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Hydraulic-Property Estimates for Use With a Transient
Ground-Water Flow Model of the Death Valley Regional
Ground-Water Flow System, Nevada and California

By Wayne R. Belcher, Peggy E. Elliott, and Arthur L. Geldon

ABSTRACT

The Death Valley regional ground-water
flow system encompasses an area of about 43,500
square kilometers in southeastern Californiaand
southern Nevada, between latitudes 35° and
38°15' north and longitudes 115° and 117°45%'
west. The study areaisunderlain by Quaternary to
Tertiary basin-fill sedimentsand mafic-lavaflows;
Tertiary volcanic, volcaniclastic, and sedimentary
rocks; Tertiary to Jurassic granitic rocks; Triassic
to Middle Proterozoic carbonate and clastic sedi-
mentary rocks; and Early Proterozoic igneous and
metamorphic rocks. The rock assemblage in the
Death Valley region is extensively faulted asa
result of several episodes of tectonic activity.

This study is comprised of published and
unpublished estimates of transmissivity, hydraulic
conductivity, storage coefficient, and anisotropy
ratios for hydrogeologic units within the Death
Valley region study area. Hydrogeol ogic units pre-
viously proposed for the Death Valley regiona
transient ground-water flow model, were recog-
nized for the purpose of studying the distribution
of hydraulic properties. Analyses of regression
and covariance were used to assessif arelation
existed between hydraulic conductivity and depth
for most hydrogeologic units. Those analyses
showed aweak, quantitatively indeterminate, rela-
tion between hydraulic conductivity and depth.

INTRODUCTION

The U.S. Department of Energy (DOE) and the
U.S. Department of Defense (DOD) conducted various
types of underground nuclear tests at the Nevada Test
Site (NTS) in southern Nevada (fig. 1) between 1951
and 1992. Those tests produced radionuclides that con-
taminated ground water beneath portions of the NTS.
In 1972, DOE established along-term monitoring pro-
gram to detect the presence of any radioactivity that
may have been related to nucl ear testing activities. Cur-
rently, DOE isevaluating contaminated areas as part of
the Environmental Restoration program. The U.S.
Geological Survey (USGS), in cooperation with the
DOE, isevaluating the geologic and hydrologic charac-
teristics of an area near Y ucca Mountain, adjacent to
the NTS, which isbeing considered for construction of
an underground high-level nuclear waste repository.
As part of these programs, the USGS is evaluating the
regional ground-water flow system in the Death Valley
region.

USGS evaluations include a detailed character-
ization of the ground-water flow system including
development of aregional three-dimensional (3-D)
conceptual and numerical ground-water flow model to
help: (1) characterize regional 3-D ground-water flow
paths, (2) define boundaries of the subregional and
local flow systems, (3) define locations of regional
ground-water discharges, (4) estimate magnitudes and
rates of regional subsurface flux, (5) evaluate existing
and potential anthropogenic effects on ground-water
flow, (6) characterize potential impacts of the regional
carbonate aquifer on subregional and local flow com-
ponents, (7) determine potential effects of regional

ABSTRACT
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Figure 1. Geographic features and boundaries of the Death Valley regional ground-water flow system.
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geologic structure on the flow system, (8) establish
regional hydrologic boundaries of ground-water
resources that may be unsafe for domestic or municipal
use, and (9) prioritize ongoing local investigations.

Steady-state and time-dependent (transient)
numerical ground-water flow models are being devel-
oped by the USGS to integrate and expand upon the
existing ground-water models (Frank D’Agnese, U.S.
Geological Survey, written commun., 2001). The
USGS has compiled, analyzed, and synthesized
hydraulic-property estimates for rocks and sediments
within the Death Valley region for the basis of assign-
ing hydraulic-property values to the various hydrogeo-
logic units within the study area.

Location and Topography

The Death Valley regional ground-water flow
system (DVRES) is located within the Great Basin sec-
tion of the Basin and Range physiographic province in
southeastern California and southern Nevada between
latitudes 35° and 38°15” north and longitudes 115° and
117°45" west (fig. 1). The topography typically consists
of northerly and northwesterly trending mountain
ranges separated by broad sediment-filled basins. The
Spring Mountains, the highest topographic feature in
the area, rise to about 3,600 m above mean sea level.
Other prominent topographic features within the region
include the Sheep Range, Pahute Mesa, the Funeral
Mountains, and the Panamint Range. The inter-moun-
tain basins generally decrease in altitude from north to
south. The lowest altitude in the study area (86 m below
sea level) is in Death Valley National Park. Other areas
of national importance within the study area include the
Nevada Test Site (NTS), Yucca Mountain, the Ash
Meadows National Wildlife Refuge, the Desert
National Wildlife Refuge, and several military installa-
tions. Pahrump, Nevada, is the largest of several towns
in the study area.

The DVRFS model area encompasses about
45,000 km?. The area of the current study is signifi-
cantly larger than the DVRFS model area to permit an
adequate characterization of areas that contain sites
important for defining hydraulic characteristics of
hydrogeologic units (HGUs; fig. 2).

Purpose and Scope

The purpose of this report is to compile and
statistically summarize published and unpublished
hydraulic-property estimates (such as transmissivity,
hydraulic conductivity, storativity, and specific stor-
age) and to provide a statistical range of quality-
assured hydraulic-property estimates for use in on-
going DVRFS simulation activities. The estimates are
presented by proposed HGUs for use in a transient
numerical ground-water flow model of the Death
Valley region. Descriptive statistics of the estimates
provide ranges and trends of the parameters for use in
the model.

Previous Work

Ground-water flow in the Death Valley region
was discussed and simulated independently by
D’Agnese and others (1997) and IT Corporation
(1996a). The two steady-state numerical models result-
ing from these investigations, the Yucca Mountain
Project—Hydrologic Resources Management Program
(YMP-HRMP) flow model (D’Agnese and others,
1997) and the Underground Test Area (UGTA) Phase [
flow model (IT Corporation, 1996a), respectively, have
overlapping domains (fig. 1). Both models were based
on digital 3-D geologic framework models and both
used 3-D finite-difference codes to simulate ground-
water flow. The two models differ in the numerical
codes used, the number of model layers, and the distri-
bution of hydraulic properties within discrete layers.

Hydraulic-property estimates were compiled for
use in the YMP-HRMP and UGTA ground-water flow
models. Estimated values for the YMP-HRMP flow
model (D’Agnese and others, 1997), however, were
not developed from a hydraulic-properties database
compiled as part of the simulation effort. Instead,
model-layer properties were estimated from a plot of
statistically distributed hydraulic properties for rock
types in the Basin and Range province (Bedinger and
others, 1989) as part of a study of the geology and
hydrology of the province. Data compiled for their
report consisted of published field and laboratory tests
within the Basin and Range province, as well as general
studies from rocks with similar characteristics from
outside the province. Individual aquifer tests used to
develop the statistical plot presented in Bedinger and
others (1989) were not discussed, and no hydraulic data
were evaluated.

Location and Topography 3
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IT Corporation (1996b) compiled a database that
contains 731 analyses of transmissivity and hydraulic
conductivity for the UGTA Phase | ground-water flow
model. UGTA evaluated hydraulic properties from the
literature (including re-interpretation of published
data) and from UGTA-specific tests. Because the flow
model wastimeindependent, no valuesof storativity or
specific yield were compiled. Databases from those
simulation efforts have been expanded upon in this
study.
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HYDROGEOLOGIC SETTING

The Death Valley region has an active geologic
history, including intermittent marine and non-marine
sedimentation, large-scale compressive deformation,
plutonism, volcanism, and extensional tectonics
(Stewart, 1980; Mifflin, 1988). Much of the study area
has undergone deformation, and some parts have expe-
rienced nearly continuous tectonic activity since the
late Proterozoic (Grose and Smith, 1989). The struc-
tural features and faulting in the region are aresult of
the complex interaction of the North American and
Pacific lithospheric plates (Smith and Sbhar, 1974;
Atwater and Stock, 1998). Combinations of normal,
reverse, and strike-slip faulting and folding episodes
(Carr, 1988) have resulted in acomplex distribution of
rocks. Consequently, diverse rock types, ages, and
deformational structures are often juxtaposed and sub-
surface conditions are variable and complex. Knowl-
edge of the geology beneath the alluvial basinsis
indirect in most of the region.

The rocks of the Death Valley region are com-
prised of Proterozoic and Cambrian siliciclastics and
metamorphics; Paleozoic siliciclastic and carbonates;
Mesozoic siliciclastics and intrusives; Pliocenefluvid,
paludal, and playa sedimentary deposits; Tertiary vol-
canics and alluvium; and Tertiary aluvium and collu-
vium; and Quaternary eolian deposits (Waddell, 1982).
Plate 1 presents ageneralized stratigraphy of the Death
Valley region.

Regional Ground-Water Hydrology

Hydraulic connection between basins within the
DVREFS occurs through unconsolidated sediments
present atop low interbasinal topographic divides and
by deep interbasinal flow beneath valley floors and
adjacent mountains through fractured Paleozoic car-
bonate rocks (Winograd and Thordarson, 1975; Prudic
and others, 1995).

Faults can disrupt stratigraphic continuity,
thereby diverting water in regional circulation to subre-
giona and local outlets. Within the Death Valley
region, faults and related fractures exert the greatest
influence on ground-water flowing through bedrock
aquifers (Faunt, 1997).

Ground-water flow is controlled also by litho-
logic variability along flow paths. In basin-fill sedi-
ments, changing depositional environments over short
distances may result in substantial facies changes that
can affect transmissivity and hydraulic conductivity,
particularly where silt and clay become intermixed or
interbedded with sand and gravel (Plume, 1996). In
volcanic rocks, acharacteristic change from lavaflows
to welded tuffs and, ultimately, non-welded and bed-
ded tuffswith increasing distance from eruptive centers
can cause hydraulic properties of the stratigraphic unit
to exhibit great spatial variability (Laczniak and others,
1996).

Lateral facies changes within Paleozoic rocks
might affect permeability. For example, a westward
facies change in Mississippian rocks from predomi-
nantly limestone and dolomite to predominantly argil-
lite and quartzite produce a barrier to regional ground-
water flow in the vicinity of the NTS (Winograd and
Thordarson, 1975). Cambrian and Proterozoic clastic,
igneous, and metamorphic rocks force water upward
into overlying aquifers and create flow-system bound-
aries throughout the Death Valley region (Winograd
and Thordarson, 1975).

HYDROGEOLOGIC SETTING 5



Factors other than lithology and structure in
the Death Valley region that influence permeability
and ground-water flow include increasing cementation
of basin-fill sediments with age and decreasing
fracture volume in bedrock aquifers (Winograd and
Thordarson, 1975), alteration and welding in tuffs
(Laczniak and others, 1996), and the effects of hydro-
chemical changes in response to thermal gradients
(Moore and others, 1984).

Hydrogeologic Units

Physical characteristics were used by Winograd
and Thordarson (1975) to group geologic formations of
hydrologic significance in the vicinity of the NTS into
HGUs. The seven HGUs defined by Winograd and
Thordarson (1975), from oldest to youngest are: the
lower clastic aquitard (currently termed the lower con-
fining unit); the lower carbonate-rock aquifer; the
upper clastic aquitard (currently termed the upper con-
fining unit); the upper carbonate-rock aquifer; the tuff
aquifers (currently termed volcanic-rock aquifers); vol-
canic aquitards (currently termed the volcanic confin-
ing units); and the valley-fill aquifer (currently termed
alluvial aquifer). The lower confining unit forms the
basement and generally is present beneath the other
units except in caldera complexes. The lower carbon-
ate-rock aquifer is the most extensive and transmissive
in the region, but does not control ground-water flow
within the caldera complexes. The upper confining unit
is present in the north-central section of the NTS and
restricts flow between overlying and underlying units;
this unit also is associated with many of the steep
hydraulic gradients in and around the NTS. The upper
carbonate aquifer exists where it is physically sepa-
rated from the lower carbonate aquifer by the upper
clastic confining unit. The volcanic-rock aquifers and
the volcanic confining units form a stacked series of
alternating aquifers and confining units in and around
the Southwest Nevada Volcanic Field (SWNVF). The
volcanic-rock aquifers are moderately transmissive and
are saturated in the western section of the NTS. The
alluvial aquifer, though discontinuous, forms an impor-
tant regional aquifer.

The major HGUs originally defined by Winograd
and Thordarson (1975) form the basis of HGUs used
in previous modeling studies (D’Agnese and others,
1997; IT Corporation, 1996a), in the ongoing DVRFS
transient modeling study (Claudia Faunt, U.S. Geolog-
ical Survey, written commun., 2001), and in this report.

Although all the major geological features were
retained, many of the smaller geologic units were
grouped into larger entities by generalizing lithologic
and hydrologic properties of the formations (fig. 3).
Furthermore, the categorization of aquifers and confin-
ing units as distinct strata fails to account for structur-
ally and lithologically controlled variations in
hydraulic properties within geologic units and vertical
ground-water flow between geologic units with differ-
ent lithologies. On a regional scale, those factors exert
strong influences on ground-water flow. While these
terms are a useful designation, readers are cautioned
about inferring hydraulic properties for a particular
HGU, generally obtained from local-scale tests, to the
hydraulic connectivity regional scale.

The DVREFS transient modeling study has further
subdivided the unconsolidated sediments and consoli-
dated rocks into 19 HGUs (table 1). For the purposes of
this study, several of the DVRFS transient model
HGUs were combined into a single HGU, such that a
total of 11 HGUs are used (table 1). Each of the 11
HGUs has a quasi-uniform geological, structural, and
hydrological characteristic and is laterally extensive.

DATA ANALYSIS AND SYNTHESIS

In this study, all aquifer-test results compiled
from published reports were verified by re-analyzing
the aquifer-test data using analytical solutions appro-
priate to the hydrogeologic setting in which those tests
were conducted. If the published results agreed to
within a factor of 2, the published results were
accepted. If the difference between the published data
and the independent calculations exceeded a factor of
2, and no independent justification was found for using
the published data, the calculated values were reported.
Because of the uncertainty associated with converting
specific capacity data to transmissivity values, specific
capacity data were not used. Because of the low vol-
ume of geologic material samples, results from the per-
meameter tests were not used in the analyses discussed
in this report (with the exception of the clastic confin-
ing units). Following the elimination of suspect data
and the addition of newly analyzed data, statistical
methods were used to evaluate the distribution of
hydraulic properties in the 11 DVRFS derived HGUs.
Except for wells located on the Colorado Plateau in
Utah, figure 2 shows the locations of the wells and
boreholes used to collect data for the estimation of

6  Hydraulic-Property Estimates for Use With a Transient Model of the Death Valley Regional Flow System
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Figure 3. Surface distribution of hydrogeologic units in the Death Valley region.
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Table 1. Geologic units and hydrogeologic units in the Death Valley regional ground-water flow system (DVRFS)

Hydrogeologic unit
(this report)

Representative geologic units

Proposed transient
DVRFS hydrogeologic unit !

Younger and older alluvial aqui-
fers
(YAA and OAA)

Alluvial confining unit (ACU)

Lava flow unit (LFU)

Younger volcanic unit and
volcaniclastic and sedimentary
rocks unit (YVU and VSU)

Tertiary volcanic rocks

Older volcanic unit (OVU)

Intrusive confining unit (ICU)

Quaternary stream-channel alluvium
Quaternary eolian deposits
Quaternary-Tertiary fan alluvium
Quaternary-Tertiary landslide deposits

Quaternary-Tertiary lacustrine and
playa sediments;

Quaternary-Tertiary spring-carbonate
deposits

Basalt of Crater Flat-Amargosa Valley area
Basalt of Jackass Flats

Post-Thirsty Canyon basalt flows

Funeral Formation

Basalt of Lunar Crater area

Furnace Creek Formation
Artist Drive Formation
Muddy Creek Formation
Horse Spring Formation
Pavits Spring Formation
Panuga Formation
Amargosa Valley Formation
Titus Canyon Formation
Sheep Pass Formation

Volcanics of Fortymile Canyon
Volcanics of Stonewall Mountain
Thirsty Canyon Group

Timber Mountain Group
Paintbrush Group

Crater Flat Group

Belted Range Group

Calico Hils Formation
Wahmonie Formation

Kane Wash Tuff

Tub Spring Tuff

Hiko Tuff

Shingle Pass Tuff

Monotony Tuff

Volcanics of Quartz Mountain
Volcanic of Oak Spring Butte
Volcanics of Kawich Valley
Tunnel Formation

Leach Canyon Formation
Pahranagat Formation

Tuff of Williams Ridge and Morey Peak

Tertiary intrusive rocks
Cretaceous intrusive rocks
Jurassic intrusive rocks

Younger alluvial aquifer (YAA)
Older alluvial aquifer (OAA)

Alluvial confining unit (ACU)

Lava flow unit (LFU)

Younger volcanic unit (YVU)

Volcaniclastic and sedimentary
rocks unit (VSU)

Thirsty Canyon/Timber Mountain
volcanic aquifer (TMVA)

Paintbrush volcanic aquifer (PVA)
Calico Hills volcanic unit (CHVU)
Wahmonie volcanic unit (WVU)
Belted Range/Crater Flat unit (BRCFU)

Older volcanic unit (OVU)

Intrusive confining unit ICU)
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Table 1. Geologic units and hydrogeologic units in the Death Valley regional ground-water flow system (DVRFS)— Continued

Hydrogeologic unit
(this report)

Representative geologic units

Proposed transient
DVRFS hydrogeologic unit !

Chinle Formation
Moenkopi Formation
Kaibab Limestone
Toroweap Formation
Permian redbeds

Sedimentary rocks confining unit
(SCU)

Upper and lower carbonate
aquifer (UCA and LCA)

Monte Cristo Group
Pogonip Group
Joana Limestone
Guilmette Formation
Nopah Formation

Bonanza King Formation

Carrara Formation

Ely Springs Dolomite
Bird Spring Formation
Simonson Dolomite
Sevy Dolomite
Laketown Dolomite
Ely Springs Dolomite

Eleana Formation
Chainman Shale
Johnnie Formation
Pilot Shale

Upper and lower clastic confining
units (UCCU and LCCU)

Wood Canyon Formation

Zabriskie Quartzite
Stirling Quartzite
Pahrump Group

Crystalline confining unit (XCU)

Middle Proterozoic igneous
and metamorphic rocks

Sedimentary rocks confining unit (SCU)

Upper carbonate aquifer (UCA)
Lower carbonate aquifer (LCA)

Upper clastic confining unit (UCCU)

Lower clastic confining unit (LCCU)

Crystalline confining unit (XCU)

! Claudia Faunt, U.S. Geological Survey, written commun., 2001.

hydraulic properties presented in this report. The Colo-
rado Plateau wells are not contained in the USGS
National Water Information System (NWIS) database
and do not have exact locations associated with them.
These wells were included in the analysis of hydraulic
properties because they are completed in the sedimen-
tary confining unit (table 1), of which data are sparse in
the DVRFS.

The following hydraulic parameters are the pri-
mary focus of this study because of their use in ongoing
numerical flow-modeling studies. The parameters were
defined by Lohman (1979, p. 6 and 8):

Hydraulic conductivity (unit length per unit
time): The coefficient that describes the ability of a
geologic medium to ““... transmit in unit time a unit vol-
ume of ground water at the prevailing 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 unit length of flow.” Hydraulic
conductivity can be calculated by dividing the trans-
missivity by the aquifer thickness (Lohman, 1979).

Transmissivity (square unit length per unit
time): “... The rate at which water of the prevailing
kinematic viscosity is transmitted [horizontally]
through a unit width of the aquifer under a unit hydrau-
lic gradient.”

Specific yield (unitless): “The ratio of (1) the vol-
ume of water which after being saturated, it [rock or
soil] will yield by gravity to (2) its [rock or soil] own
volume.” Specific yield is virtually the same as the
storativity for unconfined aquifers.
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Storage Coefficient or Storativity (unitless):
“The volume of water an aquifer releases from or takes
into storage per unit surface area of the aquifer per unit
change in head.”

Methods Used to Analyze Aquifer Tests

Aquifer tests in unconsolidated sediments
throughout the Death Valley region were analyzed by
conventional methods developed for porous media
(Dawson and Istok, 1991; Driscoll, 1986; Lohman,
1979). Because the consolidated sedimentary and igne-
ous rocks of the region tend to be heavily fractured and
the aquifer volume generally is large enough to permit
an equivalent porous-media response to pumping,
porous-media analysis methods were deemed ade-
quate. This assumption is examined in more detail in
the section “Fractured Media and Equivalent Porous
Media.” Once a match has been determined, a point is
selected and the corresponding coordinate values for
head, time, dimensionless head, and dimensionless
time are selected.

Several different methods were used to analyze
the data which were acquired from tests of constant-
rate pumping, slug (injection and bailing), swabbing,
and drill stem. Common analytical methods are briefly
described below, while details can be found in the cited
references. Uncommon analytical methods used in this
study are cited with the aquifer-test results (app. A).

Constant-rate pumping and injection tests were
analyzed by curve-fitting methods. Theoretical solu-
tions to aquifer-test problems are represented as dimen-
sionless curves. Data in the form of water levels or
recovery are plotted as a function of elapsed time on
log-log scales. These data curves are then matched to
the dimensionless curves. These match-point values
are then substituted into analytical equations to esti-
mate hydraulic-property values. The Theis (1935) solu-
tion was used for aquifer tests in non-leaky confined
aquifers. Residual drawdown in pumping tests and
residual water-level rise in injection tests were ana-
lyzed to determine transmissivity, storativity, and, if
the representative thickness of the aquifer is known,
hydraulic conductivity. For this method, water-level
change was plotted as a function of the log of the ratio
of elapsed time since pumping or injection started to
the elapsed time since pumping or injection ceased
(Theis, 1935). The Theis method, as do those methods
discussed below for confined aquifers, assumes that
observation wells completely penetrate homogeneous,

isotropic, confined aquifer of infinite extent. Curve-
fitting techniques for estimating transmissivity and
storativity for leaky, confined aquifers without storage
in the confining unit were developed by Hantush and
Jacob (1955) and Cooper (1963). Curve-fitting meth-
ods for estimating the transmissivity and storativity for
leaky, confined aquifers with storage in the confining
unit were developed by Hantush (1961) and Bourdet
(1985). For unconfined aquifers with anisotropy but
using the other assumptions previously mentioned for
confined aquifer methods, Boulton (1963), Stallman
(1965), and Neuman (1975) developed curve-fitting
techniques to estimate transmissivity, anisotropy, and
storativity. It should be noted that the Neuman (1975)
method may not be appropriate for use with fractured
rock. Fractured rock has a “dual-porosity” response
that comes from the immediate de-watering of fractures
(being the most permeable), followed by the delayed
response of de-watering from the matrix. The Neuman
(1975) method assumes that this delayed response is
due to aquifer depressurization and dewatering. In frac-
tured rock, the delayed response is believed to be from
the exchange of water between fractures and matrix
rock. Neuman analyses reported in the database are pri-
marily from non-fractured media (e.g., alluvium).
Where the Neuman (1975) method was applied to frac-
tured volcanic rocks, the database (app. A) contains the
previously published values. Because of the above-
mentioned conditions, vertical anisotropy estimates for
fractured rock using the Neuman method are suspect.

In fractured hydrogeologic media, fluid can be
contributed to the system either from fractures or the
matrix. This “dual-porosity” concept involves the
exchange of water between the fractures and the
matrix. Several specialized methods involving this
concept have been developed, some of which were
used in the published hydraulic-property estimates
compiled for this report. The two methods whose
results are reported in the database are by Moench
(1