent by volume beoe&th tbe mesa, but ll)isture contents 
of tuft from a test bole in Water Caeyon north ot tbe mesa ranged 

from 13.3 to ?,6. 3 percent by volllle, 'Wt.l.ich 1ndicates some 
1:c.f1ltrat1on ot lollter. 

Tbe soil cover on the mesa surface ia cbare.cterized by a 

-wathered zone, a leter-laid pumice zone, a.rd a soil zone. The 
top ff!!W feet of' the Tshirege Member is composed ot partly weathered 

tuft tragment.s in a matrix ot clay. The ..,_tbered zone grades up 

into a brow. cl.ayf!!Y soil except alocg the oorthern edge of the 

mesa, where a layer of \ISter-laid pumice occurs bet'w!en the 

weathered zone and the soil zone. 

3 
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Pericdio miature l"HdiDCt ~ tbe soU aDd UDdcr~ tuft, IB!e 

by a a.utrcm-ecatterins moiature probe, 1Ddiaate little or no 

in:tiltratiOD ot vater tram precipitation thzoouch the soil zone. other 

data collected duri.Dg drillillfJ, •pptns, alld hy\b'oJ.osic: ~ia ot 

roc:ka ot tbe GuaJe, Otovi, 8Dl 1'ah1rep Maben ot tbe Bandelier 1\ltt 

illdicate that the soil 1"orma a DMrly perf'ect Hal on t:be meaa 

aurt'ac:e aDd that the BaDdeller 'lu.tt baa a l&rp bulk permeabil1 ty. 

Where the aoil cover baa bee :naoved or disturbed, water 1n au:tticient • 

quanti ties YOUld IIOY'e alaolt vertic~ t.bzoou&h tbe laadeller 1\l.tt 

into the PUye ConclaDerate aDd ~ual.l.7 into the zCDt ot saturation. 

If #fti..J~A-"' <1 r~•A,. CHA-vN6l. • ~ 

~ tlav 1n,f8 u.a,e • tbe 8\U'f'ace ot t:be .... wu IIIIUUl-.d 

at tw .oiature te.t bol.H about 700 teet apart. '!ban vu ver:1 little 

lou ot tlov betwel1 the tvo teat bol• after the c:bazmal &Dd baDt 

uater1al bad becc.. Mturattld. ., cbuse 1n misture coatant 1n 

tbe chazmel material 01" UDder4'1Jts tutt vu deteettld below a apth 

ot 3. 5 teet 1n eitber ot the t•t bolee. !he moisture ccmtent 

increued 1.6 percent by vol~ 1D the upper 3. 5 teet while the atl'HIIl 

wu tlov1JJ8. 8S.x ~ after the tlt:N ea4ed, capillary return to the 

aurtac:e aDd ~tica bM. decreued th1s JIOiature content by u 

DllCh u 13 pezocct. 

.. 
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Tbe sooe or saturation, or min aquifer, Ues l,OOO to 1,200 

teet bel.ov tbe mesa surface at TA-49 1n rocks of the santa Pe Group 

and TsdJ.icoaa romation. lo perc:bed wter \i&s found above the 

zone of saturation. The gradient on the piezometric surface of 

the I'DI.in aqui.!'er is eaat-southeastward toward t.he Rio Grame about 
.Jo 
-'e- teet per l:lil.e. Data indicated tbat the recharge area to the 

main aquiter is wst oi TA-49 on tbe slopea ot tbe Sierra de los 

Valles am tbe wstern part ot tbe Pa.Jarito Plateau. The specific 

·capacity of three \!ella tinisbed in the a1n aquiter range from 

5. 1 to 22 aPil (gallons per minute) per foot of drawdovn. Pl.lalping 

testa indicate an average coettic1ent of pmmeabili ty ot l8o gpd 

per root per foot. The ftlocity of 'Wilter in tbe •in aquU"er ia 

approxiately l()() teet per ;year. The quantity ot wter ~sing 

tbrousb the upper 650 teet of tbe aquiler beneath tbe teat areas 

at TA-lf9 is approxt.matel.y 3'70 acre-teet per ;year. 

'.rritium aml.yses indicate tbat the \later in the -.in aquifer 

raz:Jgea in age trcm 13 to 3> yean. The cause ot d.itterencea 1n 

age cou.l.d be tbat tbe •ter deeper in the aquiter ll)vea 110re 

slowly aDd is actua.l.ly older, or that aome young wter is being 

added to the aquiter by local recharge tl'CIIl ~ aourcea such 

u Water Cazl;Jon to tbe DOrth or Frijolee Can;ton to tbe south. 

5 
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!Dtroducticm 

!be Loll AJ._,a Area ottiee, u.s. Atalie IDergy ca.iMiCD, 

requeated suppol"t traa tbe Geo' cc1caJ. ~ tor a proJect at 

Teclmical Area 49 (~49) 1D1"a:l-.ll1 in ean:tertmee Septalber 29, 

1959· ~ reque.-t vu C<lllfil'MCl by a corn ot a letter (Jo-462) rn. 

acr. Willi• ~ or the Lae Al..,. Sc1ent1.t1c Labofttory to 11r. Paul 

Wil8on1 Jllmllpr r4 the to. A]MDI Area otnce. 

'!'be work ot tbe Geolog1cal. ~ wa a1JB! at l) pz'OYid1:ag 

geol.clsieal. iDtomatiOD to the AE eboat tbe l'Oeka tb&t UD!erl1e the 

area, 8Dl 2) 4et1.D1Ds tbe d1NctiaD am nte r4 ~ ot water in 

tbe aoae ot uratioD 8Dd tbe .,.,_aut ot fi1"'UUJd vater in the zcae ot 

saturatiOD beDeath the proJect area eutwrd to the Rio Orede. 

P1el4vork bepD in late 0:~ 1959 aDd wa c<Jil)l.eted ill 

~ l9601 altboush tbe ..-t il:rteaa1ve part ot tbe t1el4York 

vu t'1niehed by May 10, 1960. 

b 

. 
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llleh c4 X..C. AJ._,. County south ot the city ot Lee Al.IIDoa 1s 

uect tar teet operwt1ta~ by the toe Al-oe Scientific Laboratory. 

v~ 1Datal.l&t1cma ad areu 1n the uplam aurtace aDd the 

c~ ~ are d .. 1 gnet.ed "teclmical uo.a. n 

khrdc&l ~ 1•9 OCC1.JP1• about 2 aquare lliles on the northern 

• a•nt ot Pr1J~ .._, 5 Jl:lJ.ea (abQzt 10 1'084 J11lea) south of 

to. A'..,. (f1c. l). Jr1Jol,ea - 1a a part ot the Jla,J&l"ito 

l1iift 1.--tiii!G .-p ot part ot Loa Al..,. am adJacent 

ecuDt.1•1 Jlev Jlllxico 1 llbr:Jv1.Dg t!le location ot 1'eclm1cal. 

-- 49 (B-49). 

~~ Y!dch 1a a diaeected ub-tl.aw t1al.d that lape cmto the 

81e:lft 4e 1a. v~ (t1g. 4) to tbe w.t ell temiDates 1n cliff's 

aJ.cma White .Jiclck CIID;tw to tbe eut. 1!18 area 1a 1D tbe former 

a-D ncu GNDt, vhlch 1a DOt seet1Cidud, but pl'Oject10D8 of land 

cUviaic:m. 1Dto ~ ar-t ana 1Dd1eate that TA-49 1a ~Y in 

Mea· ' aDI 4, !'. lB •·, R. 6 11. , with Dd.zJor parta ot tbe a:.. 1n 

uea. " azll ~, !'. 19 •· , a. 6 L azd aec. 2, 1'. 1B B. 1 L 6 B. 
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!be nozotberll ....,.rrt ot J'l"1Jol• lies& alopell gently eaatw.rd 

fral aa altitude ot abol1t 7,200 teet near the veetern edge ot ~49 

to an alt1 tude ot about 11 000 teet at ita diaaeeted eutern eDd. It 

18 boam'ed 011 the DOrth by Water Ca~Qoo, vbich bU been eut 300 to 400 

feet bel.ow tl:Je p~ ~e, cad oo the ~th by ADcbo ~ .. YboM 

t1oor 1a 100 to 200 teet belov tbe relatively n.t apl.IIDC!. 

FriJole• .._ aDd the ~eat c~ support moderate to denH 

vegetative growth. P1DaD p1De aDl j\mipc ant the prwd<JD1nent trees, • 

am there 18 a spi.1"M growth ot paDiia!roM pi.De, -1nly 1n tbe c~. 

G~ srua pre4c:m1.Datee u 8\U'tace cover,. 8lld a tfN ecrub aU,. awtl.y 

shiDDeey oat_. F'OV 1n aolated pa~. 

water am Aacbo ~ d.ra1D eutw.rd aDd are al:aost panllel. 

They empty 1Dto tbe a1o GnDSe ill Vbite Rock ~. Water Cat:J;yoo 

heeds 011 the alopeiJ ot the S18Ta ~ loa Valles. In the reach ot 

Water C&~Qon, D01"'th ot ~49, a ~ 1Jrtend. ttent tl.ov ot tUllmavn 

origin occ:un. ADcbo ~ bell4a .-r tbe elltrazlce to TA-49 (tig. 6) 

a:cd doee DOt ccmta1D a perennial ~ 1D 1 ta upper reach. 

~ clwmel• cm tbe _. tNDd pDa'&lly eut-IIOU'theutvard 

v1 th tbe gndicrt r4 tbe -- .urtece, 8Dd amy llit102" chMDels braid 

out 011 top ot tbe --. 1n :f'l&tter ar.a. Sbol"t tributary c&D)"'D8 

dre1D 1Dto tile tvo MJor c~ north aDd 801.lth ot 'l'A-49. 'fbe eastern 

part ot B-49 1a dra1Ded by a rether well-developed 4emritic syatea 

ot chalmel.l tml!l c~. ~ miDDr draiDqevaya e~~pt;y :nmott into 

RJt:!bo Clmycm to tbe south. 
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Geolcgr aai pamd-vater cooditioaa 1n t.be tea Al ._. area 
haft beell studied by the GeoJ.osical &lrvey am the Atallic a.rgy 
Carmiaaion under a cooperative plCCi w aiDce 1949. An edr!1 n' strati ve 
report to the AE b)' Gr!aP (1955) ~ribes the geaeral aspec:-t. or the geology ~ Loe AJ.alnol County. au-1ace geology 011 figure ~ 1a 
taken ~nly t'.rcD Grigg~~' pologic 8p 1 8D:l atnt1gl'apbic rxaetX"lature pl'OpOHd by Grlga 1a UMd 1D this I epw-t. 

'!'be polagy aDd gl"CUDd-w.ter ccmcU "t1om 1D W. Al.,. Couuty 
are deiiCri'bed 1n a clauuted report by Balta and ot.biH (1959), 
which appra1aed aeveral anu u to the t-..1'bil1ty ot the experimental work. '1!le 1uvest1gatiom in '!A-49 an a rttK!t ~ this report. 



Work ._ da. UJlder tbe 8Upei"V1a1on of W. L Bale, D1atr1ct 

IDgl.neer, ~water Br&Dch, U.S. Oeolosic&l. 9lrvey1 1n Albuqucoque. 

'!'he writers exteDd thaz2ka to tbe penKn•l ctr the Lee Alaoe 

Sc1at111c Labozolrtor,f, .-pee~ liE". Bobert W. Beram, G%'CNp Leeder, 

J-6 Group, far cloM coopentic:m 1n tllc111tat1ng the f1el4vork • 

.AppreciatiaD &l.eo 1• GpZ'HMd. - the Z1& ~' apeci&l.ly lleasrs. 

w. c. l"reDc.1a aDd W. P. 3\mp, for 41reet operaticmal aid 1D &lJioet 

all pbuee of the fieldwork. , •• - ,.... aplo)'Ma of the Z1a 
• 

Ccnpetv wen ~ available to coUact cutti.Ds amp'M aDd to lag 

drill.1zJs tae. !he c:ooprrat1CD ~ blwoe aDd Auoc:iatea 1D the 

coopeat10D of all. people &MOC111'ted v1th vark at ft.-.49 wu 1n f/Very 

;o • .I 
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The study at. TA--49 wu ..sa to detem:tDs vbetber g:rouDd water, 

eit.ber perchecl ar 1D t.he .,.. ot satu:raticm, m1gbt be coutaminated 

by rad1oact1ve ~that VOill4 be buried 30 to 120 t'eet below 

the aurface ot the .a. !bia 1oepart deacribea the geology and 

~lcs7 ~ tt. •• at 'l'.A49, with earphMS.. 011 the rock8 vi thin 

abQlt 100 r.et ot t.be 8W"1'a;;e, part1cul.a.Jo1y tba1r ~c properties. 

'!'be 1Dve8t1gat.icma haviDs to do v1 th the paaaib111 ty that 

c<JD'tA-1 nant.a a1cht be lellcW h'ca the rock iD vh1ch they were 

-.p~ed ecaa1eted ot seol.CI81e .app1J:Is, aub.urt.ce poJ.c:c1c etudiee, 

ob~ ad edviai.JW aD dJ1.l.l.1Dc opentioaa, 1n'terpNt1J:18 geophy81c&l 

lop ot bol.ft' eOIIducti:Da JUIIPiDs tHta, am Mk1 Ql wt.er-level 

~ta 1D vella. Bock ae~~PlH were eolleet.C!d &Dd aent to 

Geol.CJ11cal 81.1rv'e7 laborator1• tor petragraph1e deaer1pt1on, chemical 

AD! X,.ray ~·, 8Dd ~ ot pbyaical propertiea. Reck 

e~J.iJJs wu v~ 1DteDII1ve u • iuuNDce aptnat the poeaibillty 

ot 111H1DS 1Dtam&t10D that COQ1d DOt be obta' Dlld later. !be ~aplea 

baYe been catal.e:Jeued ad are etored 1D the Geolc81ca1 SUrvey ottice 

at X... A]MQI ...,_are available to intereated partiu for fUture 

!Jfill!' I I 



unit; bovever, it vu DeCea&ry, tor the pul"pp8e of thia study, to 

aubdi vide the rock into aevec intOl'DBl .traUgraphic un1 t.. Six of 

theae um. ta are «q>o8ed in Water ~ aDd are recOfJD1zable in tbe 

eubRrtllce bemath J'rijolea - OD tbe buia ot cOl"H, clrill cuttings, 
1o~l 

or gec:Jphy8ic&l l..op. The aeventh urd.t is lmavn only 1D the"aurface. 



'--~--

Information on the min aquifer of tbe Loe Al.allos area, vbich 

is 1,000 to 1,2JO feet below tbe mesa surf'ace, lBS obtained fl."a!1 

three deep test wells. (The main aquiter in tbe Los Alamos area 

is tbe zone of oaturat1on in tbe wnifferentiated un1 t of the 

santa Fe Group. Tbe top ot the zone ot saturation in the main 

aquifer seems to rise vestlBl'd into the upper un1 ts ot tbe Santa Fe 

Group and the Tschicoma PorDBtion. Jlovewr, tbe later 1n the 

upper part ot tbe santa l'e Group &lld the ~schiooma Po~tion 1fi!J..y 

be perched. The •ter in the IB1n aquifer is under a.rtesian 

pressure.) B;ydrologic characteri.atica of the aquifer were estilzated 

trca drUl cuttings, geo~s1cal. logs, and a pumping test on each 

o.f the three deep wells. '!'be data obtained. trom tbese deep wells 

provide the basis for estimates o'f the avarage rate aDi dire<:t1on 

o.f grow::d-"Water lll)vemellnt in tbe principal aquifer. 

Tbe results o.f laboratory investigati.ons ot physical and 

chanical cb&raeteristics ot the rocks and c:hemi.cal a.Dalyses o.f 

ground-lBter sapl.ee are tabulated 1n order to .&e tbell readily 
/ 

available for fUture s~, but a detailed interpretation ot these 

data is beyond tbe scope ot this report. 
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)bat pbuea o~ the proJect venr carried aD a1mltlmeoual.y. 
Corea were deec::r1bed at the drl.~ aites. Drill cutt.ilJp were 
exMdDed Yith a b1nocular 111eroecope duzo1ns perioda wbeD other 
operat1oz:w wre not preuizlg. Jllllpizls te.ta VIU'e :run on vella DT-5A, 
M'-9, am I7J.'-10 to dete1"1111De vell pe2'1"~e and aqui~er cbaracteristica. 

The locations of wells, large-diameter holes, and test holes 
used in this report are listed in the :following table. 

14 

, II 

I 

i 



TA-119 ~ Los A~s grid 1oeat1ons1 "' f,~f'" lu(u., 

(See t1ga. 6 and a:>.) 

Deep .Us 

M-5P 111 + 32 south 

m'-5 llO + 99 

I1r-5A lll + 47 

M-9 142 + 81. 

m-10 113 + 27 

Exploratory ~ boles 

Alpba lll + l6 south 

Beta 83 + 63 

a- am a ... "A" 133 + a:> 

Core bolea 

CB-l 

CB-2 

CB·3 

CB-4 

104 + 98 soutb 

105 + 10 

u». + 94 

1.20 + '' 
Sbe.llov bol.ea tor miature MUa.l'I!!IIDimta 

l.M-l, 2, ,, and. 3l 105 + 00 south 

al-l, 2\aal ' 1.06 + 00 

!11-l, 2, aal ' ll5 + 00 

Jel-l, 2, ,, aDd 4 1.3) + 00 

.l lll + 32 

5M-2 lll + 05 

611-l 102 + 15 

~l l.l6 + 67 

1~ 

94 + 36 east 

93 + 03 

93 + 03 

131 + 27 

129 + 94 

97 +54 east 

91 + 89 

104 + 00 

84 + 37 .at 

97 + 85 

&2+o6 

95 + 68 

84 + 00 east 

98+00 

82+00 

96+00 

94 + 36 

92+38 

68 +a, 
88 + 44 



Loa Alamos grid locations - Continued 

Shallow boles tor moisture measurements - Continued 

SM-2 113 + lj() 98 + 15 

~3 117 + 02 104 + 57 

~M-4 113 + 93 100 + 40 

10M-1 104 + 96 110 + 3l 

1CM-2 104 + 54 108 + 69 
Large-diameter holes used for experimental purposes by the Los Alamos 

3cienti.t'ic Laboratory. ~ut of holes in aras sbnm. on f'igure 2. 

Area 1 

Ares 2 

Area' 
Area 4 

Area 10 

105 + 00 soutb 

1o6 + 00 

ll5 + 00 

1.20 + 00 

105 + 00 

/11+-~0 

/'fS -1- o o 

l4b 

84 + 00 east 

98+00 

82+00 

96+00 

109 + 00 

Cf4 -t-~0 

/oJ.. r ~o 
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J.--.6 fle14.. • t 1111•1/ ,· .. 

The Los Alamos area, by section, tovnahip, range 

(See 1"18. 4.) 

'r-1, 1 !J sec. 2:>, T. 1911., R. 1 E. 

T-2/ .\ 11 sec. 14, T. 19 N., R. 6 E. 

T-3 sec. 13, T. 19 B., R. 6 B. 

T-4 sec. 16, T. 19 If., R. 6 E. 

H-19 see. 11, '1'. 19 B., R. 6 B. 

L-3 sec. 14, T. 19 B., R. 1 B. 

14<: 



Geologic -wing on aerial pbotographa vu besUD early in Decalber 

1959. strati.sJ'Bpbic relat1ona lAI1"W Mt.abliahed in tbe area or M¥1•• 
exposures on the a01th vall ot vater ~· 

The expoeurea were exaai D8d about f!Nery 400 to 500 yarde to make 

certain ot adequate ccatrol. Coatacta were reteu1id to the maz:~y vertical. 

control po1Dt8 eatabllabed in the :f'1eld by Labal'ato:ey peraoDDel engaged 

in mapping 'a-49 1;opqJrapbical.ly. CoDtrol poiJ:rta vue located on the 

aerial pbotosrllpha ,&Dd geologic cc:mt.cta were cSl"DD ca tbe pbot;osrapba 

(scale 1:71 000) in the :f'1eld by Rcreollcopic ..-tboda. 

' II 
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!be Uldt ecatacta Oil the p~ did not ccapletely agree v1 th 

the ~ eCllltouzw. 'i'be'l'e1'are, the geolagic coz:rtacta were 

~ to acr- with the ~e bue DBI'• The geologic .ap 

is sutt1ei~ aeCUNte f~ all purpoM& azrt.ieipated. ~t. of 

m&ll7 ecatacta -..re 4raD tbroush are.a vbere rock cpoeu:ree are poor, 

and in tbHe anaa the eaatact al.il»iMMlt •Y not be exact. 1!be areas 

of bat ~ an al.caS ~ roecl leed11J8 f'raa the ... juat eut 

ot Ana 10 1l:rto Water ClliQca, tbe DCII"tbe:m Vllllla ~ canyoaa, aod a ff!!V 

lllae• in the bottom. of arro,o c,.,_l8. 

/o 



Teat drillina 

'l'"!li.rty-seven exploratory holes vere 

frc:m l to 1,821 feet and in dia.eter fraa 2 inches to 2 feet. 'l'he 

five deep test wells are designated by "DT" and the nl.lllbe.r of a 

nearby area. 1'bese test wells include tbe pilot hole, DT-5P1 and 

the wells D'l'-51 DT-5A, DT-9, and D'.r-10. 'l'hree holes, arbitrarily 

called Alpha, Beta, and GaaiB, were drilled vi th a bucket auser 

on top ot the mesa, in Water Canyon aDd in Ancho Canyon. A core 

hole vas drilled 1n Areas l throusn 4 ( tig. 2) • These boles are 

designated by "CB" and an area number. Twenty-tive shallow test 

boles were drilled with a vagoo drill. These are designated by 

the number ot the nearby area, a ''M" tor "IDOisture" to indicate 

the purpose ot the holes, and the number ot t.be hole in the area. 

l{ 
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Deep vella 

Five wells were drilled to obtain eydrologic and geologic 
information about the •in aquiler. The llells were located to 
give the ·.rideat distribution of aubsurface geologic control and 
the best hydrologic control (fig. 6). Consideration las given to 
choosi.Dg the best sites tor IIDD1toriD8 ground wter tor po&fiible 
contamination. 

Well M-5P, just east ot Area 5, ,.. an air rotary hol.e 
drilled to d.etenline tbe presence or abMilCe ot percbed w.ter 
(saturated zones above IUld separated tl'Oil tbe a1n aq,uit'er). It 
ws completed at a depth ot 692 feet as a dry bole. 

Well D'l'-5, about 50 teet vest of m-5PI ,.. Wl.IJUCcesstul. It 
"Was drilled with air rotary eq.l1JD811t. Tbe air return •a mostly 
lost into cracks and crevices 1n the tutf, and tbe bole as 
aba:odoned at a depth ot 927 teet. l'f!N aam:ples ~ drill cuttings 
llere obtained, and these ve.re ~ described because samples from 
nearby well M-5P bad~ been described .. 'lhree aide-..U 
samples were taken trca depths ot 390, 4gO, am 500 teet to 
obtain undisturbed samples tJ.oc. tbat 1n.t.er\1al to aupplsent 
unsucceastul. vertical coring in Areas l am 2. 

18 



Well M-~1 50 teet aou.th ot vell Dr·51 1118 drilled with rotary 

equi~t, us1ng mud e.a a drilling f'luid. Circulation •• very poor 

in the upper 52:> teet of' the bole. Tvelve-incb cuing 'WU inst&l.led 
( 1~14.! I) 

and cemented at this depth. Below 520 teet, circulation ..a 

mainta1nad. and cuttings samples were obtained to the total depth ot 

l,Bel. teet. 

,, 
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Well M-9 {tig. 6) ,.. begun as a a:>-incb bole using cable-tool 

equi;ment. The oole ,.. reduced to 16 inches at a depth of 395 feet, 

and drilled at t.b&t diameter to a depth of 1, !£X) feet, at which point 

1t was logsed geopbys1cal.ly &Dd. tben caaed with 12-incb pipe. An 11-

inc.l:l bole -..a drilled from 1, !00 to 1,501 f'eet and an 8-inch liner was 

inatalled (table 2) • 

Well M-10 {t'ig. 6) w.a drilled with cable-tool equipnent 16 

1nche& in diameter to a depth oi' 1,125 teet below the land surface, at 

vhicb point 12-1ncll caa~ vu installed. An ll•incb bole ws drilled 

trom 1,125 teet to 1, l()8 teet, and an 8-incb liner ws inatalled 

(table 3). 

20 
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Table 1.--Casing schedule for well M'-5A 

Altitude of land surface 7,143.32 feet 

Description Depth below Length Altitude of land surface (J'eet) top of section CJ•• r) L-~~· r J 
Top Bottom Slotted Blank 

12-inch I. C. casing 

Blan..~ +0.}1/' 519-7 520 7,143.62 

8-inch I. D. casing 

Blank +.51/ 1,171.5 1,172 7,143.82 
Slotted l, 171.5 l, 191.5 20 ............ 5,971.82 
Blank 1,191.5 1,279-5 88 5,951.82 
Slotted 1,279-5 1,289.5 10 5,863.82 
Blank 1,289.5 1,335-5 46 5,853.82 
Slotted 1,335-5 l, 381.5 5 ,8o7 .82 
Blank l, 381.5 1,415-5 34 5, 761.82 
Slotted 1,415.5 1,445-5 5,727.82 
Blank 1,445.5 1,535-5 90 5,697.82 
Slotted 1,535-5 1,555-5 20 5,6o7.82 
Blank 1,555-5 1, 591.5 5,587.82 
Slotted l, 591.5 1,615.5 24 5, 551.82 
Blank 1,615-5 1,635·5 20 5,527.82 
Slotted 1,635·5 1,655·5 20 / 5,507.82 
Blank 1,655.5 1, 708.5 53 5,487.82 
Slotted 1, 708.5 1, 728.5 20 5,434.82 

/ See footnote at end of table 
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Description Depth below Length Altitude of land surt'ace · (feet) top of section C-tH *') ( t~e t) 
To;2 Bottom Slotted Blank 

8-inch I. D. casing - Continued 

Blank 1,728.5 1,7l!o.5 12 5, 414.82 
Slotted 1, 74o.5 1,750·5 10 5,l!o2.82 
Blank 1,750.5 1,768.5 18 5, 392.82 

' Slotted 1,768.5 1,788.5 20 5,374.82 
Blank 1,788.5 1,819.5 31 5,354.82 
Bottom of' hole 

5,323.82 
Total 8-inch I. D. casii'I8 220 1,600 

-J..! Extension of' cas1I'I8 above land surface. 
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Table 2.--Casing schedule for well DT-9 
Altitude of land surface,6,937.32 

Description Depth below Length land surface (feet) t-t.:•r J 

To;e Bottom Slotted. Blank 
12-inch I. D. casing 

Blank +2.0..!/ 819.0 821.0 
Slotted. 819.0 878.8 59.8 
Blank 878.9 903.2 24.4 
Slotted. 903.2 934.5 31.3 
Blank 934.5 958.5 24.0 
Slotted. 958.5 982.6 24.1 
Blank 9(32.6 1,002.4 19.8 
Slotted. 1,002. 4 1,036.4 34.0 
Blank 1,036.4 1,057.4 21.0 
Slotted 1,057.4 1,093.4 )6.0 
Blank 1,093· 4 1,142.0 48.6 
Slotted 1,142.0 1,208.4 66.4 
Blank 1,208.4 1,266.2 57.8 
Slotted 1,266.2 1,310.5 44.; 
Blank 1,310.5 1,333.0 22.5 
Bottom of 12-inch I. D. casing 

Total 12-inch I. D. casing 295·9 1,039.1 

~ See footnote at end of table 

t3 
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Altitude of 
top of section 

(:~ flfl f' J 

6,939.32 

6,118.;2 

6,058.52 

6,034.12 

6,002.82 

5,978.82 

5,954.72 

5,934.92 

5,900.92 

5,879.92 

5,843.92 

5,795.32 

5,728.92 

5,671.12 

5,626.82 

5,6o4. 32 



Table 2. --Casins schedule tor well M-9 - Continued 

Description Depth beloT..r Length Altitude of 
land surface (feet) top o? section (~eat' ( eet) 

To~ Bottom Slotted Blank 

8-inch I. D. casing 

Swage 1,313.1 1,317.2 4.1 5,624.22 

Slotted 1, 317.2 1,500.0 182.8 5,620.12 

BQttom of 8-inch I. D. casing 5, 437.32 

Total 8-inch I. D. casing 182.8 4.1 

Top of 8-inch casing swage to 11 inches 0. D. and run as liner to total 

depth of 1,500 feet, which telescopes 19.9 feet into the 12-inch casing. 

}.J Extension of casing above land surface. 



"·--

Table 3.--Casing schedule for well DT-10 

Altitude of land surface 7,019.41 

Description Depth below Length 
land surface (feet) 

(jc•r 1 

To~ Bottom Slotted Blank 

12-iDch I. D. oasi.Ilg 

Blank +1.9!/ 1,078. 4 l,o8o.3 

Slotted 1,078. 4 1,128.0 ~.6 

Bottom of 12-inch I. D. casin8 · 

Total 12-inch I. D. casing 49.6 1,08o. 3 

8-inch I. D. casing 

S•o~age 1,096 1,097 1 

Slotted 1,097 1,118 21 

Blank 1,118 1,196 78 

Slotted 1,196 1,206 10 

Blank 1,206 1,228 22 

Slotted 1,228 1,258 

Blank 1,258 1,268 10 

Slotted. 1,268 1,278 10 

Blank 1,278 1,302 24 

Slotted. 1,302 1,322 20 

Blank 1,322 1, 332 10 

Slotted. 1,332 1,342 10 

Blank 1,342 1,368 

Slotted. 1,368 1,408 40 

Bottom of hole 

Total 8-inch I. D. casing 141 1n 

j_./ See footnote at end of table 25" 

•• 

Altitude of 
top of section 

l~ .. rJ 

7,021.31 

5,941.01 

5,891.41 

5,923.41 

5,922.41 

5,901.41 

5,823.41 

5,813.41 

5, 791.41 

5, 761.41 

5, 751.41 

5, 741.41 

5, 717.41 

5,697. 41 

5,687.41 

5,677. 41 

5,6n.41 

5,631. 41 

• 
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TQ_bJe 3 . --Casing schedule tor M-10 - Continued 

Top of 8-inch casing swaged out to 11 inches 0. D. and run as liner to 

a total depth of 1,408 feet, vhich extends the 8-inch casing 32 feet 

into the 12-inch casing. 

~Projecting above land surface. 

>~- -515111£ •• _ ~ 



Exploratory large-diameter auser boles 

Tbe large-diameter boles Beta, in Uater Ca.eyon, and Galll!la, 

i=t Ancbo Caeyon ( t'ig. 6) , were drilled vi th a bucket auger, aa1.nl.y 

to determine \lhether perched water -..a present beneath the canyon 

bottoms. The large-diameter hole Alpha ..as drilled on the cesa 

S'.u-face primarily tor geologic information. 

Beta bole was drilled 2 teet in diameter to a depth o! l2A:l 

f'eet. The hole 'WBS dry. Gume. bole 'WU drilled 2 teet 1n diameter 

but "We.s abandoned at a depth or 1 teet because of the bardneso or 

tbe tu.t.t', ani a nearby 4-i.nch bole called GllllllB A ,.. drilled to 

a depth ot 54 teet vi th the '\lagOn drill. The bole W18S dry. 

Alpha bole ws drilled 2 teet in d.i.amater to a depth or 189 teet 

to obtain geologic intor.tion. The bole -..s dry. 

I II 
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J'OUI' core l1olea wre 4:rill.ed, ooe in each ~ A1w.s l tJIZ"ough 

4 1n TA-~, •1nly to obtain 2-i.DIZ ~cere saples ror 

geologic a~. Air waa lJMd u a cartti!Jp carrier 1n order to 

obtain coree ~ ~ 4r1.1l.1Ds 1Ul and to detect t100ee ot perched 

'l'he pa.rta or tbe care& mt Wlle4 1n tDe testa azoe stored in 

the Geo'OSical. Sul-fey attice a~ Loa AJ..,s. 'lbe con boles were 

cased v:l.tb 2-i.Ddl p;l.pe al.ot.t.e4 1D tbe lover a> teet. Logs ot 

tbe coree are in tabl8111 10 t.bl'ou8tl 13. 



Sballow boles tor .aisture measurements 

'l'veoty-three boles were drilled 011 the mesa surface in TA-49 

(tig. 20) and tvo in Water Canyon {tig. 6) tor the purpose o1' measuring 

moisture content and tbe changes in moisture content vi th time and 

depth. Areas l throusb 4 and Area 10 were o1' special interest 

because potential ground-water contallinanta voul.d be lett in tbe 

ground as a result ot the experimental work in these areas. These 

boles vere drilled with a wagon drill and are 2. 5 incbes in diameter. 

They -.ere cased vi tb. 2-inch plastic pipe. 

A rough visual. los vas -.de at tbe tiae the holes were drilled 

b;y observing color cbanges ot the air-returned cuttings and the 

general drilling conditions. These loss are plotted beside the 

graphs ot 1101sture content • (See tiga. 21-4 3. ) 

Boles WCJI-l and WCN-2, in ft'ater Canyon, vere drilled vith a 

wagon drill usi.n.g air as a cuttiJltl& carrier. Tbese 'borines penetrated 

vater in the thin alluvium at tbe level ot water in the nee.rby stream, 

&Dd air drilli.ll6 could not be coat1nued. 1.'be holes were drilled 

about 2.5 incbes in diuaeter aDd cued with 2-inch plastic pipe; 

WCII-l wu casecl to· a depth o1' 9·9 teet with pert'orations the entire 

lengtb; WCM-2 waa caaed to 9.4 teet with pert'oratioos in its lo\Oer 

6 teet. 
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Geopeys1cal. logs 

Electrical, radioactivity, temperature, and sonic logs were 

run in wells DT-5, D'r-5A, DT-9, DT-10, Alpba bole, and in core holes 

in Areas 1 through 4. (See fisa. 54A-62B.) 

Most ot the loss 1H!re run b;y ScblUIIberser Well Sw-veying 

Corporation. Gaaaa-ray logs in the cccpleted core holes were run 

with e(luipment of the GeolOSical SUrvey because o~ the SIIBl.l hole 

., ·diameter. The Survey a.lso sa--ray logsed tbe lover 307 feet of 

well I11'·9· 
p,.,,..,,.fiV• f~ ... ~~~··''l 

'!'be electrical logs were ueed priDarily toAeelect zones -ef-

eP•atea• pe~h1li~ tor setting perforated easing. !b a lesser 

extent these loss were used to select stratigraphic contacts. 

Induction logs and lateroJ.osa vere run on vella Ilr-5A aad I11'-9· 

Induct1oo loss were run 011 well D't-10 and Alpba hole. 'l'be induction 

106S were not useable because ot the very high resiati vi ty of the 

rocks penetrated and the large diameter ot the bore holes (especially 

Alpha hole) • 
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Lateroloss were run 1n wells M'-5A an4 M-9 becawJe ot their 

better definition ot unita in rocks ot high resistiVity. Tbe laterolog 

strikingly indicated the poai tion ot volcanic nove interbeddAd 1n the 

Santa Fe Group (tigs. 55D 8:¥1 56D); however, 1n the Bluldelier TuZt at 

well IY1'-5A, the laterolog apparently did not define lithologic 

boundaries that vere 1nd1cated on the otber popbyaical los•. A 

microlog and caliper log were run on vall M'-5.\. 

The radioactiVity logs, •1Dl.1 pmma-ray, wre the JDOst usef'ul of 

the logs tor pickins geologic aontacte. The suaa-ray los yielded 

us•ble resul te 1n boles that oontailwd no liquid or were only partly 

tilled am boles with caains installed. The ~ seo~sical. los ot 
the lowr 307 teet ot M'-9 wae the s--1'8l los run witb Geol.ociaal 

Survey equipDent. A stwty ot tbis los abowd ahaDses ins- radiation 

sufficiently well to aid in accurately choosing contacts betveen 

stratigraphic u.nits pmetrated b)' tbe well. 

Temperature loss were run on wells D'.r-5A, M-9, and m-10 to 
obtain the gencal geotberal sr&4ient and taaperature ot water. 

Sonic loS• were run only in boles or parts ot boles oonta1n.ing 

liQ!.l.id; conse<J*ltl.y, these lop liVe run in only M'-5A, M-91 and 

M'-10. 'l'be IODic lop were 1.\Md to a limited extent in corroboratizls 

the upper &Dd J.ovct boundariea ot bar4 layers ot volcanic rocka 1n 

the &q\liter. 'l'he sonic log tor I7r-5A alao 1&8 uaed to estimate values 

ot porosity. 
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Data CD tbe interval betveen 300 aod 500 feet bel.ov the mesa 

surface was U.Ost entirely deteraU.ned f'rcm tbe geophysical loas. 

Tbe logs wre also used to make more precise detel"'llillations of' 

stratigraphic coatacta. 

-... 



Dovn-.bole appin6 

A large number of' boles in Areas l through 4 and in Area 10 
were dug with a buc:k.et auser as part of' the experiments cood.ucted 
b.; the Los Alamos Scientific Laboratory at TA-49. 'l'beee holes vere 
3 to 6 teet in diameter and 49 to 1o8 teet in depth. Thirty-nine 
of the holes were inspected in the course or this investigation and 
detailed geologic maps were !lade in 19 of' the 39. This provided an 
opportunity to exacine the structure and litbclogy of' freshly 
exposed tu!f and provided information on the post-depositional 
history of' the tutt as well as a basis tor interpretations of' 
va ter movement. 

Figures 15-18 contain the geologic maps ot the boles, and 
table ;:6 includes reconnaissance notes on tbe boles that were 
inSpected but not mapped. The system of' designating the lxlles 
and the location of' the ones that were inspected are shown on 
figure 2. ~ese boles are numbered according to area ani are 

Figure 2.--Layout of' large-diameter boles in Areas 11 2, 3, 
4, and 10 sbovitlg boles apped. and described. (Areas are 

sbown on t'igure 6.) 

alpbabetued vitbin each ar• (except Area 10). Bole 1-A ...as 
mapped early in the st~· as a 3-f'oot diameter bole aDd later 
w.s examined 1n recxmnaissance as a 6-toot diameter oole. 
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Core hole I 
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0 OxO • • ® OxO 
Q) 

Core hole 2 
®-
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0 
0 

0 0 0 ® 0 0 0 ® o-:-
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0 ® 0 • • ® ® ® .j_ 

Area 3 Area 4 

0 

0 

0 

0 

0 

® 0 0 • 0 0 0 • 
0 0 0 0 0 0 0 0 

Core hole 3 
oxo 0 

Core hole 4 
® 0 ®XO ® 

0 0 0 0 0 0 0 0 

0 0 • • 0 • 0 ® 

Area 10 

®xxiiO 
-'-=Drift connecting bottom of holes 

EXPLANATION 

0 
Lar<;~e-diameter holes 

• 
Large-diameter holes mopped 

® 
Large-diameter holes described 

in reconnaissance notes 

Figure 2.--Layo~t of large-diameter holes in Areas 1, 2, 3, 4, 

and 10 showing holes mapped and described. (Areas 

shown on figure 6. ) ~if-A 



The dow-bole •pa vere plotted in the t1eld an tubea cover.d 

v1th ruled crc8a-eection paper at a seale ot 1 inch equala 2 feet. 

The apa vve reduced to 1 ilx:h ~ 6 feet tar 1nc1ua1an in thia 

report. 
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Samples were collected at 5-toot interv&l.s in tbe boles tbat 

were mapped for possible future study. The samples were band

specimen size aDd vere collected at random fraD tbe bole walls. 

Cu.ttings samples of each 5-foot interval also were obtained from 

tb.et>e hole:;. 



Laboratory investigations 

N:.unerous analyses were run on the sample::: that -were collected 

at TA-49 to obtain data on the ph:; sical characteristics of the tu:ff 

and soil. Sa.'l%pl1ng ws most intensive in the interval bet·.~een )J 

ar.d. 120 feet beneath the surface or the aesa. Physical-pro!)erties 

tests and mineralogic and chemical acal.yses or rocks were made b:, 

Bucbans.n and Associates laboratoriea. Samples or rock were 

ane.lyzed :nine:ralogical~· am chemically by laboratories or the 

Geological Survey { tabls 14, 15, and 16). 

Hyd.~logic analyses were run by tbe Geological Surve~ on ;6 

rock samples to aid in evaluatiDg Wiater movement in the zone of 

aeration (table 1 7) • 
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About 150 a.pl.u ot J"OCk from TA--49 were tested under tbe 

directiaD ot lkJchanan aDd Aasociatea, ccmaultiDS ensineers, Bryan, 

rex. 'l'elrta perf'omed imluded •trezJgth teata, tharmal. cODductivity, 

specific beat, pert1cle-a1ae diatr1but1on, dena1t;y, apecitic sravity, 

moisture contcrt, porot~ity, am pemeab111ty. llbi.-ture ccmtent 

vu detend.ned for about 70 amplH ad poroei ty tor about 30 

samples, .,.tl.y 5-inch COl"M trail the valJ.a ot the l.arge-41...-ter 

holes. PWl"'lle&bility to air vu deteminsd tor 10 samples of core 

frail the 4 core holu, aDd put1cle-s1ae distribution vu 4etem1ned 

on 9 cl"WWl:::ed specilllel:w ot the 10 •ampJ.ee &Da.l.yzed tor pemeab111ty. 

Chaical. ( spectrosraphic ) aZid JaiDeral.osical ~- were run 

on 9 of the core Nlllples tor vhich pe~ill ty wu determined. 

Alao, maximum stress, IDOiature CCDtent 1 dena1ty1 aDi apecit1c gravity 

determ1Dat1c:ma were made on tbeae &a~~plee. Tbe results ot the testa 

am a.nal.y8es were tJ'IUlali tted to the tiU ven1 ty of C&l11'om1a Laboratory 

at U:>a Al MIOe. 

Bl&lth DS.viaiOD - Group J-1 

About l2 Sllllllpl .. , includins cores traD. the core holes, 5-1nch 

diameter aide-vall cores and unco!l8011dated nmpln trail the large

diameter boles, am air cuttinss t'l'CIIl the core boles were analyzed 

by Group H-7 tor ion-exclwlee capacity. 



---- . 

rw«t.e el ~ll-cuttinp Mllplu traa hole M'-5P, veU. M'-5A, 
l1r-9, alld 111'-10 vue studied v1tb a biDocular micJ!"'aeope am clacribed. 
'l'be &1r euttizas• traa hole M'-5l wre vubad aDd deacribed vet. 
Rot&ey JIIL14-ret'L1r.Md euttiDp trca vell D'.l'- 5A &at cable-tool cutting• 
:frail vella Jll'-9 aDd ·lO blld been vubed wben tbe1 were col.l.eeted1 and 
deaeripticma were made of the dap Ullpl.H v1 thout 1'UrthG" proee••iDs. 

!uekat-eucer Ampl .. baa Alpba I:Dd Bfta llol• Wft a.iDed Vi tb the bi.Docular mioro8Cope m4 duc:nbed. !be bit-pauDd cuttillp am 

Sa. triable 1Dtervala 
111 tMM bole• did act Jiel4 cmmk atllllple8. 

~c IID4 cheical. ~- vve nm oc 1.6 Mllfl)le• by the 
~ aDd Petrol.ci'Y lftzx:b. Two ~ tlwl l6 811111plea ~ 
c~cally b1 the rapid•:rock -.thod (Sb&piro aDd BftZmock, 1956) 
al.8o were~ by the cl.&a1c&l ..tbcd (Blllebr&Dd, 1900) u a 
check em the relative .c:curac1 ot the rapid-rock &D&J.ysea. 'l'able 1t. 
l18t8 tbe 8811ple8 8Zld t;n»H r4 ~ .-de of each. 



,, 
Table 4.--Rock samples tor petrographic, chemical, spectographic, and x-ray analysis by the Geological Survey. ~ 

.! Laboratory Serial No. 

155572 ( 28212 3 !:./ ) 

573 ( 124 y)· 

574 ( 125 !:./) 

929 

930 

931 

932 

~ 
933 

0 934 

935 

936 

937 

156o56 

057 

058 

059 

Bale No. Depth Waahingtcm, D.C. Denver, Colorado 
'' C~eal. Chemical M1Dera1041io ________ M1Deralog1c -~pid rock claaa1cal ____ (geotr9&l"&llh!c} (dittre.c~W) -• 

2-U 

4-A 

2-Y 

CB-1 

2-H 

CH-2 

CH-2 

CH-3 

CH-3 

4-Y 

CH-3 

CH-4 

CH-1 

3-Y 

3-C 

2-H 

52 

85 

78 

45.5 

30 

65 

130-132 

54 

100 

78 

46.5 

83 

38-4o 

105 

58 

58 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X X l 

X X X 

X X X 

X X X 

X X X 

X X X 

X 

X 

X X X X 

X X X X 

X X X 

X X X 

-----------j 



Detem:I..Dationll ot pmJM&bil1ty1 ~ity, ~1t1c yield, 

sp«1t1e retention, aDd moiature content were llllde on moet of the 

36 aa.pl.etl 8ll&l.ysed by the K;ydrolcsic I.aboratory ot the Ground Water 

BraDch, Denver, Colo. Spec1t1e arav1t7 and dry unit veight were 

on 7 a-.plea • 

.Appraxiate pB vu det~ 011 9 Allpl.ea. Jt)iature ten.ion vu 

d~ 011 10 .-plea 11111 pon-aiu d1atr1'Wt10D vu deteftllned tor 

5 ot tboae Hlllpl.ea. 

Pemlability deteJ'II:lzaticr. vve ...S. CID ccmolidated tuff &Dd 

BCDe ot the UDDCDIJOlldated Mlllpla. tlbcouoJJ.dated Mq)1ea were packed 
GLo 

into 1taa ~er cyl1ac'w, 

A water .-ple rrc:. eech 4Mp teat wll vu &D&lyaed to obtain 

radio-cbaaical aDd c-.tc&l baclqptouDI:l e<mceatrationa 1n ground water. 

Sallp1ea trc:a 111-SA, M'-91 aDI ~10 vve eoll.ected De&r the end ot 
• 

pu~ap~ tena. A bailed -le vu collected t:n:a M'-10. 

Water ~~G~plu WN col..leated ~ drill1ns all4 dwe~t :trcm 

vella D!-5A, Dl-91 &D1 D'.r-10 to 4eterm:1.J:Ie w.tber than might be 

eMaieal d1tfenDCu 1n water t1'CD ditterent depth iutervala in the 

, 1 II 
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Tritium concentration was dete~ned in two &Bmplea tram 

well !Y.r-9 and one r.ample from -well DT-5A. One sample trom DT-9 

was collected from the bailer when the well 'as 1, 325 feet deep a.."ld 

the other sample ;m.s collected atter the well was co::~pleted and near 

the end ot the pu:np.i.:1g test. 'l'he sample frot:2 well DT-5A ws 

collected near the end or tbe pumpL~ test. 

• 
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A detailed ·~ ot tbe polos;y ot Loa Alamos County •• cot 

made durins the course of this 1nvesti&at1on. The reader ia referred 

to a report on this area by Grig.a ( 1955). 

,I II 
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A Wtaile4 ltudy ot the seol.CSY 8Dd ~J.ccy o-r TA-49 vu .-48. 
'!'be ...t illpaz'tallt <Wpoa1ta in reapect to tba ~Ul"NDC• ot IJ'OUDd 
vater &1"e vokauic aDd ..u..zrt&ry rocb ot Tert1az7 mS ~ 
ase. In TA-49, only roeb ot Qatenlar:Y' as- are upoeed at tbe 
aurtaceJ hcMrvcr, thzoee deep teet vella bave bee cQ~~plAted 1D rocka 
o~ Tvtiaey ... that ue expcaed el...m.r. 1.u the 1M u-,a area. 
In TA-49, roclal ~ Quatuaary ap &re DOt l.Ma tbM 1,000 teet thick 
aDd probably are net more tbl.n about 1,,00 teet tl:d.ck. 1!Je th1clmeea 
ot tbe rocka ot Tertiary -se 1a •mJrnown. !be 4iatnbut1aa cd rocka 
in the Loa A~ area 1a abcMa in naun 4. '1'be ...-nl MqWmee 

ot MCk UD1 ta am tbe ieDel~ atructuftl. NlA'tioDe ot tbe roca ot 
hydroJ.as1c 1.Jiportaca are abc:MD oa a polns1c croaa aect1oo (fiP.R 5) 

J'1sUft 5··-GeolcfJ1c CJ'OU 8ec't1CD tbzoouSh PriJoJ.ea lila& f'ral the 
PaJ&l"ito taul.t to tbe Rio ONII4e. LocatiCD 1a abawD on f'1sun 4. 
Daaer1Rt1au ot UD1ta an abc:ND ca t1pl!! 4 aD4 6. 

baaed oa tat VS.WJis m1 polcpc MJPUW 1D B-49 am em the 
polos1c .-p. 
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b rook tm1 ta deecri bed in thia r.port are ( UCendiDS): the 

8llata r. Group ot )Uddle(t) IUoc.m. to Plei.-tocene(t) ap, the volcanic 

:rocu ot tbe J_.z llowlta1l:la ot Pllocene am Pleiatocene ap, and 

tbe &lluviwa ot Pleiatocaa aDd Recent ••· 

4.5" 
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SaDta :.. Group ... 
At T.A-l~o9, the Sazrta r. Groupo~ Jl!ddle(?) Ja.ccce to Ple18'toeene(?) 

88• 1a canpoeed ~s 811 UDdi:f"tW:Nut1ated w:dtJ the Puye ConslCBelwte, 

Which COil8iat.l 0~ the Totav1 IADtil aDd tbe iqlazwN'te m.ber; al2d 

the lover two unita o~ the baMl.tic rocka ot Ch1Jlo MIH. 

The undifferentiated um. t 1a a aequeme o~ li&ht·col.ored aedimeuta 

laid dcnm .. coal.eaci.as alluv1&1-~an am flood-plain depceita in the 

Rio Grande depreuion. ~ ae411Del:rtary rocka .._ to have been 

derived trail the h1shlam• to the DaZ'th but ay have been derived, in 

part, f'raD the Saa:Jgre de Criato MouDta1na to the eut. The UDditterentiated 

unit cropa out &l011g tbe Rl.o Grade aDd in Loe AliiJI04l am Guaje 

C8ZQ'0118. It ia preaent 1n tbe aubsurtace UDder meet of the Pajari to 

Plateau. 

The PUye Consl~te coaaiata f4 a thin bual rivw sravel 

overlaid by tan deposita ~ 1Dterl&yered boulders, gravel, ailt, 

and a&Dd. Tbe b&aal unit, called the Totav1 Lelrtil, 1a arkosic and 

quartaitic debr1a, freD aaDd to bouldel' aia, der1ved primipal.l.y 

:f'ral 1gDeoua aDd ..U.Orphic roab to tbe north am northeut. 

'lbeae gravela vve depoe1 ted ca the b1'084 f'loo4 plAin and cbllzmeb 

ot a la1"p river, and tbey wCip out ... tvard aDd watvard at the 

11111 ta ot tbe old r1 ver'be9. '!'be taD depoa1 ta tbat lap onto the 

'l'otav1 Lentil are called tbe ~~te member m! a.re casposed 

of debr1a der1 ved trail volcaznc rocka 1 •1 nl y lati te 1 quarts lati te, 

am &Ddeai te, which crop out OD the Sierra de loll V&ll.ea to the veat. 



. .,;,, 
1!:18 'l'otari Lmtil ot tbe ~ Coasltaerate ~cmtormahly overlies 

~ umittereatiatec1 unit alclaa tbl lt1o Onale aDd .. ODfoz..bl.y 
overu .. it 1n kMI JJ...,. aDd Gu&J• ~. In tbe toe.,..,. 
area, the 1'otav1 LeDtU crape cut in Guaje am Lee AJNN)I ~ 

a.ad aoutbvud aJ.o1:11 the Rio Ol'aDde to a point beJ.ov the .auth ~ 
ADcho caayon, Vbere it wedp8 out betweD t~ UDierl.yiDg UDIU:tterentiated 
umt aiJ4 the over~ bu&lt1c rocka o:r Ch11:lo MH&. It ia to\m4 1n 
the tN'baurface uM8r II08't ot tbe ~vito Platea. 

'DMt tanslcaente m 'cr ot tbe ~ ~ coato~l.y 

overlie• the !'otaY1 LeatU. A sa. DMr the top ot tbe 'l'otav1 Lctil 
ia c~ed ot a Jl1.xture ot pcpat1Uc l'OCU aDd volcanic deba'U. 

'!hi• a:ixed IIODe 1"ffpl'WMD't• a chilDs• 1A IIOUl"Ce ot the ••"'-uta trca 
181*l'J8 apt Mtamorphic tezorue to volcanic ter'Niw. 1!le ta&1slc.ar&te , 

mmber 1~ v1th the ... teftDoat tl.ava ot tba 'l'ltch1ca~~& Pol'll&t1on 

'beDMth tbe !IIJU"ito P.lateiLu &DI! vitb tbe l.cNv unite ot tba bM&lt1c 

rocu ot Ch1!lo ..... '.I'M..,,~ ot tbe upper put ot the tqlt'!Mrate 
,.,.,_,.were deri"IM t1'C8 the 1Wh1c~ ~t1ca, vbich tamed tile h1&h 
JDmta1n ... of tbe 81.-ra 4e loa V.U. to the vut prior to tbe 

uh talla &M f'l.cMI of tbe aam.uer TU:t1'. !be ~' CD~~Nte -her 

cODd~ •' ~ of lat1 te 1 tuaz't• lat.lte 1 aD4 aade•1te. ID upper 
~ AD! 1,oe A'"OII ~ 1 tbe taqcla.nte Jllalber ccme1at. of qul.ar 

.. 
bQalc!eft aDd~ to 81lt, HDd, 8ftVel1 aD4 rouD4e4 bouldera _.ward. 
!he f'a!Wl ,....te p llcNr U =cpct'ed 1zl 'tJ» r..o. AJ.-o. &l"M 1n QuaJe I 1 

~Ja1 Pt.wblD, aD4 Loll A'""''~ IU:Idia tOUD! 1n tbl aub8Urface 
UDder moet ot tbe PIJarito Plateau. It tom. gray clltt• on the wet 
aide ot tbe Jt1o GftDde DOrth ot 1 ta jwrtiOD v1 th Loa AliBOa ~. 



Tbe bualtic rock of Cb1Do .... ocaeieu of 1'1ve _,able UDita, 

which orisinated t'ral volcaDic venta a.e.r Ch1DO Meaa to the 80Ut.beut 

of tbe toe Al-.oe ana.!/ 
~ lCNW tvo un1 ta of the bU&ltic 1"'0Ck of ChiDO Mna crop out 

aJ.ons the Rio Or8Dde acuth of Otowi lri4p. ~t l rHt.e UZICoa:toftabl.y 

on the UDdittereati&ted un1 t ecutb of abo CeD:Y'ol1 aDl to the llOl"tb 

1n-e.rti.DPJ"8 vi th tbe !otavi Lmt1l &leas thll Rlo OftD!e, v1 th the 

upper tl.ov of tbl unit cODtonable to tha Totavt. 'l'o the wat beDeath 

umt 2 ot the ~ttc 1'0CU ot Cb1Do 111M contO'I'a.bl-7 CJYeru .. 

unit l aDd ~-- vitb the fazwlCIII'.l"Ste 7 , .. 8D1 ~0~ 

ro~1oa vwt of tbe JS.o GlWde. 111ft ~ tbe R1o ~ umt 2 

interf'inaen with the upper uzd.t of tM UDlittereut1ated un1• aDd 

vwdse• ~t beDMth tJ.on ot umt ~. 

~t ' ot the b&Ml.tic rock ot C!d.Do .... crape out 1n laver 

toe Al..,., SM:Idta, aDd MoZ"taDDSSI4 ~ vut ot tbll RS.o GraD!e and 

on Cb1Do 111M ..-t ot tbe :river. It ccaaieu ot bual.t tl.ov8 on a 

d1uecte4 INJ'hce. l!d.t ' nata U.Coa:t~bl.y oa UDit 2 aD1 UDCcmtormabl.y 

on tbl ~ Cm211<8'ftte. It 1a ecuivaleut 1D p&1't to tbe old alluvium. 

!/ D:l Oftlll' artc1'»' MZI1~:r1pt z-.port (1955) tbl bUalt w:d.ta vera 

llllb«N4 1·5 trca ~eet to ol.4Mt. %D tbia l"Wpp1"t the unit. 

are n....,_ tl"CCI ol4Ht to yoQIJp8t, in ccaton.uce vi th accepted 

etratipBphic pnctice. 

" , II 

I 



~t 4 ~the bU&l.tie rock ot Ch1Do 111M eCM18ta ot bualt 

flcJn cappilll tba --.. south ot IDe .AJ.amoa ~ ve.t ot tbe Mo 

ONDde aD1 Oil t~ eutem aide of the R1o Greme south ot 0tov1 Bri~e. 

l!nt 4 l'Mta t.lD:onfQlWably on tbe ~ Conclanente and the und1rtereut1-

ated UDit U4 butt8 ep1mt UDit ' 1D lonr Loa AJaoa Cllzlyon. 

UD1t 5 ot tbe bu&ltie rock ot Cb1liO ... cODailtl ot cinder .. 
coan BDl local bu&lt nan. It Oftr11ea v1th UDeODtomi ty &lJ. older 

rock 1D vblch 1 t 11 1n ccatact. Wbeft tbe llmdelier Tuft cwerllea the 

bualt1c rock Of Cb1Do .... the C<llltact a &D UDCODt'ond.ty. 

<mly tM two l.aftr unita, 1 IIDd 2, ~ tbe bU&lt1c rock ot Chino 

MHa b&ve been pmetrated at 'a-49. bH wre fCUDd 1n vell D.l'-10 • ...,.,... 
!u&ltie ~-~ Cb1Do ..... ....-Dot preeent 1n otmr vella teat 

pmetrated the ... l'traticNPhic MqUeDCe. 

Dlle ol4 al.luvit.a cCIDiiN ot c~ aDd lft'Tela aDd 18 present on 

the ... DCII"'theut ~ QuaJe ~~ veat of Totart 1.11 Loa Al.amoe 

cazoaa, lowV ~~~aDd at the DOrth em ot Chino Mesa. 

rt vu 4A'podted UDr:~omably upon tbe ~ Coasl~te. The old 

alluv1la i• cma'la14 UDlon.to1wably by tbe Jlllldeller '1\ltt. A tlov, 

umt' of tbe bualt1c I'OCk ot Ch1Do IIHa, tcmauu c:Qt into the old 

&lluv1• wen ot 'l'otavi. At the Darth eD1 ot Cb1Do,.... it 18 overlaid 

UDaaat~ 'by the non ot um. t •· M the old alluvium ~ not 
1. .. . l"u.r-Nte,. prumt at !A--.9, it ta not d18CUIHC1,( 



... 

Uneifferent1ated ucit 

Physical characteristics 

'l'he unditterentiated unit ot the Santa Fe Group is ccaposed ot 

friable to moderately vell•c..anted beds ot lisht•pinkish-gray to 

li&Qt-brown siltstones and a&Ddatonea vitb s~ conglomerate and clay 

lenses. BeddiJ:ls is generally poorly developed except tor llorizoote.l bedding 

toun.d locally ill the tine•il'ined •terial. The sand-size detritus is_mad.e 

up d.aainantly ot quartz arad. teldspar aa4 ld.nor a110unts ot cllal.cedony 1 

biotite, IIU&covite, and -anetite. Bock. ~nta constat ot ~olite, 

l&tite1 gneiss, schist, liaeatoae, an4 quartzite. The trasmenta ot 

quartz, teldspar, saeiaa1 schist, ~uartzite 1 and limestoae were derived 
I 

trc. tbe Mat aide ot the Rio Grande valley Ul4 areas to the north. 

'fbe trasaents ot volcanic ori&in, conaiatina O't l&t1te 1 rlzyolite, 

tutt1 and pUIIiceJ' were derived tl"ca tbe wet and occur •inl.y ill the 

upper part ot the un1 t. 

. Cuttino• .£:_r:"'tr-rall--tlle--UD41--tt-e-ren--t-1a_te_d_un1_t_{E_re,c_o_v_e_r-e!)in wells M-5A
1 

D'!-91 and 17l•l0 (tables 51 61 aDd 7) are a llixture ot easterly and 

westerly derived ae41Milta containina quartz, teldapar, quartzite, latite, 

rhyolite, aDd ~ce. 

II 
.I 



At 'l.'A•49 three wells, DT-;A, I71'•91 and I1r·l01 are bottaDed 1n 

tbe unit. Well I1r·5A penetrated 294 teet, M-9 penetrated 144 teet, 

and m'·lO penetrated 7 teet. In well M-10 tbe lower 7 teet ot tbe 

boring was assic91ed to tbe unit by interpretation ot electrical and 

g&IIIIB•r&y•neutroo. logs. The total tbickneae ot tbe unit in tbe region 

dXceeda 2 1 400 teet, baaed on well 1ntormation and exposures in lover 

Los Alamos Cacyoo. (fig. 4) • 

The unditterentiated unit probably thins to tbe east and \Jest 

tOil&l"d tbe margins ot Rio Graa.de trough in the region. The vest 

boundary ot tbe trouj:ib is not well know but aay pass through tbe 

approximate lQD6i tude ot Valle Grande. The upper surtace ot tbe 

undifferentiated unit &.jj c *"'·'¥ slopes about l de~e southward in 

tbe TA-49 area. 

so 



'fable 5. ·-SIIIple lal t4 w.U Ill-SA 

Drilled by rotar,y vi th md rar c:&rrler 

1'otal. 4eptb l,&cl teet 

~ p1lQt hole .TaDuaz7 25, 1960 

Altitude of lad 11\a'ftce 7, 1•'. 78 :teet 

'Ddcb ••• Depth 

{:tNt) (t..t) 

'!llb1rep r '..-r: 

SS.da•ll c:ona t'J'ca hole U..5: 

~ ---------------~~---- 370 

~ceaaa ~---------------~--~-
!Utt, Ucbt eray to p1nJdeb pay 1 

500 

S/ 

, II 

• 



Mle 5·--Las ot wll Df-5A - Ceat1JUI4 

(r.t) 

Jlo Mllpl.ee l'eCOft1"ed dDe to la:k ot c~ulat1c:m --- 520 

md.t lA 

~, ll&ht-ar-1 to lJcbt-piDJd.eh-szoa7; 

.-rt• aDd aazd.d.1De ~ IID1 

tz..-.taJ ..n.c ~ 1D nz.-gra1Dad 

uh •tnx; Ucbt-JWJ.law1ab-&nq pumce 

v1th cellular etNcture J lJ&ht-red 

rb1ol1 te rock t.ras a occur baa 

560 to ~1 te.t; l.icbt--1"7 r!Qol1te 

rock tnpmrta oc:eur rn. 5So to 641 

t.tJ tHpelta ot 118bt-11'&7 ailtlrtaDe 

occur ~ 610 to 615 teet --------------- l2lt 

Sl 

Dllpth 

(t.t) 

520 

641 



Otor.t. • • .. : 

'1\lft, ll&ht-gray, lQilceau.; qaarts 81111 

MD1d1De cr;ywtal.a aDd tlllp&Uta v1th 

Jl1l30I' 8ID1Dt8 (d ..ric Jll.Derala 1D a 

t1De-pa1Ded Mh •tr1x. Ltsbtt-~ 

daz't:-cra7 ad li&ht-Nd rtQol.1 te; 

11cbt-red aal ffN.'1 lat1te; wb1 te to 

JJ.cht-~ pace~~ 

1'h1chaea 

(teet) 

Depth 

(teet) 

rsRber ~-----·---~-------------------- 198 839 
QuaJe IS ! cr ; 

aDI1 l&Ute rock fl....,ata ------------- 91 930 

Sazrta Pe QroQp 

l.a't1 te. 1 8D!eei te( f) 1 aM lJcht• 

eolcn4 'II*"• 4ebr1a. Other raat 

biiQWLta 1Dclud.e llght-red aaud8toDe, 

p.m.ee, aud lJ.&llt·taD c~. ac.. 

sniveJ.a awear vell rom:led ------ 237 1,167 

S3 

, II 



tbS1n'&NIDt1a:*ed 1&1:1 te 8Dl quart& lati tA z 

La'tite tl.oW I'OCk, 1.1ata"~ to cJaztt

~j 1Jltert1Dn of~~ 

&Dr1 c.l.aJII occur ~ 1,221 to 1,.225 

!hickDIII 

(ten) 

»-pth 

(fMt) 

tNt aD1 t1'al 1,259 to 1,264 ~ ----- 126 1,295 

81ata Pe OrGUp 

,.,.l,...,.te J ?cr: 

~,, abe c• "'I c• • a t4 l'tQol1 te, 

1A't1 tea' NldM1 t.- ( ') .ad li&bt

coland ~ ~. Otber 

roc::k ~t.a 1Dcllde upt

~ IIDd wbite .u.t8tcae; upt

P7 8Dd ~ MM'ItoDe. 

~ 88h eaat&iD1J:JS ~ of 

the aboYe rock tzapmta occun 

traa 1,415 to 1,431 teet --------- 138 1,431 



1'able 5.--toc o"t wll m'-5A - caat1Dued 

LaUte tlow rock, dark-~ 1 &aDa ot 

appear8 slaa87 --------------------~--

~k· '41l': 

t)'q' aMz.te ccaai.UQS ot r!o'ol1 te 1 

lati te 1 8114 ot!ier tpecw,w debria j 

claJ -~-----------------------~~ 

pea1 tic debr18. Alao abuzdant 

volctmic rack debria; gray 8D:l 

bl'OWD ADISatoDe trttpeata -------

SS' 

(:reet) 

1.8 

52 

-......._ 

Depth 

(teet) 

1,457 

1,527 



!able 5·--Las ot vell D!-5A -~ 

tb11tteNut1ated UD1 t: 

811tatcme 8Dd uadataae., 11aht· p1Dk:J.ah-

ccqla-zate; artoa1c 1• ._. SC~DR but 

ccata1Di~~S mch volccic &tbria. IJ.cbt

srq 8Dil bz'am ultataaee oacuzo rrc. 1,555 

to 1,580 t..-t; pmc.,._ acm.e t1"C11 1,585 
to 1,595 r..t am 1,760 to 1,180 ~. 

~illp .... t1Der tl'CD 1, T75 to 

1,Beo taet --------------~---~---~----~-~-

Depth 

(tNt) 

1,821 



Table 6.--s.pl..e lq ot vell I7l'-9 

DrUJ.ed by cable tool 

Total depth l,50l. teet 

Ccnpleted February 19, 1960 

Altitude ot laDd surf8ce 6,937.3 teet 

1b1cmeu 

(teet) 

T8b1rep llt&lber 

t1Dit 4: 

Tuft, light-brownish -taD, velded; 

composed ot qu.aota IIDd aamdizle 

en ~; Usht-gray 

~-Y &Dd gray rhyolite 1D m aah 

rix; dark-green -.tic ll1nerala; 

....... ~., -,el.low1ah-gray pullice tragmenta 

dart -.rtc lliDeral.a parallel to 

eel lnl•r stl'ucture ot the pumice; 

ce trepeata occur trolll 48 to 58 

S7 

58 

Depth 

(feet) 

58 

, II 



• 
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Table 6.--tos ot wll m'-9 - CcmtiDued 

UDit '·' 
~ 1 116ht gray 1 c01l't&1D1llg quarta 

aDd aauidiDe ceystala a&3d f'repeuta; 

an aah matrix. Sen' d1oe cryatala 

1l6 teet --------~~~------~-~-~----
OD1t 2: 

dense; ccmpoced ot aazd41ne c~tala 

aDd trapenta up to gramU.e a1ze; 

a ttiltl quart& ceyatala ~ta; 

11~ to flN'1 r~llte traplmta; 

•tr1x 1a gray gluar uh; green 

DBfic minerals coated v1 th an 1rcm 

etaiD -------·---~------------------

sr 

(teet) 

Depth 

(teet) 

116 

214 



1'able 6.--lqJ c4 wll M'-9 - Colrtimed 

Ba.Ddeller '1'Utt - CozrtiliWid 

Tahirege Mlmber - Coatim.ted 

Unit lB; 

Tun', light- gray to reddish -o:r&llp, 

rock trapezrta. IJ.&ht-sray tun' 

r.raa 28o to 3o8 teet ec::at&i:oa 

aanidi.Jla; iroD-atair.d quart& 

cryatala &Dd trapent.; gray gluey 

rhyoll te t'replmta; llght-sray 

p.aiee t'N(pDimta. Light reddiah

OZ'IUlSe tutt occure rn. 3o8 to 390 

teet and 1a cu!lp:)BIIt1 ot samdine 

and quart& c.r;,atala, v1 th 8(1118 dark

colored inclua1caa 1D tbe quartz 

ceyatala; 11aht-sra"1 am light-ortUJge 

pumce v1 th str.a ot dark-gray 

sJ,.au al.oiJg tl» cell atrueture; 

Th1ckneu 

(teet) 

em a tflfl frapmlta ot dark-gray 

rhyoll te. Light-gray plaice b"BgiiM!ilta 

Depth 

(teet) 

occur f1ota 390 to 462 teet ----------- 248 462 



Table 6.--:tq ot ftl.l m'-9 - Ccmtinued 

Bandelier 'l'uf't - Ccm.t.:1J:ued 

~ ll8ber - CoDtiDUed 

~t l.A; 

Tun 1 Sft'1 1 triable 1 pum:lceoua; 

e8Did1De aDd quartz cJ78tala in 

equal 8IIIOUDta; li&ht-sray am 

sr-Y gluey ~ te trapenta; 

~ ywllov1eh-ora~Jp ~ce 

traperzt• 1Dclu4ed. tarse light

gray p.aice ~ occur trail 

609 to 618 feet --------------------

Otowi *-ber: 

TUtt 1 llsht-&raY 1 triable; coota1 ni ns 

llght-ll"'Y 8Dd lJgbt-piDk paice 

h'apenta; quart& al'.ld eanidine cryat&la 

aDd tnpenta 1D a glan,. uh atrix; 

11cht-Nd, e;ny, &Dd glaaa,. gray 

~te; Sl"MD -.tic JD1nere.l8. Light

reel YOJ.c&Dic :rock trepente with black 

aDd gray sJ.u8)' baDda occur :f'rca 756 

to 766 teet --------------------------

'Dliclmeae 

(teet) 

214 

126 

Depth 

(feet) 

676 

802 

J 



Table 6. --Los of well l7l'-9 - Continued 

Thiclmess 

Bandelier 'l'ufi' - Continued 

GuaJe Member: 

PUmice, light-gray ---------------------
Santa Fe Group 

PUye Ctmglaaerate 

Faagle~~~erate .r"ber: 

CODgle~~~erate, gray; ccapoeed of 

rhyoll te 1 lat1 te 1 aad llght-colorecl 

1gDeoua debris; aaDe part1cl.ea are 

fine to very coarse and appee.r to 

be aubrounded. BrovD clay up to 

60 percent occurs frcm 918 to ~4 

feet -----------------------------
Tsc hi coma l"orat1cm 

Ulld1fferent1ated lat1 te a:ad quartz l&ti te: 

Latite aD1 quartz lat1te BR 1"08Jat., 

d&m.gray. IDter-tl.av Z<DH trail 11058 

to 1.,078 :teet and trail 1 1114 to 1,143 

:teet e~ 1at1te azn quartz-latite 

nx:lt ~; brown clay; yellav aDd. 

(feet) 

48 

74 

milky quartz f'rBsment8. Water encountered 

at approximately 1,005 :teet ----------

Depth 

(teet) 

850 

1,162 



To.b I ca b . --Log of well IJI'-9 - Continued 

Thickness 

Santa Fe group: 
~ 

~e gonglomerate: .. 
Fanglomerate member: 

Conglomerate, gray; composed of rhyolite 

latite, and quartz-latite fragments 

with some of the fine to coarse 

fragments sh'WOing well-rounded grains. 

Also fragments of light-gray siltstone 

(feet) 

and light-yellowish-brown clay ---------- 157 

Totavi lentil: 
::: 

Conglomerate, gray; rhyolite, latite, 

and quartzite rock fragments; minerals 

o.noted were quartz, white orthocl~se, 
1""'\ pink micro~cline, biotite, magnetite, 

tourmaline, and chalcedony; sand-size 

particles appear subrounded to well 

rounded --------------------------------- 38 
Undifferentiated unit: 

Siltstone, silty sandstone, and sandstone 

with occasional conglomerate~ light-brown; 

composed of rhyolite, latite, quartzite, and 

some pumice.----------------------------------- 144 

l 

Depth 

(feet) 

1,319 

1,357 

1,501 



Table 7. --8allple los ot veJ.l. J:711-l0 

Drilled by cable tool 

Total depth, 1,409 feet 

Completed March 13, 1960 

Alt1 tude of lalld surface 7 1 019. 4 i'eet 

Tah.irege Member 

t!lit 6; 

'1'urt, li8ht-gray; medi\a to very coarae; 

praad.nent siUlidioe pheDOCryats with 

larger pbesloeryata c:outaini.Jlg vhi te 

globular 1nclu81one; black ma.fic 

minerals; ~ aaeortment o! 

volcanic rock fragments ------------

Unit 5 ~ 

llot noted in acplee. 

~t l~; 

1Utt, light-gray to 118ht-red, velded; 

ccmpoaed or sanid1De, WJArtz, and 

llla:f'1c: m1Derala v1 th ac:.. rock 

trasmenta ot vhi te aDd gray glassy 

rhyolite and brown latite ----------

(teet) 

29 

52 

Depth 

(feet) 

29 

81 

, II 

J 
j 



Mle 7 .-tog of vell DT-10 - Continued 

Thickness 

(feet) 

Bandelier '.l'u:N' - Cont1nued 

lfahirege Member • Cont1Dued 

tllit ': 

'l'u1"1", light-reddiah-brovn; eontain1Dg 

ADidiDe, quartz, and black 8Dd 

green matte m:I.Jlerala vi th SCII8 rock 

hapents of gray glauy &ad reddish 

rhyoll te and lati te. Light-yellow 

d.evitrl:r!ed p\.llliee occurs 1"ran 1.28 to 

138 feet ---------------------------

UDit 2; 

!Utt, reddish-brown to light-gray; 

corJtaina s&llid1ne, quartz, pint 

orthoclue 1 &Dd a rw f'ragmenta of 

ebal.c:edcmy 8Zld eand-•ize rock trag

.ata ~ gray glaaay rbyoll te am 

lat1te -----------------------------

57 

Depth 

(feet) 

138 

228 



Table 7.--Log otwell DT-10 - Continued 

Thicknesa 

Be.Ddeller Tuff - Continued 

Tahirege Member - Continued 

Tuf1' 1 light-gray to very light-orange; 

pumiceoua, containa sa:nidine, quartz, 

dark matic minerals, and teldapar 

vi th pra:ainent alterat101'l r1llgs; rock 

frag=ents of rhyolite and latite. 

Large pumice fragments occur f'rom 

gray pumi~e vith reddish-orange 

(reet) 

rhyolite occur from 4C8 to 476 :reet - 248 

tl:dt lA: 

Tuff, vhite to lisht-gray, pumiceous; 

brown stains on sanidine fraamenta; 

Ol"&&l88 pumice t1"8peelta vi th at~ 

of dark-brown glua along cellular 

structure; dark-green mafic minerals; 

an abundan::e o:f' latite 8lld rhyolite 

rock fragments ---------------------- 196 

Depth 

(feet) 

672 

' II 



fo.ble. 7· --Log of well M-10 - Continued 

Bandelier ~uff - Continued 

Otowi member: 

Tuff, light-reddish-tan; white, very light-

gray, and bright-orange pumice fragments; 

dark-green mafic minerals; latite, and 

light-gray rhyolite ~ fragments. 

Various volcanic rocks w1 th layered 

structure occur from·754 to 765 feet-----

GuaJe ~ember: 

Pumice, light-gray -------------------------

Santa Fe group: 
!. 

Puye conglomerate: 
• 
Fanglomerate member: 

Conglomerate; samples from 864 to 972 

feet contain medium-gray, gray, and 

brown latite and rhyolite fragments 

and pebbles; subangul.ar to subrounded; 

large vesicular fragments of black 

basalt. Sand-size fraction contains 

sanidine and wi te pumice fragments -

Thickness 

(feet) 

157 

35 

108 

... . ,___ 

< 

...... 

Depth 

(feet) 

829 

864 

972 

. ..,.,.. 



Table 7. --~ ot wll m'-10 - Colltimlc 

Tschica. l"ozmatiCD 

tbiitrerezrtiated latite aDd quartz latite: 

Lati te f'lov) wMt-1 dart-gray 1 veaicul.ar 1 

very t'1ne crystal l 1 ne; lllllfic 1111~ 

bualt trap~enta are 1mluded 1D 

lat1te -------------------------------

Bu&lt1c rocka of' Chino Me8a 

t!lit 2; 

Basalt, ~ daft-red, vesicular ---

Uilit 1: 

Baaal t 1 reddish-bl"OIW'Zl to black, dense, 

conta1n1Dg oll viDe 1 aDd druay green 

llil:leral.8 on sc:.e baaalt f'1"8ppenta -

Puye Conglomerate 

J!at181...,.rate ~: 
oT 

~l t"'IP'Nte 1 conaiat1Dgfl41ark-gray 

lat1 te, red gluay rhyol1 te; and brovn 

clays aad silts ----------------------

(feet) 

40 

173 

75 

Depth 

(feet) 

1 1 012 

1,lo8 

1,281 

1,356 
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Ta..bl e. 7. --Log of well DT-10 - Continued 

Thickness 

Santa Fe §roup - Continued -
Puye conglomerate - Continued 

s 
Tota vi lentil: 

Conglomerate, consisting of feldspathic 

quartzsite, gray and brown latite, 

and red and light-gray rhyolite ------

Undifferentiated unit: 

Siltstone, sandstone and occasional 

conglomerate; no samples recovered, 

interpretation from gamma log ---------

(feet) 

46 

7 

Depth 

(feet) 

1, 4o2 

1, 409 



Water-bearing characteristics 

At TA-49 the Wldiff'erentia.ted unit is saturated, but inasmuch 

as it is overlain by much more permeable saturated rocks1 little 

could be learned about the water-bearing characteristics of the 

un41f'f'erent1ated unit tree tbe pumpill6 tests on vella r!I!-5A 1 M'-91 

and D',r-10. Several illterences can be made, hovever1 about its 

water-bearin~ properties on the basis of' its lithologic characteristics, 

and by extrapolation of' conditions 1n tbe Loa Alamos Canyon well field. 

Pumping tests on city supply vell L3 indicated a transmissibility of 

about 2,500 gpd (gallons per day) per root for approximately the ,., 
upper 1 1 000 feet for the unit (Tbeis and Conover, 19~. Therefore, 

a moderate to low permeability tor the undifferentiated ~it is 

indicated. Variations in lithologic character both laterally and 

vertically in the und1tterent1ated unit probably result. in differences 

in penz~eabili ty and ditterences in velocity •.oli thin the aY.~ifer. 

Movement throusb beds having relati vel.y higl:ler permeability would 

be more rapid than through leas permeable beds. 

, II 



Puye Conslomerate 

Totavi Lentil 

Physical cbaracteristics 

The Totavi Lentil is a gray, poorly consolidated coogl<Derate 

made up ot :trasmenta ot quartzite, schist,., gneiss, aDd granite. It 

consists minl.y ot subrounded to well-rounded quartz! te and quartz. 

Sortill(l generally is poor but well-sorted lenses ot silt and saDd are 

present sporadically. At TA-49 samples tna M-5A, M-9, am M-lO 

indicate tbat tbe 'l'otavi Lentil conaists ot muai ve quartz, quartz! te, 

and granitic debris. Sand-size particles consist ot quartz, Y.bite 

teldspr.r 1 pink lllicrocline, b1ot1 te, JDB&Deti te, tourmaline, and 

chalcedony, partly subrounded to well rounded. 

At TA-49 the tbickneae ot the lentil in wells DT-5A, 171'-9, and 

DT-10 are 52, ,S, and 46 teet respect! vely, indicating a soutbeastvard 

thinnill(l. Resionall.y the thickness ot the unit ranges han o to 89 
teet. It \t'edcea out ••twrcl in the Vicinity ot Cana4a Ancba and also 

wedges out in 1'JMI IIUbeurtace weatvard .~flea '). It is thickest 

(89 teet) at vell T-2 in upper PUeblo ~on and thinnest (10 teet) 

at bole B-19. At vella T-l and T-.3 there is .37 and 62 teet, 
s 

respectively, ot Totavi. Well T-4 'Wa& too ChalJov to penetrate the 
t"''" tit.~ 

unit. The lentil beneath TA-Qc] dips soutb.ro about l degree, a dip 

tbat possibly is typical ot the slope ot tbe vide channel in which 

the unit w.s deposited. 



Water-bearing cbaracteriatica 

The Totavi Lentil is saturated at TA-~. It baa a moderately 

high porosity aDd permeability, and reedily transmits water. A 

pumping test ot well DT-10 indicates a relatively higb transmissibility 
"(~£ 

tor the Totavi aDd"overlyiJl8 .fanglomerate member and included b&-.lt. 

The basalt probably baa a disproportionate ef'tect on the transmissibility 

ot the composite section ot rocks. Transmissibilities tor the Totavi 

Lentil alone were obtained elsewhere 1n tbe Los Alamos area tran wells 

T-1, T-2, and T-}. (See 1"18. 4.) Pumpina tests ot these wells 

indicate coatricienta ot transmissibility as follows: 

Wells 

T-1 

T-2 

T-3 

Tranam1sa1b111t,y 

(gpd per toot) 

16o 

The d.itterences may be due, 1n part, to a alllll.ler thic:lmess or tbe 

unit at T-1, but they &lao retleet differences in litbologic character. 

It is interred tbat velocity ot •ter mov-.nt 1n tbe Totav1 is 

greater tban 1n tbe undit'terentiated unit--an interrence that is 

corroborated by interpretation ot tritium acalyaea discussed in a 

later section ot this report. 

71 
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'l'be beteroseneity, croas-bedding1 and interlayering ot silt az:n 
INUld with consJ,cmerate s.bould result in a highly dispersive nov 
pattern in tbe Totavi. 



"'· 

Fanglomerate member 

Physical cbaracteristica 

~e 1i"Snglcmera.te member is a gray conglcmerate, cc:mposed of 

pebbles, cobblea, and boulders of rhyolite, latite, quartz latite, 

and pumice !n a matrix of silt and sand. 
/.f/6~~ 

These rocks ue.. derived 

fran flows associated with the volcanic rocks of the Jemez Mountains. 

Sorting is poor b~.lt there are tongues and lenses of fairly vel.l

~ sorted pumiceous siltstone and vater-laid pumice in the fl&nglamerate. 

' The degree of cementation varies from triable to well cemented. The 

(a..."'lglCEerate member contains large IUlgUlar boulders 1n upper Guaje 

and Pueblo Canyons grading into finer and rounded material to the 

east. 

In t~e western half of tl:e Pajari to Plateau, the flow~ o:' 

the Tschicana Formation are interbedded vith the ,l"&,nslcmera.te member 

by replacement a.?ld in t~;e eastern hAU' of the :;;lateau acme of the 

basaltic rocks of Cr.ino Mesa are interbedded vi't~ the _hnslooerate 

member. The ,hng1omerate m.erriber does oot crop out at TA-49. It is 

interbedded with the TschicCIDIL Formation in the subsuri'ace. At 

vell DT-10 it is 1nter't.edded also with Wlita l a:xl 2 of the basaltic 

rocks of Chino Mesa. The P.1ye, 'l'schicOJ:ml, aDd the basaltic rocks 
roA.*f. £. 0 

apparently wez e t!epeei"e4 'R a shallow trough trendiDg southward 

beneath the western siee of Pnjar1 to Plateau (fig. 5). 
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At !A-49 vell D'f-5A peDetrated 393 teet of the -lcmerate 
l 

member. Wells 17.r•9 and D'l'-10 penetrated 2;ll feet and 183 feet o:f the 

member, respeetivel.y. lbavn thiclmesa ransea l'raa 209 feet expoeed 

in lover Guaje Caeycn to 637 feet penetrated in well T-2 1D PUeblo 

Canyon. 

j 
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Water-bear1ng character1atica 

At 'J!A-49 the lover beds ot the ,hcglome:re.te member are saturated 

where they are iDterbedded with the 'l'achiccma Fo:r-.tion and basaltic 

rocks of Chino Mesa. Elsewhere in the Los Alamos area, well.a 1'-lA 

and T-2A 1n Pueblo Canyon pe!Wtrated perched water in zcmee ot 

relatively lov permeability 1D the ~te msber. At 'l!A-49 

the un1 t probably baa a moderate to leN pen~e&bili ty; however, sc.me 

beds may have high peneabili tiea aDd -.:'1 readily t.raJ:1a1 t water. 

In general, permeability aDd trlmaiae1b1l1ty in the .J'utslmer&te 

member are leaa than in the UDierl.yiug 'l'otavi Lentil. 



Basaltic rocks of Chino Mesa 

Pby&ical cbarecteristics 

Units 1 alld ~ ot the baaalt1c rocks of Chino Mesa vere found at 

TA-49 in well D'l'-10. Unit 1 consiata oainly o:r a reddish-brown to 

black, denae basalt containing olivine. In well m-10 it 1a 17~ feet 

thick and overlies the lower l.&Jer ot the ~omerate member of the 

Puye Congl.OIIIel'&te. Unit 2 1a mostly a dark-red 'IUicular basalt. At 

well 'D'r-10 it overlies unit l aDd 1a 96 :teet thick. It is overlaid by 

a 1ati te :tlov ot the 'l'ach1cama !'ormation. 

Ql the buia ot tbe sonic los ( t1g. 57D), several iiitervala in 

tbe bual.t unita penetrated by veil D'.r-10 are moderately to strongly 

jointed. '1hese interval.a are: about 1,125 to 1,1~0 teet, vbich rrAy 

be an 1.nt.ertlov ZODe; 1,175 to 1,210 feet; am 1,254 to 1 1 284 i'eet, 

vbich my be tbe ~ strcmgly Jo1.nted but may be partly a brecciated 

interval at the base of unit 1. 'Bleae zcx:we drilled scmevhat taster 

than other 1ntervals 1D tbe bual.t. A 22-foot 1nterfiaw or brecciated 

zone at the bue o~ unit 2 1a shown by the g--ray log also. 



Water-bearing characteristics 

At TA-49 unit l and the lower 22 feet of unit 2 of basaltic 

'" f rock of the Chino Mesa penetrated by well DT-lO;fareAthe zone~ 
' 

saturation and seemingly transmit considerable quanti ties of wter 

through joints and internow zones. About 3 miles downgrad.ient 

these basalts are above the zone of saturation and the water they 

transmit passes into the underlying units of the Santa Fe ~roup. 

The upper parts of units l and 2 of the basal tic rocks of Chino 

Mesa ALL aiL-, are vesicular and thus may have a high porosity 

but largely a low interstitial permeability. Cracks and joints 

formed as a result of shrinkage commonly transmit wter very 

readily. The movement of water through a labyrinth of interconnected 

Joints would be almost as free and unimpeded as flow through small 

channels. Dispersion might be limited locally within the basaltic 
f1..A. rocks by dense relatively impervious parts of basalt flows. Thus 
/1 

contaminants entering a strongly Jointed zone might tend to stay 

in this zone for same distance downgradient. Elsewhere in the 

Los Alamos area, the basalt units appear to be above the main zone 

of saturation and contain perched water locally, as along White Rock 

Canyon where seveml small springs and seeps occur that apparently 

issue tram partly saturated interflow zones. 
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Volcanic rocks ot the Jcez Mountains 

Volcanic rocks ot the Jemez Mountains alocg the -.stern fianks 

ot the Sierra de loa Valles and on tbe Pajarito Plateau are ccmposed 

ot the TschiCOIIB Formation ot Pliocene and Pleistocene( T) age and 

the J·ounger Ba.odelier Tur-f o~ Pleistocene age. The Tschicoma 

Formation consists of urld.U'terentiated latite and quartz latite 

that are f'lov J~eake and pyroclastic rocks associated vith t.be 

volcanic rocks ot the Jemes Mountains. Tbey are highly fractured 

and jointed and scae intervals contain veatbered zones and 

intertlov breccias. The latite and quartz latit.e rocks are videly 

exposed on tbe Sierra de loa Valles (t1g. 4) and are present 1n t.be 

subsurface ben&ath t.be PaJarito Plateau (fig. 5). These rocks were 

penetrated by wells l7r-5A, DT-9, and J7r-l0 at TA-49 (tigs. 5 and 6) 

and by test well T-4 1n the c1t7 ot Los Alamos and bole B-19 1n 
f .. , ...... c. 

upper Los Alamos Canyon. The lower part ot this MMN is 

interbedded vith the fangl~te member ot tbe Puye Conglomerate 

and also vith the basaltic rocks ot Ch1IlO Mea&. 

The Bandelier Tutt t01"1L8 t.be PaJarito Plateau. Tbe Bandelier 

Tutt laps on to the u.nditterentiated latite and quartz latite 

along tbe wetem edge ot tbe plateau and terminates to the east 

in elltts, steep slopes, aDd as tUling 1n buried caeyons cut in 

basalt aloag tbe Rio Grande. The tutt is composed ot ash-tall 
, 

pumice, aab tlova, and water-laid volcanic ash and pumice. 
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!able 8.--Bample lo0 of well Df·5P 

Drilled by rotary with air for carrier 

Total depth 692 feet 

Completed ! .. vember 211 1959 

Altitude ot land surface 71 144 feet 

Tbiclmess 

( f'et!t) 

Ba.ndelier Tuff: 

Tshirege Member: 

Unit 6: 

Tuft 1 ligllt•gl"&)' 1 pumiceous; contains 

dipyramidal 'luartz crystals, acme ot vhich 

are clear vith wnite 1nc1~sions; sanidine 

cr;rstal.s and trae;aents; white and yellow 

pumice fragments; latite and ~uartz latite 

rock frag1DI!In~s -------------···----------- ·7; 

Unit 5: 

Not recognized 1n cuttings ·----------------- 2 

Unit 4: 

Tuft, light•purpliah-graJ; cwnsista mainly 

ot 'iuartz and u.nidine ceystala and 

Depth 

(feet) 

(5 

tr~ntai light-red rhyolite traements -- 44 119 

Unit 3: 

Tuff, light-purplish-gray, pumiceous; includes 

1atite and rhyolite rock t.racments; 

'iu&rtz is very coarse sand size, clear, 

d1pj'ram1d&l crystals; san1d1ne fragments 

are pitted. Samples decrease frc.Gl 50 to 

, II 
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Tschicoma Formation 

Physical characteristics 

The WJdifferentiated latite and quartz latite of the Tschicame. 

Formation cOIItaina large phenocryst. of plAg.f.oclaae aDd smalJ er 

phenocrysts of quartz, 'biotite, hornblende, am augite in a fine

grained matrix of plagioclaae, orthoclase, augite, masnetite, and 

v~'iDg amounts of glass. Interflc1.r zones contain greenish-gray 

sU tstone, clay, aDd rock :frSgment.a of tu:f'f' 1 rcyoll te, and lati te. 

At TA-49 vell M'-5A peDetre.ted two layers of latite 8.1:ld quartz 

latite o:f t..'le 'l'schiccma Formation. ~ upper J..a:1V is l26 feet thick 

and containa two interflov zones 4 and 5 feet thick L• "'''* 5-f caupoeed 

of clay, latite, tu:rt, alld rhyolitic ~· 'l'be lover layer is 

26 feet thick. Well m'-9 penetrated 238 feet of umitrerentiated 

lati te and ~z lati te interbedded v1 th the 7anglomerate member. 

Well rfl'-10 penetrated 40 feet of the UDii:fterentiated. latite BDd 

quartz lati te un1 t of the 'l.'Bchiccaa P'o:rmation. Severe.l interflov 

zones composed of dark-red silt a:ad clay were pem!trated. At veil 

DT-10 the Uildifferentiated lati te am quartz lati te of tb.e Tschicana 

Formation lie oc unit 2 of the basaltic rocks of Ch1Do Mesa a:od are 

overl&in 'by tbe upper part of the ~la:lerate member ot t..lu! PUye 

!O 



The latite and quartz latite reeks were emplaced as viscous 
~eF?t>'l//~ 

lava flovs, and Jtl 3 J;y are highly jointed and fractured owing to 

shrinkage and flow deforms.tion. Normally, these rocks ha·re t1ro 

or more joint or fracture systems that intersect. 

, II 
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Water-bea.rins cbaracteristics 

At TA-49 tbe uppermost part ot the TschiCOII8 ll'ol"''IBtion is in 

the zone ot saturation in the Vicinity ot 'W8lls l1l'-5A and DT-9· 

The joints and fractures 1n tbese rock.s provide space tor wter 

storage ar.d avenues ot great permea.b111 ty and the interf"lov zones 
commonly contain Galle breccia tbat is permeable. 

Else'Wbere in the Los Alamos area "Water \I8.S round in the 

TschicaD& in lieU T-4 am hole B-19 (t1g. 4). Several sprii'IgS 

issue trom··intertlov aad contact zones between lai7ers 1n the 

undifferentiated latite and quartz latite unit. Some ot these 

springs are located in G~aJe, Los Alamos, Pajarito, aDd Water 

Can~;ons, and Caoon de Valle. 

..... 



Bandelier Tuff 

The Bandelier Tt4t consists chiefiy ot aab-tall and aah-fiov 
tutt. Some thin ll&ter-1&1d sedfJMnts a.re included in t.lle Bandelier. 
Tbe unit is di"~lided into three members: GuaJe, Otovi, and Tshirege, 
trcm oldest to youngest. 'l'be GuaJe Member rests unc:ontormably on 
older rocks and consists ot pyroclastic debris, -partly ater-l.aid. 
It is drlt.ped over tbe older topograpb,y. The Otowi Member is 
oontorsable to tbe und.erlyi.Ds GuaJe Mslber and oonaiats ot pumiceous 
tutt ot aah-fiov origin and locally near tbe top contains a tfN 
generally tb1n layers ot ... ter-1&1d ee"tments. 'l'be 'l'sbirege Member 

uncontonably overlies the Otowi aod torms t.be cap ot the Pajar1 to 
Plateau. In this report it is aubdivided into seven units, 
c:capoaed JBinl.y ot aah-tlov tutt at least ooe ot 'Wbich is •ter
laid. Tbe un1 ta ot tbe Tahirege are Dl.lllbered lA, 1:8, and 2 

through 6 :rro. bottca to top. 
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Guaje member 
~ 

The Guaje ~ember consists of ash-fall pumice and water-laid 

pumiceous tuff. a.4- }'J1 """ c:;w, Near the base gray lump-pumice fragments W4i 1ie 

2 inches in length occur. Fragments of glass sbards, and quartz 

and sanidine crystals are found in a cellular structure of the 

partly devitrified pumice. Some rounded, pebble-size fragments 

of light-red rhyolite are found near the top of the unit. 
Y-2_Y'Of~ r 

At TA-49 the Guaje ~ember is~ in the subsurface in all 

three deep teBt wells. It is 48 feet thick in DT-9, 35 feet thick 

in DT-10 and 91 feet thick in DT-5A. 

At TA-49 the Guaje ~ember is above the main zone of saturation 

and the unit contains no perched water. Elsevhere in the Los Alamos 

area the Guaje contains perched water locally, as at hole H-19 in 

upper Los Alamos Canyon. The interstices and intercellular spaces 

in the pumice are small. The porosity of the Guaje averages about 

4o percent but permeability generally is low. Fractures and joints 

are not pronounced ~ the Guaje me.c.ber, and barely perceptible 

joints apparently are closed or filled by alteration material. 
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Otovi Member 

Tbe Otovi Member consists of a light-gray p~ceous rhyolite 

tutt that is friable and weathsrs to a gentle slope and odd teepee -LikE. 

sbapes. -..uartz crystals, glass sba."'da, and minor amc\,;.nts of mat'ic 

ainerala and varillt) amounts ot rhyolite, latite, and pumice fra.QL1ec.ts 

are included 1n a fine-~ained aab. The roclt f'ra~nts are rounded. 

'1'be Otowi ia an asb flov and contains several water-laid beds of ash 

and puaice near the top. Where the unit is exposed, saDe of the 

....... t1, 

Joints are hair-line cracks that are f'illed~brovn clay containing 

roots, and some curvilinear joints are open and enlarged by weathering. 

At TA-49 the Otov1 is .pnaent only in the subsurface but it 

cropa out in Water and Ancho C!!DYOilS about 0.5 mile east of' TA-49. 

(eiiT~-r (Jt1'11II.4J 1'111. 
b ;\Otovi and overlyin6 'rahirege Member is erosional. 

At ~-49 tbe top ot the Otov1 is tram 641 to 676 feet below the 

surface in the deep teat wells. The unit is 157 teet thicK in DT-10, 

126 feet in DT-9 1 a.cd 198 feet in DT-5A. Well I11'·5P penetrs. ted 51 feet 

of the Otowi Member (table 8) • 

Tbe Otowi ~r ~ yield water to springs in upper Guaje Canyvn 

but it does not caatain percbed water at 'rA-49. Porosity of' the 

Otowi Member ranps trc:a 45 to 50 percent. Interstices 1n the 

0tov1 are aaJ.l. and peiWtabil1 ty probably is loo.~. 

as 
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~ble 8.--Lo& ot ~-5P - Continued 

Bandelier Tuft - Continued 

Tsbirege Mamber - Continued 

Unit 2: 

Tuff 1 lloht-pinkiab.-gray; groundmass 1s 

very fine sand to silt-size asb. Witb. 

abundant sanidine phenocrysts and sc.ae 

Thickness 

(feet) 

Dept b. 

(feet) 

quartz ----------------------------------- 100 2o2 

Unit l.B: 

Tuft 1 lisht-tan, puaiceoua; quartz and 

sanidine crystals and trae;ments; light-

tan pUJaice trae-nts; ~Y and light-red 

rbyolite and e,ray latite rock t'raeiments; 

pl.llllice ~nts have dark-~ streaks 

along cellular structure fran -,79 to 41.2 

teet; light-tan ~ceJ very tine-size 

quartz and IJ&Ilidice crystals and tra.;ments; 

95 percent ot ~le vas lost when washed 

traa 448 to 48? -------------------------- 20) ~5 
Unit lA: 

TUtt1 light-pinkiah-gray, pumiceous; light• 

gray and yellowieh•o:anee pumice fragments; 

'i,uartz and sao.idine fragments and crystals; 

gray latite, light-red and gray rhyolite 

rocK fragments; rocK trasments increase from 

)56 to o~l teet -------------------------- 15~ J41 

87 
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Table 8.--Log ot DT-5P - Continued 

Bacdelier Tutf - Continued 

Otowi Neuber: 

Thickness 

(feet) 

Pumice, ligbt-tan, some velded turf !repents; 

light-gray and ligllt-reddish rhyolite: So 

Depth 

(teet) 

to 98 percent ot s&IIPles lost 'When 'WIIILshed --- 51 692 

llote: Bole was drilled with a 4~-inch rock bit using air to cool the 

bit and clean the bole. Perched 'WIIILter ,.. not present. Color 

dete.,U,nation 'WilL.& made trom dry samples. Sulples were waw 
and described ilhil.e vet. Correlationsare based on. drill 

cuttings from bole 5P and on gama-~ log ot hole M'-5 
which is about 50 teet to tbe northeaat ot 5P. 
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Tshirege Member 

'l'be Tallirege Member toms tbe f1Dse~ like mesas of tbe 

PaJari to Plateau. It is compoMd ot a series o~ novs of 

rhyolite tu.tt and contains at least one thin water-laid bed near the 

top. Tbe rhyolite tut:t is cc.posed of quartz aDd sanidine crystals 

&Dd traaments, same -.tic 111Derala1 and zeooli ths o:t gray rb;yoli te 

and l&ti te in a tine aah •trix. The turf varies trca friable to 

welded. The thin water-laid bed is cxapoaed o:t •t.erial derived. 

from the u.nderlyiag ash tlow. 

The ~sbirege M.aber is entirely above the •in zone of 

saturation at TA-49, and it contains no perched •ter. Adjacent 

to and beneath tbe canyona it probably contains perched "Water. 

Tbe Tallirege Member is tbe .oat important geologic unit 

1n Area 49 in.ao:tar as teat operations are concerned and this unit 

is treated in detail 1n a special section following the discussion 

of the allu.vita. 

.... 
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Alluvium 

A..,-
Alluvium in Water Canyon prt the northern edge of TA-49 consists 

ot material de!·ived fl•cm the Tschicana Formation that r...;r= the 

Si~~=a de los Vslles and from the Bandelier Tuft of Frijoles Mesa 

in~o -.,hi·:h './ate.:- Canyon ia cut. 

The allu·.rium is a poorly sorted mixto...re of silt, clay deri ·1ed 
Sf!:l~t~~ 

from ~eathered tut~and l~se~ particles derived from ~he l~tites 

aad q,uar~z. la ~1 te s l'Oeka of the Tschiccma Fonnation. The sal'ld--ei ze 

pa:ti:les consist of ~uartz, sanidine, dark minerals, and fra~nts 

of t~ff, p~ce, latite, ~~z latite1 and rhyolite. 

The alluvium in water Cao,yon ran~es in thic.mess from 6 to abo~t 
IIJC,. -1 

14 feet. Test holes it~ * and 2 penetrated aoout 14 teet of clay, 

silt, and minor ~unts or gravel overl;;ing 2 to 4 feet of oravel at 

the base cf the allu·ti:...m. At Beta hole the a.lluvium consists of 

a f~e~ of silt and gravel. The stream channel in many places is 

~\.4t C: to 10 !';et into the alluvium. 

Cl~·s and silts are almost impermeable when saturated b~t 

gravels or ~avels with minor amounts of cla;; and silts ·,.rill 

readili transmit ••ater. In test holes WCX-l and 2 water was ( temporaril,)·) 

perched itt the alluviun on t cp of the lowest exposed unit of the 

Tshirege Member or the Bandelier Tuff indica tins the permeability 

or the alluvium is t)reater than that of the underl;,-inc tuff. 

Ancho Canyon, oo the southern edc-e of tA-49, heads 1o Frijoles 

Mesa which is underlain by the Bandelier Tuff. Alluvium is very thin 

or absaot 1n Ancho Canyon. For this reason it Yas not mapped on 

figure 6. 

' II 
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Geology and water-bearing properties of the Tshirege Member 

of the Bandelier Tuff 

The Tshirege Member ranges in thickness from about 1,000 feet in 

upper Frijoles Canyon to less than 100 feet along the Rio Grande. 

At TA-49 the Tshirege Member has been divided into seven units 

(fig. 6). Unit lA is the oldest and known only in the subsurface. 

Figure 6.--Geologic map and cross section showing location of 

·exploratory drill holes, TA-49, Los Alamos County, N. Mex. 

The other six units, units lB, and 2 through 6, crop out in Water 

Canyon and are described in a measured section (table 9). 

Correlation of the units in the subsurface were made by gamma-

ray-neutron and lithologic logs of the four core holes (tables 10-13) 

and wells DT-5P, DT-5, DT-5A, DT-9, and DT-10. 
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fi•·' Table 9. --Typ; section ot un1 ta in the '!ahirese llllllber ot tbe Bandelier 'rutr 

South wall of Water Canyon - ~WC•t sec. 3 (projected) T. 18 N., R. 6 B. 

Measured by E. H. Baltz and 'W. D. Pta-tymun 

Thickness 

(teet) 

B!Uldel1er Tuf't: 

Tsbirege Member: 

Unit 6: 

~!t1 light-grayish-pin~, •eathers brovnish• 

pink, r!lyoli tic, madera tel:,: welded.; tine-

grained ash matrix; small pumice traementa; 

scattered quartz and san1d1ne crystals; 

approximate horizontal sheeting that may 

be bedding; conchoidal Joints; rorms cliffs, 

caps mesa. Lower contact 1B irregular ------ 56+ 

Unit 5: 

Sand, li~t-gray •1th intermixed limonitic 

stains, vater-laid; mostly med11JIIl•gra1ned ~t 

contains fragments up to pebble size; composed 

or revorlted. t14t conutni~ stream-vorn '-l,\,;.artz 

ond sanidi:le crystals and tuff rragments; 

roreaet and topset bedd1ne is vell 

developed; forms notch near top cf mesa; 

lover contact is irre~~ar. Joints of 

underlying unit 4 are filled with sa,ld ------ 3.8 

' II 
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he·' 'ft1ble 9···'l'YPtt section ot unite 1n tbe Tahirep Jllllber - Continued 

'l'hickness 

Bandelier Tuft - Continued 

Tshirese Member - Continued 

Unit 4: 

Tuff, ligbt•pinkieb-gray; fioe•f:tT&ined; 

10 percent quartz Cl"J&tals; small light-

pink to dark-gray rhyolite trasmenta; small 

pumi=e trae-nte up to t 1nob in length; no 

bedding present but lenses ot dialt-abaped 

pumice up to 6 inches in length and 2 inches 

thick 1n dense pinkish-gray mtr1x; veatber-

ing grades up into sand ot units; terms 

(teet) 

cl1tt; lover contact is gradational ---------- 41 

Unit 3: 

'l'uff., light-~, very pUIIiceous, triable; 

20 to ;o pereent granule size quartz and 

sanid1ne crystals; pumice fr&g~~ents up 

to 1 1ncb in letl6th.; tbia deecr1ptian 

appliee to lower 3 teet. 

except tor upper 2 teet, is covered and 

torma alope. Small valley cut into tbis 

unit. Lover contact 1a covered ·------------- 40 

j 
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Table 9. --~ section of un1 te in the 'rahirege Member .. Continued 

'l'hickne s s 

( f'eet) 

Bandelier 'l'u1't - Coatinued 

Tehinse Member • Continued 

Unit 2: 

'l'urt 1 l1gbt•pink18h·gray 1 veathering lisllt-

browisb-gra,y; dense, ·...elded; 20 to 30 

percent coarse-grained quartz and 

feldspar crystals and frasments; 10 

percent pebble-aiza pumice tr~nts; 

gray rhyolite rock f'ra8,1ents; matrix 

crystals ot tine-grained glassy material; 

forma clitte consietin& of two beds 

separated by a slight notch; lover 

contact 'With unit lB is concealed but 

on nortb wall ot canyon is irregular --------- 100 



~·' Table 9.-~ section ot unite in tbe Tabirese Namber - Continued 

Bandelier Tuft - Continued 

Tshirege Member - Continued 

Unit l.B: 

Tuf'f' 1 gray to pinkiall•gray 1 veatbers 

pink to ligbt-oranse; cobble-size gray 

rcyolite; quartz and teld.-p&r ·cryatala 

and fragments; pumice f~nts in aah 

•trix; veatbertng around quartz 

crystal and trae-nta are ,yellow staird 

pumice weathers to brown clay; internal 

stratification lacking but rock tragments 

and pwaice are in lenses; •ybe tvo or more 

ash falls 'With irregular aonta.cts; veatbers 

to st~p slope pitted by weathering out 

ot pullice frapenta in places. Probab-"-Y 

'l'hi ckne sa 

(teet) 

11 an exploaive breccia ---------------------- 134+ 
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Table 10. -Log of core hole l 

Cored by rotary with Bir for carrier 

Total depth 501 feet 

Completed December 6, 1959 

Altit~de of land surface 11 170 

Thickness 

Bandelier Tuft 

Tshirege Member 

Unit 6: 

Tuft, light-gray to purplish-gray pumiceous; 

zenoliths ot gray, red acd dark•gray rock 

fratimenta; D!diua•size quartz and 

sanidine crystals and f'ras,1Dents; dark• 

gray davitrified pumice up to ; inch 1n 

length; S&D.d•eize brovnish-yellow mafic 

minerals. Tuff 1a dense trail 58 to 71 

(teet) 

Depth 

(feet) 

teet; 42.0 teet ot core recovered ----·---- 11 71 

Unit 5: 

lo recovery, interpretation troa J--·ray 
lee --------------------------------------- 2 r' 

Unit 4: 

'ru.tt, lit;ht-gray to light• tan; medium- to 

granule-aize quartz and sanidine crystals 

and ~nts; dev1tr1f1ed pumice up to 

l inch in length; ~ayiah-blue latite 

rock ~nts; 5.4 feet ot core recovenJ- 41 ll4 

, II 
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~ble 10.--Log cf core hole 1 - Continued 

'l'hicimess 

(feet) 

Bandelier Turf - Continued 

'rshirege Member - Cootinued 

Unit 3: 

Turr 1 llstlt-recl, arkosic; abl.llldant 

sanidine s.nd q~artz pbenocry sta; s<ae 

z.enolithic •ter1al ot latite(?) up to 

pebble size recovered in tbe interval 

frcm 184 t.o 186 feet; 0 . u foot of core 

recovered ------------------------------.- l6 

Unit 2: 

'luff, purpliah-.;r&J 1 welded1 dense; 

zenolitba or medium-&ray latite; coarse

size quartz and sanidine crystals 84ld 

rraeaaeuts. Nee.r vertical fracture brow 

cla1 plated 261 to 2o.2 teet; 43."{ feet 

ot core recovered -------~--------------- 94 

Unit l.B: 

Tutf 1 11gbt-p1nkisb-~; zenoli ths of 

medium-~ latite(?); vertical fracture 

bro\m clay plated abo~t 315 teet; &.6 feet 

of core recovered ----------------------- 217 

Correlations based on recovered core and ~-ray loe;s. 

Depth 

(feet) 

501 



'!'able U. --Los ot core bole 2 

Cored by rotary wi tb air tor carrier 

Total depth ot bole 501 teet 

Completed llovazaber !0, 1959 

Altitude ot land surface 7,137 

Thickness 

Bandelier Tutt 

Tahirep Member 

Unit 6: 

'l'utt, very li&ht-sraY to liaht-

pinkish-gray, pumiceoua; very tine

srai.Iwd ·~matrix; quartz crystals 

are clear vi th wll developed tacea 

and ranae trc:a very tine-grained to 

l.arge-granW.e siae; HDOli tbs ot 

pumice tr.pents \lP to 3/4 inch 

in leagtb; lilM)Di te stains on 

fractures; 47.8 tMt ot . oore 

recovered ----~-~-------------------
Unit 5: 

lo recovery, interpret& tion trc:a 

same--~ 1D8 ----------~----------· 

(teet) 

2 

Depth 

(teet) 

8o 

----.,z 

II 

I, 



Table 11. --Los ot core bole 2 .. Contimled 

Thickness 

(teet) 

Bandelier Tutt .. Contimled 

Tshirege Mem'bor - Continued 

Unit 4: 

Tutt 1 light-gray vi th ali8bt laveo1er 

caat; very <:oarH to granule quartz 

and telds];lar cr,yatal trapenta; 

devi tr1t1ed pl.Dice trapenta up to 

l 1.ncb in length; zenolitbe ot light 

grayiah-sreen denae rock; qo teet ot 

core recovered --~--~---~-----------
Unit 3; 

No recovery ----------------··----~--
Unit 2: 

Tutf 1 ligbt•purpliah•gr&y 1 4enae, 

wlded; quarts &D4 aaz:Wl1ne crystals 

up to gram.U.e aiu; devi tr1t1ed 

puaic:ee up to t inch in lerlgtb; 

HDOli tha of dark·sray rock trapents 

up to j- inc:h in length; 67. 9 feet of 

core recovered ---------------------

55 

101 

Depth 

(teet) 

136 

191 



Table U. --Los ot core bole 2 .. Continued 

Thickness 

(teet) 

Bar.ldelier Tuft .. Continued 

Tshirege Member .. ContiJlued 

Unit lB~ 

Tu.tt, li&ht-pinJdah·gray, pumiceou.s; 

quarts and san1d.1ne crystals up to 

sranule size; dev1tr1t1ed pumice 3/4 

inch in lensth am 3/8 inch vide; 

3.8 teet ot core recovered ---------

Unit lA: 

Ho recovery ----------~~---~-----~--

Correlation based on recoveNd core and iJIIIII&·~ logs. 

/00 

195 

14 

Depth 

(teet) 

lf87 

501 

II 

j 



Table l2. --Los ot core bolA 3 

Cored by rotary v1 th air tor carrier 

Total depth 300 teet 

Calpleted l'ebruary 3, 1960 
Altitude ot l.aa1 surtace 7,170 

'l'hicknees 

BeDdelier 'l'u.tt 

Tal'li.rege Me'Mr. 

Unit 6: 

Tuft, liSbt-sray to l.tgb.t-pinltillb-

am MJ\141 rw cry a tala and fragments; 

gramll.e-a1se pu"pliab-bl"'''Vn 

dev1 tr1t1ecl paice; sram.U• to pebble-

s1H ..Uum-b1'01111 latite; atroDgly 

Jointed r.oae troa 2' to 28 t .. t and 

~ to '7 teet; 44. ' teet ot core 

recov.red ---~-~----~·-----------~---
Unit 5: 

lo recovery, interpretation trc:a paaa-

~ 101 -------------~----------------

(teet) 

75 

2 

Depth 

(teet) 

75 

TI 

.J 
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Table 12. --Los ot core bole 3 - Cont1zued 

Thic:kneaa 

(tMt) 

Bandelier Tutt - Continued 

Tshirege Member - Continued 

Unit 4: 

Tutt 1 11ght-purpl111h-pink; tiiJe-gra!Md 

groundmass vi th 50 percent •ni dine 

am abundant veey coaree-grained 

medium-gray rock tragmentei elonpted 

dev1trified pumice ~ta up to l 

inch in lecgtb; decr.ae in rock 

tragments and pumice traa 105 to lll 

teet; 15.5 teet ot core recovered ----

Unit 3: 

Tutt, purplish-pink to gray, very 

pumiceous; co core recovery; sample 

taken with baaket ·---·--·-·----------

Unit 2: 

Tuft 1 11ght•gr&y to purplish•sray 1 welded, 

deDae; quartz aDd sanidine crystals 

and fragments up to gramlle size; ligllt

sray phenocryete ot rhyolite rock 

tragments; devitritied pumice ~nts 

up to ~ inch in length and mafic 

mineral stains occur f'rom 194 to 3:>0 

feet; 77. 5 feet of core recovered ----

/OZ. 

44 

72 

82 

Depth 

(teet) 

121 

193 

275 

II 

.I 



,- - -· • r- =;; t. A041fl¥ · 

Table l2. --Iq ot core bole 3 - Contimad 

Bazxielier Tuft - Continued 

Tahirege Member - Contim1ed 

Unit lB 

(teet) 

'futt1 ligbt.-p.u-plieh-pink to ~~ clenee, 

velded; smnuJ,e-a1se q\al"ta and 

aanicllna aryatala &ad fnpente; 

purpliab-p1Dk devi trii'ied paice 

1"1"apenta; gray reyolite rock f:rwiMJltl; 

8l'Y reyoli te tr86Mntat increase h'om 

295 to !00 teet; 23.2 teet ot eon 

recovered ---·--~-~~-~---·---------- 25 

Jlote: Correlation baaed oo reco"'V'ed core aD1 a--ray los•· 

I o3 

Depth 

(teet) 



Table 1.3. --U:ls ot core hole 4 

Cored by rotary vi th air tor carrier 

Total depth .30 3 teet 

Completed Pebruary 5, 1960 

Altitude ot laDd aurtace 7,ll6 teet 

'1'h1 ck.nee s 

(teet) 
Bandelier Tutt 

Tahirege Mcber 

Unit 6: 

Tu.tt, light-grey to Usbt-p1nki8b-ll"&Y; 

very tine-graiDecl sroummeee with very 

coarse-grained pbeoocryete ot ~· 
&cd an1d1ne; lisht-purplieh•81"Q 

devi trUied pumice up to .3/4 inch in 

lensth; granuJ.e-llise medium-gray 

lati te rock trapents; 44.1 teet ot 

core recovered -~--~---------~---~-- 62 
Unit 5: 

lo recovery, interpretation t1"CX:l samma-

~ ~ ------------------------------ 2 

Depth 

(teet) 

64 

' II 



'l'ablA 13.--tos ot core bole 4 - Conti.aued 

'rhicknua 

(teet) 

Bandelier 'run - Continued 

Tahirese ~ - Contiuued 

Unit 4: 

Tuft 1 l1Sbt-purpl1ah•gr&y j ver:f f'ixJe

sra1ned sro~·· v1 th about so 
percent quarts aD4 •n141ne pbemCI")'ata; 

~ pu-pllah•brovn dev1~1e4 paice; 

medium-sraY l.atite azXl quarts lat1te 

rock f'ra&MDta; tu.tt appe&ra dense and 

size ot rock tr.penta 1ncnue trc. 

104 to l09 t•t; 28.6 f'eet ot core 

Unit 31 

lo reoove~ -----~----~-~---~-------~--
Unit 2: 

'fuft1 liabt-purpl1ah•cra-y1 UDM1 veJ.de4; 

quarts aD4 aan141ne crystals ADd 

fNpenta \II) to gn.mWt size; medium

llftl to dam-gray ~lite rock f'rq

.. ta; a tn liabt-~ 4evitritiecl 

61 

52 

14Rlgth; 79.0 t•t ot core recovered -- 111 

1 os-

Depth 

(f'eet) 

l25 

lTI 

.J 



Table 13.--Los ot core bole 4 - Con~inued 

Thic:kr..eaa 

(teet) 

Bandelier Tu:tt - Continued 

Tabirege Member - Contiiwacl 

Unit lB: 

~t 1 light•purpl18b-pil:lk to ligh~ 

purplish-gray; granule aiH quarts &Dd 

sanidine aize quartz &Dd sanidine 

rh;iolite rock trapenta; some catie 

sta1ning; pebble-size deVi tr11"ied 

pumice ~ents; 4. 7 teet of core 

recovered ---~~------------~---------- 15 

Mote: Correlation baaed on recovered core and paaa-ray loss. 

10~ 

Depth 

(teet) 



Table 14.--Mineral constituents of the Tshirege member of the Bandelier tuff at TA-49, Los Alamos County, N. Mex.!/ 

= = 
Results are coded according to the following system: l = 75-100 percent, 2 = 50-75 percent, ) = 25-50 percent, 4 = 
10-25 percent, 5 ~ 0-10 ~ent, 2-3 a 35-65 percent, 4-5 = 5-15 percent. 

Sample location Stratigraphic ·~-Min;ral. consti tuent-:Jl 

Bole 

CB-1 

2-H 

2-H 

3$ 2-U 

2-Y 

CB-2 

3-C 

}-Y 

4-A 

4-Y 

Depth 

(feet) 

,S..JK> 

)0 

58 

52 

78 

130-1}2 

58 

105 

85 

78 

Unit 

Qbt6 

Qbt6 

Qbt6 

Qbt6 

Qbt5 

Qbt4 

Qbt6 

Qbt4 

Qbt4 

Qbt4 

Feldspar Quartz Tridymite Cristobalite Clay 

2 

2-, 
2 

' 
' 2 

2 

2 

3 

2 

5 

5 

4 

5 

4-5 

4 

5 

5 

5 

4 

4 

4 

5 

5 

5 

5 

4 

4 

5 

5 

4 

4 

4 

' 
' 4 

4 

4 

2 

4 

5 

5 

5 

5 

5 

5 

5 

Remarks 

Feldspar (sanidine?). 
(montmorillonitic). 

Feldspar (sanidine?). 

Feldspar (sanidine?). 
(montmorillonitic). 

}) Analyst: Theodore Botinelly of the Geochemistry and Petrology Branch of the U.s. Geological Survey 

~ Quantities are estimated on the basis of peak heights of diftractometer patterns. A precise identification of 

the clays was not made; on the basis of bulk patterns and patterns of oriented samples the clays probably are 
montmorillonite. The feldspars probably are sanidine based on some minor shifts of peak positions in the 

... 



b X·NY analysea ot aamplea tl"CCI u.nita 4, S, u4 6 ot tbe 
1r ~8111Np IIIIDber muoate-" tbat tbeM rocks are 25 to JC1 percent 

teldapar tbat is largely aanidine, O to 25 percent quarts, 0 to 25 

percent ~te, and lO to 75 percent cr1stobal1te. ac.e ot the 

A~~~ples contain aa Slch u 10 percent ~' pro~l.y 110n1aor111on1te 

(table 14). Cbmical anal.yHa ot .-plea traa theM unite abov the 

tollovins l'IU18U in percentap ot constituents aaal.yud: allica (810
2 ) 

12.o-78.2, alUIIlina (~o3) 11.2-13.8, ternc oxi4e (re2o3) 1.1-2.1, 

terl"'U oxide (rea) 0.21-o. 75, -.sn-•1\8 oxf.4e (11110) 0.02-0.33, 

calC1UII oxide (CeO) 0.26-1.17, 8041\8 ox14e(IIII:i0) 3-5-4.5, potuaium 
0./S' 

oxide (~0) 4.2-4.71 ,.ter (Ba-Q) eill-2.8, t1taD1 .. oxide (!102) 

0.1o-0.32, pboepborus oxide (P2o5) o.o1-o.o7, ..,.neee ~ (llal) 

o.oo-o.o8, aD1 carbon dioxide (CO~ 1 ... tan 0.05 (table 15). 

Spectrosraph1c &D&l.yses (table ~ ot Mllll'l•• ~ tbeM um ts lboved 

rather unitol'll content ot -.lor aDil lliDor el-.atal const1 twmts 

~-

1~1 • f(i:.. 

/0~ 

.l 
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Table 15.--Chemical analyses of the Tshirege ~mler, Bandelier ~uff at TA-49, Los Alamos County, N. Mex. 

Hole 

designation 

CH-1 

CH-1!/ 

2-H 

2-IT. 

2-U 

2-Y 

CH-2 

3-C 

3-Y 

3-i!.l 

CH-3 

4-A 

4-Y 

CH-4 

Depth 

(feet) 

38-40 

38-40 

30 

58 

52 

78 

130-132 

58 

105 

105 

46.5 

85 

78 

83 

Stratigraphic 

unit 

Qbt6 

Qbt6 

Qbt6 

Qbt6 

Qbt6 

Qbt5 

Qbt4 

Qbt6 

'3lt4 

Qbt4 

Qbt6 

Qbt4 

Qbt4 

Qbt4 

Si0
2 

72·7 

73-71 

72-0 

13.6 

75.6 

78.2 

17.2 

74.6 

74.8 

74.78 

12·6 

jT.O 

76.5 

76.6 

Al203 

13.5 

13-53 

13.5 

lj.l 

12.7 

11.2 

12.0 

12.8 

12.7 

12.51 

13.8 

12.1 

12.4 

12.4 

Fe
2
o

3 

2.0 

l.TI 

2.1 

1.9 

1.2 

1.4 

1.1 

1.7 

1.5 

1.50 

1.9 

1.2 

1.2 

1.2 

FeO 

0.5J 

·1? 

.2·~ 

.25 

.3~ 

.~s 

.28 

.fl 

.f8 

.!8 
I 
I 

.~8 
I 

.n 
I 

-~~5 

I 
.~'9 

~0 

0.33 

.16 

.28 

.32 

.12 

.12 

• 04 

.12 

.16 

.04 

.20 

.02 

.05 

.09 

Constituents(!~ .. ,~ ... _,_) 
cao Ba2o K2o -H2o 

1.0 

1.17 

.67 

.51 

.59 

·30 

.41 . 

·53 

.66 

.a., 

.61 

.26 

.26 

.29 

4.5 4.5 

4. 5ci./ 4 . 4rfi./ 

3·1 

3-9 

4.0 

3.5 

4.1 

4.2 

4.3 

4.6 

4.6 

4.2 

4.4 

4.7 

4.1 4.7 

4.~/ 4.7~/ 

4.3 4.5 

4.0 4.6 

4.2 4.6 

4.2 4.5 

0.55 

•1111 
.18 

2.8 

1.3 

.IJ6 

.32 

.28 

.75 

.51 

.41-v 

.15 

1.2 

.44 

.29 

.42 
~cept as otherwise noted, samples were analyzed by rapid methods similar to those described in USGS Bulletin 1036-C. 
\nalysts: PaulL. D. Elmore, Samuel D. Botts, !•ran H. Barl011, and Gillison ('h.loe. 
~/Rock analysis done by classical or conventional methods as described by HElebrand (1900). Analyst: M. X. Carron. ~/Determined by flame phot001eter by W. W. Brannock. \ 

T102 

0.32 

.14 

.26 

.26 

.18 

.17 

.14 

.22 

.22 

.21 

.27 

.10 

.14 

.13 

P208 

0.07 

.01 

.o6 

.o6 

-05 

.03 

.02 

·05 

.04 

.o6 

.ce 

.02 

.ce 

MnO Co2 

o.oB <0.05 

.01 

.o6 < .05 

.o6 < .05 

.04 < .05 

.04 < .05 

.o6 < .05 

.o6 < .05 

.o6 

.oo 

·07 

.04 

.o6 

.oB 

< ·05 

< .05 

< .05 

< .05 

< .05 

i/ + - + I 
. Upper figure for H20 , l011er figure :for H20 . The H20 quantity for samplt· from bole 3-Y at 105 :feet determined from loss on ignition minus ~0-. 

IOCJ -~ L,;1 - 7, ;:.. 
~ rr· 

Sum 

100 

100.52 

100 

100 

100 

100 

100 

100 

100 

99.67 

99·99 

100 

100 

100.22 

.. 



lo1e 

-1-tloa 

12-1 

2-B 

rl 

"""' 
"""' 

Strati-

poapldo 

uatt 1o 

~irep 

-ber 

Det-tla 

(feet) 

:511-~ 

30 

:;8 

52 

78 

Si Al Fe 

'!able 16 .. -aealUI of ...:l.q-tltaUn- •pectrograpbic azt.al7"• of U.. Tllh1rep -••r of tbeo a-4eller t~aft at TA-.. 9, 1ae ,u.._ CouatJ, M. Ku:. 

JlcCalal ft 1111 .. .. ;e Co Cr c. 

= = 

Co.wUtuent• 
(1>,-... rJ 
Ga .. llo lib 114 Hi Pb Sc 

II II 1.5 0.} 0.7 ' ' 0.15 0.07 0.07 0.00015 0.015 0.000} 0.0007' 0.0007 0.00} 0.007 • 0.00} 0.007 0.000} 0.00} 0.0007 
II 

II 

" 
II 

II 1.5 

II 1.5 

II 1.5 

·' .7 

.15 ·' 
' ' 
' ' 

-07 ·' ' ' 

.07 .15 ' ' 

.15 .0} .0} 

-15 .0} ·0 

.000} 

.000} 

.015 .000} 

.015 0 

.15 .OJ .Q5 .ooc15 .015 o 

.07 .0} .015 • "Y.JO} .015 0 

.0015 

• -,dn 

.0007 

.000} 

.0007 .000} 

• 00015 • 000} 

.00} 

.00} 

.007 d 

.007 • 

.00} .007 d 

.0015 .015 " 

.00} 

.00} 

.JC} 

.007 

·007 

-007 

.0007 

.m o 

-007 0 

.000} 

.00} 

.00} 

.0007 

.0007 

.00} 0 

.00} 0 

Sa Sr 

o o; 015 0.0015 

• 

0 

0 

·007 

-007 

.007 

.00} 

.0015 

.0015 

.o.::m 

.OOIJ7 
Cll-2 

.... 6 

Qbt6 

Qbt6 

Qbt6 

Qbt5 

~bt .. 

Qbt6 

Qbt~ 

Qbt~ 

Qbt~ 

1~1}2 II 

z 1.5 

II .7 

II 1.5 

-07 ·' 

.15 ·' 
' ' 
' ' 

.07 .at .o15 .ooo) • 0 .00015 .00015 .00} .00) 0 

·0007 .000} .0015 .015 " 

.00} 0 0 .0015 0 0 .00} 0 
)-C 

)-~ 

,... 
.... , 

AM.l:rats R. o. Ba•eu 

:;8 

105 

85 

78 

II 

II 

II 

II 

II 1.5 

7 -7 

II .? 

.15 ·' ' ' 

.0} .15 ' ' 

• J7 ·' ' ' 

l,altole uee4: Jl - Major COMt1tueotl Le. sreater tbaa 10 perc•t• 

0 - CouUtueot analrzed but oct fotUid.. 

.15 .o) .0} -~' 

.15 .0 o0 oOOO} 
I 

.07 .0 .015 .000) 

.·)7 .c;, .015 .000} 

f - Co011titueot ba..rel7 detectible, concentration UDCertaia. 

o0 0 

.015 0 

.015 0 

.015 0 

.000} 

4 

• 

.000} .00) 

.00015 .00) 

.000} .OQJ 

.007 • 

.007 • 

.007 0 

.00} .015 .000} 

.00) 

.00} 

.00} 

.007 .000} 

4 0 

.007 0 

.00} -0007 

.007 4 

.00} 0 

.0015 0 

4 

0 

4 

·007 .0007 

.007 -0007 

.00} 0 

.00) 0 

llote: The followi.D« coutltuente were analJt.ed ~ut not found: F, Ag, As, Au, 8, 81~ Cd, 07, ~. ::\1, Gd., Ge, Bf, Be, Bo, to, Ir, Li, Lu, 0., Pd, Pr, Pt, Re, Rh, Ru, Sb, S•, Ta, Tb, Te, Tb, Ti, or., U, 'rl, Za.. 

Approx:iiiiRte visual detection liaita (:!evised Auguat 19$) for the ele~M~~te detandaed bJ the 6emiquant1tati•e apectro.;raphic nethocla 

Ele•ot 

51 

p 

B1 

ll:r 

Ia 

111 

lib 

'l'b 

' 

Percent 

0.002 

.2 

.001 

.005 

.001 

.000} 

.005 

.1 

.001 

El••at 

Al 

... 
Cd 

Eu 

Ir 

0. 

Ru 

-r..!l 
Tb 

Percent 

0.001 

.0002 

-005 

.05 

.01 

.01 

.01 

.1 1.01) 

.0005 

Ele•ot 

Fe . ., 
Ca 

Ga .. 
Pb 

Sb 

Tb 

ZD 

hrcea.t 

).0008 

.• 0001 

.02 

.00()2 

.002 

.001 

.01 

.02 

.02 

Jl \) 
A 41tferent expoeu.re 1e reqq.ire4 for tbe detectab111Ue• abown 1a. pareutb•••• 

EleiMDt 

liS 

Aa.!l 
Co 

Gd 

u.!l 
P4 

Sc 

Tl 

lr 

Percent 

0.0005 

• 1 (.Ol) 

.0005 

.005 

.02 (~.00006) 

.000} 

-0005 

.01 

.001 

Ele._t 

Ca 

Au 

Cr 

0. 

"" 
rr 

Sa 

!It 

Percent ~le-.at 

0.005 Hay 
.002 B 

• 0001 Ca .!I 

.001 Bf 

.01 "" 
-05 Pt 

.001 Sr 

.01 u 

Perc•t 

0.05 (11.0005) 

.002 

2 (~.02) 

.01 

.0005 

.00} 

.0002 

.05 

El-t 

,.!I .. 
c • 

aa.!l 
lib 

Rb.!l 
s. 

t tb Zr 

0.00} 0.000} 0.0 

.00} 

.00} 

.00} 

.007 

.00} 

-007 

.00} 

.00} 

.00} 

Pereeat 

.000} 

.000} 

.000} 

·0007 

.000) 

-0007 

.000} 

.000} 

.000) 

0.7 (ll.002) 

.0002 

.0001 

1 (0.002) 

.001 

10. (0.006) 

.01 

.001 

.OJ 

.0} 

.0} 

.0} 

.015 

.0} 

.0) 

.0} 

.0 

Ela-t 

Ti 

Be 

D7 

Bo 

114 

Ra 

!It 

w 

.. >te1 &o. coM1AattaA8 of ele--.te affect tba 4et•ctab1U.Uea. Appror!.Mte •alvea are given. lo Wl~l7 fayorebla Mtari.&la, conc.atrattou aa.ewbat lower tbaA t~:eo nluee pna .. ,. be detected. ID ufayorable -terW• tbe P••• datectuU 



'!be taUov1Da ranpa 1n pen.abUi ty wre obtaiDed. by aaalyeia ot 

888plea (table 17) trail unite a, 2, ,, 4, 5, and 6 ot tbe Tahirege 

Member: o.o4-22 &Pi per square toot tor consolidated aamples, 34-59 

s:pd per square toot tor un0011eolidated samples that vere repacked in 

pe~ter cyltmera; specific yield 0.6-42.6 percent.J porosity 

19.}-54. 7 peroeat,; specific retentioa ll.3-27 .3 percent; dry unit 

weight 1.17-2.05 sr- per cubic centimeter; specific gravity ( srain 

daoaity) 2.32-2.58 sr- per cubic aent~ter; moisture content 0.2-

36·3 perceat b)' vol~, O.l-43.2 percent ot dry wight,; aDd 

approxiate pB 7 ·5·7 ·9· MecbazUcal aaalyeea lll84e ca seven 

uncCQ8011date4 aampl.N trca unite 1:8, 31 and 5 (table 24) indicated 

ratber larp rm~pa 1n particle a1zea traa clay tbrOU4Ib lledium 

gravel. SallplN traa un1 ta lB aad. 3 probably have 11 ttle value 

aa the• are .aatl.y b1 t-aut uwplea. Semple a trca un1 t 5 are 

unconaol14ated '"lip, •• obtaimd vb1le •pptna large-diameter holes. 

Pore-aiu d1atr1but1ca ot 10 .-plea traR un1ta4, 51 and 6 are 

abown cc table 25. 

The paroa1 ty aad peneabill ty ~ tbe Tehirep M-llber depends 

upca tbe de&ree ~ wl41Dc aDd ~~D:NDt ot veatber1.ng ~ individual 

ub tlove. JoS.ata and tracturee are nu.roua, eapeci.al.ly in tbe 

~ UD1ta. Die Jointe 8Dd. tracturee that are open probably 

vaul4 trumt •ter rapidly. 
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Unit lA 

Pb;ysical cl:&racteristics 

Unit lA conaists ot light-SZ"'Q' to 1igb't-p1Dkish-~, pumiceous, 

triable rbyoll te tu.tt tbat contains quartz and aanidine crystal a 

aDd trapents, aDd rhyolite and latite b'apente, aD1 minor a.:nmts 

ot dark-green matic llineral.e. ec.e ot the aen1A1ue frapents are , 

stained d.ark-brovn. 

Unit lA owrlieo tbe Otovi J1=ber and does mt crop out at 

TA·49· Unit lA ia 214 teet thick in vell D1'·91 196 teet tbic:k in 

D'l'-10, and 156 teet thick in l1.r-5P. It is an ash tlov, tbe -.stern 

end ot which is daposi ted in a depression in ol.cler rocks beDeath 

'rA-119. It thickens eoutbe&atWI'd trc. TA-49 tblm tb1na eutw.rd 

and wedges out Oetwen UD1 t lB ot the 1'sbirege Melber and Otowi 

MIIIDber ot tbe BaMelier Tuft ( ti3. 5). 
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water-~ characteristics 

Unit lA 1a dry at TA-4<). Little is knovn ot its potential 

w.ter-bearing proJIC"ties; bowever, Dlld circulation ,.. •1ntained 

through this unit in well M-SA, and its hacture pezmee.bUity 

SLSt be relat1 vely lov. 

Joints and tracturee are probably present 1n unit lA, but 

because it is a triable un1 t they probably are closed or only 

---~ 

alightl.y open. Water percolating tbro\18h open Joints aDd tractures 

1n the unit probably wuld caw1e the alteration ot the tutt to 

cla1 &ad would eventual.ly seal the. 
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Unit lB 

~s1cal cbaracter1st1cs 

Unit lB 1a a l18ht-sray to very light-onmse rb1olite tutt tbat 

contains quartz and teldall&l" crystals and f'l"861Mnta, larse to small 

pumice traaments, &Dd gray aubroUDded rbj'ol1te and latite l'Oeil-

fragments as IIIUch as cobble aiae. Unit lB is an explosion breccia. 

Cuttings, samples, &Dd outcrops abov yellow weathering stains around 

quartz crystals and trapenta. '!'be pumice weathers to a brown c~. 

Stratit1cat1on is lackins, but roo& tr.penta and P\llli<:e coiiiDcmJy 

occur in lenses. '1'he contact vith the overl)'ins unit 2 is irreCUl&r· 

Beta bole, 1n Water Ca&:Ji)'On, penetrated 172 f'Mt ot Wl1 t lB 

(table 18) . Drill cu.ttillgs traa tbe bottclaa 75 t•t ot the borins 

contain DOdules ot brown clay u much aa 6 1nabea lo138, -which probably 

are the veatbered product ot l.arSe pumice trepenta. The clay 

nodules are platy &Dd tibrou.s cear the center &D4 irade to highly 

altered cellular pumice at tbe edpa. 

"' 



Table 18. --Sample log of Beta bole 

Drilled by rotary bucket 

Total depth :So feet 

Completed February 25, 1960 
Altitude of lacd surface 6,8ol feet 

ThickneGS 

Recent alluvium -------------------------------·--
Baadelier Tuft 

Tshirese Mmber 
Unit l.B ~ 

Tuft 1 ligbt-piDlr.iah-tan to light-gray 1 

pumiceoua, triable; quartz and 
Mnidine trapenta and crystals up 
to granule size; matic mineral etains 
and some mafic minerals; devitrified 
pumice fragments up to 1 inch in 
lensth; l1Sbt-yellov1ah pumice; gray 
glaasy paice; dark-~ pumice 
fragments; some reyoli te ~ 
fra~Dtnts; BUIPles trcm 61 to 81 
f•t are li&ht red. Samples traD 
105 to 18o fMt contain brown 
nodules of clay up to 6 inches 1n 
lerJStb; these appear to be large 
p.aice trapents that altered to 
~; tbe clay ap~s platy in 
places aD1 near qe grades into 
h1&hly altered cellular pumice; some 
~ rhyolite and light-red latite 
JIO'elt trapellts are tol!Jld in tbis 

(feet) 

8 

interval --------------------·------ ~ 
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llli'l 

Depth 

(feet) 

3 

J 
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Table 18. --Sample lOS ot Beta hole - Continued 

Bandelier Tutt - Continued 

Tahirege Member - Continued 

Drillina stoned at 18o teet in a 

rh10lite and latite tutt breccia, 

edges of tragments subrounded; 

grow¥1. mass a 11ght-brovnieh-tan, 

pumiceous, friable tutt ---------

118 

Thickness 

(teet) 

172 

Depth 

(teet) 

18o 
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Unit lB weatbers to a light pink or oraoge aDi ia pitted by 

the weathering out of large puaice f'ragments. On the north \81.1 

of Water Ca.n;yon unit lB is cbaracterized by a steep slope that is 

broken by a bench about 20 feet below tbe contact with Wlit 2. 

This bench extends rraa TA-49 east\Bl"d to Highway 4. 

At 'rA- 49 unit lB r&D6M in thicknesa t%"011 195 f'eet in core 
" 

hole 2 to 248 teet in 'Wells M-~ aod M-10. Core boles l, 3, and 

4 are "oottomed in the un1 t aDd penetre. ted 217 teet 1 25 teet 1 aDd 

15 teet, reopectivel:f. Wells M-5, M-5P, and M-5A penetrated 

203 teet ot unit l.J3. 
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water-bearing cb&racter1Bt1es 

l'ree wter ws not tound in unit lB at TA-49, but c:u.ttings 

!raza unit lB from Beta bole contained considerably more ~Wjisture 

tban samples troll litbologicall.y s1m1lar units higber in the 

section. 

_, 

Interstices in the •trix ot unit lB probably are 8lll8l.l and 

its pemeability is low, altbougb locall.y tbe porosity may be 

relatively higb. Clay nodules 1n cuttiDgs !1"aal Beta bole 1n 

water Canyon contained 45 to 6o percent moisture by volume, but 

otber auzples, ccaposed DI)Stl.y ot ash, conta:i ned 13 to 36 percent 

1101sture (table 17) • Moisture content ot a core tram un1 t lB, 

core bole 2, is less tba.n l percent. 

Tbe section ot unit lB peDetrate4 by tbe Seta bole is 

veathered aDd hiablY altered due to •ter 1n1'1ltrat1Dg trca the 

c:aeyon noor. 
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Unit 2 

Physical Cbaracteristics 

Unit 2 is a light-pil:lkish-gray to purplish-gray rhyolite 

tuff. It is bard, -..elded, and contains coarse sam- to granule

size phenocrysts of quartz and sanidine cr.tatals and fr&gl:lents, 

li.gbt-gray to gray rhyolite and l.atite rock i'ragments, aod gl"a)' 

pumice fra.gJDents up to ;f-inch long in a fine-grained, glassy ash. 

The outcrop of unit 2 stands as cliff's, which weather to a li8,bt 

brownish gray, and consists of' two beda of about equal thi.ckness 

separated by a slight notch. Unit 2 exbibits columnar jointing 

in the form of ~JJ8l pinllaeles standing 10 to a) feet in 

height and :f'ra~ 5 to 8 feet. in diameter, vest of' Beta bole in 

Water C~n. 

Unit 2 ranges in thickness troa 82 feet in core bole 3 to 

lll feet in core bole 4 at TA-49. Tbicknessee of unit 2 

penetrated in otber core boles aDd wells are as follows: core 

hole 1, ::;~4 feet; core hole 2, 101 feet.; well Dr-5, 100 feet; 

well M-9., 98 feet; and well m'-10, ~ feet. In t.he measured 

section .1.u Water Canyon unit 2 is 100 !eet taick. Structure 

contours on tbe top of unit 2 indicate a gentle l- to 2-degree dip 

soutbeuterly vitb an nooulatiDS surface (fig. 7). 

Figure 7. --structure contours on un1 t ,.bt
2 Tsbirege Member 

of the Bazldelier Tuff, TA-;2, Loa Al.amos County, N. Mex. 
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Water-bearing characteristics 

j 

au a ;z' c a x liiiiiiiJI 

Unit 2 is dry at TA-~. The cat.ural. moisture content or 
tbe rock in unit 2 is about 0.2 percent by volume, based on five 

samples tram oore boles 2, 3, and 4. 'l'be porosity ot the :five 

samples troa unit 2 tl:at were tested raoge trom 19 to 37 percent 

by volume and specific retention ranged f'roa ll to 21 percent by 

volume (table 17) • PenleabUi ty w.a 0. o4 to 2 gpd per square 

toot. 

The till used in building tbe le'Vtie:l ar-. vbere GUIIB and 

G-. "A" boles are loca'ted is camposed ot broken tutt and soil. 

a... bole penetrated about 6 teet ot tUl, and a- "A" bole 

peoetrat.ed about 10 teet ot till overlyiJ::Is unit 2. Spr1Dg 

aiXNDelt pereolat.d into the till, and perched above welded turr 
ot unit 2. · 'l'hia percbad •ter ran into Gamma and GUlla "A" 

boles. G-=- hole is 2 teet in d.ia111eter and 7.15 teet deep. It 

'WBS dry when drille:l OD February :26, 1960, but on May 2, 1960 
the 'WB'ter level ,.. 5.85 teet. G- "A" bole is 4 inches in 

diame'ter and ~ teet deep. It •• d.ry wen drilled on 

February 26, 1960, and on Marcb !0 tbe -..ter level w.s 43.6 teet. 

'l'be bole we dry on May 21 1960. GIUIIIB "A" hole 1& cased with 10 

teet ~ 4-ineh steel caa1Dg which extends 1.90 teet above lam. 

surtace. The 'WBter gained entry into the well tllroUSh 1.90 teet 

ot uneaaed till above un1 t 2. 
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Altbough tbe pel"'!!le8bUity ot unit 2 is lov, the open joints 

and t"r&ctures 1n it 'WOuld transmit w.ter rapidly. Col\.JIJD&r 

jointing is present locally in the outcrop. A core taken at 261 

1'eet 1n core bole l contained a early vertical joint plated wi'th 

clay which indicates tbat wter bad peroolated through Joints am 

fractures in the rocks to fairly great depth. W•tbering ot the 

tutt adJacent to the Joint probably occurred dur1II6 tbe deposition 

ot un1 t 5, which is a fluvial sand. The lov moisture content 

indicates that \Bter presently is not 110viog t.brou8h unit 2. 
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Unit 3 

~s1cal Cbaracteristics 

Unit 3 is a friable am puaicoous 14;bt-~ rhyolite tutt 
that contains medium to very eoarse &aDd-size phenocrysts of 
o&nidine &:Dd q,ue.rtz crystals and .t'rasznents, 81"11\Y and white 
dev1tr1f1ed pumice tragment.a up to ~inch in length, an abund.ance 

roc. k of light-gray pumice, and gray ~lite and latit.e.lragroaents in 
a fine-gr&ined gl&asy uh Mtrix. SaDe quartz .tragment.a are 
coated vith a yellov weatberins stain and otbera are clear. 
S&nidine trag~~~ents appear to 'be pitted. Surt"ace exposures ot unit 
3 are very poor. The Wlit veatbera to a &lope on which soil bas 
developed. The best deecription ot unit 3 ia based on cuttings 
from Alpha oole (table 19) • Core recovery i'ra1 tbe Wli t ws 
poor. 

At TA-49 the thicknaaa of Wlit. 3 ranges tram l.o teet at tbe 
measured section in Water CaaiYon to 16 teet in core hole 1. 
'l'h1ckneeses ot the un1 t penetrated in other borings are as 
tollovs: Dr-9, 58· feet; &M DT-10, 57 teet. 
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Table 19. --Semple log ot Alpba bole 

Drilled by rotary bucket 

Total depth 189 teet; diameter 2 f'eet 

Completed February 6, 1960 

Altitude of' laD:l surf'ace 7, 1.25 f'eet 

Blm1el1er 'l'utt 

'l'ahirege Member 

Unit 6: 

1'u.tt, 11ght-gray, IIICderatel.y welded.; 

containa tine- to mediua-size quartz 

and sanidiDe cryatala aD4 tragments; 

yellowish-tan to gray pua.ice and gray 

' 
devi tritied pumice tragment.s; light-

red latite and gray rhyolite ro4lk 

f'npents in a tine-grained 118bt-gray 

Thickness 

(f'eet) 

aah atri.x. Bard layer .,.. encountered at 

j 

Depth 

(feet) 

54 teet -~-~------------~------------------ 76 76 

Unit 5: 

SaDd, light-gray, triable; tine- to 

coarse-size quarts and sanidiDe f'ragments 

subrounded; quartz bas coating of' yellow 

weathering stain; tragzaents of' tu.tf' and 

pumice ------------------------------------ 2 78 
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Table 19 ·--Sample los ot Alpba bole - Continued 

Bandelier Tuft - Continued 

Tsbiree;e Member - Continued 

Unit 4: 

Tutt, light-~; Mdium to coarse quartz 

acd sanidine crystals and fl"8gg!Mtnta; 

gray de vi tritied pumice; l18ht-gray 

rbyoli te '!'Mil trapenta, su.brouMed; 

triable zone 78 to 85 teet; IIIOderatel.y 

Thickness 

(feet) 

welded 85 to 126 teet -------------------- 50 

Unit 3: 

~' l1gbt-gray, triable; medium-size 

quartz and sanidine Cl"')'stals and 

t'rapenta; &1'lli1 ani vh1 te devi tritied 

paiee trapenta up to~ inch 1n length; 

gr&J ~11 te I'IMit trapents, pebble 

siae; coat1D8 ot yellov w..tbering 

stain &l"'Wl4 quarts trapents; large 

aount ot ftr:f light-gray pumice; 

&a~Ples t~ 166 to 189 are pinkish-

..p-:wa•t•:v·.·~ ., 

Depth 

(feet) 

gray and moderately welded ---------------- 61 189 



- ...-.:c""~ ~~-.#& 111• k ~~J!£J$34 ~L-fi. Lfti1! p Z ft£3 
" - " .... . ~· 

Water-bearing Cbaracteristice 

Unit 3 is dey o.t TA-49. Natural moisture content ranged 

from 0. 2 to 2. 9 percent by volume (table 17) • One chunk sample 

bad a porooity of 48 percent by vol~ and a permeability of.22 

gpd per sq~1are foot. 

The rev joints that can be seen on the outcrop are filled 

vith brovn clay, produced by ~thering of' tbe tuff'. Joints at 

depth presumably are open because drilling fiuid 'WaS lost in this 

unit. The maintenance of circulation of' either air or mud 

during drilling "WaS difficult. 0~ a soal.l at:lOunt of cuttings 

\vas recovered froc unit 3; the rest were probably carried into 

open joints. 
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Unit lt 1a a li&b"-lftl to liabt-piJJidah•&nJ rtl:foUte tuft 

t!lat acm11a1Da IIW·~ata u4 ~ ot ..U.\a eaDi- to IJ"&ZZU]A

a1H qY&rts u4 -.JU4U. QZ7ftala 1D a a:Mlezatel1 vel.4e4 ub •tnx. 

arq pe1oe. ec.. ot tM pllioe h'apanta are 4rlit.rU1e4. Unit 4 

1a ~»' beddAI4 at tU ~ MC't1Gil 1n llater ~; howrv, 1.,... 

ot 41al&·lbaJe4 aam-~ .-1oe taaMata u mcb u 6 lDebH 1.cmc aDil 

2 1DataM tiek are pNMU\ 1A a 4eM pi'*'eb-~ tQtf. 

Ill tbe aatuop 1M ~'Ml.J wl4e4 tuft GOD~ alaJ ftl.l.e4 

JoiAta aD4 ~·· ID tM ~ ~, JoiDU an 01*1 
u mcm u t to a i.DabH. Aiz' blov1zll trc:a ope Joinu 1.11 n~ 

to .._u.s,. ~c ~ 1Dl1•tn tbat tbl Joint. are 

~ 1D )M)le ~. ran. ot tbia \W.t fo1'll olitta in t.be 

C&IQOA .us. 

lour • gl.M f':rca \IILlt a. ot * '!lbinp Naber ot tM llul4ellw 

Tuff wn ~ ~~ bJ c. I. lou ~ 1:be Geolosiaal 

a. • ., (wt-.a • mt•tiGD, .r~ 1, lg6o). BoN r.-l.G\Llated. tM 

~ ol .-.,..,..u - npnHDt pzooportioD bJ veJ.abt. 'l'be 

foll&NS.1II an nMalu ot -... ~. 
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S&"'P'' ~''"' Bole 4-Y, depth 78 feet 

Pore space about 30 percent 

Phenocrysts about 27 percent by weight 

Sanidine 15 percent 

Quartz 10 percent 

Magnetite 1± percent 

Pyroxene 0.5± percent 

Ground.mass is typical devi tri:f'ied, welded tu:f':f' sho\nng usual 

submicroscopic intergrowth of cristobalite and feldspar. Gas-phase 

reaction resulted 1n additions to sanidine phenocrysts, and 

trid.ymite and feldspar in cavities. Dark porous areas up to lSfun 

in diameter represent pumice fragments. A few small areas of 

andesitic rock are present. 



Hole 4-A, depth 85 feet 

Pore space about 30 percent 

Phenocrysts about 32 percent by weight 

Sanidine 22 percent 

Quartz 11 percent 

Pyroxene 0.7 percent (orth4, dominant; clino, present) 

Magnetite 1.0 percent 

Groundmass is devitrified. shards containing unusual feldspar-

cristobalite aggregates. Vesicular cavities contain gas-phase 

tridymite and feldspar. The sanidine phenocrysts contain secondary 

addition of feldspar (gas-phase) material. The sample contains 

an unusually large proportion of pumice grains. 

J 
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~""PI & ~"' tore hole 3, depth 100 feet 

Pore space about_;o percent 
:"£::: 

Phenocrysts about 38 percent-7by~ weight 

Sanidine 24 percent ~- · 

Quartz 12 percent 

Pyroxene (largely clino L 1 percent 

Maanet._percent 
~ 

No zircon observed 

-~·- . .• -· . . :iff!~· .•.. 
~ ... -1- _..t.::.~ 

Groundma~; contains abundant tridymite and gas-~se, secondary 
,,·;:-- ~ 

'~'-. -. 
growth on ~id1ne. Devi tr_i_~ic~tion product a a~sually coar~~ 

grained. Sample contains inclusions of andesite. 

-:_~ 

·~· AR7-' 
-.:~ -~·; 

.. , 



Pore space about 30 percent 

Phenocrysts about 34 percent-by weight 

Sanidine ;o percent ~ 

Quartz 12 percent 

Magnetite ~ percent 
--:;=:· ~ 

Pyroxene 0. 5 percent 

~ -

The groundmass is a wi&! dev1t;1!1ed ~lded tuff' the 
--- :.: 

devitrUication product being cristobaliSand. feldspar. Gas-

phase reaction bas ruul ted in secondary growths on the sanidine 
-~ ~ 

and TtwelOlJilent 61 tridymi te and felds~r in vesicules. Plate-

like crystal&;'bf tridymite are unusually large as are the gas

phase aDd devi trif-ication mine~-



a. ;aac:;..• •.. · -'Yll:f'-.·"'!!ae.la &~~~ ~ 
-.....--._:··. · --· •'1-! -· - ,, ..:~.,....""'¥\~;I IIH .• II . -

Unit 4 laS dry at TA-49. Ba_:uraJ. misture content -was very 

low, ra.ng1n8 troll 0.4 to 2.2-percent by volume. 'l'be porosity of 

~-----
four surples of unit 4 :ransec1 floaa 32.7 to 54.3 percent by voluce, 

*~· 

and specific retention ranged 11.6-'to 21.8 percent by volume. 

The porosity decreased with depth due to the denser velding within 

the nov. The specific retention ~ed w1 th a decrease in 
~,.. 

porosity due to a decrease in pore size which would tend to bold 

water under tension. VerticaL penleabilities ra.r:J8ed trom 13 gpd. 

per square toot tor tbe mere pdl'OUa &tt to 0. 3 gpd per square 
4-- ,;. 

toot tor tbe leas ~rou.a tu.tt !ound twer in the section • 
.... 

Horizontal permeabilitiee.r~~ 0.4 to 13 gpd per square 

toot .m· decreased with depth. !tiie-bcrizontal. permeability in 

one sample trom bole 3-A ..a 8, and vertical permeability was 5 

gpd per square ~oot (table 17) • 'l'his d.i.tt'erence of' permeability 
~ 

-.y be related to possible near horizontal orientation ot 

interstices in tbe aab-fiov ~.-

/2. 1 "f l!O 
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Joints 1n outcrops of unit 4 eoJltain weathered browish clay. 

Jointa in tbe unit in large diGD!ter holes ~ f'l"CCIl clcaed to 
-:..o• 
;it.. 

open. In tbl upper pert of the unit, joints are :t1ll.ed with s&Dd 
~-

freD UDi t 51 indicating that theSe jOintS 8lld ~fr8etuJ'e8 Yel"'e ope!l 

. 
dur1lle the depoai tion of un1 t 5 • In .a:Je or the large-diameter 

c;::=-

holee ( t1ga. l5, 11, azxl 18) the tut1' ot unit 4 ie !'riab~e aild 

veat.hered belov the contact w1 th un1 t 5. 
-zL? 
~ ~ ~ 

It water were tl"aMm1 ttel_ by percc1alion to \o1D1 t 51 1 t would 
- - ~ 

;;. ~-

·~· 

turtber percolate downward through the permHble aam·:t'1lled jointa 

~to the open joints. 
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Unit 5 

?hysical characteristico 

Unit 5 is f'riable wter-laid medium to coarse sand composed 

ot worn quartz and sanidine crystals and ~ts of reworked 

~ as large as boulder sise. 

Saae limonite 

stains and a ffN stringers of brown clay are oriented 'With the 

cross-bedding in the unit (fig. 11). Unit f~weathers to form a 
1'- /2-

P~e l:t.--WSF-laid sand of' unit ~bi- of' the Tahirege 

Member of' the Bandelier Tuff' under~_by -.-.thered iron

stained unit .tbt4, southeast w.ll of' west bole 1n Area 10, 

TA-49, Los Alamos County, !1. Hex. 

notch on c:lif'ts between the underlying and overlying units. 

1~ 
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Photoc;raph by Roy Stone 
Los AlaJnoa Sci Jltific Laboratory 

li'.igur<:: 10.--0utcrop of unit Qbt, of the '11shire(je Member of the Bandelier 'fuff at head of a muall canyon 0.4 .) 

wile north11ect of ~1ell D'r-), 'rl\-4~, Los 1\la.Jrto:J County, N. Mex. 
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Figure 11.--Water-laid sand of w1it Qbt
5 

of the 
overJain by veathered iron-stained ash flovs. 
Los Alamos County, N. Mex. 

Photograph by Roy stone 
Los Alamos Sc~entific Laboratory 

I 

Tshirege Member of the Bandeliei· Tuff Wlderlain untl 

Southeast vall of west hole in area 10, TA-1~9 1 
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Pho t•Jc;ra.ph hy Rc•y ~}t.one 

Los Alamo::; Scientific Laboratory 

Figure 12.--Gtream channel ln nnit Qbt11 of the 'rshirege Member of the Bandelier 'l'uff i'Ulcd w:i_th sand of 

uni L QbL,. Ea:.;t wall of wc~t hole in area 10, TA-4~, Los Alamos, N. Mex. 
_) 



A sample trcm Ullit 5 ~ the Tahirege Member of the Bandeller 

Tuff was anal.yzed petrosraphically by C. s. Rosa of the ~cal 

Survey (written ca-m~ation, July 71 1960). Roaa recalculated 

t~e proportiona o:t pbe!locryata to represent proportion by wight. 

The following ia b r~t of the anal.yaia. 
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Hole 2-Y, depth 78 feet 

Sample is about one-third phenocrysts 

Sanidine 22 percent 

Quartz 11 percent 

Magnetite 1~ percent 

Pyroxene o.~ percent 

'(#f ,l'ine fraction is devitrified glass composed dominantly of 

sub-microscopic intergrowths of cristobalite and feldspar. 

There are irregular zones around sanidine phenocrysts which 

may represent an addition of material by gas-phase reaction. In 

pore spaces, tridymite, sanidine,and slender needles of hornblende 

have been formed. 



At !A-~ tJ1e thickness of unit 5 ranges troll 0 1n large
d.iaeter bole 4-Y (f'ig. 18) to about 4 teet in a cbannel intercepted 
by large-diameter boles 1n Area 10. Structure contours on top of' 
unit 5 1Ddicate a di:p ot about 1 degree to the southeast (fig. 13). 

figure 13.--Ctructure contours on the top of unit .. bt
5 

of 
tbe 'l'slurege Member of' the Bandelier Tutt, TA- 49, 
Los Al..alw:>s Cowtty, 1'1. Mex. 
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Water-beari..Ds character18tica 

UDit 5 vas dry at TA-49, am there 1a little evidence to indicate 

that the un1 t bU tranami tted water 1D recent tiJDes. 

Unit 5 1a a permeable 8aM compoaed ma.inly ot well-sorted quartz 

and sanid1ne cryatala aDd cryatal fragments. Joi.Dta aDd t'racturee 

in the overl.yil:Jg unit 6 are c:loaed aDd terminate at or near the 

contact. Cllly a tfN tr&cturea trazlaeet the sand aDd continue into 

un1 t 4 vhere moat ot' them an sand tilled ( t1g. l.8). 

~t adJacent to Jointa &Dd tracturee below the sam-filled zooe 

is weathered as much u f to 1 1Dch on each aide. Water that caused 

tbeee weathered Joint &Dd tracture su.rtacea probably moved through 

tbe Jointa &Dd traeturea dur1J2s the depoei tioo ot un1 t 5. 

~ t 5 baa a permee.bili t;y ot 34 to 59 gpd per square foot 

(table 17) aDd should tranait vater readily. 'l!le abtmdance of sand

filled and open tracturea in the upper part ot unit i• would tend to 

t:rllllai t the water dovnvard rapidl.;y. 

/3(o 
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Unit 6 

Physical characteristics 

Unit 6 is a liGbt-sr&J' to pinkish-gray rhyolite tut't. It is 

a IZIOderately welded ash-tlov tu!t containi.ng phenocrysts ot quartz 

and sanidine that range in size traa med1Uil to coarse sand, gray 

davitritied pumice fl"8ggllll!nts as much as 3/ 4-inch 1n d~teri &Dd 

gray to ligbt-brovn rbyolite am latite rock tre.pents. Some ot 

tbe quartz crystals are clear and bave well developed crystal 

taces am some are dipyramidal 1n crystal form and contain \lhite 

globular inclusions. Mineralogic tmal.yses indicate a -.ll 

percent of magnetite am pyroxene and aaDe ~ which ia probably 

montmorillonite (table 14). The sam-size mafic minerals are 

brownish yellow as the result ot veatheriDg. Some llorizontal 

sheeting occurs at the outcrops. Curvilinear joints we1·e present 

1n the large-diameter holes and in the outcrops (fig. 14) . The 

Figure 14.--0utcrop of curved joint face in unit '"'bt6 of 

the Tsbirege Member of tbe Banlelier Tutf. North side 

ot !lev Mexico Bighwy 4, about 1. 5 miles west ot the 

entrance to TA-49, Los Alamos County, :U. Mez. 

unit I.DlC:Onfomabl.;y overlies unit 5 &Dd forms clU'fs. It caps the 

mea at TA-49. 
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Photograph by Roy Stone, Los Alamos Scienti£ic Laboratory 

Figure 111. --Outcrop of curved joint face in unit Qbth of the Tshirege Member of the Bandelier Turf. 
North side of New f.tlxico IU.gbway ~~ about 1.5 miles west of entrance to TA-49,, IDs Alwoos CoWlty, . , __ ..., .. 
N. ~x. [_.,·.··---. ··- · .• -- ·-·-
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The Jointa in UDit 6 poerally are ot tw types: master joints, 
L 

'(IIR--r hav1.118' aortherly trends &Dd nearly vertical attitudes, and minor 
-rH• r .ll. 

joints ( t'-8•. 15, 16, 17, aDd 18) A l:la'riiij varyiiJS tre!lds and dips 

Pigu.re 15. --Maps ot lillllla of selected large-diameter boles in 

Area 1, TA-49, Los Alamos County, N. Mex. 

16.--Maps ot lillllla ot selected large-diameter boles in 

Ar• 2, TA-49, Los AJ.aDK)s County, ft. Mex. 

17. --Maps ot valls ot selected large-diameter holes in 

Arw. 3, TA-49, Loa Alamos County, N. Mex. 

18.--Maps ot ~ls ot selected large-diameter boles in 

Area 4, TA-1!9, Loa Alamos County, 1. Mex. 

varyins from nearly vertical to horizontal. 

The ••ter joints are tectonic 1n origin, aod probably are rela~-~, 

to maJor :taul ta ot the resion, au.ch aa the Pajari to taul t -west of 

TA-49. Almost every l.arSe-dJ,ameter hole intersected at least one 

master joint tbat is continuoua through un1 t 6
1 

aDd eome that cut 

throush unit 5 into unit 4. Naey minor joints terminate at the master 

Joints. 1-.r the surface tbe ••ter Joints are tilled with clay, most 

ot vhich ,.. tol"'D8d. in place b)' veathering ot the tuft, but some of 

the ~ ay bave walled 1n t'rc:llll tbe soil zone above. At depth 

theM joints CICIIIIOnly are open and maey have a thin cla;y plate on both 

tacea ot tbe open joint. )bat ot these clay plates are altered tu:f't 

adJacent to joint tacn, caused by -water tb&t formerly percolated 

througll the open joints. 



_- ~- .. ~--

'l!la 1111nor joint• probably were cBUHd zne1nly by cool.iDg of the 

volcanic uh flaV 1 although aaDe of them probably are related to 

:f'aultill8 am gentle tol.ding. A DeVly horizontal brecciated zone 

ia preaent in un1 t 6 abalt l5 to 20 feet below the aurtace. 'I'M rocks 

in tbia zone are brolam by numerous irregular m1nor jointe 1 mo.t of 

which are open. 

Jointa could nat be projected traD a hole to another 25 feet 

away becauae ot tbe cl:lazlse in atr1ka aD1 dip aZ1d numerou.a intersectiofl.s 

of one joint with othera. In aa. cues it vu 1mpoaa1ble to match 

jointa on oppoa1 te wal.J.a ot a hole due to the chatlp in strike aD1 

interNe tiona. lbnrver, interconnection of Joints between boles 

vu mdent during vviOWI experi.mmta in tbe area ccmducted by the 

University ot california. 

Seven aamplea :tram Wlit 6 of tbe TmJ.rege Member of the BaMeller 

Tuff wre analyzed petrographically by C. s. :Roaa (written ccmmm1cation, 

July 7, 1960). Rolla recalculated the proportione of pbenocrywta to 

repreeeut pi'OpOl"tiOZla by wiabt. '1!le tollov1ng 1a a diacuaa1on of 

each ot then ~-. 
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Sample from core hole 1, depth 45.5 feet 

Pbre space about 30 percent 

Phenocrysts about 20 percent by weight 

Sanidine 12 percent 

Quartz 6 percent 

Magnetite 1! percent 

Pyroxene 0.~ percent 

Groundmass is typical devitrified welded tuff. The devitrification 

products are very fine grained, but show the typical cristobalite-

feldspar structure. Cavities contain radial groups of feldspar and 

tridymite. The rock contains a few areas of altered andesite. 



' 

Sample from core hole 2, depth 65 feet 

Typical welded tuff differing from others in no essential 

way. 

Phenocrysts about 24 percent by weight 

Sanidine 14 percent 

Quartz 7 percent 

Pyroxene ( cline and ortho) l percent 

Magnetite 1 percent 

Pink, \;ell-rounded zircon 

Feldspar and tridymite in cavities 



Sample from hole 2-U, depth 52 feet 

Pore space about 30 percent 

Phenocrysts about 27 percent by weight 

Sanidine 20 percent 

Quartz 5 percent 

Magnetite 1 percent 

Pyroxene ( clino, dominant; o"tl,o, p•euwt) 

The groundmass is made up of shards which have been partly 

devitrified. There is some indication of gas-phase mineralization. 

Minute minerals, probably tridymite and feldspar, have developed 
~~~s 

in cavities and feldspar bas been deposited on ~ of sanidine 

grains. The rock contains very small amounts of altered andesite 

grains. 



--'-
Sample from bole 2-H, depth 30 feet 

Pore space about 35 percent 

Phenocrysts about 20 percent by weight 

Sanidine 12 percent 

Quartz 4 percent 

Magnetite 1 percent 

Pyroxene o.~ percent 

Groundmass is in part devi trified shards (feldspar and 

cristobalite). Brown birefracting clay-like material is probably 

:nontmorillonite, 15.:!: percent of the groundmass. This is the only 

sample in thejroup which shows any alteration. All other changes 

are deuteric ones comprising devitrification and gas-phase reaction. 

-~---. ' .... 
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Sa"' pit 4 ~0 "' 
A Hole 2-H, depth 58 feet 

Pore space about 30 percent 

Phenocrysts about 13 percent by weight 

Sanidine 8 percent 

Quartz 3 percent 

Magnetite 1~ percent 

Pyroxene 0.5~ percent 
( ortho, 

Trace of zircon 

Much of the magnetite is intergrovn with pyroxene. Some altered 

inclusions of an older andesitic rock are present. Groundmass is 

devitrified glass Shards. Feldspar and tridymite occur in vesicular , 
pore space. A little clay material has developed. 



r. 

Similar to Area 2 core hole at a depth of 65 feet. 



·--~.:-~«;; -. v--

So."'plt po"' Hole 3-C, depth 58 feet 

Pore space about JJ percent 

Phenocrysts about 23 percent by weight 

Sanidine 15 percent 

Quartz 8 percent 

A little secondary growth (gas phase) on the feldspar, but 

other gas-phase materials are too fine grained to be conspicuou~. 

Groundmass material is devitrified glass. The devitrification 

products are cristobalite and feldspar. Tridymite and feldspar 

have developed as gas•phase products in cavities. The groundmass 

is in part made up of pumice fragments up to 10 mm in diameter 

which occur as darker colored porous areas. 

• 



. 'fv..,.,Ai! ...._- -,.; sa¥ w• ~~_A.--,., ··~. 

Tbe tbiclmess ot unit 6 at 'J!A-49 ranged tram zero near well 

M-9, where 1 t bas been stripped rray by erosion, to &> teet near 

cora bole 2.. An isopach map (tig. 19) indicates tbat unit 6 1s 

Pigure 19. --Isopach map ot un1 t ~bt6 ot tbe Tahirege MaDber 

ot tbe Bazldelier ~t, TA-qc;, Los Alamos County, II. Max. 

tbickest &long the crest ot t.be meaa at TA-49 vbere 1t baa been 

eroded tbe least. 

The base ot tbe unit dips about 1 desree in a general 

soutmaeterly direction. '!be eroded upper surface ot the unit 

aJ.ons tbe crown ot FriJoles Mea slopes generally east-..rd at 

about 150 teet per mile. 
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Water-bearing cbaracteristica 

Unit 6 "WU drJ at TA-49. llatural moisture content of S811Ples 

ranged from 0. 8 to 8. 1 percent by volume (table 17), and poroai ty 

ranged !ran ,;8 to 54 percent by volume and specific retention f'rom 

15 to f!7 percent by volume. 'l'he higher porosities were found in 

samples taken near the surface. Vertical pe:uwabllity of' samples 

raoged f"rom 0.1 to 6 gpd per s~ f'oot. The horizontal 

ptmDee.bllity ranged from 0.2 to 5 gpd per square f'oot. 

Joints in unit 6 near tbe surtace are filled with clay. At 

depth Z118IJY of' these joints are open. Tbe open Joint race IIUiiY appear 

unweathered as if jointing l:w.a Juat taken place, or the open joint 

race I1BY conta.in a thin ~er ot clay, libiab is tbe product of 

veatbering of tbe tuft. Tuft adJacent to tbue clay-plated joint 

:faces are weathered to a light b1"0W11 in zones f'rca ~ to 5 inches 

wide parallel to tbe joint. 'rbe weathered zones also occur above 

horizontal and 1ov &Dgl.e Joints i.Micating that wter moved tram 

the open joint into tbe tuft by capillarity. (See map ot bole 2A, 

tig. 1.6.) Water probably percolated through tbese joints prior to 

aDd duri.DS tbe devel.opall!lnt ot tJ:w soU. 

Percolation ot •ter could oecur through open joints vbere the 

soil mantle bas been stripped ott l•vinS tbe tutt exposed. 

MoWIIIIeZlt liOUld be rapid in tbe large interconnected joints filling 

the s-.l.l.er joints where it wuld be absorbed by the tut't. Large 

joints t.hat transect tbe unit \iOUld carry "Ater rapidly into tbe 

u.nderlyinS unit. lt:>wment ot w.ter through t.be unjointed tuft 

"WOuld be slow as iallcated by the range ot permeablli ties of 0.1 to 

6 gpd per square foot. 
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Soil cover and related aterial. 

Tbe mantle rock at m-49 ia characterized by a weathered 

aone, a -.ter-laid pumice, and a soU zone. ~ top ff!IV teet 

or Wlit 6 1s c.cmpoaed or broken, pe.rtJ.y weat.bered tu:rt tragments 

in a matrix ot clay. Tbe vw.tbered tun grades ~ into a 

clayey soU, except in Areas 2 and 101 where a J.a;fer ot •ter

laid pumice occurs between tbe weathered zone am soU zone. 

'!'be veatbered zone &Dd soil zone are ccmpooecl ot •terial.s 

weathered 1n place trom tbe underlying tutt. !be aoU zone ~ 

contain SODe IIBterial tbat wa -..bed into the ar.. 'l'be 'Water

laid pumice 'WI&8 •shed 1n duril:J8 the -.rl.y stages ot develoJ;Dent 

ot tbe soU, and tbe overly ins soU developed trom 1 t. 'l'he pumice 

layer occurs only locally and ,.. depoa1 ted in a low area on 

FriJoles Mesa. 'ale bl"'WWl clay tOWld th:rougbout tbe soil -.ntle 

and associated materials probably 1a largely montmorillonite 

(table 14). 
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The weathered tuft is c:ampoaed of angular tuff fragments 

that are slightly weathered 1n a ma.tri.x ot brown clay 1 which 

contains a tev roots. 'l'hickness ranges from a few inches to 4 

feet. The bue of tbe wat.bered zone grades into atld is 1rregu.larly 

d1scontormable vith tbe top ot tbe welded tu.tt ot unit 6. Joints 

&1ld cracks in the upper pert of un1 t 6 are clay tilled. Same clay 

tllllng 1s tound 1n Joints as deep aa 65 teet below the land 

surtace and lome roots occur as deep as l.o teet { tiga. 15, 1.6, 17, 

and 18). 

The nearly impervious clay ot tbe v.tbered zone virtual.ly 

eHn1oates percolation throu6h the zone. W•tbe.red angular turt 

fragments uswJJy are isolated in the c.laj' matrix of the zone and 

contribute 11 tt.le to baJ.k pe~ill ty of the zoce. 

Where l't)()ts in the zone are decayed, some -.ter might Ill:)ve 

through the ,..tbered sme Via openings left by tbe roots. 

However., t..bHe open1 ns- ahoulcl teDd to cJ.oee u •ter 1s 

1ntrodllcecl ov:1J2a to tbe nelling propert1ea of the clay. 
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water-laid pumice 

A ~er ot tairly wll sorted, water-wrn pumice 1'regllents 

occurs in Areu 2 and lO at TA-Q9. 'l'be ~ is 2 to 4 teet thick 

&lid overlies tbe weathered tutt sooe. ~ pumice ia brcnmiah gray 

to brown, bas a cellular structure or :f'ro~ gl.au, aDd contains 

pbenocrysts ~ quartz aDd sanid1 ne. A :f'f!IV layers ot ~, BaDe 

intermi:.ced brown ~' and roots are preeent in tt. pumice ~er. 

The layer o:f' p.Dice probably is higbly pez-.ble because it 

is loosely consolidated &D4 tbe tragmeota are wll aorted am well 

roUDded. 

Where tbe pumice 1.a1er laa been exposed b)' con8'tZ'W:tion, as 

in tbe ditch adJacent to tb.e 1"''M. nortb ot ~ 21 wter coul.4 

intil trate ~id.ly dur1Ds wt 1111atber. Probably t.Ma •ter 'WOUld 

be percbed telllporarlly on tbe underl.y~ 'tiB&tbered sene. The 

pumice could also trau..it acme •ter l&t.erally al..oaS tbe top ot 

tbe veatbced soae. A very -.ll aount ot wter 'lllllq percolate 

tbrough tbe weathered zone into the tun of Wlit 6; bawver, moat 

o:f' tbe •ter intll tratinS tbe pumice ~er probably ia returned 

to tbe ata;)spbere by transpiration and ewporatiDn. 
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Soil cOYer 

A brown clay soU cape .oat ot the 11esa at 'rA-49. Percenta&es 

of various particle sizes in the soil are estimated as follows: 

20 percent sand, 30 percent silt, and 50 percent clay. Sand-size particles 

are crystals a.ad i"rapenta ot quartz. 

The soil thickness aeell8 to depend oc. t!:Je ~t of w.ter 

available for veatbering tbe und.erlyino t~t. 'l'be thickest soil 

za1ea are f'ound alc:og abal..lov, slow-d.ra.1.n1..na ditches, streambeds, 

aDCl relatively flat azoeaa 'Wbere vater collects and stands. Soil 

tJlickneu ranges :t"rclll 0. 5 to 9 teet in tbe aballow test holes 

drilled tor soil-moisture studies. Tbe greatest movn thickness 

ot soil (9 feet) at TA-49 occurs oc. a relatively flat area north 

ot Aree 6 (tig. 20). 

Figure 20.--Tbicknesa ot soil &ad location ot moiature

.aaureMnt teat holes in D-49, Loa Alamos County, lf· Nex. 

'l'be weathered UDe e01Ud not be diatinouisbed tram the soil 

in logi.Jl6 the cuttings during drilling so the soil and weathered 

zoae are loged as a aiD6].e unit (tiga. 21-43). The pumice layer 

!a ahoWI1 in teat bol~ it vu penetrated in Azoee.s 2 and 10. 

!be tbiemeaa ot soil is cl.oaely related to topographic &.lope; the 

eo1l thiDa rapidly away rrc. the crown ot tbe. resa, aa indicated 

by the coatoura oa figure 20. 

1\lbea tor.d by tbe decay ot roots my tranaU. t w-ater throush the 

aoil zone. However, tbeee openinaa would tend to close as they vere 

vettec:l because of the svelling properties or the clay. 
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Percolaticm of wter tbrougb the ao1l zoae 1a -.u where 

tbe soil is relatively undisturbed and would take place only 

during exceptiocally long wet periods, which are rare in the 

recion. 
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Moisture distribution in the upland soil 

~ underlying tuff 

Twenty-three test holes were drilled for use in studying the 

soil thickness and distribution of moisture in the soil a~d ~~der-

lying tuff of unit 6 of the Tshirege ~ember of the ~ndelier ~uff. 

The test holes ••ere located around test areas, roadside drainage 

ditches, and stream channels (fig. 20). Measurements were nade of 

the moisture content of the soil and tuff at various depths by a 

neutron-scattering moisture probe. Moisture content detercined 
a.IL-( 

by the probe appcaz ~o ~ 1 to 2 percent higher than those made 

in the laboratory. 

Measurements were made at least t>nce during the period from 

March to June 1960 and are depicted on graphs of moisture content 

and lithologic logs (figs. 21 ~ewea 4)). 

Figures 21-43. --Graphs of moisture content and li tholog;y in 
Co""~t~ 

test holes, TA-49, Los Alamo'), N. Mex. 
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Figure 22. --Graph of ooisture content d.nd li thologj· in test bole 2M-l, TA-4)', Los Alamos County, N. Mex. 
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Figtll·e 23. --Graph ot moist;.u-e .::.-Jntent and lithology in test. hole 
2M-2, TA-49, Los Alaonos Cc;mty, N. Mex. 
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Figure 24.--Gra.ph of moisture content &Dd lithology in test 
hole -'4-1, TA·49, Los Alamos County, N. Mex. 
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Figure 25.--Graph ot moisture content and lithology in test hole 
:!M-2, TA-49, Los Alamos County, N. Mex. 
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Figure 27.--Grapb ot moisture content and lithology in test bole 
4M-l, TA-49, Los Alamos County, N. Mex. 
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Figure jV. --Graph 0.1 • .' mots-cure cont"!n't and lithology 1 n test hole 4M-4, ~-4~, Lod A..lamOs CoWl-ey, ll. Mex • 
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Figure 32.--Graph ot moisture content and lithology in test hole 
9M-4, TA-49, Loa Al.amo:i:i Cow1t.;y 1 N. Mex. 
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Fi.gure 33. --Graph of moisture content o.nd lit.iology in test hole 
lOM-1, TA-49, Los Alamos Co•~ty, N. Mex. 
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Figure 54. --Graph of moisture content a.ud l.LI;hology in ~e~t bole 
ll)M-2, TA-49, Lo.:t Al<lmoo Cullt~t.y, N. l<iex. 
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Figure ,;5.--Grapb of moisture content a.nd lithology in test hole 
11-i-1, TA-49, Los Al&l'lOS Co,mty_. ll. Mex. 
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Figure 38.--Gra.ph ot moisture content and lithology 1n test bole 
at-.}, TA-49, Los Alamos CoWJ.ty, N. Mex. 
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Fig<.re 39. --Gruph uf moisture content and lithology in test hole 

JM-1, TA-49, Los Alamos County, N. Mcx. 
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Fie)~.re 41. --G.:-aph of moistl<rc content and li thole~ in test hol..e 
9M-l 1 TA-49, Los Alamos County, N. Mex. 
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Fie.,,.,, ;;).--Graph d' moist•,re ccnt.eut and litiluloc;y in test. hvl'-' 
9M-5, TA-4~, Lus Alamus Co .. nty, N. Mex . 
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Moisture content of the soil ranged from 48 percent by volume 

near the surface in March to 8 percent at depth. The moisture 
J WHU4 1 t'IV~ t 

content of the near·surface tuff.Acovered by a thin soil_,ranged from 

37 percent by volume to less than 4 percent at depth in test holes 

in ,.;ell-drained areas. Moisture content was highest in the upper 

few feet of soil and tuff in March and April as a result of the 

late winter snow; it decreased in June due to the higher evapo-

transpiration rates of early summer. Moisture content of the tuff 

at depth remained constant in the period March to June except in 

test hole lM- 3A where an increase of 1 to 3. 5 percent by volume was 

noted between 4 and 13 feet. 
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'l'est holes 1n well-dra1ned areas 

Boles lJI-2; 211-l and -2; ~-1, -2, 8.Dd -}; ~11 -2, -3, and 

-4i 5M-2; 511-4; and lCM•l and -2 are located 1n well-drained a.rea.s 

and penetrated an a~ soil or soU and back1'1ll thickness of 

} • 5 teet (table 20) • At the averae-e depth of' 4. 7 teet 1n these 

boles, moisture coo tent decreased traa a.bou t 30 percent to 10 

percent by volume. At the average depth of' 8.8 feet, the moisture 

con tent decreased turtber to 5 percent. 

'l'be cl.ey soil bad retained most ot the misture that fell as 

snov or rain and the 110iature content 1n the upper part of' this 

soU varied due to evaporation, transpiration, and prevailina 

weather coodi tial8 prior to and. dl.ll"i.n8 IK)isture readi.ae;a. Near 

tbe base ot tbe soil zooe, no apparent chazl6e 1n 110ist. re coatent 

was noted durin& the period of' Jllt.rch to June (figs • 21-.34) • 

The tuff· just below tbe soil zone contained as much as }7 

percent 1110iature by volu.. Moisture content 1n tbe tuft of W11 t 6 

decreased to leas than 10 percent a few teet below the soil. No 

significant chlmoes 1n 110iature content \!ere aoted in the tuff 

durin& tbe period March to JUDe. 

'fbe mo1eture coatent did not change 1n the pumice layer during 

tbe period lla:'ch to JUDe. Measurements -.de in test hole a&-2 (fig. 2}) 

indicated a aaoisture content of' 25 percent in tbe pumice layer at 

8 feet on May 31 1960. This anomalously high readina probably is in 

a thin clay layer 1n the pumice z.oc.e. 
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Table 20.--Summary of results of moisture measurements in 

test holes locat&d . in well-drained areas 

Depth at which 
Test hole Soil thickness mois~~ft~ecreases 

(feet) to 10 by volume 
"X feet) 

J.M-2 1.oY 2.5 

2M-l .? 5·5 

a.t-2 5;~ 6.5 

;M-1 ·9 2.5 

;it-2 2.6 6.0 

?i-1-3 7.oY 3.0 

4M-l 1.9 3.0 

4M-2 1.2 4.0 

4M-3 3.0!/ 4.0 

4M-4 2.9 4.0 

5M-2 3.3 6.5 

9M-4 12. JJJ 9·0 

10M-l 2.~ 3.0 

10M-2 4.oY 6.5 

Average 3·5 4.7 

)J Backfill com:posed of soil and tuff. 
y Soil overlies pumice. 

1$7 
~ 

Depth at which 
moist~e+decreases 

pe " to 5 by volume 
(feet} 

7.0 

7.0 

9+ 

4.5 

9.0 

14.0 

7.0 

13.0 

7.0 

10.0 

9.0 

12.0 

5.0 

10.0 

8.8 



'(111'1' 12. 
Test holes in areas~eceiv~ runoff 

from well-drained areas 

Test holes lM-1 and -3A; 2M-3; 5M-l; 6M-l; and 9M-l, -2, and 

-3 are located on or near arroyos, drainage ditches, and flat areas 
111~ ~{lift A~ SLoiJI. V. 
~ !lev ~a'~ Graphs of moisture readings in these holes are 

shown on figures 35 1tft!';ti8l\ 43. 

The average soil thickness of this group of test holes is 

5.3 feet (table 21). At an average depth of 9.5 feet, the moisture 

content decreased to 10 percent by volume, but the moisture 

content was above 5 percent to depths of more than 19 feet in all 

but one of the holes. In test hole lM-1 (fig. 35) the moisture 

content decreased to 5 percent by volume at 10 feet. 

Moisture content determined in the soil penetrated by these 

test holes varied with evaporation, transpiration, and prevailing 

weather conditions. No significant change in moisture content of 

the soil -was noted during the period of March to June. 
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Table 21.--Summary of results of moisture measurements in 
test holes in areas that receive runoff from well-drained areas 

Test hole 

lM-1 

1M-3A 

a.t-3 

5M-l 

6M-l 

9M-l 

9M-2 

9M-3 

Average 

Soil thickness 
(feet) 

4.6 

3.2 

5.0 

2.2 

9·0 

6.9 

6.9 

4.2 

5·3 

Depth at which 
mo~~~~ decreases 
to Yo, by volume 

(feet) 

6.5 

14.0 

8.5 

6.5 

9.0 

19+ 

8.5 

4.0 

9·5 

Depth at which 
moist~e necreases C..f\ .. 

'to by volume 
(feet) 

10 

49+ 

19+ 

19+ 

19+ 



No significant change in moisture content in the tuff' was noted, 
. ~H~ 

except in hole 1M-3A (fig. 20), where~oisture content increased 

1 to 3.5 percent by volume between 4 and 13 feet in the tuff from 

May 3 to June 30, 1960. Test hole 1M- 3A is located on the bank of 

an arroyo, and the bank is about 5 feet above the bottom of the 

channel. Construction near test hole 1M- 3A caused water to pond 

2 to 4,inches deep in the arroyo during wet periods. The thin soil 

and sand in the channel of the arroyo may have allowed the ponded 

water to infiltrate downward and laterally into the tuff as shown 

by the increase of moisture from 1 percent to 3.5 percent at a 

depth of 4 to 13 feet. Between 13 and 20 feet a small increase 

in moisture content is suggested, but between 20 and 49 feet the 

moisture content remained about 6 to 8 percent. 
/J 

The specific retention of' samples of' unit 6 ranges from ~ 

to 27 percent by volume (table 17). On June ;o, 1960, in test 

hole 1M- 3A the moisture content of the tuff' ranged from 27. 5 

percent at 4 feet to 29 percent at 5 feet, suggesting that there 

may have been some free water in that interval. The increase of 

l to 3. 5 percent in moisture content at various depths during the 

period from May to June may indicate a slow downward movement of 

moisture in the vicinity of' test hole :!lot- 31\. This indicated 

movement of' moisture into the tuff' is brought about by the pending 

of waten in an area where it was toxmerly allowed to drain. 



Infiltration from stream flow 

Water discharged from well ~T-5A during the pumping test was 

meas~red frequently in the natural stream channel near test holes 

9M-2 and 9M-3 (fig. 20). The results of these measurements and 

measurements of discharge from the well are shown graphically on 

figure 44. 

Figure 44.--Graph of measurements of flow downstream from well 

DT-5A as compared to discharge at well during pumping test 

April 30-May 1, 19§0 at TA-49. 

Moisture content of soil and rock penetrated in three test holes 

adjacent to the stream channel was measured on April 30, May 1, 2, 3, 

and 6, 196o thus monitoring infiltration from the stream during and 

after the pumping test. Results of moisture measurements in these 

three holes, 5M-l, 9M-2, and ~M-3, are shown in figures 39, 42, and 

43. From the discharge pipe at the well to near test hole 5M-l the 

water flowed in a natural channel partially filled and dammed by drill 

cuttings from well DT-5A (fig. 20). Downstream from the partial dam to 

test hole 9M-3 the natural channel is cut into the soil. The bottom 

of the channel consists mostly of silt, sand, and gravel, but some 

tuff is exposed. 
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Figure 44.--Graph of measurements oi ilow downstream irom well DT-5A as compared to discharge at well during pumping 

test April 3Q-May 1, 1960 at TA-49. 



Jo. 
Pumping started at 10:45 a.m. on April~ From 10:45 a.m. to 

9:15p.m. flow measurements in the channel at test holes 9M-2 and 

9M-3 showed varying flow losses owing to infiltration of water into 

the drill cuttings, pending of water near test h~le 5M-l, evaporation, 

and infiltration of water into the tuff and silty clay adJacent to 

and beneath the stream channel. Flow losses during this first period 

of the test became progressively less with continued saturation of 

more of the drill cuttings, stream-bed and stream-bank materials. 

Flow measurements at test holes 9M-2 and 9M-3 during the period from 

9:15p.m. April 30 to 1:10 a.m. on May 1, 1960, indicated that the 

flow and losses were at equilibrium. During this time flow loss 

between well DT-5A and test hole 9M-2 was 1.5 gpm per 100 feet of 

channel. The flow loss was 0.7 gpm per 100 feet of channel between 

test holes 9M-2 and 9M-3. The stream banks between test holes 9M-2 

and 9M-3 were saturated sometime between about 2 a.m. and 7 a.m. or. 

May 1, 196o, when flow in the channel measured at the test holes 

became about equal. Flow loss from the well DT-5A to test hole 9M-2 

increased to 1.9 gpm per 100 feet of channel from 5:45a.m. to 

8:10 a.m. May 1, 1960. 

The greater flow loss in the upper reach of the channel, both 

during the period of equilibrium and the period of no apparent loss 

in the lower reach, probably can be attributed to contin~ed but 

slightly changing percolation into the drill cuttings. Additional 

vertical infiltration from the pond at the head of the channel may 

have occurred during this period as alr bubbles rose to the surface of 

the pond at different times during ~~d after the pumping test. 
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The moisture content measured in test hole 5M-l did not change 

during the test. This indicates no lateral movement of water from 

the pond 22 feet from the test hole (fig. 39) although vertical 

infiltration from the pond probably occurred. 

In test hole 9M-2 at a depth of 1.5 feet in the soil, the 

moisture content increased 16 percent from April 30 to May 1 (fig. 42). 

From May 1 to May 6, 1960, capillary return to the surface and 

evaporation decreased this moisture content by 13 percent. At a 

depth of 2.5 feet the moisture content increased 3 percent from 

April 30 to May 2, 1960. Below 2.5 feet there was no significant 

change in moisture content of the tuff. 

In test hole 9M-3 the moisture content increased 6 percent at 

1.5 feet from April 30 to May 3, 1960 (fig. 43). At a depth of 2.5 

feet the moisture content increased 8 percent during the same period. 

At a depth of 3.5 feet and below there was no significant change in 

moisture content. 

In the lower reach of the channel it is apparent that there was 

very little loss of flow after the channel and bank material was 

saturated. No change in moisture content was detected below 3.5 feet 

in depth in either of test holes 9M-2 or 9M-3. Any lateral filtration 

of water from the pond near test hole '5M-l was not detected 

indicating that any infiltration would have been downward probably 

along vertical and near vertical joints into the underlying tuff. 

163 

• 



, 

Recharge to tbe main aquifer 

Data obtained durine. the i.avestiption indicate tbat FriJoles 

Mesa i~ not part of the around-water recbarge area in t.be region. 

Perched •.tater ·.;as not found beneath TA-49· 
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'!'be soil cover 011 the mesa at TA-49 prevents 1110st ot tbe 

precipitation trail infiltrating into t.be underlying rocks. '1'be 

clay-like soil forms an alaost perfect seal over the 11esa surface 

and the near-surface joints. 'l'bis is evidenced by open Joints 1n 

Wlits 4 and 6 vhich blov air (figs. 151 11 1 and 18) 1n response 

to declining barcaetric pressure. A very lov JDOisture content 

(table 17) wa fOUDd in tbe upper 300 feet of tbe Tshirege Member. 

Tbe moisture-meter surveys indicate little or no increase in 

moisture coo tent below the UDdisturbed soil zooe. Where the soil 

cover has been disturbed, xemoved., or water a.::.lowed to pond, 

infiltration into the unaerlyiJl8 tutf take a place alovly (fig. 31). 

16.5 



Decreuing 1'lov dCMWtreea 1n perezmial atreel8 1n Water Cat~y0n 

to the north 8IJd l"riJolea CSz:eyon to the south. 1Dd1catee that acae 

recharge rray occur beneath the deeper canyons of the PaJarito Plateau. 

Available data do DOt show how Jllleh. of the decrease 1n flov 1n the 

canyona 1a c&UMd by evapotr11D8piratic:m and l".ov much is recharge 

to the bedrock. 

The geDeral •hape aDd alope of the pincmetric surface ( :ftg. 4 5 ) 

Figure 45. --GeDeraliaed contours 011 the pieu.etric surf'ace of 

the -.in &CJ,!i.ter, Loa .Alemoa area, 1lev Maico. 

1nd1cate the Jain aource of recharge to the aquifer is vest ot P'riJolea 

Mesa. 'l'he Pajar1to :taUt zc::me aDd the alopee of the mountaina, which 

receive relatively high precipitation, probably are put o:t tbe main 

source of rec barge. 

~ recharge :trt. FriJole• c~ can be inferred becauae of 

the con:tiguration ot the cc:mtoura on the piezaaetrlc surface (1'1g. 45) 

in that area. 
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Depth to the pie zazaetric surface of' tbe main aquifer beneath 

!A-49 ra..ae-ed f'raZl about 1,004 feet below the land surtace at M'•9 

to 1,172 teet at M'-5A. )t.lch or the ditf'eren.ce in water levels in 

d.itte.rent wells is due to toposraphic:: position; bowever, the altitude 

of the piezaaetric surt'ace of the "Water is almost 40 teet higher in 

well DT·SA than in vells t'r-9 and M-10, vhich are respectively 
milt 

o.8Asoutheast and 0.7 mile east of' DT·5A. 

The gre.dient on the p1ezazaetr1c surface is ee.st-sout.heastvard 
_s-o 

toward the Rio Grande at about to feet per aile (fig. 45). 
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l"1gure 46. --~ ot ater lArrela .uul"ed 8Di ~ 

recorder cbarta at vell M'-5A, TA-49, ~ A..._. CouDty, •· Nex. 
'the vater level vu DMr 11 1'73 het below t.be laD! sur1'&ce a1"'tAr tbe 
vell vu drreloped. c:Dt lArvel .uured April 30, 1960, 1a ana.tlOWily 
low ov1J28 to reeidual. d.radowD after the aquifer tut nm em the well. 

1'he water level in wll D!-9 (ttg. 47) c18cl.izl.s. &boat 3 teet . 

J'1gu1"e 47 .-~ ot 11ater lev'ela ~ &ad trca recorder 

cba:rta at vell M'-9, B-49, to. AlMOII CouDtz, •· lllrx. 

represents d1trereDCe ot bead 1n IIUCcMaivel.7 deeper vater-beeriDs 
strata. ~ wter llrel in 1960 wa about 1,~ teet below laDd aurtace. 

n.&r1Jlfl April a recOZ"der vu operated at D!-9 am a aicl'ObarogJ:aph 
vu operated at ~A-49. Chupa in water leftl 1D the vell correlAte 
qual.1 tatively with c~ 1D ~c preuu:N, but tha -.plitude 
ot the wter-~1 rluctuat1CIDII iDIUcatea &D a4d1 ticmal en.ct that 
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Figure 46.--Jeydrograph of water levels measured and :from recorder 
I 

charta at well DT-5A, TA-49, Loa Alamos County, If. Mex. 
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Measurements of water level at well DT-10 (fig. 48) show a decline 

Figure 48.--Hydrograph of water levels measured and from recorder 

charts at well DT-10, TA-49, Los Alamos County, N. Mex. 

of slightly more than 1 foot during drilling. The change apparently 

represents a slightly lower head in the lower beds of the Puye 

conglomerate a~uifer . • A recorder was operated for 1 week on well 

DT-10, and daily fluctuations, though barely perceptible, correlate 

with barometric pressure changes. The water level in this well was 

about 1,085 feet below land surface during 1960. 
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at well DT-10, TA-49, Los Alamos County, N. Mex. 
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Pumping tests 

Pumping tests approxim8tely 16 to 24 hours in length were rtm 

( Ft'7lu "'.5 4'r/ 5o) 
on wella DI'•5A, M-9, and DT-10. The pump used tor the tests was 

A 
a 40-llorsepover submersible turbine. Discharge ws measured by 

means of parahall tlumes set near the wll. Measurements of' wter 
~ 

levels vere llllde vi th an electrical wter-level indicator inside 

a l-inch plastic tube 'b8nded to the pump. Dl"awdow. and recovery 

were read directly on a steel tape fastened to the electrical 

lead .f'or the probe. Recovery ot wter level. atter pumping in both 

wells vas e.nalyz.ed by the method devised by 'l'beis (1935) and later 

described by Wenzel { 1942) • 
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Tests at well DT-5A 

Well DT-5A was pumped at a rate of 81 gpm for slightly more than 

25 hours April 30 and May 1, 1960. The pump in~ake was set at 1,287 

feet below the land surface for the test. Maximum drawdown during 

pumping was 14.1 feet indicating a specific capacity for the well of 

5. 7 gpm per foot of drawdown. Discharged wter had. a small amount of 

sand in it during the first 10 minutes of pumping, after which it 

cleared and remained clear. Temperature of the wter pumped ws 70°F. 

Analysis of water-level recovery after pumping (fii· 51} indicates 

Figure 51.--Semilogarithmic graph of recovery of water level in 

well M-5A May 1 and 2, 1960, a:f'ter pumping 25 hours at an 
,. .. +c. 

averageAof 81 gpm• 

a transmissibility, T, of 11,000 gpd per foot for the aquifer here. 

Approximately 350 feet of the saturated beds penetrated should readily 

yield water to the well, as indicated by the electrical log. Thus 

11 000 
field permeability should be 

3
50 or 30 gpd per foot per foot. A 

comparison of this field permeability with that of well DT-9 suggests 

that only 20 percent of the potential water-bearing beds is yielding 

water. As the well was drilled by the rotary method it is inferred 

that about 8o percent of the saturated interval is plugged with 

drilling mud. If the well is to be used for water supply the specific 

capacity probably could be improved further by surging and by use of 

mud-cutting chemicals. 
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fM A ~ taft wa run 011 vall Dr-9 *Y 6~7, 1960. '!'be J.U1P 

vu set at 1,117 het bel.av tbe laud surhce, 8Dd tbe ftll wu paaped 

at 88 8J11--MY1ww diJicbar&e tM: tbe pq~p--~ 24 bcun. 

Mrdw• ~ durl11g ~,.. 3.95 t..,t, sivills a specific: 

c.-city tor tbe well~ 22 8PI per toot~ dJoWd<:ND. '!be di~~e 

,.. tr. ~MDI &Dd aed1wnt ~the puilpU. te.t, IIZil tha 

Recove;y ot wtc lAwel. vu ~to 4ftem1.De tau.atu1bil1ty 

t4 tt. ~in tt. vici.D1ty ot tba ...u cnc. 52) • .Aa ~ .. 

J'1sure 52. -a.d.l.csU'1 tl&c fP'8Ph or recfNffr¥ ot vate lwel 1n 

wU D!-9- 1 8D1 8, 1960, attao p ... hll 24 bcun at IU1 

• -~ rate ot ae .... 
PA-r/4 ~ tl'Madl11b1llty, !', 18 61,000 ep1 per toot. P1Ur ~ic:al l.C8JI 

tltiOtCit., E 
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Figure 52.--Semilogarithmic graph of recovery of water level in 
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!'e8t8 at vell M'-10 

An o~t1cm vaa :tOUDd 1n the vell. at 1,100 :t.t 1 vbere the cui.ag 

ia reduced v1 th a l1l:wr trca 12 to 8 iDe bee 1D di.aetel". (See table l.6. ) 

The obatruatioa wu later ~-sed out am the P1IIP 1Dit&ll.ed 1n September 

A 16-bour p.apiils te.t vu ..Se 011 wll l'f-10 Septell!lber 21 aDd 

22, 1960. !be pg~p vaa !let at 1,185 teet below tbe laDi 81D'f&ce, aiJ4 

tbe averase rate c4 pnp1 nc du.rS.Ds tbe teat vu 78 aa v1 th a ch'awdowD 

ot 4.8 feet. !be apec1t1c c.p~eit.:y ot tbe well 1a l.6 1111 pv foot of 

drtlwdaw. 'l'ba d1aehaz'8e vu t':Ne c4 Md1ment .m clear 1D ~· ) 

except dur1zls the t1nt ld.mte ~ PiliP' nc, vbm a ~, detergtmt-l.ike 

aubetam:e ca. out v1 th the wat.v. ac- 1"\Wty pipe scale ,.. 1Dcluded 

in the water 4Ul"1Da tbe nr.t tw llimlta o:t pmii)1J3s, but thia cleved 

up in a VV'1 •hort tiM. ~ t £'&tuft ot the wtv duri!Jg pumpins 

VU 67•p, vb1ch,... 'depUI cooler tbaD wteJ' f'na the vel.J..e Jl!'-5A 

&Dd Ul-9. Well Dl'-10 1a f'tnSabld 1D tba upper part ot the -.in 

aquitv, aDil tbl lcNw ~ r4 wter rna D'l'-10 teDda to corroborate 

tbe stl'at1cNPbic ~1a tba't 1JJ41cate. there •Y be a ~ic 

Mll&ftt1ca between the ~ Cortsl<JifPNte aDl the \.IDler~ UDditterentiated 

unit ot tbl Saata h Gl'Ol.lp. !be cooler wter ~ that tbere •Y 

be recbarp 1Dto the aquifer Dearby, pouib~ ala38 Water Cazayon. 
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~M1b1l1ty of the ~ C~l,_rat;e 1 u d4rtem111K tl"CII 

~ia ot watc'-leve1 retCOVfl'rY (1"1C• 53), 1& 36,100 gel pel" toot. 

J'1gure 53··-a.iJ..osraitlllic lftJh of recoverr of \llat4tr lwe1 
ill wll Dr-10, ~ 22 ud ~3, 1960, after 16 hcm'tl of 

J!UII)iJw at aza &V!J'!S! rat. of 78 p. 
/),4.-r/1 

~ ia _.,_._ t1Ul ~teal lap ad a•1nat1oD of the cb1.ll 
· 1 JJ p; elf rl!. 

c:utt1np" tbat a~H:ut 200 ten ~ tbe aaturated aect1cm pmetrat.ed b7 
M'-10 l'M4117 71eJ.4a wter to the wll. 1'hltfti'oN, fteld ,._ab1l1 ty 

1a abcut 180 gd per taot per toot, • f'1&l;lre tlat CXJip&.l"ea ~17 

with tbe t1el4 pelWlehiUt;y ~ 200 ~at vell.ll'!-9. 

11'{ 

I 
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nsure 5'·-·S•U.osarittaic graph or recovery of water level 1D 

I 
well D'l'-10, Sept.aber 22 IID4 2,, 1960, &t'ter 1.6 boun of 

PumPiiiS at &ll average rate of 78 gpa. 
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Velocity ~ srouad-vater .:w~ 

Velocity c4 tlolr 1.D &D &911ter can be cc.puted by the tol.J.ov1Ds 

equatiOD: 

vbeftin: 

y (1A ~per day) .l! 
p 

P • t1el4 pemnb111ty, ad pe toot per 

toot (pl 1 ~ ceavertecl to cubic teet) 

I • g:l"lld.1ezrt, teet per f'oot 

p • poroe1 ty ~ tbe aquif'w, perc:t~Dt 

'!be ~maase pe:JManb1l1ty ot the aquifer, u t:Jetem1.Ded by 
IS{) 

pumpiqJ teata at wll.8 D!-9 aDd 1Jl'-10, ia ~1.7 ~ gd.per 

'between veU. M'-5A .m Df-10 1a --.rr. 

~ted to be 25 percent, a avuap 

detem1Dat101111 tor .-u:y .u.erials ot tbe ._ cbarllcter u thoM ca.on 

in the Saata ,. Grcup. U taM Yaluee are aubat1 tuted 1D tbe 

above ecp.t1CD1 tba velocity 1a t7.48n.25 • (Sj&) • 1.098 teet 

per clay, or 'ftiiiChl~ ~oo teet per yee. 
__ /r. 

tl ::.. 
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QJ.ant1 ty of water moviilg through the aquifer 

The quazrt1 ty of gl'OUDd water pua1DS thrcush a g1 ven erc»a· 
sectional area of the aquifer em be eatimated fl'all the equation 

,; 

Q 1n gpd. ~-

where A 1a the aro.a-eeet1Cil&l area of tbe aQUifer. 1'he werase 
eat~ted thieknesaea of~ readily yieJ.d1Ds water to the dMper 
vel.l.a D'l-5A aDd J7.1'-.9 &1"8 350 &D4 300 teet, N~tively, ar, aveftPd 
tosether, 325 teet. 1'be v14th ot tba an'ected area beee.th TA-49 
at right ql.H to the -t-aoutheut d1reet1on ot movament ot tbl 
ground water 1a about 2,000 teet. Then: 

. 60 , Q • (l.BO) • ,., •• (325) (2 ,000) 0.25 

• ,,l,la40 gd 

or approximately 370 acre-tNt per )'Nr paaaillg throush the eroaa
sec:t1on ot tbe aquifer beneath the teet areu at 'l'Jr.~9. 
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Q.&aU ty ot water 

Water aampl.H vere collected while vella Dl'-9 and .. 10 were 

be~ drilled to determiDe vbetbc' there vu a cbaJlge 1D cn.ica.l 

conatitu.enta at depth~(table 22). A ·~• t1eld cODductance vu 

-.18 on a euple trail well D'l'-5A at tlw 8Dd ot tbe devel.oplant period. 

ADal.yll1e ~ water :t'%'ca vviou. depth51n vel.le I1r-9 &Dd -10 

iMicates a deereue 1:u ~~peeitic coaduataDce in both vella and a 

clecreue in carbonate c:ODCe:utratioa vith depth in vell 11.r-10. 

1'he pB ~ water 1D both vella &lJio 4ecreuft v1 th depth. !h:t.a ,.-., 

1Ddicate coutainat1CJD by dr1lJ.1Ds 11114 ~ tba water eampled. 'l'he 

~~ tbouah poea1bly ccat..U.ted, 1nd1cate that theft 1a 

a ...:U d1tterence 'b4rtvecl c~cal caapoe1t1on ot the water within 

the 'l'lchicc:aa J'orllaticm aDd ~ ot the a.rta Fe Gl"'UP. 

Water aaplea were collected at the eDd ot the pump1ns teste 

011 vella D'l'-5A, -9, aDd -10, and a aiJ:Jgle ba1lc- NlllPle vu collected 

trca well :D'J-10 upon CCIIPUticm. Water trca the three vella ie 

eott aD4 ia law in diaeolvecl aol14a (table 23). '!'be specific ccmduc-

tllace ia lCN'1 aDd tba pB 1a ~ 7. C&lc1\lll1 masnnium, and sodium 

are tbe priz2c1p&l cat1oaa, vblle more tbaD 90 percent ot tbe anions 

an bicarboaate. Tbl a1l1ca ccateat 1a high. '!'be high 1il1ca 

caacentrat1C111 are typical ot vater that 1a recharged or JIIOV' .. thr008h 

ectruaive tel.aic rocka, auch u tboae vbich occur 1D the Loa Alamos 

/77 
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The water from wells DT-5A, 9, and 10 is similar to water found 

in the test and supply wells in the area. 

for domestic and most industrial use, but 

The ·water is of good q,uali ty 
s//tc.c 

the scale produced when the 
;~ 

water is heated may be objectionable for certain industrial uses. 

Rad~ochemical analyses from wells DT-5A, 9, and 10 are shown on 
z.> 

table ~ The analyses indicate that the c~ncentration of radionuclides 

is well below the tolerance limits and the data are included for ~~ture 

background study. 
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Depth 

Well of 

No. well 

(feet) 

-- -- ---··-

" DT-5A 1,821. 

DT-10 1,120 

i~ 1,221 

1,248 

1,256 

1,3)8 

1,424 

1,430 

1,430 

IJr-9 1,048 

1,o6o 

~~ 

Table et.--F!+ttai chemical analyses of water S!!fle• tram deep wells at 
~ 

TA-49, Los Alwoos County1 Nil! Me~ 

( )t,..lv•~• ., &.1. '.c. •• ,.,, ... , s .... ... 't 1 d/a•l,.,7 .-f w. 1'r .. 15 ,.. ..... 4., A /l,.c if• ,.,.. ., ,. r, AI. Me.~. 

iConstituents in parts per million except as otherwise indicated in column head.) 
- Specific 

Date of 'l'emper- Bic ar- Car- Ha1·dne:..;s Specific eond.Ll~t-

Stra Ugrapld <.: ~;i, i ca 

col lee- Citurt: )Q! 

... ,. ( Cacu
3
) cor:•luc t.- anc~ ""' 

u!.t. (, ··!;i!._t an,•e , .. ~H~Sf'e8: 

unit c· ·o \ 
tion (of) 

\ ...._; ,·}/ C:1.l..: i tlDl••4 (mieru- lrM fi~ld 

uJ :c \ Jr ..... ·•f", at ( m: CI'O-

--~· 
!'•t\,.;n•·-

_) :;i:..un •")Cu /:;) mh .s 3.t '-) 

:Hl 

25" c) 

}-25-6o Santa Fe Group 420 

}- 8-6o Puye 'Fnglom- 65 54 202 15 103 617 520 

}- 8-6o erate 66 41 151 3 56 506 

}- 8-6o 67 43 154 9 TI 488 lK)O 

}- 9-6o 68 37 16o 5 67 529 370 

}-11-6o 67 290 

}-ll-6o 66 290 

}-l}-6o 65 115 

}-l}-6o 65 l8o 

2- 2-6o Santa Fe Group 68 68 g8 0 32 26o 

2- 3-6o 72 76 0 28 157 

pH 

8.9 

8.4 

8.7 

8.4 

8.2 

8.0 

q 
I 

l 

I-



Well 

No. 

DT-9 

~~ 

~ 

Table 2i.--Fasei&l chemical analyses of va~er B!!plee rram deep vella - Continued 
~ 

-
Depth 

Date of •remper- Bi.:!ar- Cu.r- Hcn·dn•! ;; ~; S!Jt:eif'ie 
uf Strut, igr~J:;t~j.: SiLi cu. a.:..; ( ~a~o 3 ) cu~,du:· L-

cui lee- ature bonat.e L.JI:.ale ~-----~ 'di-'e 
well unit (s.:.uJ Cal..:j nm JofJ (m;cru-

tion ( (I I·~) £. 

(HCO.) (CCI__.) mh·.'f> at r~a.p;;n•·-

(feet) _) ) 

::-; l-..ur: 2)" ~) 

1,220 2- 6-6o Santa Pe Group 64 110 0 38 299 
1,286 2- 9-6o Continued 49 65 112 l 41 326 
1,327 2-l6-6o 68 56 88 0 28 191 

1,501 2-20-6o 68 6o 78 0 33 155 
1,501 5- 7-6o 11 

Sped fie 
condtiCt-

tl!ICt::_.~ 

l'il I u ed 
pH kR field 

I • \ m:ct·o-
r.uy.~; at 

25" cj___ 
'---

8.2 

8.3 

1·1 

185 1·5 
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t. 
t 

L ., 

--
Table i!sl.--iladiochm.lcal aDd =-ical :l!l&ly&ea of ;;nter from dee; te1t ;,e.lls at 

(.J:I .... ,, •. TA-4(, Loa_ Al::u.'IOs CoWity, II. !·lex. •J., ' ?c.·(', .. ... " 
(Resul tc ill pa1-t.S per million. a.ad equ.l valenta per million. except as otllervise noted. ) 

AD&lysia llo. 

~te of collection: 

Si02 

Al 

Fe 

MD 

Ca 

14& 

Na 

It 

Cations (epa) 

BCO} 

co, 

504 

Cl 

F 

oo, 
·--- ----·-PO-~--. 

Aniona (eJ;III) 

Difference: 

Cations • &Diona ( e}Jll) 

Diaaol..e ..U.S ( w-) 

Rea. on ·~P· at 18o•c 

Calculated 

Suapeallecl 101148 ( P:IID) 

llardDe•• as cacu
5 

(j,>J;III) 

lion-carbonate 

Specific collliuctance 

(micramboa at 2,°C) 

pB 

Cow 

Alpha actiVity (~C/1) 

aa of 

Beta actiV"ity ( I'I'C; 1) 

as ot 

Radium (Ra) (I'I'C/1) 

Uranium (U) (IIG/1) 

\r.q;, ... j 

Well M·5A 

;i6S1 

)·l-6o 

P:IID eJ;III 

76 

.2 

.21 

.ou 

8.8 u. 4}~ 

2., .2}8 

14 .6o<) 

1.8 .046 

l. }52 

68 1.U5 

0 .coo 

8.7 .181 

·J .014 

.2 .011 

2.U ,i))2 

.oo 
--· ---· 

l. 3.3 

•.021 

147 

148 

54 

0 

152 

7.6 

0 

< 1.} 

6-28-6o 

7.}.:!: l.l 

6-20-6o 

< 0.1 

u.,! 0.1 

_,.., 
Hell M·'i \·!ell M-10 

;688 ;i6S~ 4~ 74, 

)·7-6o 5-5-6o ;-22-6..1 
Chemical components 

P:IID eJ;III I-;m eJ;III ppa e:IID 

6·; 6) 65 

.2 .1 

.4 .JO . .)1 

.vu ,JV 

12 0.5~ 12 0.5;, 12 J.6u 

1.2 ·~ 2.) .2;8 2.9 .24 

12 .)22 ll .478 12 .)2 

1.2 .u;1 1.2 .o;1 

1.2;1 1.346 

68 1.115 8o l.jll 78 1.28 

0 .coo 0 .uoo 0 .ve 
).1 .on 3.1 .uTI 

2.0 .o;6 2.2 .u62 

.j .u16 . ~ .ou .2 .u1 

.o .\JUV 1.) . .Jlc 

.28 . ~1 -- ---· 
1.264 1.477 

-.013 •0.}1 

PhySical c:llaracteristics aDl computed Vlll.uea 

156 1:.8 

154 1;8 

}) 112 42 

0 0 Q 

12:; 155 1)1 

1.) 7.} 7.7 

0 0 

Radiochemical data 

1.4.:!:0·7 < 0.8 

6-;;o-6o 6-2.-60 

;.6.:!: o.:.; 8.7,!1.} 

6-2l-6o 6-2l-6o 

U.1.!: 0.1 0.1.!: 0.1 

0.8.!: 0.1 l. ') ......... , 

- ~ ,.. ,, 
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Ase ot ground water in the principal aquifer 

Tr1 tium c Clltent in srouDd water aCJDetimee can be uaed to 

determille the age ot the water (von Buttlar aud IJ.bby, 1955, and 

von Buttlar a:od Wendt, 1958) am, with sufficimt aamplins, eometimee 

can be uaed as a tracer to obtain direction alld rate ot IIIIOVemetl't ot 

groum water. The rate ot mov.ent aL ground water •Y be determined . 
by reterril:lg ancma1oualy h1sb tritium cODCentratiom in grouJI4 water 

to recharge occurriliS aoon after the tcydrostm-balb aperimelrta. At 

the time ot the exp1oaion, 1arse quant1t1ea aL tritium wve rel.Mted 

into the atmosphere and returned to the earth' • a'Ul"tace in precip1 ta

t ion. !he tint hydrcsen-baDb experimmt, in Jov.aer 1952, rel.MMd 

sane tritium to the atmoaphere 1 but the tint exper1meDt to re1-... 

large quanti tiee vu in Marc:h 1954. Several aerie• ot teata were 

made betnen March 1954 and October 1958 ('l'e1egadaa, 1959). 

I 8 l 



Slulplu ot :N1ntaU at to. Al..,. taken in JUDI 19541 after 

the HCCDl ~bomb exploaion1 bad 1,160 to 1 1550 !.U. A tritium 

unit (T. u. ) 11 detiDad u cme atcm ot tritium in 1al8 ate.. ot 

~· A AIIP~ col.l.ea'Md reb. 7, 1954, trca Jttto de lo• PriJola, 

a ll'trea that cSra1Da an &I'M typiaal ot recbarp area to the north, 

at !alldeller Jrat1cm&l llaD..nt, W 27.2 :te.4 T.tl. (VOD !uttlar and 

Libby, 1955) liD! 11 thoasht to ~ l..,ZIIeDtative of N1D 8D4 IJXJV 

1 liD! 2, in .,.,..,_. 1952 tm4 Ma.rch 19541 re.pecti ve1.7. water 

h'CD th1• aa ot ncbazose ~ appe&r in wU. 1n '!A-~9 in about 

1975 u water~~~~ an &ppl"CCXaate tntiua ccacctraticm ot about 

7 T.U. AYIJ'IIp ~~ triti\Ja ccmteat in pnc1p1tat1co ia tbQuaht 

to have~ abart 8 'l'.U., bMe4 aa ~ ot Chicaso prec1p1tat1on 

by bu:ftiiD aD! Libby (1954} aa4 vcm aattlar IIDI1 Libby (1955 ). !be • 

cmJ.y p:re-~-baab tritiua ~available an thoee -.de at 

Cb1caco. ~that water in~ aquifer at TA-49 hU Dat beeD 

enriched with tr1 t1ua by local NCliUp, tbe ap of water in tbe 

aquifer cc be 4eterti1Md trca •=.!• call.ated tl"CCI deep teet 

v.U., pl'09'14e4 t» Mllple• coctaiD detectable qu&Dt1 t1• ot tr1 tium. 
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Three NZ~plee of water trcD tvo of the deep tat vella c~ 

detectable quantities of tritium. Aa tbe half lite ot tritium a 
12.26 ;yMN, the agee of .-plea could be caaputed. The tollovins 

table 1nc1udea the r..ulu ot tritium am.l.yMe &Dd caaputed agee ot 

a.apl.H: 

Well Date Date n.pth~ 'l'ritiUIIl Computed as•• ot 
vell. vbeD unita eaplea a,. collected en•lne'l· collected ~T.U.l '~l 

11l-5A 5- 1·60 u--6o 1,821 2.6 19.9 or 20 

M'-9 2-16-60 11--60 1,325 ,.a 1,.1 OZ" 13 

Dl-9 5- 7-60 11-60 1,501 '·' 1~.6 or 15 

~ a1piftcaz:ac-e ot &ppii.Z"C1t dit1'eNDCea in· ac• caamot be 1'uJ..l.y 

uaeaHdJ bowever, it .... reuooab1e that water dHpv 1n the 

H1111lM that indicate rel&t1 vely Y'QWlPr water are 111xturea of water 

Dear the top of the zcae ot aatunt1cm with de.per water. Mare eydl"ologic 

data voul4 be Deadad to detel'lliM vb:lch aoDH contribute mo.t ot the 

aquU ... 

IIDnovu, ac.. JCW11 water a"/ be added to the aquitv by local 

-.y be aixtuJ"u o~ a vvy ..U ~ ot local recharge water v1 th 

older w.ter c~ tl"CIImaJor U"Ma ot recharge on th8 .m1tain alopea 

to tbe veat. 

1'8..3 
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The PaJ&rito t'aul.t zone presumably is the IIIOR likely priDCipal. 
recharge area, as recharge abould readily percolate downward here 

throosh fl:oactured rock. 'ftle tault scoe ia about 3. 7 milea, or 
20,000 !'eet, up the ground-water gradient from 'V.-49. AN~ tbat 
the fault zone am. vicinity are the ~n area o~ rech&rae aZJd tbat. 
the three Hlllplea 8Zl&lyzed are UDdUu:ted aZ¥1 UDeDriched water trcm 
the recharge arM1 then 

20,000 teet (diataoce t.o recb!.rae ana) • 1,260 tNt per yMr, 15.9 yean~ ( averas• sse ot IMiq)lH ual.ysed) 

or about 1 1 300 t•t per )'MJ' ia the appruxt.te velocity ot pouzlld• 
water mov.-nt. '1'h1a c~ velocity ia cou14erably sreatar tt.u 
the velocity (400 teet pco )'WU') c~ted trca ptnp~D&-twt data am 
gradieut ot tbe piezaDetrio aurtace. Th1a l1De ot reaaon1 na deea 
DOt allov any appreciable period ot t~ tor tbe JIIDVeDIIlt ot water 
frCD tbe eurtace in tbe recharge area down to the aquifer, vhich 
probably ia a valld ccmaept it open t'netul'ea an the route ot dCMMLl'd 

'Die appl'OXimate locatica ot the recbarle area can be detend.Md 
by uaiDI tbeH ace-ot•wter data 1n aotber vay: 

a.oo feet per )'M1' X 15 • 9 )'Mn • 6, 300 t .. t 

Thu.a, a pmot ot the area ot rech&rle -.y be never to TA-49 than the 
Pajarito fault liODI, pJ"Obab~ aloD8 Water ~ &Dd other nearby 
canyona .. t ot tbe "'&rito tault scme. Rllept11JS any appreciable 
time to vertical IIOVellliiDt in the zane ot Ul'Stion vould bave the 

effect of 'Mlr1 rw the recharge area cl..oMr to the ~nt ot uapllils 
or increuil:Jg velocity ot' JIOY'ement in the zcme ot aaturat1011. 

j 



Data obtained :from the l.&rge-di-ter holea iDdicat. tbat li ttle 1 

it ~, recbaz"ge to the growld water presently occun at Frijoles 

Mesa. C~ aoil and clay f1ll1~ the neer-aur:race parta of Joints 

are a barrier to in:f'iJ.tre.t1on ot water into joints. '1!le ettectiveueea 

of thia 1zlperv'ioua aeal 1a 1D:U.cate4 by blavi~ ot air tram open 

Joi.nta at apth in reaponae to decllnins barcaetric praaure. At 

eau tt. 1n the put, joints in tbe Blmdeller '1\ltf have carried 

percolatins vater, u 1Ddicatecl by &l:teration ot joint tac• 1n the 

rock. 1'bia percolation ~bly ocCUl"Nd before tbe soil .azxtle 

vu developed. 

rarely intUtratea the mua .urtace to deptha greater than the 

thiclaJMa oz t~ aoil am that a 8011 cover u DllCh u 2 feet thick 

aee1.,.ly prevent. natural intiltration to 'the underlyins bedrock. 

IDcal.ly, Yhc'e the aoil cover ia thin or absent aDd 1n acue places 

on the_.. that receive nmo:t't trail well-drained areu, 11a11e mall. 

8IIIIOUDt cd iDn.ltration 1Dto the tuft doea occur. 
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Moiatul'e ~t10ll8 IIB4e 1D teat boles adJaceat to a naturel. 

clMlrDel that carried water dUcharaed tl"aall well Dl'-5A dur1llg a pu~~ping 

test 1ndicate that intUtfttiCD took place laterally into the soU 

and related weathered .uaterl.&lM. )i)iature -wremez:rta in the bol.ea 

made after now atopped 1D tM channel 1Dd1cste that water ~ bad 

JIIOVe:l latel"'ally tl"CII the atre. wa retUJ"Md to tbe ~ace by capil.l.arity 

aDd evaporated. ac- water vu loR cont1ma11,- tl"aall a diaturbed 

part of the chaDDel 1D the upp~r reaeh throu&baUt tbe period r4 t1ov. 

A part r4 thiJI lou coald have scxae cklvmr&rd 1Dto tbe tu:rt. 

1'-'- .1.azop lou ot dril.J.iiW JUl Cld water into the 930 teet r4 

Bm'•l1er !\1ft ~ by wlla tl.l'-5 ad D.r-5A pi'Obably vu into 

opaD jot.Dta. Data are DOt uail.able to cWtemine vbethlrr the water 

lost 1D drillJJls tbe tvo wlla mved dcMDiard through the BIIDieller 

'1\ltt' ca4 111to the ~ eo,.,.....w. It 1a likely tbat th1a liquid 1a 

eDtrspped in the labyrinth ot ~ Jo1uta and 18 slowly 

be1.as abeal'bed by tbe tu:tt a!Jacat to tbe joints. 

a, paeW water vu obaerved 1D tm interval betwen the meA 

aurtace at B-49 -.1 the .aiD laDe r4 •turat1CD at a d~ of 

.. rbAt .... tMD 1,000 r.t. fJ!Ie •-=· ot perched water end the 

larp bWll pcw1Rb1l1ty at the Bu:deller !u1't 1Dd1cate that it 

WOIIl4 tzWWII1 t ..teo NpicUy. Vater tSt. hu accna to tbe tut't aDd ~ 

Jo:lut ·~~ i:t in 8Uffl.c1eat quaat1t1ee 1 v1ll110Y'e with eue 

&l.IDrt ftl"t1ca1JJ dc:M:Divd 1Dto tM ~ Cozwl twtrate llD4 eventually 



Soil materials for sealing abandoned test areas are available 

on the mesa. Soil for sealing purposes should be obtained in places 

as far away from testing areas as possible because wherever natural 

soil is scaJ.ped, chances are increased for infiltration of water into 

the tuff. Adequate drainage on the mesa should be maintained to 

prevent inf1ltration from ponded water. 

should reach tbe -.1D fii'OUDd-'WBter body 1 aenral CODd1 t1oaa, aa1 nl y 

, ~lag1c 1 aiR tbat ted to dec:.rMM buard8 reeulti!J8 traa such 

L PreHatJ.y no S1"'UD4 water 1a ueed dowDgred:tct iD the 
I.a. Al""'M a. tra. B-49. 1'be B1o Grade, 1Dto 
Yb:lch the grom4 'WUer 1a .-turally d1acbc-ged, 1• 
tbe --.rMt po1Dt ~ ~ ~nation ot vater 
8UilPll•· 

2. ac.. d1lut1oa ~ the caat.a.1.Dated w:tv vou.ld occur 
1D tbe aquifer 8Dd turtber 41lut1CDvould occur 1D 
tbe Rio CJNale u the ~ vere slowly discharged 
1Dto it. 

3. M. tile a1alr ldgraUcm rate ot Sl"'U1Jd water 1n the toe 
Al- ana I 1 t va.ll.d tate abcut ao yHft for c0Dtall1nants 
to .,... t1'al a po1Dt 1n the aqutler beneath T.A-49 
to tile RS.o GND!.e. 

4. IaD ezcbap ar Maorpticm ot d1MOlve4 c:oat:-1nanta 
aa.to ater1&l.a th:r'ouch vbic:h the ccatalai.lated w.ter 
pu- vill reduce tt. caaceatratioD ot radioactive 
c0Dtall1nants. Tbia aa 1Dvut1gated by tbe Be&lth 
D1v1a1cm ot the Loe u- Sc:1eat1f'!c L&baratol"y for 
tbe upper put ot the JaadeUer ~at D-49. The 
aquiter •terial.a &.1.-o ~ v1ll ab8orb sc.e of 
tbe~. 

I ~7 



amually f'rc:ll vella Ilr-5A1 91 aa1 10 to dete:nd.De Wether corrtamination 

ia tM1 ~ place. If wll I1r-5.A could. be pnped atee«J1 1 y and the vater 

uaed at ~-49, it 1RW.d be ~ to mcJJlitoring becauae a slightly 

greater part or the aquirer could be sampled 1n tbia way. Slllplea trca 

the other vella could be obta1Ded v1 th a bailer. ~ vell tbat 1a 

~ abould be provided vith 8D &1r l1De to recor4 ita vatc level 

and a .uur1Dg tube ( &bcalt l inch 1D d1-.ter) •tvlld be provided 

aJ.ao 10 tbat air-l.iDe recordiDP can be c~lred periodically by 

direct ~t. A CIDIJt1luoua w.ter-level recorder ahonld be 
f,,.,.,, s.,~;l' 

1natalled 1D the vell D!-9. b wlla that are DOt l.llled..aahould be 

pumped oace weey 5 to 10 ;ree.n. tor a perl.od ot l to 3 JIOiltha am 

sampled ror N~Uocbaaical ~. 

JID:1ature ~ .. abolld be ..a 1D tbe test holee ~ t1Jaes 

eech ,ear to cWtem1De vblrtbllr tblrre 11 1nt1ltr&t1oD or water. '!be 

/'It 



...-~·:..~'···· @2.~~..#(4 ..• - t(I!!L~ <. J_]Jd 7 --

Ccapected soil abol.lld be used to aeeJ. the abandcmed teat areas 1 

aDd the cuillp ot tbe core hole• 1n theae areu should -c. extended 
through tba aoil cover. 'rbe core holea could then be uaed tor 
~ the moiature content of the ccapacted aoil cover and 

UDder~ tuff &Dd tars--ray logins. 

It VOLLld be int'omati v• to ai.nk an &ZlgU.lar drift to a point 
a tw teet ~th a large-d.1..-ter bole and inJect vatu 1uto tbe 

J..&rae-diaMter bole to aample the vater tilterins into tbe angu.J.ar 

drift by ..na ot poroua cups or drip-catch1ll8 Jup. InJection 
water could be 8})1ked vith a radioactive tracer. Radi.CIIIIII'tric 

~·· ot water Hllplea abould indicate vbethar contam1 MDta 
v1ll paaa t.hrou8h tutf or jointa in the tutt. 
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Appendix 

Data contained herein was collected during the course of 

investigation of TA-49, Los Alamos County, N. Mex. It is not 

specifically considered in this report and is appended for possible 

use by future investigators. 
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Table ~--Particle-size distribution in percent by weight for samples from TA-49, Los Alamos County, N. Mex. 

. .. 

Lab. Source Depth Stratigraphic Diameter of particles in millimeters 
unit Sand Gravel 

of in <:,0.004 0.004- o.o625- 0.125-
No. sample (feet) Tshirege Mbr. clay o.o625 0.125 0.25 .25-. 5 . 5-l 1-2 2-4 4-8 8-16 

silt v. fine fine medium coarse v. coarse v. fine fine medium 
----

60NM10 4-U 61 5 2.7 10.2 1.0 20.9 27.0 25.2 6.4 0.5 0.1 

5~NM199 4-A 66 5 ~·9 11.0 1.~ 9.6 17.9 24.} 20.1 4.9 .8 0.2 

l. 
~. 

j 
• 

60NM24 Beta 10 lB 3().0 11.4 }.2 6.8 24.2 14.6 9.8 
J 

6oNM2) Beta 65 lB 8.0 }5.0 11.9 14.} 12.5 14.6 2.8 .7 .2 

6oNM26 Beta 1}5 lB 42.7 20.2 9-1 1}.1 6.} 4.4 .6 .4 1.} 1.} 

60NM27 Beta l8o lB 1}.0 28.8 8.7 10.4 12.5 16.9 6.0 }.1 .6 

' 
6oNM28 Alpha 175 } }.9 24.} 10.4 11.4 14.6 16.4 19.0 

""-
'""" 

) 
\,) 

! 

' .. , 
:) 

.. 
( 

.... 
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Table ~---Bore-size distribution and soil-moisture tension or samples from 

TA-49, Los Alamos County, N. Mex. 

Lab. Source Depth Stratigraphic Pore-size distribution Moisture content 
sample ot (em or water) at 1/"'j atmosphere 

I No. sample ( reet) unit tensi()n ~ ., 
l 15 30 6o 150 (percent) ~ .. 

6oNM6 2-0 30 Qbt6 4o.05 
·~ -

6omn 1-A 30 Qbt6 - 4o.86 

6omu 4-u 4o Qbt6 45.8o 4}.81 41.54 41.88 4o.!K> 38.74 

60NM9 2-F 56 Qbt6 - 29.60 
Ill! 

6oNM8 1-A 58 Qbt6 - 4o.55 f-. 

~ ~ 60NM2 4-U 6o Qbt6 48.45 Jt6.18 44.o6 44.72 4"'j.4l 42.62 

.......... 
60NM10 4-U 61 Qbt) - 4.4l) 1;~ 

~ 
60NM} 4-u 67 }8.22 4o.09 }5.18 22.3() 20.68 ~ Qbt4 39-51 

60NM5 4-u 82 Qbt4 36.<;5 }4.76 )}.11 )).17 29.96 24.54 
l 

4-U 104 30.}8 30-:16 29.14 
~", CoNM4 Qbt4 33-57 "'j2.23 31.22 i•'· • ~ 
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Table ~.--Reconnaissance notes for large-diameter holes in 

areas 1, 2, 3, 4, and 10, TA-49J Los Alamos County, N. Mex. 

Hole 1-A 

Depth 
(feet) 

Area l 

Diameter - 6 feet 

0-2 Soil 

2-lJ Vertical joint in west wall is 2 inches clay filled. In 

southwest wall vertical joint is 2 inch clay fllled. 

Northeast wall has vertical joint 1/8 inch clay filled. 

South wall has vertical joint t inch clay filled. North 

wall has two joints that are t inch clay filled. 

1~ Northeast wall has horizontal joint open t inch. 

35 Vertical joints are open t to ~ inch. Large fracture zone 

on northeast wall has joint openings t to 1 inch. 

50 Fracture zone on east wall contains joint openings t to 2 

inch. 

55 Joints on north and west walls join at apex and are open 

l . h. 
4 l.nc . 



1-J, 
Table ~.--Reconnaissance notes for large-diameter holes -

Hole 1-J 

Depth 
(feet) 

0-3 Soil 

Continued 

Area 1 - Continued 

-.... 4. 

3 Near vertical joint on southeast and southwest walls meet in 

apex down hole at 28 feet. 

5 Horizontal joint is open 1/8 inch. 

15 Low dipping joint system around hole has openings up to 

t inch. 

)) Apex of near vertical joint on northeast wall. Joint is 

open 1/8 inch. 

52 Flat-lying joints are open 1/8 to t inch. 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 1-P 

O::epth 
(feet) 

Area 1 - Continued 

0-2 Soil, 2 feet thick on north wall, thins to 6 inches on the 

south wall. 

2 Two vertical joints on north wall are 1 foot apart and contain 

t inch of clay filling. East wall shows vertical joint 

which is 1 inch clay filled. Vertical joint on south wall 

is l/16 inch clay filled. Vertical joint on west wall is 

complement of joint on north wall. 

4 On northeast wall apex of joint dips steeply to the southeast. 

16 Fracture zone. 

25 Apex with limbs upward of two joints which are open 1;'8 inch 

30-35 

40 

in places on the north and west walls. Well-developed, 

flat-lying joint is open l/8 to ~ inch. 

Flat-lying joints which are open 1/8 to ~ inch. 

Vertical joints on north and northeast walls split and die 

out. 

50 Well-developed joint system on north wall is open ~ to ~ 

inch. 

j 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 1-T 

Depth 
(feet) 

Area 1 - Continued 

0-) Soil, flat-lying joints under soil zone are clay f~lled. 

) Vertical joint on northwest wall is t inch clay filled. 

Northeast wall shows a vertical joint which is 1 inch 

clay filled with white altered tuff k inch on each joint 

face. Vertical joint on south wall is 1 inch clay filled. 

17 Joint system exposed on east wall contains joints that are 

open 1/8 to t inch. 

21 Flat-lying joints extending around hole are open k inch 

locally. 

30 Vertical joint on south wall is open t inch. 

40 Apex of joint on northeast wall dips steeply to southeast 

and is open t inch. 

58 North-northeast wall contains joint which is open 1 inch. 

Trace of joint across hole on west wall is open ~ to l 

inch. This is the same joint that has an apex at 40 

feet. 

2-» /9' 8 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 1-W 

Depth 
(feet) 

Area 1 - Cont~nued 

0-3 Soil 

3 North~est ~all has vertical joint ~ inch clay filled. 

10 

Vertical join~ on northeast wall is ~ inch clay filled. 

Vertical joint on east wall is ~ inch clay filled. 

Southwest wall has vertical join~ 1;8 inch clay and 

root filled. 

• 
Southeast wall shows vertical joint with 1 to 3 inch~of 

white alteration material in joint. Joint continued 

down hole to a depth of 2) feet. 

1) Intersection of curved joint on west wall and jolr.t on 

northwest wall. Intersection of joint is open t to 

I • ch 2 :;.n • Joint continues down hole on northwest wall. 

Flat-lying joint is open 1/8 inch. 

Joint on southeast wall is open l/3 inch passing through 

as intensely fractured zone. Joint on east wall is 

open 1/8 inch passing through intensely fract~ed zone. 

Note: Below 40 feet most joints are open slightly. 

.I 
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Table ~--Reconnaissance notes for large-diameter boles - Continued 

Hole 2-D 

Depth 
(feet) 

Area 2 

Diameter - 6 feet; depth - 57 feet 

0-1 Soil 

1-5 Pumice, water-laid. 

)-6 Weathered zone, tuff fragments in matrix of brown clay. 

15 Joints on northeast and west wall are clay filled 1 to 

12 inches. 

20 Horizontal joints around hole are clay filled t to i inch. 

23 Joints mentioned at 15 teet come to apex on southwest wall, 

strike southeast and dip steeply southwest, and are 1 

inch alteration filled. 

27 Joint on north side of hole is open and clay filled locally 

up to t inch. 

32 Joint on south wall terminates against a joint system which 

dips to the northwest at about 30 feet. 

42-43 Apex of joints mentioned at 27 and 32 feet strike east and 

dip steeply southward. Hole is strongly jointed. 

Northeast and southeast walls have large plucked zones. 

Joints on northeast wall are flat to steeply dipping 

northward and are open 1/8 to t inch with some alteration 

lining. 

43-57 Northern half of hole has many joints striking northwest 

and dipping steeply to the northeast. 



1." Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-F 

Depth 
(feet) 

0-1.4 

1. 4-5 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

Soil, containing roots. 

Pumice, water-laid, some clay, roots up to 3/4 inch thick. 

Bottom of pumice zone dips slightly to the north. 

5-7 Weathered zone, tuff fragments in matrix of brown clay. 

16 Northeast wall has several joints that are vertical, strike 

north, and are clay filled t inch. 

Numerous flat-lying joints are clay filled up to 1/8 inch. 

20 Northeast wall has north-northeast strikir~ joints ~hat dip 

steeply to the northeast and are clay filled 1/8 to ~ 

inch. Large medium gray devitrified pumice fragments up 

to 3 inches in length are found to a depth of 22 feet. 

23 Irregular Joints strike east-west and dip about 4) 0 to the 

north. These Joints circle the hole and are open locally 

up to t inch. 

25 Joints on southeast wall are clay filled. West wall contains 

irregular Joints that are open 1/8 to 3/8 inch. 

28 Hole diameter now 6.4 feet. 

29 Flat-lying Joints are open 1/8 to ~ inch. 

34 Irregular Joints on north wall are open 1/8 to ~ inch. 



").), 
Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Area 2 - Continued 

Hole 2-F - Continued 

Depth 
(feet) 

35-38 

40-)8 

System of low angle joints around the hole. Joints strike 

east-west and are open locally up to 1/8 inch. 

On the north side of hole is system of joints striking 

northwest, dipping steeply east that are open ± to ~ 

inch. There is a large plucked zone on the north side 

of the hole from 49 to 58 feet. Hole is belled to 7 

feet in diameter from 52 to ?8 feet. 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-H 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

0-l Fill, broken tuff. 

1-2 Soil, clayey, brown. 

2-5 Pumice, water-laid, about 3 feet thick on north and west 

wall, thins to 1 foot on southeast wall. 

5-7 Weathered zone, tuff fragments in a brown clay matrix. 

7 North-northeast striking joint dips to the west 8oo to 8) 0 

and is clay filled 1 inch. 

13 West-northwest striking joints on northwest side of hole 

18-22 

22-26 

30-34 

35-42 

dip with a slight angle and are clay filled. 

East-west striking joints are clay and root filled up to 

~ inch. Apex on north side of hole. 

East-west striking joints dip to the northwest at 15° to 

30° and are open 1/8 to ~ inch, clay lined. 

Several west-northwest striking joints dip 45° to the 

north and are clay filled 1/8 inch. 

Intersecting near flat-lying joint systems circle the 

hole. Above the joints tuff is light pinkish brown 

and is evidently altered by water. Below the joints 

the tuff is light gray. 



1-~ 
Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Area 2 - Continued 

Hole 2-H - Continued 

Depth 
(feet) 

48 East-west striking joint dips 8oo to 85° north and is 

open 1/8 to t inch. 

Northwest striking joint is tangent to hole on northeast 

wall causing bad pluck from 50 to 58 feet. 
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Table !).--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-J 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

0-2 Fill, broken tuff with about 6 inches of brown clayey 
soil near bottom. 

2-5 Pumice, water-laid. 

5 Northwest striking joint on west wall of' hole caused pluck 

ll 

ll-19 

22-29 

33-36 

out. 

Broken zone on south wall of' hole. 

Light gray tuff contains dark gray devitrif'ied pumice 
fragments up to li inches in length. 

Northwest striking joint on west wall of hole is clay 
and root filled. 

East-west striking joint dips north at 20° to 30° and is 
open up to t inch. Northwest striking joint now 
striking north and drifts to center of hole at bottom, 
dipping about 8oo east. Light pink alteration in 
joints that are open locally. 

41 Northwest striking joint system dips 15° to )0° north and 
is open up to l/8 inch. 

Small pluck out on north wall between 45 and 58 feet. 
Bottom of hole is in relatively unjointed rock. 



~" Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-L 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

0-2 Soil 

2-10 On north wall a northeast striking vertical joint is clay 

filled ~ inch to a depth of 10 feet. Below 10 feet 

this joint is open. North-northwest wall shows vertical 

joint that is t inch clay filled. Southwest wall shows 

vertical joint striking northeast that is 2 inches, 

clay filled. At 10 feet there is a system of flat-

lying joints. 

20 System of flat-lying joints are open locally up to 1/16 

inch. 

34 On north wall a joint is open t inch with pink weathered 

tuff on each side forming clay lining of joint surface. 

Triangular pluck hole on south wall. 

36 Triangle-shaped pluck hole on east wall. 

44 Joints are clay and root filled. 

54 Most joints are closed. Some are open locally up to 

l/16 inch. 



, 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-0 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - )8 feet 

0-1 Soil, brownish, clayey. 

1-5 Pumice, water-laid, pieces up to 1 inch in length, 

subrounded with some clay interlayered. Base of pumice 

dips slightly to the northeast. 

5-7 Weathered zone composed of large, angular pieces of tuff 

in a matrix of brown clay. 

7-15 Master joint on northeast and south walls striking north-

15-21 

23-26 

northeast, dipping steeply, is clay filled ~ inch with 

a few roots. Joint on northwest wall strikes north-

northwest and is 1 inch clay filled but is open 

locally. Joint on west-southwest wall strikes north 

and is ~ inch clay filled. On south wall is a system 

of vertical joints striking east-west. 

A flat-lying joint dips at a low angle to the north

northwest and is open up to 1/8 inch. Several minor 

joints terminate against this flat-lying joint. At 

17 feet tuff appears more dense than above. 

Badly broken zone dipping slightly north-northeas~. 
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Table ~.--Reconnaissance notes for large-diameter h~les - Continued 

Area 2 - Continued 

Hole 2-0 - Continued 

Depth 
( f~et) 

31 Master joint on northeast wall is clay filled and locally 

open ~ inch. On west wall a system of vertical joints 

originates in a broken zone at 26 feet. Joints in system 

strike north-northeast and are clay filled and open 

locally up to : inch. 

37 Pluck out of master joint on northeast wall where joint 

is open 3/4 inch; opening extends 1.5 feet into the face 

of the hQle. Tuff contains devitrified pumice fragments 

up to 1 inch across. 

4o Joint on northeast wall, dipping moderately to the north, 

and connecting joint on west wall with master joint. 

41-50 Large triangular pluck from intersecting joints on 

southwest wall. Master joint on northeast wall is ~w 

hair line. West-northwest striking joint, complement of 

plucked out joint at 4o to 41 feet. This joint has roots 

and brown clay at 45 feet. 

54 Apex of north-northwest striking joint on west wall. 

Rock has considerable amounts of granule to pebble-size 

devitrified pumice fragments. 

55 Joint on northwest wall dips moderately to southeast. Apex 

is at 55 feet. 

• 



Table ~.--RecoDDAissance notes for large-diameter holes - Continued 

Role 2-S 

Depth 
(feet) 

Diameter - 6 feet; Depth - 58 feet 

0-3 Soil, clayey, brown. 

3-5 Pumice, water-laid. 

5 Vertical Joint north-northeast vall clay filled 1/32 inch. 

Vertical joint on southwest wall is j-incb. clay filled. 

Vertical joint on west wall ia 1 inch clay and root filled. 

17 Joint system, clay filled triangular pluck 8 inches across. 

22 Jut wall shows joint atrildng northeut. 

24 Vertical joint on vest wall becomes irregular w1 th various 

32-35 

branches that are clay filled. 

Vertical joint on vest vall aplite and dies out at 35 :reet. 

Joints are clay aDil root filled 1/8 inch. Horizontal 

joint• at 35 r .. t ari opea u~ to i inch. 

40 Joint &Y8tem about 1 foot east of north line is open ~ 

49-57 

iDoh. SIBll irregular closed fractures are fOUl'ld at 

varioua:plices-around hole. 

Joint• aDd pluck on eaat wall. Southwest wall has vertical 

joint. Joint treDding eut dips 45° west. Joints are 

clay f'illed and open locally up to 1 inch. 
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~ble ~.--ReconD&iss&DCe notes for large-diameter holes - ContiDUed 

Hole 2-V 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; del)th - 58 feet 

c-4 Soil, brown vith pumice pockets on southwest vall. 

4-5 Weathered zone, tuff fragments in a matrix of br~ clay. 

10 Muter joint on northeut vall strikes south-southwest 

aDC1 is l iDch clay tilled. 

9-15 Vertical joint tangent to north-northeast wall strikes 

18 

eut-aoutheast aDd iuteraeets master joint. Joiut on 

southwest vall strikes northwest aDd causes pluck at 15 

feet, vhere Joiut is tugent to hole. 

!'lat-lying brecciated zcme around hole. Devi trified 

pumice fragment• in tuff are as much aa l inch in length. 

Joint on 1outhvest vall strikes northeast and is open t inch. 

28 Southvelt str1.lt1ng Joint iuterseets tangential joint on 

northeast vall. Southwest vall baa badly broken zone 

tram 18 to 28 feet. Joiuta in this zone are open. 

Joint originating in broken zone at 26 feet strikes northeast 

and apparently il the same aa the joint that intersects 

tangent joint on northwest vall at thil depth. 

• 
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Table 2).--Reccnnaissance notes for large-diameter holes - Continued 

Area 2 - Continued 

Hole 2-V - Continued 

Depth 
(feet) 

38 ~ential joint nov single trace near north wall striking 

southeast. Joint that originates in broken zone at 

26 feet dips steeply southeaa~ and trace on vall of 

hole is drifting eastward. 

50 Roots in joints on vest wall. 

57 Northeast striking joint has roots at 57 feet. Bottom 

ot hole strongly jointed. Hole belled to 6 feet 8 inches 

from 50 to 58 feet. 

General note: Hole is in moderately jointed rock. 

'1\lff penetrated 1a fairly denee and not strollgly jointed 

except 50 to 58 feet. 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-W 

Depth 
(feet) 

0-3.6 

4 

l2 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

Soil, brown. 

Master Joint on west side of hole is 1 inch clay filled. 

Master joint dips to north and is clay and roct filled 

up to 1 inch. Tuff is light gray and dense. Small 

joints are clay filled. 

19 Master joint is 2.9 feet west of north and is clay filled 

1/8 inch. Two joints dip 45• north at 18 feet. Joint 

on southwest wall, 2.5 feet from master joint, is clay 

filled t inch. 

26 Northeast striking joint is tangent to hole on south 

wall. It causes pluck out from 26 feet to bottom. 

30 Two joints dip 45° into master joint 2.7 feet west of 

north. 

37 Roots in plucked zone in south edge of hole. 

44 Master joint 2.2 feet west of north is open locally up 

to k inch. 

51-58 Roots in pluck zone on south wall. Joints appear to strike 

northeast. 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-X 

~pth 
(feet) 

0-2.5 

2.5-4 

4-5.5 

Area 2 - Continued 

Diameter - 6 feet; depth - 56 feet 

Soil zone, brown clay, slightly pumiceous with large roots 
throughout. Soil thickens slightly on west wall and grades 
into pumice z~ne on east wall. 

Pumice w1 th brovn clay and roots. 

Weathered zone with tuff and some pumice in a matrix of 
brown clay. Clle system of vertical joints occurs below 
the weathered zone on the northeast wall. A few flat-lying 
joints found on southwest wall are about 1/8 inch clay 
filled. 

/0 Major vertical joint strikes north-northeast and is 1/8 
inch clay filled. Clle joint dips steeply east. 

20 Major joint on northeast wall dips to the northwest at 
a low angle. A few irregular minor joints, which dip 
to the east and south, are found on the north wall. 
Irregular minor joints found on the south wall are 

flat-lying. 

30-41 Hole is badly broken between major joints on west wall, 

southward around hole to major joint on northeast wall. 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-X - Continued 

Depth 
(feet) 

Area 2 - Continued 

45 Major joints on north-northeast and southwest walls 

strike southwest and apparently are same system. Intersection 

on southwest wall open up to 3/4 inch locally, but 

intersections on northeast wall are open 1/8 inch. South 
QP~ 

and east wal~±s4badly broken betveen these major joints. 

Vertical joints are found on the north vall from 42 feet to 

the bottom of hole. 
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Table ~.--Reconnaissance notes for large-diameter boles - Continued 

Hole 3-C 

Depth 
(feet) 

Area 3 

Diameter - 6 feet; depth - 87 feet 

0-3 Soil and fill. 

3 Joint striking south-southwest dips north and is k inch clay 

filled. 

7 System of flat-lying joints. 

15 System of joints striking north-northeast dip about 20° west. 

Joint mentioned at 3 feet now vertical and open 1/16 inch. 

21 Joint mentioned at 3 feet now dipping about aoo south. 

28-30 Brecciated zone, system of joints striking east-northeast 

dipping from 10° to 20° north. 

33 Joint mentioned at 3 feet now vertical, strike to north at 

33-45 

28 feet. South wall shows joint that strikes northeast. 

Pluck along joint which is open up to t inch. 

Joint in southeast wall that is clay filled ~ inch. At 45 

feet joint mentioned at 3 feet is here closed. 

53 Southeast wall is badly broken. Northwest wall contains 

vertical joint striking west-northwest and is 1;8 inch 

clay filled. 

Joint mentioned at 53 feet terminates against apex of 

northeast striking joint which is tangent to hole on 

northwest wall. Clay filling up to t inch thick. Several 

plucks along each fracture. 
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Table ~.--Reconnaissance nQtes for large-diameter holes - Continued 

Area 3 - Continued 
Hole 3-C - Continued 

Depth 
(feet) 

63 Southwest limb of Joint that showed apex at 58 feet is here 
a hair line. Northeast joint plucked out, has clay 
filling. Joint on southeast wall strikes east, dips 85° 
south, and is open ~ inch. West vall contains north 
striking vertical joint that is clay lined and is open 
1/8 inch. North wall contains vertical/ north striking 
joint. 

72 Joint on southeast wall terminates. 
78 Water-laid sand on north wall is 2.5 feet thick. Two joints 

78-87 

below sand are 2 and 6 inches wide and extend to bottom of 
hole at 87 feet. Sand is 0.85 feet thick on west wall, 
0.5 feet thick on east wall, and 0.4 feet thick on south 
wall. 

Joints beneath sand strike northeast and are closed. Joints 
on north wall are filled with sand and range from 2 inches 
to over 1 foot wide. Some pieces of tuff are found in the 
sand filling. Tunnel drift to the north is about 2 feet 
in diameter. It intersects two northeast-striki~ sand-
filled joints about 2 inches wide, 2 feet apart, 
approximately 8 feet from the wall of the large-diameter 
hole. 



Table 29.--Reconnaissance notes for large-diameter holes - Contin~ed 

Area 3 - Continued 

Hole 3-C - Continued 

Note: Hole 3-C was re-examined after shot in hole 3-A. As 

the working caissQn was set, only the bottom 8 feet of 
., .. 

hole was.examined. The sand-filled joints on the north 

wall were open as much as l toot from the hole face where 

the sand was shaken out by the concussion of the shot. 

Partial collapse of the 24-inch drift occurred about 8 

feet from the hole between the two northeast-striking 

Joints. The drift was partly filled with rubble at this 

point. 



1k Table 2§.--RecoUD&ias&DCe notea tor large-diameter holes - Continued 

Hole 4-K 

Depth 
(feet) 

8 

15 

18 

26 

33 

• 
Area4 

Diameter - 6 teet; Depth - 58 teet 

Soil am weathered zone are covered with casing. 
Southwest vall shave apex ot joint, vhich is clay &Dd 

root tilled up to l inch, and strike• veat-nortbwest, 
dipa 70• northeut. lut vall baa joint vhich a trikes 
north-northeut with ape upward at 10 teet. Joint is 
2 1nc.hel clay tilled. llorthVest vall ah0¥8 vertical joint 
striking northwest, clay tilled up to 6 inches near 
top and 2 inches at 9 teet. 

Joint on southwest vall is clay and root tilled. Joint 
on nortl:nrest wall is here clay aDd root tilled about 
l iDCh. '1\l:rt hu dev1tr1t1ed pumice fragments up to 
1 iDc:h in leDgth. 

Pluck out at joint on southwest vall. Joint on northwest 
vall aplite. •o:rthermDOet joint strikes northwest, is 
clay tilled t illch, 8.114 te:rmiDates at 40 teet. Westen:.ost 
jotat dies out at 22 teet. 

Dip ot the Joint on southveet vall at 8 teet is nov ao• , 
no:rtheut several mrked plucks from this joint, vhich 
is clay am root tilled 1 inch. 

Joint described at 26 teet is here trend1Dg vertical reverses 
in dip :farther dovu. It is nov striking vest-northwest 
al3d dippil:lg ao• south-southeast. 
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'2." Table !S··-Reconnaiasance notes for large-diameter holes - Continued 

Area 4 - ContiDUed 

Hole 4-K - Continued 

37 Tuff ia leas strongly jointed below this depth. 

42 em the northeut wall ia a system of vertical north-northwest 

striking joints that are clay filled. 

58 Joint mentioned on •~thveat wall at 8, 26, aDd 33 feet 

ia now wrtical and a trike• northeut. 
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!able ~.--Becennaissance notes for large-diameter holes - Continued 

Hole 4-M 

Depth 
(feet) 

Area 4 -_coatiaued 

Diameter - 6 feet 

0-5 Soil entirely stripped off. East vall shows large vertical 

joint that etrikea nonhveet and is 1 ineh clay filled. 

Borth vall has 3/4-inch clay-filled joint that striiee 

northwest. Southwest wall hu 2 vertical joints that 

are one foot apart and are 1 inch clay filled. Bou:t'h vall 

haa vertical fracture striking north which ia lf inch 

clay filled. 

10 Brecciated zone on northeut vall. 

15 Joint system on north-northeut wall containa jointa that are 

open up to i inch. 

20 Flat-lying joint• all around ha.l.e. Joint on north vall now 

t inch clay tilled. 

25 Vertical joint• mentioned tram C to 5 feet still persist. 

Flat-lying Joint• at 24 and 28 feet. 

3C Joint OD aCNth wall is now open t inch. 

'5 Pluek out &long joints, on southwest wall. 

40 Joint ap1i ta at 33 feet on south vall, dips eastward 

at 45•, &Dd both branches are open up to 1/16 inch. 

50 Vertical joints still persist aiJd are t to 1 inch clay filled. 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Role 4-0 

Depth 
(feet) 

Area 4 - Continued 

Diameter - 7 feet; Depth - 58 feet 

C-2 Soil. and weathered zone. 

2-26 Nortavest and southeast vall of hole has vertical joints 

26-32 

that are 1 inch clay filled and strike northwest. On 
seutheast vall a jQint strikes north, is near vertical, and 
contains clay filling up to 3 inches. Role valls appear 
to ~e tight except f'or the above-mentioned joints. 

Northeast wall of' hole contains apex of' joint. West limb 
dips at 45° to 30 feet and intersects vertical northwest 
striking j~int en ncrthvest vall. Jut limb of joint is 
vertical and l to 3 inches clay filled. 

32 Northeast vall is brecciated. 
35 Bole reduced in diameter about 4 to 6 inches. ' 

41 lerthvest strik113g joint 18 1 to 3 inches clay filled and 
containe a f'ew roots. 

48 Southwest vall bu nort:trvest striking joint that shove 
apex vi th limbs dovr:rvard. Limbs are clay filled 
up to 1 inch. Joints noted at 41 feet here are dipping 
(45° or less) aDd are clay filled. em aoutheast vall 
joint strikes northwest, persists to bottom of' hole, and 
is 1 inch clay filled. 
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Table ~.--Reconnaissance notes for large-diameter helea - Continued 

Hole L..y 

Depth 
(feet) 

Area 4 - Continued 

Diameter - 6 feet; Depth - 69 feet 

C-2 Soil zone 1a thin on weathered tuff zone. 

7 

22 

28 

Southeut vall has joint that 11 e lay filled aDd strikes 

northwest, dip• so• northeut. 

South vall hu north-northwest striki!lg joint vhieh dip• 

ve1t at 85•. 

Pluet out f'rem above joint, which appears to be t iDCh 

clay filled. Joint mentiolled at 7 feet is here open 

1/16 inch. 

• 

29 ltorthvest vall show apex upward of joiDt. This joint •trikes 

eaat-nctrtheut and dipl ao• to the northwest. Aleo 

32-45 

46 

on the northwest vall is a vertical joint that strikes 

south-seutheut. 

Southeast vall of hole is badl7 broken along upward apex 

at joint. 

Bole b~ broken on southwest vall. Master Jcint 18 vertical 

&Dd stl"ikes eaat-southeaat. It is open linch. 

51 Very fev jointa except master joint mentioned at 46 feet. 

57 Southe&at vall containa a system of high angle joints. 

62 Water-laid sud, lf feet thick en north vall and very 

thin or stripped away on the other valla of the hole. 
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""' Table 2§.--RaeODD&iaaance notes for large-diameter boles - ContiDUed 

Area 4 - Contiuued 

Hole 4-Y - Continued 

SJ,th 
(feet) 

62-69 

--it_ 

Wall of hole contains very friable tu1':t' belov a&Dd. West 

wall contains joint striking north-ncrtheut, dipping 85° 

north. West vall hu joint which ia vertical and strikes 

north-northeut. These tvo joints apparezrtly are aot the same. 
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')." Table ~.--Beeeaaaisa~e netes f~ large-diameter helee - CeatiDued 

Area 10 

Area 10 contaiu two 6-foot diameter hole• 25 feet apart am drilled 
to a depth of about 60 feet. The two holee are connected at the bottom 
by a horizontal drift. Clll.y the veatel"DDII•t hele a:Dd the drift were 
examined. 

West hole Diameter - 6 teet 

Depth 
(feet) 

0-1 

1-3.5 

3.5-5 

(except ft~r bottem. 12 feet, vbieh is 13 f'eet ) 

Be.ek-f'ill, broken tuff'. Mo•t of •oil ia stripped off. 
P\UI:lce, laJ81Nd, light gray with bravuiah clay lenaea iDCluded. J 
Weathered zone containing partially weathered tuf'f' fragments 

in a matrix of brown clay. 

5 Joint on aouth wall 1• t inch clay filled &Zid atrikes 
north-northeut. '1\l.ff baa pebble-aize, purplish devi trified 

10 

17 Jo1Dt meationed at 5 feet persists through broken zone, 
but ia only 1/8 inch clay filled. Joint on eut-northeast 
vall originate• in broken zone, strike• northeut, &Dd is 
t inch clay tilled. 

BadJ.y broken ZODe. Jointa are irregular; roots noted in 
north striking Joint on northeaat vall. 



Area 10 - Cemtiwed 
WNt hole - Continued 

Depth 
(:teet) 

33 Jeiuts strike northwest aDd north 8Dd are open 1/8 to 1; inches. 
48 Top ot 13-toot diameter hole. Joint atrikillg south-•outhvest. 

Joints OA north-northeast vall are t 1Deh clay filled. 
50 Top ot weathered zoDe in tuft above s&Dd dips to the northea.at. 
54 Top of' a&D4 dipa to the northveat at a lov angle. SaD4 is 

stripped away on southveat vall aDd thiekena to about 2 feet 
en east vall near drU't. Jeinta f'Mmd about 2 feet below 
NDd are aa:ad tilled 8Dd open from t to 2 inches. 'l'u.:f'f' below 
sand ia weathered, highly pumiceous, 8Dd friable. Joint in 
bottom of' vest hele is open several feet below bottem of' hole. 

Area 10 

Tbe drift exteDds east-vest between the tvo large diameter vertical 
bole•. OD enteriag the drift trem the eut hole, weathered pumiceous 
tuft' exteJ¥\8 upward 011 the a.orth vall &lid then cuts aeros• the top of 
tM clr11't to the s~th vall a fev teet eut of' the portal to we•t hole. 
!lla tuff 18 about 9 :t'eet thiek on the north aide ot the drif't &Dd contains 
• abuDdnce ot qurta and irregular brownish iron-atained streaks. 

J 
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Figure 54C.--Temperature log of 'Well IYI'-5, TA-49, 

Los Alamos County, N. Mex. 
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Figure 55A.--Gamma ray-neutron logs of well DT-5A, TA-49, 

Los Alamos County, N. Mex. 
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Figure 55B.--Induct1on-electr1cal and spontaneous-potential logs • 

v 
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> ... 
of well DT-5A, TA-49 J. 

Lo• Alamoe County, N. Mex. 
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R Figure 55C.--Microlog and microcalipeH log of ~ell DT-5A, 

TA-49, Los Alamos County, N. Mex. 
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P'1gure 55D.--I.Aterolog ot veil M'-5A, TA-49 

toe Al..,. county, 1. Mex. 



?1Q.ll"e 55E. --Temperature log of veil M'-5A, TA-49 

Los Alamos County, N. Mex. 

0 

0 

0 



Pigure 551'.--aa.t~ las ot well D'1'-5A, TA-49 

X.O. Al..,. CGwn7 1 •• J1a. 
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Figure )6A.--Gamma ray-neutron logs of the upper 1,301 feet 

of well DT-9, TA-49, Los Alamos County, N. 

Mex. 



Figure 56B.--Gamma-ray log from depth of 1,094 to 1,501 feet of well DT-9, 

TA-49 1 Los Alamos County, N. Mex. 



k~ 56c.--IDductto~eleetrtcal &Dd apontaneoua-potenttal 

ot veil Df:9, ~49 

Loa .. ,..,. County, •• Mex. 
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F1gure 56D. --Latere.l.og of well M'-9, T.A.-49 

Loa Alamos County, N. Mex. 
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.l'1guzoe 56.1. -·~ture los ot wu D'l'-9, rA-49 

ID. .U..0. County, lf. Mex • 
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?igure 56F.--Soll1c los of well I71'-9, TA-49 

Loa Alamos COUDty, 11'. Mex. 
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ngure 57A.--a... ray-aeutroD los or 

well DT-10, 'l'A-49 

to. Alamo. County, 11. Mex. 
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Figure 57B.--Induction-electrical and spontaneous-potential logs 

of well DT-10, TA-49 

Los Alamos County, !f. Mex. 



Figure 77C.--Temperature log of well DT-lOJ TA-49. 

Los Alamos County, N. Mex. 
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Figure 57D· -·Sollie log ot vwll D!'-10, TA-49 

Loa Aluoe County 1 1. Mu. 
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'(--~ Fi~re 58.--Gamm&Alog of core hole 1 in Area 1, 
TA-4-9, Los Alamos Coc.nty, N. Mex. 
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Los Alamu3 Ccc;nty, N. Mex. 
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Figure 59B.--Gamma ray-neutron log of upper 210 feet of 

core hole 2 in Area 2~ ·rA-49~ Los Alamos 

County, N. Mex. 
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Figure 59C.--Electrical log of the upper 368 feet of core hole 2 

in Area 2: TA-49, Los Alamos County, !l. Hex. 

.---- ,;_. 

1 
·-_:i 

·A: j 

--~· "1 

~~ _-'l 
l . 

,._ 



Figure 590. --Temperature log of the upper 200 feet of' 

core hole 2 in Area 2, TA-49 

Loa Alamos County, N. Mex. 
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Figure 60.--Gamma•ray log of core hole ) in Area ). TA-49, 

Los Alamos County, N. Mex. 



Figure 61.--Gamma-ray log of core hole 4 in Area ~, TA•491 

Los Alamos County, N. Mex. 
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P1cure 62A.--o- l'q-DIUVaJa l.oc• ot Al.Jba bole, '!A-49 

toe Alewoa Coua;y, •· Ma. 
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