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CONVERSION FACTORS

In this report figures for measurements are given in inch~pound units

only. The following table contalns factors for converting to Internationmal
System (S.I.) units.

Multiply inch-pound units By To obtain S.Il.units

foot 0.3048 meter

foot per mile 0.1894 meter per kilometer

foot per day 0.3048 meter per day

foot squared per day 0.0929 meter squared per day

gallon per minute 0.06309 liter per second

ton {short) 0.09072 megagram

pound per square inch 0.07031 kilogram per square centimeter
-mile 1.609 kilometer

square mile 2,590 square kilometer

inch 25.4 millimeter

Chemical concentrations are given only in metric units——milligrams per
liter, micrograms per liter, picocuries per liter, or milliequivalents per
liter. Liquid densities are given only in metric units——grams per cubic
centimeter. :

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic
datum derived from a general adjustment of the first—order level nets of both
the United States and Canada, formerly called "Mean Sea Level." NGVD of 1929
is referred to as sea level in this report.

viii



GEOHYDROLOGY OF THE PROPOSED
WASTE ISOLATION PILOT PLANT SITE,

LOS MEDANOS AREA, SOUTHEASTERN NEW MEXICO

By Jerry W. Mercer

ABSTRACT

Geohydrologic data have been collected in the Los Medahos area at the
U.S. Department of Energy's proposed Waste Isolation Pilot Plant (WIPP) site
in southeastern New Mexico since 1975 as part of a study evaluating the
feasibility of storing defense—associated nuclear wastes within the bedded
salt of the Salado Formation of Permian age. Drilling and hydrologic testing
have identified three principal water-bearing zomes above the Balado
Formation and one below that could potentially transport wastes to the
biosphere if the proposed facility were breached. The zones above the Salado
are the contact between the Rustler and Salado Formations and the Culebra and
Magenta Dolomite Members of the Rustler Formation of Permian age. The zone
below the Salado Formation consists of channel sandstones in the Bell Canyon
Formation of the Permian Delaware Mountain Group.

Determinations of hydraulic gradients, directions of flow, and hydraulic
properties were hindered because of the negligible permeability of the
water-bearing zones. Special techniques in drilling, well completion, and
hydraulic testing have been developed to determine the hydrologic
characteristics of these water-producing -zones. :

Data collected from drill-stem tests in test wells penetrating the Bell
Canyon Formation indicate that the brines associated with the unit usually
occur in relatively isolated channel sandstones that are permeable (hydraulic
conductivities ranging from 7 x 1073 to 5 x 1072 foot per day) but grade
vertically and laterally into silltstones and shales with little permeability.
Potentiometric-surface maps (as equivalent freshwater heads) show flow in the
Bell Canyon Formation to be laterally across the basin to the northeast, but
the movement probably is extremely slow. The dissolved ions in the brines of.
the Bell Canyon are predominantly sodium and chloride with dissolved=-solids
concentrations ranging from 180,000 to 270,000 milligrams per liter.



The Rustler Formation contains the principal water—bearing zones
identified at the WIPF site, and thus were the most extensively studied.
Calculations from pumping, slug, and pressure~pulse tests indicate that the
transmissivities of the individual units vary laterally within as well as
between the individual beds. The Culebra Dolomite Member 1s the most
persistent and productive hydrologic unit in the WIPP site area and also has
the greatest variability of hydraulic properties. This variability results
from the size and number of fractures, which in turn are related to the
degree of evaporite dissolution within the Rustler Formation.
Transmissivities calculated for the Culebra in Nash Draw immediately west of
the WIPP site range from 18 to 1,250 feet squared per day, whereas they range
from 1 x 1073 to 140 feet squared per day at the WIPP site.
Potentiometric~surface maps {as equivalent freshwater heads) indicate flow in
the Culebra Dolomite Member of the Rustler Formation at the WIPP site to be
southerly, eventually flowing southwestward to Nash Draw. Determination of
flow directions, however, may be affected significantly by directional
differences in permeability along fractures. The dominant dissclved ions are
godium and chloride, with calcium, magnesium, potassium, and sulfate being
other major ions present. Hydrochemistry studies indicate an increase of
mineralization of water from west to east along with a decrease in
eirculation of the flow system. The dissolved-solids concentrations range
from 2,950 to 239,000 milligrams per liter. '

The Magenta Dolomite Member is the uppermost hydrologic unit. Water in
this unit either occurs in thin silt beds and silty dolomite or in fractures
where extensive evaporite dissolution has occurred in the Rustler Formation.
Transmissivities calculated for the Magenta in Nash Draw range from 53 to 375
feet squared per day, whereas they range from 4 x 1073 to 1 x 10”1 foot
squared per day at the WIPP site. Potentiometric—surface maps (as eguivalent
freshwater heads) indicate flow in the Magenta to be westward toward Nash
Draw where the flow direction is then controlled by the evaporite dissolution
in the Rustler. The water is brackish to briny. The dominant dissclved ions
"are sodium and chloride with calcium, magnesium, potassium, and sulfate being
other major ions. Dissolved~solids .oncentrations range f£from 5,000 to
261,000 millfgrams per liter.

The least productive water producing zone is at the contact between the
Rustler and Salado Formations where brine occurs either in an evaporite
residuum or in clays along bedding planes. The residuum i3 concentrated
along Nash Draw and is most extensive between Malaga Bend on the Pecos River
10 miles southwest of the proposed WIPP site and Salt Lake where
transmissivities are as large as 8,000 feet squared per day. North of Salt
Lake in Nash Draw the transmissivities range from 2 x 10°% to 8 feet squared
per day; transmissivities at the WIPP site range from 3 x 1073 to 5 x 1072
foot squared per day. Potentiometric surface maps (as freshwater equivalent
heads) indicate flow in the contact zone to the southwest across the WIPP
site toward ©Nash Draw. The dissolved solids in the brines at the
Rustler—Salado’ contact are predominantly sodium chloride with
dissolved-solids concentrations ranging from 41,500 to 412,000 milligrams per
liter. Large potassium and magnesium jion concentrations in the eastern part
of the site may indicate restricted circulation of the brines.



The relative static heads or formation pressures of the hydrologic units
in the Rustler decrease with depth; that 1s, static heads are the highest in
the Magenta and the lowest at the contact zone between the Rustler and
Salado. In the WIPP site area, the presence of relatively impermeable
interbeds of halite and anhydrite probably restricts vertical movement
between units. The Rustler Formation is probably recharged in Bear Grass
Draw about 20 miles northwest of the WIPP site and in Clayton Basin which is
about 12 miles northwest of the WIPP site. The major discharge occurs at
Malaga Bend on the Pecos River. :

INTRODUCTION

The U.S. Geological Survey, at the request of the U.S. Department of
Energy, 1s investigating the geohydrology of the proposed Waste Isolation
Pilot Plant {(WIPP) site in an area known as Logs Medafios, 30 miles east of
Carlsbad, New Mexico (fig. 1). Geohydrologic data have been collected from
this area by the U.S. Geological .Survey intermit:tent:ly since 1972 and on a
continuous basis since 1975.

The WIPP is a project of the Department of Energy and is proposed as a
radioactive-waste storage facility to be placed at a depth of approximately
2,150 feet in the bedded salts of the Permian Salado Formation. The WIPP is
planned to demonstrate disposal technology for transuranic wastes. After a
period of "pilot" operation in a waste retrievable mode, it is expected WIPP
will be converted into a facility for permanent storage of transuranic wastes
(Powers, 1981, p. 119).

The characteristics of the regional gechydrologlc systems associated
with the WIPP site need to be defined because of the potential for transport
of radionuclides to the blosphere by ground water in the event the storage
facility is breached. Another equally Iimportant aspect of the WIPP site is
the geologic stability of the formation in which the wastes will be placed.
Because the formation of concern is easily dissolved halite, the inherent
stability of the formation is directly related to the hydrologic regime
within and around the formation and needs to be studied in detail.

At the WIPP site, water—bearing zones above and below the salt section
could affect stability as well as potentially transport radionuclides.
Because some of these water~bearing zones are more likely to be invelved than
others, the degree of certainty required in the definition of flow paths,
velocity of ground water, quality of water, and other characteristics is-
different for some zones than others.
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Purpose and scope

This report discusgses the ground-water systems and the interpretation of
test results In the water-bearing zones above and below the proposed
facility. Hydreclogic data used 1n these analyses were collected during
7 years beginning in 1975 and were from 33 test holes drilled for, or
converted to, hydrologic test holes. The study included: the determination
of potential ground-water flow boundaries; potentiometric heads; ground-water
chemistry; and Thydraulic properties obtained through pumping, slug,
pressure—pulse, and tracer tests.

The hydrologic Investigation is part of a comprehensive study related to
site characterization and validation conducted on behalf of the U.S.
Department of Energy by Sandia National Laboratories. The hydrologic studies
were conducted by the U.S. Geological Survey and were designed to supplement
the technical site—characterization program performed by Sandia.

Location and areal extent

The study area of approximately 800 square miles is located within the
northern part of the Delaware Basin in eastern Eddy and western Lea Counties,
New Mexico and includes all or part of Tps. 20-24 S., Rs. 29-33 E. (fig. 1).
The WIPP site 1s approximately in the center of the study area and covers
about 54 square miles, encompassing almost all of T. 22 S., R. 31 E.
(fig. 1)« It is outlined in figure 1 by a proposed exclusion boundary, or
buffer zome, surrounding the area of the proposed facility.

The WIPP site is in an area referred to as Los Medafios. Los Medalos is
part of a gently sloping terrain that rises eastward from the Pecos River to
the "caprock" of the Llano Estacado. The topographic relief generally is
less than 50 feet with the surface area covered with sand dunes. Vegetation
consists of mesquite, scrub oak, and other plants typlcal of the northern
Chihuahuan desert. The average annual precipitation is 11 to 13 inches,
while evaporation from surface water exceeds 98 inches per year. The primary
land use is cattle grazing. Potash is being mined in the area to the north
and west; petroleum exploration and development recently has become quite
intensive.

The major topographic features in the area include two depressions.
called Nash Draw and Clayton Basin. Nash Draw is the larger, being 4 to
6 miles wide and 15 to 18 miles long, extending southward through the western
part of the area (fig. 1). These features are believed to be formed by
solution~subsidence and collapse, having then been extensively modified by
erosion. Neither Nash Draw nor Clayton Basin have external surface drainage.




Los Medanos area 1s dralned by the Pecos River, the only perennial
stream in the region. The Pecos dralnage system trends southeastward through
the western margin of the study area and 1s at 1ts closest polat 10 milles
from the WIPP site.

Laguna Grande de la Sal (Great Salt Lake), a large salt lake in the
southern end of Nash Draw, contains water most of the time. Numerous small
lakes and playas contain water only after intense rains, whereas small
permanent tailing pomnds, resulting from potash mining, occupy several of the
smaller closed depressions.

Previous investigations R

The Delaware Basin geology in southeastern New Mexico has been studied
extensively during the past 40 years, especially since the increase in oil
and gas exploration. Prior to the establishment of the WIPP project,
however, relatively little study was devoted to the Permian formations (above
the Bell Canyon Formation), which include the evaporites of concern. Lang
(1937) was one of the first to discuss these rock units and topographic
- features in the area; however, the most intensive geologic work prior to the
WIPP project was dome by C. L. Jones and others in connection with the U.S.
Geological Survey's study of the potash deposits of the Carlsbad area.
Reports were prepared by Jones (1954, 1959, 1972), Jonmes and Madsen (1959},
and Jones, Bowles, and Bell (196Q). The other significant geologic studies
concentrating on this sequence of rocks were related to the Gnome experiment
-(an underground nuclear test) and include work by Vine (1963), Cooper (1960,
1961, 1962a, and 1962b), and Gard (1968). Numerous recent geologic papers
concerned with the WIPP site investigations have been published and are
included as references in this report and also are included in a report
published by Sandia National Laboratories (Powers and others, 1978).

The first detailed hydrologic work in the area was conducted by Robinson
and Lang (1938) during studies of the occurrence of brine springs in the
Malaga area during 1937-38. Additional work was performed in the Malaga Bend
area from 1938 to 1941; the results of this work, particularly that of Theis
and Sayre (1942), was published in the "Reports of the participating
agencies, the Pecos River Joint Investigation.” Further detail on the Malaga
Bend saline problem was added by Hale (1945a, 1945b, 1961), Hale and Clebsch
(1958), Hale, Hughes, and Cox (1954), Cox and Kunkler (1962), Cox and Havens
{1965), and more recently, Havens and Wilkins (1980) and Kunkler (1980). The
regional occurrence of ground water in the area was discussed in Hendrickson
and Jones (1952) and Nicholson and Clebsch (196l). Hiss (1976) made an
extensive contribution to the hydrology of the Capitan Reef in a dissertation
prepared while working with the U.S. Geological Survey. Others that made
contributions to an understanding of the Capitan Reef include Bjorklund and



Motts (1959), Halpenny and Greene (1966), and Motts (1968). Associated with
the Project Gnome 1investigations, contributions by Cooper (1961, 1962a,
1962b), Cooper and others (1962), and Cooper and Glanzman (1971) have greatly
added to an understanding of the geohydrology of the Rustler Formation.

Recent investigations related to hydrologic characteristics of the WIPP
site began with a review of the geclogy and hydrology of the Carlsbad potash
area (Brokaw, Jones, Cooley, and Hays, 1972) and a review of the Los Medanos
area (Jones, Cooley, and Bachman, 1973). A review of the regional hydrology
of the WIPP site area was presented by Mercer and Orr (1977), while detailed
hydrologic studies are included in an interim data report by Mercer and Orr
(1979) and in a paper by Mercer and Gonzalez (1981).

The dissolution in the WIPP area is complex and has been considered in
studies of the Cenozoic history of the area by Bachman (1973, 1974, 1976,
1980, and 1981). These studies added greatly to an understanding of the
hydrologic systems in the area., Additional interpretations of dissolution
have been prepared by Lambert (1982) and Anderson (1978, 1981).

Method of investigation

The objective of the hydrologic program was to define the hydrologic
characteristics of the flow path of the ground-water system that could
potentially transport wastes to the biosphere. Hydrologic information
required to define the flow-path characteristics included static heads or
reservolr pressures, the magnitude and direction of ground-water flow, and
the chemical characteristics of the water that may have an effect on
dissolution or on chemical interactions with rocks along the flow path.

The lack of very permeable rocks and the consequent lack of existing
wells within the WIPP study area necessitated the development of .a
comprehensive drilling and testing program. This program included test holes
for Dboth site-specific gechydrologic studies and regional studies.
Seventy-one test holes were drilled during WIPP studies; of these, 26 were
specifically for hydrologic testing (H series) and 13 of the 45 geologic test
holes were later used or converted for hydroclogic testing (table 1, fig. 14).
These holes range 1in depth from 154 to 4,910 feet. Because the
water-producing zones had little permeability and consequently would require
months of recovery time and testing, special techaniques in drilling, well
completion, and hydraulic testing were developed to determine the hydrologic
characteristics of the water—producing zones (Basler, 1983).

The air-rotary method was used to drill two types of holes specifically
designed for hydrologic testing: (1) Holes were drilled, cased, cemented,
and then perforated at the selected test zonme; (2) three closely spaced holes
were drilled in a complex, each cased down to a specific test interval. Each
of these holes in the second type then was completed by coring to total depth
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through the zone of interest, leaving an open-hole interval for testing. The
three~hole complex proved to be the most commonly used and most effective
design (Mercer and Gonzalez, 1981, p. 126). The casing-cementing—perforating
method continued to be used in the geologic test holes, some of which later
were converted to hydrologic holes.

Testing equipment designed for the WIPP geohydrologic studies used
hydraulically inflated packers to isolate specific horizoms and pressure
transducers to measure changes in pressure head. Withdrawal, injection-slug,
and pressure—pulse tests were conducted {n the =zones with 1little
permeability, and standard aquifer tests were conducted in zones with greater
permeability. These data were analyzed by methods discussed by Cooper,
Bredehoeft and Papadopulos (1967), Lohman (1972), and Bredehoeft and
Papadopulos (1980), A detailed discussion of the methods used, including
data and data analyses, are not included in this report; however, this
information is available in previous reports (Mercer and Orr, 1979; Mercer,
Davis, - Dennehy and Goetz, 198l; Mercer and Gonzalez, 198l; Dennehy and
Mercer, 1982; and Dennehy, 1982).

During the iIinvestigation, water levels were measured periodically in
about 40 wells. The geology of the water—bearing units was interpreted by
use of formation cuttings, cores, and geophysical logs. In addition, water
samples were collected from 52 selected intervals in 40 wells. Complete
analyses of these samples are included in the data reports and selected
analyses are included in table 2 of this report. Other hydrologic data from
previous reports were used extensively in this report.
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GEOLOGIC SETTING

Sedimentary rocks of the Delaware Basin that outcrop within the WIPP
site area range in age from Permian to Quaternary (table 3). The oldest
rocks crop out to the west and successively younger rocks are to the east.
Detailed stratigraphy primarily is based on information obtained from drill
holes because the rocks generally are covered by Quaternary caliche and
semi—-stabilized and active dune sand. Seventy-one holes ranging in depth
from 154 feet to 4,910 feet have been drilled for geologic and hydreologic
investigations. Rocks penetrated in these test holes malnly consist of
Permian sandstones, evaporites, and red beds, but they also inciude some
Triassic sandstone and Tertiary and Quaternary deposits.

The oldest and deepest formations studied are included i1in the
Guadalupian Delaware Mountain Group which forms the basin floor for the
Ochoan evaporite sequence. The margins of the basin are delineated by an
encircling Guadalupian reef complex consisting of the Capitan Limestone and
equivalent carbonmate wunits, which 1is not present under the site but
nonetheless 1is important hydrologically. The Ochoan Series within the basin
predominantly is halite and anhydrite, but also contains potash, limestone,
dolomite, and fine-grained clastics. The Ochoan Series, in ascending order,
includes the Castile, Salado, and Rustler Formations and the Dewey Lake Red
Beds. The units above the Dewey Lake Red Beds consist of the Triassic Chinle
Formation and the Santa Rosa Sandstone, small outliers. of the Tertiary
Ogallala Formation, and discontinuous bolson deposits of the Quaternary
Gatuna Formation. A thin caliche caprock of Holocene age extends across most
of the study area and 1locally 1s overlain by a shifting mantle of
semi-stabilized dune sands. Holocene alluvium 1s present along the Pecos
. River. ' '

" Late Tertiary subsidence of the Delaware Basin was followed by regional
uplift that caused eastward tilting of the beds in the basin. This
structural deformation was later modified by local subsidence and. karst
development in Nash Draw, Clayton Basin and the Malaga Bend area due to
near—-surface salt dissolution in the Permian evaporites.

STRATIGRAPHY

Delaware Mountain Group

The Delaware Mountain Group is part of the Guadalupian Series deposited
during the Permian age and mainly is composed of fine—grained clastic rocks
with a few thin limestone and shale beds. The group is divided, in ascending
order, into the Brushy Canyor, Cherry Canyon, and Bell Canyon Formations.
The Delaware Mountain Group 1s underlain by the Bone Spring Formation of
Leonordian age, which consists of basinal siltstone, chert, and dark
limestone. The Ochoan Serles overlies the Delaware Mountain Group and
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principally consists of evaporites with increasing quantities of red mudstone
and siltstone in the younger rocks. The following table lists the formations
and their respective thicknesses from the Richardson and Bass, No. 1 Regan H.
legg well (T. 22 S., R. 30 E., sec, 27) and the Clayton W. Williams, Jr.,
Badger Unit Federal well (T. 22 S., R. 31 E., sec. 15) near the WIPP site.

Legg well Badpger Unit well
Bell Canyon Formation 1,415 feet 961
Cherry Canyon Formation 1,050 feet ' 1,047
Brushy Canyon Formation 1,605 feet 1,936

Detailed descriptions of these formations can be found in publications by
King (1948), Newell and others (1953), Bayes (1964), and Sullivan (1979).
The Bell Canyon Formation 1s the closest water-bearing rock unit underlying
the proposed WIPP facility. For this reason, the stratigraphy and hydrelogic
characteristics of this formation are described in detail in this report.

The Brushy Canyon Formation and Cherry Canyon Formation are composed
mostly of siltstone or shales and thin fine-grained sandstone with a few thin
limestone beds. Conglomerate and coarser grained sandstone are found only in
the Brushy Canyon Formation (Harms, 1974). These units also interfinger with
their reef-facies equivalents, the Goat Seep Limestone and San Andres
Limestone (fig. 2).

Bell Canyon Formation——Stratigraphic relationships of the Bell Canyon
Formation are of importance when studying the hydrology of the Delaware
Mountain Group. The Bell Canyon is the fore-reef facies deposited in the
Delaware Basin (Watson, 1979, p. 7). The Capitan Limestone 1s the reef
facles equivalent to the Bell Canyon and interfingers with the Bell Canyon
along the basin margin (fig. 2). The upper part of the Bell Canyon Formation
‘'was studied using cores from three test holes drilled near the WIPP site —-
ERDA~10, AEC~7, and AEC-8. The stratigraphic subdivisions used in the WIPP
study are shown in figure 3 and are those informal wmembers described by
Grauten (1965).

Olds and Hays sandstone members: The Olds sandstone member is separated
from the underlying Hays sandstone (informal units) in most places by a shaly"
bed (Grauten, 1965, p. 298-299). The 0Olds and Hays have laminated and clean
sandstones facies, and they both produce some hydrocarbons in the Delaware
Basin.
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Ford shale member: The Ford shale member overlies the 0lds sandstone
member (informal wunit) in the Delaware Basin. It consists of two
2-foot-thick beds of black shale separated by a 6—foot-thick laminated
giltstone, forming one of the most important markers used in exploration for
hydrocarbons in the Bell Canyon Formation (Grauten, 1965, p. 298).

Ramsey sandstone member: The Ramsey sandstone member (informal wunit)
overlies the Ford member throughout the study area. As described by Grauten
(1965 p. 295), the Ramsey sandstone member has two main facies: (1) A
laminated, shaly siltstone, interlaminated with black shale, and (2) A clean,
very fine-grained sandstone with crossbeds of laminated, 1limy, shaly
siltstone or very fine-grained sandstone. This stratigraphic sequence is
common in many of the units in the lower parts of the Delaware Mountain
Group. An important characteristic of the Ramsey is that, in most instances,
the clean sandstones grade laterally into laminated siltstone with negligibile
permeability, thus creating stratigraphic traps where hydrocarbons and other
fluids may accumulate. The Ramsey is the main o0ll and gas producing unit of
the Bell Canyon Formation. ‘

Trap member: The Trap member (informal wunit) overlies the Ramsey
sandstone member and consists of an interlaminated shaly siltstone and shale
sequence, the laminae of siltstone and shale being very thin (Grauten, 1965,
p. 295). Some writers {Watson, 1979, p. 4) refer to this member as the upper

laminated Ramsey. The Trap usually is very thin, averaging omnly 5 to 10
feet.

Lamar shale member: The uppermost member is the Lamar shale (informal
unit), commonly referred to as the "Lamar lime". It 1s composed of za very
dark, silty shale; in some places beds of hard, black, very shaly limestone
are present. Throughout the Delaware Basin, the thickness of the Lamar is 25
to 30 feet.

Guadalupian reef complex’

The Guadalupian reef complex, specifically the Capitan aquifer as
defined by Hiss (1980, p. 289), 1s a lithosome that includes the Capitan and
Goat Seep Limestone and most or all of the Carlsbad facies of Meissnmer
(1972). 1t also includes shelf-margin carbonate banks or stratigraphic reefs
in the upper part of the San Andres Limestone where these cannot be readily
distinguished from the Goat Seep Limestone and Carlsbad facies. Generally,
the units discussed are of Permian Guadalupian age and comprise a reef
complex that was deposited along the margin of the Delaware Basin in a-
continuous, narrow, arcuate belt.
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The unite are composed mostly of limestones, dolomites, reef brecclas
(Capitan Limestone), and massive dolomites (Goat Seep Dolomite). The complex
includes facles transitions composed of shelf-edge dolomites and thin
interbedded sandstones (Carlsbad facies), along with chert and dolomite (San
Andres Limestone). Terrigenous clastics are notably absent in this sequence
of rocks (Meissner, 1972). A more detailed description of 1lithologic
relationships in the "reef complex" described above can be found in Hiss

(1976), Meissmer (1972}, Motts (1968), Newell and others (1953), and Silver

and Todd (1969).

Ochoan Series

The Ochoan rocks studied at the WIPP site are composed of extensive
evaporite deposits that filled the Delaware Basin and extended across the
Guadalupian reef zone during Permian time. The Ochoan Series 1s represented,
in ascending order, by the Castile, Salado, and Rustler Formations, and the
Dewey Lake Red Beds. The Ochoan is entirely of marine origin, but it has two
dissimilar parts =— a thick lower section of evaporites and a thin upper
section of red beds (Jones, 1973, p. 7). The lower section, containing
extensive deposits of halite and anhydrite, includes the Castile, Salado, and
Rustler Formations, whereas the upper section is composed of the Dewey Lake
Red Beds. The Dewey Lake is composed entirely of red sandstore, siltstone,
and some shale. The sequence probably forms a protective cover that has
retarded the dissolution and removal of the soluble salts in the Jlower
evaporite units {(Jones, 1954, p. 107). Among the lower evaporite units, the
Castile and Rustler contain more anhvdrite and carbonate tham the Salado. In
the area of the WIPP site, these anhydrites have formed protective barriers
that have retarded the upward or downward movement of meteoric water into the
salt-rich Saladco Formation. The Ochoan sequence conformably overlies the

Guadalupian Bell Canyon Formation and unconformably underlies the Triassic
Santa Rosa Sandstone.

The WIPP geotechnical studies have generated intense interest in these
rocks, not only because the halite of the Salado is to be the location for
the proposed facility, but also because the evaporites could be barriers to
fluid migration should the facility be breached. Numerous discussions of
detalled stratigraphy by various authors can be found in documents published
for the area (Vine, 1963; Hayes, 1964; Gard, 1968; Jones, 1954, 1973, 1978;
Powers, Lambert, Shaffer, Hill, Weart, 1978; and Bachman, 1973, 1974, 1980,
1981); therefore, stratigraphic discussions in this paper will be limited to
those deposits that may affect the hydrologic system at the WIPP site.
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Castile . Formation.—The Castile Formation, the basal unit in the Ochoan
evaporite sequence, consists principally of anhydrite, calcite-banded
anhydrite, and halite with some limestone and sandstone. As originally
defined by Richardson (1904), it included all the evaporites between the
Delaware Mountain Group and the Rustler Formation; however, present usage
follows that of Lang (1935), who divided the Castile into two formations: the
anhydrite~rich Castile below and the halite-rich Salado above.

Extensive outcrops of the Castile Formation are present in the western
part of the Delaware Basin. The formation, where it i1s exposed, is devoid of
halite and the anhydrite primarily has been altered to gypsum by weathering.

The contact between the Castile Formation and the overlying Salado
Formation 1s conformable and gradational, but, nonetheless, generally is
defined as the horizom at which dominant anyhdrite below changes to halite
above (Jones, 1973, p. 10).

Salado Formation.--The Salado Formation, differemtiated from the Castile by
Lang (1935, p. 267), vprincipally consists of halite in thick seams
interbedded with anhydrite, polyhalite,and glauberite. The upper contact of
the Salado 1is the distinct conformable contact between halite and the gray
siltstone and sandstone of the lower part of the Rustler Formation. The
Salado is the principal salt formation being investigated at WIPP because the
proposed facility would be bullt in selected salt horizons of this unit.
Additionally, the Salade Formation is important because parts of it (McNutt
Potash zone) in eastern Eddy and western Lea Counties are mined for potash
minerals. A discussion related to potash evaluation can be found in Jones
(1978). '

Joreas (1975, p. 12) describes three divisions within the Salade near the
WIPP site: the lower member (1,040-1,154 feet thick), the McNutt potash zone
(357-375 feet thick), and the upper member (468-504 feet thick). The lower
member consists largely of clayey halite interbedded with thin seams of
anhydrite and opolyhalite, as well as some thin-bedded siltstones and
sandstones. The lithology of the McNutt potash zone, while similar to the
clayey halite of the lower member, includes sylvite and langbeinite, which
are both economically important potash salts. The upper member is composed
of clayey halite interbedded with minor anhydrite and polyhalite. A layer of
residuum which lies immediately on top of the Salado in certain areas is
considered to be residue from evaporite dissolution and is considered in this
report to be part of the lower part of the Rustler Formation.

Throughout the Salado Formation, the principal 1lithologic types are
repeated in a type of rhythmic depositional cycle that consists in ascending
order of a clastic, a sulfate, a halite, and a mixed halite-clastic stratum -
(Jones, 1954, p. 110}. Jones (1973, p. 13) interprets these rock sequences
to "...represent a fundamental sedimentation unit or evaporite cyclothem."
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Rustler ¥ormation.--The Rustler Formation, named by Richardson (1904), is the
youngest unit in the Ochoan evaporite sequence. The Rustler is a key marker
bed of the upper Permian in Texas and New Mexico. Hydrologically this unit is
one of the most extensively investigated units at the WIPP site because it
contains the most productive water-bearing units in the study -area.

In the vicinity of the WIPP site, Vine (1963, p. B-14) has described a
five~fold division of the Rustler (fig. 4). The division includes: (1) At
the base, an unnamed unit of clayey siltstone and very fine—-grained sandstone
with thin iInterbeds of anhydrite and halite in its upper part; (2) the
Culebra Dolomite Member, a unit of thin-bedded, solution-pitted, finely
erystalline dolomite; (3) the Tamarisk Member, anhydrite with a single thin
interbed of unconsclidated clayvey silt (residuum from a thick seam of halite
and associated polyhalite and halitic siltstone); (4) the Magenta Dolomite
Member, a unit of thinly cross—laminated, fine-grained dolomite; and (5) the
Forty-Niner Member, anhydrite with a sgingle thin interbed of unconsclidated
clayey silt (residuum from a much thicker seam of clayey and silty halite).
The dolomite units are not only hydrologically important but are distinctive
marker beds throughout the Delaware Basin (Adams, 1944, p. 1614).

The upper contact of the Rustler Formaton is represented by a distinct
lithologic change, going from anhydrite to siltstone, sandstone, or shale.
The discordance and hiatus between the Rustler and overlying Dewey Lake Red
Beds probably are not very great.

Dewey Lake Red Beds.—The Dewey Lake Red Beds overlie the Rustler Formation
in the WIPP area. This sequence was named by Page and Adams (1940) for a
sequence of rocks composed of siltstone and claystone with thin lenticular
beds of sandstone. As observed in many of the cores from the test holes
drilled at the WIPP site, almost all of the siltstone and claystone are
intruded by horizontal and crisscrossing veins of selenite. The Dewey Lake
18 thin bedded and contains numerous greenish—-gray spots. Many of the
bedding surfaces contain mud cracks and ripple marks., The Dewey Lake Red
Beds range in thickness from 345 to 541 feet across. the WIPP site. An
erosional unconformity marks the contact between the Dewey Lake Red Beds and-
the overlying Santa Rosa Sandstone of Late Triassic age. )

Upper Triassic rocks

Santa Rosa Sandstone.—Triassic rocks of the WIPP area, included in the
Dockum Group, consist of the Santa Rosa Sandstone of Darton (1922). The
Santa Rosa 1s only present in the eastern one-half of the WIPP site {(fig. 5),
having been removed by erosion in the west. At the WIPP site, the Santa Rosa
conslsts of medium—to coarse—grained, micaceous sandstone and conglomerate
with interbeds of siltstone and mudstone.
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The Santa Rosa Sandstone in most of the area 1s truncated by a nodular
to laminar limestone of middle Plelstocene age, informally called the
Mescalero caliche by Bachman (1974, p. 31). 1In the area east of the WIPP
site, the Santa Rosa may be overlain by the Tzriassic Chinle Formation or a
Chinle equivalent.

Chinle Formation.--The uppermost unit present in the Triassic Dockum Group is
the Chinle Formation or an equivalent, which, although not present at the
WIPP site, was penetrated in the H-10 test hole drilled 4 miles southeast of
the WIPP site (fig. 1A). The Chinle Formation at the H-10 test hole was
described as a dominantly shaly mudstone interspersed with greenish-gray
mudstone and lenses of sandstone aund conglomerate. Anderson (1981, p. 7)
discusses the presence of as much as 230 feet of Triassic Chinle Formation in
test well WIPP-15 in San Simon Swale which is 10 miles east of the WIPP site.
According to Nicholson and Clebsch (1961, p. 35), confusion exists due to
lithologic similarities between the Chinle and Santa Rosa, which they believe
cannot be separated. In fact, Bachman (1980, p. 26) believes that there is
little justification to even extend these formation names into southeastern
New Mexico and that the sequence should be simply referred to as Triassic or
Dockum Group undivided. Although problems in nomenclature have been created
concerning the Triassic Chinle Formation, this report .retains the formation
names and uses them, at least in the vicinity of the WIPP site.

Tertiary and Quaternary rocks

. Tertiary and Quaternary deposits in the vicinity of the WIPP site
include the Ogallala Formation of Miocene age, the Gatuia Formation of
Pleigtocene age, and sands, playa deposits, caliche, and alluvium of Holocene
age. These units cover the surface of nearly the whole region and 1lie
unconformably on older rocks.

Ogallala Formation.—-The Ogallala Formation of Miocene age is the oldest
record of Cenozoic depositional history and climate preserved in southeastern
New Mexico (Bachman, 1980, p. 34). Although the Ogallala is well exposed
along Mescalero Ridge, at Hat Mesa, Gramma Ridge, and at the Divide (fig. 1
and 1A), Bachman (1980, p. 34) indicated that the Ogallala Formation could
not be recognized west of San Simon Swale towards the WIPP sgite except for a
few thin outliers near the Divide.

In southeastern New Mexico, the Ogallala Formation generally is
described as a well-sorted, windblown sand with wminor poorly—sorted stream
deposits and carbonate pans usually capped by a rather resistant layer of
well-indurated caliche. Bachman (1980, p. 35) reports that even though the
upper surface 1s relatively smooth, the irregular surface on which it was
deposited has resulted in irregular thicknesses for the Ogallala.
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Gatuna Formation.—The Gatufia Formation 1s the oldest known Quaternary
formation in the study area and probably the thickest though the least
extensive. The Gatuna was named by Robinson and Lang (1938, p. 84-85) and
occurs as discontinuous bolson—type deposits in channelis and depressions,
possibly related to solution within the Salado and Rustler Formations.
Bachman (1976, p. 140) describes a reference section of the Gatuna in the
vicinity of Gatuna Canyon that consists of sandstone, siltstone, and
conglomerate, with the conglomeratic beds containing pebbles of quartz and
quartzite reworked from Triassic conglomerates.

Mescalero caliche.—The Mescalero caliche, an informal stratigraphic unit
named for the Mescalerc Plain (a broad geomorphic surface in southeastern New
Mexico), occurs east of the Pecos River and west of the High Plains (Bachman,
1976, p. l4l). The caliche is a well-lithified alluvial deposit of chalky,
finely crystalline limestone. The caliche caps the geomorphic surface and
lies with angular unconformity on the underlying Gatulla and older formations;
its lower part commonly engulfs large masses of older bedrock.

Alluvium and other surficial deposits.—There are no through-flowing streams
" in the immediate area of the WIPP site; therefore, there are no recent stream
deposits of any magnitude. Surficial deposits are composed mostly of
locally-derived materials deposited by sheet wash. 1In some parts of the area
such as Nash Draw, the surficial deposits include gypsum and dolomite
fragments derived from the Rustler Formation as well as caliche fragments
from the Mescalero caliche. There are small intermittent streams and
collapse features that, although they may be discontinous, do contain
alluvial sand and silt that is locally conglomeratic.

Humuocky surficial deposits of dune sand cover almost the entire WIFP
site. The sand, locally known as the Mescalerc sand (Vine, 1963, p. B=36),
is fine to medium grained, with the grains predominantly angular to
subrounded. Although the sand may occur as dune ridges, most of it is

present on the flats and 1is generally stabilized by mesquite and other
vegetation.

"~ The most extensive deposits of true alluvium in the vicinity of the WIPP
site are present along the west side of the Pecos River north of Malaga Bend.
Isolated patches of alluvium are present to the south of Malaga Bend, but
these are not very extensive.

Alluvium east of the Pecos 1is localized and present in depressions, as
in Clayton Basin and Nash Draw. The thickest alluvial deposits, however,
were found in San Simon Swale 10 miles east of the WIPP site, where drilling
at WIPP-15 penetrated about 547 feet of f£fill (Sandia National Laboratories
and the University of New Mexico, 1981, p. 7).
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Maley and Huffington (1953) and Cooper (1962, p. E152) have described
several structural features in the study area as thick accumulations of
alluvium that fill deep solution depressions. Nicolson and Clebsch (1961, p.
46-47) describe similar collapse structures in southern Lea County. These
studies show that alluvial deposits underlie an area of 150 square miles east
of the Pecos River in Eddy County, New Mexico, and extend southward into
western Texas (fig. 6}, Maley and Huffington (1953, pl. 1) indicate more
than 1,400 feet of f1ll at the center of this area near the New Mexico—~Texas
State line, but Cooper's Investigations show that, at least in New Mexico,
the thickness probably does not exceed 1,000 feet. Lithologic descriptions
from logs of several holes drilled into the £4{11 indicate the material to be
sands separated by somewhat thicker interbeds of silt and clay.

Other surficial material in the WIPP sgite area includes the £ill
asgociated with playas. This material generally consists of alluvium and
eolian sands reworked by lake waters but may also contain reworked gypsum as
well as precipitated gypsum and chlorides, as 1is present at Laguna Grande de
la Sal. Some playas may contain perennial lakes, such as Laguna Grande de la
Sal; others may be dry most of the year. -

GROUND-WATER HYDROLOGY

This report presents an appraisal of potential boundaries to the
ground-water flow system in the vicinity of WIPP site and 4includes an
evaluation of hydraulic flow paths from the facility to the proposed. major
discharge area at Malaga Bend. The hydrologic regime both above and below
the facility needs to be examined in order to characterize the flow system in
the WIPP site study area, particularly when the host medium for the storage
facility consists of easily dissolved halite., Therefore the studies were
divided into shallow hydrologic investigations (above salt), and deep
hydrolegic investigations (below salt). The phases of the shallow and deep
hydrologic investigations 4included: the geology of the area, the
stratigraphic location of the geohydrologic units and the occurrence of water
in them, the hydraulic factors that govern ground-water movement from areas
of recharge to areas of discharge, and the chemical quality of water and
possible reactions with the host rocks.

The fundamental principles governing the occurrence and movement of
ground water have been discussed 1in detaill in textbooks and numerocus
publications, for example Meinzer (1923a and b), Tolman (1937), and Lohman
{(1972). The interested reader is referred to these publications and others
for a more detailed discussion of this subject.
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The terminology for hydraulic properties of ground-water systems has
caused some confusion in the past. For example, the use of permeability and
" hydraulic conductivity interchangeably has led to much of the confusion,
especially between ground-water hydrologists and petroleum engineers. In
this paper hydraulic conductivity will be used when referring to the
water-transmitting characteristic of the material in quantitative terms. The
definition of hydraulic conductivity used here 1s the one described in Lohman
(1972, p. 6) and is a replacement for the older term, "coefficient of
permeability.” "A medium has a hydraulic conductivity of umit length per
unit time if it will transmit in a unit time a unit volume of ground water at
the prevalling viscosity through a cross section of unit area, measured at
right angles to the direction of flow, under a hydraulic gradient of unit
change in head through the unit length of flow." In this report permeability
will be used as a qualitative term to refer in a general way to the ability’
of a rock to transmit fluid. The "permeability" commonly used by petroleum
engineers will be the "intrinsic permeability" described by Lohman (1972).
The "“intrinsic permeability” 4is a property only of the medium and 1s
independent of the nature and properties of the fluid contained in it.

Transmissivity 1s a term used in this report that also needs definition.
As defined by Lotman (1972, p. 6), transmissivity is the rate at which water
of the prevailing kinematiec viscosity is transmitted through a unit width of
the aquifer under a unit hydraulic gradient. It 1s both a property of the
aquifer and of the confined 1liquid. The transmissivity is equal to the
average hydraulic conductivity times the thickness of the aquifer. The term
"aquifer" is not used in its formal sense in this report., Formal usage
defines an aquifer as a geologic formation or group of formations or a part
of a formation that is capable of yielding economic quantities of water to a
pumped well or to springs. The use of the term aquifer in reference to most
water—-bearing zones at WIPP would be misleading. More appropriately these

zones will be referred to as "hydrologic units" or "water—bearing zones" in
this report.

Ground water exists under hydrostatic pressure and 1its movement
generally is from places of higher potential or hydraulic head to places of
lower potential or hydraulic head. The hydraulic head, at any point, is
usually expressed as the elevation above a fixed datum (usually sea level) to
which water will rise in a tightly cased hole. Differences in hydraulic head
in feet of water within a hydrologic unit and the resulting slope of the
profile is called the hydraulic gradient.

Rates of movement between any two points in a water-bearing unit depends
on the difference in hydraulic head, the distance between the points, the
effective porosity of the unit, and the hydraulic conductivity,

The distribution of water levels measured 4in wells in selected
hydrologic units is illustrated by contours on maps; in confined ground-water
systems, these maps are referred to as potentiometric-surface maps. The
potentiometric surface is the elevation to which water will rise in tightly
cased wells that penetrate confined hydrologic units; the
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imaginary surface thus defined is used to pilcture the areal extent and
movement of ground water as well as to qualitatively define any permeability
changes within the unit. 1In some instances potentiometric-surface maps can
be useful for predicting directions of ground-water flow. In general, the
primary direction of water flow in porous media is at right angles to the
potentiometric-surface contours. However, in cases of fracture flow, as
occurs locally at the WIPP gite, the direction of movement is most affected
by directional differences in permeability or fracture orientation. Thus,
the actual direction may have little or no relationship to the movement
inferred from the regional potentiometric—surface contours. Where extensive
fracturing has occurred, the flow could actually be almost parallel to the
indicated gradient. Earlier maps constructed for the WIPP study area have
failed to distinguish between water levels of different hydrologic units.
Pregent potentiometric maps distinguish the three water—-bearing units and

show equivalent freshwater head differences in excess of 100 feet between
units. .

Potentionetric~surface maps for the WIPP study area need to include
effects from variations In water chemistry within the individual
water—bearing zones. These variations create density differences that hiader
determination of representative static=pressure heads. A
potentiometric—surface map comnstructed strictly on the existing water levels,
-without appropriate density correction, may lead to erroneous coaclusions
vhen efforts are made to determine flow direction from this potentiometric
gradient. Various methods of correction were studied, as described in Bond
(1972), Hubbert (1953), and Jorgensen and others (1982)., However, it was
determined for this report that the water levels would be adjusted to a
common density of 1.0 (freshwater equivalent) by methods similar to those
described in Hiss (1976). Because the units are almost horizontal, this
method 1is believed to give reasonable values for general directions of flow
(the Hiss method 1s not accurate for dipping beds). Larger errors can occur
in hydraulic head calculations, adjusted for density, when thick
water—bearing beds are present (not the case at the WIPP site), and
especially when density varies in the vertical direction as well as in the
horizontal direction. The hydrologic units at the WIPP site include thin
water-bearing beds where: denaity variations are primarily lateral, not both
lateral and vertical.

As ground water moves along the flow system from recharge areas to areas
of discharge, its chemical quality is altered by a variety of geochemical
processes. As the ground water moves along the flow path, the concentrations
of dissolved solids probably increase, especially if the water comes in
contact with easily dissolw-;d halite and other evaporite rocks.

Large concentrations of dissolved solids were found in most of the water
samples collected from the hydrologiec wunits studied at WIPP; in most
ingtances the ground water would be classified as moderately to very saline
{3,000 to 35,000 milligrams per liter of dissolved solids) to brines (more
than 35,000 milligrams per liter of dissolved solids). The concentrations of
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the major chemical constituents are directly related to the interaction of
the host rocks with the water, which moves slowly through them because of
restricted circulation. Interpretation of hydrochemical analyses from these
rocks has aided in the understanding of the hydrologic mechanisms at work in
the rocks below and above the proposed storage horizon. To facilitate an
understanding of these mechanisms, discussions of the water chemistry in this
report are included with the hydrologic discussions of the individual units.
Although the geochemical complexity of the ground water in the WIPP area
cannot be completely understood from the chemistry of the dissolved ions
alone, 1t does provide a qualitative insight into the chemical history of
these waters and some of the complexities associated with ground-water
movement.

- ‘Hydrology of the Delaware Mountain Group

Geohydrologic characteristics.~~The lithology of the Delaware Mountain Group
has been described previcusly in detail. It is predominantly a fine-grained,
silty sandstone with interbeds of black shale and black limestone. The
basinal deposits are composed, in ascending order, of the Brushy Canyon,
Cherry Canyon, and Bell Canyon Formations. The Delaware Mountain Group crops
out in the southern Guadalupe Mountains and in the Delaware Mountains in
Texas. The maximum thickness of the Delaware Mountain Group is in the
central part of the Delaware Basin where its thickness exceeds 4,000 feet.
The Delaware Mountain Group either pinches out or interfingers with the
several stages of reef growth on the basin edge (fig. 2).

- A structure-contour map (fig. 7) on top of the Lamar shale member
(informal unit of the Bell Canyon Formation) of the Delaware Mountain Group
. shows two main types of structural provinces —- monoclinal in the west and
anticlinal in the east, southeast, and the southwest (Grauten, 1965, p. 299).
The Lamar shale has a general eastward dip of about 75 to 100 feet per mile.

The Cherry Canyon and Brushy Canyon Formations produce only minor
quantities of oil and gas; most of the oil and gas comes from sandstone in
the upper part of the Bell Canyon Formation. The oil fields developed in the
upper part of the Bell Canyon do not wusually occur in any pronounced
structual feature that could account for the trap. 0il, gas, and water
probably occur in relatively clean elongated "channel" sandstones that are
porous and permeable but grade wvertically amnd laterally into relatively
impermeable siltstones and laminated shales. These rocks form permeability
barriers, thus creating stratigraphic traps. The Cherry Canyon Formation
contains less oil and gas, not only because of a lack of favorable structural.
features such as are found in the Bell Canyon, but also because of a large
proportion of siltstone and increased cementation that decrease the
permeability. Similarly the Brushy Canyon Formation probably contains little
oil or gas because of lesser permeability from increased cementation (Berg,
1979, p. 89). Berg also concludes that the greater permeabilities found in
the upper sandstones of the Bell Canyon sandstones probably result from the
shallower depth and lesser cementation.
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Data for a rtegional analysis of the hydrologic characteristics of
water-bearing units within the Delaware Mountain Group are sparse due to the
depth, the salinity of the water, and the overall lack of permeability of
these rocks. Early studies (Grauten, 1965, and Sullivan, 1979) of the
Delaware Mountain Group concluded that the Lamar shale at the top of the Bell
Canyon Formation plus the several thousand feet of dense anhydrite and salt
of the overlying Castile Formation would probably form an effective confining
bed over the Bell Canyon Formation. These confining beds, if they were not
fractured, would restrict water from migrating upward from the Bell Canyon
Formation to dissolve the salt of the Salado Formation and would also
restrict movement of fluids downward from the proposed facility horizon to
the Bell Canyon Formation. Since these studies, interpretations of the
potential for upward movement of fluids £from the Bell Canyon into the
overlying evaporites (Anderson, 1978, 1981) has created & need for a
re-evaluation of the hydrologic system of the Delaware Mountain Group.

This study is restricted to the upper part of the Bell Canyon Formation
because 1t 1s the closest water-bearing zone below the evaporites and
contains the most porous sandstones of the Delaware Mountain Group. The
hydrologic system of the Delaware Mountain Group, as defined by the available
data, probably 1s confined to the upper 600 feet of the Bell Canyon
‘Formation; individual sandstone units in any one area probably are no thicker
than 45 to 60 feet.

Based on drill-stem tests conducted on the Bell Canyon Formation and
from data from previous studies, it became apparent that earlier studies
(Mercer and Orr, 1977; Hiss, 1976) that indicated that the Delaware Mountain
Group Iis a uniform hydrologic unit were in error. Numerous studies of oil
reservoirs indicate that the sandstones of the upper part of the Bell Canyon
are present as narrow, sinuous channels that grade laterally into less
permeable shales and siltstones. These channel sandstones may be covered
with siltstone and locally are poorly comnnected hydrologic units. Though
studies of geophysical logs may Iindicate that it is coantinuous, each major
sandstone body is composed of many individual sandstone beds that are either
separated by siltstone or have different degrees of cementation (Williamson,
1979, p. 71). Grauten (1965) describes the apparently continuous sands of
the Ramsey Sandstone actually to be composed of three or more separate
sublenses of porous sandstone separated by relatively impermeable siltstone
beds, each sublens to be virtually separated hydraulically from the others.
The entire system is confined by overlying beds with negligible permeability;
in the case of the sandstones of the Ramsey member, the overlying Trap and
Lamar shale members form a very effective seal (Grauten, 1965, p. 302). As a
result, vertical permeability within these sandstone units is very small.
This very small vertical permeability is indicated by data from a drill-stem:
test in test well AEC-8 where two sandstone units, separated by a siltstone
unit 16 feet thick, were individually tested (Mercer and Orr, 1979, p. 133).
The water levels for the upper and lower sandstones stabilized at 553 and 568

28




feet below ground level. Extensive evaluation of drill~stem tests in other
wells throughout the basin found that differences of this magnitude are
common . These . differences 1indicate that confining beds between the
sandstones are so poorly connected that they cause hydraulic head differences
of 15 feet in sandstone lenses only 16 feet apart.

The hydraulic properties of the upper part of the Bell Canyon have been
compiled from several sources including drill-stem tests at the WIPP sgite
(table 4) and selected oil~field production data. The following discussion
also includes the average values for hydraulic properties published in the
Delaware Mountain Group Symposium (Sullivan, 1979) for reservoirs at which
oil, gas, and water are present and includes the values for the hydraulic
properties for the permeability barriers of siltstone and shale.

The primary porosity of the upper Bell Canyon sandstones (generally the
Ramsey) 1s intergranular and generally ranges from 20-28 percent. The
permeabilities of these sandstones in the Ramsey range from 14 to 90
millidarcy (Berg, 1975) although permeability may be greater locally., The
giltstones and shaly siltstones forming the permeability barriers generally
have porosities ranging from 10 to 20 percent with a permeability usually
less than 0.1 millidarcy. A good example of this type of stratigraphy is
shown in the cross section across the El Mar oil field in Loving County,
Texas (fig. 8).

The wunknown factor in this analysis 1s the degree to which the
sandstones are intercomnnected on a regional scale. If the siltstone barriers
also are present on a regional scale, the permeability values given for the
sandstones are probably too large, and calculated rates of movement are also
too large. The permeability barriers; however, are present locally.

, Three test holes (AEC-7, AEC~8, and ERDA-10) were drilled into the upper
part of the Bell Canyon Formation and were hydraulically tested to evaluate
the deep water-bearing units in the Bell Canyon Formation in the wvicinity of
the WIPP site. Several sand stringers that were identified from the
geophysical logs and cores were permeable enough to test and contained brine.
These zones included an -upper and lower sand in test hole AEC-8 (probably
pre-Ramsey), a sexries of sandetones in test hole ERDA-10 (Ramsey and
pre-Ramsey), and sandstone in test hole AEC-7 (Ramsey). Although test holes
AEC~8 and ERDA-10 are only about 14 miles apart and the sandstones tested are
about the same depth below the top of the Bell Canyon, they may not be in
good hydraulic connection because they appear to be channel sandstones. Test
hole AEC-7 penetrated similar sandstones at a shallower depth.

The tests were conducted using standard and modified drill-stem—test
procedures (Mercer and Orr, 1979) which test primarily the horizontal
hydraulic conductivity. From analyses of the hydraulic data (table &), the
hydraulic conductivities of the sandstones were 4.0 x 102 foot per day for
the zone tested in test hole AEC-7, 2.0 x 102 and 7.0 x 10~3 foot per day
for the two zones tested in test hole AEC~8; and 5 x 10~2 foot per day for
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the zone tested in ERDA-10. The Lamar shale also was tested in the three
holes to evaluate the effectiveness of the zone as a confining bed which
would restrict upward movement of fluids, assuming the unit is not fractured.
The tests of the Lamar shale yielded values of hydraulic conductivity of
2.0 x 1076 foot per day in test hole AEC-8 and 4.0 x 1074 foot per day in
test hole ERDA-10. In AEC-7, the Lamar shale was evaluated to determine its
effectiveness as a confining bed, but it had such negligible permeability it
could not be tested. These permeability values for the upper sandstone of
the Bell Canyon were within the range of permeability values reported by
various oil companies for the sandstones and shales of the Delaware Mountain
Group throughout the basin. These tests also indicated that the head in the
upper part of the Bell Canyon Formation, although it extends above the lower
part of the Rustler Formation, is still less than the heads in Rustler
Pormation. Therefore, the potential is for downward movement if these zones
were intercounected. The head was also lower when converted to
freshwater—equivalent.

Ground-water movement.-—Several studies have produced potentiometric—surface
maps for the Delaware Mountain Group; however, because most of the
pressure~head information comes from the upper part of the Bell Canyon, these
maps probably are most representative of that zone. The common procedure
during oil exploration is to run a drill-stem test on a zomne that (from
geophysical logs) appears to have the greatest porosity along with some
associated permeability. Because of the lack of lateral continuity in many
of the sandstones tested in the upper part of the Bell Canyon, less reliable
data are available than would be expected from the number of wells shown on
an oil and gas map.

Hiss (1976) and McNeal (1965) have constructed potentiometric—surface
maps for the upper part of the Bell Canyon Formation, and the maps generally
are similar even though Hiss's map only covers the northern part of the
Delaware Basin. Both of these wmaps were constructed after adjusting
hydraulic head data to & freshwater datum to account for variations in brine
density. In the WIPP characterization study, available oil-field drill-stem
tests, production tests, and water analyses were coupled with data collected
from the deep test holes AEC-7, AEC-8, and ERDA-10 near the WIPP site to
construct a potentiometric-surface map. The base map developed by Hiss
(1976) was used and new information was corrected for density as described by
Hiss and incorporated in a new map. The new contour map duplicated Hiss's
map with very little modification (fig. 9).

The potentiometric gradient of the upper part of the Bell Canyon is
nearly parallel with the regional structural trend. Water apparently enters
the unit in the western part of the basin, perhaps in the Delaware and
Guadalupe Mountains, and moves northeastward across the basin at a hydraulic
gradient ranging from 25 to 40 feet per mile. The rate of water movement in
the sandstone is probably very slow because it is assumed to be restricted by
negligible hydraulic conductivity of the intervening siltstones. Although
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the Capitan aquifer of Hiss (1976) abuts and overlies the Delaware Mouatain
Group along the basin margins, the lithologic and hydrologic characteristics
of the Capitan aquifer and Delaware Mountain Group (in particular the upper
part of the Bell Canyon Formation) are quite different (Hiss, 1980, p. 289).
The hydraulic conductivity of the Delaware Mountain Group 1s several orders
of magnitude leas than that of the Capitan aquifer; this fact, coupled with
differences in quality of water, would indicate that only a relatively small
quantity of water in the Delaware Mountain Group, if any, would move into the
Capitan aquifer. Data from tests of the upper part of the Bell Canyon
Formation in test holes AEC-7, AEC-8, and ERDA-1Q f£fit with the regional
trend. Fluld density and permeability varlations and discontinulty of the
upper sandstone units in the Bell Canyon preclude detailed site—specific
analyses by means of the potentiometric—surface map.

Bydrochemistry.~—Generally, the waters in the upper part of the Bell Canyon
Formation are brines in which sodium and chloride are the predominant ions
(table 5). The "clean” sandstones near the outcrop of the Ramsey sandstone
of the Bell Canyon appear to be saturated with relatively f£reshwater
(Grauten, 1965, p. 303). As the water moves across the Delaware basin,
however, the salinity of the water iIncreases; locally dissolved-solids
concentrations of more than 300,000 milligrams per liter ocecur in the
structural trough of the basin (McNeal, 1965, p. 317). Concentrations of
dissolved solids in brines sampled during the testing of the upper part of
the Bell Canyon at the WIPP site ranged from 180,000 milligrams per liter in
test hole AEC-8 to 270,000 wmilligrams per liter in test hole ERDA-10 (table
2). The abundance of calcium, magnesium, sodium, and potassium cations, the
presence of chloride and sulfate as the major aniomns, and the measured low
hydraulic conductivity support the concept of extensive brine-rock
interaction as the water moves slowly northeastward across the basin.
Detailed information on the composition of the water from the Bell Canyon in
test holes AEC-7, AEC-8, and ERDA~10 is included in table 2.

Hydrology of the Guadalupian reef complex

Gebhy_g:lrolggj.c characteristics.—In general, the position and dimens “of
the Guadalupian reef complex which contains the Capitan aquifer, as defined
by Higs (1976, 1980) and as used in this report, closely agree with the
location of the Capitan and Goat Seep Limestones and carbonate banks of the
Carlsbad facies of Meissmer (1972). It also includes shelf-margin carbonates
and the upper part of the San Andres Limestone. Although the Capitan aquifer
is one of the most productive aquifers in southeastern New Mexico, it is
present 1in the subsurface, at the closest, some 10 miles north of the
proposed WIPP facility. Here the Capitan aquifer is generally composed of a
relatively "clean" carbonate with low insoluable residue, especilally near the
forercef edge.
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This report 1is concerned with the section of the Capitan aquifer that
parallels the northern and eastern margins of the Delaware Basin in an
arcuate strip that extends from the Guadalupe Mountains southwest of Carlsbad
to the Glass Mountains near Fort Stockton, Texas. The width of the Capitan
aquifer in this strip ranges from 10 to more than 14 miles (Hiss, 1976,
pe. 141). In the subsurface, the forereef edge is relatively abrupt and abuts
against the sediments of the basin (fig. 10). Approximately 1,200 feet of
vertical relief along the forereef edge was detected in two oil test holes
drilled a few hundred feet apart (horizontal distance)} in sections 5 and 9,
T. 22 S. R. 33 E. in Lea County {(Hiss, 1976, fig. 18). The backreef edge of
the Capitan aquifer is much more irregular. The thickneas of the unit is
quite variable. A maximum thickness of nearly 2,400 feet is present about I3
miles northeast of Carlsbad. :

Hiss (1976, p. 90) reported that thickness of more than 1,500 feet has
been observed in 49 percent of the wells that penetrate the Capitan aquifer
in New Mexico. He also discussed the presence of submarine canyons that
eroded into the reef in Eddy and Lea Counties, New Mexico, which decrease the
overall thickness of the aquifer by one-half or more. These features all
have a bearing on the occurrence and movement of water in the reef complex.

Hiss (1976, p. 198) calculated the hydraulic conductivity of the Capitan
aquifer along the eastern margin of the Delaware Basin 1in Texas and New
Mexico to range from 1 to 25 feet per day; average values for the aquifer in
southern Lea County and east of the Pecos River valley at Carlsbad are about
5 feet per day. Although no values of hydraulic conductivity are available
for the Capitan aquifer west of Carlsbad, Motts (1968, p. 295) indicates that
vields of developed wells are from 1,000 to 4,000 gallons per minute. He
also indicates from his studies that the occurrence and movement of water in
the Capitan aquifer 18 controlled primarily by 1lithofacies changes.
Permgabilities are greatest In coarser grained rather than finer grained
detrital carbonates and in calcareous rather than dolomitic rocka. This
assoclation also is borme out by the work of Hiss.

Cround-water movement.~—Water in the Capitan aquifer is under water-table
conditions southwest of the Pecos River at Carisbad, but to the north and
east where the aquifer is entirely in the subsurface, artesian conditions
prevail. Higs (1976, p. 296) indicates that water entering the Capitan
aquifer system in the Guadalupe Mountains moves eastward toward Carlsbad
where most of the water discharges into the Pecos at Carlsbad Springs. He
concludes that a deep, inclsed submarine canyon near the Eddy-Lea County line’
forms a hydraulic restriction that constrains the eastward movement of water
from the vicinity of the Pecos River. Apparently there is little movement of
water between the Pecos River and this restriction (fig. 11). However, east
of this restriction the regional potentiometric surface, represented by the
hydraulic head in the aquifer, has been changed significantly in response to
withdrawal of both ground water and petroleum, especilally during the last 50
years (Hiss, 1980, p. 294).
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EXPLANAT | ON

Approximate position of extreme

// shel fward edge

CAPITAN AQUIFER

\\Basinal edge

2800 —&——4&— HEAD MEASURED IN THE CAPITAN AQUIFER AND SHELF AQUIFER SYSTEM
WHERE HYDRAULIC CONNECTION BETWEEN THE TWO AQUIFERS IS

RELATIVELY GOOD.

3200 —e——=a— HEAD MEASURED IN DELAWARE MOUNTAIN GROUP WHERE THE HYDRAULIC
CONNECTION WITH THE CAPITAN AQUIFER IS RELATIVELY POOR.

Contours are dashed wherever data are sparse or of doubtful reliability.
Contour interval 100 feet. Datum is sea level,.

The contours express a generalized regional head considered to be representative
for the Delaware Mountain Group during 1960 to 1970. Similarly, contours in
the Capitan aquifer are an interpretation of the head representative for the
latter part of 1972.

Considerable subjective judgment was used in contouring the data points. In
general, two factors were weighed in considering each data point;

{1} The year in which the head was measured. This is important because prior
+fluid withdrawal from the oil and water fields causes a decline in head

in nearby areas.

{2} The reliability of the data. In general, the data were ranked according
to reliability in the following order: Fluid level in water wells,
initial oil field bottom-hole pressures, and analysis of pressures
from drill-strem tests.

DATA POINT

Year in which data were A1titude of potentiometric

measured surface, in feet above sea-level
3015 datum
1960

. Formation in which pressure _———~CPAQ

or water level was measured WL Well penetrating sedimentary rocks
of Permian, Ochoan, Guadalupian,
or Leonardian age

(CPAQ = Capitan Limestone Lo Type of measurement: BHP =
DIWR = Delaware Mountain Group) : Bottom-hole pressure, DST =
drill-stem test, WL = water level

{values of head are expressed as water with a density of 1.000 gram per
cubic centimeter).
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In summary, the Capitan aquifer system is unique hydrologically in that
it forms a long narrow arcuate belt composed of very permeable rocks. Rocks
with little permeability adjoining and underlying the Capitan aquifer control
the movement of water. Lateral movement into the basin is prevented by the
nearly impermeable anhydrites of the Castile Formation, while downward
movement is controlled by the higher hydraulic head in the relatively
impermeable Delaware Mountain Group. The shelf-aquifer system (Hiss, 1976)
to the west and east of the Pecos River is interconnected with the Capitan
aquifer, but the relatively lesser permeability of the shelf-aquifers (ome to
two orders of magniture less than that of the Capitan) restricts hydraulic
connection.

Bydrochemistry.—There is an extensive discussion of the chemical composition
of ground water associated with the Capitan aquifer in Hiss (1976, p. 208).
In general, the water with relatively small chloride—~ion concentrations 1is
present in the Capitan aquifer throughout the region where the rocks have the
greatest permeability; conversely, the water with the largest concentrations
is present in rocks with the least permeability. The slightly saline water
found in the Capitan aquifer and backreef rocks in southeastern New Mexico
and western Texas probably 1is a result of selective displacement of the
original brines by freshwater moving from the Glass and Guadalupe Mountains
into formations with the regionally greatest transmissivity (Hiss, 1976,
p. 210), Moderately saline waters are found in the Capitan aquifer in
eastern Eddy County, especially in the area of the apparent hydraulic
restriction near the Eddy-Lea County line.

Hydrology of the Castile Formation

Geohydrologic characteristics.—The Castile Formation, comsistin ick
anhydrite beds with thin interbeds of salt, lies between the Delaware
Mountain Group and the overlying Salado Formation. It 1s almost completely
confined within the Delaware Basin (Oriel, Myers, and Crosby, 1967), the only
evaporite unit so restricted. Generally, the Castile averages between 1,500
and 1,850 feet 1in thickness except in west-central Ward County, Texas,
goutheast of the WIPP site where it reaches a maximum thickness of more than
2,100 feet (Adams, 1944, p. 1,604). Based on data from test holes drilled
during site—-characterization investigations at the WIPP site, the Castile is
1,518 feet thick in test hole AEC-~7, 1,377 feet thick in test hole AEC-8, and
1,492 feet thick in test hole ERDA-10.

Extensive outcrops of the Castile are present in the western part of the
Delaware Basin, in south~central Eddy County, New Mexico, and southward into
Texas. The upper anhydrite beds have been altered to gypsum in the area of
outcrop and contain solution features.

38



Very little hydraulic data are available from the Castile Formation. 1In
the salt zones, the presence of water is restricted because the salt does not
readily maintain primary porosity, solution channels, or open fractures, The
same characteristics are inherent in the anhydrite, with the exception that
1f developed, fractures may remain open temporarily. Anhydrite hydrates to
gypsum 1in the presence of slightly saline water. Hydration usually 1is
accompanied by a 64-percent expansion in volume, which possibly could seal
the fractures and prevent further water migration.

Drill-stem tests were conducted in the Castile Formation during drilling
of test holes AEC-~7, AEC-8, and ERDA-10 (Lawmbert and Mercer, 1977). The
permeabilities of the anhydrites and salt interbeds were neglibible and in
mogt tests could not be determined with conventional testing wmethods.
However, based on the sensitivity of the test equipment, a conservative
estinmate for a hydraulic conductivity of the sections tested would be equal
to or less than 1 x 1078 foot squared per day.

In most of the basin, the Castile evaporites act as a barrier or
confining layer for water moving in the upper part of the Bell Canyon
Formation of the Delaware Mountain Group. It has been suggested that
movement of fluids upward from the Bell Canyon Formation through the Castile
evaporites could develop a flow path for deep dissolution of the overlying
Salado salts anrd subsequently develop dissolution features referred to as
"breccia pipes”" (Anderson, 1978, 1981). Anderson also suggested that the
upward moving water would, as the comcentration of dissolved salts increased,
begin to move back dovmward due to a density differential. This concentrated
brine, it 1is postulated, would move back down through the fracture system in
the Castile to discharge into the Bell Canyon Formation. Anderson 1is
concerned that these features could develop at or near the WIPP site.

Por this density flow mechanism to work, an extensive fracture system
would have to develop through the anhydrites of the Castile. Detailed
studies of logs and cores from drill holes in the vicinity of the WIPP site
have falled to identify such a fracture system or any other evidence that
would indicate water has moved vertically through the evaporite sequence., 1in
fact, to date (1983), no dissolution feature that has been identified within
the basin has extended down as deep as the Castile Formation.

The hypothesis also requires that the upper part of the Bell Canyon
Formation would be capable of transmitting these saturated brines away from
the density-flow systems. The minimal permeability of sands in the Bell
Canyon Formation probably would preclude removal of the volume of
salt—bearing brines suggested by the hypothesis, even in the time iatervals
suggested.

Appreciable quantities of water have been reported in the Castile

Formation along the western side of the Delaware Basin, but only in weathered
zones near the outcrop. Anhydrites in these areas have been altered to
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gypsum, forming solut{on channels and cavities. These cavities are filled
with silt and broken blocks of gypsum and act as reservoirs for ground water.
Water 1s wused locally for stock watering, but wusually has large
concentrations of dissolved solids.

Igolated pockets of brine and associated hydrogen sulfide have been
penetrated by test tholes of various oil companies and during
slte~characterization 1Investigations at the WIPP site. These occurrences
have been discussed in several reports resulting from these investigations
(Griswold, 1980; Register, 1981). In general, these pressurized brines are
pregent 1in a fractured anhydrite bed in the Castile. The brines, im all
known instances, are associated with structual features as determined by
seismic methods and appear 1solated and not part of an 1interconnected
hydrologic system as determined by testing. Geochemical studies by Lambert
(1978) show the Castile brine present in ERDA~6 test hole to be chemically
and 1sotopically distinct from indigenous fluids in rocks above and below the
Castile. Presently (1982), the Department of Energy is conducting a program
that will test the brines extensively, so any further speculation here on the
genesls of these brine pockets probably would be premature. The testing is
being conducted on test holes ERDA-6 and WIPP-12 and includes standard
drill-stem tests and constant head-variable discharge flow tests.

Another dissolution feature that would require the extensive development
of a hydrologic system in the Castile is the regional breccias that Anderson
(1978) has  described in the Castile Formation. These breccias, he
postulated, are present in the subsurface at stratigraphic horizons
corresponding to major halite beds; the proposed source of the water is the
Capitan reef system. As discussed by Bachman {(1980), a well-developed flow
system would be required over an extended period of time for such extensive
lateral dissolution to take place. During careful examination of geophysical
logs Bachman could not find a hydraulic system that was in the Castile
Formation; in fact, he indicates that the halite beds have never been in
close proximity with the Capitan reef system. Bachman proposes instead that
the halites were deposited in individual and discrete sub~basins within the
large Delaware Basin. The dissolution breccia zones described by Anderson
would correspond to areas outside these sub-basins where halite was not
deposited. To complete the circulation system, Anderson's (1981, p. 143)
theory relies on fracture communication through the evaporites into the Bell
Canyon Formation to drain off the brine: as discussed earliler, evidence for
this flow mechanism is lacking.

Cround—water movement.—No regional flow system is present within the Castile
Formation; the brine appears to occur in isolated pockets. Within the
outerop areas, some localized flow systems have developed in places where
anhydrites have been hydrated to gypsum and localized recharge can occur
through solution channels and cavities.

. ;
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Hydrology of the Salado Formation

The Salado Formation consists predominantly of halite with minor beds of
anhydrite, polyhalite, clastic rocks, {sandstones and siltstones), and potash
minerals. The massive halite beds within the Salade are intended to be the
host geologic medium for the WIPP facility.

The Salado 1is from 1,700 to 2,000 feet thick in most of the area
underlying the WIPP site; it is 1,976 feet thick at test hole ERDA-9.
Thicknesses may range from as little as 1,200 feet in the northeast to as
much a8 2,310 feet in deformationally thickened masses in the central part of
the area (Jones, 1973, p. 11-18). Jones reports that in the western part of
the study area variations in thickness of the Salado are complex and may be
quite large. Their complexity and size are believed to reflect a combination
of geologic factors involving: (1) Gradual thinning northward in response to
changes in deposition patterns during the Ochoan; and (2) rapid thinning
wegtward in response to increased dissolution.

West of the study area, where the Salado 1is near the surface, most of
the halite has been removed by dissolution; in the northwest, where it at one
time @xtended over the buried Guadalupian reef complex, it 1s absent.
Dissolution in the Salado and overlying evaporites has been responsible for
development of many shallow and surficial solution related features. Within
Nagsh Draw and possibly in Clayton Basin, solution has been removing halite
from the uppermost part. of the Salado Formation.

In the WIPP site area, a clay bed with broken gypsum and some
fine—grained sandstone 1s present at the contact of the upper part of the
Salado Formation with the overlying Rustler Formation. Jones (1973, p. 20)
describes this clay as a subsurface saprolite (a residue concentrated through
digssolution of clayey halite and other clay-bearing evaporites by percolating
ground water). The residue thins to the east and grades into and
intertongues with halite; to the west, it thickens and crops out along the
Pecos River. Jones (1973, p. 20) indicates that the practice of assigning
this unit to the Rustler Formation by many geologlsts should be discontinued
because the residue i1is clearly part of the Salado Formation. From a
geological standpoint, this unit may be more properly placed with the Salado
Formation; however, as a hydrologic unit it 1s more easily included with the
Rustler Formation. For a more detailed discussion of dissolution and time of
digsolution, reference is made to reports by Jones (1973) and Bachman (1973;
1980).

The occurrence of water in the Salado Formation is restricted because
the halite does not readily maintain primary porosity, solution channels, or
open fractures. During drilling of test holes at the WIPP site and during
investigations for potash mining operations, no evidence of circulating water
was observed in the Salado.
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The hydraulic conductivity of the halite in the Salado Formation has
been measured in test hole AEC-7 (Peterson, Lagus, Broce, and Lie, 1981); and
these tests indicate that the halite has some measurable permeability. The
tests were conducted using compressed—air injection into a zome of halite
that was isolated by inflatable packers. The flow of air into the formation
was measured, and the flow rates were interpreted in terms of formation
permeabilities (intrinsic permeability as defined by Lohman, 1972) and
porosities. The formation property values were determined based on the
assumption that the halite bed could be modeled as an ideal unsaturated
porous medium with a porosity of 0.00l. Stressing the assumptions they used
and cautioning the indiscriminant use of the values obtained to model fluid
particle velocity and fluid penetration distances, Peterson, Lagus, Broce,
and Lie (1981, p. 52) reported values of permeability (assuming a porosity of
0.001 and a measured well depth of 2,269 feet) of 12 and 21 microdarcies.
This depth corresponds to the proposed depth for the WIPP facility. They
conclude that the measured in-situ permeability of the halite may be greater
than the true value because of formation discontinuities such as
microfractures of the borehole wall created by drilling.

As previously discussed, the Salado Formation does not have active
circulation of water; however, small pockets of brine have been penetrated
during mining and drilling operations. Pockets of gas (nonflammable) and
"air" have been penetrated at various depths during drilling of several
stratigraphic test holes at the WIPP site. The air or gas was under
sufficient pressure to cause unlocading (blowouts) of the drilling fluid from
the borehole. -

Hydrology of the Rustler Formation

members that are 1in ascending order: an unnamed lower member, the Culebra
Dolomite Member, an anhydrite called the Tamarisk member (Vine, 1963) that is
partly altered to gypsum, the Magenta Dolomite Member, and an upper anhydrite
called the Forty-niner member (Vine, 1963) (fig. 4). The Tamarisk and
Forty-niner members also contain halite in areas where dissolution has not
been active. The Magenta and Culebra Dolomite Members at the WIPP site are
the most significant units from a hydrologic standpoint and consequently were
the most extensively studied.

The Culebra Dolomite Member <consists of 25 to 30 feet of
microcrystalline dolomite. It characteristically contains many small
spherical cavities, that range from 2 to 20 millimeters in diameter (fig. 12)
and may be partly filled with secondary gypsum and calcite. Although many
cavities are open, they do not appear to be interconnected except along
fractures. Vine (1963, p. B-14) considers these cavities to be either a
primary or a diagenetic phenomenon and not related to weathering in outcrops
or secondary solution in the subsurface. In the subsurface, the Culebra is
bounded above by anhydrites, which may contain gypsum as thick rinds along
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the contact with the dolomite. These gypsur rinds probably are formed by the
movenent of water through the dolomite. Underlying the Culebra there is
either a clayey halite or a clayey residue, depending on whether the halite
has undergone dissolution. Dissolution and removal of this halite bed 1is
directly associated with subsidence, fracturing and the occurrence of
permeable zones in the Culebra. In the outcrops, the dolomite may be also
locally brecciated or deformed by dissolution collapse.

The Magenta Dolomite Member {fig. 12) ranges in thickness from 20 to
30 feet and 1is characterized by alternating wavy laminae of silty dolomite
and anhydrite (altered in places to gypsum). The dolomite is detrital in
origin and is bounded above and below by anhydrite, which may be altered to
gypsum along the contact with the dolomite.

A layer of residuum underlies the Rustler Formation in Nash Draw and
geologically probably is part of the Salado Formation, but for hydrologic
purposes it is considered part of the Rustler Formation. It 4is a unit
composed of c¢lay with crudely interlayered seams of broken gypsum and
fine-grained sandstone (Jones, 1973, p. 20) (fig. 12). The clay is
congidered to be the result of dissolution of clayey halite and other
evaporites in the upper part of the Salado. The clay, gypsum, and sandstone
comprise a distinctive sequence referred to as the Rustlier—Salade residuum.
Because it 1s formed by dissolution, the residuum 1is quite variable in
thickness, especially in Nash Draw. The unit thins eastward, grading into
and intertonguing with the halite from which it originated. The residuum
thickens westward and crops out at places along the Pecos River.

Exposures of the Rustler along the Pecos River and in Nash Draw are

.loc,ally deformed, creating an irregular outcrop pattern. Thils deformation is

caused by collapse of the harder, less soluble beds resulting £from
differential dissolution within the anhydrite, gypsum, and halite of the
Rustler and the upper part of the Salado. Generally, the dolomite members
are not as susceptible to dissolution as the evaporites; comsequently the

‘dolomites are present throughout most of the area. The dolomites commonly

are slumped and form draped features in outcrops along Nash Draw, while in
other areas they may be broken into discontinuous blocks.

In some areas of Nash Draw, dissolution and erosion has been so
extensive that the Magenta and Culebra Dolomite Members are virtually in

‘eontact, whereas in a normal stratigraphic sequence they would be separated

by as much as 150 feet of red beds and anhydrite. Other evidence of
dissolution in the Rustler can be found throughout Nash Draw as indicated by
the development of sinkholes and other types of karst topography. Bachman
(1981) presents a detailed discussion of these types of near-surface
dissolution features. Nash Draw is separated by a low topographic divide
from Clayton Basin to the north (fig. 1). A similar type of genesis, that of
dissolution collapse accompanied by erosion, also 1s postulated for this
feature. '
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There haa been axtenaive disaolution of Ehe Rustler Farmatlen in the
Malaga Bend area, causing the development of karst mounds (Bachman, 1980,
Pe 74). As described by Bachman, these mounds and other similar features
appear to be controlled more by surficial dissolution in the Rustler
Formation than deep~seated geologic processes. :

Eastward from the Pecos River, especlally east of Nash Draw where the
Rustler Formation is covered and protected by the Dewey Lake Red Beds and
younger rocks, structures are less chaotic and the Rustler attains a more
regular character. In fact, detailed stratigraphy, lithology, and estimates
of thickness are obtainable only from drill holes. The geologic section
(fig. 5) eastward from Nash Draw identifies the lateral extent of the
disgolution front in the Rustler. The structure of the rocks indicates a
relatively simple homoclinal dip to the east.

The Rustler Formation ranges in thickness from 300 feet in test hoie
P-14 at the western edge of the WIPP site to more than 460 feet in P=-18 near
the southeastern edge of the site. The increase of 160 feet in thickness
between P-l4 and P~18 may provide an approximate measure of the minimum
thickness of halite that is, by dissolution, missing at test hole P-14. The
thickness of the Rustler Formation is 330 feet in the unortheast part of the
study area near test hole AEC-7. Jones (1973, p. 23) believes the difference
in formation thickness between the southeast and northeast -corners of the
area may be depositional in origin because the formation 1s more thickly
bedded in the southeast near test hole P-18. The theory for depositional
variation in thickness is enhanced because evaluation of cores from test
holes in these areas show no evidence of the dissolution residues common in
other areas where the Rustler is thinner. The varying thicknesses shown by a
thickness map of the Rustler (fig. 13) represent both changes resulting from
disgsolution as well as those resulting from the depositional history. This
becomes important when describing the hydrologic system because the areas of
dissolution have an important bearing on the hydraulic properties of the
Rustler Formation and associated rocks. '

The hydrologic units of the Rustler Formation have been among the most
extensively studied rocks at the WIPP site for two reasons: (1) They are the
most productivej;and (2) They directly overlle the Salado Formation and could
provide a potential avenue for halite dissolution and consequently a means

_for transporting radionuclides from the proposed repository. Based on a
previous study (Mercer and Orr, 1979), the most areally extensive
water-bearing units have been identified as the the Culebra Dolomite Member,
the Magenta Dolomite Member, and the Rustler—Salado contact residuum.
Locally, water also may be found in some of the altered anhydrite units and
at places in residue zones where halite has been leached. These occurrences
usually are limited to Nash Draw and appear to be discontinous.

A discussion of the hydraulic characteristics logically leads to the
division of the study area into two parts: (1) the Nash Draw area southward
to Malaga Bend on the Pecos River; and (2) the WIPP site area proper, east of
Nash Draw.
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EXPLANATION

' 1 A A
(FOR FIGURE 13) i I
PRESENCE OF HALITC BEDS
IN THE RUSTLER FORMATION LINE OF GEOLOGIC SECTION
Above and below both Magenta
and Culebra Dolomite Members — 400~
LINE OF EQUAL THICKNESS OF
] Above and below Culebra Dolomite RUSTLER FORMATION--Dashed
Z] Member

where approximately located.

interval 50 feet.
Below Culebra Dolomite Member

D None *

DRILL HOLE

NOTE: See figure 5 for section J ! "
showing top of halite in Lo .
Rustler Formation. . ' -

The hydrologic flow system in Nash Draw 1s very complex and probably is
controlled by geologic factors that caused development of the feature itself.
Bachman (1980, p. 52) proposes the process of "solution-and-fill," which was
discussed by Lee (1925) as the process responsible for the development of
Nash Draw. Bachman describes the process whereby near—-surface dissolution
occurs as surface and ground water penetrates soluble rocks through joint
systems and related fractures. The fractures are widened, developing
cavities that either collapse (forming sinks) or subside (causing disruption
of the more resistant beds). Collapse and subsidence commonly have been
observed in Nash Draw. Arroyos actually disappear along fractures into caves
in the gypsum.

Bydrology of the Rustler—Salado contact residuum—-Brine in the Rustler—Salade
contact residuum, immediately above the top of the salt in the wvicinity of
Nash Draw, was first described by Robinson and Lang (1938) and referred to as
the "brine aquifer."” Robinson and Lang (1938, p. 86) suggested that the
structural conditions that caused the development of Nash Draw also might
control the occurrence of the brine; thus, the "brine aquifer" boundary may
coincide with the topographic surface expression of Nash Draw. Their studies
show the brine to be concentrated along a strip 2 to 8 miles wide and about
20 miles long (figure 14). Data from the test holes they drilled iundicates
that the residuum (containing the brine) ranges in thickness from 10 to 60
feet and averages about 24 feet. Hydraulic properties determined by Hale,
Hughes, and Cox (1954, p. 22) were computed primarily for the area between
Malaga Bend on the Pecos River and Laguna Grande del la Sal. They calculated
a8 value of transmissivity of 8,000 feet squared per day and estimated the
potentiometric gradient to be 1.4 feet per mile. In this area, the "brine
squifer" apparently is part of a continuous hydrologic system as evidenced by
the coincident fluctuation of water levels in the test holes (as far as
Laguna Grande de la Sal) with irrigation pumping rates along the Pecos River
(Hale, Hughes, and Cox, 1954, p. 22).
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In conjunction with the "brine aquifer" study, Robinson and Lang (1938)
aleo made a study of Laguna Grande de la Sal and the area between it and
Malaga Bend to determine 1if brine in the lake was a source of recharge to the
system. They determined, at the time of theilr study, that the sources of the
water in the lake were precipitation and surface drainage, ground water
inflow from upper units above the "brine aquifer", and effluent from the U.S.
Borax and Chemical Company operation. Since that time, the U.S, Borax and
Chemical Company plant has been closed; however, there still may be some
inflow from mining activities that take place further north in Nash Draw.
Robinson and Lang identified several factors that led to their conclusion
that the lake and underlying "brine aquifer" were not connected, these
factors were: (1) Test holes drilled into the hydrologic upits under the
lake contained water with a different chemical composition and a much lesser
chloride concentration; and (2) Water levels in the fill indicated movement
toward the lake and not away from it (in fact, the hydraulic heade were above
the lake level in most test holes). Theis and Sayre (1942, p. 71) supported
their conclusion because they found water levels in the lake to be high in
winter and low in summer, whereas the hydraulic head in the "brine aquifer”
is high in the irrigation season and low between seasons.

Discharge of ground water into Laguna Grande de la Sal and probably into
the fill 1e by the flow of springs and seeps, particularly along the northern
end. The largest of these springs was indentified by Robinson and Lang (1938
p. 95) and called Surprise Spring (SWy NE% SW; sec. 4, T. 23 S., R. 29 E.),
which was reported to discharge 113 to 125 gallons per minute. More recent
WIPP studies indicate that the spring and accompanying seeps now discharge
over such a broad area that accurate measurements of flow could not be made,
This increase in the areal extent of the discharge area indicates an increase
in discharge probably resulting from the effects of effluent added by mining
activities since Robinson and Lang's (1938) studies. The discharge of the
spring probably comes from the cavernous gypsum of the Tamarisk Member of the
Rustler Formation even though alternative sources, the Culebra Dolomite
Member or the Rustler—Salado contact residuum, have been proposed. Data from
more recent WIPP investigations would indicate that the water chemistry and
hydraulic-head information identify the source of the water to be something
other than the Culebra or the residuum. Analyses of water samples from the
Culebra Dolomite Member and Rustler—Salado contact residuum in test hole
WIPP-29 (fig. l1A) near Surprise Spring indicate a considerable differeance in
both sodium and chloride concentrations when compared to Surprise Spring.
There 1is 2.5 times more calcium in the water discharging from Surprise
Spring. Additionally, hydraulic-head data from a potash test hole drilled by
Amoco in Laguna Grande de la Sal {(T. 23 S., R. 29 E,.,, sec, 4) shows the
Culebra to have a hydraulic head about 21 feet above lake level, indicating a
confined system although there maybe some minor upward leakage. The Culebra
was confined under about 40 feet of gypsum mud and flowed at a rate of
approximately 20 gallons per minute when first penetrated during drilling
activities. This evidence indjicates that neither the water present in the
Culebra Dolomite Member nor in the Rustler—-falado residuum 1is 1in good
hydraulic connection with the brine from the Spring flowing into Laguna
Grande de la Sal and that the most likely source ig from the Tamarisk Member.




In the northern one~half of Nash Draw, the approximate outline of the
"brine aquifer" (Rustler-Salado contact residuum) as described by Robinson
and Lang (1938) (fig. 14) has been supported by drilling associated with the
WIPP geotechnical studies., These studies also indicate that the main
differences in areal extent occur along the eastern side where the boundary
i8 very irregular and in places (test holes P-14 and H~7) extends further
east than previously indicated by Robinson and Lang.

Other differences from the earlier studies include the wvariability in
thickness (table 1) of residuum as seen in test holes W-25 to W-29. These
holes indicate thicknesses ranging from 11 feet in test hole W-26 to 108 feet
in test hole W=-29 in Nash Draw compared to 8 feet in test hole P-14 east of
Nash Draw. The specific geohydrologic mechanism that has caused dissolution
to be greater in one area than in another is not apparent although a general
increase in chloride concentration in water from the north end to the south
may indicate the effects of movement down the natural hydraulic gradient
(table 2).

The historical data concerning hydraulic properties collected from the
Rustler—~Salado contact residuum are concentrated in the area from morth of
Laguna Grande de la Sal south to Malaga Bend. The data discussed in this
report and collected for the WIPP regional hydrelogic studies are from the
Nash Draw area generally north of Laguna Grande de la Sal to the Maroon
Cliffs, west to Quahada Ridge and east of Nash Draw (including the WIPP site)
to The Divide (fig. 1).

A potentiometric-surface map for the Thydrologic unit of the
.Rugtler—Salado contact residuum is based on data from both the Rustler—Salado
contact residuum of Nash Draw and the residual brine at the contact of the
Rustler and Salado Formations east of Nash Draw in the WIPP site area. The
map data are adjusted for the effects of variations in water chemistry, which
create density differences. As discussed under the methods of investigation,
the static heads represented by water levels in the wells were adjusted to a
cotmon density of 1.00 (freshwater equivalent, table 6). The
potentiometric-surface 'map, representing freshwater equivalent heads, 1is
shown in figure 15. The contours on this map represent the approximate
values of static head and show the variance in gradients between Nash Draw
and the area of the WIPP site. The average hydraulic gradient in Nash Draw
is about 10 feet per mile; in contrast, at the WIPP site the average gradient
is 39 feet per mile. This difference reflects the changes in transmissivity
which are as much as five orders of magnitude greater in Nash Draw. The
transmissivity determined from aquifer tests in test holes completed in the
Rustler—Salade contact residuum of Nash Draw, including test holes P-14 and
H-7C (table 7), ranges from 2 x 10~% foot squared per day at test hole W-27
to 8 feet squared per day at test W-29. This is in contrast to the WIPP site
proper where transmissivities range from 3 x 1073 feet squared per day at
test hole P-18 and H~-5C to 5 x 1074 feet squared per day at test hole P-14.
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The potentiometric-surface map of the ‘thydrologic unit of the
Rustler—-Salado contact residuum gives evidence that there are two areas of
considerably different permeability. The zone of greater permeability is
asgoclated with the residuum {brine aquifer) of Nash Draw, where flow is
primarily through associated fractures and the intergranular spaces of the
clay and gypsum. In contrast, brine underlying the WIPP site east of Nash
Draw occurs in a zone of minute permeability along the contact between the
Salado Formation and the overlying Rustler Formation (bedding-plane flow).

As stated earlier, potentiometric—-surface maps can be useful in showing
the areal variations in hydraulic gradient from which a general trend in
movement can be inferred. Inspection of the potentiometric-surface map for
the hydrologic unit of the Rustler-Salado contact residuum indicates that the
apparent ground-water flow 13 southwest across the WIPP site towards Nash
Draw and then south-southwest down Nash Draw toward Malaga Bend (fig. 15).

Although caution should be used in wmaking interpretations of the
hydraulic-head distribution in the WIPP site for the hydrologic unit of the
Rustler~Salade contact rtesiduum, the inferred flow direction probably is
valid. Static-head interpretations of the Rustler—Salado contact residuum
within the area of the WIPP site are complicated by variations in water
chemistry and its effects on density and by the great length of time required
during testing to establish static. conditions in test holes because of the
minute permeabilities.

The calculations o¢f the rate of movement of water in the Rustler—Salado
contact residuum are complicated by the variations in permeabfilities as well
a8 in the hydrauliic gradient. The rate of movement of 0.2 foot per day was
calculated by Hale and Clebsch (1958, p. 11) for the residuum (brine aquifer)
south of Laguna Grande de 1la Sal. Assuming, as they did, an average
effective porosity of 0.2, an average hydraulic conductivity of 0.15 foot per
day, and a hydraulic gradient of 10 feet per mile, the flow rate for the
gection from Maroon Cliffs to Laguna Grande de la 5al would be 0.002 foot per
day, assuming that the residuum behaves as a uniform porous medium. Although
the hydravlic characteristics of the *Rustler-Salado contact residuumr are
variable, this rate probably i{s a conservative wvalue. The rate of movement
in the Rustler—Salado contact residuum at the WIPP site has not been
determined because the hydraulic properties are extremely variable and
because of the lack of a valid wvalue for the effective porosity.
Water~quality data, in particular the large concentrations of magnesium and
potassium, indicate an extremely slow rate of movement with long periods of
rock~water contact.

The area of recharge suggested by Lang (Robinson and Lang, 1938, p. 86)
{8 in the area of Bear Grass Draw (T. 18 S., R. 30 E,), some 30 miles north
of Malaga Bend. He suggests that water percolating into the ground may pass
into the truncated lower part of the Rustler Formation and then migrate socuth
and east into Nash Draw, gradually dissolving salt in the Salado Formation.
Data from WIPP regional studies indicate a hydraulic gradient from the north
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and that the Bear Grass Draw area may be a possible area of recharge. There
also 18 a possibility of some recharge occurring in Clayton Basin and Nash
Draw.

Hale, Hughes, and Cox (1958, p. 23) believed the Rustler-Salado contact
residuum discharges te the alluvium near Malaga Bend on the Pecos River.
Because the confining beds in this area probably are fractured due to
dissolution and collapse of the evaporites, the brine {under artesian head)
moves up through these fractures into the overlying alluvium and then
discharges into the Pecos River. Thels and Sayre (1942, p. 69) estimated
that the discharge rate was about 200 gallons per minute and that in the
Malaga Bend area about 342 tons of sodium chloride per day were discharged to
the river, presumably all coming from the "brine aquifer'.

Although the potentiometric—surface map (fig. 15) indicates a
potentiometric hiph to the east of the WIPP site, there is not sufficient
data to determine its origin. Suggestions have been made that there could be
leakage from the overlying Culebra in this area; however, to accomplish this
leakage the water would have to move through 80 feet of clay and silt and a
25~foot-thick anhydrite bed. Drilling at the WIPP site has not revealed any
fractured anhydrite that could increase the vertical permeability, allowing
water to move into the Rustler—Salado contact residuum, nor is there any
indication that the water has altered the anhydrite to gypsum. Additionally,
the hydraulic-head difference between the two hydrologic units (tables 6 aand
9), as much as 400 feet in test hole H-1, coupled with the water—quality
difference (table 2), would tend to indicate the zones are isolated and
confined systems. The apparent high at test hole H-5 could be due to the
conversion of the dense brime to equivalent freshwater head.

Evidence for very slow ground-water movement is8 found in the water
quality, especially in the magnesium concentrations. Large magnesium
concentrations appear to be 1indicative o¢f an enviromment in which'
ground-water flow 1s extremely slow and there has been extensive interaction
between the water and its host rock. Large concentrations of magnesium,
ranging from 21,000 milligrams per liter in water from test hole H-6 to
82,000 milligrams per liter in water from test hole H-5, were present in most
of the Lest wells in the eastern part of the WIPP site {(table 2). Aquifer
tests at these test holes were characterized by minute transmissivities
(table 7). To the west, approaching the more developed part of the flow
system of the Rustler-Salade contact residuum irn Nash Draw, the magnesium
concentrations decreased by 1 to 2 orders of magnitude (fig. 16). Magnesium
concentrations of 1,200 milligrams per liter in water from test hole P-14 and
"350 milligrams per liter in water from test hole P-15 may indicate the
eagtern boundary of the more developed Rustler—Salado flow system. Magnesium
concentrations are as little as 430 milligrams per liter in water from test
hole B-8; other values range from 910 milligrams per liter in water from test
hole H-7 to 3,200 milligrams per liter in water from test hole W-25. Based
on the chemical analyses, the magnesium concentration in the brine could be
ugsed to outline the zone of active circulation (fig. 16) (see hydrochemistry
section on the Rustler Formation).
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Water at the Rustler—Salado contact, or in the residuum, contains the
largest concentrations of dissolved sclids in the WIPP area, ranging from
41,500 milligrams per liter in test hole H-1 to 412,000 milligrams per liter
in test hole H-5C, These waters arve classified as brines. The areal
digtribution of major chemical constituents in water is shown in figure 16.
The general chemical composition of the brine collected from the
Rustler—Salado contact residuum algo is listed in table 2; the wmajor
dissolved cations and anions are 1listed in table 8 and expressed in
milligrams per liter, milliequivalents per liter, and percentage composition.

The dissolved mineral coustituents in the brine largely consist of
sulfateg and chlorides of calcium, wmagnesium, sodium, and potassfum; the
major censtituent is sodium chleoride. Concentrations of the other major iouns
vary according to the spatial location of the sample and probably are
directly related to the interaction of the brine and the host rocks and
reflect as a residence time within the rocks. Residence time of the brine
depends upon the transmissivity of the rock. For example, the presence of
large concentrations of potassium and magnesium in water is correlated with
minimal permeabliljity and a relatively undeveloped flow system.

The dissolved-solids, magnesium, and potassium concentrations of the
ground water increase from west to east in the WIPP area. An arbitrarily
chosen line of equal concentration representing 2,000 milligrams per liter of
potassiun and magnesium combined (fig. 16) approximates a dividing 1line
between zones of generally small concentrations to the west and rapidly
increasing concentrations to the east. This same line, when viewed in terms
of values of transmissivity, represents a division between areas of minute
transmissivity (less than 1 x 10-3 foot squared per day) and areas of greater
transuissivity (more than 1 x 10~1  foot squared per day). This line
indicates a division between the more developed flow system with accompanying
evaporite dissolution and the minimally developed f£flow system in which
ground—-water movement, 1if any, 1s restricted to openings along bedding
planes. A general lack of residuum to the east of this line, which indicates
dissolution of the underlying Salade halite has not occurred, 1is further
evidence that this area is not part of the more developed flow system.

Bydrology of Culebra Dolomite Member of the Rustler Formation—The Culebra

Dolomite Member of the Rustler Formation ranges from 25 to 30 feet in
thickness and is the most persistent and productive hydrologic unit im the
area. In the WIPP site, the Culebra is a wvuggy, finely crystalline dolomite
that is present below the thick anhydrite of the Tamarisk Member, which in
Rash Draw is mostly altered to gypsum. Water in the dolomite usually is
present fin fractures and is confined by the overlying gypsum or anhydrite and
the underlying clay and anhydrite beds. The water may be under water—table
conditions in the area south of Laguna Grande del la Sal where the Culebra
has been subjected to solutional activity that has caused the confining beds
to be extremely fractured and altered.
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The structural character of the Culebra 1s related directly to the
degree of dissolution. In Nash Draw, the Rustler Formation has undergone
considerable deformation due to dissolution of parts of the evaporites and
removal of halite from the underlying halite beds of the Salado. The effects
of dissolution can be seen in some areas where large discontinuous blocks of
Culebra are near the surface and have steep, erratic dips. In other areas,
‘the Culebra is continuous and forms draped features. The Culebra crops out
along the Pecos River in the Malaga Bend area. In those parts of the area
east of Nash Draw where the Rustler is overlain by the Dewey Lake Red Beds
and younger deposits, the dissolution effects have not been nearly as great
and the structure of the Culebra is relatively regular.

In the WIPP site area there 1s a structural high clearly shown by
contours drawn on the top of the Culebra Dolomite Member (Jones, Cooley and
Bactman, 1973, p. 50). These contours outline an anticline 1in the
northeastern part of T. 22 S., R. 32 E.; the anticline plunges to the
southeast across the central part of the township. Excluding other minor
structural irregularities, the overall gentle dip of the Culebra is to the
east. '

Hydraullc properties of the Culebra Dolomite Member, as determined by
testing, vary considerably from place to place and appear to be related to
the size and number of fractures and the size of the fracture openings. As
previously mentioned, these fractures and openings are related to the degree
of evaporite dissolution occurring either in the Rustler or the upper part of
the underlying Salado Formation. The potentiometric=surface map,
representing equivalent freshwater heads (table 9), is shown in figure 17.

. The contours on the map indicate a variability in gradient as well as
flow direction for different parts of the region. The gradient variability
may reflect lateral variations in permeability within the Culebra Dolomite
Member caused by local differences in the number and spacing of fractures.
The £flow direction may be wvariable. This wvarlability may be caused by
differences in fracture orientation in areas of greater permeability. The
gradient in Nash Draw northeast of test hole W29 is about 16 feet per mile,
whereas, southwest of test hole W-29 it is 5 feet per mile. The gradients in
the WIPP site area vary considerably, generally being about 7 feet per mile
in the central part and 20 feet per mile in the northern and southern parts.
The contours also indicate a potentiometric high near test hole H~5, which
may reflect the effects of the conversion of brine density to freshwater
head. The broad area south of WIPP, where gradients appear to be extremely
flat, may represent the trangition from an area of fractured dolomite to that
of a fractured and disrupted unit created by the extensive dissclution in the
Nash Draw area.

Calculated wvalues of transmissivity for the Culebra are based on the
assumption of flow in porous media; because flow probably takes place along
fractures, these values need te be used with care. 1t is believed, however,
that the porous~media assumption should approximate flow conditions in the
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Culebra because the dolomite is thin and the fractures probably are closely
spaced (fig. 18). Although the fracturing shown in figure 18 is associated
with halite removal on the outcrop, areas of halite dissolution in the
subsurface probably have similar fractures. Values of tramnsmissivity for
tests from 20 of the test holes drilled during WIPP 1nvestigations are
included in table 7.

Trausmissivities calculated for the Culebra in Nash Draw range from
18 feet squared per day (Gonzalez, 1983) on the north end at test hole W28
to 1,250 feet squared per day at test hole W-26 west of the WIPP site. These
compare with a value of 535 feet squared per day calculated for the Culebra
at the Project Gnome site (fig. 1A) (Cooper, 1962a, p. 37).

Hydraulic properties also were determined by laboratory tests of samples
of the Culebra Dolomite Member taken from the Project Gunome shaft. Omne
sample from a depth of 505 feet had a total porosity of l4.4 percent and an
effective porosity of 7.8 percent, while a sample from 515 feet had a total
porosity of 13.7 percent and aeffective porasity of 11.l1 percent. The average
effective porosity of 10 percent compares with the 12 percent value obtained
by Grove and Beetem (1971) for a tracer test conducted on the Culebra in the
same area.

Transmissivities calculated for the Culebra Dolomite Member in the WIPP
site area range from 1 x 1073 foot squared per day at test hole P-18 to 140
feet squared per day at test hole P-14 and generally are less than 1 foot
- squared per day (table 7). Most of these values are several orders of
magnitude less than those inm Nash Draw. Smaller transmissivities probably
-signify that less dissolution has occurred in the halite beds below the
Culebra and upper part of the Salado Formation. Greater permeability has
been noted where a silty residue is present immediately below the Culebra.
This residue results from dissolution of a clayey halite bed below the
Culebra, which caused subsidence and fracturing in the dolomite.

Transmissivity wvalues calculated *from tests in two test holes in the
WIPP site area are much larger than the average; these test holes are H-6B,
with a transmissivity of 73 feet squared per day, anmd P-14, with a
transmissivity 140 feet squared per day. Both of these test holes are on the
western side of the WIPP site along Nash Draw. Geologic data from cores from
these test holes indicate that the large transmissivity values may be related
to localized dissolution in the Rustler Formation or upper part of the Salado
Formation. Although not expressed topographically at the surface, these
large values may indicate an eastward subsurface extension of the geologic
processes that formed Nash Draw. Approximately 8 feet of residuum was
penetrated at the base of the Rustler in test hole P-14 and about 2 feet of
resalduum was penetrated 1in test hole H-6B., The transmissivity of the
Rustler—-Salado contact residuum in these test holes also is the largest in
the WIPP site area. A similar occurrence was found south of the WIPP site in
test hole H-8B where the transmissivity was calculated to be 16 feet squared
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Figure 18.--Outcrop of Culebra Dolomite Member of Rustler Formation where

removal of underlying halite has caused fracturing.

59



per day and in test hole H~9B where the value was 231 feet squared per day
(table 7). Because of these large values of transmissivity it alsc 1is
possible, as in the case of test holes H-6B and P-14, that the geologic
processes active in Nash Draw also may be occurring here.

When the distribution of halite beds in the Rustler Formation (fig. 13)
is compared to the distribution of transmissivity across the WIPP site, it
appears that dissolution of the halite in the lower part of the Rustler
Formation is related to the permeability changes in the Culebra Dolomite
Member. As these halite beds below the Culebra are dissolved, subsidence
occurs, creating fractures in the dolomite which open up and allow movement
of water. No fractures were noted in the overlying anhydrite in cores from
most of the WIPP site test holes; thus, the Culebra is assumed to be
effectively isolated from overlying water—producing zones east of the site,
however, west of the site fracturing may create some interconmection. It is
generally accepted that the extensive dissolution in the Rustler Formation in
Nash Draw is responsible for the permeability increases in the Culebra in
this area.

The direction of ground-water movement Iin fractured rock, such as the
Culebra Dolomite Member, is affected by directiomal differences in hydraulic
conductivity (anisotropy); consequently, the regional direction of flow may
have little or no relationship to the localized direction of flow indicated
by. the contours on the potentiometric-surface map. In Nash Draw the Culebra
hydrologic unit is so extensively fractured that there may not be directiomal
differences 1n hydraulic conductivity. Based on this premise and an
inspection of the potentiometric—surface map, the flow tremd in Nash Draw
generally is southward toward Malaga Bend. Local flow paths in the area of
the WIPP site, however, may not be as easy to determine. Because it was
concluded that the ground-water flow in the Culebra at the WIPP site was in

~ fractures, it became evident that further studies of the ground-water system

were needed. Therefore, several hydrologic test holes penetrating the
Culebra at the WIPP site were selected by project personnel for site-specific
tracer and aquifer tests. These tests will determine the degree of
anisotropy, effective porosity (for rate calculations), dispersivity, and
transmissivity. The study is belng conducted by Sandia National Laboratories
and is in progress at the time of this report (1983); thus, any further
evaluation of the flow system would be premature.

Based on water-quality data (table 2), hydraulic head differences
(tables 7, 9, and 10), and analyses of cores taken from the hydrologic test
holes in the WIPP site area, probably no effective vertical connection exists
between the Culebra Dolomite Member and the wunderlying and overlying
hydrologic units. In test hole H-3 near the site center, the stabilized
hydraulic head in the Culebra is 155 feet lower than that in the overlying
Magenta Dolomite Member and is 480 feet higher than the hydraulic head in the
underlying hydrologic unit of the Rustler-Salado contact residuum. In the
northwest part of the WIPP site at test hole H-6, the hydraulic head
difference between the Culebra and Magenta is only 2 feet, however,
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differences in the sodium and chloride concentrations in the water from the
two units at test holes H-6A and H-6B indicate that vertical flow probably is
very small. The dissolved sodium concentration in water from the Culebra was
18,000 milligrame per liter compared to 1,100 milligrams per liter in the
Magenta; the chloride concentration was 28,000 milligrams per liter in the
Culebra and 1,200 milligrams per liter in the Magenta.

In test hole W-25 in the north part of Nash Draw, the static-head
difference between the Culebra and Magenta 1s 4 feet; the sodium
concentration 1in the Culebra was 5,100 milligrams per liter and in the
Magenta it was 3,100 milligrams per liter, whereas the chloride concentration
in the Culebra was 8,300 milligrams per liter and in the Magenta it was 5600
milligrams per liter. These minimal hydraulic head differences and similar
sodfum and chloride concentrations, along with similar wvalues of
transmissivity (Culebra, 270 feet squared per day; and Magenta, 375 feet
squared per day), suggest localized vertical interconnection in the north end
of Nash Draw.

From test hole W=-29 south to Malaga Bend, places probably exist where
the Rustler-Salado contact residuum and Culebra may be interconnected (the
Magenta has been stripped by erosion); however, data are insufficient in this
area to verify this possibility. A geochemical study to quantify the degree
of interconnection currently (1983) 1is being conducted by Sandia National
Laboratories.

The Culebra was unsaturated in the ERDA-6& and AEC-7 test holes to the
northeast of the site. Similar information has been reported for the area
along Quahada Ridge west of Nash Draw. These data may identify permeability
boundaries in the Culebra Dolomite to the west and northeast.

The potentiometric-surface contours shown in figure 17 indicate a
recharge area for the Culebra Dolomite to the north and northwest of Nash
Draw, Like the hydrologic unit of the Rustler—-Salado contact residuum, one
potential area of recharge would be in the vicinity of Bear Grass Draw (T. 18
S., R. 30 E.), where the beds of the Rustler are truncated and downward
percolating water could enter the Culebra. Although counclusive data are
lacking, some recharge may be occurring in the area of Clayton Basin, where
dissolution and collapse have disrupted beds in the Rustler Formation.

The discharge from the Culebra Dolomite Member precbably is in the area
south of Laguna Grande de la Sal near Malaga Bend, where the Culebra and
overlying beds are significantly fractured. The ground water in this area
probably is wunder water table or slightly confined conditions with £flow
eventually discharging to the Pecos River. Some potential discharge to the
Cenozoic deposits has been suggested to the east of Nash Draw {(Tps. 25 and
26 S., RS. 30 and 31 E.) (Cooper, 1962b, p. E152); however, if the discharge
does occur, it 1is probably minimal. The currently (1983) available data are
not sufficient in this area to draw any positive conclusions; therefore
future studies may be warranted.
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Use of water from the Culebra Dolomite is quite limited becausc of the
variability of yields and the marginal water quality. Where the water
quality is acceptable, water from the Culebra is used for stock watering, but
rarely for domestic purposes.

The dissolved so0lids in waters assoclated with the Culebra Dolomite
Member range in concentration from 2,950 milligrams per liter at test hole
H-8B to 239,000 milligrams per liter at test hole W=29; the water quality
from test hole W-29 may be affected by effluent from the mining activities in
Nash Draw. The water is classified as being slightly saline to brine.

The areal distribution of major chemical constituents in water from the
Culebra is represented by bar graphs in figure 19. The general chemical
composition of the water collected from the Culebra is listed in table 2.
Major dissolved cations and anions, expressed in uwilligrams per liter,

milliequivalents per liter, and percentage composition are presented in
table 8.

The dissolved mineral constituents in the water from the Culebra consist
largely of sulfates and chlorides of caleium, magnesium, sodium and
potassium; the major constituents are sodium and chloride. The other
predominant ions depend on the areal location of the water within the
Culebra. The hydraulic characteristics of the Culebra have a bearing on the
residence time of the water in the rocks; the residence time affects the
concentration and type of dissolved constituents in the water. The potassium
and magnesium concentrations are related to the transmissive characteristics
of the rocks and the rate of circulation.

The mineralization of water in the Culebra increases from west to east
across the WIPP area; the combination of potassium and magnesium also
increases (fig. 19). An arbitrarily chosen line of equal concentration
representing 100 milligrams per liter of potassium and magnesium combined
(fig. 19) approximates not only a dividing line between active and restricted
circulation systems, but also approximately coincides with a line to the east
of which halite is present in the Rustler Formation below the Culebra and to
the west of which the hslite beds have been removed by dissolution. As
previously mentioned, the removal of these halite beds has caused an increase
in the transmissivity of the dolomite. Although not as obvious 1in the
Culebra as at the Rustler—Salado contact residuum, this line divides the area
into zones where trausmissivities generally are greater than 1 foot squared
per day to the west and are generally less than 1 foot squared per day to the
east. Even though this division is arbitrary, it does relate the water
chemistry to the existing ground—water flow system.

Hydrology of Magenta Dolomite Member of the Rustler Formation——~The Magenta
Dolomite Member of the Rustler Formation 1s a persistent and distinctive
clastic carbonate bed with thin laminae of anhydrite. The Magenta ranges in
thickness from 20 to 30 feet and is present throughout most of the study
area. The Magenta 1s the uppermost water—producing horizon in the Rustler
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Formation. Stratigraphically, it occurs between the thick anhydrite beds of
the Tamarisk and Forty Niner Members (fig. 4). Water, when present, usually
occurs 1n the thin silt beds or sility dolomite but also has been found along
bedding planes between rock units and in fractures. The Magenta, where it
was tested, was always under confined conditions except where it was
extensively fractured and altered. In test holes H-7A, W-26, and W-28 the
dolomite was virtually unsaturated and was extensively fractured; the
underlying anhydrite was fractured and in places altered to gypsum. The
water formerly present in the Magenta in this area probably drained through
the fractures into the underlying units.

The structure of the Magenta Dolomite, particularly in Nash Draw, is
related to the presence or absence of evaporite dissolution. The Magenta in
the northern and central parts of Nash Draw and along the eastern boundary is
present in the subsurface as a relatively continuous bed; however, in the
vicinity of test hole W-29 and south to Malaga Bend, most of the Mageanta has
been stripped by erosion. There are 1isolated blocks scattered throughout
this area; the Magenta is preseat along the sides of karst sinks and in other
collapsed features as breccia. The breccia mounds shown on Bachman's (1980)
maps, particularly in T. 22 S., R. 29 E., sections 33 and 34, are excellent
examples of this type of occurrence. These same features were described by
Vine (1963, p. B~4l) as domal structures.

Outcrops of the Magenta are present along the western side of Nash Draw
below Quahada Ridge. Although relatively continuous, they do show effects of
weathering and are quite fractured and are not saturated. A reasonable
conclusion is that the dissolution responsible for the formation of Nash Draw
fractured the Magenta and brecciated the underlying anhydrite, subsequently
draining the water into lower units. These fractures later were filled with
secondary minerals. Evidence for this type of occurrence can be found in the
cores taken from test holes in the area. An isolated occcurrence of spring
remnants was found along Livingston Ridge (Bachman, 1981, p. 5). These
spring deposits are represented by a northeast-trending aligmment of gypsite
mounds (east 1/2 of sec. 15, T. 22 S., R. 30 E.). The spring deposits are
believed by Bachman to have resulted from the evaporation of sulfate~bearing
water that had drained from the surface through fractures in the Rustler
Formation, particularly in the vicinity of test hole W=33, Ap additional
source for the water could be from subsurface drainage from the fractured
Magenta.

To the east of Nash Draw, in the vicinity of and including the WIPP
site, the Magenta generally dips gently to the east. '

Although some flow along Livingston Ridge may be in fractures, the core
samples and hydraulic tests at the WIPP site indicate the flow in the Magenta
probably is within the silt beds and the silty dolomite, with some minor flow
along bedding planes. Fracture flow probably is predominant {un Nash Draw.
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The potentiometric map (fig. 20), representing freshwater equivalent
heads (table 10), indicates a flow system with some variability in
permeability across the WIPP site. The contours show the gradient across
this area to be about 16 feet per mile on the eastern side and steepening to
about 32 feet per mile along the western side near the boundary of Nash Draw.
This steepening of gradient may reflect the drainage of ground water from the
Magenta into lower units through the fractures associated with Nash Draw
dissolution activity or may only reflect a decrease in permeabllity. The
gradient in Nash Draw of 13 feet per mile indicates a more uniform
permeability than at the WIPP site. The Magenta, as an identifiable
continuous bed, 1s not present below the central part of Nash Draw because
erosion has removed it and the beds overlying the Rustler Formation down to
the Tamarisk Member.

Values of transmissivity for the Magenta Dolomite Member are included in
table 7. In Nash Draw, these values range from 53 feet squared per day in
test hole W-27 to 375 feet squared per day in test hole W-25; the large
values probably are the result of Iincreased permeability in fractured rock.
The transmissivity calculated for test hole W-25 1is the largest value
recorded in the region for the Magenta; this test probably was affected by
vertical leakage along fractures that connect with the underlying Culebra.
The Magenta is unsaturated in test hole W-26 as a consequence of fracturing
caused by dissolution in lower beds. These fractures drained water from the
unit; however, core amalyses have indicated that these fractures were later
filled with gypsum. Evaluation of the core from test hole W-28 indicated
that bedding~plane partings and fractures were filled with gypsum, which
would significantly decrease the permeability; vertical fracturing was not as
‘evident as in test hole W-26. The Magenta alsc was unsaturated in test hole
H-7A at the margin of Nash Draw south of the WIPP site. The ground water at
test hole H-7A alsc probably drained into lower units; the subsequent
alteration of the rocks considerably decreasing the wvertical permeability.
The core showed that this dolomite has been altered extensively to a partly
cemented dolomite mud with the thin anhydrite beds having been altered to
gypsum. Like the other cores, secondary filling of gypsum sealed the
fractures. e

Hydraullc tests for the Magenta in the WIPP site area were conducted in
seven test holes; transmissivity wvalues from these tests ranged from
4 x 1073 foot squared per day in test hole W-30 to 3 x 1071 feet squared per
day in test hole H-6A (table 7)., Hydraulic tests from the regional test
holes south of the site showed that the transmissivity ranged from 6 x 10™3
foot squared per day in test hole H-8A to 1.0 foot squared per day in test
hole H~%9A (table 7).

The contours on the potentiometric—-surface map for the Magenta Dolomite
Member (fig. 20) indicate that water moves westward across the WIPP site
towards Nash Draw, where {it probably flows through fractures into lower
units. In the northeast end of Nash Draw, the water flow generally is to the
southwest, probably moving down through fractures into lower units 1in the
central part of the draw.
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The static heads and water—quality analyses indicate i1solation of the
Magenta from other units in the area east of Nash Draw and east and south of
test hole H~6. The hydraulic head differences between units in this area
range from 115 feet in test hole H-2 to 155 feet in test hole H-3 (tables 6,
9, and 10). Static-head wvariations in Nashk Draw vary from 8 feet in test
hole W-27 and 4 feet in test hole W-25 to 72 feet in test hole W-28; wW-28
probably is anomalous for HNash Draw. It is expected that some hydraulic
connection does exist between zones in all the other Nash Draw test holes.
The water quality in the Culebra and Magenta hydrologic units in test holes
W-25 and W27 (table 2) 1is very similar, indicating the possibility of
hydraulic conrnection between these units. :

Recharge for the Magenta probably takes place outside of the WIPP area,
as it does for the other hydrologic units in the Rustler Formation. The most
likely area is to the north in the vicinity of Bear Grass Draw and possibly
in Clayton Basin. An inspection of the contours on the
potentiometric~surface map indicates the possiblity of recharge to the east
of the WIPP site. This apparent recharge is belleved to be the eififect of
either the corrections made for wvariable water quality (and its demnsity
effect on the static-head calculations) or the locally steep gradients that
result from decreased permeability to the east,

Discharge of water from the Magenta Dolomite in Nash Draw probably takes
place in one of two ways, either by moving into lower units such as the
Culebra or into cavernous 2zones In the Forty-niner Member, which has been
altered by dissolution. The ultimate area of discharge would be into the
brecciated area. in the Rustler near Malaga Bend and then into the Pecos
River. :

The dissolved solids in water associated with the Magenta Dolomite
Meuber of the Rustler Formation range in concentration from 5,030 milligrams
per liter in test hole H-9A to 261,000 milligrams per liter in test hole
H=10A. The water is classified as being saline to briny (table 2). The
areal distribution of major chemical constituents is represented by bar
graphs in figure 21. The major dissclved cations and anions in water
collected from the Magenta Dolomite are expressed in table 8 in milligrams
per liter, milliequivalents per liter, and percentage composition.

As i3 characteristic of the other hydreologic units in the Rustler
Formation, the dissolved mineral constituents in the Magenta consist largely
of sulfates and chlorides of calcium, potassium, magnesium, and sodium; the
major constituents by percentage are sodium and chloride.

The relationship between the magnesium and potassium concentrations and
the hydraulic properties of the hydrologic unit of the Magenta Dolomite
Member 1is not as well defined as 1in other units, but does exist. The
mineralization of the water and the combined concentrations of magnesium and
potassium in the Magenta increase from the northwest to the southeast. The
unusually large degree of mineralization in the water at test hole W-27 may
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be caused by a relatively well developed hydraulic connection between the
Magenta and other rock units that contain highly mineralized water.

The arbibrarily chosen 1line of equal concentration representing 50
milligrams per liter of potassium and magnesium combined (fig. 21) indicates
a division between a relatively well developed flow system and one in which
circulation is restricted. Although not as well defined as in the case of
the Culebra, the line does indicate the area in which halite has been removed
from below the Magenta (halite removed to the northwest, halite present to
the southeast)., The effects of the fracturing resulting from the halite

removal on the hydraulic properties of the Magenta are mot as pronounced as
in the Culebra.

Hydrology of the Dewey Lake Red Beds

Geohydrologic characteristicas--The Dewey Lake Red Beds comprise the youngest

rocks in the Ochoan sequence at the WIPP site and mark an abrupt change in
the depositional environment. This change was from predominantly evaporitic
deposits in the Rustler to a deltaic sequence of altermating thin, even beds
of siltstone and wmudstone with lenticular interbeds of fine~grained
sandstone. Nearly all the siltstone and mudstone are veined with selenite
gypsum in the cores. The Dewey Lake dips gently eastward, increasing in
thickness from 350 feet in test hole P-14 to 546 feet in test hole P-18 (fig.
5)+ The Dewey Lake Red Beds are separated from the overlying Triassic Santa
Rosa Sandstone by an erosional unconformity east of test hole ERDA-9; west to
Livingstone Ridge (along Nash Draw), the Dewey Lake is overlain by the Gatuna
Formation and other Cenozolc deposits. The thickness of the formation
decreases to the west where it was thinned by post-Permian erosion. The
Dewey Lake in Nash Draw has been almost completely removed, in places being
present only in sinks and other features fractures. The Dewey Lake crops out
in low bluffs along the north and east sides of Nash Draw. Because of its
characteristically minimal permeability, it does not contain significant
quantities of ground water.

DPrilling during areal geohydrologic evaluation d4did not identify a
continuous 2ome of saturation within the Dewey Lake Red Beds; however,
localized zones of permeability were detected. In the geologic test holes,
the presence of these zones was indicated by wminor losses of circulation
during drilling. Detailed data collected during air-drilling of the
hydrologic test holes (Mercer amd Orr, 1979) did identify minor =zones of
saturation, particularly in several of the thin lenticular sands in the upper
part of the Dewey Lake at test holes H-1, H-2, and H-3.

In most instances, the only indication of ground water was the presence
of moist cuttings. In test hole H-2C an attempt was made to test the.moist
sands present at a depth of 185 feet. After monitoring the zonme for 5 hours,
very little water had entered the hole and the test was stopped (Mercer and
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Orr, 1979, p. 58). Geologic data from the wells at the WIPP site indicate
the sands to be lenticular, pinching out laterally. Where water is present,
it probably 1is perched or semiperched, and its occurrence is very locallzed,
probably depending to a great extent on locally favorable conditions for
recharge.

The Dewey Lake has net normally been found to yield water to wells;
however, several wells used for domestic and stock purposes . at the James
Ranch could possibly be completed in one of these lenticular sands. These
wells in T. 23 S., R. 31 E., sections 6 and 7, range in depth from 94 to 212
feet {(Cooper and Glanzman 1971, p. A-16). These wells either have saline
water or small yields; geologic data indicate they are completed in the upper
part of the Dewey Lake. Just east of this area there is an extensive, thick,
active area of sand dunes, which c¢ould be a recharge area for these
water-bearing sand units. No other wells in the area are known to produce
water from the Dewey Lake.

Ground-water movement—Recharge of sand units in the Dewey Lake could result
from localized conditions, as in the James Ranch area, or could occur by
downward percolation of water through fractures or along bedding planes in
the mudstone and siltstone. Discharge towards deeper zones through existing
fractures or through dissolution of the gypsum veinlets is minor. The Dewey
Lake 1s a protective cover that retards dissolution of evaporites in the
Rustler Formation. If the groundwater penetrated to the top of the Rustler
Formation in the WIPP site, then the upper anhydrite should be altered to
gypsum. Cores and geophysical logs do not indicate that this alteration is
present except where the Dewey Lake is thin or absent. Ground-water movement
within the Dewey Lake is restricted owing to the perched character of the
water in these lenticular sands.

Upper Triassic — Santa Rosa Sandstone

Geohydrologic characteristics—-The Santa Rosa Sandstone, present only in the
eastern one-half of the WIPP site, overlies the Dewey Lake Red Beds (fig. 5).
The Santa Rosa crops out at the north end and along the east side of Nash
Draw. The Santa Rosa consists of a fine—- to coarse~grained sandstome with
interbeds of siltstone and mudstone; it ranges in thickness from a
featheredge west of test hole ERDA-Y9 to 176 feet Iin test hole H-10. To the
west of test hole ERDA-9, the Santa Rosa has been removed by erosion.
Throughout most of the area, the Santa Rosa 1is covered by surficial Cenozoic
deposits; however, in test hole H-10, the sandstone 1s overlain by 392 feet
of unsaturated Triassic Chinle Formation.
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_ In the WIPP site area, the Santa Rosa Sandstone was tested {in two test
holes, H-5 and H-10. Although the Santa Rosa Sandstone is reported to be a
principal aquifer in southwestern Lea County (Nicholson and Clebsch, 1961, p.
57), water was only present in the lower part of the formation in test hole
H-5. Adr drilling was used to identify the presence of water. Although an
attempt was made to test the zone, the only reliable data collected were from
a water sample from which the chemical composition of the water was
determined (table 2), The water was under water—table conditions and was
present in a sandstone immediately overlying the Dewey Lake Red Beds. In
test hole H~-10, the Santa Rosa was monitored during air drilling and no
indication of water was found. Several wells east of the WIPP site have been
reported to be obtaining water from the Santa Resa, but yields are reported
to be small. According to geophysical logs, a well in T. 22 S., R. 31 E.,
sec. 15, just west of test hole H-5, was completed in the lower part of the
Santa Rosa; however, well ylelds were reported to be very small.

Ground-water movement——The Sanrta Rosa probably is recharged by precipitation

in the area where it is overlain by permeable Cenozoic deposits, especially
in the eastern part of the WIPP site. The water moves downward until it is
impeded by the relatively impermeable Dewey Lake Red Beds and then probably
moves down the structual dip to the east. Where it lies beneath the Chinle
Formation, the water that 1is found in the Santa Rosa probably is under
confined conditions. Small quantities of water probably discharge locally
into the Dewey Lake through fractures and along bedding planes. Nicholson
and Clebsch (1961, p. 57} believe that further to the east ground-water
movement in the Santa Rosa is controlled by the collapse features of San

Simon Swale. Nicholson and Clebsch show the pressure gradients to be toward

the Swale.

Tertiary and Quaternary rocks

O0f the Tertiary and Quaternary rocks in the wvicinity of the WIPP site,
the Gatufia Formation of “Pleistocene age and the playa deposits and alluvium
of Holocene age are the only units that contain water. The volume of water
in these sediments is quite small.

The Ogallala Formation of Miocene age 1is an aquifer north and east of
the area; however, along The Divide near the WIPP site, it occurs in isolated
outliers no more than 60 feet thick. These outliers generally are
unsaturated.

The Mescalaro caliche of Holocene age is a2 well lithified calcium
carbonate and functions more as a barrier to downward movement of water than
a8 a ground-water reservoir. The Mescalero caliche covers most of the WIPP
site area although it is not present in Nash Draw.



Catuna Formation--The Gatuna Formation {is present as discontinuous
bolson~type deposits. In the WIPP site area, the Gatuna 1is represented by
several tens of feer of poorly sorted silt, clay, and sandstone that may
grade downward into conglomeratic sandstone containing clasts of siltstone
and sandstone (Jones, 1978, p, 10). O0Of the post-Tertiary rocks in the study
area, the Gatuna Formation 1s the thickest‘v and least extensive;
characteristic of its erratic distribution, the Gatuna is absent in some test
holes and 1s more than 100 feet thick in others {143 feet in test hole H-8,
for example). Where it does ocecur at the WIPP site, it 1is generally no
thicker than 46 feet (table 1). In most areas, the Gatuna is overlain by the
Mescalero caliche.

Because of its erratic distribution, there 1is no known continuous
saturated 2zone within the Gatuna Formation. Although Cooper and Glanzman
(1971, p. A=-10) have reported that there were some limited occurrences of
water in the Gatuha in the Project Gnome area, no water was found during the
drilling at the WIPP site. If water is present in places, it probably would
be perched in sandstone lenses overlying the less permeable Dewey Lake Red
Beds.

During foundation tests in the central part of the WIPP site, 30
exploration holes were drilled to test the hydraulic conductivity of the
Gatuna. Packer permeability tests in these holes were conducted using
Injected water; these tests 1ndicated that the hydraulic conductivity
generally ranged from less than 3 X 10=3 to 1.9 feet per day; one value of
5.1 feet per day was noted (Register, 1981, p. 8). No indication of water
was found in any of these holes.

Water movement 1in the Gatuna apparently 1is restricted by the
discontinuous "perched" zonmes and the sporadic occurrence of the unit.
Recharge to the Gatuna probably is by local downward percolation of
precipitation, especially in areas where rain water is ponded on the surface.
This recharge probably is hindered by the caliche cover ian the WIPP site
area. Discharge probably is locally to phreatophytes although some water may
percolate downward into lower zones, particularly in the eastern part of the
study area where the Gatulla overlies the Triassic Santa Rosa Sandstone.

Surficial deposits and alluvium—In the main part of the study area there are
no through-flowing streams; the "alluvium,” here referred to as surficial
deposits, 1s composed of locally derived material deposited by sheet wash or
from discontinuous arroyos. These surficial deposits are present almost
everywhere In the region and usually are only a veneer over the underlying
bedrock. Exceptions exist where deposits are concentrated in depressions
created by dissclution of underlying rocks.

The only stream—deposited alluvium in areas near the WIPP site is along
the Pecos River, mostly along the west side of the river north of Malaga
Bend. This alluvium 1s composed of sand, gravel, silt, and clay and 1is as
much as 200 feet thick. One of the most notable features of the alluvium is
its large variation in thickness, which probably is caused by the alluvium




£1lling the depressions created by dissolution of underlying rocks (Hale,
Hughes, and Cox, 1954, p. 20). South of Malaga Bend, the alluvium is present
in 1solated patches, which may be as much as 150 feet thick but generally
average about 50 to 75 feet.

Playas within the study area are reported to contain alluvium and eolian
sands that have been reworked by shallow lake waters (Vine, 1963, p. B-35).
Playa deposits consist of silt, sand, and gypsum sand; the thickest deposits
exceed 55 feet at Laguna Grande de la Sal (Robinson and Lang, 1938, p. 85).
The gypsum and other materials deposited in the other playas in Nash Draw are
similar to those at Laguna Grande de la Sal, but the deposits are not as
thick.

Windblown sands are common throughout most of the area east of Nash
Draw. The sands are only a few feet thick except where they have been
concentrated by wind into dunes. The greatest concentration of dunes 1is
located east of James Ranch, where they may have a localized effect on the

hydrology.

No wells in the WIPP site area are known to produce water from the
surficial deposits or from the windblown sands; however, where these deposits
are thickest, they may contain localized perched zones of ground water. The
sand dunes east of James Ranch  are very permeable; however,
evapotranspiration probably removes most of the downward percolating water.

The playa deposits are known to contain water, but the water generally
has such large salt concentrations that it 1s unusable. Robinson and Lang
(1938, p. 95) reported the water associated with the Laguna Grande de la Sal
playa was under a slight artesian head.

The alluvium associated with the Pecos River, especlally north of Malaga
Bend, is a productive aquifer. Transmissivities in the alluvium vary
considerably, but calculations made by Bjorklund and Motts (1959, p. 191)
average 13,600 feet squared per day; the hydraulic conductivity probably
averages 116 feet per day. The average hydraulic conductivity, however,
could be misleading; lime—cemented conglomerates in the alluvium may greatly
increase the value because of solution channels. Detalled data for the

‘alluvium can be found in studies by Hale, Hughes, and Cox (1954) and

Bjorklund and Motts (1959). South of Malaga Bend, the alluvium 1is 1less
extensive and more variable in thickness, so average hydraulic properties are
more difficult to determine.

Water assoclated with the surficial deposits and windblown sand probably
is perched or semiperched; consequently, the occurrence of water 1s spotty
and greatly dependent on local conditions. Recharge takes place in areas of
surface ponding, and discharge moves downward through fractures and joints
into more permeable zones. In several trenches dug through sand dunes at the
WIPP? site, the sand was found to be unsaturated and no perched water was
found. The significant evapotranspiration rate 1in the area and the
relatively impermeable underlying beds (caliche and siltstone) probably
preclude large volumes of water moving downward.
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The water in the playa deposits usually is localized, and water movement
is restricted. The water table in the area around the playas slopes inward
toward the playas, indicating water in the fill is moving into the playa and
being discharged by evaporation. The source of the water 1s partly from
recharge from precipitation and partly from ground-water inflow from springs
(Robinson and Lang, 1938, p. 94).

Recharge to the alluvium is from several sources. Near Carlsbad water
moves from the Guadalupian Reef complex to the alluvium. In the south near
Malaga Bend, adjacent Permian geologic units, such as the Rustler, recharge
the alluvium. Infiltration from precipitation and from streams, canals, and
applied irrigation water also are sources of recharge to the alluvium. The
alluvium near Malaga Bend is the most likely discharge area for water flow
from hydrologic units associated with the WIPP site. The alluvium in this
area probably would be the zome of contact with the biosphere 1if there should
be a breach of the facility and a release of radionuclides. Water moving
through the alluvium generally flows toward the Pecos River and then
southwestward toward the Red Bluff Reservoir. Because the thick
accumulations of sediment have been derived, to a great extent, from
evaporites and fine—grained clastic rocks, the permeabllity of the alluvium
is8 probably minimal, resulting in fairly low flow velocities (Hale and
Clebsch, 1958, p. 15). However, localized zones of greater permeability may
be present, especially where semiconsolidated alluvium is fractured. North
of Malaga Bend, wells drilled into the alluvium vary in yield, but the ylelds
are large enough to be used for irrigation.

The occurrence of water in the Tertiary and Quaternary rocks in the WIPP
- area generally is quite variable and 1s restricted to the area south of the
WIPP site. The quality of ground water characteristically ranges from fresh
to saline, although in isolated areas near playas it may be quite briny.

The only hydrologic unit that contains large volumes of water is the
alluvium along the Pecos River. Although not specifically investigated
during this study, 1t has been discussed in some detail in previous reports
about the area (Hendickson and Jones, 1952; Hale, Hughes and Cox, 1954; and
Bjorklund and Motts, 1959). The discussion in this report will be restricted
to the hydrochemistry of ground water in the alluvium in the area around
Malaga Bend.

Generally, the chemical composition of the water in the alluvium near
Malaga Bend is affected by brine inflow from the Permian rocks to the east,
downward percolation of relatively fresh water from irrigation, and local
dissolution of evaporites. This mixing has caused changes in the overall
quality of the water, with dissolved constituents dominated by sodium and
chloride. Hale, Hughes, and Cox (1954, p. 40) reported that the chloride
concentration in the water in the alluvium increases with depth and a
saturated brine is present in the lower part of the fill. The overall ionic
composition of the water 1s similar to the ground water from the other
hydrologic wunits, predominantly consisting of chlorides and sulfates of
calcium, magnesium, sodium and potassium.
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SURFACE-WATER HYDROLOGY

There are no permanent streams or bodies of surface water present within
the WIPP site; therefore, the potential for surface-water transport of waste
is only treated briefly in this report. The purpose of these investigations
was to relate surface water as a source or discharge point of flow from the
ground~water system and as a potential part of the pathway for radionuclides
if the WIPP facility were breached.

The Pecos River is a perennial stream and is the major drainage for the
region around WIPP. The Pecos River is located west—southwest of the WIPP
site and, at its closest point, is 10 miles from the outer exclusion boundary
of the WIPP site. Most local tributaries originate {in the Guadalupe
Mountains, to the west of the Pecos. East of the Pecos, including Los
Medahos and the WIPP site, the surface drainage is almost undeveloped. The
-closest major drainage to the WIPP gite is Nash Draw; however, it is a closed
drainage area with no surface outlet to the Pecos River. The land surface of
the WIPP site 1is very hummocky and contains naumerous small topographic
depressions, which generally contain what little surface runoff takes place.
A surface-water gaging station was established near Hill Tank (fig. 1A) on an
unnamed arroyo draining from the WIPP site to Nash Draw (in sec. 24, T. 22
«S., R. 30 E.). During 4 years, only one flow occurred and it was of such
short duration that it could not be measured. Apparently surface runoff from
the WIPP site is minimal; most surface water is lost to evapotraunspiration.

The most significant effect of surface water on the hydrology of the
WIPP site takes place at Malaga Bend on the Pecos River where water from the
Rustler Formation discharges to the river. Additional data on the Pecos
River and the regional surface-water conditions are included in the report by
Powers, Lambert, Shaffer, Hill, and Weart (1978).

SOMMARY AND CONCLUSIONS

_ The WIPP site is proposed as a mined repository for defense assoclated
radicactive waste at depth of approximately 2,150 feet in bedded salts of the
Permlian Salado Formation. The characteristics of the geohydrologic systems
at the WIPP site need to defined because of the potential for transport of
radionuclides toc the biosphere by ground water in the unlikely event the
storage facility 1is breached.

The sedimentary formatioms im the WIPP site area that contain water are
present both below and above the halite of the Salado Formation. The
formations of concern range in age from Permian to Quaternary. About 70 test
holes have been drilled as part of the geologic and hydrologic site
characterization.
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The major water-bearing zones below the Salado Formation that have been
identified during hydrologic investigations, are the fine-grained sandstones
of the Bell Canyon Formation of the Delaware Mountain Group. In addition,
isclated pockets of pressurized brine have been found in fractures in the
anhydrite of the Castile Formation. Investigations to date (1983) indicate
that these zones are isolated from units either above or below the Castile.
The water—bearing zones of concern above the Salado Formation include a zone
composed of the residue from evaporite dissolution at the contact between the
Rustler and Salado Formations, and the Magenta and Culebra Dolomite Members
of the Rustler Formation. Water in Tertiary and Quaternary sediments is
perched in isolated sands.

The Guadalupian reef complex is a major hydrologic unit in the area and
forms a long arcuate belt around the margins of the Delaware Basin in which
the WIPP site 1is located. Lateral movement of water away from the reef is
restricted by the minimally permeable anhydrites of the Castile Formatiocn.

In the upper part of the Bell Canyon Formation, the brines usually are
present in relatively isolated permeable channel sandstones, which have
hydraulic conductivities ranging from 7 x 1073 to 5 x 1072 foot per day.
These channel sandstones grade vertically and laterally into siltstones and
-shales that have negligible permeability; hydraulic conductivities wusually
are less than 2 x 1070 foot per day. Siltstones and shales overlying these
channel sandstones restrict upward movement of water to- the minimally
permeable anhydrites of the Castile Formation. Potentiometric-surface maps
indicate water movement across the basin to the northeast; however, the rate
of movement is extremely slow. Alsc, when compared to the hydraulic heads in
the units overlying the evaporites, the general movement would be down; that
ie heads decrease with depth.

Water-bearing units in the Delaware Mountain Group probably are
restricted to the upper 600 feet of the Bell Canyon Formation; the individual
permeable sandstone beds are no thicker than 45-60 feet. The dissolved ions
in the brines of the Bell Canyon in the WIPP site area are predominantly
sodium and chloride; dissolved~solids concentrations range from 180,000 to
270,000 milligrams per liter.

The hydrologic wunits of the Rustler Formation are the principal
water-bearing units above the Salado Formation in the WIPP site vicinity and
thus have been the most extensively studied. Water—bearing units in the
Rustler Formation include the residues (residuum) from evaporite dissolution
at the contact between the Rustler and Salado Formations and the Culebra
Dolomite and Magenta Dolomite Members.

. Brine at the Rustler—Salado contact "brine aquifer of Robinson and Lang
(1938) is present either in a clay residuum bed or along the bedding planes
between these units. The residuum is common along Nash Draw and is wmost
extensive between Laguna Grande de 1la 5al and Malaga Bend, where
transmissivities are as large as 8,000 feet squared per day. In the northern
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end of Nash Draw, transmissivities range from 2 x 10™% foot squared per day
in test hole W=-27 to B feet squared per day 1in test hole W-29; in the WIPP
site proper, transmissivities range from 3 x 1077 foot squared per day at
test holes H-5C and P-1B to 5 x 1072 foot squared per day at test hole P-14.
The ground-water flow In the eastern part of the site primarily is along
bedding planes. Density-corrected potentiometric-surface wmaps indicate flow
is southwest across the WIFP site towards Nash Draw at a gradient of 39 feet
per mile and then south~southwest down Nash Draw to Malaga Bend on the Pecos
River at a gradient of about 10 feet per mile. The dissolved ions in the
brines of the Rustler—Salado contact residuum are predominantly sodium and
chloride; dissolved—-solids concentrations range from 41,500 milligrams per
liter at test hole H~1 to 412,000 milligrams per liter at test hole H-5C.
Large concentrations of dissolved potassium and magnesium in ground water in
the eastern part of the study area indicate restricted flow and extensive
interaction between the ground water and its host rock.

The Culebra Dolomite Member of the Rustler Formation is the most
persistent and productive hydrologlic wunit 1in the WIPP vicinity. its
hydraulic properties vary considerably from place to place primarily as a
result of the size and number of fractures and openings. These fractures are
related to the degree of evaporite dissclution within the Rustler that causes
subsidence and collapse of the overlying dolomite. The wmost extensive
evaporite dissclution and fracturing are present in Nash Draw.
Transmissivities calculated for the Culebra in Nash Draw range from 18 feet
squared per day at test hole W-28 to 1,250 feet squared per day at test hole
W26, At the WIPP site east of Nash Draw, transmissivities range from 1.0 x
1073 foot squared per day at test hole P-18 to 140 feet squared per day at
test hole P-1l4. Density-corrected potentiometric-surface maps indicate that
flow at the WIPP site is to the south at a hydraulic gradient that ranges
from 7 to 20 feet per mile; the flow is then to the southwest to Nash Draw
where gradients range from 16 feet per mile in the north end to less than 5
feet per mile near Malaga Bend. Flow directions may be affected
significantly by directional differences in permeability in the dolomite. 1In
Nash Draw, the Culebra Dolomite 1is™ extensively fractured and flow 1is
virtually south to a discharge area at the Pecos River near Malaga Bend.

Water 1In the Culebra is slightly saline to briny; dissolved-solids
concentrations range from 2,950 milligrams per liter at test hole H=8B to
239,000 milligrams per liter at test hole W-29. Dominant dissolved lons are
sodium and chloride; other iong i1nclude sulfate, potassium, calcium, and
magnesium, Not only does the mineralization of the water generally increase
from west to east across the site, but so do the concentrations of potassium
and magnesium. This change indicates a decrease in circulation along the
eastern side of the WIPP site. This restricted circulation is caused by a
decrease in permeability within the Culebra Dolomite Member.

The Magenta Dolomite Member is the uppermost hydrologic unit in the
Bustler Formation. Water 1is present in the area of the WIPP site, usually in
thin siltstone beds or silty dolomite and less commonly in fractures. In
Nash Draw, the occurrence of water in the Magenta Dolomite Member is variable
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because of localized drainage from the unit that results from the chaotic
structure created by extensive evaporite dissolution. In the socuthern end of
Nash Draw, the Magenta has been completely removed by erosion.
Transmissivities calculated for the Magenta Dolomite in the northern end of
Nash Draw range from 53 feet squared per day at test hole W=27 to 375 feet
squared per day at test hole W-25; these relatively large values result from
the increased permeability in the fractured rock. The transmissivity in the
vicinity of the WIPP site ranges from 4 x 1073 foot squared per day at test
hole W-30 to 3 x 10™! foot squared per day at test hole H-6A. The movement
of ground water in the site area, as estimated from density-corrected
potentiometric-surface maps, is west toward Nash Draw at a gradient of as
much as 32 feet per mile and then southwest in Nash Draw at a gradient of 13
feet per mile.

The flow in the Magenta Dolomite Member eventually moves downward
through fractures into lower units. The water in the Magenta is saline to
briny; concentrations of dissolved solids range from 5,030 milligrams per
liter at test hole H-9%a to 261,000 millizrams per liter at test hole H-10A.
Dissolved mineral constituents of the water include sulfates and chlorides of
magnesjium, potassium, and calcium, the major percentages being sodium and
chloride. Larger wmagnesium and potassium concentrations in the eastern part
of the site may indicate restricted circulation in the Magenta.

The relative static heads or formation pressures of the hydrologic units
in the Rustler Formation decrease with depth; that is, hydraulic heads are
highest in the Magenta and lowest at the Rustler—Salado contact. There
appear to be two regional flow systems; one in the area around the proposed
WIPP site and one in Nash Draw. 1In the WIPP site area, the presence of
impermeable interbeds of halite and anhydrite and the differences in static
head and water quality probably indicate restricted vertical hydraulic
connection between units; however, in Nash Draw, where dissolution and
subsidence are more common, hydrawlic connection between units probably
exists., Recharge for the Rustler units probably is to the north of Nash Draw
near Bear Grass Draw; the major discharge takes place at Malaga Bend on the
Pecos River. ’
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Depth of rock

Maganta Culebra
Dolomite Dalomite Top of Top of Test
Member of Mewber of Top of salt in McNutt Tep of hole
Ruscler Ruatler Rustler Salado Salade potash Castile dapth
Fotmation Formation Formation Formaticn | Formation| zome Formation in faet
358-677 Lz3-448 S38-565 677 5971{n) 1191-1583 1591.0
630-1008 748-773 857-883 1008 906(R} 1506-1883 1895.0
468-786 529-553 642-665 786 688(R) 1287~ 1668 1676.0
609-330 662-686 775-802 930 826 (R) 14b6-1853 1857.0
623-947 686-711 Bo4-827 947 350(R) 1428-1785 1830.6
157-659 L17-4b3 §37-560 659 661(s} 1162-1560 1573.0
312-630 373-398 496-522 €30 562(R} 1155-1566 1575.0
391-715 L5D-t4pL 563-588 745 606 (R} 1237-1652 1660.0
562-881 517-fuk 734-757 861 778(R) 1401-1786 1796.0
686-1086 757-781 931-957 1086 714(R)  1594-1983 010.8
745-1058 798-823 312-938 1058 958(R) 1550-1917 1943.1
461-749 §19-343 633-656 749 752(8)  1226-1597 1598.4
hz7-721 490-514 604=627 72¢ 725(5) 1201-1647 1577.3
v v 7
387-687 453-477 573-595 687 695(8)  1158-1510 1545.0" Meveq, 79 ps 82
231-542 4-3217 d ol v -
3 294-1321 W13-435 542 460(R) 1057- 1453 1465.07 Marw, 79 A4 77
s
316-646 176-40) 500-523 646 552(R)  1174-1585 1585.0
382-715 38-4637 558-583" s 602(R) 1234-1648 166077 40 Hlenen (7 g 27
. / R
628-1088 704-730 909938 1088~ 654(R)  1604-2087 30065 1977 Menen 71, 18 ¢
758-1117 514-839 967-927 17 83G(R) 1621-2011 2000.0
projected
780-1103 839-866 953-979 1103 1002Z(R) 1604-1977 1994,5 .
“
734-1043 788-812 899-924 tou3 guk (R}  1526-1887 1916.5 Sow S
i [ -
536-815 595-621 710-735 815 815 (s) 2401 2775 ’
538-848 596-620 704-727 848 750(s)  1350-1730 5. 2876.6
366-628 366-385 476-504 628 678(s) 2337 wug
3829(D)
662-99) 733-759 870-896 99 330{R)} 3004 4721
1000(8) 4522(D}
860-985 715-738 833-859 985 9851s) 2666 4910
4343(0)

21



Table I, Osclogic and hydrologic data from tast hules drilled af aud Reat the prepassd

¥aste lsolation Filot Flast site — Concluded

Locut lon Dapth of rock
Algitude,
in feet .
Tesr above Dietance, in feet, Surficial | Gacuna Santa Rosa Dewey Lake
hole sea level | Sec. T. R. from section lines deposits Formation | Formatiom Red Beds
WIPP-F] 3426.07 9 226 JIE FI1.70FNL  394.0BFwL  9-13 13-29 29-161 161-663
WIPP-12 3471.53 V7 225 3IE 147.9FSL B3.91FEL 0-9 NP 9-155 155-628
WiPP=13 3405, 43 17 228 3E 2565.6BFSL  FI0.L9FNL 0-13 WP 13-66 £6-517
WikP-15 326934 18 235 35€ 2426FNL 1 793FWL 543-2726
{Chinle)
WIPP-1g 3383 5 215 308 2355FSL 140FWL {0-1148)Rubble?
WIPP-1B 3456 47 20 225 31E 983.58FNi | 1.45FEL 0-9 NP, 3-138 138-611
WIPP-19  3433.13 20 225 30 987 34FSL  12.6BFEL o-14 N.P. 14-96 96-589
WIPP-21  3417,00 20 275 3E  1551.0BFSL 1. INFEL 0-142 12439 13-73 73-56C
WIPP-22  3425.83 20 226 g 2544 45FSL 11.94FEL 0-20 20-25 25-80 80-573
WipP-25  3212.51 15 225 e 1852.72FsL 2838.IFEL o-10 N.P. NP 16-232
wirp-26  315:.91 29 226 30 2232.27FNL 12.2FEL o-10 NP NP, N.P
wiep-z7 317717 21 215 joe B9.79FuL  1485.Q3FWL - o-7g NP 79-153
WIPP.28  1346.76 18 218 31 9B.72FNL  2400.99FEL  0-12 NP, NP 12-215
wIPP-29  2976.99 34 228 29 406.62FSL  V827.S4FEL g2 NP NP, NP
WIPP-30  3427.5k 33 215 ME  66T.5FNL 177. 4P " NP 0-bk3
wipp-31 3401,43 35 205 30E  A22.G54FSL 1762.2hFWL N.P. O(Breccia) 3B{Breccia)
Wirp-32 3023.00 33 225 29 I67IFSL 29FEL,
WIPP-13 33231.00 13 225 30E  1762FSL 2427FWL 0-40 40-398
WIPP-34 3433.00 9 225 JIE  202FSL 2000F WL 0-11 11-154 154-657
.- \
s
1
M )
#" ‘
1 VoL
L
B25 M08.74 20 225 31E N 9414.91 E 6693.11* 0-10 14-34.7 34.7-44.8 44,8-533 .-
*§ M, State Coardinates 10-14
Mescalero -
Caliche
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Depth of rock

Magenta Culebra
Dolomite Dolomite Top of Top of Test
Member of Member of Top of sale in MeNutt Top of hole
Rustler Rustler Rustler Saledo Salado potash Castile depth
Formation Formaticom Formation Formation Formation Zone Yormarion in feet
663-951 727-750 BLk.887 951 951(8) 2330 3580.6
632 54 .
628-955 $30-715 810-835 355 B57{R} 2727 2777.8 SAMI8Z - 239,
p ” 955(s)
55 F03-72, ] 385 -
51784 564- 583 200724 fe 774 (R} ﬁ; [2R€0, SPNI08Z =18 o
318(s)
810.%
1148-1300+ 1189.1199 11531176 1300
;oo
613-928 672-698 286-B08 928 829(x) 1060 Scwign SRR T 3-0775"
928(s) ’ '
589- 83 647-6727 A 815
- 8g -672 6~
7 756-327 A% 894(s) 1038 SAND 74- o2 76, sEuRED
Avd
560-854 £18-547 729-753 858 770k} rous SAUOPI~0277, p2 Y
858{5) 4
v
573-883 630-654 742-764 pay ji5 Jesn) 0452 Feward, SANDT9-027F
b2-328 7 d ‘ . ots - dise
232-565 302-3 o772 565 600(3) 55 65] SADTI-0279 5y 9. KC
. 4 befurtmn v
- rs / .
10-309 70-39 186-209 309 320(5} 503 Suw v d ggud, $AMOTI-cahe
1759y #2/
153-416 292-318 Ariw 508(s) 592 SAND 78-025/
215-531.9 285-310 b20-hi6 531 539 (s) 801
N.P. N.P. 12-42 143 251 {8} 376
bhg-Tug 513-537 631-654 748 749(8) 913
750(Breccia) 1981 (Breccia) NP 1981
0-166 19-36 61-90 166-13C 90
398675 449-468 550-578 657840 840
657-473 718-741 B834-860 973-1820+ 1820
533-842.9 592.7-617 704,71-728 842.9 901
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Table 2.~—Selected chemical and radiochemical analyses of water from test holes
at and near the proposed Waste Isolaiton Pilot Plant site

[GEOLOGIC UNIT: 231SNSR, Santa Rosa Sandstone; 313BLCN, Bell Canyon Formation; 312RSLRL,
Rustler-Salado residuum; 312CLBR, Culebra Dolomite Member; 310MGNT, Magenta Dolomite Member.

GM/ML AT 20 C: Grams per millimeter at 20 degrees Celsius; MG/L: milligrams per liter; UG/L:
micrograms per liter; PCI/L: picocuries per liter.]

NITRO-
) ALKA~ BICAR- GEN,
. LINITY BONATE CAR=  NO2+NO3 HARD~
DATE $E0-  DENSITY FIELD FET-FLD  BONATE 0I5~ SULFIDE  NESS
or LOGIC CGM/HL. PH (MS/L (MG/L  FET-FLD  SOLVED  TYOTAL - (MG/L
WELL SAMPLE  UNIT AT AS AS (MG/L (HG/L (MGsL . S
S 20 ¢)  (UNITS)  CACO3)  HCO3)  AS CO3)  AS M) As §) cacod)
H=5C 78-05-24 231SNRS -~ - 200 240 -- W36 - 150
AEC-7 79-04-28 3133LCN 1.130 - 43 - - . - ~- 35000
AEC~8 77-09-27 313BLCN 1,060 6.3 - - .- - - -
ERDA-10 77-09-29 3133LCN 1.165 7.7 90 110 0 3.1 ~ .2 19000
SOLIDS,
HARD= MAGNE= POTAS=  CHLO= FLUO=  SILICA, RESIDUE
NESS, CALCIUM SIUN, SODIUM, SIUM, RIDE, SULFATE  RIDE, DIS~ BORON, AT 105
NONCAR=  DIS= pIS- o18= DIS~ 01s- DIs~ 01§~ SOLYED OIS~ DEG. C.
© BONATE SOLVED  SOLVED SOLVED SOLVED SOLVED SOLVED  SOLVED  (MG/L SOLVED oIS~
NELL  (MG/L (MG/L tHG/L (M5/L CHG/L s/L (MG/L (MG/L AS (UG/L  SOLVED
CACG3)  AS CAY  AS MG)  AS NA)  AS K) AS CL) AS S04) AS F) $102) AS B) (MG/L)
H-5C 150 56 51 280 25 120 530 1.2 11.0 890 1200
AEC-7 35000 9700 - 2600 55000 970 110000 1800 1.4 14.0 74000 180000
AEC-8 : -- -- - - -- -- - -- - -- 230000
ERDA-10 19006 5300 1300 89000 720 150000 2400 .3 3.4 20000 270000
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Table 2.~-Selected chemical and radiochemical analyses of water from test holes
at and near the proposed Waste lsolation Pilot Plant site —— Continued

NITRO-
ALKA= BICAR~ GEN,
LINITY BONATE CAR= NOZ4NO3 HARD=~
DATE SEO- DENSIYY FIELD FET=FLD SOMATE 015~ SULFIDE NESS
oF LIGIC (GM/ML PH (NG/L CMG/L FET-FLO SCLVED TeTAL {MG/L
WELL $AMPLE UNLT AT AS AS {(MG/L (MG/L (NG/L AS

20 ©) CUNITS) CACO3) HCOD) AS COD) AS N) AS $) cacodd
H-1 77-02-23 J12RSLRL - 7.9 554 575 0 «29 = 143320
H=2C 77~02-23 312RSLRL - 5.9 163 199 0 1.1 - 130000
N=-3 77-02-23 312RSLRL - 7.6 383 467 0 77 - 155300
H~4C 79=03-16 312RSLAL - - 1 1 0 27 - 130000
W=3C 79~05-14 312RSLRL - - 180 300 - - T 340000
H=4C 79+04-09 312RSLRL - - 1 - - - - 7000
H-7C 80~03-20 312RSLRL 1.0438 6.8 35 . =-- - «03 - 10300
H-8C 80~99-06 312RSLRL - 7.6 21 - u- «00 -8 4300
H=3C 30~05-20 312ASLRL 1.262 7.0 24 - - 1.1 - 4803
=107 83~05-1% 312RSLAL 1.198 6.3 53 -= . b « 34 - 47200
F-14 77~C02~24 312RSLRL - T.2 182 222 0 34 - 6420
=15 T9-04=03 312R5(RL - - 45 - - - - 3400
P-17 79~05-11 312Rs5LRL - - 630 - - » 4 - 203382
P-13 30~05-20 312RSLRL 1.260 6.0 400 - - « 06 o0 270030
WIPP=25 49~03-19 312as5LRL 1.173 7.2 8Q - - + 04 - 15006
WIPP-26 30-03-18 312R5LRL 1.078 8.5 1460 - - «03 A 12030
W1Pp-27 83~05-21 J12RSLR 1.205 1.8 25 - - <17 = 4300
wiPp-23 80~03-20 JT2RSLAL 1.140 7.0 230 - - «03 -~ 13350
WIPp=29 349~03-18 3J12asLRL 1.068 7.3 130 - - 23 - 10309
Wirp-30 80~03-19 312RSLRL 1.201 7.0 320 - - 04 - 12033

SCLIDS,

HARD= MAGNE= POTAS~ CHLO~ FLYO~ SILICA, RESICUE

NESS, CALCIUM SIUM, SODIUM, SIuM. RIDE, SULFATE RIDE, bIS~ 80RON, AT 105

HONCAR- DIs~ oIS~ oIs- oI5 o1s- DIs- DIs~ SOLVED 0ls~ DESG. C»

BONATE $OLVED SCLVED SOLVED SOLVED - SOLVED SOLVED SCLVED (H3/L SOLYED OIS~

WELL {46/ (eG /L (HG/L (MG/L (MG/L (ML (MG/L (NG/L AS UG/ $oLYZd

CACOY) AS CA) AS MG} AS N&) AS KD AS CLY AS 504) AS F) §102) AS 3) (NG/L)

H-1 160000 13000 30000 54000 17000 210020 520 - <.1 110000 420000
H=2C 130363 9280 25020 $5000 9100 200000 1300 - 2.0 150000 450000
H-3 150008 18900 25070 59006 14000 210000 379 -- 1.9 1900 “-
H-4C 130000 8309 27000 66000 8600 210000 1400 1.7 1.3 360000 -
H=5¢C 340000 2100 82000 14000 1000 290000 2209 <1 1.4 47000 -
H=&C $7230 4200 21090 40020 8600 200000 2000 1.0 Voo 202000 -
H=-7C 1£300 2630 19 22000 210 41020 2700 .8 7.2 3100 -
H-8C 4700 1200 430 46000 660 70000 5300 b .8 1300 -
H=-9¢ 64300 1330 873 130000 1200 190000 2600 ol 3.8 17989 -
H-10¢C 49203 1500 11020 100000 000 190000 3300 «7 3.2 1223200 -
r=14 6200 570 1200 122500 1300 120000 10000 -- 2.0 1700 350009
P=-15 33100 70 350 24030 1400 38000 2800 1.3 1.3 3740 -
p=17 200000 15000 40000 23000 8800 130000 1200 3.8 15 840 -
P=18 290000 31337 51020 20050 16000 250000 250 2.3 3.2 160000 -
WiPP-23 15000 650 3200 93000 2400 130000 12000 «0 2.6 35000 -
WIPP-24 12200 2700 1300 52000 003 | 62000 7600 o 2.5 30000 -
wiep=-27 4700 900 610 130000 390 2335000 8400 2 2.3 2400 -
wipp-28 13900 T30 2700 71000 2800 1R0000 $200 .2 3.3 38000 -
Wirp-29 10000 859 2000 12000 1000 49000 12000 -¥ 3.5 21000 -
WIpp=30 11000 830 300 120000 1500 170000 1000 ’ «0 3.5 77000 il
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Table 2.--Selected chemical and radiochemical analyses of water from test holes
at and near the proposed Waste Isolation Pilot Plant site — Continued

P=-18

WIPP=25
wIPP=26
wipp=27
Wipp-28
wiprp=29
HIfP=312

DATE
CF
SAMPLE

77-02-23
17-02-23
T7-02-23
79-03-146
T9-05-16
79-04=-09
30-03-20
80-09-J4
80-05-20
80-05-19
77-02-24
79-04-03
79=-05-11
79-05-11
80-03-1¢
80-C3-18
ag-05-21
80-03-2Q
§0-03-13
80-03-19

GROS
ALPH
SELE- DIs
JEQ- NIUM, SOLV
LOGIC TOTAL (PCI/
UNTT (us/L AS
AS SE) U=-N&
312RSLRL <1
I12RSLRL <t
312RSLAL 1
312RSLRL <1 <7500
312RSLRL 1 <13000
312R5LRL 1 <7501
J12RSLRL - <750
31288LRL == <1400
312RSLRL == <5400
312RSLRL == <5600
312RSLRL t
J12RSLRL <1 <1000
312RSLRL <1 <7500
31295LRL €t <3302
312RSLRL == <3200
312RSLRL -~ <3200
312R5LR == <1200
312R5LRL -~ - <4100
J12RSLRL -- <1100
312RSLAL == <7500
GROSS
ALOHA,
SuUsSP.
TOTAL
(uG/L
WELL AS
U=NAT)
H=1 290
H~2C 190
H=3 68
H~-4C 4.9
H=5C 1.1
H-46C 1.5
H-7C -
H=8C -
H=9C( -
H=-10C -
P=14 6.3
=13 Coh
P-17 10
P18 <o b
Wiep=25 -
WIPP-24 --
Wipp-27 -«
wirp-28 -
ulpp=29 -
Wipp=39 -

5

Ar

ED

L (

1§

GROS
BETA
01s
SoLy
(PCI
A5 5
¥r-9

12000
4700
9400
5100

14000
42400
<3530

<1100

<7200
<&9C0o
<1600

1200

12000
8800

<38C0

<1300

15000

<2800

730
<4500

GROSS GROSS
ALPHA, 8ETA,
SUsSP, ') $ 3
ToTAL SCLYED
PCI/L (PCI/L
AS AS
U=NAT) C$-130)

== 16000
-- 8400
== 12000
3.3 B89CO
«7 '1520C
9 4602
- <580
== <1100
-- 7000
- rao0
-- <2000
<.3 1300
8.8 13000
<.3 9520
~= <3400
-- 1700
-~ <7100
== <2700
- 740
-= <500
§ GROSS
’ BETA,
- SUSP.
ED TOTAL
L (PCI/L
R/ A3 SR/
1} ] Yr=%0)

120
6

GROSS
BETA,
SUSP.
TOTAL

(PCL/L

AS

€5=-137)

160
91
26

<.4

AN AN
e b ouow
[N VR

RADIUM
226»
pIS-

SCLYED,
RADON
METHOD

(PLI/L)

b4
4.8
51
340
310
280
63
18

URANIUM
oIS
SOLVED,
EXTRAC-
TION
{us/L)

.02
2.4
.0t
1.2
<,04
<, 04
1.7
<04
45
.37
1.1
.08
<.02

GROSS
ALPHA,
JIs~
SCLYED
(w37t
45
U=NAT)

<6300
<5000
<6090
<11000
<1903
<11500
<1409
€2500
<§0090
<3200
<3709
<1500
<11939
<13600
<7702
<4T00
<1809
<4¢00
<3602
<11000
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Table 2.—Selected chemical and radioc..

WELL

H=1
H=-23
H=3
H-43B
H-38
H=48

L g}
H-38
H=99
H=303
P-14
#=15
P=17
P-18
Wipp=25
Wipp-24
WIpp-27
wWipp-28
NIPP=29
wIpP=39

HARD~

NE

35,

NONCAR-

BINATE
WELL (RG/L

CACOY)

P=14 1

3220
2300
6403
2200
8730
6300
1909
2100
2000
8100
1300
3000

P=17 1300
P=15 80000

Wipp=-25
Wirp=26
wipe=27 1
ulpp=-28

3000
4300
4300
4300

wipp-29 23000

WIpp-3C

)

.cal analyses of water from test holes

at and near the proposed Waste Isolation Pilot Plant site -~ Continued

JATE
OF
SAMPLE

Te-046-02
17-g2-22
17-03-17
78~12-14
78-12-19%
78«12-20
£)-03-20
£0-02-11
80-02~05
50-03~21
T7-03-14
719-G6~-11
77=05~10
77-05-10
80-08-14
30-08-12
aC-08-22
80-08-21
50-08=-20
a0-0a-13

GEO- DE
LOGIC (
UNIT

2

312CL3R
312CLABR
312CL0R
312CLaR
3J12CLBR
312CLAR
312CL3R
312CLBR
312CL3R
I12CLBR
312CLBR
J12CL3R
3J12CLER
$12CLaR
312CL8R
312CLBR
312CLBR
312CLBR
312CL3R
312¢L8n

MAGNE~

CALCIUM

01§~
SOLVED S
(HG/L (

SIUM, SOOIUM
015- DIs-

OLVED SOLVED
HG/L (MG /7L

AS CA) AS NG) AS NA

780

670

1520

140

360 1
1230

590

570

580
1603 1
3130

780
1703 1

280 9400
1460 2100
670 19000
430 5800
39 53000
970 18000
$30 216
170 82
150 210
30 21000
760 1400
280 25000
400 30000

5600 14030 9200

920
1200

250 5100
340 3400

3100 2000 39000

1200

470 21000

LIl 5700 7900C

1900

aro0 37000

NSITY
Gu/uL

AT

00 {UN

1.001
1.000

1.043

1.014
1.013
1.0%4
1.044
1.178
1.872

POTAS~

. STuN.
oIS~

SOLVED
(HG/L
) AS K)

tyo
91
630
180
1400
500
T4

ALKA™ 81
LINITY a0
FIELD FET
L] (MG/L {n
AS A
1T8) cacold) ne
7.6 8é
3.4 57
T.4 94
T.4 48
£.8 34
r.3 a5
1.0 100
7.3 61
7.3 C 80
8.3 7
6.3 290
- 100
T 43
7.2 254
7.3 370
6.9 130
6.4 150
6.4 670
6.1 21¢
6.8 74
CHLO~
RIDE, SULFATE
[+} & R [} 8- 34
SOLVED SOLVED
(MG/L {(MG/L
AS CL)Y A5 504&)
12000 7400
2800 3000
29600 5700
7500 4000
86000 810
28000 3520
315¢ 1900
-3 4 2000
320 2000
35000 5600
20000 1400
48020 7000
$4000 5300
80000 #80
8300 2400
8260 2390
7000 3300
30000 3200
140000 13000
64000 2800

NITRO-
cag- JEN,
NATE CAR- NJZ+ND3
~FLO SORATE oI5~
G/t FET=FLD SOLYED
s (MG/L (MG/L
03) AS CO3) AS N)

105 0 -
59 ] 01
115 o «07
59 -- .02
it -- .01
- - 02
-~ -- “40
- - 95
- -- 13’
- - «01
52 0 01
7?7 Q 08
o b »81
- == 87
- -~ I
-- -- &
- - .09
- .- «02
- - 1.2
FLUO- SILICA,
RIDE, oIS~ 8
DIS- SOLVED
SOLYVED {NG/L )
{NG/L AS {
AS F) sIo2) A
5.1 2.7
2.0 1.7
.5 1.2
1.9 5.2
1.4 .1
1.5 8.5
1.4 39
2.4 1¢
3.0 26
1.3 1.5
o9 33
teé -6
1.3 1.0
1.2 1.0 1
1.4 9
1.5 20
«3 13
1.1 28
] 1.5

HARD~

SULFIDE NESS

TO0TAL (M5/L

(MG/L AS

ks §) CALO3?

-0 3122

~- 2400

- 6500

.- 2200

.- 8703

- T6o0

== 2000

- 21C0

- 2129

- 8100

- 110040

.- 31008

- 11000

== 800037

.8 3300

«0 4400

-0 16000

10 4900

-0 26009

-0 4300
SoLIo0s,
RESIODUE
ORCNes AT 103
218~ DEG. C»
OLVED DIS-
us/L SOLYED
5 8) (HG/L)
2400 -
9500 9700
20000 62000
12900 -
36000 -
2500 -

780 -

380 -

130 -

15000 -

700 58Ca9
5200 -
1100 $7000

3000 4204000
1300 -
1800 -
1900 -
5400 -
13¢C0 -

230400 -
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Table 2.—Selected chemical and radiochemical analyses of water from test holes
at and near the proposed Waste Isolation Pilot Plant site — Continued

GROSS GROSS GRO5S GRUSS RADIUM GROSS
ALPHA, ALPHA, BETA, oETA, 225, URANIUM ALPHA»
SELE~ 018~ Susr. oIS~ SUSP. CI5~ oIS~ CIS-
DATE GEO~ NIUM, SCLVED TOTAL SCLVED TOTAL SOLVYZD, SCLVED., SOLVED
14 LOGIC TOTAL (PCI/L (PCI/L (PLI/L (PCI/L RADON EXTRAC~- (Ls/L
WELL SAMPLE uNIT (/e AS AS AS [} METHOD T10N A5
AS SE? U=NAT) U=NATY (C5=137) C5=137) (PLI/L) (uGrsL) U=NAT)
H=1 T9-03-13 312CLaR <1 <200 .3 410 <. 4 1.7 T W16 €299
H-28 77-02-22 3t12CLaR 2 = - 120 114 beb - 330
$=-3 77-03-17 31200181 2 - - 850 <. 4 57 .07 <380
H=48 78~12+-14 312C(L8R <1 .- - 310 .- 47 2.7 720
H-58 79=12-19% 312CLSR <1 2700 - 1180 - 299 t.3 4019
H=43 78-12-20 312CL8R 5 - - <420 - [ Y3 4.3 <1290
H-78 $0-03~20 312CL8BR - <33 - 19 - 73 .7 <54
H-23 80-02-11 312CLER - 82 <.3 <19 <. 4 3.4 Teb Ea
H=98 80-02-05 312CL3R - - -- <23 - Ted 34 <100
n=-138 80-03-21 3120L3R =~ <1103 - <590 . - 29 .08 <1800
P-14 77-03-14 312lLaR 1 - - 790 <.4 48 <.01 <390
P=15 79-04-11 3T2CLER 4 <1300 <.3 4700 <. 11 2.2 <1900
P17 77-05-10 312CL3R 1 - - 1300 <. 4 84 10 2700
P=-13 77-05-10 312CL3R <1 - - 7700 .5 190 «33 <4300
WIPP=-25 30-08-14 3t2CL3R - <200 - <170 - 17 6.1 <293
WIPP=24 §0-03-19 312(L3R - <2460 - <22 - 13 12 <380
Wlpp=27 80-08-22 312(L3R -= <1800 - 6390 - 7? b9 <2609
WIPP-28 §0~08=-21 312CLAR -= <1100 - <110C - 40 1.3 <1600
NIpp=29 50-08-20 312Ci3R -= <7500 -= 18000 - - 1% 4 18 <11900
RIPP=30 80-08~13 312CLaR - <889 - <660 - b4 «29 <1300
: GROSS GROSS GROSS
ALPHA, BETA, BETA,
SusP, DIS~ SuUsP.

TOTAL SOLVED YOTAL
G/t (pCcr/st (PCI/L
WELL AS AS SR/ AS SR/
U=NAT) ¥1-90) 11-902

H-1 <.4 390 <4
H-25% 380 o7 83

H-3 .4 710 <.4
H=48 - 290 -
H=53 == 1000 --
=63 - «<3%0 --
H-78 - 19 -
H=-83 <ot <18 <. 4
H=93 - <23 -
H-108 -= <410 -
=14 <o 420 <. 4
P-15 <o 4300 <.4
P-17 <.4 1000 <. b
P18 <, 4 8100 .5
WIPP=-25 - <160 -
WIpP~25 -~ <210 -
wIPP=-27 ==" 4100 -~
wipp=28 == <1000 -
WIPP-2% -= 17000 -
WIPP=-30 -= <400 o
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Table 2.—Selected chemical and radiochemical analyses of water from test holes
at acd near the proposed Waste Isolation Pilot Plant site — Continued

WELL
H=1
H=2A
H-3
H=4A
H=5A
H=6A
H=8A
H=94
H=10A
WIPP=25
Wirp-27
WIPP-39
HARD~
NESS,
NONCAR=
BOMATE
WELL {NG/L
CACO®?
H=1 3100
H-24 2702
H-3 4990
H=44 2100
H=5A 1300
H=4A 2900
H=8A 2220
H~F4 2000
H-104 17001
Wipp-25 3100
Wipe=-27 11000
12006
WIPP=30 2600

ATz
OF
SAMPLE

T6~06-04
Tr=-02-22
77-05-10
79-12-14
78-12-14
73-12-20
£9-32-12
80-G2-C5
£0-03-21
80~0%-04
80-07-24
30-09-20
80-09-24

L
CALLTUN
0Is-
SCLYED 5
(MG/L (
AS CA) A

850

320
12290

21

240

520

870

550
2500 2
10

1100 1
3600 2
690

ALKA-
LINITY
GEO- DENSITY FISLD F
LOGIC (GH/ ML PH (NG/L
UNIT AT AS
20 © (UNITS) CaCod)
JTOMGNT - 7.4 75
J10MSGNT - 8.4 61
310MGNT -- . 8.0 42
J10MGNT - 8.0 52
F104GNT - 7.8 &1
310MGNT -- 7.3 42
J10MGNT 1.006 9.3 26
310MGNT 1.0063 8.5 35
310MGNT 1.175 7.1 4
J1OMGNT 1.010 Tsd 130
JTO0MGNT 1.080 6.8 57
SIOMGNT - 8.5 189
310MGNT - 8.8 62
AGNE~- POTAS= CHLO-
S$IuM, SJ0IUM, SIUN, RIDE, SULFA
D13~ o1s- D1s- DIS=- DIS-
OLVED SOLVED SOLVED SCLVED soLy
M3/L {MG/L (NG/L (R37L {(MG/
§ nG) AS NA) AS K) AS CL) AS SO
274 5700 70 8000 3900
170 2700 81 4100 2400
483 §300 250 15000 3400
%10 r700C 130 7500 7000
178 1500 s3 330 3200
160 1100 4o 1200 2700
17 2400 84 3500 2100
170 ano 28 750 2702
600 93000 510 160000 2700
240 3100 -8 5600 1909
00 34000 180G $1000 9400
000 43000 1C000 85000 2700
173 5500 190 8700 3200

NITRO-
8ICAR- GEN,
BONATE CAR=- NC2+4NOS
ET=FLD BOMATE 015~
(MG/L FET-FLD SOLVED

AS (MG/L (HG/L
HCO3) A3 CO3) AS N)
92 0 M
74 0 04
51 0 08
63 - -D1
S0 - «01
51 b .03
- - 06
- - «02
- - »03
.- ke 1)
- - 32
- - &0
- hu «00
FLUO- SILICA,
TE AIDE, ') &0 3
DIs$- SOLVED
£ SOLVED {NG/L 5
L (MG/L AS <
&) AS F) s102) A
2.8 1.3
- 6.0
1.3 S.4
2.5 6.4
2.3 9.0
1.4 1.7
o7 -9
1.3 3.3
1.3 1.9
1.5 25
«0 1.7
oh 13
1.9 o7

HA

RO~

SULFIODE NESS

TOTAL (MG/L
(HG/L AS
AS S cacCol)
«0 3300
- T3l
- 5000
-- 2200
bl 130G
-- 2220
- 2200
- 139
- 17000
1.2 3330
- 11009
1.8 17000
0 2400
SoLIDS,
RESIDUE
ORONs AT 10S
0IsS~ DEG. €/
OLVED J15=
us/t SOLVED
S B) (NG/L)
2200 =--

229 12090
13000 32000
13000 --
11400 -

2500 -
5100 -
2600 -
3300 ==
1300 -
26000 -

230 --

12000 -
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Table 2.~Selected chemical and radiochemical analyses of water from test holes
at and near the proposed Waste Isolation Pilot Plant site — Concluded

GROSS GROSS GROSS GRCSS RADIUM GROSS
ALPHA, ALPHRA, 3ETA, EETA, 226, URANIUN ALPHA»
SELE~ 018= juse, 015- SUsP, DIS~ 218~ 215~
OATE GEQ-~ NIUNM, SOLVED TOTAL SCLYED TOTAL SCLYED, SCLVED., SOLVYED
OF LOGIC TOTAL {PCI/L (PCI/L {(PCI/L (PCI/L RADON EXTRAC- ussL
WELL SAMPLE JNIT Cus/L AS AS AS AS METHOD TION A5
AS SE) U=~NAT) U=NAT) C5-137) C5-137) (PCI/L) LuG/L) U=NAT)
=1 77-05-10 310MGNT 1 - - P40 L 3 170 .60 <430
H=2A * 17-02-22 310MGNT ) - - 49 2.6 4.1 .80 <1¢4d
H=3 . 77-05-10 310M3NT 7 - .- 330 L3 &t - 550
79-05-10 310HGNTY 1 <420 3 1300 ok 10 + 26 <420
H=4A 73-12-14 310MGNY <1 -- - <103 - 9.3 08 <320
H=34 78-12-14 3Z1CMGNT <t - - 53 - 17 1.0 162
H=4A 78-12-20 310HMGNT 1 - -- 43 - 1" 6.7 113
H=dA §0-02-12 J1ONGAT - <140 <.3 130 <. 4 1.9 .03 <230
H=9A 30-02-05 3IJOMGNT - - - <33 .- .4 .15 <153
H=10A B0-03=2% 310MSNT == <5300 -~ <3500 - 480 <.10 <7800
WiPpP=25 80-09-04 310MGNT - <140 - <140 - 12 8.4 <230
Wipp=27 §0-07-24 B1QMGNT - - - 1500 .- 12 - -
80=09-20 310MGNY == <2000 -— 6000 - b 5.8 <2990
Wipp-3Q 30=-09-24 S1ONGNT - <300 - <200 - F1 «02 <440
GROSS GROSS GROSS
ALPHA, BETAS BETA,
suse, 018~ SUSP.
TOTAL SOLVED TOTAL
{us /L (PLI/L {PCI/L
AS AS SRY AS SR/
MWELL U=RAT) Y1-%0) Y1~90)
H=1 <. 4 790 L9773
H=2A 12 55 2.0
H-3 <. 4 260 L
) $200 ok
H=4A - <92 -
H=54 an 48 -.
H=~4A - 39 -
H=8A <. 4 130 <. h
H-94 .= <35 -- e
H=104 -= <3400 - o -
WIPP~2§ - <130 - ) - - .
wipPP-27 - 1800 bt )
- s.oo T . A

WieP-30 - <190 -



Table 3.--~Stratigraphic sumsary of rock unite of Permian (Cuadaluplan and Ochoan) and younger
age underlying the proposed Waste Isolation Pilot Plant site and adjacent aress

T0T

Rock unit .Thickness Description
(feet)
Alluviun and sand
" of Mescalero surface 0-19 Dune sand, uniformly fine grained, light-brown to reddish-brown
[
g‘ § —————————— L — — — - — — -~ — —— — UNCONFORMITY — —— — —o == — imme —— —
—
E & Mescalero caliche 0-5 Limestone, chalky, includes fragments of underlying rock
]
Shb——b— - —_———— —— |- — = — — — — —UNCONFORMITY — ~— ~— — — — — — —
-
.% , 8 Gatuna Formatfon 0-32 Sandstone and siltertone, poorly indurated, dominantly reddish-orange
oo
= —_———— e — — — e - — — — — — — ——UNCONFORMITY ——— o — — =~ — — ——
Chinle Formation 0-800 Mudstone, shaly with lenses of sandstone and conglomerate
19
3| «%
8 uu
A -ﬂ: Santa Rosa Sandstone 0-255 Sandstone, medium- to coarse-grained, commonly cross-stratified, gray
& &~ and yellowlsh-brown, coatains conglomerate and reddish—~brown mudstone
e e e am e e e iy e e —— e — o ——UNCONFORMITY —— — — o e — o — =
Dewey Lake Red Beds 250~541 Siltstone and sandstone, very fine to fine-grained, reddish-orange to
reddish-brown, containe Interbedded reddish-brown claystone, small-
scale lamination and cross-stratification common
fr — e — — — — e e —— e = —— —[NCONFORMITY — — — — & — T
2] Rustler Formation 298-462 Anhydrite and halite with subordinate dolomite, sandstone, claystone,
E and polyhalite; includes Magenta Dolomite and Culebra Dolomite Members
&
. Salado Formatfon 2,000+ Halite with subordinate anhydrite, polyhalite, potash ores, sandstone,
a and magnesite
E Castile Formation 1,300+ Anhydrite and halite with subordinate limestone
5 g Bell Canyon Formation 1,000+ Sandetone, browan and gray, with minor limestone and shale
=}
CH B W o
HEY) E5 Cherry Canyon
.g ’._-:?'g 85 Formarion 1,000+ Sandetone, gray and brown, with limestone and minor shale
R
g é"&i A § Brushy Canyon .
3 2 Forsation 1,000+ Sandstone, gray, with brown and black shale and brown limestone
Modif{ed from Bachman, 1980
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Teble 4 —Smmary of drill-stem tests at test holes AEQ-7, AEC-8, snd ERDA-10, upper Bell Caryon
Formation, in the vicinity of the proposed Waste Isolation Pilot Plant site

Bottom hole
Hydrostalc flowing Botton hole
pressure, in pressure, Shut— shut~in pres— Calculated Static bottom Fluid
Tested pounds per Flow in pounds in sure, in pounds hydraulic hole pressure density,
Date interval, Type square inch period  per square period, per square inch conductivity, (extrapolated), in in grams
Test of in feet of (gage) in inch (gage) in (gage) in feet pounds per equare  per cbic
 mmber test  below test Initial Final = wmdmutes Initial Final winutes Initial Final per day inch (gage) centineter
Test Hole ABO-7
1 2379 4520~ Standard 2,841 2,462 3 0 31 0N 60 23 23 Insufficlent - -
4583 120 23 23 360 23 25 Datato .
(Lamar) 360 25 21 480 21 23 Make Calculation
2 &21-79 4609~ Standard 2,547 2,531 25 127 395 60 395 1,814 4 x 1072 1,883 1.13
4714 60 40 804 120 804 1,808
(Rasey) 120 861 1,270 335 1,270 1,839
3 42879 4493 Standard 2,479 2,466 10 120 314 60 314 1,764 4 x 1072 1,811 1.1%
4714 60 152 7 120 n 1,797
{Upper Bell 120 770 1,188 350 1,188 1,768
Canyon) )
Test Hole ARD-8 . ,
1 81577 484 Modiffed ~ - - - - - - - 2x102 2,037 1,147
4800
(pre Ramsey
lower sand)
2 927-T7 482l- Modified - - - - - - - - 7x103 2,004 1.060
4827 :
(upper sand)
7 2476 4304 Standard 2,445 - k3] 13 18 121 18 1,761 2x 106 1,813 -
4405 58 24 2 748 kv 1,788
(Lamar)
Test Hole EEDA-10
9 9-19~17 3860~ Standsrd 2,083 2,054 30 51 58 120 58 1,708 4§x107% 1,783 -
3927 _ 120 75 © 106 360 106 1,684
(Lamar) 480 112 215 240 215 1,511
10 929, 4l27- Modified = - - - - - . - - 5x102 1,820 1.165
W0-77 44X '

(Ramsey)
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Table 5.—¥ajor cations end anfons in uater from test holeg ABO-7, AEC-8, smd FEDA-10 completed in the upper
part of the Bell Canyon Formation, in the vicinity of the propoced Waste Isolaticn Pilot Plant site

[weq/L, millMequivalent per liter; mé/L, willigrams per liter; percent, pércentage composition]

Test Hole ARC-T

Cations Anlons

Caleciun Magnesium Sodium Potassium Chloride Sulfate
ug/L meq/L percent .mg/L meq/L percent mg/L  meq/l,  percent mg/L meq/L percent mg/L  meqfL percent ung/L meq/L percent

9,700 484 7.7 2,600 213.9 3.4 55,000 2,392.5 37,8 970 24.8 0.4 110,000 3,103.1 49 1,800 37,5 0.6

¥
3
/

!

Cations Anfons

Calcium Magnesium Sodium Potassiun Chloride Sulfate
mg/L meq/L percent mg/L meq/L percent mg/L meq/l.  percent mg/L meq/L percent mg/L  meq/L percent mg/L meq/L percent

10,000 499 8.1 2,500 205.7 3.3 55,000 2,392.5 38.6 860 2 4 120,000 3,068,4 49.5 240 5 1

e —a o——

_—
—

Test Hole ERDA-10

Cations Anions

Calcium Potassium ¢hloride Sulfate
mg/L. meq/L percent ms/l-mquL percent wg/L meq/l- percent mg/L meq/L percent wmg/l. meg/L percent mg/L meq/l, percent

5,300 264.5 3.1 1,300 1069 1.3 89,000 13,8715 453 720 18.4 2 150,000 4,231.5 495 2,400 30 b
— — ]

— ———,
——— e gp—



Table 6.—Measured and density-corrected water levels in selected test holes completed
muuummmummmmm
Isclation Pilot Plant site

Fresisater equivalent

corrected
Water level water level

Altitude of Density,

land surface, Altitude, 1n in grams Altitude,
Test 1in feet asbove Feet below feet above per cubic Feet below feet above
Hole sea level land surface sea level centimeter land surface sea level
B-2c 3,397.7 U3 3,035 1.225 258 3,140
H-4c 3,333.5 411 2,923 1.215 365 2,969
H-fc 3,347.9 410.5 2,937 1.210 345 3,003
H-7c 3,163.5 205.7 2,958 1.048 197 2,967
H-8c 3,433.0 463 2,970 1.129 o &2 3,012
P-14 3,359.6 389 2,971 1.126 351 3,009
P15 3,309.5 313.9 2,99 1.160 278 3,032
P17 3,335.9 365 2,971 - 1,193 297 3,039
W25 3,212.5 238.4 2,974 1.093 206 3,007
W-26 3,151.9 151.7 2,960 1.189 B 168 2,984
w27 3,177.2 192 2,985 1.207 126 3,051
w-28 3,346.8 303 3,044 1.152 259 3,088
w29 2,977 17.6 2,959 " 1.129 +12 2,989
W-30 3,427.5 307 3,121 1.204 28 3,210
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Table 7.—Values of tranamissivity and storage coefficient for wmter-bearing zonas
in the Rustler Formation penetrated by selected test boles at and near
the proposed Waste Isolation Pilot Plant site

[Transmissivity is expressed in feet squared per day]

Magenta Dolomite Culebra Dolomite Rustler-Salado
Member Member Contact

Test
hole Transmissivity Storage Transmissivity Storage Transmissivity Storage

B-1 0.05 - 0.07 1074 0.0003 -
B=2a .01 1074

E-2b 0.4 109

B3 .1 103 19.0 - 0.0003 1074
Heda .06 1076 -

H-4b 0.9 109

Bdc 0.0006 0%
H-5a .1 1073

B-5b : 0.2 107

H-5¢ «00003_ 1073
B-6a .3 107

H-Gb 73—0 -

B-6c 003 1076
B7a Dry -

B=7b 1000+ -

B-7c 0.73 -
B~8a <006 1075

R‘ab 16-0 -

n"& 00&3 -
B-% 1.0 1079

B-% ‘ 231 -

B9 0.0002 -
B-10a 0.01 1073

B-10b L 0.07 1074

E'l& ‘f" . :; - OQW -
P-14 Pre 140 - 0.05 -
P15 R 0,07 107 0.0004 -
P-17 B 1.0 106 0.0002 107%
P-18 T © 0,001 - 0.00003 1073
Ww-25 375 - 270 - 5.0 1073
w26 Dry - 1250 - 0.4 -
W27 53 - 650 - 0.0002 -
W28 Dry - 18 - 0.87 -
W-29 Not present 1000 - 8 -
W-30 0.004 - 0.3 104 0.2 1074
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Tohle 8.—Major cations and anions in water from the Rustler Formation, Magenta Dolomite Mewber, Qulebra Dolomdte
Hember, and Rustler-Sulado contact residum st end near the proposed Waste Isolstion Pilot Flant site

[meq/L, milliequivalent per liter; og/L, milligrams per liter; percent, percentage composition])

Cations . hnions
Divy o0 3 VAL ps

Calcium Magnesiun e Sodium Potassium ' ~ Chloride Sul fate
mg/L meq/lL. percent mg/L meq/L percent wmg/L  meq/L  percent mg/L meqfL percent wmg/l.  meq/lL. percent mgfl, meq/L percent

“\. Yest Hole A-1

*Magenta \

890  44.4 7.1 270 2.2 3.6 5,70 248 39.8 70 1.8 0.3}‘ 8,000 25,7 3.2 3,90 81.2 13
*Qilebra | l

780  38.9 4 280 23 2.4 9,400 408,99 42,2 190 4.9 .Sw‘ 12,000 338.5 35 7,400 154.1 * 15.9
#Rustler-Salado S

g

13,000 648.7 5.4 30,000 2467.8 20.7 56,000 2,436 20.4 17,000 434.7 3.6 Qﬂ,oy 592&.1 43.7 520 10.8 o1
ra l _
"< Test Hole B-2A : \
“*Magenta ,
B20 409 12 170 14 4.1 2,700 117.5 .5 81 2.1 .6 | 4,100 115.7 34 2,400 50 14.7

-
=]
o

~.. Test Hole H-2B
» *Culebra
690 34,4 12,2 160 13.2 4.7 2,100 9.4 32,3 9N 2.3 .8 | 2,800 79 27.9 3,000 62.5 2.1

Lest Hole B-2C
*Rustler—Salado
9,200 459.1 4.1 25,000 2056,5 18.2 66,000 2,871 25.4 9,100 232.7 2.1 | 200,000 5,642 50.2 1,300 27.1 o2

™ Teat Hole B-)
#¥agenta )
1,200 59.9 6.0 480 39.5 3.9 9,300 404.6 40,3 250 6.4 .6 | 15,000 423,2  42.1 3,400 70.8 7.1

*Culebra
1,500 74.9 3.9 670 55.1 2.9 19,000 826.5 42.9 630 16.1 8 29,600 835 43.3 5,700 118.7 6.2
Mustler~Salado

18,000 898.2 7.6 25,000 2056.1 17.4 59,000 2566.5 21.7 14,000 358 3 210,000 5924.1 350.2 370 1.7 ol

Mipdralogic unit SRR
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ms.—mjormmmuummmmmmmrom.mmum.mmmu
Mesber, and Rustler-Salado contact residom at &d near the proposed Waste Jeolation Pilot Plant site — Continued

Cations

Anioas

Calcium
mg/L. wmeq/L percent

Magnesium

mg/L meq/l. percent

m -

Sodivm
meqfl.  percent

Potassiun
g/l weqfl, percent

hloride

Sulfate

mg/L  meq/L percent mg/L meq/L percent

Test Hole B-4A

*Magenta
210 10.5 1.5

Test Bole B-48
*Culebra
180 9 1.5

Test Hole B-AC
*Rust ler-Salado
8,300 414.2 3.5

" Test Hole H-5A

*Magenta
20 12 6.5

Test Hole H-5B
*Culebra
360 18 &

Teat Hole B-5C
*Rustler—Salado
2,100 104.8 6

Test Hole H6A

*Magenta
520 25.9

14.6
Test Hole H-GB
*Culebra

1,200 59.9 3.3

Test Hole B=6C
*Rus tler-Salado
4,200 203.6 1.9

410 33,7 4.8

430 3.4 5.9

27,000 2,221 19

170 14 7.6

1,900  156.3 3.2

82,000 6745.3 41.6

160 13.2 7.4

970 79.8 4.4

21,000 1727.5 15.3

7,000
5,800
66,000
1,500
53,000
15.000

1,100

80,000

304.5

252.3

2,871

65.3

2305.5

47.9

783

3,480

42.9

423

24,6

3.8

26.9

43.4

8,600 219.9

53 1.4

S5

4

1.9

o7

7

33

7

I7

" 28,000

7,500  211.6
7,50  211.6
210,000 5924.1
880 24.8
86,000 2626.1
250,000 8180.9
1,200 339

789.9

200,000 5,642

29.8

35.5

13.5

50.4

43.8

49.9

7,000 145.7

4,000

1,400

3,200

810

2,000

2,700

3,800

2,000

29.1

66.6

41.6

79.1

41.6

14

36.2

.3

3

3.5

A4

o

*Hydrologic unit
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Table B.~¥ajor cations and anions in water from the Bustler Formation, Msgenta Dolosdte Mesmber, Culebra Dolamite
Mewber, and Rustler-Salado contact residuum at sod near the proposed Waste Isolatioa Pllot Plant gite — Contirmed

Gations : _ Anions

Caleiun Magnesiun Sodium Potassium Chloride Sulfate
mg/L meq/L percent mg/L meq/L percent mg/lL  rmeq/L.  percent mg/L meq/L percent mg/L  meq/L percent ng/l meq/L percent

Test Hole H-7A
*Magenta (Dry)

Test Hole H-7B
*Qalebra
590 29.4 29.7 130 10.7 10.8 9.1 18.5 9.2 1.4 0.03 0.1 350 9.9 10 1,900 39.6 4

Test Hole B~7C
*Rustler-Salado
2,600 129.7 5.4 916 74.9 3.1 22,000 957 40,1 250 5.4 . W2 41,000 1156.7 48.5 2,900 60.4 2.4

Test Hole B-BA

*Magenta
870 434 148 1.4 9 o5 2,400 104,54 35,5 B4 2.1 o7 3,500 98.7 33.6 2,100 43.7 149

Test Bole B-8B
*Culebra
570 28.4 1.8 170 14 15.7 82 3.6 4 4.7 .1 ol 57 1.6 1.8 2,000 41.6 46.6

Test Hole H-8C
*Rstler-Salado
1,200 59.9 2 430 35.4 8 46,000 2001 47,7 660 16,9 4 70,000 1974,7 47 5,300 110.3 2,6

Test Hole B-9A

*Magenta :
550 27.4 17.8 170 14 18.2 800 3.8 2.6 28 o7 .1 750 21.2 13.7 2,700 56,2 3%.4

Test Hole H-OB
*CQulebra ‘ :
580 289 2.2 150 12.3 9 20 S § 6.7 1,400 35.8 26.2 30 9 6.6 2,000 41.6 30.5

*Rydrologle unit -
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Tuble 8.—Major cations #nd anfons in water from the Bustler Formation, Magenta Dolomite Mesber, Culebra Dolomdte
Member, and Rustler—Salado contact residuum at and near the propoeed Maste Isolation Pilot Plant site - Contimed

Cations

Anions

Calcium

Magnesiun

Sodium

mg/L meq/L percent mg/L meq/L percent mg/l.  meq/L

percent

Potassium

mg/L meq/L percent

(hloride
/L

Sulfate

meq/L percent mg/L meq/L percent

Test Hole H-9C

*Rustler—-Salado

1,300 64.9 1

Test Hole H-10A

*Magenta

2,500 124.7 1.4

Test Hole H-10B

*Culebra

1,600 79.8 3.6

Test Hole B-10C

*Rustler-Salado

1,50 749 .7

Test Hole P-14

*Culebra i
3,100 154.7 13.4
*Rustler-Salado

570  2B.4 -3

Test Hale P-15

*Culebra
770 38.4 5

*ustler-Salado

710 38.4 1.7

Test, Hole P17

*Qulebra

1,700 84.6 2.6

870

2,600 213.9

1,000  82.3

11,000 904.9

760

1,200 98,7

28.8

1,600 131.6

+6

2.4

3.7

8.1

5.4

.9

o7

1‘3

4.1

130,000 5,665
93,000  4045.5
21,000  913.5
100,000 4,350

7,600 330.6

120,000 5,220

6,900

24,000 1,044

30,000 1,305

45.1

41.1

23-6

48,9

39.3

45.8

il

1,200 30.7

1,300

1,700 43.5

1,400 35.8

120 k3 |

3

.l

-6

.9

«3

5.7

1.6

l1

190,000 5359.9

160,000 4513.6

1015.6

35,000

190,000 5359.9

20,000  564.2

180,000 5077.8

11,000  310.3

38,000 1,072

54,000 1,523

47.8

45.7
47.8

48.8

47.6

40.6

47.1

48-3

2,600

2,700

16.6

5,600

3,300

1,400 29.2

10,000 208.2

3,200 66.6

2,000 58.3

5,000 104.1

5.2

o

8.7

2.6

3.3

*Hydralogic it
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Tahle B.—Major cations and anions in water from the Bustler Formstion, Magenta Dolomite Mesber, Qulebra Dolomite
Megber, and Rustler-Salado contact residum at and near the proposed Kaste Isolation Pilot Plant site — Cootimsed

Lations

Anions

Calcium

Magnesium

Sodium

mg/L meq/L percent mgfL meq/L percent me/L  meq/L

percent

Potassium
mg/L meqfL percent

Chloride

Sulfate

mg/L.  meq/L percent mg/L meq/L percent

*Rustler-Salado
15,000 748.5 1.2

Test Hole P-18

*Culebra
5,600 2Z79.4 6.3

*Rustler-Salado
10,000 499.8 4.1

" fTest Bole W-25

*Magenta
910  45.4

*Qulebra
920 45,9 8

*Rustler—Salado
650 32.4 v}

Test Hole W-26
enta (Dry

*Culebra

1,200 59.9 114

*Rustler~Salado
2,700 13,7 2.6

Test Hole W-27

*Magenta
3,600 179.6 3.6

1.4

‘‘Test Hale P-17 - Continued

40,000 3290.4 31.7

16,000 1316.2 2%.7

37,000 3043.6 25

240 19.7 5

250 20.6 3.6

263-2 3-2

1,300 1069 2.1

2,000 1665 3.3

23,000

9,200

3,100

5,100

90,000

3,600

52,000

43,000

1000.5

2,088

134.9

221.9

3,915

156.6

2,262

1870.5

17.2

33.9

29,9

43.8

8,800 22.5

6,200 158.5

12,000 306.8

OIB .02

9 02

2,400 6.4

1,000  25.6

10,000 255.7

Jd

|

o7

-1

l5

5.2

180,000 5077.8

80,000 2256.8

-

220,000 6,206

5,600 158

8,300  23.1

130,000 3667.3

8,200 231.3

83,000 2482,5

85,000 2397.9

50.9

1.1

39.7

“-2

1,200 25 2.

9% 20.4 0.5

1,%0 39.6 10
2400 30 8.7

12,000 250 3.1 -

2,300 47.9 9.1

7,600 158.2 3.1

2,%0 &0.4 1.2

*iydralogic unit
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Tuble 8.,~Major cations and anions in water from the Rustlar Formation, Magenta Dolowite Member, Culebra Doloamite
Hesber, and Rustler-Salado contact residus at and near the proposed Waste Isalation Pilot Plant site — Concluded

Cations

Anions

Calcium

mg/l, meq/l, percent

Magresiun
mg/L meq/L percent

lSodiun
mg/L  meq/L

percent

Potassium
mg/L meq/L percent

‘Chloride
meq/L percent mg/L meq/L percent

/L

Sulfate

*Hegenta (Dry)

*Cylebra
2,700 134.7 3.3

*Rustler-Salado
1,160 57.9 b

Test Hale W-28

*Culebra
1,200 59.9 3.1

*Rust ler—Salado
615  20.7 5

Tesr Hole W-29

*Not present

*Culebra
698 34.8 o3

*Rustler-Salado
850 42.4 1.3

Test Hole ¥-30

*Magenta
630 344 5.7

*Culebra
1,010 50.4 1.5

*Rustler-Salado

80 424 4

Test Bale W-27 - Contimued

1,740

1,640

470

2,070

3,750

2,000

170

2,300

143.1

189.2

3.5

9

2.8

4,2

5.1

2,3

18

38,500 1674.8

102,000 4437.3

913.5

2817.5

67,600  2940.6

32,000 1,392

5,500 239.3

35,500  1544.3

120,000 5,220

47 -4

45.7

30

714

2,570

2,070

18.3

65.7

52.9

12,700 324.7

1000

25.6

o7

1

73,300 2069.8

154,000 4344.3

30,000 6.3

102,000 2877.4

4.4 9.8

4B

J

49,000 1382.3

8700 245.4

56,500 1593.9

170,000 4,795

46.5

47.6

2.4

47.1

45.9

3,300

5,190

3,200

11,000

3,200

5,050

7,000

68.7 1.2

66.6 J.5

229.1 3.7

250 7.8

6.6 11

105.1 3.1

145.7 1.4

*Hiydrologic vndt



Table 9.—Measured and density-corrected water levels in selected test holes completed
in the Culebra Dolomite Member of the Rustler Formation at and near the
proposed Waste Isolation Pilot Plant site

Fresimater equivalent

corrected
Water level vater level
Altitude of Dengity,
land surface, Altitude, in in grams Altitude,
Teat in feet above Feet below feet above per cubic Feet below feet above
Hole sea lewvel land surface sea level centimeter land surface sea level
H-1 3,397.7 382.5 3,015 1.016 378 3,020
W2 3,377 %8.7 3,029 1,012 U5 3,033
B3 3,389.5 197.0 2,992 1.02% 289 3,000
A4b  3,332.9 30.8 2,992 1.024 237 2,99
K5  3,505.9 485.2 3,021 1.106 ) 3,067
H6b  3,347.6 298.8 3,049 1.040 287 3,061
b 3,163.6 1170.2 2,993 1.001 170 2,993
W8  3,433.8 3.7 2,990 1.0035 443 2,991
9%  3,405.6 425.8 2,980 1.002 426 2,980
B10b 3,687 697.8 2,989 1.044 667 3,020
P16 3,359.6 320.1 3,040 1.018 © 316 3,044
15 3,309.5 05,4 3,004 1.080 295 3,014
P17 3,335.9 367.3 2,967 1.082 %8 2,986
g - - - - - -
W25 3,212.5 165 3,048 1.010 162 3,051
W26  3,151.9 146 3,006 1.013 W 3,007
w27 3,172 105 3,072 1.09 85 3,092
w28 3,%6.8 77 3,00 1.044 210 3,077
W29 2,977 8.2 2,969 1178 2 2,975
W 3,427.5 412 3,016 1,072 395 3,033
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Tehle 10.~Measured and density-corrected water levels in selected walls eespleted
in the Msgenta Dolomite Member of the Rustler Formation atr and near the
proposed Waste Isolation Pilot Plant site

Freshwater equivalent

corrected
Water level water level
Altitude of Density,
land surface, Altitude, in in grams Altitude,
Test in feet above Feet below feet above per cubic © Feet below feet above
Hole sea level land surface sea level centimeter land surface sea level
H-1 3,397.7 246,50 3,151 1.021 240 3,158
H-2a 3,377.9 233,07 3,145 1.012 230 3,148
3 3,389.5 238.30 3,151 1.010 23% 3,155
H4a 3,332.9 189.3 3,144 1.017 186 3,147
H-Sa 3,506.2 344.5 3,162 1.008 342 3,165
B-6a 3,347.3 289.8 3,056 1.007 287 3,059
H-7a - - - - - -
H-8a 3,433.0 . 405.1 3,028 1.008 404 3,029
H-%a 3,405.4 282.0 3,123 1.004 281 3,124
H-10a 3,686.5 586.8 3,100 1.171 469 3,218
w25 3,212.5 159.0 3,054 1.010 158 3,085
w27 3,177.2 102.0 3,075 1.095 9 3,084
w-28 3,346.8 202.8 3,144 1.048 198 3,149
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