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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. 1In 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 dispoéal 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 o
provides a list of Compliance Order Paragraph 25 tasks and a description of t)
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 o
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 voleanism. In ascending order, the following rock units are present

at Mesita del Buey: Tesuque Formation, Puye Conglomerate, basaltic rocks of

Chino Mesa, and the Bandelier Tuff. The Tesuque, consisting of siltstone and
sandstone with conglomerate lenses and basalt layers, is overlain by the con-
glomerates and sandstones of the Puye Conglomerate. Overlying and interfin-

gering with the Puye are the dense basalt flows and scoria of the basaltic

Chino Mesa rocks. The Bandelier Tuff, which consists of numerous ashfall and

ashflow units and overlies the Puye and Chino Mesa flows, caps the mesa. The ~
three to four-foot layer of soil present along the axis of the mesa thins ;'

appreciably towards the canyons, exposing the tuff in places.
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Surface mapping and subsurface correlation of ash flow units, as well as the
seismic line of the mesa, indicate no displacement (faults) of the tuff. The
most prevalent structural features in the mesa rocks are the fractures or
joints in the volcanic rocks caused by shrinkage upon cooling after deposi-
tion. Both horizontal and vertical joints have been observed in the Bandelier
Tuff; however, vertical joints are much more prevalent. A joint traced verti-
cally through an ashflow may he closed in places and open in others. Joints
near the base of the soil are often clay-filled for three to four feet below
the surface and either filled, or open with clay plating, below this depth.
Vertical joint frequencies observed in horizontal borings are about one joint

per three to six feet of core recovered.
3.0 HYDROLOGICAL CHARACTERIZATION OF THE VADOSE ZONE

Vadose zone characterization studies were undertaken in Technical Area 54,
Areas G and L to provide a quantitative analysis of moisture movement in the
Bandelier Tuff. These analyses aid in determining the likelihood of contami-
nants from Areas G and L migrating through the vadose zone and into ground
water beneath the sites. A two-tiered approach to quantify moisture movement
in tuff was utilized: (1) rock characteristics and hydraulic head were
measured to calculate seepage velocity and rates of moisture flux, and (2)
moisture content of the tuff following precipitation events was measured to

determine changes in moisture content with depth.

To permit calculation of seepage velocity and rates of moisture flux in the
tuff, hydrologic testing was performed in boreholes at Areas G and 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 fracture zones. Intrinsic permeability
was found to range from about 10"8 to 1079 square centimeters (cm2) for frac-
tured and unfractured intervals. Similar data were obtained from water injec-

tion tests performed in one borehole to verify the results of the air
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injection tests. No significant difference between fractured and unfractured
tuff was noted. Vacuum tests performed on 18 intervals in the same boreholes
yielded slightly lower permeability values, but with an average also in the
10'8 to 1079 cm2 range. Laboratory tests of intrinsic permeability of core
samples of the Bandelier Tuff yielded values in the low 1079 cm? 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 characteristiec 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 6f 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 peribd. 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 max imum 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. 1In

" 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 sampiing and analysis ¢f 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 r*\s
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. Volétile

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, etec.).

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 ind 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 ma jor recharge area in
the Valles Caldera (west of the Pajarito Piateau) 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 o,

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 Cafada del Buey
(bounding Mesita del Buey 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 Caflada del Buey 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 Buey 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 L is

similar to that of the tuff throughout the western
Pajarito Plateau.
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10.
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Vertical and near-vertical fractures (formed during
cooling of the volcanically deposited material) are
common in the Bandelier Tuff on Mesita del Buey (and
elsewhere), though the degree of openness or pervasive-
ness of individual fractures is not well characterized.

No major fault zones that could serve as conduits from
the shallow subsurface to the regional water table are
known to exist at or near Areas G and L.

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.

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.

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.

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.

No perched bodies of water, which could be hydraul-
ically connected to the main aquifer, have been
detected 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. No perched water was
detected in Cafiada 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.




TABLE ES-1

SUMMARY OF REQUIREMENTS AND COMPLIANCE WITH COMPLIANCE ORDER PARAGRAPH 25

PARAGRAPH 25 REQUIREMENTS

TESTS CONDUCTED TO SATISFY REQUIREMENT

Plate Method

ACCEPTABLE SAMPLE SAMPLE TEST INTERVAL TESTED
TASK METHODS FREQUENCY LOCATIONS CONDUCTED BOREHOLE (FEET BELOW SURFACE)
. Intrinsic » Constant head test + 5 holes 125 ft deep <+ TA-54 Area G + Laboratory LLM-85-01 30, 52, 101, 124
Permeability <« Flow test e 1 test per horizon « TA-5U4 Area L (Dynamic, LLM-85-02 7, 36, 67, 117
of Tuff, k + Pressure transient + 6 tests per hole Klinkenberg) LLM-85-05 15, 36, 76, 123
test LGM-85-06 29, 51, 99, 115
LGM-85-11 3, 30, 94, 115
* Field
Vacuum Tests LLM-85-01 30-33, 70-73, 80-83, 94-97
(Pressure LLM-85-02 10-13, 25-28, 87-90, 87-90
Transient) LLM-85-05 15-18, 40-43, 50-53, 60-63
' LGM-85-06  10-13, 40-43, 60-63, 82-85,
87-90, 100-103
LGM-85-11  35-38, 77-80, 110-113
Air Injection LLM-85-01 9-15, 30-36, 51-57, 72-78, 93-99
Tests LLM-85-02 9-15, 24-30, 45-51, 66-72, 87-93
(Pressure LLM-85-05 24-30, U5-51, 55-61, 75-81, 82-88
Transient) LGM-85-06 38-44, 60-66, 81-87
LGM-85-11 9-15, 14-20, 35-41, 56-62, 77-83,
99-105, 108-114
. Moisture * Any standard lab + 5 samples from each -« TA-54 Area G e Centrifugal LLM-85-01 30, 52, 101, 124
Characteris- method of U horizons « TA-54 Area L Method LLM-85-02 7, 36, 67, 117
tic Curves, « Drying curve only LLM'gs‘Og 15, 36, 76, 123
M th thod LGM-85-0 29, 51, 99, 115
v(8) N e o one metho LGM-85-11 3,30, 94, 115
* Pressure Samples Disaggregated



TABLE ES-1
SUMMARY OF REQUIREMENTS AND COMPLIANCE WITH COMPLIANCE ORDER PARAGRAPH 25
(Continued)
PARAGRAPH 25 REQUIREMENTS TESTS CONDUCTED TO SATISFY REQUIREMENT
ACCEPTABLE SAMPLE SAMPLE TEST INTERVAL TESTED
TASK METHODS FREQUENCY LOCATIONS CONDUCTED BOREHOLE (FEET BELOW SURFACE)
. Unsaturated « Theoretical and ¢ 5 samples from each < TA-54 Area G+ Laboratory LLM-85-01 30, 52, 101, 124
Hydraulic laboratory methods of 4 horizons e TA-54 Area L (Dynamic LLM-85-02 7, 36, 67, 117
Conductivity required Method ) LLM-85-05 15, 36, 76, 123
of Tuff LGM-85-06 29, 51, 99, 115
K(e) » Sufficient number : LGM-85-11 3, 30, 94, 115
of different methods
must be employed to » Theoretical LLM-85-01 52, 101
give trustworty (Van LLM-85-02 36
predictions Genuchten LLM-85-05 123
Method) LGM-85-06 99, 115
LGM-85-11 94
. Infiltration < Neutron logging and « 4 holes, 2-50 ft = 2 at TA-S4 » Neutron LLN-85-04 108 ft
and Redistri-  Moisture blocks or deep and 2 100-ft Area G Logging LGN-85-08 50 ft
bution of psychrometry deep « 2 at TA-54
Meteoric . + Neutron log each 2 Area L » Psychrometers LLP-85-03 95 ft, 23 sensors
Water Into weeks with daily LGP-85-07 52 ft, 15 sensors
Tuff logs after 2 autumn
storms
« 10 potential sensors
per hole




TABLE ES-1
SUMMARY OF REQUIREMENTS AND COMPLIANCE WITH COMPLIANCE ORDER PARAGRAPH 25
(Continued)
PARAGRAPH 25 REQUIREMENTS TESTS CONDUCTED TO SATISFY REQUIREMENT
ACCEPTABLE SAMPLE SAMPLE TEST INTERVAL TESTED
TASK METHODS FREQUENCY LOCATIONS CONDUCTED BOREHOLE (FEET BELOW SURFACE)
5. Core and Pore + Standard methods e At least 6 holes of + 2 at TA-54 » Core Analyses LGC-85-09 10 ft intervals
Gas Analyses for inorganics varying depths Area G LGC-85-10 10 ft intervals
+ GC or GC/MS for » Cores analyzed for « U4 at TA-5U4 LLC-85-12 10 ft intervals
volatile arganics inorganies and Area L LLC-85-14 10 ft intervals
volatile organics LLC-85-15 10 ft intervals
at 10 ft intervals LLC-85-16 10 ft intervals
» Pore gas samplers
in bottom of holes * Pore Gas LGC-85-09 37, 63, 80, 91
* Analyze quarterly Samplers LGC-85-10 31, 53, 95
LLC-85-12 6, 27, "
LLC-85-13 21, 43, 65
LLC-85-14 13, 31, 46, 86
LLC-85-15 19, 32, 82
LLc-85-16 7, 17, 102
6. Analysis of + Observation wells + 6 wells bottoming » 3 wells in * Well CDBO-1 15 ft
Perched in side canyons in tuff Cafada del Installation CDBO-2 18 ft
Water * Report summarizing » Samples and water Buey CDBO-3 12 ft
applicability of levels collected + 3 wells in CDBO-4 12 ft
research in Mortan- quarterly Pajarito
dad Canyon Canyon PCO-1 22 ft
PCO-2 22 ft
PCO-3 20 ft
PCM-1 60 ft
PCM-2 120 ft
PCM-3 60 ft

PCM-4 60 ft
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1.0 INTRODUCTION

1.1 PURPOSE AND SCOPE

This report presents a summary of the geohydrology of Waste Disposal Areas G

and L in Technical Area (TA) 54 at Los Alamos National Laboratory (see Figure
1-1 for site location). Also presented are other pertinent data and discus-
sions relevant to the potential for migration of hazardous waste from the
disposal areas. This report was prepared in response to a Compliance Order/
Schedule dated May 7, 1985 (Docket Number 001007) issued to the U.S. Depart-
ment of Energy, Los Alamos Area Office and the University of California, Los
Alamos National Laboratory by the Environmental Improvement Division (EID) of
the State of New Mexico Health and Environment Department. The Order, issued
pursuant to the New Mexico Hazardous Waste Act, mandated that certain tests
and investigations be performed at Areas G and L to obtain information on the
geohydrological characteristics of the waste disposal area relevant to the
potential for migration of contaminants into the area ground water. A copy of
the Order is included as Appendix A,

Work was initiated in late 1985 to fulfill the testing requirements in the
Order, and numerous reports on the results of individual tests or groups of
tests have been prepared by Bendix Field Engineering Corporation/Grand Junc-
tion (BFEC, now UNC Technical Services, Inc.) and Los Alamos National
Laboratory. Also, data have been obtained since publication of the most
recent reports that are relevant to geohydrologic characterization of Areas G
and L. The purpose of this report is to summarize the results of the recent
work (published and unpublished) and to combine these data with published
information on site characteristics into a cogent "publishable" report on the

chemical waste migration potential in the lithosphere at Areas G and L.

The report is divided into six sections. The remainder of this section
provides a brief summary of waste disposal operations at TA-54, Areas G and L,
and a general description of the activities performed to satisfy individual
test requirements in the Order. Section 2.0 provides a summary description of
the regional and site geology. Sections 3.0 and 4.0 describe the hydrologic
characteristics and chemical characteristies, 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 iﬁ

Technical Area 54 on Mesita del Buey located in the southern half of Section
31, T19N, RTE (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 Afea 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 mainﬁained
between pits, and all pits are located a minimum of 50 feet from the edge of
the mesa (Zygmunt, 1984).

After excavation of each pit into the Bandelier Tuff, geologic and photo-

graphic records are made of the floor and walls. Pit floors are then layered
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with a one-half-foot blanket of compacted crushed tuff. Solid or solidified
wastes are placed in the pits in layers with one-half-foot layers of crushed
tuff between layers of waste. When the pits are filled to within about three
feet of the lowest point of the pit rim, they are covered with crushed tuff
and topsoil to minimize run-on and erosion (Zygmunt, 1984).

1.2.1.2 Area G Trenches

Eight trenches for storage of waste are present in Area G, four of which are
not yet excavated. Trenches A and B are cored in the tuff with three-foot
diameters by two-foot\holes on about three-foot centers. Casks which contain
waste are placed within the trenches. Each waste cask stores two 30-gallon
drums of waste. After an array of casks has been placed into a trench, the
trenches are backfilled with crushed tuff to the level of the casks. Corru-
gated decking is placed on top of the cask lids and the trenches are filied 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 radiocactive 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: 1lined 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 Area L

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 6ne-
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.

1.3.1 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

LAN:1702-Sec1 1-4




obtained using a two-inch diameter, five-foot long, split-barrel sampler.
attached to the center drill stem of the augers. Of the about 2,190 total
footage drilled, 1,709 feet of core were obtained from 16 of the holes (Table
1-2). Standard four-inch outside diameter solid stem augers were used to bore
the two drill holes from which no core was desired. Core was obtained in
five-foot intervals and samples for the various tests planned were collected
from the core and appropriately preserved. After samples were selected, a
lithologic log was prepared (lithologic logs are provided in Appendix C) and
the core was placed in labeled boxes for transfer to a storage facility. All
down-hole equipment was decontaminated by steam cleaning followed by a
methanol rinse and air-drying after completion of each test hole to obviate
the potential for cross-contamination. In addition to these 18 holes, a 60-
foot deep borehole was sunk near the surface impoundment at Area L (Figure 1-

3) to obtain core samples for chemical analysis.

After drilling was complete, each hole was geophysically logged using four
different probes to generate the following data: 1) spectral gamma and three-
arm caliper logs, 2) natural gamma, epithermal neutron and vertical deviation
logs, 3) magnetic susceptibility logs, and 4) moisture logs derived from epi-
thermal neutron data. In addition, 16 of the 18 holes were logged with
another probe to generate a gamma-gamma density, natural gamma and one-arm

caliper log. Copies of all logs run are provided in BFEC (1985a).

The manner in which each test hole was completed depended on its primary
purpose. The hole numbering scheme provides a code that indicates the general
completion configuration for each hole and the sequence in which the holes
were drilled. The first letter in each hole number, L, refers to Los Alamos.
The second letter, G or L, identifies the waste disposal area in or near which
the hole is located. The third letter indicates the primary purpose for which
the hole was drilled; the codes were assigned as follows:

e« M: Moisture Holes - To be used to determine intrinsic
permeability and hydraulic conductivity of the tuff

e (C: Core and Pore-Gas Sampling Holes - To be used to
collect samples for EP-toxieity and volatile-organic
analyses, and for the installation of pore-gas sampling
apparatus
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e B 0 a0 €Yo e, e,

+ P: Psychrometer Holes - To be used for the
installation of thermocouple psychrometers and pressure
transducers to determine local moisture conditions,
temperature, and pressure

e 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-U4 and Table 1-2). Four test
holes were drilled into the alluvium of Cafnada 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 Cafiada 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 Mesita 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 hydraulie conductivity. Samples of
alluvium from some holes drilled in Cafiada del Buey and Pajarito Canyon were
also tested to determine gravimetric moisture content (see Section 5.2 for
details).

In addition to laboratory tests to determine pertinent hydrologic parameters,

field tests were also conducted in the test holes drilled on Mesita del Buey.

These tests included two types of borehole injection tests and vacuum tests
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(Section 3.2). Other investigations performed in these test holes over a
period of months included atmospheric/rock-pore pressure monitoring, measure-
ments of temperature and water potential, and neutron moisture measurements
(Section 3.5). Hydrologic investigation activities in the holes in the can-
yons consisted only of measuring water levels over a period of months in those

holes that encountered perched water (Section 5.2).

1.3.3 Chemical Analyses

Analyses of rock core and pore gases from the Mesita del Buey test holes and
water samples collected from the canyon monitoring wells were performed for a
selected group of parameters. Parameters included those needed to detect
constituents of wastes disposed of at Areas G and L. A discussion of the
sampling and analytical regimens and the analytical results for core samples
and pore gas samples are presented in Sections 4.2 and 4.3, respectively. For
water samples, analytical results are presented in Section 5.2.
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TABLE 1-1. .
. COMPLIANCE ORDER PARAGRAPH 25 TASKS AND CORRESPONDING REPORT SECTIONS #)

COMPLIANCE ORDER PARAGRAPH 25 TASK

REPORT SECTION

Task 1. Intrinsic Permeability of Tuff, k
Task 2. Soil Moisture Characteristic Curves, ¥(8)
Task 3. Unsaturated Hydraulic Conductivity of Tuff, K(9)

Task 4. Infiltration and Redistribution of Meteoric
" Water into Tuff

Task 5. Core and Pore Gas Analyses

Task 6. Analysis of Perched Water

LAN:1702-T1-1

3.2
3.3.2
3.4

3.5
4.1, 4.2, 4.3
5.2



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 lg 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
PCO-1 0 22
PCO-2 0 22
PCO-3 0 20
PCM-1 0 60
PCM-2 0 120
PCM-3 0 60
PCM-U4 0 60
CDBO-1 0 15
CDBO-2 0 18
CDBO-3 0 12
CDBO-U 0 12

hole augered with a U-inch-0.D. solid-stem auger.
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SHAFT
SWAFT | DIAMETER DATE DATE
. (FEET) DRILLED | CAPPED CONTENTS
1 3 w30 9/83 ORGANICS(2)
2 3 U715 7779 ACIDS L BASES
3 3 U7 11778 THORGANIC
[ 3 7 /80 ORGANIC
3 7 /77 WASTE OI1.
/75 77 REACTIVE
/7 /7 REACT
[ 77 /7 REACT TV
9 /7 /7 GAS CYLINDERS
10 . /7, /7 WASTE 011
1 1778 77 WASTE O1L/SOLVERY
12 [ /7% 177 WASTE 01L/SOLVENT
13 /79 5/82 1RORGANTC
1 /79 5/82 REACTIVE
/7 /82 REACTIVE
6§/7 /82 GAS CYL INDERS
&/7 5/82 ORGANIC
18 §/7 /80 WASTE O1L
19 /80 5/8 WASTE O[L
20 /80 98 TNORGANIC
/80 1/8 GAS_CYLINDERS
w30 9/83 ORGANIC
23037 [] w/82 3/84 MASTE O(t
28 [ w82 /80 ORGANIC & WASTE OfL
25 § /82 5/85 [norGanic |
2% 3 (Y7 3/80 MLI_E‘__
27 v 1783 85 SPECIAL(S)
28 [ 82 /85 SPECTAL
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[ 30 3 1 8/84 ORGANIC
3 6 1 3/88 ORGANIC
32 [) Iy /84 ORGANIC
33 3 /84 P ORGANTC
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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 U0 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, conéentrated solely on the geology of
the plateau, have been undertaken to gain further basic knowledge of volecanic
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 volcaniec
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 volecanic field covers an area of over 30 miles
east-to-west and 50 miles north-to-south and is over 4000 feet in thickness
near the center (Woodward, 1974).

The Jemez volcanic field unconformably overlies the eastern part of the
Nacimiento uplift and the southern Chama basin. The Chama basin, the San Juan
Basin and the Gallina-Archuleta arch are part of the Colorado Plateau, whereas
the Brazos and Nacimiento uplifts (Figure 2-1) are generally included with the
Southern Rocky Mountains (Woodward, 1974). These features attained their

present structural outlines during the Laramide orogeny of Late Cretaceous and
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early Tertiary time. Superimposed on these Laramide structures is the Rio -
Grande rift that began to form during the Miocene. Volcanism in the Jemez
area began in Pliocene time after initial development of the rift with extru-
sive rocks accumulating along the western margin of the rift contemporaneously
with late stages of rifting (Woodward, 1974). Initial eruptions were domi-
nantly mafic to intermediate-flows, which probably formed low, coalescing
shields. Eruptive activity culminated in the early Pleistocene‘with explo-
sive, caldera-forming eruptions of ashflow tuffs, which covered most of the
shields and formed two calderas, the largest and youngest of which is the
Valles Caldera located seven to ten miles west of Los Alamos, New Mexico
(Kudo, 1974). Extensive studies of the Jemez volcanism have been performed by
Ross et al. (1961), Bailey et al. (1969), Smith and Bailey (1966, 1968) and
Smith et al. (1970).

Major tectonic features here are dominated by vertical movements. Minor
horizontal shift and compressional features, however, occur in parts of the
Colorado Plateau and Southern Rocky Mountain structures. The stratigraphy,
structure and tectoniecs 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 Buey 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
Cafiada 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-vertical cliffs from
the mesa top to the canyon floors. The stratigraphy and structure of Mesita
del Buey 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 volcanie 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 Volecanic

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 rhyoiitic ﬁ)
tuffs of the Pleistocene Bandelier Tuff. The Bandelier Tuff has been subdivi-

ded into three members (Griggs, 1964), which are from lowermost upward: the

‘ Gua je 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-U4) 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. m)
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Overlying the Tesuque Formation at Mesita del Buey are the Totavi Lentil and
Fanglomerate Member of the Puye Conglomerate. West of Mesita del Buey, the
Tschicoma Formation is often found above the Tesugque on the Pajarito Plateau;
however, it is thought that the Tschicoma does not extend as far east as
Mesita del Buey (Figure 2-2). The Totavi Lentil, the lower member of the Puye
Conglomerate, consists of about 70 feet of subrounded quartzite, chalcedony
and cobble-chip gravels in a sand matrix. The Fanglomerate Member of the Puye
is comprised of a series of basalt, latite and quartzite gravel, pebble and
cobble layers intercalated with sandy gravel layers. The Fanglomerate Member
is about 640 feet in thickness at borehole PM-2.

Overlying and interfingering with the Puye Conglomerate at Mesita del Buey are
the basaltic rocks of Chino Mesa (Figure 2-4). The Chino Mesa flows are
described from boreholes PM-2 and T-5 to consist of layers of dense, olivene-
containing, vuggy basalts intercalated with vuggy, scoria-containing basalt.
Borehole logs from PM-2 indicate that the basalts of Chino Mesa are
approximately 270 feet in thickness.

The ashfall and ashflow tuffs of the Bandelier Tuff overlie the Chino Mesa
basalts. The Bandelier has been divided into three members, which are in
ascending order, the Guaje, the Otowi and the Tshirege Members (Figure 2-3).
The Guaje Member is an ashfall pumice with a thin layer of pumiceous tuff at
its base. The Guaje consists of gray lump-pumice fragments as large as two
inches in diameter, and glass shards and quartz and sanidine crystals are
present in the cellular structure (Purtymun and Kennedy, 1971). The upper tuc
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 Buey as recorded in borehole logs from T-5 and
T-6 (Rogers, 1977). The thickness of the Otowi in borehole PM-2 is noted as
375 feet, however, the overlying Tshirege Member was not identified from

borehole cuttings and may have been included with the Otowi.

The Tshirege Member of the Bandelier Tuff has been divided into three units,
two of which (Units 1 and 2) occur at Mesita del Buey (Figure 2-5). The third
unit, a non-welded to moderately welded pumiceous tuff is absent (Purtymun and
Kennedy, 1971). The first two units dip two to three degrees to the southeast
and thin in the direction of the dip and with increasing distance from their
source in Valles Caldera. Each of Units 1 and 2 has been subdivided into two
subunits (a and b) and are described as they appear at Mesita del Buey 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 Buey, 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 latitie to rhyolitic lithie lapilli. In the
western part of Mesita del Buey, 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 la, 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. 1In
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 Buey, the thickness of Unit 1b was found to range
from about 30 feet in the southeast to 50 feet in the northwest.
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Unit 2a is a light gray pumiceous tuff that contains rock fragments of pumice,
latite and rhyolite, with some quartz crystals in a light gray ash (Purtymun
and Kennedy, 1971). The contact between Units 1b and 2a is difficult to iden-
tify because Unit 1b is transitional into Unit 2a. In some cases, the contact
can be estimated based on subtle color changes or by an increase in the size
of the pumice lapilli from Unit. 1b to Unit 2a. In addition, the magnetic sus-
ceptibility and apparent density geophysical logs run in some of the boreholes
on Mesita del Buey helped to identify the Unit 1b - Unit 2a contact (BFEC,
1986). Unit 2a is thought to consist of two ashflows or ashfalls. In the
western part of Mesita del Buey, Unit 2a appears as a moderately welded tuff
that forms a vertical wall along the canyons. The unit becomes progressively
less well welded eastward and is described as nonwelded along the eastern edge
of Mesita del Buey (Purtymun and Kennedy, 1971). The nonwelded portion of
Unit 2a is thought to be an ashfall, rather than ashflow tuff. Unit éa 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 welded, 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 Bhey 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 U5 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 downthroun 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 bé displaced as much as 500 feet along the
easternmost fault. The difference in displacement seems to indicate recurring

movement along a pre-Bandelier fault (Griggs, 1964).
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The ashflows of the Bandelier Tuff are broken into a number of blocks by
joints formed by shrinkage as the ashflow cooled. The near vertical attitude
of most of the joints and the curved form of some are indicative of formation

by cooling. The joints are more numerous in welded than in nonwelded tuffs

' because the welded tuffs were deposited at higher temperatures (Purtymun and

Kennedy, 1971). The jointing in the Bandelier and other volcanic units in the
Mesita del Buey area is discussed in the following section.

2.2.2.2 Structure of Mesita del Buey , ‘
No faults are known to break the rocks of Mesita del Buey (Figures 2-4 and

2-6). The ashflows of the Bandelier Tuff thin eastward because of the topo-
graphically high basalts of Chino Mesa on which they were deposited (Purtymun
and Kennedy, 1971).

The most prevalent structural features in the rocks of Mesita del Buey are the
fractures or joints in the volcanic rocks caused by shrinkage upon cooling
after deposition. A good description of the jointing observed in the
Bandelier Tuff is provided in Purtymun and Kennedy (1971); portions of their

text have been reproduced below.

The joints are classified as master and minor joints.
Master joints are numerous and long, and may pass through
one or more ashflows. A single unit may contain several
ashflows emplaced at different times, but the joint pattern
of the older layer may tend to govern formation of joints
in the younger layer as it cools. Also, two or more ash-
flows may be laid down in rapid succession and cool as a
single unit with joints forming in the flows at the same
time.

.
inta A ...A
H a ve

cints are ical or nearly vertical an

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 per51st
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 the 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 N80O°W and NUOC°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. 1In 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 la; 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 #5 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 basaltiec 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 fractureé 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 épproximately 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-U4 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 uséd 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 hydrauliec head. The hydraulie 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 (6); 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.

LAN:1702-Sec3 3-1



As described above, calculation of moisture flux in the vadose zone entails
determination of unsaturated hydraulic conductivity and hydraulic head.
Unsaturated hydraulic conductivity can be measured directly or it can be
determined through measurement of rock permeability and relationships between
moisture content and pressure head, also known as soil moisture characteristic
curves [v(6)]. 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 épproximately the past eighteen months. Much of the data
was collected by Bendix Field Engineering Company, Inc. (BFEC) and Laboratory
personnel. Results of previous research are also incorporated as appropri-
ate. The discussion relies heavily on BFEC (1986) as this report presents
much of the collected data and the details of data collection methods.

Section 3.1 provides a brief discussion of the local climate and the impor-
tance of precipitation on evaluation of the vadose zone hydrology. Section
3.2 discusses permeability testing of the Bandelier Tuff (task 1). Section
3.3 discusses field moisture conditions, and measurement of soil moisture
characteristic curves (task 2). Section 3.4 discusses unsaturated hydraulic
conductivity determinations (task 3) and Section 3.5 presents the vadose zone
moisture monitoring program at Areas G and L (task 4). In addition, empirical
measurements of infiltration are provided in this section. Calculations of

moisture flux rates are presented in Section 3.6 and the vadose zone hydrology
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is summarized in Section 3.7. Definitions of terms and units used throughout

this section are presented in Appendix D.

Units of measurement utilized in this report vary from British (foot, pound,
second) to the International System (SI) and are sometimes inconsistent within
each system. This is due to ‘the different measurement units used in the ori-
ginal studies. Attempts were not made to convert these units to one system
due to the loss of precision encountered in some conversions and the resulting

"awkward" values associated with unit changes.

3.1 LOCAL CLIMATE

The climate of the study area can be characterized as a semi-arid, temperate

mountain climate. Laboratory wide precipitation averages approximate;y 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 permeability (k) of the vadose zone at
Areas G and L. Intrinsic permeability is a basic characteristic of the vadose

zone that requires evaluation to determine the magnitude of fluid movement
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through the tuff. Tests conducted to determine intrinsic permeability also
fulfill requirements of paragraph 25 - task 1 of the compliance order issued
to the Laboratory on May 7, 1985, by the State of New Mexico. The compliance
order specifies that at least five boreholes 125 ft deep be tested; and at
least one test per horizon per hole with a minimum of six tests per hole be

included.

Field methods for determining intrinsic permeability included air injection
and vacuum tests and a water injection test which is used for result compari-
son with air tests. Laboratory methods used were gas injection with correc-
tion for slippage (Klinkenberg Correction Method) and the Dynamic Method to
measure gas-water relative permeability. Procedures utilized for conducting
the tests and reduction of test data are presented in BFEC (1986).

3.2.1 Field Permeability Tests
3.2.1.1 Injection Tests
Conventional field methods for determination of unsaturated zone intrinsic

permeability and hydraulic conductivity usually involve maintenance of a con-
stant head of water in a borehole until flow becomes steady, e.g., Stephens
and Neuman (1982a, 1982b) and Stephens and others (1983). Dﬁe to the poten-
tial for mobilization of contaminants in the vadose zone in Areas G and L by
percolating water during and after infiltration tests, permeability tests
involving injection of water at depth were discouraged; rather, injection and
vacuum tests using air as the testing fluid were selected due to their lower
potential for mobilizing contaminants. In addition, the use of water as an
injection fluid above the water table has limitations as equations used to
reduce data assume that horizontal flow occurs throughout the system (see
BFEC, 1986).

It should be emphasized that air injection methods for determining vadose zone
permeability are currently experimental and may permit only a qualitative
analysis of the tested material. The use of air as an injection fluid
requires compensation for gas compressibility and volume changes caused by
changes in temperature and water vapor content. Attempts were made to compen-
sate for these factors during testing through use of additional instrumenta-

tion which closely monitored temperature. Corrections to pressure data
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necessary due to temperature changes could then be applied. Analysis of test
data assumes tests are conducted at sufficiently low pressures such that gas
compressibility is not significant.

. Permeability tests using air injection were conducted in five boreholes such
that each stratigraphic unit.in‘each borehole was tested. Six-foot test
intervals were isolated in open boreholes with a straddle packer assembly so
that 25 intervals, including seven adjacent to fractured zones, were tested.
BFEC (1986) describes test procedures and data reduction techniques. Table
3-3 presents the results of these tests. - Eight, nine, seven, and one
interval(s) in units 2b, 2a, 1b, and 1a were tested, respectively. Hydraulic
conductivity results are expressed as air relative values in 10'3 centimeters
per second (cm/s). The values range from a maximum of 2.8 x 10~3 cm/s along a
fractured zone in unit 2a at a depth of 45 - 51 feet to a minimum of 3.0 x 10'5
cm/s in an unfractured interval of units la and 1b at 99 to 105 feet below the
surface. The average hydraulie conductivity for fractured zones is 9.3 x 10'”
cm/s, based on 7 measurements, and the average for unfractured zones is 4.1 x
1074 cuss (18 measurements). The average conductivity for stratigraphic units
2b, 2a, 1b, and 1a are 7.5 x 10~%, 6.8 x 10-%, 2.4 x 10°%, and 8.8 x 10°5 cm/s
respectively, indicating a slight decrease in hydraulic conductivity with
depth. Again, care should be used in application of these data as the test
method used is currently experimental.

Permeability and hydraulic conductivity measurements of each stratigraphic

unit were performed in borehole LLM-85-05 using a water injection test. Water
was used in this borehole because it is located outside of Areas G and L and
potential mobilization of contaminants was not of great concern. Testing
procedures are described in BFEC (1986). The water injection tests yielded
hydraulic conductivity measurements ranging from 1.0 x 10-3 em/s to 4.6 x 10'Ll
cm/s with an average of 7.6 x 1074 em/s. These measurements compare favorablyb
to those determined by air injection and thus lend credibility to the air

injection method.
3.2.1.2 Vacuum Tests

In addition to the air injection tests described above, *the Laboratory con-

ducted a series of air vacuum tests to verify injection test results and
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further characterize the in situ permeability of the Bandelier Tuff. Vacuum
tests were conducted in the same boreholes as injection tests: LLM-85-01,
LLM-85-02, LLM-85-05, LGM-85-06, and LGM-85-11. Twenty-one tests were
conducted over one meter intervals. As with the injection tests, tested
intervals were isolated by using a straddle packer assembly in an uncased
borehole. Tests could not be performed in certain intervals due to the
inability of the vacuum pump to sufficiently evacuate the test interval. Six,
five, nine and one interval(s) in stratigraphic units 2b, 2a, 1b, and 1a were

tested, respectively.

The air-vacuum test is based on methods used by the petroleum industry in
evaluating permeability of gas producing intervals and is a pressure transient
test. Horner (1951) presents a déscription 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-U presents results of the vacuum permeability tests conducted in Areas

G and L. The average intrinsic permeability for test intervals adjacent to

-8 om? (square centimeters) (3 measurements),

-8

fractured zones is 1.28 x 10
while permeability in unfractured zones averages 1.25 x 10 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
1079 em?, Thesé averages indicate an order of magnitude decrease in intrinsie

permeability with stratigraphiec 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 1079 cm® at a depth of 115 feet in borehole LGM-85-06 to 18.0 x 10~9 em?
at a depth of 99 feet for the same borehole. The average Klinkenberg permea-
bility for units 2b, 2a, 1b, and la are 5.75 x 1079 cm2, 2.86 x 1079 cm2, 5.85
x 1079 cm2, and 2.4 x 1079 cm? 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

Comparisbns of average inérihéiévbéfmeability measurements determined 5§-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

4s 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 characteristiec 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 U4 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 characteristie 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

LAN:1702-Sec3 3-9



capillary pressures and determining the moisture content remaining in the
sample. Drying curves only were determined for the samples and effects of
hysteresis were not considered. BFEC (1986) provides additional discussion of

procedures.

Results of the analyses and identification of the borehole, depth, and
stratigraphie 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 pdunds 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 (6,) 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(8): 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 compliaﬁce order which specifies that five samples from each of at least
four horizons be sampled. Analysés 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 k, and ka are defined as the
effective permeabilities of the medium to water and air. Each rock has char-
acteristic curves of effective permeability versus pressure head for air ka(w)
and water k. (¥). 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 hydraulie
conductivity by the Dynamic Method is taken from BFEC (1986).

The Dynamic Method was also used to determine permeability
as a funetion 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 (6_.) 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%sr Tuff range §rom 86.1 to 1301
mll%édarcys [(8.5 ¥ to 1.3 x 1073 em?) or (9.1 x

A x 10-11 ftz)] 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 Dynamie 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 hydraulie
conductivity may be calculated from effective permeability data by the
following equation:

- kog - (3-1)

where

hydraulic conductivity at moisture content 6
effective water permeability at moisture content @
density of water

gravitational acceleration

dynamic viscosity of water

=00 XN
(TR TR TR TR

Since unsaturated hydraulic conductivity is proportional to moisture content,
(i.e., conductivity decreases with decreasing moisture) and the permeability
data collected are measured for greater moisture contents than observed in the
field, calculations of unsaturated hydraulic conductivity are presented for
the minimum moisture. conditions measured in the laboratory. These data
represent hydraulic conductivities greater than the maximum likely to be
encountered under field conditions.

Effective permeability at minimum moisture content was measured from graphs of

air and water permeability versus percent saturation presented in Appendix D
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of BFEC (1986). These data and the results of hydraulic conductivity
calculations are presented in Table 3-9. Constants used in the calculation of
unsaturated conductivities are typical of ground water (Freeze and Cherry,

2, and u = 1.124 cP
(centipoise). Unsaturated hydraulic conductivity calculated from measured

1979) and are as follows: ¢ = 1.0 g/cm3, g = 980 cm/s

effective permeability for 64 to 95 percent water saturation (25.2 to 61.3

percent volumetric water content) ranges from 1.63 x 1077 to 3.01 x 1079 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 hydraulie conductivity as a function of moisture‘content, K(e),
and as a function of capillary pressure, K(y), was determined for sambles of
Bandelier Tuff using models described by van Genuchten (1978) and Mualem
(1976). The models output graphs of K(y) and K(8) 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) are presented
in BFEC (1986).

Graphs of unsaturated hydraulic conductivity as a function of moisture content'
and capillary pressure for representative samples of Bandelier Tuff are pre-

sented in Appendix F. The curves are of limited use because one of the model
input parameters, the y(6) relationship, could not be determined in the range
of conditions present within the tuff [i.e., moisture content less than 10

" 1 anAd
i CRLiS

=10 bar. Heo
hydraulic conductivity decreases with decreasing capillary pressure and mois-
ture content and K(¢) and K(6) were determined for ranges higher than field
conditions, it can be concluded that lowest measured K(y) 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(8) was measured is approximately 7.8 x 103
cm/day or 9.1 x 10-8 cn/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 ¢(6) relationship or the soil characteristic curve. However, due to dif-
ficulties in measuring ¥(8) 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 initiatéd 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 wére
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 Area L 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 6f 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:

% error = ——199——-i (3-2)
(xet/16)
where
X = number of slow neutron counts
t = counting time in seconds

The two point calibration for the model 503DR instrument yields an average of
157 counts per 16 second counting period at 0.075 percent moisture. These

data yield a 7.98 percent error in precision for low moisture conditions.
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Moisture profiles measured in 1986 in Areas G and L are consistent with
moisture measurements conducted in previous studies of the Bandelier Tuff.
Abeele and others (1981) present neutron-moisture data of the tuff for various
locations at the Laboratory measured between 1960 and 1980; typically, the
upper 10 to 15 feet of tuff exhibit moisture conditions ranging from 10 to 40
percent by volume. Moisture rarely exceeded 5 to 10 percent below 15 feet of
depth. The data presented by Abeele and others for Area G show that signifi-
cant seasonal fluctuations in moisture content exist in the uppermost four
meters of disturbed areas in Area G. These older data are consistent with the
1986 data (Figures 3-3 and 3-4).

Gravimetric moisture data, and neutron-moisture data collected during the
1985-86 and 1960-70 studies are consistent in showing the following trends:
+« The moisture content of the tuff throughout the area is

low, typically between 2 to 5 percent with intervals
ranging up to 10 to 28 percent

« Seasonal variation of moisture content occurs in the
upper 10 to 20 feet of the tuff. Seasonal variations
are not measurable below approximately 20 feet

» Precipitation from monitored autumn storms does not
infiltrate below approximately ten feet.

Empirical studies of neutron-moisture measurement, described above, lead to
the conclusion that the tuff is not saturated, in fact it is very dry, and
moisture from precipitation does not appear to infiltrate to signifieant
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
Wwith 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 aﬁd 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 measﬁrements 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 véry 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(e8)VH (Everett and others, 1984) (3-3)
where

J = specific discharge or flux (volume per unit area per
unit time) ,

K(8) = hydraulic conductivity, expressed as a function of water
content, 6

H = total hydraulic head, the sum of soil-water pressure head, v,
and potential head, z

VH = 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 ﬁoisture
conditions, and 2) a theoretical method based on the characteristic curves
(Section 3.3.2.2). Due to experimental difficulties, K(8) 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(@) likely to be
encountered in the field. Values of K(@) 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 108 cm/s (2.64 x 107" ft/day)
and 4.66 x 1078 cm/s (1.32 x 101 ft/day) for measured conductivities.

Hydraulic head gradients are determined from monthly soil tension averages as

measured by psychrometers located in Areas G and L. The total hydraulic head
(H) can be calculated by the formula:
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H =z p+z (Freeze and Cherry, 1979) (3-4)

where
¢ = capillary pressure
zZ elevation
In the unsaturated zone $<0

Elevations in feet above mean sea level were determined for psychrometers
located at depths of 2U, 41, 50, 76, and 96 feet in area L 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 2U-50 feet; 50-76 feet, and
76-96 feet below the surface in Area L and 22-U42 feet and U42-52 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 1074 ft/day) range from a maximum downward flux of 0.508 ft/yr (15.5 em/yr)
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to a maximum upward flux of 0.397 ft/yr (12.1 cm/yr) in Area L. 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
G rates range from downward flux of 0.491 ft/yr (1.49 cm/yr) to upward flux of
0.041 ft/yr (1.25 em/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 poroﬁs
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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e Field and laboratory intrinsic permeability tests
ind&cats average permeability of the tuff to be 10"8 to
1077 cm This represents moderate permeability

similar to that of silty sand.

e 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 conductigity of the tuff was
determined to be approximately 107" 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(9)
are likely lower than these values.

e 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.

e 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.

e 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.

LAN:1702-Sec3 3-23



TABLE 3-1
MEAN MONTHLY PRECIPITATION (INCHES)
LOS ALAMOS, NEW MEXICO

JAN FEB MAR APR MAY JUNE JULY AUG  SEPT OCT NOV DEC ANNUAL
White Rock 0.25 0.24 o0.24 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 0.8 1.6 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 13.145(2)

(V)From NMEID (1985).
(2)Five years of record; annual total based on 75 percent of TA-59/TA-3.
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TABLE 3-2
PRECIPITATION MEASURED AT TA-54 AREA G, 1986

MONTH JAN FEBL MAR APR MAY JUNE JULY AUG SEPT OCT NOV  DEC Annual
Precipitation 0 0.91 0.81 1.46 1.38 3.45 2.19 1.12 2.3 2.10 2.45 0.64 18.85
(inches)
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TABLE 3-3
HYDRAULIC CONDUCTIVITY DETERMINED FROM AIR-INJECTION TESTS IN LOS ALAMOS DRILL HOLES

HOLE GEOLOGIC  TEST INTERVAL(1) FRACTURES HYDRAULIC gONDUCTIVITY (g)
NUMBER UNIT (ft) INTERVAL DESCRIPTION PRESENT? cm/s x 10” ft/s x 107
LLM-85-01 2b 9-15 Upper 2b, Moderately Welded No 1.2 4.1
LLM-85-01 2b 30-36 Lower 2b, Moderately to Slightly Welded No 0.70 2.3
LLM-85-02 2b 9-15 Upper 2b, Moderately Welded Yes 0.094 0.31
LLM-85-02 2b 24-30 Middle 2b, Moderately Welded No o.n 0.37
LLM-85-05 2b 24-30 Mid-Lower 2b, Moderately Welded No 0.91 3.
LGM-85-11 2b 9-15 Upper 2b, Moderately Welded No 1.5 5.
LGM-85-11 2b 14-20 Middle 2b, Moderately Welded Yes 1.4 4.7
LGM-85-11 2b/2a 35-41 Contact 2b/2a, Slightly Welded ~ No 0.12 0.U40
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
LLM-85-02 2a I}5.5-51.5 Upper 2a, Slightly Welded . Yes 0.14 0.45
LLM-85-02 - 2a 66.5-72.5 Mid-Lower 2a, Moderately Welded No 0.14 0.45
LLM-85-05 . 2a i5-51 Upper 2a, Slightly Welded ’ Yes 2.8 9.3
LLM-85-05  2a 55-61 Middle 2a, Slightly Welded Yes 1.9 6.2
LGM-85-06 2a 38-44 Upper 2a, Slightly Welded Yes 0.067 0.22
LLM-85-05 2a/1b 75-81 Contact 2a/1b, Slightly Welded No 0.052 0.17
LGM-85-11 2a/1b 56-62 Contact 2a/1b, Slightly Welded No 0.52 1.7
LLM-85-01 ib 93-99 - Mid-Upper 1b, Slightly Welded No 0.082 0.27
LLM-85-02 1b 87-93 Upper 1b, Slightly Welded No 0.085 0.28
LLM-85-05  1b 82-88 Upper 1b, Slightly Welded No 0.061 0.20

(1)Depth below ground level
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TABLE 3-3
HYDRAULIC CONDUCTIVITY DETERMINED FROM AIR-INJECTION TESTS IN LOS ALAMOS DRILL HOLES
‘ (Continued)

HOLE GEOLOGIC  TEST INTERVAL(!) FRACTURES  HYDRAULIC_ CONDUCTIVITY (K)
NUMBER UNIT (£t) INTERVAL DESCRIPTION PRESENT? em/s x 10~ ft/s x 10~
LGM-85-06 1b 60-66 Upper 1b, Slightly Welded No 0.64 2.1
LGM-85-06 1b 81-87 Middle 1b, Slightly to Moderately Welded No 0.52 1.7
LGM-85-11 1a/1b 99-105 Contact 1a/1b, Slightly Welded No 0.030 0.098
LGM-85-11 b 77-83 Middle 1b, Slightly to Moderately Welded No 0.23 0.77
LGM-85-11 1a 108-114 Upper 1a, Nonwelded No 0.088 0.2

From BFEC (1986)
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PERMEABILITY VALUES DETERMINED FROM VACUUM TESTS IN LOS ALAMOS DRILL HOLES

HOLE GEOLOGIC  TEST INTERVAL(1) » FRACTURES INZRINSIS PERMSABILIT¥2(k)
NUMBER UNIT (ft) INTERVAL DESCRIPTION PRESENT? cm©x 107 x 10°
LLM-85-01 2b 30-33.3 Lower 2b, Moderately Welded No 39 y2
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 A No 24 2.6
LGM-85-06  2b 10-13.3 Upper 2b, Moderately Welded No 38 I
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 4o-43.3 Upper 2a, Slightly Welded No ‘8.4 9.1
LLM-85-05 2a 50-53.3 Middle 2a, Slightly Welded No : 8.6 9.3
LLM-85-05 2a 60-63.3 Middle 2a, Moderately Welded No 8.6 9.3
LLM-85-06 2a 40-43.3 Middle 2a, Moderately Welded Yes 2.4 2.6
LLM-85-01  1b 80-83.3 Upper 1b, Slightly Welded No 5.6 6.0
LLM-85-01 1b 94-97.3 Upper 1b, Slightly Welded No 3.5 3.8
LLM-85-02 1b 87-90.3 Upper 1b, Slightly Welded No - 9.3 10
LGM-85-06 1b 82-85.3 Middle 1b, Slightly Welded No 1.0 1.1
LGM-85-06 1b 100-103.3 Lower 1b, Moderately Welded " No 0.84 0.90
LGM-85-11 1b 77-80.3 Middle 1b, Slightly Welded No 8.2 8.8
LGM-85-06 1b 60-63.3 Upper 1b, Slightly Welded No 8.7 9.4
LGM-85-11 la 110-113.3 "~ Upper 1a, Nonwelded No 2.7 2.9
LLM-85-02  1b 87-90.3 Upper 1b, Slightly Welded No 8.6 9.3

2.6

LLM-85-06 1b 87-90.3 Mid-Lower 2b, Moderately Welded No 2.4

Modified From BFEC (1986)

(1)Depth below ground level,
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TABLE 3-5
COMPARISON OF INTRINSIC PERMEABILITY VALUES DETERMINED
FROM AIR-INJECTION AND VACUUM TESTS IN LOS ALAMOS DRILL HOLES

TEST INTERVAL (£t)(V) , | INTRINSIC PERMEABILITY (k)
HOLE ATR-INJECTION VACUUM AIR-INJECTION TEST VACYUM TEST
NUMBER TEST TEST em/2 x 10” £t2 x 10712 em/2 x 10° £t x 10712
LLM-85-01 30-36 30-33.3 130 140 39 42
LLM-85-02 9-15 10-13.3 10 1 15 16
LLM-85-02 24-30 25-28.3 16 17 22 2y
LGM-85-11 35-41 35-38.3 17 18 5.5 5.9
LLM-85-01 72-78 70-73.3 19 21 43 46
LLM-85-01 93-99 94-97.3 7.6 8.2 ©3.5 3.8
LLM~85-02 87-93 87-90.3 3.3 9.5 9.3 10
LGM-85-06 60-66 60-63.3 120 130 8.7 9.4
LGM-85-06 81-87 82-85.3 84 90 1.0 1.1
LGM-85-11 99-105 100-103.3 3.3 3.6 0.84 0.90
LGM-85-11 77-83 77-80.3 32 . 35 8. 8.8
LGM-85-11 108-114 110-113.3 7.2 7.8 2.7 2.9

From BFEC (1986)

(1)Depth below ground level
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INTRINSIC PERMEABILITY VALUES nerm::lﬁg r%:n LABORATORY ANALYSIS OF CORE SAMPLES
INTRINSIC INTRINSIC
I, Cw muowme e RN, g, el
(rt)tﬁ) on/? x 10EE r2512020"2 ¢ cm/2 3'18? ¢ "Ech x_ 10712

LGM-85-11 2 MCG-618 3 Moderately Welded!3) 6.2 6.7 0.989 5.5 5.9
LLM-85-02 2 MCG-606 7 Moderately Welded 6.6 R 0.745 . 5.5 4.9
LLM-85-05 2 MCG-610 15 Moderately Welded 6.5 7.0 0.893 5.7 6.2
LLM-85-01 2 MCG-602 30 Moderately Welded 2.7 2.9 0.958 1.1 1.2
LGM-85-11 » MCG-619 30 Moderately Welded 3.2 3.5 0.949 2.9 3.1
LLM-85-02 2 MCG-607 36 Moderately Welded 11.0 12.0 0.714 1.2 1.3
LGM-85-06 2 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
LLM-85-01 2a MCG-603 52 Slightly Welded "R .4 0.969 2.1 2.9
LGM-85-06 2a MCG-615 51 Slightly Welded 2.5 2.1 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 1) MCC-612 76 Slightly Welded 2.1 2.3 0.944 1.3 1.4
LLM-85-01 b MCG-604 101 Slightly Welded 3.0 3.2 0.939 2.6 2.8
LGM-85-06 b MCG-616 99 Moderately Welded 18.0 19.0 0.917 13.0 4.0
LGM-85-11 b MCG-620 o4 Moderately Welded W 'R | 0.958 1.1 1.2
LLM-85-02 b MCG-609 17 Moderately Welded 3.3 3.6 0.973 1.7 1.8
LLM-85-05 ® MCG-613 123 Slightly Welded 5.2 S 0.902 1.6 1.7
LLM-85-01 b MCG-605 124 Moderately Welded " 6.0 6.5 0.850 2.3 2.5
LGM-85-11 1a MCG-621 115 Nomwel ded 3.4 3.7 0.933 1.8 1.9
LGM-85-06 1a MCG-617 15 Nonwel ded 1.4 1.5 0.970 0.93 1.0

FROM BFEC (1986)

(Dpetermined for Klinkenberg permeabilities
(2)geron ground level
1(3)Heathered

LAN: 1702-T3-6



TABLE 3-7
COMPARISON OF AVERAGE INTRINSIC PERMEABILITY VALUES FOR
THE MAJOR GEOLOGIC UNITS OF THE BANDELIER TUFF IN THE STUDY AREA

A INTRINSIC PERMEABILITY
UNIT AIR-INJECTION TEST ~ VACUUM TEST LABORATORY ANALYSIS

em/? x 1079 rt2 x 10-12 em/2 x 1079 f£t2 x 10712 em? x 1079 f£t2 x 10712
2b 93 100 23 25 5.7 6.2
2a 62 67 13 14 2.8 3.0
1b 26 28 5.7 6.2 5.7 ‘6.2
1a 7.8(1) 7.8(1) 2.7(1) 2.9 2.4 2.6

From BFEC (1986)

(1)Intrinsic permeability for this unit is based on only one measurement.
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TABLE 3-8

RESULTS OF MOISTURE/TENSION RELATIONSHIP, FFSTING 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 4s.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 L4y .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 27.17
3.663 60.0 24.9
S5.440 - 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

(DModified 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 4s.7
0.626 89.3 43.3
1.135. 84.2 40.8
1.757 79.1 38.4
2.474 73.9 35.8
3.268 68.6 33.3
LLM~-85-05 MCG-610 15 2b 0.174 90.0 7.3
' 0.328 84.5 4y y
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
.17 63.7 46.9
LLM-85-05 MCG-612 76 1b 0.072 97.1 72.0
0.344 94.0 69.7
0.800 90.9 67.4
1.424 87.8 65.1
2.198 84.6 62.8
3.109 81.4 60.4
LLM-85-05 MCG-613 123 1b 0.166 85.1 55.8
0.243 82.4 54.1
0.382 79.7 52.3
0.671 7.1 50.6
1.426 4.6 48.9
4,598 72.1 47.3

LAN:1702-T3-8



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 uy.9
0.542 84.5 Ly 4
0.818 84.3 4.3
1.527 83.4 43.9
4.825 82.2 h3.2
LGM-85-06  MCG-617 115 la 0.068 96.9 54.6
0.309 92.3 52.0
0.810 87.8 R
1.716 83.6 k7.1
2.388 81.6 45.9
3.259 79.6 ky .8
LGM-85-11 MCG-618 3 2b 0.296 88.7 48.2
0.594 81.9 Ly .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 k2.0
2.040 72.3 37.2
2.976 62.6 32.2
3.950 52.5 27.0
4.934 2.0 21.6

LAN:1702-T3-8



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 78.5 b7.2
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* TABLE 3-9

o ~ 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 1.5x1072 1.20x10°8  3.66x1070
LLM-85-01 52 80 51 9x10™2 7.74x10"8 2.19x10°%
LLM-85-01 101 68 42 5x10™3 4.3x1079 1.22x107°
LLM-85-01 124 86 42 4102 3.44x10-8 9.75x10~>
LLM-85-02 7 81 34 3.5%10"3 3.01x109 8.53x10~0
LLM-85-02 36 83 39 ~ 6x1073 5.16x107° 1.46%107°
LLM-85-02 67 71 31 9x10~2 7.78x10°8  2.19x107%
LLM-85-02 117 72 35 5.5%10™2 4.73x1078 1.34x10~%

LM-85-05 15 82 43 1.2x1072 1.03x10%  2.92x10°5
LLM-85-05 36 87 64 9x10~3 7.74x10™9 2.19x107°
LLM-85-05 76 83 62 71072 6.02x10~8 1. 712107
LLM-85-05 123 85 56 9x1072 7.74x10~8 2.19x10~4
LGM-85-06 29 73 31 9.5%10~3 8.17x1079 2.32x107°
LGM-85-06 51 7 31 4.5x1072 3.87x10°8 1.09x107%
LGM-85-06 99 93 49 1%10~" 8.6x10-8 2.44x10°4
L.GM-85-06 115 78 kil 6x1072 5.16x10°8  1.u6x107%
LGM-85-11 3 78 42 1.9x10"" 1.63x10°7  4.62x107"
LGM-85-11 30 69 36 2x10° 1.72x10°6 4.88x10-3
LGM-85-11 94 95 61 5x10~2 4.3x10°8 1.22x10°%
LGM-85-11 115 79 47 9x10™2 7.74x10-8 2.19x10°%

LAN:1702-T3-9
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TABLE 3-10

MODEL PREDICTED HYDRAULIC CONDUCTIVITY AT MINIMUM MEASURED MOISTURE

SAMPLE =~ VOLUMETRIC |
BORING DEPTH MOISTURE (%) K (em/d)(1) K (cm/s)
LLM-85-01 30 " 26 2x1072 2.3x1077
LLM-85-01 52 42 2x10~3 2.3x10"8
LLM-85-01 101 42 3x10~" 3.5x1079
LLM-85-01 12 26 5x10~% 5.8%10™9
LLM-85-02 7 22 5x10~3 5.8%10"8
LLM-85-02 36 33 31072 3.5x10" 10
LLM-85-02 67 31 1%10™3 1.2x10"8
LLM-85-02 117 33 1%10™2 1.2x1077
LLM-85-05 15 - 34 2x10-3 2.3x10°8
LLM-85-05 36 16 1210~ 1.2x10-%
LLM-85-05 76 60 1x1073 1.2x1078
LLM-85-05 123 47 12105 1.2x10- 11
LGM-85-06 29 2l 1%10~3 1.2x10-8
LGM-85-06 51 29 4x10-3 4.6%1078
LGM-85-06 99 43 1x10-7 1.2x10"12
LGM-85-06 115 45 121074 1.2x1079
LGM-85-11 3 30 gx10~" 1.0x1078
LGM-85-11 30 22 8x10-3 . 9.3x1078
LGM-85-11 94 47 7x1074 8.1x1079
LGM-85-11 115 u7 2x10-4 2.3x%1079

(V)graphically determined from BFEC (1986)
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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 3.4 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 .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 8.7 1.69
L Apr 86 50 34 6.60 10.97 0.31
L Apr 86 76 34 4.90 7.55 1.89
L Apr 86 96 33 4,11 10.07 1.33
L May 86 24 59 4,92 9.16 0.75
L May 86 50 37 5.28 11.53 0.59
L May 86 76 39 3.90 8.49 0.56
L May 86 56 35 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

fug 86 2l 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
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U TABLE 3-11
€ ~ SUMMARY OF DATA FROM SELECTED PSYCHROMETERS AT TA-54 AREAS G AND L
D (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 y.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
q G Mar 86 52 5 6.42  B.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 L2 - 30 3.43 5.57 1.96

G May 86 52 30 5.27 7.4 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 1 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
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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)
41 (2)
L 2.64x10 0.508 -0.397 0.070
L 1.32x10-4(3) 0.25U -0.198 0.036
G 2.64x10-1 0.982 -0.081 0.421
1.32x10~% 0.491 -0.041 0.211

(1)Average unsaturated hydraulic conductivity determined from theoretical
methods.

(Z)Flux rates <0 indicate upward movement.

(3)Average unsaturated hydraulic conductivity determined from measurement
methods.
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4.0 CHEMICAL CHARACTERIZATION OF THE VADOSE ZONE

4.1 TEST HOLE CORING AND PORE GAS ANALYSES

Seven test hole locations were selected for coring and installation of pore

gas samplers on Mesita del Buey to fulfill the requirements of Paragraph 25,
Task 5 of the Order. One background test hole (LLC-85-13) was selected on the
western end of the mesa. Of the remaining six test holes, two were located at
Area G (LGC-85-09 and LGC-85-10) and four were located at Area L (LLC-85-12,
LLC-85-14, LLC-85-15, and LLC-85-16) (Devaurs, 1985). In addition, three test
hole locations were selected for coring adjacent to the Area L surface
impoundment (LLC-85-17, LLC-85-18, and LLC-85-A) together with one shallow
test hole location selected within the surface impoundment in conjunction with
related investigatory activities required by Paragraph 24 of the Order
(Department of Energy, 1986f). Six surface soil samples were also collected
to establish background soil chemistry in Area L. The locations of the test

holes in Areas G and L are shown on Figures 1-2 and 1-3, respectively.

4.2 TEST HOLE CORE

Core sampling was conducted in accordance with EPA procedures (U.S. EPA,

1985a). Two répresentative 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.

H ~ a o P [ PR, By S
4.c.1 LOre oampllng

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 pértinent to sampling was
recorded in a field log book and samples were placed in boxes for transport to
the laboratory. At the laboratory, sample custody was transferred to an
inorganic chemist and samples were stored in a locked refrigerator in a secure
laboratory. A sample analysis request sheet accompanied each sample to track

laboratory analyses (Devaurs, 1985).

LAN:1702-Secli T



Prior to sample collection, sample jars were washed with soap and rinsed with
distilled water. The jars were stored at 105°C until taken to the field for
sample collection,

Sampling containers for organic analyses were completely filled with rock core
and the jar cap sealed by teflon liner. Each was labeled and sealed in
Parafilm® (intended to ensure sample integrity). A chain-of-custody tag was
attached to each sample container. The seal had to be broken to open the
container. Information pertinent to sampling was recorded in a field log
book. In the field, samples were stored on ice in ice chests immediately
after sample collection. For each drill hole, a water field blank was
submitted with the samples. The blank consisted of a jar with organic-free
water which was open to the atmosphere at the site while the hole was being
drilled. Samples were transported to the laboratory on ice in ice chests and
sample custody transferred to an organic chemist. Until analyses were
conducted, samples were stored in a locked refrigerator in a secure labor-
atory. A sample analysis request sheet accompanied each sample to track
laboratory analyses (Devaurs, 1985). ' |

4.2.2 Analytical Methods

Core samples were analyzed for inorganic metals (EP Toxic) and volatile

organies. 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 U4-1 through 4-11. All EP Toxic metals for test holes outside of the

LAN:1702-SecH 4.2



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 organiecs by
HSE-9 (Devaurs, 1985; Department of Energy, 1986f). Table 4-18 summarizes the
volatile organic compounds analyzed for in each of the core samples. A
limited number of core samples from selected test holes, were split for dupli-
cate analyses by RMA. A summary of the volatile organic compounds analyzed
for by RMA is given in Table 4-19. In general, the two laboratories conducted
comparable volatile organic compound screens. However, the detection limit
reported by RMA for each of the samples was more sensitive (parts per billion)
than the detection limits reported by HSE-9 (parts per million). This dif-
ference in reported detection limits may account for the fewer number of
compounds detected and reported by HSE-9 (Table 4-20).

No volatile organic compounds were detected by HSE-9 in the cores from Area G
(LGC-85-09 and LGC-85-10) and no duplicate Area G core analyses were performed
by RMA. In the background test hole, LLC-85-13, HSE reported 2-pentanone at a
depth of 48 feet (Table 4-20). Because this test hole is located a great
distance from Area L (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-Secl ' 4-3



parts per billion concentrations by RMA with the exception of acetone at a i
concentration of 4.3 mg/kg (parts per million) in test hole LLC-85-15 (18-19 T)
foot interval) and acetonitrile at a concentration of 1.1 mg/kg in test hole

LLC-85-14 (48-U49 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

(1.D.) galvanized pipe (Figure 4-1). The filters consist of two-micrometer, j)
porous, stainless steel elements. The ports are accessed on the surface via

i-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

sed dla  dola hoam b
i v v

Wiv ult

e. As a result,
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). T)

LAN:1702-Secli y-y



4.3.1 Pore Gas Sampling

Pore gas samples were collected from each sampling port using a DESAGA gas
sampler (BFEC, 1985b). The samples were initially collected monthly (January
through April 1986) as procedures and protocols were refined and subsequently
were collected quarterly as required by the Order. As a result of an auto-
sampler malfunction, however, data from the third quarter (July through
October 1986) are not available.

The DESAGA gas sampler pumps a known volume of gas through charcoal adsorption
tubes which collect the organic compounds from the gas. Prior to sampling, a_
minimum of 50 liters of gas was purged through each sampling port (Devaurs and
Bell, 1986). Between January and December 1986, pore gas samples of five, two
and one liters were collected from the sampling ports. Initially, a gas
sample volume of five liters was collected, but breakthrough (saturation of
the quantitative region of the charcoal tube) occurred. Pore gas samples were
subsequently reduced to two, and then one, liter volumes to eliminate the
occurrence of breakthrough (Devaurs and Bell, 1986). Following collection,
all charcoal tube samples were kept sealed and refrigerated until the samples

were extracted by HSE-9 personnel,

4.3.2 Analytical Method

The charcoal tubes are desorbed with a carbon disulfide solution containing an

internal standard. The extracted solution is then directly injected into a
gas chromatograph/mass selective detector (GC/MSD) for analysis (Devaurs and
Bell, 1986). Table 4-21 summarizes the volatile organic compounds analyzed

— - 22 CR U B Y JRE TR R
niLS di'e proviaea in iaplie

o P 2 A PURy S . - = | J N ey Y R PN [ Ny W
I0r 1in une eavrdCu dlld represeritavive deltecul

c a on li
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).

LAN:1702-Sech 4-5



4.3.3 Results of Pore Gas Analyses

Analytical results for pore gas samples collected January through April 1986
are summarized in Tables 4-23 through 4-29. During this period, no volatile
organic compounds have been detected in the background hole LLC-85-13 (Table
4-24) which supports the conclusion that the one measurement of 2-pentanone
(acetone) in core from the test hole is probably related to cross-contamina-
tion in the field or in the laboratory. In Areas G and L, a similar suite of
volatile organic compounds were found in all test holes. In the two Area G
test holes, 1,1,1-trichloroethane is.the most prevalent compound and has been
detected at concentrations ranging from 55 to 980 ug/% air (parts per bil-
lion). Trichloroethene and tetrachloroethane were also found in both holes at
low part per billion concentrations (less than 10 ug/% air, see Tables 4-28
and 4-29).

In the four Area L test holes, the volatile organic compounds detected‘(in

decreasing concentrations) are as follows:

1,1,1-trichloroethane
trichlorofluoromethane
trichloroethene
toluene

chloroform
tetrachloroethene
total xylenes
ethylbenzene
chlorobenzene

carbon tetrachloride
dichlorodifluoroethane
1,1-dichloroethene

* L ] L ] * L] * L * L] * L] *

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 ug/% in the pore gas) which are located adjacent to organic waste
shafts number 17 and number U, respectively (see Figure 1-3). By comparison,
the concentrations of 1,1,1-trichloroethane in Area G (approximately 300 ug/%

LAN:1702-Secl 4-6



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-
graphiec 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 intrinsiec physical properties of the volatile organic compounds (i.e.,
boiling point, specific gravity, ete.).

Based on the available chemical data, the results of the rock core and pore

gas analyses indicate the following:

+ No EP Toxic metals have been detected below a depth of
20 feet in Areas G or L in the cores analyzed

« Volatile organic compounds are present in rock core
samples at 100 feet at part per billion concentrations
in Area L (no volatile organic compounds were detected
in rock core samples in Area G)

 Volatile organic compounds are present in pore gas
samples at 100 feet at part per million concentrations
in Area L and part per billion concentrations in Area G

+ There is no apparent correlation between high pore gas

concentrations and subsurface stratigraphy (ashflow
interfaces) or structure (fractures)

LAN:1702-Secl 4-7



* 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- ,  DETECT{QN DEPTH_INTERVALS IN FEET

TRaTION(2)  LIMIT ,
PARAMETER ___ (mg/%) (mg /) 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 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 NP ND ND ND ND ND ND ND  ND
Chromium 5.0 0.2 £ 0.2 N 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 + 0.020 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

(DErom Devaurs, 1985.
(Z)New Mexico Environmental Improvement Board, 1985a.
(3)ND = Not detected.
The *+ value represents the uncertainty term for the analysis.

LAN: 1702-T4-1



TABLE 4-2
EP TOXICITY ANALYTICAL RESULTS FOR
CORE FROM DRILL HOLE NUMBER LLC-85-13(1)

EP TOXIC

REGULATED

CONCEN- _ DETECT1QN DEPTH INTERVALS IN FEET

traTION(2) LIMIT
PARAMETER (mg/2.) (mg/8) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Arsenic 5.0 0.05 £ 0.025  ND ND ND ND ND ND ND ND ND ND
Barium 100.0 1.0 £ 1.0 ND ND ND ND ND ND ND ND ND ND
Cadmium 1.0 0.1 0.1 ND ND ND ND ND ND ND ND ND ND
Chromium 5.0 0.2 + 0.2 ND ND ND ND ND ND ND ND ND ND
Lead 5.0 0.5 + 0.5 ND ND ND ND ND ND ND ND ND ND
Mercury 0.2 0.01 £ 0.01 ND ND ND ND ND ND ND ND ND ND
Selenium 1.0 0.05 £ 0.025  ND ND ND ND ND ND ND ND ND ND

+ 0.5 ND ND ND ND - ND ND ND

Silver 5.0 0.5 ND ND ND

(V)prom Devaurs, 1985.

(2)New Mexico Environmental Improvement Board, 1985a.

(3)ND = Not detected. :
The * value represents the uncertainty term for the analysis. : §

Lnﬁ?qgoz-Tu-z o ' %,,}



TABLE 4-3
EP TOXICITY ANALYTICAL RESULTS FOR
CORE FROM DRILL HOLE NUMBER LLC-85-14(1)

EP TOXIC

REGULATED

CONCEN- DETECTJQN 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+ 0.1 ND ND ND ND ND ND ND ND ND ND
Chromium 5.0 0.2 0. ND ND ND ND ND ND ND ND ND ND
Lead 5.0 0.5 % 0. 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

(Drrom Devaurs, 1985.
(2)New Mexico Environmental Improvement Board, 1985a.
(3)ND - Not detected.
The + value represents the uncertainty term for the analysis.
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A TABLE 4-14 ,
EP TOXICITY ANALYTICAL RESULTS FOR 1
CORE FROM DRILL HOLE NUMBER LLC—85-15(

EP TOXIC

REGULATED

CONCEN- DETECT [N DEPTH INTERVALS IN FEET

TRATION(2) LIMIT
PARAMETER (mg/1) (mg /%) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Arsenic 5.0 0.05 + 0.025 ND ND ND  ND ND ND ND ND ND ND
Barium 100.0 1.0 £ 1.0 ND ND ND ND ND ND ND ND ND ND
Cadmium 1.0 0.1 £ 0.1 ND ND ND ND ND ND ND ND ND ND
Chromium 5.0 0.2 £ 0.2 ND ND ND ND ND ND ND ND ND ND
Lead 5.0 0.5 + 0.5 ND ND ND ND ND ND ND ND ND ND
Mercury 0.2 0.01 % 0.01 ND ND ND ND ND ND ND ND ND ND
Selenium 1.0 0.05 + 0.025  ND ND ND ND ND ND ND ND ND ND
Silver 5.0  0.5%0.5 ND ND ND ND ND ND ND ND ND  ND

(Mrrom Devaurs, 1985.
(Z)New Mexico Environmental Improvement Board, 1985a.
(3)ND = Not detected.
The * value represents the uncertainty term for the analysis.

T 1702-Th-4 s "
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TABLE 4-5
EP TOXICITY ANALYTICAL RESULTS FOR
CORE FROM DRILL HOLE NUMBER LLC-85-16(1)

EP TOXIC

REGULATED

$3§$§2;(2> DE¥3$${8§ DEPTH INTERVALS IN FEET
PARAMETER (mg/a) (mg/2) 0-10_10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Arsenic 5.0 0.05 + 0.025  ND ND . ND ND ND  ND ND ND ND ND
Barium 100.0 1.0 + 1.0 NO ND ND ND ND ND ND ND ND  ND
Cadmium 1.0 0.1 % 0.1 ND ND ND  ND ND ND  ND ND ND ND
Chromium 5.0 0.2 + 0.2 ND ND ND ND ND ND ND ND ND ND
Lead 5.0 . 0.5%0.5 ND ND ND ND ND ND ND ND ND ND
Mercury 0.2 0.01 £ 0.01 ND ND ND ND ND ND ND ND ND ND
Selenium 1.0 0.05 + 0.025  ND ND ND ND ND ND ND ND ND ND
Silver 5.0 0.5 + 0.5 ND ND ND  ND ND  ND ND ND ND ND

(D ppom Devaurs, 1985.
(2)New Mexico Environmental Improvement Board, 1985a.
(3)ND - Not detected. ,
The + value represents the uncertainty term for the analysis.

TAN-1702-TL.5



TABLE 4-6

EP TOXICITY ANALYTICAL RESULTS FOR

CORE FROM DRILL HOLE NUMBER LLC-85-17(1)

EP TOXIC

REGULATED :

CONCEN-(Z) DETECT{Q? DEPTH INTERVALS IN FEET

TRATION LIMIT 0- 10- 20- 30- 40- 50- 60- 70- 80- 90- 100- 110- 120- 130- 140-
PARAMETER (mg/2) (mg/%) 10 20 30 4o 550 60 T0 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

(DFrom Devaurs, 1985.

(Z)New Mexico Environmental Improvement Board, 1985a.

(3)ND = Not detected.

The + value represents the uncertainty term for the analysis.

LAﬁ%ﬁioz-Tu-6
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TABLE 4-T
EP TOXICITY ANALYTICAL RESULTS FOR
CORE FROM DRILL HOLE NUMBER LLC-85-18(1)

EP TOXIC

REGULATED '

ggﬂgﬁg;(z) DE¥S$${S§ DEPTH INTERVALS IN FEET
PARAMETER __ (mg/s) (mg/s) 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
Barium 100.0 1.0 £ 1.0 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
Chromium 5.0 0.5 0.5 ND 6.6 ND ND ND ND  --- ND ND ND
Lead 5.0 0.5 £ 0.5 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
Selenium 1.0 0.05 £ 0.025 ND  ND ND ND ND  ND -—- ND ND  ND
Silver 5.0 0.5 % 0.5 ND ND ND ND ND ND  -m- ND ND  ND

(DFrom Devaurs, 1985.

(2)New Mexico Environmental Improvement Board, 1985a.
(3)ND = Not detected.

(M)No sample available; no core recovery.

LAN: 1702-Th-T7



TABLE 4-8
EP TOXICITY ANALYTICAL RESULTS FOR
CORE FROM DRILL HOLE LLC-85-A(

EP TOXIC

REGULATED

CONCEN-(Z) DETECT{g* DEPTH INTERVALS IN FEET

TRATION LIMIT
PARAMETER (mg/e) (mg/2) 0-5 5-6 9-10 14-15 19-20 24-25 29-30 34-35 39-40 H4u-45 U49-50 49-50 HKU-55 59-60
Arsenic 5.0 0.5+ 0.5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Barium 100.0 0.22 £ 0.20 ND ND ND  ND ND 0.26 ND ND ND ND ND ND ND ND
Cadmium 1.0 0.01 z 0.01 ND ND ND ND ND 0.02 ND ND ND ND ND ND ND ND
Chromium 5.0 0.23 £ 0.20 ND ND ND ND ND 0.77 0.57 ND ND ND ND ND ND ND
Lead 5.0 0.07 £ 0.07 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Mercury 0.2 0.0002 t 0.0002 0.0003 0.0002 0.0003 0.0003 0.00t11 0.0003 ND " 0.0003 ND ND ND ND ND ND
Selenium 1.0 0.01 £ 0.01 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Silver 5.0 . 0.20

0.20 ND ND ND ND ND ND ND ND ND ND ND ND ND ND

(Merom Department of Energy, 1986f.

(2)New Mexico Environmental Improvement: Board, 1985a.

(3)ND = Not detected.

NOTE: The % value represents the uncertainty term for the analysis.

LAN:1702-T4-8




TABLE 4-9

EP TOXICITY ANALYTICAL RESULTS FPB
SURFACE IMPOUNDMENT CORE SAMPLES

EP TOXIC

REGULATED

CONCEN- DETECTI '

TRATION(2) LIMITON DEPTH INTERVALS IN INCHES
PARAMETER (mg/2) (mg/%) 0-4 4-8 8-12 12-16 16-20 20-29
Arsenic 5.0 0.002 0.015 0.006 0.005 0.002 0.002 0.002
Barium 100.0 0.10 0.184 <0.13 <0.13 0.87 0.83 <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
(DEpom Department of Energy, 1986f.
(Z)New Mexico Environmental Improvement Board, 1985a.
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TABLE 4-10
EP TOXICITY ANALYTICAL RESULTS FOR
CORE FROM DRILL HOLE NUMBER LGC-85-09{1)

EP TOXIC

REGULATED

CONCEN- DETECTIQN DEPTH INTERVALS IN FEET

TRATION(2)  LIMIT
PARAMETER (mg/ 1) (mg/2) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Arsenic 5.0 0.1 % 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 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 £ 0.02 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

(Merom Devaurs, 1985.
(Z)New Mexico Environmental Improvement Board, 1985a.
(3)ND - Not detected.
The * value represents the uncertainty term for the analysis.
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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- DETECTyN DEPTH INTERVALS IN FEET

TRaTION(2) LIMIT
PARSMETER (mg/1) (mg/2) 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Arsenic 5.0 0.1 % 0.05 ND ND  ND ND ND ND ND ND ND ND
Barium 100.0 1.0 £ 1.0 1.50 ND ND ND ND ND ND ND  ND ND

+0.40

Cadmium 1.0 0.1+ 0.1 ND ND ND ND ND  ND ND ND ND ND
Chromium 5.0 0.2 % 0.2 ND ND ND ND ND ND ND ND ND ND
Lead 5.0 0.5 + 0.5 ND ND ND ND ND ND ND ND  ND ND
Mercury 0.2 0.01 + 0.01 ND ND ND ND ND ND ND ND ND ND
Selenium 1.0 0.05 + 0.02 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

()prom Devaurs, 1985.
(Z)New Mexico Environmental Improvement Board, 1985a.
(3)ND = Not detected.
The * value represents the uncertainty term for the analysis.

LAN:1702-T4-11



TABLE 4-12
MISCELLANEOUS CHEMICAL ANALYTICAL RESULTS FT?%
SIX BACKGROUND SOIL SAMPLES TAKEN NEAR AREA L(1)

SAMPLE NUMBER

Moisture (%)

()From Department of Energy, 1986f.

LAN:1702-T4-12

MEAN *
PARAMETER NO. 1 NO. 2 NO. 3 NO. 4 NO. 5 NO. 6 STD. DEV.
Lithium (mg/%) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 £ 0
Copper (mg/%) - <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 £ O
NH3-N (mg/%) 0.0 0.02 0.14 0.0 0.0 0.0 0.03 + 0.05
| Fluoride (mg/&) 0.32 <0.20 0.32 0.25 0.46 0.49 0.34 £ 0.11
TDS (mg/%) 58 29 61 24 T4 4o 48 + 20
pH 9.3 7.2 8.2 7.2 7.2 6.7 7.6 % 1.0
Soil 9.1 12.0 9.5 7.9 10.5 10.2 9.9 + 1.4



P ) TABLE 4-13
‘, LOCATION AND DESCRIPTION OF AREA L BACKGROUND SOIL SampLES(1)

SAMPLE IDENTIFICATION SAMPLE LOCATION

No. 1 Two feet outside the Area L storage pad in tuff
used as fill originating from Area G.

No. 2 24 feet west of the northwest corner of the Area
L storage pad in undisturbed tuff.

No. 3 70 feet east of the northeast corner of the Area
L storage pad in native, but disturbed, tuff,

No. 4 One foot outside the northeast corner of the Area
L fence.

No. 5 ) 20 feet outside the center of the east Area L
fence.

No. 6 Ten feet outside the northwest corner of the Area
L fence.

(MErom Department of Energy, 1986f.

LAN:1702-T4-13



TABLE 4-14

MISCELLANEOUS CHEMICAL ANALYTICAL RESUL‘I'a f‘OR
CORE FROM DRILL HOLE NUMBER LLC-85-17

DEPTH INTERVALS IN FEET

PARAMETER B:gzgi?gsm 0-10 10-20 20

- - -30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 100-110 110-120 120-130 130-140 140-150
Lithium (mg/%) <0.05 £ 0 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Copper (mg/t) <0.20 £ O <0.1 <0.1 <0.t <0.1 <0.1 0.12 <0.1 <0.1 <0.1 <O0.1 <0.1 <0.1 <0.1 <0.1 <0.1
NH3—N (mg/e) 0.03 £ 0.05 O0.41 o0.22 0.97 3.10 0.83 0.90 0.24 1.30. 0.25 0.25 0.32 0.82 0.087 0.32 0.33
Fluoride (mg/%) 0.3% £ 0.11 0.31 3.59 3.76 1.44 3,96 5.59 5.10 6.64 4.90 5.68 6.66 6.68 6.87 680 6.27
TDS (mg/t) 48 + 20 17 54 79 185 34 4o 43 47 27 30 51 39 T4 66 : 46
pR 7.6+ 1.0 6.6 6.0 7.9 8.8 5.9 58 5.5 6.0 5.9 6.0 5.8 5.8 6.1 6.1 6.6
Soil Moisture (%) 9.9 £ 1.4 9.1 4.0 7.4 5.5 LA 0.7 0.9 0.6 1.2 2.5 5.3 5.7 8.4 3.0 4.3

“’From Department of Energy, 1986f.
(2)petermined from six soil samples taken in Area L (see Table 4-12).

LAN:1702-T4-14
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TABLE 4-15
MISCELLANEOUS CHEMICAL ANALYTICAL RESUL 1)FOR
CORE FROM DRILL HOLE NUMBER LLC-85-18

(Drpom Department of Energy, 1986f.
(2)petermined from six soil samples taken in Area L (see Table 4#-12).
(3)No sample available; all core lost in drilling accident.

LAN:1702-T4-15

BACKGROUND DEPTH_INTERVALS IN FEET
PARAMETER LEVEL(?) 0-10  10-20 20-30 30-40 40-50 50-60 60-70(3) 70-80 80-90 90-100
 Lithium (mg/s) <0.05 % 0 €0.05  0.12 <0.05 <0.05 <0.05 <0.05  --- <0.05 <0.05 <0.05
Copper (mg/8) <0.20 £ 0 <0.1 10.0  <0.1 . <0.1  <0.1 <0.1 --- 0.1  <0.1 ;<o.1
NH3-N (mg/%) 0.03 £0.05 0.30 0.38 0.38 0.20 0.3%  0.053 --- 0.18  0.10  0.15
Fluoride (mg/%) 0.34 £+ 0.1 0.37 17.0 2.63 3.51 3.30 3.45 -—- 2.31 6.86 j7.53
DS (mg/%) 48 + 20 22 188 88 37 52 113 ——- 91 75 79
pH 7610 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



TABLE 4-16
MISCELLANEOUS CHEMICAL ANALYTICAL RESULI? FOR
CORE FROM DRILL HOLE NUMBER LLC-85- )

BACKGR?B?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 yy-us 49-50 49-50 54 .55 59-60

Lithium <0.05 2 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/2)

Copper <0.20 £ O <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/1)

NH,-N 0.03 £ 0.05 3.2 4.0 11.0 11.0 7.0 25.0 16.0 7.4 1.1 y.7 1.0 1.7 0.64 0.15
(mg/2)

Fluoride 0.34 £ 0.11 0.0139 0.0049 0.0053 0.0027 0.0028 0.0021 0.0015 0.0007 0.0013 0.0022 0.0030 0.0032 0.0030 0.004Y4
(mg/e) .

TDS 48 £ 20 - 56.0 30.0 651.0 237.0 128.0 528.0 505.0 341.0 225.0 245.0 273.0 261.0 54.0 72.0
(mg/2)

Soil ‘

Moisture 9.9 £ 1.4 9.3 11.5 12.4 6.9 9.5 20.3 19.9 7.9 7.3 6.4 5.7 5.6 2.6 k.7
(%)

(Dprom Department of Energy, 1986f.
(2)petermined from six soil samples taken in Area L (see Table 4-12).

LAN:1702-Tl-14




TABLE 4-
MISCELLANEOUS CHEMICAL ANALYTICAL RESULTS FOR SURFACE IMPOUNDMENT CORE SAMPLES(1)

17

(Drrom Department of Energy, 1986f.
(Z)Determined from six soil samples taken in Area L (see Table 4-12).

LAN:1702-TU-17

PARAMETER Bﬁgsgg?g§0 0-4 4-8 DEPQH1;NTERVALS1;N1éNCHES 16-20 20-29
- - - - - -29
Lithium (mg/s) <0.05 £ 0 0.45 0.24 0.27 0.60 0.39 0.33
Copper (mg/%) <0.20 £ 0 13.6 7.6 73.4 178 93.5 61.0
Nitrate (mg/%) 0.03 = 0.05 <30. <30. <30. <30. <30. <30.
Fluoride (mg/¢)  0.34 £ 0.11 28 28 13 10 10 10
TDS (mg/4%) 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/2) ’ _
Chloride (mg/%) --- 980 440 340 210 200 200
Sulfate (mg/2) - 36 20 19 490 540 40



TABLE 4-18

VOLATILE ORGANIC COMPOUNDS ANALYZED BY
LOS ALAMOS NATIONAL LABORATORY IN CORES FROM DRILL HOLES(1)

TARGET COMPOUNDS

DETECTION LIMIT (ug/kg)

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 -
Ethylbenzene
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

521
521
1,042
1,042
1,563
833
521
2,083
521
521
1,042
521
1,527
1,042
2,083
1,250
- 833
1,042
2,083
2,292
521

521



TABLE 4-19

VOLATILE ORGANIC COMPOUNDS ANALYZED BY (1)
ROCKY MOUNTAIN ANALYTICAL LABORATORY IN CORES FROM DRILL HOLES

PRIORITY POLLUTANT PARAMETERS DETECTION LIMIT (ug/kg)

Acrolein 100
Acrylonitrile 100
Benzene

Bromoform

Carbon tetrachloride

Chlorobenzene

Chlorodibromomethane

Chloroethane _ 1
2-Chloroethylvinyl ether
Chloroform
Dichlorobromomethane
1,1-Dichloroethane
1,2-Dichloroethane

1, 1-Dichloroethylene
1,2-Dichloropropane
1,3-Dichloropropylene
Ethylbenzene
Methylbromide
Methylchloride

Methylene chloride
1,1,2,2-Tetrachloroethane
Tetrachlroethylene

Toluene
1,2-trans-Dichloroethylene
“1,1,1=-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene

Vinyl chloride

[GRG R RO EGRE NGRS e R N6 R RS RS

ot — b
[ e leNo]

[«XG RO RS, R RE RY))

-

NON-PRIORITY POLLUTANT PARAMETERS

Acetone Dimethoxymethane Propanol

1,4-Dioxane Ethanol 1-Butanol
Acetonitrile 2-Propanol Tetramethyl pentanone
Tetrahydrofuran 2-Methyl-2-Propanol - Chlorodifluoromethane
2-Butanone 4-Methyl-2-Pentanone Bisoxymethane

(Merom Rocky Mountain Analytical Laboratory, 1985.

LAN:1702-Tk-19



TABLE 4-20
VOLATILE ORGANIC ANALYTICAL RESULTS FOR DRILL HOLE CORES
AUGUST 1985
DEPTH VOLATILE DETECTION

DRILL HOLE INTERVAL ORGANIC CONCENTRATION LIMIT
NUMBER (£t) COMPOUND (ng/kg) (ug/kg)
LLC-85-12 38-39 2-Hexanone 3,710-4,130(2)(¢) 3,300
LLC-85-13 18-49 2-Pentanone (Acetone) 3,300(¢) 3,300

LLC-85-14 28-29 Acetone 60(P) -

1,4-Dioxane uo(b) _—

Tetrahydrofuran 16(¢) -—
38-39 2-Pentanone (Acetone) 3,640(¢) 3,300

38-39 (split){f) Acetone 190(b) ---

Acetonitrile 27(b) -

" Tetrahydrofuran 67(c) -—--
48-49 1-Butanol 83,330(¢) 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)pest computer match is [2,2'-Methylene bis (oxy)] bis propane.

(e)Several other volatile compounds were present in this drillhole, but they could not be definitely identified.
The Mass spectrometer scans of these compounds were consistent with small chain alcohols. They were most
concentrated at depth intervals of 18-19, 28-29, and 38-39 feet.

(f)Samples analyzed by Rocky Mountain Analytical Laboratory.

(1)Compiled from Devaurs, 1985, and Rocky Mountain Analytical Laboratory, 1985.

';):1702-Tu7:1
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TABLE 4-20
VOLATILE ORGANIC ANALYTICAL RESULTS FOR DRILL HOLE CORES
AUGUST 1985
(Continued)
DEPTH . VOLATILE DETECTION
DRILL HOLE INTERVAL ORGANIC CONCENTRATION LIMIT
NUMBER (ft) COMPOUND (ng/kg) (ug/kg)
LLC-85-14 48-49 (split){f)  Acetone 670(b) —
(continued) 2-Butanone 100(P) _—
4 -Methyl-2-Pentanone 110(P) _—
Acetonitrile 1,1oo(b) -
Tetrahydrofuran 520(¢) _—
Dimethoxymethane 25(e) 4 —
Unknown (oxygenated HC) 10{c)(d) _—
Unknown (oxygenated HC) 7(c) _—
LLC-85-15 18-19(e) Tetrahydrofuran y,500¢¢) 3,000
18-19 (split){f)  Methylene Chloride 17 10
Toluene 12(b) 5
Acetone a,3oo(b) -
2-Butanone u70(b) ——
l}_Methyl-2-Pentanone 140( ) -—-
Ethanol 5(0) -
2-Propanol ‘6(0) -
Tetrahydrofuran 210(0) ———
2-Methyl-2-Propanol 111¢ -—
28-29 1,4-Dioxane 1,500(¢) 1,500
38-39 1,4-Dioxane 1,500(¢) 1,500
1-Butanol

LAN:1702-TH47:2

100,000(¢) 62,500



TABLE 4-20
VOLATILE ORGANIC ANALYTICAL RESULTS FOR DRILL HOLE CORES
AUGUST 1985
(Continued)
DEPTH VOLATILE DETECTION
DRILL HOLE INTERVAL ORGANIC CONCENTRATION LIMIT
NUMBER (ft) COMPOUND (ug/kg) (pg/kg)
LLC-85-15 38-39 (split)(f) Acetone 3oo(b) _—
(continued) ' 2-Butanone 170(P) —
j -Methyl-2-Pentanone 420(b) -——
Ethanol 170(¢) -
Bisoxymethane 270(¢) ——-
Propanol 270(c) —
Propanol (Isomer) 150(¢)
2-Methyl-2-Propanol 77(C) -—-
1,4-Dioxane 200(¢) -
1-Butanol 280(¢) ---
88-89 2-Pentanone (Acetone) 3,300(P) 3,300
LLC-85-16 5.5-7.0¢f) 1,2-Dichloroethane 19 5
Methylene chloride 30 10
Acetone 110(b) -——
4 -Methyl-2-Pentanone 27(b) -—-
2-Propanol glc) S
1-Butanol 17(°) ---
Fluorinated Aliphatic 6(c) ---
Tetramethylpentanone 7(0) ---
17-19(f) Methylene Chloride 18 10
Acetone ga(c) -—
97-99(f) Methylene Chloride 15 10
Acetone 110(b) -——
4 -Methyl-2-Pentanone S(b) ---
Chlorodifluoromethane 10(°) ~——

LAY - 1702-THT :3
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TABLE 4-20
VOLATILE ORGANIC ANALYTICAL RESULTS FOR DRILL HOLE CORES
AUGUST 1985
(Continued)
DEPTH VOLATILE DETECTION
DRILL HOLE INTERVAL ORGANIC CONCENTRATION LIMIT
NUMBER (ft) COMPQUND (ug/kg) (ug/kg)
LLC-85-18 18-19(f) Methylene Chloride 17 10
Acetone 13o(b) —
Chlorodifluoromethane 12(e) -—
Unknown Hydrocarbon 20(¢) -—
Ethanol ' 190{¢) ---
Cg-Hydrocarbon g(e) _—
78-79(f) Acetone : 70533 _—
2-Butanone 55( ) -—
Unknown Hydrocarbon glc —

LAN:1702-TH47 :4
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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
l-Methyl-2-Pentanone
Tetrachloroethene
Toluene
Chlorobenzene
Ethylbenzene

Styrene

Total Xylenes
Trichlorofluoromethane.
Tetrahydrofuran



‘ TABLE 4-22
" VOLATILE ORGANIC COMPOUND
DETECTION LIMITS FOR REPRESENTATIVE ANALYTES(V)

1986
DETECTION LIMITS
ug/TUBE
COMPQUND JAN FEB MAR APR DEC
Trichlorofluoromethane 3 4.5 1 1 3.0
Dichlorodifluoromethane 3 -— - -— _——
Chloroform 1 1.2 1 1 3.0
1,1,1-Trichloroethane 3 1.3 1 1 3.0
Carbon Tetrachloride 1 - 1 1 3.0
Trichloroethene 1 1.2 1 1 3.0
Toluene 0.8 0.8 1 1 3.0
Tetrachloroethene 1.0 1.0 1 1 3.0
! Total Xylenes 1.1 1.0 1 1 3.0
‘,,. Chlorobenzene -—- 1.2 --- 1 3.0
1,1-Dichloroethene -— -—- 1 -— 3.0
Ethylbenzene -——— 1.2 -—- 1 3.0

(1)Compiled from Devaurs and Bell, 1986; Department of Energy, 1986e; and
unpublished laboratory data report (December).

¢
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TABLE 4-23
1986 PoRE cAs saerinc(l)

DRILL HOLE LLC-85-12

ps/L AIR
6 I'T (2) 27 FT 41 FT

COMPOUND JAN FEB MAR APR DEC JAN FEB MAR APR DEC(z) JAN FEB MAR APR DEC(z)
Dichlorodifluoro-~

me thane ND<3 . -——- ——— ~—— - ND<3 --- [ -a- -—-- ND<3 —n- - —-- ——-
Trichlorofluoro-

methane 90 36 ND<1 ND<1  ND<3.0 273 32 ND<1 - 42.9 146 33 ND<1 ND<1  ND<3.0
Chloroform ND<1 24 11 25 7.6 ND<1 37 29 - 25.5 3.8 88 47 30 38.3
l,1,1-trichloro-

ethane 252 882 697 429 888.3 2,803 1,006 786 .-- 1,108.6 3,540 868 673 517 983.1
Carbon tetra- :

chloride 19 TR<.0 >0.5" ND<I  >3.0 64  TRA.0 >0.5"  --- 3.0 46  TR<L.0 >0.5" ND<1 3.0
Trichloroethene 988 384 416 223 410.6 1,355 580 440 .- 726.7 760 394 273 260 609.0
Toluene 126 52 36 0.6 21.9 935 270 169 - 129.3 213 46 34 26 26.6
Tetrachloroethene 17 11 ND<1 ND<1 3.7 14 10 7.3 eoe 5.9 175 12 ND<1 ND<1 6.1
Total Xylenes ND<1.1 ND<1.0 ND<1 ND<1  ND<3.0 14 3.6 ND<1 --- ND<3.0 1.1 ND<1.0  ND<1 ND<1 ND<3.0
Chlorobenzene -—— ND<1,2 -—— ND<1 ND<3.0 ——- ND<1.2 e --- ND<3.0 - ND<1.2 ~-- ND<1 ND<3.0
1,1-dichloroethene --- --- ND<1 --- .- --- --- ND<1 --- --- -=- --- ND<1 === ---
Ethylbenzene --- ND<1.2 - ND<1  ND<3.0 -—- RD<1.2 -——- --- ND<3.0 --- ND<1.2 -—-- ND<1  ND<3.0

*Calculated from tentative results.
ND = This compound was not detected; the limit of detection for this analysis is less than the amount stated in the table above.
TR = Trace; this compound was present, but was below the level at which concentration could be determined.

?{)- Not available

Compiled from Devaurs and Bell, 1986, and Department of Energy, 1986e.
(Z)Ftou unpublished Laboratory data report; analytical uncertainty 115 percenmt g/tube.
P P y P H
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TABLE 4-24

1986 porE cAS saxrrinc(!)
DRILL HOLE LLC-85-13

pug/L AIR
21 FT (2) 43 FT ( 65 FT

COMPOUND JAN FEB MAR APR DEC JAN FEB MAR APR DEC 2) JAN FEB MAR APR DEC (2)
Dichlorodifluoro-

me thane ND<3 - - — .- ND<3 -——- - J - ND<3 - -——- — e
Trichlorofluoro-

wethane ND<3 ND<4.5 ND<1 ND<1 ND<3.0 ND<3 ND<4.5 ND<I ND<1 ND<3.0 ND<3 ND<4.5 ND<1 ND<1 ND<3.0
Chloroform ND<1 ND<1.2 ND«<1 ND<1  ND<3.0 ND<1 ND<1.2 N1 ND<1 ND<3.0  ND<1 ND<1.2 ND<1 ND<1 ND<3.0
1,1,1-trichloro-

ethane ND<3  ND<1.3 ND<1 ND<1 ND<3.0 ND<3 ND<1.3 ND<1 ND<1 ND<3.0 ND<3 ND<1.3 ND<1 ND<1 ND<3.0
Carbon tetra- .

chloride ND<1 -——- ND<1 ND<1 ND«<3.0 ND<1 - NIK1 ND<1 ND<3.0 ND<1 -—— ND<1 ND<1 ND<3.0
Trichloroethene ND<1l - ND<1.2 ND<1 ND<1 ND<3.0 ND<1 ND<1.2 ND<1 ND<1 ND<3.0 ND<1 ND<1.2 ' RD<1 ND<1 ND<3.0
Toluene ND<0.8 ND<0.8 ND<1 ND<1 ND<3.0 ND<0.8 ND<0.8 ND<1 ND<1 ND<3.0 ND<O.8 ND<0.8 ND<1 ND<1 ND<3.0
Tetrachloroethene ND<1.0 ND<1.0 ND<1 ND<1  ND<3.0 ND<1.0 ND<1.0 ND<1 ND<1  ND<3.0 ND<1.0 ND<1.0 ND<1 ND<1 ND<3.0
Total Xylenes ND<1.1 ND<1.0  ND<1 ND<1 ND<3.0 ND<1l.1 ND<1.0 ND<1 'ND<1 ND<3.0 ND<1.1 ND<1.0 ND<1 ND<1 ND<3.0
Chlorobenzene - ND<1.0 - ND<1  ND<3.0 .-= ND<1.2 -—- ND<1 ND<3.0 - ND<1.2 e ND<1 ND<3.0
1,1-dichloroethene - -——- ND<1 - .- -—- —_—— ND<1 ——— [ .- - ND<1 ———— -———
Ethylbenzene -——— ND<1.2 - ND<1 ND<3.0 -—- ND<1.2 .- ND<1 ND<§.0 .—- ND<1.2 - ND<1 ND<3.0

ND = This compound was not detected; the limit of detection for this analysis is less than the amount stated in the table above.

A = Not available

1 Compiled from Devaurs and Bell, 1986, and Department of Energy, 1986e.
(2)Fro- unpublished Laboratory data reporf; analytical uncertainty 415 percent pug/tube.
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TABLE 4-25
1986 PorE GAs sanrLinc(!)
DRILL HOLE LLC-85-14
pg/L AIR
13 FT (2) 31 FT 46 FT 86 FT

COMPOUND JAN FEB MAR APR DEC JAN FEB MAR APR DEC(z) JAN FEB MAR APR DEC(I) JAN FEB MAR APR DEC(z)
Dichlorodifluoro-

methane BRK -——— —— . caw BRK . ae- ——- -a- BRK -—- - P ——- BRK --- -—-= .-- -
Trichlorofluoro-

aethane BRK ND<4.5 ND<1 ND<1 ND<3.0 BRK 45 ND<1 ND<1 ND<3.0 BRK ND<4.S ND<1 RD<1 ND<3.0 BRK ND<4. 5 <5' ND<1 14.4.
Chloroform BRK 67 ND<1 86  ND<3.0 BRK 182 ND<1 109 68.5 BRK 184 ND<1 120 83.1 BRK 175 124 86 71.8
1,1,1-trichloro-

ethane BRK 7,335 BRK 7,554 9,463.4 BRK BRK BRK 9,148 12,117.4 BRK 171,080 BRK 10,140 12,367.3 BRK BRK BRK 8,717 11,546.2
Carbon tetra-

chloride BRK TR<1.0 ND<1 TR<1 >3.0 BRK TR<1.0 ND<1 TR<1 >3.0 BRK TR<1.0 ND<1 TR<1 >3.0 BRK TR<1.0 >0.5' TR<1 >3.0 1
Trichloroethene BRK ND<1.2 713 912 '800.5 BRK 1,350 879 946 1,039.6 BRK 2,715 1,036 812 931.1 BRK 1,060 750 720 918.3
Toluene BRK 3 ND<1 ND<1l  ND<3.0 BRK 51 ND<1 28 12.2 BRK 61 ND<1 37 311.3 BRK 101 64 58 31.0
Tetrachloroethene BRK 2 ND<} 16 10.7 BRK 37 ND<1 25 20.0 BRK 52 ND<1 20 21.5 BRK ND<1.0 <7.5" 17 23.9
Total Xylenes BRK 14 ) ND<1 ND<1 ND<3.0 BRK 74 ND<1 57 ND<3.0 BRK 46 ND<1 18 ND<3.0 BRK ND<1.0 ND<1 ND<1 ND<3.0
Chlotobepzene .- ND<1.2 -—- ND<1  ND<3.0 -—- 11 -—- 4.6 5.2 - 13 ——- 5.4 5.9 ——- ND<1.2 --- ND<1 3.5
1,1-dichloroethene - .- ND<1 .- -—- we- .- ND<1 - - --- -—- N1 —--- == === === ND<1 - ==
Ethylbenzene ——- 5 -——— ND<1 3.0 .—- 30 - 23 8.0 -— 16 —— 6.3 12.8 .-- ND<1.2 --- ND<1 5.1

*Calculated from tentative results.

ND = This compound was not detected; the limit of detection for this analysis is less than the amount stated in the table above,
TR = Trace; this compound was present, but was below the level at which concentration could be determined.

BRK = Breakthrough in charcoal tubes.

?t = Not available
)Co-plled from Devaurs and Bell, 1986, and Department of Energy, 1986e.
(2 From unpublished Laboratory data report; anslytical uncertainty 15 percent pug/tube.
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- TABLE 4-26

1986 PoRE cAs sanrLinc(l)
DRILL HOLE LLC-85-15

pe/lL AIR
19 FT (2) 32 FT 82 FT

COMPOUND JAN FEB MAR APR DEC JAN FEB MAR APR DEC (2) JAN FEB MAR APR DEC (2)
Dichlorodifluoro-

methane BRK -—- ND<1 - .—- BRK - ND<1 -ea .- BRK --- ND<1 --- ---
Trichlorofluoro-

me thane BRK ND<4.5 ND<1 ND«<1 ND<3.0 BRK BRK ND<1 28 46.3 BRK 4,120 ND<1 167 19.2
Chloroform BRK 47 308 142 115.9 BRK BRK 510 399 283.7 BRK 240 ND<1 121 228.0
1,1,1-trichloro-

ethane BRK 1,045 BRK 4,833 3,586.4 BRK BRK BRK 8,294 15,218.9 BRK 12,927 BRK 8,618 8,713.3
Carbon tetra-

chloride BRK ND<1.0 NDLK1 TR<1 >3.0 BRK BRK ND<1 TR<1 >3.0 BRK ND<1.0 ND<1 TR<1 >3.0
Trichloroethene BRK 188 1,354 852 1,029.4 BRK BRK 1,850 1,823 2,923.9 BRK BRK 1,310 1,464 324.1
Toluene BRK 40 512 139 90.5 BRK BRK 817 573 624.8 BRK 593 482 349 1,008.8
Tetrachloroethene BRK 111 457 406 395.4 BRK BRK 635 48 406.9 BRK 111 ND<1 80 71.0
Total Xylenes BRK 6 160 27 ND<3.0 BRK BRK 332 219 ND<3.0 BRK 149 ND<1 107 ND<3.0
Chlorobenzene - -—- - 7.7 97.1 -—-- BRK -—— 21 25.6 -—- ND<1.2 -— ND<1  ND<3.0
1,1-dichloroethene ——- -—— -e- _——- .- . . ——- -——- .- ——— _——— .- ——— -
Ethylbenzene .- 4.2 ——- 12 17.9 - BRK - 52 71.3 -—- ND<1.2 --- 22 11.6

ND = This compound was not detected; the limit of detection for this analysis is less than the amount stated in the table above.
TR = Trace; this compound was present, but was below the level at which concentration could be determined.
BRK = Breakthrough in charcoal tubes.

?t)- Not available

Compiled from Devaurs and Bell, 1986, and Department of Energy, 1986e.
(2 From unpublished Laboratory data report; analytical uncertainty +15 percent pug/tudbe.
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TABLE 4-27

1986 PORE GAS sawpLImG(l)
DRILL HOLE LLC-85-16

g/l AIR
7 FT ( . 17 FT 102 PT

COMPOUND JAN FEB HAR are pecé®)  aam FEB MAR aer  pec(?)  gaw FEB HAR apr  pec(?)
Dichlorodifluoro-~

methane ND<3 a—- -—— - [ ND<3 ——- - - -——— BRK -—- .- -——- _———
Trichlorofluoro-

methane 39 11 ND<1 NA ND<3.0 ND<3 12 ND<1 ND<1 RD<3.0 BRK BRK N1 27 25.6
Chloroform 47 12 43 NA 72.7 92 16 20 82 ND<3.0 BRK BRK 20 76 ND<3.0
l,1,1-trichloxo~

ethane 1,856 2,548 1,817 NA 4,163.2 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<1.0 >0.5‘ NA >3.0 ND<1 TR<1.0 >0.5' ND<1 >3.0 BRK ND<1.0 - N1 >3.0
Trichloroethene 547 748 452 NA 1,050.8 749 1,126 870 950 1,220.6 BRK 1,080 7157 999 1,181.6
Toluene ND<0.8 ND<O.8 ND«<1 NA ND<3.0 ND<0.8 ND<0.8 ND<1 34 ND<3.0 BRK 300 ND<1 105 88.5
Tetrachloroethene 21 10 30 NA 1.1 45 13 50 ND<1 17.5 BRK 12 27 28 11.2
Total Xylenes ND<1.1 ND<1.0 ND<1 NA ND<3.0 ND<1.1 ND<1.0 ND<1 ND<1 ND<3.0 BRK & 7.5 ND<1 ND<3.0
Chlorobenzene -—- - -—- NA ND<3.0 - “—- - ND<1  ND<3.0 ——- - -—- ND<1  ND<3.0
1,1-dichloroethene === KD<18 ND<1 ~—- -——- —-- ND<18 ND<1 --- == - TR<18 ND<1 --- —--
Ethylbenzene --=  ND<1,2  --- NA  ND<3.0  ---  ND<1.2  ~-- ND<1  RD<3.0  --- 1.8 -n- ND<1 8.0

*Calculated from tentative results.
ND = This compound was not detected; the limit of detection for this anslysis is less than the amount stated in the table above.
TR = Trace; this compound was present, but was below the level at which concentration could be determined.
BRK = Breskthrough inm charcoal tubes.
?{)- Not available
Compiled from Devaura and Bell, 1986, and Department of Energy, 1986e.
From unpublished Laboratory data report; analytical uncertainty 115 percent pg/tube.
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COMPOUND

Dichlorodifluoro-~
methane

Trichlorof luoro-
methane

Chloroform

1,i1,1-trichloro-
ethane °

Carbon tetra-
chloride

Trichloroethene
Toluene
Tetrachloroethene
Total Xylenes
Chlorobenzene
1,1-dichloroethene

Ethylbenzene

ND<3

ND<3

ND<1

384

ND<1
1.3
ND<O.8
3.2

ND<1.1

1986 PoRE cAs sawrLingSl)

TABLE 4-28

DRILL WOLE LGC-85-09

“Calculated from tentative results.
ND = This compound was not detected; the limit of detection for this analysis is less than the amount stated in the table above.
TR = Trace; this compound was present, but was below the level at which concentration could be determined.

!t)- Not avajlable

Compiled from Devaurs and Bell, 1986, and Department of Energy, 1986e.
From unpublished Laborstory data report; analytical uncertainty 115 percent ug/tude,

LAN:017-TABLE/1

ug/L AIR

37 FT 63 FT 80 FT 91 FT (2
FEB MAR Ak pEC(2). A FEB NAR ar  pEc(?)  nam FEB MAR s pec(?)  gan FEB  MAR AR pEct2)g

- - --- - ND<3 ——- - - - .- - .- .- --- ND<3 .. ee- —-- ---
ND<4.5 ND<1  NDC! ND<3.0 ND<3  ND<4.5 ND<L  ND<1  ND<3.0  ---  ND<4.5 NDC<IL  ND<I  ND<3.0 ND<3  ND<4.5 ND<I  ND<1  ND<3.0
ND<1.2 ND<1  ND<L ND<3.0 ND<I ND<I.2 ND<1  ND<I ND<3.0 --- ND<1.2 ND<I  ND<I  ND<3.0 ND<I  ND<1.2 ND<I  ND<I  ND<3.0
380 <250° 349  561.5  .980 472 <250* 466  644.0  --- 210 <250° 376 421.0 312 406 >250" 90  WD<3.0
ND<1.0 ND<1 ND<1 ND<3.0 ND<} ND<1.0 ND<1 ND<1 ND<3.0 -——- ND<1.0 ND<1 ND<1 ND<3.0 ND<1 ND<1.0 ND<1 ND<1 ND<3.0
1.6 1 ND<I  ND<3.0 1.8 2.2 1.64 2.2 ND<3.0  --- 1.2 1.6 2.7  ND<3.0 1.6 2.2 0.98 1.4  ND<3.0
ND<O.8 ND<1  ND<I ND<3.0 ND<O.8 ND<0.8 ND<I  ND<1 ND<3.0 --- ND<0.8 ND<l  ND<1 ND<3.0 ND<O.8 0.4 ND<I  ND<I ND<3.0
3.8 4 ND<1I  ND<3.0 4.1 4.6 5 ND<1I  ND<3.0  --- 3 >0.5"  WD<1  ND<3.0 2.9 4 2.57  ND<1l  ND<3.0
ND<1.0 ND<I  ND<I  ND<3.0 ND<1.1 ND<1.0 ND<l  ND<I. ND<3.0 --- ND<1.0 ND<I  ND<1  ND<3.0 ND<L.1 0.8 ND<I  ND<1  ND<3.0
- - ND<L  KD<3.0  --- - - ND<1  ND<3.0  --- - - ND<1  ND<3.0  --- —_— e ND<L  ND<3.0

ND<18.0 >0.5°  --- --- ---  TRC18.0 30.5%  --- .- ---  ND<18.0 >0.5"%  --- --- ---  TR<18.0 >0.5%  --- -
ND<1.2  --- ND<I  ND<3.0  ---  ND<1.2 -~ ND<t  ND<3.0  ---  ND<1.2  --- ND<1  ND<3.0  ---  ND<1,2  --- ND<1  ND<3.0



TABLE 4-29

1986 Pore cAs sawpLinc(l)

DRILL HOLE LGC-85-10

*Calculated from tentative results.
ND = This compound was not detected; the limit of detection for this analysis is less than the amount stated

?t)- Not available

Compiled from Devaurs and Bell, 1986, and Department of Energy, 1986e.
(2 From unpublished Laboratory data report; analytical uncertainty 415 percent ug/tube.

LAN:017-TABLE/2

in the table above.

usg/L AIR
31 FT 53 FT 95 FT

COMPOUND JAN FEB MAR APR DEC (2) JAN FEB MAR APR DEC (2) JAN FEB MAR APR DEC (2)
Dichlorodifluoro-

methane ND<3 - - - .- 4 - cm- - -e- 4.4 -——- - -——- .-
Trichlorof luoro- . .

me thane 18 14 9.5 ND<1 ND<3.0 18 14 10.6 ND<1 ND<3.0 7.4 7.6 7.2 ND<1 ND<3.0
Chloroform ND<1 ND<1.2 ND<1l ND<1 ND<3.0 ND<1 ND<1.2 ND<1 ND<1 ND<3.0 ND<1 ND<1.2 ND<1 ND<1 ND<3.0
1,1.1-trichloro- : . .

ethane 184 314 >250 99 138.0 152 168 >250" 147 208.0 79 101 >250" 55 90.0
Carbon tetra-

chloride ND<1 ND<1.0 ND<1 ND<1 ND<3.0 ND<1 ND<1.0 ND<1 ND<1 ND<3.0 ND<1 ND<1.0 ND<1 ND<1 ND<3.0
Trichloroethene 2.6 2.6 2.2 ND<1 ND<3.0 4.4 4.4 4.15 ND<1 ND<3.0 ND<1 6.4 6.5 3.4 ND<3.0
Toluene ND<0.8 ND<0.8 ND<1 =~ ND<1 ND<3.0 ND<0.8 ND<0.8 ND<1 ND<1 ND<3.0 ND<O0.8 ND<0.8 ND<1 ND<1 ND<3.0
Tetrachloroethene 2.8 3.0 3.19 ND<1  ND<3.0 3.4 3.6 4.08 ND<1 ND<3.0 2.8 3.2 3.55 ND<1 ND<3.0
Total Xylenes ND<l.1 ND<1.0 ND<1 ND<1 ND<3.0 ND<1.1 ND<1.0 ND<1 ND<1 ND<3.0 ND<1.1 ND<1.0 ND<1 ND<1 ND<3.0
‘Chlorobenzene - .-- - ND<1 ND<3.0 -——- -—- L ND<1 ND<3.0 -—- -—— --- ND<1 ND«<3.0
1,1-dichloroethene --- ND<18.0 ND<l -——- -—- --- ND<18.0 ND<1 .—e ——- - ND<18.0 ND<1 -——- .-
Ethylbenzene -—- ND<1.2 “-- ND<1  ND<3.0 .= ND<1.2 .- ND<1 ND<3.0 - ND<1.2 --- ND<1 ND<3.0
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FIGURE 4-1. DIAGRAM OF A PORE-GAS SAMPLING PORT (DEVAURS AND BELL, 1986)
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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 hydraulie 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 Tesuqhe Formation (Purtymun,
1984). Beneath Mesita del Buey, the main aquifer is contained in the poorly-
consolidated conglomerates of the Puye Formation and the conglomerates, sand-
stones, and siltstones of the Tesuque Formation (see Section 2.2). The main
aquifer was encountered at 874 feet below land surface when PM-2 was drilled
in 1965 (Figure 5-1) (Cooper, et al., 1965). While the drillers reported a
show of water at 335 feet in the lithologic log, subsequent geophysical log-
ging did not confirm the presence of any water in this zone. It is probable,
as is common with water-filled holes drilled with a cable tool rig, that
circulation fluid lost from an upper fractured zone was re-encountered at this
deeper zone. A summary of the lithologic log for PM-2 is provided in Table
5-1. In the Pajarito Well Field, the aquifer has an average saturated thick-
ness of 1,470 feet and hydraulic gradient of 0.015 foot per foot (Figure 5-2).
Based on the main aquifer elevation in well PM-2 and the hydraulic gradient,
the depth to the main aquifer beneath Areas G and L is 850 feet and 950 feet,
respectively. The transit time from recharge of the aquifer to discharge
along the Rio Grande is estimated between 50 and 1,400 years based on tritium
and carbon-14 analyses, respectively (Purtymun, 1984). The rate of movement
of the main aquifer beneath Mesita del Buey can be estimated using the Darcian

flow equation:
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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. 1In 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 pumpihg. 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 calecium bicarbonate (Figure 5-4). A summary of the
hydrologic data for spfings in White Rock Canyon is provided in Table 5-3.
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5.2 HYDROGEOLOGY OF PERCHED WATERS ADJACENT TO MESITA DEL BUEY
Mesita del Buey is bounded on the north by Cafiada del Buey 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 Cafiada del Buey
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 Cafiada del Buey,
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
Aprii 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 were installed in selected test holes by
casing the holes with four-inch diameter, schedule 40, PVC casing. The PVC
casing was perforated with 0.25-inch holes and wrapped with approximately
0.050 slotted stainless steel mesh (Devaurs, 1985). The annular space between
the test hole wall and the casing was gravel-packed to within two feet of the
ground surface and completed with a concrete collar. Each monitoring well
casing is protected with a nine-inch diameter steel casing with a locking

cap. The wells were developed by jetting and pumping with a centrifugal pump
(Devaurs, 1985). A construction schematic of the monitoring wells is given in
Figure 5-6. Monitoring wells and test holes elevations were surveyed with

horizontal and vertical control.

5.2.1 Relevant Hydrologie 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 Cafiada del

Buey, 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 Cafiada 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 ﬁainly 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 Cafiada 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). Reéharge 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 Cafiada del Buey or Pajarito Canyon.
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5.2.2 Canada del Buey

Cafiada del Buey bounds Mesita del Buey 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 (CDBO-1 through CDBO-4) were drilled into the
Caflada del Buey alluvium near Mesita del Buey, two in the upper reach, one in
the middle reach, and one in the lower reach (Figure 1-4). Based on the test
hole borings, the alluvium in Cafiada 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-U; see Appendix C for lithologic logs).

The alluvium is confined to the canyon and does not extend beneath the Mesita
del Buey. The stream channel in Cafiada 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 Cafiada del Buey.
Screens were set opposite the alluvium in the wells and a summary of the CDBO-
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 Cafada del Buey 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

1985) combined
with a high evapotranspiration rate for the area (New Mexico Environmental

recharge a body of water in the alluvium (Devaurs and Purtymun,

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 PCO-1, PCO-~2, and PCO-3. Well construction for the
three monitoring wells is summarized in Table 5-5. The remaining four test
holeé (PCM-1 through PCM-l) 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,
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 Appendik C for lithologic
logs). The alluvium ranges from 9 to 12 feet in thickness in the existing
canyon channel (PCO-Series, Table 5-8) and thins towards the canyon flanks
(PCM-Series, Table 5-9). Lithologic logs and installation diagrams for all
seven test holes are provided in Appendix C.

In addition to the seven test holes drilled in 1985, the laboratory drilled
two test holes in the canyon during March of 1950 as part of a water-supply
study (Griggs, 1964; Purtymun, 1975). These holes, identified as T-5 and T-6
(Figure 1-4), were drilled to depths of 263 feet and 300 feet, respectively,
and completely penetrated the Bandelier Tuff beneath the floor of Pajarito
Canyon (Table 5-10; see Appendix C for lithologic logs). Although the test
holes were blank-cased through the alluvium, no water was encountered in the
underlying tuff and volcanic sediments (Griggs, 1964; Purtymun, 1975). The
holes were also dry when measured in the spring of 1985 (Devaurs and Purtymun,

1985).
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Nineteen test holes were drilled into the Bandelier Tuff on top of Mesita del
Buey in Areas G (6 test holes), L (12 test holes), and one background hole
northwest of Area L. One test hole in Area L (LLC-85-A) was abandoned
following coring. In Area G, the test holes ranged in depth from 50 to 125
feet. Test holes LGC-85-09 and-LGM-85-11 were drilled 40 feet and 9 feet,
respectively, beneath the base of the alluvium in Pajarito Canyon. Neither of
the test holes encountered perched water in the Bandelier Tuff. In Area L the
test holes ranged in depth from 60 feet to 200 feet. Test holes LLC-85-17, -
LLM-85-01 and LLM-85-02 were drilled to depths extending approximately 2, 43,
and 48 feet (respectively) beneath the base of alluvium in Pajarito Canyon.
None of these three test holes encountered perched water in the Bandelier
Tuff. A summary of the lithologic logs and installation diagrams for.each
test hole, with the exception of the abandoned test hole LLC-85-A, is provided
in Appendix C.

Topographic profiles and geologie 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 H985
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 PCO-1, 3.34 feet in PCO-2, and 0.59 feet in PCO-3. The
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saturated thickness in wells PCO-1 and PCO-3 average 10.01 and 8.93,
respectively. In contrast, the saturated thickness in PCO-2 is approximately
one-half the thickness of the other two wells, averaging 3.91 feet. The
greater range of water-level elevations in PCO-2 may reflect the thinner

saturated thickness and bedrock channel configuration.

Seasonal fluctuations in water—ievels 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 appéars to be a correlation in wells PCO-1 and PCO-2 between
large precipitation events (October 10, 1985 and June 26, 1986) and increases
in water-level elevations in all three wells. These correlations are prelimi-
nary, however, in the absence of actual precipitation-runoff relationship data
for Pajarito Canyon. Summer thunderstorms in New Mexico are typically
convective in nature (Environmental Surveillance Group, 1986), and therefore,
precipitation duration, precipitation intensity, and antecedent moisture can

vary significantly throughout the Pajarito Canyon drainage area.

The rate of movement of perched water in the Pajarito Canyon alluvium can be
estimated using the Darcian flow equation (see Section 5.1). The average
gradient measured in the monitoring wells is 0.015. Hydraulic conductivities
in the alluvium ranges from 1.65 x 10-3 meters per second for a sand aquifer
to 5.8 x 107" meters per second for a silty sand aquifer (Purtymun, 1981).
Using thesevvalues, together with an assumed sand to silt porosity of 30
percent (Freeze and Cherry, 1979), the velocity of the perched water ranges
from 8 to 23 feet per day (2 to 7 meters per day).

5.2.3.3 Quarterly Water Sampling Procedures in Pajarito Canyon

Prior to sampling, each monitoring well is purged to remove stagnant water
from the well borehole. The borehole water is removed by bailing with a two-
inch diameter brass bailer until a minimum of three borehole volumes are
removed (or the well is bailed dry). Water samples are collected for inorga-
nic and volatile organic analyses conducted by the Health and Environmental
Chemistry Group (HSE-9).
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Inorganic analyses performed each quarter include general chemistfy, 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 nitrie 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 PCO-1, PCO-2, and PCO-3 (see

Figure 1-4 for well locations). The water is characteristically sodium
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bicarbonate upgradient in well PCO-1 (Figure 5-13). In well PCO-2, located
approximately mid-reach, the water is a sodium-calcium bicarbonate (Figure
5-14). Downgradient, in well PCO-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, ete.)
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 Improvemént Board, 1985b) with the exception of
manganese (several quarterly measurements in PCO-1, PCO-2, and PCO-3), total
uranium (one quarterly measurement each in PCO-2 and PCO-3) and total dis-
solved solids (one quarterly measurement in PCO-3). Tables 5-14 through 5-16
summarize the results of inorganic analyses conducted on well samples

collected during the period June 1985 through September 1986.

In addition to changes in perched water quality downgradient, seasonal fluc-
tuations in water quality related to saturated thickness were also observed in
data collected from well PCO-3. Between December 1985 and March 1986, the
concentrations of dissolved constituents (metals, anions, and radiolpgical
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 Cafiada 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



i

B
ivnssnn A A

TABLE 5-1

. -~ - LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 (pM-2)(1)(2)
GEOLOGIC DEPTH (FT)
UNIT LITHOLOGIC DESCRIPTION T0 FROM
Alluvium Boulders and clay; boulders of latite as 0 T

large as 12 inches and grayish-brown clay,
some sand and gravel

Sand and gravel; sand is light-gray, fine- 7 30
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 30 125
(Otowi Member) sanidine and quartz crystals, many fragments '

of rhyolite and latite, trace of pumice near

105 feet ‘

Tuff; mostly crystals of sanidine and quartz 125 165
with rhyolite and latite fragments; much
white and tan pumice

. Tuff; light-gray, consists of crystals and 165 225
fragments of sanidine, quartz, and glass,
and many brown and gray rhyolite fragments

to 1/8 inch
Pumice; buff 225 235
Tuff; crystals and fragments of sanidine, 235 300

quartz, glass in sand-sized grains, and
gravel of rhyolite, latite, and basalt,
much white pumice

Pumice; light-gray to tan 300 315
Tuff; crystals and fragments of sanidine, 315 345

quartz, glass and dark volcanic rocks with
much white pumice (show of water at 335 feet)(3)

(Vrrom Cooper et al., 1965.
(2)pM-2 drilled in 1965.
(3)show of water not confirmed by subsequent geophysical logging.

LAN:1702-T48a
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TABLE 5-1

LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 (PM-2)

(Continued)

GEOLOGIC DEPTH (FT)
UNIT LITHOLOGIC DESCRIPTION TO FROM
Bandelier Tuff  Tuff; gray, coﬁposed of sand-sized grains 345 390
(Otowi Member) sanidine, quartz, and glass crystals and
(continued) many gravels of rhyolite and latite, trace
pumice
Tuff; crystals and fragments of sand-sized 390 405
sanidine, quartz, and glass
Bandelier Tuff Pumice; light-tan to light-gray, lumps as 405 432
(Guaje Member) 1large as 1/4 inch
Chino Mesa Basalt; black, dense, with some iron-staining, 432 505
Basalt (Unit 3) trace tan clayey silt, minor olivene, pyrite,
and white crystalline material
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

LAN:1702-Tl8a

driller's logs indicate this interval to be
basalt. Hole was drilled without circulation.)



TABLE 5-1

(Continued)

‘ _ . LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 (PM-2)

GEOLOGIC
UNIT

LITHOLOGIC DESCRIPTION

DEPTH (FT)

TO

FROM

Puye
Conglomerate
(Fanglomerate
Member)

Puye
Conglomerate

‘ (Totavi Lentil)

LAN:1702-T48Ba

Conglomerate (No samples. Electric logs and
driller's logs indicate this interval to be
conglomerate. Hole was drilled without
circulation.)

Conglomerate; sand is fine-to-coarse, quartz,
frosted and rounded; gravel is mostly latite,

‘much basalt

Basalt; dark-gray, dense
Conglomerate; as 730 to 734 feet
Basalt; as 734 to 738 feet

Conglomerate; greenish-gray, sand is fine-to-
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
contains much larger percentage of gravel
size particles and some chert and tan silty
clay

Conglomerate; as 1,000 to 1,168 feet, but
contains white and tan fibrous pumice

Conglomerate; gray-to-tan, mostly sand
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-
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

700

730
734
738

758
770

1,000

1,168

1,186

1,250

1,340

730

734
738
758

770

1,000

1,168

1,186

1,250

1,340

1,410



LITHOLOGIC LOG OF WATER-

GEOLOGIC
UNIT

TABLE 5-1

(Continued)

LITHOLOGIC DESCRIPTION

SUPPLY WELL PAJARITO MESA #2 (PM-2)

DEPTH (FT)

TO

FROM

Tesuque
Formation

LAN:1702-T48a

Sand; light pinkish-gray to dark-gray, fine-
to-coarse, subrounded-to-rounded, quartz,
some fine-to-coarse gravels of quartz and
quartzite

Conglomerate; sand is grayish-pink,
subangular-to-subrounded quartz; gravel is
subrounded quartz and quartzite and a few
gravels of vuggy basalt

Basalt; black to dark-gray, coarse crystal-
line with gray to green waxey clay filling
some vugs and some vug lining of white
crystals

Sand and gravel; mostly sand-sized grains
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-
coarse, and subrounded gravels of latite
and quartzite

Basalt; brown, red, and black, weathered
appearance, contains clay and white crystals
in vugs

Sand; grayish-pink, very fine-to-medium,
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
grained with white clay

Sand; grayish-pink, coarse-to-very coarse,
rounded-to-subrounded, quartz, some white
and tan clay

Clayey sand; fine-to-coarse sand with much
white and tan clay

1,410

1,548

1,840

1,892

2,108

2,218

2,312

2,370

2,410

2,460

1,548

1,840

1,892

2,108

2,218

2,312

2,370

2,410

2,460

2,490



TABLE 5-1

- LITHOLOGIC LOG OF WATER-SUPPLY WELL PAJARITO MESA #2 (PM-2)

(Continued)
GEOLOGIC DEPTH (FT)
UNIT LITHOLOGIC DESCRIPTION TO FROM
Tesuque Clay; tan to white, sandy 2,490 2,510
Formation
(continued)
Clayey sand; as 2,460 to 2,490, contains 2,510 2,530
much basalt (possible basalt layer at 2,506
to 2,508 according to electric logs)
Sand; pinkish-gray to tan, fine-to-coarse, 2,530 2,600
Subangular-to-subrounded quartz and white
to tan clay
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 O 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 electriec logs
and driller's logs.

LAN:1702-T48a



TABLE 5-2

CONSTRUCTION AND HYDROLOGIC DATA FOR HEI_ IN

Date of Completion
Elevation of LSD (ft)

Construction

Depth drilled (ft)
Depth compieted (ft)
Diameter (in.)

Water Levels

Date
Depth below LSD (ft)
Elevation (ft)

Water-Level Fluctuations

Period (yr)
Change (ft)
Annualerate (fVyr)

Aquifer

Formation
Saturated thickness (ft)

Yield
Date
Rate (gpm)
Drawdown (N)
Specific capacity (gpm/ft)
Transmissivity (gpd/ft)
Field coefTicient of permeability (gpd/Rt2)

Production
Period (yr)
Pumpage (10° gal)

Quality of Water
Date
Chemical (mg/£)
Si0,
Ca
Mg
Na
CO,
HCO,
S04
Cl
F
NO,3
TDS
Hard
Specific conductance (umho)
pH
Radiochemical
Total uranium (pg/d)
Temperature (°F)

THE PAJARITO WELL FIELD, LOS ALAMOS

Well was abandoned in 1956 data were not used in the average hydrologic characterisuics. It is located

150 ft SW of well LA-1B.

bwells have two different diameter sizes of casing; i.e.. 12 (650 ft) 10 reads: 12-in. diameter 10 650 fi, then

10-in. diameter to completed depth of well.

Note: QTp = Puye Conglomerate: Tsf = Tesugue Formation.

Pajarito Field
PM-1 PM-2 PM-3 PM-4 PM-$
1965 1965 1966 1981 1982
6520 6715 6640 6920 7095
2501 2600 2552 2920 3120
2499 2300 2552 2878 3093
12 14 14 16 16
1982 1982 1982 1982 1982
748 874 762 1047 1208
5112 5841 5878 5873 5887
1965-1982 1966-1982 1968-1982 1981-1982 -
-2 —48 -19 s -
-0.1 -2.8 -13 - -
QTp-Tsf QTpTsf QTp-Tsf QTp-Tsf QTp-Tsf
1751 1426 179%0 1828 188S
1982 1982 1982 1982 1982
589 1386 - 1402 1473 1225
22 60 23 40 144
26.8 23.1 60.9 36.8 8.5
.85 000 40 000 320 000 44 000 10 000
31 28 179 24 53
1965-1982 1966-1982 1968-1982 1982 -
1593 5863 3478 7% _
3-18-81 3-18.81 3-18-81 8-3-81 8-4-8]
m 81 88 87 86
28 8 24 9 14
6.9 al 84 3 4
18 10 18 n 2%
0 ] 0 0 0
144 65 148 70 106
5 3 7 4 10
4 9 10 2 4
0.3 0.3 0.4 03 0.3
20 <0.1 1.8 2 s
212 140 216 168 M1
90 36 90 36 52
260 130 250 120 190
8.0 7.8 8.3 8.2 8.2
24108 003108 1.0+ 0.8 083108 22104
7 69 n 69 73
(DFrom Purtymun, 1984.



Elevation of LSD (ft)
Aquifer
Discharge at Rio Grande (gpm)

Quality of Water
Date
Chemical (mg/£)
Si0,
Ca
Mg
Na
co,
HCO,
SO,
Cl
F
NO,
TDS
Hardness
Specific conductance (pmhao)
pH
Radiochemical
Total uranium (ug/t)
Temperature (°F)

HYDROLOGIC DATA FOR SPRINGS IN THE WHITE ROCK CANYON AREA

TABLE 5-3

(1)

Spring 3 Spring 3B Spring 4 Spring SA Spring 5B Spring 6 Spring 8A Spring 10
5560 5500 5500 5430 5400 5380 5370 5360
QTp Tsf QTp Tsl Tsf Tsf Tsf Tsf
20 30 80 3o 10 60 30 20
10-13.81 10-13-81 10-13-81 10-13-81 10-14-81 10-14-81 10-14-81 10-15-81
52 46 60 60 64 74 15 69
20 24 28 A4 17 12 11 12
1.6 20 5.7 27 44 36 28 32
16 139 15 22 12 1} 13 13
o 0 0 . 0 0 0 0 0
29 392 132 124 87 74 56 80
4 4 6 7 2 2 3 3
5 6 8 6 4 4 s 4
04 0.6 0.5 03 0.5 03 0.4 04
26 8.4 <0.4 1.7 20 <04 <04 1.7
125 374 168 186 152 134 152 146
56 64 92 69 56 44 39 42
210 610 220 240 150 140 130 120
8.1 1.5 1.0 14 7.4 1.0 9.0 7.8
23108 19 4 4.0 15108 22408 19408 104 0.8 1.7+ 08 17408
72 68 66 70 61 3 72 66

Note: Tsf = Tesuque Formastion and QTp = Puye Conglomerate.

(MErom Purtymun, 1984,




TABLE 5-4

‘ LITHOLOGIC LOGS OF MONITORING WELLS IN CANADA DEL BUEY(Y)
DEPTH (FT)
WELL LITHOLOGIC DESCRIPTION T0 FROM
CDBO-1 Alluvium; light brown, silty sand 0 g

with some clay

Tuff; brown, weathered with quartz and 9 15
sanidine crystals and crystal fragments,

some rock fragments (weathered tuff

contains an estimated 20-30 percent silt

and clay)

CDBO-2 Alluvium; light brown, silty sand 0 12
with some clay

Tuff; brown, weathered with quartz 12 18
and sanidine crystals and crystal

fragments, some rock fragments

(weathered tuff contains an estimated

20-30 percent silt and clay)

‘ CDBO-3 Alluvium; light brown, silty sand 0 8
' Wwith some clay

Tuff; light gray, quartz and sanidine 8 12
crystals and crystal fragments, some ‘

small rock fragments, slight amount of

clay as a result of weathering

CDBO-4 Alluvium; light brown, silty sand : 0 9
with some clay

Tuff; light gray, quartz and 9 12
sanidine crystals and crystal

fragments, some small rock

fragments, slight amount of clay

as a result of weathering

(Dfrom Devaurs, 1985

LAN:1702-T48



SUMMARY OF MONITORING WELL CONSTRUCTION AND TEST HOLE COMPLETION IN
PAJARITO CANYON AND CANADA DEL BUEY(1

TABLE 5-5

LAND HEIGHT
SURFACE  OF STE TOTAL CASED PERFORAT
ELEVATION  CASING - peptH(?)  1NTERVAL(?) INTERVAL%B) DATE
WELL (FT) (FT) . (FT) (FT) (FT) INSTALLED
PAJARITO CANYON
PCO-1 6687.0 1.2 12.3 0-4.3(3) 4.3-12.3(3)  u/16/85
PCO-2 6618.3 1.0 9.5 0-1.5(3) 1.5- 9.5¢3)  u/17/85
PCO-3 6546.3 1.2 17.7 0-5.7(3) 5.7-17.7¢3)  y/17/85
PCM-1 6697.6 1.35 60 0-8.3(3) — 10/22/85
PCM-2- 6640. 1 1.35 120 0-7.2¢3) —- 10/22/85
PCM-3 6615.0 1.35 60 0-8.3(3) --- 10/22/85
PCM-14 6584.7 0.7 60 0-9.7¢3) - 10/22/85
‘-5 6591.6 2.0 263 0-22(#) ——- 3/1950
T-6 6642.1 2.75 300 0-30(#) - 3/1950
CANADA DEL BUEY
CDBO-1 6757.6 1.37 13.1 0-5.1(3) 5.1-13.103)  u/17/85
CDBO-2 6748.2 1.30 17.9 0-5.9(3) 5.9-17.9(3) * u/18/85
CDBO-3 6670.2 1.20 12.4 0-4.4(3) 4.4-12.403)  4/18/85
CDBO-4 6564.5 1.30 12.1 0-4,1(3) u.1-12.103)  u/18s85

(1)Modified from Devaurs, 1985.
(2)a11 lengths cited in this table are measured from the.land surface datum.

(3)cased with four-inch 0.D PVC pipe.

(%) Cased with six-inch carbon steel pipe.

LAN:1702-T48



TABLE 5-6

. SUMMARY OF WATER-LEVEL MEASUREMENTS AND EL’EYQ}‘IONS FOR
MONITORING WELLS IN CARADA DEL BUEY

WELL CDBO-~1 CDBO-2 CDBO-3 CDBO-4
LAND SURFACE :
ELEVATION (FT) (6757.6) (6748.2) (6670.2) (6564.5)

DATE MEASURED

05/28/85 Dry Dry Dry Dry
09/04/85 Dry Dry Dry Dry
12/02/85 Dry Dry Dry , Dry
03/06/86 Dry Dry Dry Dry
06/10/86 Dry Dry Dry Dry
07/03/86 Dry Dry Dry Dry
08/08/86 Dry Dry Dry Dry
09/03/86 Dry Dry Dry Dry

(DErom Department of Energy, 1987

¢
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TABLE 5-7

‘ MOISTURE CONTENT OF
CUTTINGS FROM THE PCM-SERIES TEST HoLes(?)

DEPTH

(FT) PERCENT MOISTURE BY WEIGHT

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 1.1 5.6 8.9 2.5

28 11.1 7.3 6.8 4.1

33 1.7 iy 6.8 6.6

38 1.7 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

. (DFrom McInroy, 1985
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TABLE 5-8

~ LITHOLOGIC LOGS OF MONITORING WELLS IN PAJARITO CANYON(1)

WELL LITHOLOGIC DESCRIPTION

DEPTH (FT)

TO

FROM

PCO-1 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

PCO-2 Alluvium; light brown, gravels,
cobbles, and boulders intermixed
with eclays, silts, and sands

Tuff; light reddish-brown, non- to
moderately-welded, quartz and sanidine
crystals and crystal fragments, few
small rock fragments

PCO-3 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

("From Devaurs, 1985

. LAN:1702-T48
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22
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12
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TABLE 5-9

at 13 feet, pumice fragments at 14 feet,
reddish brown tuff at 25 feet

(VFrom McInroy, 1985

LAN:1702-T48a

. LITHOLOGIC LOGS OF THE PCM-SERIES TEST HOLES IN PAJARITO CANYON(!)
TEST DEPTH (FT)
BORING LITHOLOGIC DESCRIPTION TO FROM
PCM-1 Alluvium 8
Tuff; reddish-brown, pumice layer at 60
Ly feet
PCM-2 Alluvium (weathered tuff) 0 6
Tuff; light gray to pinkish-brown tuff, 6 120
pumice fragments, and rock fragments
PCM-3 Alluvium 0 8
Tuff; rock fragments at 13 feet, pink 8 60
tuff and numerous pumice fragments
at 14 feet
‘ PCM-4 Alluvium 0 1
Tuff; light grayish-pink, brownish-gray 60



TABLE 5-10
. LITHOLOGIC LOGS OF TEST HOLES T-5 AND T-6 IN
PAJARITO CANYOthﬁ('I;Z)5

DEPTH (FT)
GEOLOGIC UNIT TO FROM
T-5 .
Alluvium 0 23
Bandelier Tuff
Tshirege Member 23 4o
Otowi Member ' uo 160
Guaje Member 160 171
Chino Mesa Basalt } m 263
1-6
Alluvium 0 25
Bandelier Tuff
-Tshirege Member 25 85
Otowi Member 85 265
Gua je Member 265 285
Puye Formation
(Fanglomerate Member) 285 300

(1 From Purtymun, 1975.
(Z)Test holes drilled in March 1950.

LAN:1702-T48a



WELL

PCO-1

SUMMARY OF WATER-LEVEL MEASUREMENTS AND ELE
MONITORING WELLS IN PAJARITO CANYON

TABLE 5-11

Yﬂ'lﬂls FOR

PCO-2 PCO-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 ELEVA'I"ION THICKNESS
DATE MEASURED (FT) (FT) (FT) (FT) (FT) (FT) (FT) (FT) (FT)
06/11/85 1.25 6685.75 9.75 3.63 6614.67 5.37 2.98 6543.32 9.02
09/12/85 1.29 6685.71 9.71% 5.05 6613.25 3.95 3.30 6543.00 8.70
12/13/85 1.28 6685.72 9.72 6.26 6612.04 2.75 3.01 6543.29 8.99
03/06/86 1.59 6685.41 9.41 6.93 6611.37 2.07 3.08 65U3.22 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 661442 5.12 3.29 6543.01 8.71
06/18/86 0.72 6686.28 10.28 3.83 6614.47 5.17 3.18 6543.12 8.82
07/03/86 0.54 668646 10,46 3.86 661444 5.14 2.7 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 u.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

(Drrom Department of Energy, 1987

LAN:1702-TU8b
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TABLE 5-12

SUMMARY OF INORGANIC PARAMETERS ROUTINELY ANALYZED

GENERAL
CHEMISTRY

Calcium
Magnesium
Potassium
Sodium
Chloride

"Sulfate

Nitrate (NO3 as N)
Fluoride

Carbonate

Bicarbonate

Phosphorus

Total Hardness
Conductivity

pH

Total Dissolved Solids
Silica

LAN:1702-T48a

IN MONITORING WELL SAMPLES

METALS

Silver
ArSenic

Barium
Cadmium
Chromium
Mercury
Lead
Selenium
Copper
Iron
Manganese
Zine

RADIOLOGICAL
PARAMETERS

Cesium-137
Plutonium-238
Plutonium-239, 240
Tritium

Total Uranium
Gross Alpha

Gross Beta

Gross Gamma



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)Includes chloromethane, chloroethane, bromomethane, and vinyl chloride.

LAN:1702-Tl8c

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 Nt
Chlorodibromomethane
Tetrachloroethylene
Chlorobenzene
Ethylbenzene
Bromoform
1,1,2,2-Tetrachloroethane
Bromobenzene

1,3-Dichlorobenzene
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TABLE 5-14
INORGANIC WATER QUALITY RESULTS FROM ITORING WELL
PCO-1 IN PAJARITO CANYON

DATE SAMPLED 06/11/85 09/03/85 12/04/85  03/06/86  06/10/86  09/18/86 mﬁéﬁém u.s. epal3)
GENERAL CHEMISTRY ’

Ca mg/ e 33 22 17 18 19° 16

Mg mg/ % 9.9 6.6 5.1 4.9 6 5

K mg/ 4 5.7 5.3 3.7 . .3 4.2

Na mg/% b7 36 27 28 26 22

c1 mg/1 68 35 16.7 22 27 10.7 250.0 250.0
SOy mg/ 1 18.5 13.4 9.5 7.7 9 5.5 600.00 250.0
NO3 (N) mg/t 1.7 0.2 <0.1 0.30 <0.2 10.0 10.0
F mg/ 1 0.5 0.4 <0.1 0.3 0.4 1.6 4.0
co; mg/ 2 0 0 <0.5 .0 . 0.0

HCO4 mg/ 97 101 92 93 82 88

P mg/ e <0.2 <0.2 <0.1 0.0 <0. <0.2

Total Hardness mg/% 122 89 68 88 T4 55

Conductivity umohs/cm u8 350 250 260 275 225

pH 6.7 7.04 6.77 7.4 7. 6.9 6-9 6.5-8.5
™S mg/ L 298 217 153 170 188 160 1,000.0 500.0
810, mg/ % 31 39 28 25.7 27 24

(Dcompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987.
(Z)From New Mexico Environmental Improvement Board, 1985b; New Mexico Water Quality Control Commission, 1986.

(3)erom U.S. EPA, 1976; U.S. EPA 1979.

LAN:1702-T/1



TABLE 5-14
INORGANIC WATER QUALITY RESULTS FROM ITORING WELL
PCO-1 IN PAJARITO CANYON

(Continued)
NMEIB/

DATE SAMPLED 06/11/85 09/03/85 12/04/85  03/06/86  06/10/86 09/18/86  nMwacc‘®)  u.s. epa(3)
METALS
Ag mg/s <0.001 <0.001 <0.001 <0.001 <0.005 <0.001 0.05 0.05
As mg/t 0.004 <0.001 0.001 <0.002 0.002 <0.001 0.05 0.05
Ba mg/1 -~ 0.196 0.148 0.138 0.12 0.076 0.07 1.0 1.0
cd mg/ 1 <0.001 0.005 0.00 <0.002 <0.001 0.0005 0.01 0.01
cr mg/t 0.006 0.003 0.037 <0.003 0.0224 <0.001 0.05 0.05
Hg mg/L <0.002 <0.001 <0.002 <0.005 <0.002 <0.002 0.002 ' 0.002
Pb mg/1 <0.003 <0.001 <0.001 <0.005 0.003 0.003 0.05 0.05
Se mg/L <0.003 <0.003 <0.001 <0.001 <0.002 <0.001 0.01 0.01
Cu mg/1 0.014 0.010 <0.010 10.010 0.005 0.004 1.0 1.0
Fe mg/1 0.095 0.012 - 0.098 0.005 0.017 <0.003 1.0 0.3
Mn mg/1 0.018 0.051 0.065 0.32 <0.003 0.115 0.2 0.05
Zn mg/t 0.029 0.025 0.013 0.005 <0.02 <0.001 10.0 5.0

(1)Compi1ed 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
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TABLE 5-14
INORGANIC WATER QUALITY RESULTS FROM MONITORING WELL
PCO-1 IN PAJARITO CANYON
(Continued)
: NMEIB/

DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86  wMwacc(2)  u.s. epa(3)
RADIOLOGICALS
Cs-137 pCi/s h + 98 “17.3 £ 120 -36.1 % 76.4  -17.4 % 61 -28 + 72 T4 + 41 200
Pu-238 pCi/e 0.000 + 0.020 0.013 + 0.024 0.005 + 0.02 0.016 & 0.02 -0.010 ¢ 0.025 0.001 £ 0.01 15
Pu-239,240 pCi/1 0.005 +.0.016 0.000 ¢ 0.02 0.037 + 0.032 0.021 + 0.02 0.005 ¢+ 0.033 0.01 £ 0.01 15
H-3 pCi/e 2400 &+ 800 3,200 + 1,000 400 + 800 1,400 + 800 800 + 800 4,100 + 60020,000 20,000
Total U mg/e 1.4 £ 1.0 0.8 + 0.4 0.5 £ 0.6 0.0 + 0.2 1.0 + 0.6 - 5.0 5.0
Gross Alpha pCi/t 2.0+ 4.0 0.300 + 1.6 1.7 1.4 1.1 1.8 0.8 ¢2 11.0 £ 3.0 15.0 15.0
Gross Beta pCi/t 8.0+ 1.8 6.3 + 1.6 1.7%1.0 2.6 + 1.0 5.9+ 1.6 10.0 1.0
Gross Gamma cpm/% -50 + 120 160 + 120 70.0 £ 120  -40 + 120 -120 £ 120 146 + 100

'(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/3



TABLE 5-15
INORGANIC WATER QUALITY RESULTS FROM ITORING WELL
PCO-2 IN PAJARITO CANYON

NMEIB/

DATE SAMPLED 06/11/85 09/03/85  12/04/85(2)  03/06/86¢2) 06/10/86  09/18/86  NMwacct3) u.s. epa(?)
GENERAL CHEMISTRY

Ca mg/e 18 19 -— ——— 21 19

Mg mg/ e 5.1 5.7 - —-- 6 5

K mg/1 3.9 3.8 - —- 3.5 3.4

Na mg/% 18 19 -— —— 21 19

c1 mg/1 1 17 --- --- 25 1.2 250.0 . 250.0
S0y mg/e ' 10.0 7.8 --- --- 8 5.1 600.0Q 250.0

NO3 (N) me/t 0.3 0.3 - - 0.8 <0.2 10.0 10.0

F mg/e 0.3 0.4 -— : -—- 0.24 0.4 1.6 4.0

CO3 mg/4 0 0 ——- -— 0.0 0.0

HCO4 mg/ L 66 88 -— — 82 88

P mg/1 <0.2 <0.2 - - <0.2 <0.2

Total Hardness mg/% 62 80 - -— 75 61

Conductivity  umohs/em 19 250 -— -— 255 225

pH 6.89 6.83 —-— -—- 7.4 7.0 6-9 6.5-8.5
S mg/s 143 156 —— - 175 152 1,000.0 500.0
Si0, mg/ 9 26 31 - --- 27 23

(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/7
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TABLE 5-15

INORGANIC WATER QUALITY RESULTS FROM MONITORING WELL

PCO-2 IN PAJARITO CANYON

(1)Compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b,
(Z)Volume of water in monitoring well insufficient to collect sample.

(3)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

DOE 1986c; DOE 1986d; DOE 1987.

{Continued)
NMEIB/

DATE SAMPLED 06/11/85 09/03/85  12/04/85¢2)  03/06/86(2) 06/10/86 09/18/86  Nmwacc(3) u.s. epa(¥)
" METALS

Ag mg/e <0.001 <0.001 - -—- <0.005 <0.001 0.05 0.05
As mg/9 0.001 <0.001 —— -— <0.002 <0.001 0.05 0.05
Ba mg/% 0.069. 0.090 —— - 0.018 0.18 1.0 1.0
Cd mg/e <0.001 0.002 ——- -— 0.0014 <0.0002 0.01 0.01
Cr mg/ e 0.006 0.007 “e- ——— 0.0206 <0.001 0.05 0.05
Heg mg/% <0.002 <0.001 --- —- <0.002 <0.002 0.002 ° 0.002
Pb mg/ e 0.006 <0.001 - - 0.003 <0.001 0.05 0.05
Se mg/% <0.003 €0.003 —- — <0.002 <0.001 0.01 0.01
Cu mg/e <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
Mn 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



INORGANIC WATER QUALITY RESULTS FROM
PCO-2 IN PAJARITO CANYON

TABLE 5-15

PHPITORIﬁG WELL

(Continued)
NMEIB/

DATE SAMPLED 06/11/85 09/03/85  12/00/85(2)  03/06/86(2)  06/10/86 09/18/86 wiacc(3)  u.s, epa®)
RADIOLOGICALS
Cs-137 pCi/e 70 + 82 97.8 + 86 - - -38. * 56 40 + 38 200
Pu-238 pCi/e 0.000 * 0.0001  0.000 ¢ 0.02  --- - 0.006 * 0.029 -0.02 % 0.02 15.0
Pu-239,240  pCi/s 0.000 * 0.024  0.000 * 0.02  --- --- -0.011 £ 0.027 0.01 * 0.02 15.0
H-3 pCi/L 600 + 800 3,700 £ 1000  --- - 800 + 800 3,600 + 600 20,000 20,000
Total U mg/s 3.8 + 1.6 5.1%05  --- - 2.5 % 0.6 - 5.0 5.0
Gross Alpha pCi/g 9.0 + 26.0 6.0 4.0  --- - 0.1 %2 14.0 £ 3.0 15.0 15.0
Gross Beta pCi/s 16.0 £ 4.0 17.0 £ 4.0 -— -— 11 +2.0 15.0 £ 2.0
Gross Gamma cpm/1 60 + 120 190 £ 120 --- —-- -190 + 120 146 + 100

(Deompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987.
(Z)Volume of water in monitoring well insufficient to collect sample.

From New Mexico Environmental Improvement Board, 1985b; New Mexico Water Quality Control Commission, 1986.
(Merom U.S. EPA, 1976; U.S. EPA, 1979.

LAN:1702-T/9
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TABLE 5-16
INORGANIC WATER QUALITY RESULTS FROM MONITORING WELL
PCO-3 IN PAJARITO CANYON('

DATE SAMPLED 06/11/85  09/03/85 12/04/85  03/06/86  06/10/86  09/18/86 mﬁégém u.s. epal3)
GENERAL CHEMISTRY

Ca mg/e 4o 39 125 87 55 80

Mg mg/ L 9.8 9.5 29.7 18 - 12 16

K mg/L 3.6 3.8 by 3.2 3.9 2.9

Na " mg/e 24 23 57 41 32 18

cl  mg/e 22 22 74 10 24 42.7 250.0 T 250.0
SOy, mg/t 7.6 7.3 5.2 9.4 19 0.8 600.00 -  250.0
NO3 (N) mg/2 0.5 <0.1 <0.1 0.0 0.9 <0.2 10.0 10.0

F mg/ 0.7 0.7 0.4 0.6 0.54 0.3 1.6 4.0
C05 mg/ 2 0 0 <0.5 0.0 0.0 0.0

HCO; mg/ 150 158 477 287 212 281

p mg/ L 0.2 <0.2 <0.1 0.0 0.2 <0.2

Total Hardness mg/% ILR] 149 478 302 183 229

Conductivity  umohs/cm 38 390 1080 660 520 650

pH 7.5 7.46 7.32 8.0 7.8 7.0 6-9 6.5-8.5
TDS mg/ 251 2U6 659 438 350 ko8 1,000.0 500.0
510, mg/% 35 38 35 34.9 30 32

(1)Compi1ed from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 198§d;'DOE 1987.
(Z)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/13
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TABLE 5-16
INORGANIC WATER QUALITY RESULTS FROM ITORING WELL
PCO-3 IN PAJARITO CANYON

{Continued) %
- NME1B/

DATE SAMPLED 06/11/85  09/03/85-  12/04/85 03/06/86  06/10/86  09/18/86 wiocc(?)  u.s. epal3) !
METALS
Ag mg/L <0.001 <0.001 <0.001 <0.001 <0.005 <0.001 0.05 0.05 i
As mg/t 0.001 0.002 0.001 <0.002 <0.002 0.002 0.05 0.05 z
Ba mg/ % 0. 104 0.100 0.303 0.17 0.099 0.04 1.0 R Y :
Cd mg/ e <0.001 0.003 0.009 0.002 <0.001 0.0013 0.01 : 0.01

Cr mg/ L 0.005 0.003 0.014 <0.003 0.0226 0,002 0.05 . 0.05

He mg/e <0.002 <0.,001 <0.002 <0.005 <0.002 <0.002 0.002 0.002

Pb mg/e <0.003 <0.001 <0.001 <0.005 0.003 <0.00 0.05 0.05

Se mg/ e ) <0.003 <0.003 <0.001 <0.001 <0.002 <0.001 0.01 0.01

Cu mg/e 0.038 0.028 0.054 0.05 0.021 0.025 1.0 1.0

Fe mg/ e 0.005 0.007 0.0u40 <0.003 0.019 0.003 1.0 0.3

Mn mg/ % 0.388 0.026 2.86 1.72 <0.003 0.395 0.2 0.05

Zn mg/ 0.052 0.029 0.061 0.035 <0.01 <0.001 10.0 5.0

(1)Compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 198§d;‘DOE 1987.
From New Mexico Environmental Improvement Board, 1985b; New Mexico Water Quality Control Commissionm, 1986.
(3)rom U.S. EPA, 1976; U.S. EPA, 1979.

LAN:1702-T/ 1l
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TABLE 5-16
INORGANIC WATER QUALITY RESULTS FROM ITORING WELL
PCO-3 IN PAJARITO CANYON 1

(Continued)

NMEIB/
DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC(z) U.S. EPA(3)
RADIOLOGICALS .
Cs-137 pCi/e -10 + 84 48.1 + 100 -29.3 2 66.4 W45+ 70 -10 + 64 31243 200
Pu-238 pCi/e 0.024 * 0.030- 0.004 +-0.02 0.000 % 0.02 0.012 + 0.02 -0.027 + 0.034 0.00 * 0.00! 15
Pu-239,240 pCi/a 0.016 + 0.022 0.014 + 0.02 0.032 + 0,02 0.015 * 0.02 -0.005 + 0.016 0.00 % 0.01 15
H-3 pCi/g 1,300 + 800 4,800 + 1,200 9,000 + 800 1,200 * 800 900 + 800 1,900 = 500 20,000 20,000
Total U mg/ 4 1.5+ 1.0 1.4 £ 0.4 6.2 1.2 0.5 + 0.4 3.7+ 0.8 -—- 5.0 5.0
Gross Alpha pCi/g 3.0+ 4.0 0.3 % 1.6 =40 + 3.2 2.0 £ 4.0 0.1+ 2 9.0 £ 3.0 15.0 15.0
Gross Beta pCi/v h.8 2 1.2 3.6 £ 1.0 2.3 1.0 3.1+ 1.0 10+ 2.0 12.0 + 1.0 ‘
Gross Gamma cpm/% 40 + 120 120 £ 120 0.0 = 120 -50 + 120 -160 £ 120 219 * 100d

(N¢ompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987.
{2} om New Mexico Environmental Improvement Board, 1985b; New Mexico Water Quality Control Commission, 1986.
(3¢rom U.S. EPA, 1976; U.S. EPA, 1979.

LAN:1702-T/15



TABLE 5-17
VOLATILE ORGANIC WATER QUALITY RESULTS F?Q? MONITORING WELL
PCO-1 IN PAJARITO CANYON

DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC(z) U.S. EPA(3)
VOLATILE ORGANICS (mg/t) Proposed MCL's
1, 1-Dichloroethylene - -— -—— ND<0.001 ND<0.001 ND<0.001 0.005 0.007
Methylene Chloride —_—— ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 0.10
1,2-Dichloroethylene —-—— ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<O0.001

1,1-Dichloroethane —-— ND<0.010 ND<0.010 ND<0.001 ND<O.001 ND<0.001 0.025

Chloroform : -—— ND<0.010 ND<0.010 ND<0.001 ND<0.001 ND<0.001 0.10 £
1,1, 1-Trichloroethane -—— ND<0.015 ND<0.015 ND<0.001 ND<0.001 ~ ND<0.001 0.06 0.20 :
1,2-Dichloroethane —— ND<0.008 ND<0.008 ND<0.001 ND<0.001 ND<0.001 0.01 , 0.005
Benzene -——— ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 0.01 0.005
Carbon Tetrachloride —_—— ND<0.020 ND<0.020 ND<0.001 ND<0.001 ND<0.001 0.01 . 0.005
Trichloroethylene - ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0,001 0.10 0.005
t,2-Dichloropropane ——— ND<0.005 ND<Q.005 ND<0.001 ND<0.001 ND<0.001

Bromodichloromethane -—— ND<0.010 ND<0.010 ND<0.001 ND<0.001 ND<0.001

Toluene -—— ND<0.005 ND<0.005 ND<0.001 ND<0.001 ND<0.001 0.75
1,1,2-Trichloroethane L m—— ND<0Q.015 ND<0.015 ND<0.001 ND<0.001 ND<0.001 0.01
Chlorodibromomethane -— ND<0.010 ND<0.010 ND<0.005 ND<0.005 -—

Tetrachloroethylene ——— ND<0.020 ND<0.020 ND<0.001 ND<0.001 ND<0.001 0.02

Chlorobenzene -— ND<0.012 ND<0.012 ND<0.001 ND<0.001 ND<0.001

Ethylbenzene —— ND<0.008 ND<0.008 ND<0.001t ND<0.001 ND<0.001 0.750

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 0.01

Bromobenzene -—— ND<0.022 ND<Q.022 -— -— .—-

1,3-Dichlorobenzene -— ND<0.005 ND<0. 005 -— -—— ND<0.001

(Ncompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987.
( From New Mexico Water Quality Control Commission, 1986.
(3)From U.S. EPA, 1985b.

LAN:1702-T/4
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TABLE 5-17

VOLATILE ORGANIC WATER QUALITY RESULTS F

PCO-1 IN PAJARITO CANYON

MONITORING WELL
]

(Continued)
DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86 NMWQCC(z) u.s. epal3)
VOLATILE ORGANICS (mg/t) Proposed MCL's
(Continued)
1,4-Dichlorobenzene _— _— - — — ND<0.001 0.75
1,2-Dichlorobenzene -— ND<0.005 ND<0.005 -—- -—- ND<0.001
Chloromethane -— -— -— ND<0.005 ND<0.005 .-
Bromomethane -— -— -— ND<0.005 ND<0.005 ———
Vinyl Chloride - -— -— ND<0.005 ND<0.005 -— 0.001 0.001
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 .-
l-Methyl-2-Pentanone -— -— - ND<0.001 ND<0.001 ND<0.001
Styrene -—- -—- -—- ND<0.005 ND<0.005 ND<0.005
Total Xylenes -—- -—- -— ND<0.001 ND<0.001 ND<0.001 0.620
Trichlorofluoromethane -— -—- -— ND<0.005 ND<0.005 -—-
Tetrahydrofuran - — -— ND<0.005 ND<O0.005 -—
Dibromochloromethane -— -— -—- -—- -— ND<0.,001
Dibromomethane — --- -—- ——- --- ND<0.001

(Dcompiled 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)¢rom U.S. EPA, 1985b.

LAN:1702-T/5



06/10/86 09/18/86  mMwacc(2)

u.s. gpal3)

TABLE 5-17
VOLATILE ORGANIC WATER QUALITY RESULTS FROM MONITORING WELL
PCO-1 IN PAJARITO CANYON
(Continued)
DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86
VOLATILE ORGANICS (mg/t)
(Continued)

1,2-Dibromo-3-Chloropropane ——— _— - S
2-Chloroethylvinyl Ether —— — -_— _—
Carbon Disulfide - — - e
Purgeable Gases(u) - -—— ——— -—

(1)Compiled from ‘Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE
(2)Prom New Mexico Water Quality Control Commission, 1986.

(3)From U.S. EPA, 1985b.

(u)Includes chloromethane, chloroetharie, bromomethane, and vinyl chloride.

LAN:1702-T/6
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ND<0.001
ND<0.005
ND<0.005
ND<0.010

DOE 1986d; DOE 1987.

Proposed MCL's
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TABLE 5-18

VOLATILE ORGANIC WATER QUALITY RESULTS

PCO-2 IN PAJARITO CANYO

F?W MONITORING WELL
N

DATE SAMPLED 06/11/85 09/03/85  12/04/85(2)  03/06/86(2)  06/10/86 09/18/86 mwacc(3)  u.s. epal®)
VOLATILE ORGANICS (mg/%) Proposed MCL's -
1, 1-Dichloroethylene -—- -—- -— - ND<0.001 ND<0.001 0.005 0.007
Methylene Chloride - ND<0.005 -—- -—- ND<0.001 ND<0.001 0.10
t,2-Dichloroethylene ——- ND<0.005 - -—- ND<0.001 ND<0.001

1, 1-Dichloroethane -— ND<0.010 -— -— ND<0.001 ND<0.001 0.025

Chloroform -— ND<0.010 -—— - ND<O0,001 ND<0.001 0.10
1,1,1-Trichlorcethane -— ND<0.015 - -— ND<0.001 ND<0.001 0.06 0.20
1,2-Dichloroethane -—- ND<0.008 ——- -—— ND<0.001 ND<0.001 '0.01 0.005
Benzene -— ND<0.005 -—— — ND<0.001 ND<0.001 0.0 0.005
Carbon Tetrachloride -——- ND<0.020 -—— -—— ND<0,001 ND<0.001 0.01 0.005
Trichloroethylene -—- ND<0.005 -—— -—— ND<0.001 ND<0.001 0.10 0.005
1,2-Dichlorepropane -— ND<0.005 -—— R ND<0,001 ND<0.001

Bromodichloromethane ~—= ND<O0.010 - - ND<0.001 ND<0.001

Toluene -—- ND<0.005 -— -— ND<0.001 ND<0.001 0.75
1,1,2-Trichloroethane -— ND<0.015 -—— -— ND<0.001 ND<0.001 0.0t
Chlorodibromomethane -— ND<0.010 ——- -— ND<0.005 -—

Tetrachloroethylene — ND<0.020 -— -— ND<0.001 ND<O0.001 0.02
Chlorobenzene -—- ND<0.012 -— -—— ND<0.001 ND<0.00%

Ethylbenzene -—- ND<0.008 -—— -— ND<0.001 ND<0.001 0.750

Bromoform -—- ND<0.010 -~ -— ND<0.001 ND<0.001

1,1,2,2-Tetrachloroethane - ND<0.020 -— -—- ND<0.001 ND<0.001 0.01

(Deompiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987.

(Z)Volume of water in monitoring well insufficient to collect sample.
(3)erom New Mexico Water Quality Control Commission, 1986.

From U.S. EPA, 1985b.

LAN:1702-T/10



VOLATILE ORGANIC WATER QUALITY RESULTS FI

TABLE 5-18

PCO-2 IN PAJARITO CANYON

?951 MONITORING WELL

(Continued)
DATE SAMPLED 06/11/85 09/03/85  12/04/85(®)  03/06/86(2)  06/10/86 09/18/86 nwace(3)  u.s. epa(®)
VOLATILE ORGANICS (mg/t) Proposed MCL's
(Continued)
Bromobenzene —- ND<0.022 _——— -— —— -—-
1,3-Dichlorobenzene — ND<0.005 -— -—- - ND<0.001
1,4-Dichlorobenzene -—- -—- -— .- ——- ND<0.001 0.75
1,2-Dichlorobenzene -—- ND<0.005 - - - ND<0.001
Chloromethane -— -—— —— -— ND<0.005 -—
Bromomethane ——— — —— —— ND<0.005 -—
Vinyl Chloride --- -— -— — ND<0.005 —— 0.001 0.001
Chloroethane -— -— - —— ND<0.005 _—
Acetone ' —-- -— - - ND<0. 005 ND<0.005
2-Butanone -—- -—- - -— ND<0.005 .-
Vinyl acetate -— -—- -— -— ND<0.005 -—-
trans-1,3-Dichloropropene -— —— -— - ND<0.005 ND<0.005
cis~1,3-Dichloropropene -—- - -— -——- ND<0.005 ND<0.005
2-Hexanone -— -— -— -—- ND<0.005 -
4-Methyl-2-Pentanone ——- -— -— -— ND<0.005 ND<0.001
Styrene -— - - - ND<0.005 ND<0.005
Total Xylenes -— — -—- - ND<0.005 ND<0.001 0.620
Trichlorofluoromethane -— -—— - -— ND<0.005 -—-
Tetrahydrofuran —— - -— -— ND<0.005 -

(1)Compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b,

Volume of water in monitoring well insufficient to collect sample.
From New Mexico Water Quality Control Commission, 1986.

(%)From U.S. EPA, 1985b.

LAN:1702-T/11
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DOE 1986c; DOE 1986d; DOE 1987.
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TABLE 5-18
VOLATILE ORGANIC WATER QUALITY RESULTS F??? MONITORING WELL
PCO-2 IN PAJARITO CANYON

(Continued)
DATE SAMPLED 06/11/85 09/03/85  12/04/85(2)  03/06/86(2)  06/10/86 09/18/86 nwaec(3)  u.s. epat®)
VOLATILE ORGANICS (mg/t) Proposed MCL's
(Continued)
Dibromochloromethane - -— -—— —— -—— ND<0.001
Dibromomethane - _— -— —— ——— ND<Q.001
1,2-Dibromo-3-Chloropropane -— -—- -— - —— ND<0.001
2-Chloroethylvinyl Ether - ——- -—- -—- -— ND<0.005
Carbon Disulfide -— -— —_— -— —_— ND<0.005
Purgeable Gases(5) —-- — -— ——- - 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.

(3)From New Mexico Water Quality Control Commission, 1986.

()erom u.s. EPA, 1985b.

(S)Includes chloromethane, chloroethane, bromomethane, and vinyl chloride.

LAN:1702-T/12



TABLE 5-19

VOLATILE ORGANIC WATER QUALITY RESULTS F!

PCO~3 IN PAJARITO CANYON

?qy MONITORING WELL

DATE SAMPLED 06/11/85 09/03/85 12/04/85 03/06/86 06/10/86 09/18/86  mMwacc(®)  u.s. epal3)
VOLATILE ORGANICS (mg/%) Proposed MCL's
1, 1-Dichloroethylene --- — —-- ND<0.001 ND<0.001 ND<0.001 0.005  0.007
Methylene Chloride --- ND<0.005  ND<0.005 ND<0.001 ND<0.001 ND<0.001 0.10
1,2-Dichloroethylene —-- ND<0.005  ND<0.005  ND<0.001 ND<0.001 ND<0.001

1, 1-Dichloroethane —-- ND<0.010  ND<0.010  ND<0.001 ND<0.001 ND<0.001 0.025
Chloroform —-- ND<0.010  ND<0.010  ND<0.001 ND<0.001 ND<0.001 0.10

1,1, 1-Trichloroethane - NDC0.015  ND<0.015  ND<0.001 ND<0.001 ND<0.001 0.06 10.20
1,2-Dichloroethane - ND<0.00B  ND<0.008  ND<0.001 ND<0.001 ND<0.001 0.01 0.005
Benzene - ND<0.005  ND<0.005  ND<0.001 ND<0.001 ND<0.001 0.01 0.005
Carbon tetrachloride - ND<0.020 ' ND<0.020  ND<0.001 ND<0.001 ND<0.001 0.01 0.005
Trichloroethylene - ND<0.005  ND<O.005 ND<0.001 ND<0.001 ND<0.001 0.10 0.005
1,2-Dichloropropane - ND<0.005  ND<0.005  ND<O.001 ND<0.001 ND<0.001

Bromodichloromethane -—— ND<0.010 ND<¢0.010 ND<0.001 ND<0.001 ND<0.001

Toluene --- ND<0.005  ND<0.005  ND<0.001 ND<0.001 ND<0.001 0.75
1,1,2-Trichloroethane --- ND<0.015  ND<0.015  ND<0.001 ND<0.001 ND<0.001 0.01
Chlorodibromomethane --- ND<0.010  ND<O.010  ND<0.005  ND<O.005 -

Tetrachlorethylene — ND<0.020 ND<0.020 ND<0.001 ND<0.001 ND<0.001 0.02
Chlorobenzene --- ND<0.012  ND<0.012 ND<0.001 ND<0.001 ND<0.001

Ethylbenzene - ND<0.008  ND<0.008  ND<0.00) ND<0.001 ND<0.001 0.750
Bromoform - ND<0.010  ND<0.010  ND<0.001 ° ND<O.001 ND<0.001
1,1,2,2-Tetrachloroethane --- ND<0.020  ND<0.020  ND<0.001 ND<0.001 0.01

ND<0.001

(1)Compiled from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986c; DOE 1986d; DOE 1987.
(Z)From New Mexico Water Quality Control Commission, 1986.

(3)¢rom U.S. EPA, 1985b.

LAN:1702-T/16
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TABLE 5-19

VOLATILE ORGANIC WATER QUALITY RESULTS F

PCO-3 IN PAJARITO CANYON

?q? MONITORING WELL

(Continued)
DATE SAMPLED 06/11/85  09/03/85  12/04/85  03/06/86  06/10/86  09/18/86  wuwacc(®)  u.s. epa(3d)
VOLATILE ORGANICS (mg/%) Proposed MCL's
(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 0.75
1,2-Dichlorobenzene w—= ND<0.005 ND<0.005 -—- -—- ND<0.001
Chloromethane - -—- - ND<0.005 ND<0.005 ——
Bromomethane ——- --- --- ND<0.005  NDC0.005 -
Vinyl Chloride -—— -— -— ND<0.005 ND<0.005 ——- 0.001 . 0.001
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 -—-
k-Methyl-2-Pentanone -- -— -— ND<0.001 ND<0.001 ND<0.001
Styrene -—— -— - ND<0.005 ND<O0.005 ND<0.005
Total Xylenes -—— -— -—— ND<0.001 ND<0.001 ND<0,001 0.620
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.
(2)Fprom New Mexico Water Quality Control Commission, 1986.

(3)From U.S. EPA, 1985b.

LAN:1702-T/17



TABLE 5-19
VOLATILE ORGANIC WATER QUALITY RESULTS F
PCO-3 IN PAJARITO CANYON

??? MONITORING WELL

(Continued)

DATE SAMPLED 06/11/85  09/03/85  12/04/85  03/06/86  06/10/86  09/18/86  wMwacc(2)  u.s. epal3)
VOLATILE ORGANICS (mg/t) Proposed MCL's
(Continued)

Dibromochloromethane - -— -—- -_— -— -— ND<0.001

Dibromomethane -— -— - e -— ND<0.001

1,2-Dibromo-3-Chloropropane -— -— -— -— -— ND<0.001

-2-Chloroethylvinyl Ether - -— -— -— -— ND<0.005

Carbon Disulfide -— -— - -—- -——- ND<0.005

Purgeable Gases(u) -——- -— -— - -—— ND<0.010

(1)Comp11ed from Devaurs, 1985; Department of Energy (DOE), 1986a; DOE 1986b, DOE 1986¢c; DOE 1986d; DOE 1987.

From New Mexico Water Quality Control Commission, 1986.
(3)rom u.S. EPA, 1985b.
(u)Includes chloromethane, chloroethane, bromomethane, and vinyl chloride.

LAN:1702-T/18
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