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PREFACE

This report on the water resources and development potential of Cave Valley is one of a serjes
of reports on hydrographic basins in southern and castern Nevada. It was prepared by the staff
of the Las Vegas Valley Water District and Thomas S. Buqo and James V. Tracy, both
consulting hydrologists to the District, in conjunction with the staff of The MARK Group,
Engineers & Geologists, Inc. Primary authors of this report are Kay Brothers, Thomas §.
Buqo, James V. Tracy, Mark Stock, Craig Bentley, Andrew Zdon, and John Kepper. David
J. Donovan prepared the report figures. Information used in performing this work was provided
by the Nevada State Engineer’s office, the U.S. Geological Survey, Summit Engineering, Inc.,
and the U.S. Air Force. Additional information and technical assistance was provided by the
staff of the Research Department of the Las Vegas Valley Water District, under the direction
of Terry Katzer, Director.
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INTRODUCTION

ground-water rights in Cave Valley located in Lincoln and White Pine Counties, Nevada. Since
the time of these water right filings, the District has conducted extensive investigations of this
area including the collection of basic hydrologic data, a water rights inventory, the synthesis of
all published and agency information on the water resources of the area, and the development
of conceptual and numerical models of the valleys. This report details the hydrologic
assessments of Cave Valley that was conducted, and the steady-state ground-water flow model
developed to represent the aquifer systems.

BACKGROUND

Cave Valley is located about 150 miles north of Las Vegas, Nevada, and 35 miles northwest of
Pioche, Nevada (Figure 1). The northern third of Cave Valley is located in White Pine County
and the southern part in Lincoln County. On the basis of the geology of the basin, the
hydrogeology of neighboring basins and limited test drilling performed as part of the U.S. Air
Force’s MX Missile water resources program, it is known that the regional carbonate aquifer
underlies Cave Valley.

To assist its efforts in formulating final plans for developing the water resources of Cave Valley,
the District developed a numerical model of the ground-water flow regime. A numerical model
is a computer code which translates the mechanics of ground-water flow through the earth
through a series of mathematical equations. By coupling the available information on the basin
(and similar valleys in Nevada) with the predictive capabilities of the model, it is possible to
estimate the response of the ground water to the proposed water withdrawals by the District,

The development of a ground-water flow mode] for Cave Valley serves two important purposes.
First, it is a useful planning tool in developing well field designs by allowing water supply
design experts to simulate the efficiency of different design alternatives; secondly, it allows

planners to simulate the potential effects of the water withdrawals, if any, on neighboring water
users, and the environment.
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Both beneficial and negative impacts may result from ground-water withdrawals from the valley-
fill deposits and/or the regional carbonate aquifer in the arid basins of Nevada. The benefits
derived from the application of currently unused ground-water to beneficial use is, of course,
the primary positive impact. The economic impact of large-scale ground-water development
programs, such as that proposed by the District, is likely to be appreciable and the project is
likely to result in significant short-term and long-term economic benefits. The proposed
program will require the cooperative efforts of large teams of scientists, engineers, and water
planners, and the services of the water well and construction industries,

Beside the favorable economic impacts expected to result from the proposed development of
ground water in Cave Valley, negative impacts can occur, The primary negative impact of
ground-water withdrawals is the lowering of ground-water levels in the vicinity of the production
wells; this lowering of water levels is commonly referred to as drawdown. If the long-term
drawdown near a pumping well, or a wellfield in any given valley, is significant, then the
direction and rate of ground-water flow can be altered and potentially may result in:

® Increased pumping lifts and costs;

® Reductions in spring-flow rates;

® Reductions in surface-water flows; and
® Degradation of water quality,

associated riparian habitats; 3) springs that either support wildlife or have been developed for

ranching, mining, quasi-municipal, or domestic uses; and 4) areas where ground water provides
the sole source of drinking water for 3 community.




The use of numerical methods to simulate water withdrawals in Cave Valley provides a tool for
predicting the effects that would be expected to result from proposed District development.
Recently, the U.S. Geological Survey (USGS) has reported the findings of a cooperative study
of the water resources potential of the carbonate aquifer conducted in cooperation with the U.S.
Bureau of Reclamation, state and local agencies, including the District (Dettinger, 1989). This
report recommends the effective use of computer models for predicting the site-specific effects
of water withdrawals from the carbonate aquifer. The report concluded that increased
confidence in such predictions can be achieved through a staged approach to development
coupled with adequate monitoring and interpretation. The development of a computer model of
the steady-state ground-water flow regime in Cave Valley, performed as part of this
investigation, represents one of the first steps in implementing such a staged approach.

¢
¢
¢
¢
¢
¢
¢

The steady-state ground-water model, described in this report, provides a preliminary
representation of the aquifer system based upon the information available at this time. As
additional data becomes available through District efforts, the model of the ground-water flow

regime for the valley can be updated accordingly to provide a more refined representation of the
hydrologic system.

PURPOSE AND SCOPE

The purpose of this project was twofold: 1) to define the hydrologic conditions of Cave Valley,
and 2) to develop a calibrated steady-state ground-water flow model of the valley. The specific
objectives of these investigations were to:

Collect land use data in the valley;

Compile and review published reports and unpublished data on the basin;
Interpret the available data and determine the characteristics of the basin; and
Prepare a computer model to simulate steady-state ground-water flow in the basin.

To achieve these objectives, a detailed investigation of the hydrologic conditions of Cave Valley
was conducted. The scope of work included a review of all available published and unpublished
data, the evaluation of the occurrence and movement of ground water and water chemistry, and
the development of conceptual and steady-state numerical models of the hydrogeologic regime
of the valleys. The basin characterization information and steady-state flow model discussed in

this report will be used by the District to develop a transient, regional model including Cave
Valley’s ground-water regime.

LOCATION AND PHYSIOGRAPHIC SETTING

Cave Valley (Figure 1) is located in northern Lincoln County and southern White Pine County,
150 miles north of Las Vegas and 35 miles northwest of Pioche, Nevada. Access to the area
is by State Highway 118 or U.S. Route 93 and by graded dirt roads through Shingle and
Patterson Pass in the middle of the valley or by roads extending into the north and south ends
of the basin. Cave Valley is bounded on the west by the Egan Range and on the east by the



1ts west side and the Coyote Wash fault on the east. A low ridge underlain by Tertiary volcanics
closes off the south end of the basin and a narrow alluvial divide between the two carbonate
ridges separates Cave Valley from Steptoe Valley to the north.

n the basin are relatively short and steep, with gradients ranging
r mile. Channels that dissect these surfaces have gradients in the

AVAILABILITY OF DATA

Cave Valley is located in a remote and largely unpopulated portion of Lincoln and White Pine
Counties, and only reconnaissance level evaluations of the water resources of the area are
available. Other available information includes published reports by the Nevada Bureau of
Mines and Geology, the USGS, and the Desert Research Institute. In the late 1970s and early

1980s, the valley was also Investigated by the U.S. Air Force as part of their MX Water

Well data are available for at least 16 locations in Cave Valley and shown in Table 1. Appendix

A provides an explanation of the well location designations used in Table 1 and throughout this
s report.

5




CEPP PP LS B VS TS OSSO U S SV PSS S PSS SS ST

06/ /¥ 0L78699 of 6¥1 3r9 0I5 9 TI2A 1900 L12qqoy 1QE90 949 OIN ot
29591701 0b°0099 09°61 0299
8S/STIL 022099 08'LY 099 org 0T wmaon W 1GVYVSZ £93 OIN st
06/12/€ ST'LRI9 SL'TET oIy
08/ /¢ 00°1L19 00°65C olby u
; ¥9/8/9 00°Z519 00°852 0149 Ro01§ sis M SIEA 9D £ g TQRAOHLE Y9 6N ¥l
| ) oolo pamup) z 00T 0861 XW-§980 1aV0T +93 6N £
Lq o¥e pomupy z 101 6L61 XW-sosn TYVRI #99 6N 4]
08/ it wory 069 yorg ¥ tonmg ey 1099 93 6N 1
299101 00°8669 00z 0059 9t * IVI0 £93 6N o1
06/12/€ 07's9LS 03°#IE 0809
LA R 61°09LS 1w61E 0809
08/ /¢ 00°85LS 00°ZZE 0809
e 01°698S 06°0£€ 0809 o5 9 TP HImes 7 ennizp 108300€ +93 8N 6
06/1%/€ 6972385 U 0919 001§ SLE 8961 sy ;) Wid 1D8D8ST +99 3N 8
08/TUE ££°6809 L9'0€T 0279
E8/LT/Y L5809 8T bl 0779 o5 oM fuipoes / Wig 1QAEvHo v9d 8N L
08/ It 00°$8LS 00°S1Z 0009
9/91/¥ 00°08LS 00°0ZZ 0009 1374 1o sing 1aast v93 (N 9 v
06/12/¢ 05°16LS 05827 0209
/Ly 90°BRLS +6°I€Z 0z0s
0861 00°L8LS 00'§€T 0709 01§ 9 14 TR AAIBA 248D 1 WG IAvEast £949 LN s
0611t 07'98LS 0%°€22 0109
o8/sz/o01 08°'8LS 0Z1€ olo9 poenupy z (744 0861 XIN-SDSN 79Qvarl €99 LN b
0612 0£'98LS oL'€zT o109
08/5T/01 08°6LLS 09082 o109 posnupy z wr 0861 XW-5980 19aves! €93 (N 3
06/12/E 01°98L8 06'22 6009
£8/8/11 62°I8LS TR 774 6009
£8/6/6 0T°z8LS 08'92Z 6009
£8/8T/L 114 125 L8972 6009
£8/L1/Y €£728LS L9z 6009
08/5Z/01 00°08LS 00'672 6009 96t 8YILISIT posnupy ot (137 086! XW-sosn 1aavert £93 LN z
06/12/¢ 01°1129 06'8 0729 pawnup) oM 3ury PaRSANTE 1022 €99 SN T
rlr..ll.ll.llllnl.l......l..l..ll..lullll %ﬁ l.lI.llI-I.llL.lllI.lI...IIlIlI.ll]_ul|..l.[l| 1
uMopMRI(}
pasmevagy A PAY] ) Ayoudery WOZ/PPIK L N
g AT e Jm M yroadg R oy e maurei pdag fox Jumppurey jPpm voReso] (P M

"KSITeA 9AB)) ‘AIOJUSAUI [IOpM--*] 2GR



The primary source of data for Cave Valley is a reconnaissance report authored by Eakin
(1962). Investigators of the regional flow system and adjacent valleys have included Ertec
Western (1981); Thomas, et al. (1986); Harrill, et al. (1988); Kirk and Campana (1988); and
Dettinger (1989). The sources of recent data available for this valley includes: 1) details on
water well construction from Well Drillers Reports filed with the Nevada State Engineer Office;
2) water level, spring discharge, and water chemistry data and the results of aquifer tests from
the USGS databases; and 3) the results of aquifer tests and exploratory drilling into the carbonate
aquifer by the Air Force during 1980 and 1981.

Other available data included technical reports of the Nevada Department of Conservation and
Natural Resources, USGS Professional Papers, Water-Supply Papers, and Open-File Reports,
and cooperative reports on the regional carbonate aquifer study conducted in 1988,
Characterizations of the regional setting, particularly those by Eakin (1962), Kirk and Campana
(1988), and the recent publications by the USGS, provide important, and accepted regional
interpretations that are also of considerable use in evaluating Cave Valley.

Information on the status of water rights in the valley was made available by Summit
Engineering Corporation (SEC) in the form of water right abstracts which are included in
Appendix B. According to SEC, these abstracts were based upon a thorough compilation and
review of the public documents available from the Nevada State Engineer Office, the regulatory
authority governing water rights in Nevada.

The conceptual and numerical models of Cave ‘Valley, discussed later in the report, were based
on the available site-specific and regional data discussed in the previous paragraphs, the
observations made during reconnaissance trips to the valley, and the knowledge of the overall
regional ground-water setting.

METHODS

In assessing the water resources potential of Cave Valley, and developing a steady-state
numerical model of the ground-water system of the basin, only standard approaches and
procedures were used. In this section, the methods and procedures that were used are identified
and discussed, along with a brief introduction to the selected numerical modelling code.

Data Collection and Compilation

Primary hydrologic data (i.e., new field measurements) were performed as part of this
investigation by The MARK Group, Engineers & Geologists, Inc. Data from the USGS Water
Resources Division’s databases that included the most recent measurements available, were
provided through the District along with well drillers reports, published reports, and maps. A
literature search was conducted to identify and compile data from available published sources.




The locations and data sources were verified by comparing reported or entered data point
locations and parameters with field observations and/or the published source of information,
Spatial data sets (e.g., water levels, water chemistry, and water right locations), were plotted
at uniform scales and annotated. The resulting maps were inspected for anomalous values and
further verification was performed to resolve any anomalous data points,

Numerical Model Development

The model used to simulate the ground-water regime of Cave Valley is a computer code
prepared by the USGS and referred to as MODFLOW (for "Modular Three-Dimensional Finite-
Difference Ground-Water Flow Model"). The USGS has prepared comprehensive
documentation for this code in one of their series of manuals on techniques of water-resources
investigations (McDonald and Harbaugh, 1988). A discussion of the general approach used in

modelling, and the specifics of the model developed for the basin are detailed in the "Model
Development" section.

GENERAL HYDROGEOLOGIC FEATURES

The development of numerical simulations of the proposed District ground-water withdrawals
in Cave Valley requires a thorough understanding of the hydrologic regime of the basin. The
information that is available concerning the valley, and adjacent or similar areas, is used to
develop a conceptual model of the source of water in the valley, its occurrence and flow in the
subsurface, and the relationship between Cave Valley and adjacent basins. In this section, the
regional and valley-specific hydrologic conditions of Cave Valley are described and discussed.

REGIONAL AND BASIN HYDROGEOLOGIC FEATURES

Cave Valley is situated in the Alluvial Basins Ground-Water Region as defined by Heath (1984).
Individual hydrographic basins in this region are characterized by alluvial basins that are
underlain by bedrock, and are separated by the bedrock outcrops in the bounding mountain
ranges, or, in some instances, by lower divides in alluvial terrain,

When ground water flows from one basin to another, the basins are termed to be part of a
regional flow system. Cave Valley is located in the White River Flow System which is a subset
of the Colorado River Flow System as-defined by Harrill, et al. (1988). This flow system
comprises 36 individual hydrographic basins. Some of the ground water that originates as
precipitation over the upland areas of Cave Valley may ultimately, after hundreds or thousands
of years, discharge out of the system at Moapa. This water, after being discharged from Cave
Valley into White River Valley, ultimately reaches the Colorado River through a pathway
combining ground-water, spring, and surface-water flows,
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The sequence in the Schell Creek Range is similar to that in the Egan Range. Tuffs and dacitic
volcanics overlie a Pennsylvanian limestone aquifer. In the northern part of Cave Valley, the
older Paleozoic rocks (Devonian and older) are present while Silurian and younger Paleozoic
rocks predominate in the southern part of the range. The Chainman Shale is present and is
overlain by the Scotty Wash Quartzite (aquitards). Underlying the Chainman Shale is the same
sequence of post-Cambrian, Paleozoic rocks present in the Egan Range. The Cambrian rocks
of the Schell Creek Range include the upper limestone and dolomite which is included with the
Pogonip Group as an aquifer, the Dunderberg Shale (aquitard), the Highland Peak Formation
equivalents (Emigrant Springs limestone, Patterson Pass Shale, and Pole Canyon Limestone),
a potential aquifer, the Pioche Shale, and the Prospect Mountain Quartzite (aquitards).

The aquitards, the Chainman Shale, Pilot Shale, Eureka Quartzite, Dunderberg Shale, Pioche
Shale, and Prospect Mountain Quartzite are of particular significance because of their poor water
transmitting characteristics. On the east side of the basin, in the Schell Creek Range north of
T8N, sediments of Cambrian age predominate and include the Pole Canyon Limestone, the
Pioche Shale, and the Prospect Mountain Quartzite. Although the limestone unit may be capable

of transmitting some ground water, overall, the Cambrian units have low transmissivities and
serve as an aquitard.

The springs in the upland areas in the northern part of Cave Valley appear to be the result of
the hydraulic effects of these aquitards. A springline along the east side of the valley (including
Wildcat Canyon, Sagehen, Brush, and Wall springs) suggests that the Cambrian units are not
capable of transmitting all of the recharge that occurs over the Schell Creek Range. On the west
springlines on both the eastern and western slopes of the Egan Range suggests that aquitards of

Paleozoic -age (Pilot Shale, Chainman Shale, and Eureka Quartzite) have a similar effect on
recharge-discharge relationships.

Volcanic rocks, comprising primarily tuffs, occur along much of the eastern slopes of the Egan
Range. In the Schell Creek Range, volcanics are limited to the southern part of the basin with
tuffs and dacites present over an area of about five square miles located east and northeast of
the playa. Undifferentiated volcanics have also been mapped at the southeastern most part of
the basin. A small granitic stock is located just east of these volcanics, in the vicinity of the
Silver King well. This intrusive and the volcanic rocks at the southern end of the basin may
impede the flow of water between Cave Valley and White River Valley in this area.

In the valley floor area, the consolidated rocks are overlain by valley-fill deposits. These
deposits include younger and older alluvium, playa deposits, older gravels, and younger lake
beds. The older alluvium and older gravel deposits include fanglomerates deposited in a
continuous apron along the eastern alluvial fan and along the northwestern and southwestern
fans. The younger lake deposits have only been mapped in the southern part of the basin (south
of T8N) but Tschanz and Pampeyan (1970) indicate that a middle Pliocene to Early Pleistocene
lake was present in all of Cave Valley and that by Late Pleistocene time, the lake was reduced
to only the southern part of the basin. Thus the valley-fill deposits in the northern part of the

12

i

P W e NN SN S See e e e .



basin may be somewhat more fine-grained at depth. Younger alluvial deposits are limited to the
vicinity of Cave Valley Wash.

‘Table 2 presents the available data on the hydraulic characteristics of the rocks and

unconsolidated sediments that are present. These parameters, and other features, are discussed
for each modelled hydrostratigraphic unit in the following sections.

Table 2.--Summary of transmissivity and hydraulic conductivity values in southern Nevada.

Number of
Samples
=== A R
7

Reference

Valley Fill 321 Winograd and Thordarson (1975)
25,920 259,200 - 2 Burbey and Prudic (1985)
Tuff/Volcanic 6.7 9,090 281 5 Winograd and Thordarson (1975)
259 - - 1 Burbey and Prudic (1985)
Carbonate 174 - 11,496 1,470 11 Winograd and Thordarson (1975)
11 250,000 2,100 31 Unpublished USGS Data
86 43,200 4,320 5 Burbey and Prudic (1985)

Hydraulic Conductivity (ft/day)

Number of
Samples

Aquifer

Minimum Maximum

Reference

Valley Fil] 0.02 140 Plume and Carlton (1988) r
Carbonate 0.01 940 5.40 38 Unpublished USGS Data

0.02 1.53 0.18 8 Winograd and Thordarson (1975)
Clastic 0.006 0,10 0.02 4 Unpublished USGS Data

‘ Average value for 18 tests in 14 basins

Based upon the available information, the alluvial deposits of Cave Valley can be considered as
a single hydrostratigraphic unit, Unlike many other areas in the Great Basin, younger alluvial
deposits are very limited in Cave Valley, forming only thin deposits along the major valley

drainage. The playa sediments and older alluvium are less permeable and predominate over
much of the basin.
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The thickness of the valley-fill deposits in the northern part of the basin is about 2,600 feet with
about 1,200 feet of Quaternary alluvium and lake beds and about 1,400 feet of older lake beds,

In the southern part of the basin, more than 6,000 feet of valley-fill deposits are believed to be
present.

The flow of ground water through the valley-fill aquifer is primarily through the interstitial
porosity. However, flow is controlled by the variations in the relative permeabilities of the
interbedded materials. The fine-grained deposits of the lake and playa and similar alluvial
materials can be expected to be several orders of magnitude less than younger alluvial deposits
of sand and gravel. The older alluvial deposits probably exhibit transmissivities between those
of the lake deposits and younger alluvium while the fanglomerates, because of poor sorting and
cementation, probably have transmissivities closer to those of the lake deéposits.

On a regional basis, the transmissivity of the valley-fill deposits ranges from about 320 to
259,000 ft¥/day according to Burbey and Prudic (1985) and Winograd and Thordarson (1975).
The transmissivity of the alluvium in a given valley or hydrologic setting is a function of both
the permeability and the saturated thickness of the aquifer. Low values of transmissivity (less
than 670 ft*/day) generally indicate fair to poor well yield potential while high transmissivity

wells (greater than 6,700 ft*/day) may be capable of producing yields in the hundreds or even
thousands of gallons per minute,

As with most of the undeveloped basins in east-central Nevada, data on the transmissivity of the
valley-fill aquifer in Cave Valley is limited. Bunch and Harrill (1984) report two transmissivity
values for Cave Valley, 8,800 ft*/day for a well at Section 14AB2, T17N » R63E and 2,400
ft*/day for a shallow (200-263 ft) observation well at the same location. Testing was conducted
at a constant discharge rate of 225 gallons per minute for 160 hours. During testing, the
maximum drawdown in the pumping well was 114.8 feet while only 3.6 feet of drawdown was

onsolidated Rock

The carbonate sequence in Cave Valley consists of thick sequences of Paleozoic limestones and
dolomites separated by thinner aquitards of shale or quartzite. Collectively, the Paleozoic rocks
present comprise the numerous individual rock units that were previously discussed, and have
an overall thickness of tens-of-thousands of feet, Flow through the carbonate aquifers is
believed to occur primarily through fractures and solution openings, and is likely to the
concentrated in areas of greater fracture frequency. Except in areas of structural or stratigraphic

anomalies, the hydraulic gradient in the carbonate aquifers is likely to be low because of high
transmissivity, -

The movement of ground water across the contact between the valley-fill aquifer and the
carbonate aquifers depends on the potentiometric heads in each aquifer. In areas where the head
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such as the Shingle Pasg fault.

Tepresent a partja] hydraulic barrier to ground-water
these rocks probably also underlie the valley-fi]] deposits, Except where intensely fractured,

these rocks are not likely to be significant aquifers and Probably tend to impede the regional
flow of water in the Subsurface.

The Tertiary volcanic and intrusive rocks that outcrop in the mountains of Cave Valley probably
flow. In the southernmost part of the basin,

Structura] Features

authors as ejther a normal fault with very large Stratigraphic offset Or a strike-slip fay]t, The
Presence of intrusive volcanic rocks adjacent to the Structural blocks Suggests that they may be
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of gravity-glide origin, Regardless of their structural history, the blocks are of special
significance with respect to ground-water flow in Cave Valley.

As mapped by Tschanz and Pampeyan, the sediments immediately south of the Shingle Pass fault
dip to the south-southeast at about 30° and include, in ascending order, the Dunderberg Shale
(aquitard), Pogonip Group (aquifer), Eureka Quartzite (aquitard), and the Ely Springs Dolomite
through the Guilmette Formation (aquifer). The thickness of the Dunderberg Shale in outcrop
and its attitude suggests that this unit represents a barrier to ground-water flow and effectively
isolates most of northern Cave Valley from the southern part of the basin.

There may be some leakage across this barrier in the vicinity of Cave Valley Wash but, given
the multiple aquitards present above the Dunderberg Shale (Eureka Quartzite, Pilot Shale, and
Chainman Shale) such leakage is likely to be minimal. The presence of this barrier suggests that
the flow of ground water out of Cave Valley is primarily through the Shingle Pass area into
White River Valley.

This flow, estimated at about 14,000 acre-feet per year is restricted to a fairly narrow flow
pattern that is coincident with the fracture zone associated with the Shingle Pass fault. The flow
is probably predominately through the fractured Pennsylvanian and Permean carbonate rocks to
the north of the fauit.

WATER RESOURCES APPRAISAL

To develop a steady-state ground-water flow model that is representative of Cave Valley’s
hydrologic system, it is necessary to define the magnitude of the water resources available in the
basin and the basin’s development history. The following sections present the available
information on the surface and ground-water resources of the valley.

Figure 4 shows a conceptualization of the overall hydrologic system of Cave Valley. Each of
the major components of the water budget for the basin is discussed in detail in the following
sections. It should be noted that there are not a large number of wells in the basin, and detailed
hydrologic studies have not been conducted. Therefore, the development of the conceptual
model of the valley must rely, in part, upon inference based upon the data that are available and
the analogy to other basins in eastern and southern Nevada that share similar characteristics.

SURFACE WATER

An accurate simulation of a hydrogeologic system requires an understanding of the surface water
conditions and the significance of surface water in the overall water budget for a given

hydrographic basin. This section describes the general conditions of the surface water regime
of Cave Valley.
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General Conditions

GROUND WATER

It is necessary to understand the conditions and characteristics of the ground water in Cave
Valley to develop an accurate numerical simulation. This section discusses the ground water
occurrence, source, movement, chemical quality, and budget for Cave Valley.

Occurrence

Little is known of the Paleozoic rocks beneath the

deep in most parts of the valley to be considered an economic source of ground water.

Geophysical and lithologic logs from three oil exploratory test wells indicate that the top of the

valley floor, except that they probably are too

and southern parts of the valley south of the Shingle Pass area.

surface flow during periods of runoff and occurs primarily near the apexes of alluvial fans which
€xtend into the mountain canyons. Surface water infiltrates the coarse fan deposits and moves
downslope to the aquifer in the valleys. Recharge from precipitation on the valley floor (with
the exception of the north end of the valley) probably is relatively minor because of the high

€vaporation rate and the presence of lacustrine beds, and other relatively impermeable fine-
grained layers near the surface.
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The depth to water in Cave Valley is variable and appears to reflect the geologic conditions
present. One flowing well and two wells with depths to water ranging from 2 to 18 feet below
land surface are present in the northern part of the basin. Across the inferred hydraulic barrier,
the depth to water is significantly greater, more than 200 feet below land surface in the lowland
areas. Figure 5 is a potentiometric map of the ground water in the alluvial aquifer. Well No.
1 shown in Table 1 was not included since this well is considered to be near the mountain block
and representative of a very localized flow system. The potentiometric map was generated using
an accepted statistical package for gridding data; however, the data is sparse enough, with the
limits of the gridding package, that the hydraulic barrier thought to be present causing flow to
White River Valley through the consolidated rocks is not evident.

Data are lacking upon which to define specific directions of ground-water flow for most of Cave
Valley. In general, there are believed to be two different components of flow in the northern
and southern parts of the basin. In the north, flow is probably from the upland areas toward the
valley axis and then southwest through the fractured carbonate rocks in the Shingle Pass area.
In the southern part of the basin, flow is probably radial from the upland areas toward the playa
area. Flow from the playa area could either be southwestward through the fractured carbonate
rocks of the Trough Spring Canyon area or to the southeast through similar rocks in the Side
Hill Pass and Big Mud Pass area, or both.

Water-level measurements made between 1980 and 1990 at six wells between the middle of the
valley and the playa show a rise in water levels of 4.5 to 16.2 feet (Table 1). Two other wells
show water-level rises of 16.1 and 35.2 feet since the early 1960’s. Hydrographs of four
representative wells in the valley (Figure 6) illustrate this trend. The cause of the rising water
levels is unknown; however, the trend appears to be regional, based on similar trends noted by
MARK in current investigations in neighboring basins. Water level measurements made in
April, July, September, and November of 1983 about 2 miles north of the playa show a fairly
constant seasonal level with a fluctuation of 0.2 feet between mid-Spring and early Fall (Table
1 and Figure 6).

Movement

The hydraulic properties of the basin control the movement of ground water horizontally and
vertically and are defined by volumetric changes within unit dimensions of the aquifer material.
The primary property, hydraulic conductivity is defined as the volume of water at the existing
kinematic viscosity that will move in a unit time under a unit hydraulic gradient through a unit
area at right angles to the direction of flow. Transmissivity is directly related to the hydraulic
conductivity and is the aquifer’s ability to transmit water through at the rate of hydraulic
conductivity throughout the entire saturated thickness of the aquifer. The storage coefficient is
a dimensionless number describing the aquifer ability to contain water interstitially. It is defined
as the volume of water an aquifer releases from or takes into storage (interstitially to the aquifer
material) per unit surface area of the aquifer per unit change in head (Lohman, et al., 1972,
p.13).
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Based upon tests conducted during MX investigations, the transmissivities of 8,800 feet squared
per day (ft¥day) and 2,400 ft*/day were estimated from drawdown data in the pumped well and
the shallow observation well, respectively. The storage coefficient was estimated at 0.013,
based on delayed yield drawdown data from the observation well (Bunch and Harrill, 1984, p.
115). The storage coefficient calculated for the aquifer in Cave Valley probably represents a
minimum value based on the short length of the test in relation to the much longer time
generally required to adequately test for delayed yield effects in thick alluvial aquifers (ERTEC,
1981, p. 14-18, 28). The long term storage coefficient is probably an order of magnitude greater
as indicated by Eakin’s (1962, p.14) estimate of 10 percent for the specific yield. For a given
transmissivity, pumping rate, and duration of pumping, a smaller value of storage coefficient
will result in greater water-level decline. The storage coefficient determines the rate of growth
of a cone of depression induced by pumping.

Chemical Water Quality

The water chemistry of Cave Valley has not been well defined. Bunch and Harrill (1984) report
on the water chemistry from four wells and three springs, as shown in Table 3 and Figure 7.
Generally the water is of a calcium-magnesium-bicarbonate type. The chemistry of the spring
samples indicate the rock source, with Cave Valley spring (which issues from carbonate rock)
having a very low total dissolved solids (TDS) concentration with an electrical conductivity of
180 us/cm (about 110 mg/l TDS). The higher TDS values of 740 mg/l and 840 mg/l TDS for
Sidehill and Horse Springs, respectively, discharge from the clastic Paleozoic aquitards. The
chemistry of the well samples indicate a good water quality with all samples exhibiting an
estimated TDS concentration of about 300 mg/l (based on an electrical conductivity of 510
us/cm) or less.

An anomalous electrical conductivity of 4100 us/cm was reported by Bunch and Harrill (1984)
for the Cave Valley Seeding Well (N8 E64 4abd). The analysis shown in Table 3 suggests the
TDS should be significantly lower, about 120 mg/l. The reported conductivity value is probably
in error,

Ground-Water Budget

A ground-water budget consists of a complete accounting of all components of inflow and
outflow for a hydrographic basin. The results of any model developed to simulate flow in a
basin are dependent upon the accuracy of the budget. Table 4 summarizes the water budget
parameters for Cave Valley. The following sections present the current estimates for recharge
and discharge for Cave Valley,
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R62E R63E R64E
EXPLANATION
T1IN
BASIN BOUNDARY
(DRAINAGE DIVIDE)
M. URUTIA WELL
T1ON TOWNSHIP AND RANGE LINES
44
CAVE VALLEY SPRING
® SAMPLED WELL
TON C/mg/t or us/cm
- &  SAMPLED SPRING
°C/mg/\ or us/cm
T8N HARRIS WELL
10/468Jus/cm
T7N )/ ® ) MX WELL mg/l - milligrams /liter
11/263 mg/! L SIDEHILL. SPRING denotes total
17 /740 mg /1 dissolved solids
J us/cm ~ microsiemens/centimeter
T6N ‘\—‘ HORSE SPRING denotes electrical
16/840 md/l) L conductivity
Ly Generally
TSN A mg/l % 0.6 us/cm
-iﬁfi—
9 1 2 3 & 8
MILES
Figure 7. —— Temperature ond total dissolved solids concentration or electrical

conductivity of water from wells and springs in Cave Valley.
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Table 4.--Ground-water budget for Cave Valley.

Published Value
RECHARGE ! Acre-feet/year (rounded)
Precipitation (Recharge) 14,000
Subsurface Inflow 0
Secondary Recharge 0
TOTAL 14,000
DISCHARGE
Evapotranspiration* Minor
Pumpage* Minor
Subsurface Outflow 14,000
TOTAL 14,000
Source: Eakin (1962), Scott et al. (1971)
* not included in steady state model

Estimated Average Annual Recharge

Recharge to a basin usually consists of several components:  precipitation, subsurface inflow,

and secondary recharge. Estimates for these elements for Cave Valley are provided in the
following sections.

Precipitation

The source of recharge to the hydrologic system of Cave Valley is the infiltration of precipitation
over the basin. No meteorological stations are located in Cave Valley and the characterization
of precipitation over the area is inferred from recording stations located in adjacent valleys. The
total precipitation over Cave Valley is estimated at about 200,000 acre-feet per year (Eakin,
1962). The volume of recharge derived from precipitation is reported by this author to be about
14,000 acre-feet per year, or about 7 percent of the precipitation.

The infiltration of precipitation does not occur evenly over a large area. Rather, as determined
by Eakin et al. (1951) and Quiring (1965), the distribution of precipitation, and hence,
infiltration and recharge, in the desert valleys of Nevada, is primarily a function of elevation and
latitude. Thus, for the purposes of developing a ground-water flow model of Cave Valley,

recharge totalling about 14,000 acre-feet per year may be distributed according to the zones
summarized in Table 5.
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Table 5.--Recharge distribution zones for Cave Valley (Eakin, 1962).

ELEVATION

Feet Above PRECIPITATION APPROX. AREA PRECIPITATION RECHARGE RATE RECHARGE FLUX
Sea level Inches/Year Acres Acre-feet/year Percentage acre-feet/year (rounded)
>9,000 >20 3,500 6,125 25 1,500
8,000-9,000 15-20 19,500 28,500 15 4,300
7,000-8,000 12-15 69,000 77,300 7 5,400
6,000-7,000 8-12 114,000 94,600 3 2,800
<6,000 <8 29,000 Qi 0 0.0

235,000 207,000 14,000

Subsurface Inflow

There is no inflow of ground water to Cave Valley from upgradient basins. Noted previously,
there is subsurface flow from Cave Valley into White River Valley, estimated at about 14,000
acre-feet per year by Harrill et al. (1988).

Secondary Recharge

Secondary recharge is usually estimated based on the type of usage of the ground water.
Currently, the ground water withdrawn within Cave Valley is used almost exclusively for
livestock watering. Because of the small quantities of water that are removed from Cave Valley,
the secondary recharge that may result is negligible and need not be considered in developing
a numerical model of ground-water conditions in Cave Valley.

Estimated Average Annual Discharge

Components of discharge include evapotranspiration, springs, well pumpage, and subsurface
outflow. Estimates of the quantity of these components are included in the following sections.

Evapotranspiration

In Cave Valley, evapotranspiration (ET) is negligible because of the lack of significant areas of
shallow ground water and any significant springs. Minor ET may occur in upland areas where

perched ground water may be present and in the areas immediately downgradient of discharging
springs.

Springs
There are few springs in Cave Valley. Most of these springs are relatively small, meteoric
springs (i.e., springs derived from local sources, usually snowmelt in the topographically higher

portions of the mountains that bound the basin). Discharge from these springs is probably
seasonal, with peak rates occurring between April and June each year.
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Cave Valley, and, as a consequence, the presence of this minor spring discharge need not be
simulated in a ground-water flow model of the valley,

are for livestock watering. According to the permits, total ground-water withdrawals are small,
totalling less than 25 acre-feet Per year which were not included in the model.

Outflow

Discharge through subsurface flow from the Cave Valley ground-water system is into White
River Valley. Eakin (1962), Scott, et al. (1971), and Harrill, et al. (1988) estimate the quantity
of this outflow to be 14,000 acre-feet per year. As noted previously, most of this flow is
believed to be through the Shingle Pass area. Minor discharge into White River Valley south
of Shingle Pass or into Delamar Valley are also possible, but, if indeed occurring, is probably
limited to deep underflow.

Total Discharge

Based upon the preceding estimates and published values, the total discharge from Cave Valley
is estimated to be about 14,000 acre-feet per year. Most of this discharge is out of Cave Valley
into White River Valley.

Perennial Yield

Scott, et al. ( 1971) define perennial yield as "the maximum amount of natural discharge that can
be salvaged each year over the long term without depleting the ground water reservoir." The
perennial yield of Cave Valley is reported to be at least 2,000 acre-feet per year (Scott et al.,
1971).

Eakin (1962) stated that the perennial yield of the basin fill deposits is "not known but may not
exceed a few thousand acre-feet per year. The extent to which the yield could be increased

salvaged." That this underflow is restricted to a small flow pattern through Shingle Pass
suggests that it could indeed be salvaged and that the perennial yield could be appreciably greater
than the published value of 2,000 acre-feet per year.

Storage

The quantity of ground water stored in the geologic units underlying Cave Valley is large; the
amount of recoverable ground water in storage in the valley reservoir is estimated to average

i
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about 10 percent of the volume of the saturated valley-fill (Scott, et al., 1971). For Cave
Valley, Scott, et al. (1971) estimated the quantity of recoverable ground water in the saturated
valley fill to be 1 million acre-feet in the upper 100 feet.

No estimates have been made of the amount of ground water that is stored in the carbonate
aquifer in Cave Valley. Although the storage capacity of the carbonates is believed to be less
than that of the valley-fill, the larger saturated thickness and greater areal extent of the carbonate
aquifer suggests that the quantity of recoverable water from storage may be even greater than
that expected from the valley-fill deposits.

Dettinger (1989) reported that the quantities of ground water in the regional carbonate aquifer
are "enormous”, and estimated that the total quantity of water stored in this regional aquifer
south of Pioche and Tonopah is on the order of 800 million acre-ft.

INVENTORY OF WATER RIGHTS, PUMPAGE, AND LAND USE

An estimate of ground-water usage in a basin can be obtained from water rights records,

pumpage inventories, and estimates of pumped water to crops and other uses. These factors are
examined in the following sections.

PRESENT DEVELOPMENT

The level of development of water resources in a basin can be illustrated by the water right
allocations and the current ground-water pumpage within that basin. In Cave Valley, little
ground water has been pumped historically, and little is presently being used. The Nevada State
Engineer has however allocated several water-right permits in the basin.

Water Right Status

Based on information supplied by SEC contained in Appendix B, the State Engineer has
allocated water-right permits in Cave Valley for both surface and ground water. The permitted
water rights and applications are shown on Table 6. A land use inventory in April of 1990
showed about 330 acres under irrigation. Based on a consumptive use rate of 3 ft/year per acre
this would be about 1,000 acre-feet per year of surface water used for irrigation.

Table 6.--Water rights in Cave Valley (acre-feet/year consumptive use).

Surface Underground
Permits Applications Permits Applications
Stockwater 450 0 22 0
Irrigation 1750 . 0 0 0
TOTAL 2200 0 22 0
28
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MODEL DEVELOPMENT

MODFLOW is a three dimensional ground-water flow model that simulates ground-water
movement through gridded layered cell blocks by solving a series of finite difference equations,
These equations preserve the quantity of ground water in the modelled area. For any further
detail regarding the flow model, the MODFLOW documentation (McDonald and Harbaugh,
1988) should be consulted.

The first step in developing a ground-water flow model is the formulation of a conceptual
hydrogeologic model of the area to be mathematically represented. This conceptual model is
based upon the available hydrologic data, inferences based on observations of similar hydrologic
settings, and assumed conditions or expected ranges of conditions for parameters that have not
been measured or are not readily estimated for the subject hydrologic basin.

layers with each cell in the model being identified by grid row, column, and layer designation,
Usually the grid size and number of layers are chosen based on the amount of available
hydrologic data for the particular basin. Each cell is given a number of parameters (i.e.
transmissivity, storage (in transient scenarios), conductive characteristics for spring flow,
recharge where appropriate, and rates of evapotranspiration when the water levels are within a
set distance from land surface) which control water flow through the model. The District made

mile and each model two layers, one to represent the alluvial systtm and the other the
consolidated bedrock. In some valleys there were not enough data to warrant this scale;
however, preparation of the model on this scale will provide a framework for future data entry
resulting in model refinement.

APPROACH AND ASSUMPTIONS

The approach taken in all the individual basin models was to produce a steady state model which
replicated as closely as possible the hydrologic basin budget as defined by the USGS while
attempting to match existing ground-water levels. The most important "constant" becomes the
amount of water entering the system or the recharge. Eakin (1962) established the hydrologic
budget for Cave Valley which is listed in Table 4.

A square mile grid, 40 rows by 13 columns as shown in Figure 8, consisting of two layers was
constructed to simulated ground-water flow in Cave Valley. Both the upper alluvial and the
lower consolidated rock layer were modelled as confined units. Parameter selection (i.e.
transmissivity and vertical leakance) was keyed to rock type. Figure 9 shows the lithology
distribution for the upper ‘layer, specifying alluvium and rock type based on the digital

representation of the Nevada 1:500,000 scale geology map (Stewart and Carlson, 1978) prepared
by Turner and Bawiec (1992),

29



(3] w6 s (XT3 B TH FXT
23 | 24 | 23 20| 21 | a2
33| 34| 38 \{lo an | a2
43 | 04| 48 ‘.’7P1 | a2
83| 8¢ | s 10 \l iz
‘? 43 |6t | as (X7 u‘?" 12
15 23] 14| 28 230 | 11| 702
Ad | as | as &l an (.ﬂ
[ X9 K VN Y'Y 9210 | a1 +:
183104 | a8 1000 19,01 | 1t
3 | 114 | ns w19 [ 10 | a2
123 | 12,6 | 128 12,10 12,01 faz12
13 {134 | 138 12104 130 1392
143 1144 | 148 1410 [ 1491 [ 1492
193 (156 | 185 18,10 [ 19,01 | (812
03104 | 183 1090 100 | 19,52
1.3 | 17,4 | 128 R ATIRTATE B X
L0, | _:‘l.c 1as 1010 | 180t [1m12
"3 #s s 19,10 | 18,11 {19,32
09 *’ ns 20,10 20,11 [ 20,92
713 | naf ns 0] ey
) ns 10| 2218|2212
}I-l-"ua 238 2310) 23,11 | 2842
{24.) 204 | 268 2010 24,1 | 24,124
23|24 | 58 2810/ 2801 f 2812
M3 | 204w 20,101 20,11 | 20,42
23| 274 | 218 27100 27,1t ¥
3| e | a8 2. 112812
w3 |24 | 298 n/o 2.1 2982
3.3 | 304 | 3as +w 0.1 12
3| e | ns ACHEINTY E XY
323 | 824 | 328 3210 32,41 | 32,02
INY | 334 | 238 300 33,01 | a0z 3a
343 | 304 | 348 M. 3410 30,10 | 3402
8| 384 | s Mt0] 8| 3812
343|340 00] 3011|3042
373374 | 328 3710 37,01 | 3792
‘J':J e | a8 38.10] 3at | sme2
x,}'?c »s 20.10| 30,91 | 012
w03 cq\l‘\u1 w10] sam s
30

\ v
Ve N\

EXPLANATION

First number is row,
second is column

Grid nodes one square mile

Figure 8. —~ Numerical model grid
for Cave Valley model.



10

20

30

-

13

1
BN

R A
S eafes

A R
e

40

31

EXPLANATION

LB

e

o
55
B

200,
%5

KOO
3
PSS

S :
KRG B 1

d

%7
K

3 FR

Inactive node

Quaternary ailuvium

Quaternary ploya deposits

Tertiary basin—fill

Tertiary gronitic rocks

Tertiary intermediate intrusive rocks
Quaternary/Tertiary rhyolitic rocks
Quaternary/Tertiory basaltic rocks
Triassic/Jurassic siliclastic rocks
Pennsylvanian /Permian limestone
Pennsylvanian /Permian transitional rocks
Missipppian/Devonion  siliclastic rocks
Devonian /Cambrian dolomite
Ordovician /Cambrian transitional rocks
Devonian /Camnbrian siliclastic rocks
Cambrian quartize

pre~Cambrian metamorphic rocks

nodes one square mile

Figure 9. —— Rock types used for

Cave Valley model,



PARAMETER ESTIMATES
Recharge and Discharge

Eakin (1962) estimates the recharge, based on the method described by Eakin et al. (1951), to
Cave Valley to be 14,000 acre-feet per year, as shown in Table 5. Eakin also estimated the total
discharge from evapotranspiration and wells to less than a few hundred acre-feet per year. A
recent assessment of land use and water rights permits in these valleys confirmed that well
pumpage is minimal and used primarily for livestock water.

Primary Recharge

1 Primary recharge in Cave Valley is limited to the infiltration of precipitation into the ground-
water system occurring in the higher elevations. Cave Valley receives the majority of its

recharge in the north because of the higher elevations in the Schell Creek and Egan Ranges
which border the east and west sides of the valley.

Digital elevation data was used to computer generate and distribute recharge based on the Eakin
method (Eakin et al., 1951) with the factors listed for Cave Valley in the report by Eakin (1962)
and shown in Table 5. Digital elevations were obtained for the complete Cooperative Water
Project (CWP) area from the USGS, which are based on the 1:250,000 scale Army Map Series
(AMS) maps and contain an elevation every 90 meters. This data was smoothed by considering
the nearest neighbor then resampling at 150 meter intervals. The file was then subset for the
Cave Valley grid area. Dr. James Tracy developed a program to calculate recharge based on
the digital elevations located within each grid cell using the Eakin factors (precipitation and
percentage infiltrating the ground-water system) listed in the various USGS reconnaissance

reports. The product of the program is a matrix corresponding to the grid which specifies
recharge rates for each cell.

Figure 10 is a graphical representation of the recharge distribution used in the Cave Valley
model. Based on this method, the recharge for Cave Valley was calculated to be about 13,000
acre-feet per year, about seven percent less than that calculated by Eakin (1962). Since the
factors used to calculate recharge were the same, the difference could be due to different
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acreages calculated for each zone based on the model using the square mile grid and small areas {
that are actually in the basin were considered to be in an inactive mode. However the difference q
of seven percent is well within the accuracy of the estimation of natural recharge. P
Secondary Recharge '.

¢

Secondary recharge is due to infiltration of water from anthropogenic uses such as irrigation or
septic disposal systems. Because there is little irrigation and very few wells are used for
livestock water in this area, secondary recharge was not considered in the model.
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Discharge

The discharge from this valley was estimated by Eakin (1962) to be underflow to the west or
south into the White River flow system. Harrill and others (1988) show the 14,000 acre-feet
per year of recharge generated in Cave Valley flowing to the southwest into White River Valley
through the lower Egan Range. Ground-water levels indicate the water is flowing to White
River Valley. There is no significant transpiration of ground water from phreatophytes in Cave
Valley and evaporation from spring flow is considered to be less than a few hundred acre-feet
per year (Eakin 1962). Therefore, ground water is thought to discharge through the bedrock
southwest into White River Valley.

Hydraulic Characteristics

The hydraulic characteristics govern how the water introduced by recharge moves through the
modelled area to the areas of discharge. For a steady state simulation the important hydraulic
characteristics are transmissivity, boundary conditions (conductances) and, since this is a two
layer model, vertical leakance. These parameters are discussed below:

Boundary Conditions

The Cave Valley basin was modelled as a " free body" tied to general head boundaries outside
the existing basin boundary. The water levels specified for the general head boundaries were
based on Thomas et al. (1986) for each layer. Conductances were established to simulate the
USGS estimates for inflow and outflow in each layer, as well as match existing water levels.
The USGS does not estimate any inflow into Cave Valley from another hydrologic basin,
therefore the estimated 13,000 acre-feet year recharge simulated for the model enters the upper
layer primarily in the mountain ranges on the edges of Cave Valley. Because only natural
ground-water recharge enters Cave Valley in the upper layer, the upper boundary conditions
were simulated as no flow boundaries. The lower layer connects Cave Valley to the surrounding
lower aquifer with low conductances for most all nodes except one on the western boundary in
the Shingle Pass area.

This high conductance was needed at this node to match water levels in the southern part of the
valley and to move the 13,000 acre-feet of water to White River Valley through the consolidated
rock. As noted in the preceding section, the displacement of the thick Paleozoic sequence of
aquifers and aquitards has resulted in a barrier to flow between the northern and southern
portions of the basin. The high conductance node simulates the presence of the Shingle Pass
fault and the interaction between upper model layer (representing primarily alluvium) and the
lower layer (representing rock aquifers) in this area.

Figures 11 and 12 show the location of the general head boundaries and the conductances used
in each layer. Again, the upper layer consists of "no flow" boundaries and the lower layer
consists of low conductances with exception of one node on the western boundary. This higher
conductance value relates to a high aquifer transmissivity (simulating fractures) which could
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potentially be moving water from Cave Valley to White River Valley. Using these boundary
conditions the simulated flow across the west Cave Valley boundary is about 13,000 acre-feet
per year in the lower consolidated rock layer.

Transmissivitz

Transmissivity values were assigned based on rock type. The USGS digital representation of
the 1:500,000 scale Nevada Geology (Tumner and Bawiec, 1992) was used to classify rock types
INto transmissivity zones, A raster file of the geology was created from the digital map by using
the gridding function in ARC Info, subsetting a number corresponding to the geology type every
half a mile for the complete CWP regional model area, This grid was then subset on mile nodes
for the area corresponding to the Cave Valley model, which included eighteen different geologic
classifications as shown in Figure 9,

As discussed above, as part of the MX Missile siting investigation (Bunch and Harrill, 1984)
aquifer tests were conducted in Cave Valley. Transmissivity values in the alluvium are listed
as 8800 and 2400 fr2 per day. Originally the transmissivity value of 5000 fg per day was
assigned to alluvium, 1000 @ per day for the carbonates, and 250f¢ per day for clastics and
volcanic rock classifications. In calibrating the model, it became apparent that the valley was

The modelled transmissivity of 4000 f2 per day for the southern alluvial aquifer is between the
calculated transmissivity values reported for the aquifer tests in Cave Valley in Sec. 14, TN ,
R63E (Bunch and Harrill, 1984). The calibrated transmissivity value for the northern alluvial
aquifer is 1100 ft* per day, 1000 f¢ per day for the upper carbonate units, and 150 ft? per day
for the upper volcanic and clastic units. These values fall within the lower range of the values
reported in Table 2. Given the presence of multiple aquitards within the Paleozoic sequences
on the western and southwestern sides of Cave Valley and the extensive outcrops of Cambrian
sediments on the eastern side, these somewhat lower transmissivity values are considered
appropriate,

For the lower layer it was assumed that carbonate was underlying the alluvium. However only
WO transmissivity values were used as shown in Figure 14. The majority of the lower layer in
the model used a transmissivity of 275 fg per day with certain areas using a higher
transmissivity of 8500 f2 per day. This higher transmissivity was needed to move ground water
to match certain water levels in these areas. These areas could potentially be well fractured:;
however the transmissivity is well within the accepted range shown in Table 2.
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a number of east-west trending faults through the Ordovician and Cambrian rocks of the northern
Schell Creek Range.

Vertical Leakance

The vertical leakance value establishes the connection between the upper and lower mode] layers.
Initially a valye of 5 X 10°% ft per day was used, based on assumptions for aquifer thickness,
This value was too high for simulation of the connections between the southern alluvial aquifer

water levels. Wells 11, 12, and 13 were not used since there is no data because the first is
flowing, the second js dry, and the third has collapsed. The only other water leve] not used in
model calibration wag well number 1, This well is just over the southern hydrographic basin
boundary near the volcanics and is probably representative of a very localized flow system.
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Table 7: Wells used in calibratiop.

. i Actual Model 2

Well No. Well Location R/CVY Water Level | Warer Level a
16 N10 E64 06 DB1 6 7 6699 6735 +36

15 N10 E63 25 AABI 10 7 6600 6573 -27
14 N9 Ee64 27 BCDD] 16 11 6187 6190 +3
10 N9 E63 01 Al 12 7 6498 6461 -37

9 N8 E64 30 CDBC1 22 7 5765 5758 -7

8 N8 E64 15 BCBC1 20 10 5888 5873 -15

7 N8 E64 04 ABDD1 18 9 6089 6004 -85

6 N7 E64 19 DD1 27 8 5786 5810 +24

5 N7 E63 15 DBADI 26 5 5792 5801 +9
2,3, 4 N7 E63 14 BADBI | 26 6 5786 5801 +15

1) R/C =row/ column
2)  Comparison of model water fevel to actual water jeve]
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e i
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Table 8.--Comparison of Cave Valley model budget with USGS (Eakin, 1962), all values

ac.ft./yr.
UGS | Steady State Modat (rounded)
|
RECHARGE: 14000 13000
ET: Minor 0
FLOW: to White River Valley 14000 13000 (lower layer)

Figure 18 graphically illustrates the difference between the actual water levels and the model
simulated levels for wells located from north to south in Cave Valley. All but one of the
simulated values are within forty feet of actual measured values. Also the distribution of
positive and negative residuals is about even. Therefore, the steady state model provides a
reasonable simulation of the potentiometric surface.
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Figure 18.--Difference between simulated and actual water levels.
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SUMMARY

As stated above, the goal of the steady state model was to duplicate as closely as possible the
budget established by the USGS listed above, and match existing water levels, Although there
is aquifer test data for Cave Valley there are insufficient data to vary cell by cell transmissivity
values, therefore transmissivity values were keyed to rock type. The model "constant” becomes
water entering the model as estimated by the USGS. There is no estimate of flow by the USGS
entering Cave Valley other than ground-water recharge. The transmissivities, boundary
conditions, and vertical leakance values described above provided a good match to the
established USGS budget and to existing water level data,
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LOCATION DESIGNATION

Seclions Within A Township Tracts Within A Section

R.14. W. Sec. 23

6 5 4 3 2 1

mﬁz: kz 23] 24

Well N b a
30 29 28\4 27\‘

26 | 25 ¢ m------_
b \ bta,
Wel |==ofeod g
3| 32| m ak\s 36

s /Czd:
6 miles NN\ —_

_ - I 1 mile —
(97 kllOﬂ\QtEfS) \\\ // (‘.5 k“omelefs)

(11-14)23dcc

- -

Well and spring locations are designated with respect to the Mount Diablo baseline and
meridian as shown diagrammatically above, The first number within the parentheses

e end of the designation.
Thus (28-63) 27abal represents the first well of record in the northeast quarter-section
of the northwest quarter-section of the northeast quarter-section of Township 28 South,
Range 63 East, Section 27.
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LOCATION DESIGNATION

Sectians Within A Township Tracts Within A Section

R.o14. W, Sec. 23
5 5 4 3 2 1
7 8 9 10 | 11 12 b 3
71 18 17 6 (|15 | 14 | 13
i
- T
S. \
19 m 21 kz 23| 24 :
™ W"".\|\\ b P
0 | 29 zk 27\1 %6 | 25 c k.s.d--_---d
N IS b a )}
y 1
Well |==—Cmw d
M| a2 | 13| 4 k 6 = T
A e e
e 6 miles N X : " 4 S

: — | /l_:\i_m %
(9.7 hilometers) \\\ // (1.6 kilameters)

(11-14)23dccy

Well and spring locations are designated with respect to the Mount Diablo baseline and
meridian as shown diagrammatically above. The first number within the parentheses
represents the township south of the baseline and the second number represents the range
east of the meridian. The section number follows along with the section 1/4, section
1/16th, and section 1/64th. The letter designations a, b, c, and d refer to the northeast,
northwest, southwest, and southeast, respectively. If more than one well occurs within
the same 1/64th section, a numerical identifier is added to the end of the designation.
Thus (28-63) 27abal represents the first well of record in the northeast quarter-section

of the northwest quarter-section of the northeast quarter-section of Township 28 South,
Range 63 East, Section 27.
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APPENDIX C

STEADY STATE MODEL SENSITIVITY

A steady state simulation is a simulation in which recharge and pumping rates are held constant
with no change in ground-water storage, so that model-predicted ground-water levels are
representative of long-term stabilized ground-water conditions in the natural environment.
Therefore, the steady-state simulation will agree with historic measured water levels if
appropriate hydraulic parameters are used in the simulation model. Model hydraulic parameters
are adjusted until the steady-state simulation closely approximates the historical ground-water
levels. The adjusted parameters must be reasonable. Both the number of differing and
discernable values and the range of these values must be consistent with the occurrence of strata
which possess these properties and the estimated range, or variabilities of these properties, based
on field observations and testing of these properties of the strata.

The primary purpose of the steady-state simulations is to calibrate the model. Transmissivity
can be calibrated if sufficient water level elevations are known. This was done as a part of the
present study. Calibration of the Cave Valley ground-water model was accomplished using
several constraints that were identified in the Model Development section of this report.

The calibration of the model was carried out so that the total quantity of ground-water flow was
held fixed to the estimates made in Eakin (1962) and Harrill (1988). Therefore, the
transmissivities of the modelled units, the leakance between these units, and the conductances
used in the general head boundary conditions that connect the modelled area to the White River
ground-water flow system are constrained so that only these quantities of water are available.

The calibration of the model was also carried out so that observed ground-water levels and the
gradient or changes between these levels within the modelled area were also matched as well as
possible with little subjective changes in the model parameters. All of the initial parameters of
the model were set at the initial estimates for the hydrogeologic strata that comprised the aquifer
units. All of the outflow from the modelled area occurs through the White River flow system;
therefore, the properties, or parameters, related to the mechanisms of flow are constrained by
the estimated rate of flow. In particular, the ground-water outflow from the modelled area
occurs almost exclusively through the lower carbonate aquifer from Cave Valley to White River
Valley so that the transmissivities and general head conductances relevant to this unit must result
in the flow of this quantity of water under the known ground-water gradient.

The ground-water levels in the wells shown in Table 7 of the report were used during the

calibration. The ground-water levels, resulting from the calibration are shown in Figures 16 and
17, together with the observed ground-water levels.
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Model Parameter Sensitivities

Sensitivity simulations were done to determine the effects of each parameter on the ground-water
levels and flows. These parameters are the transmissivities (L1T1, L2T1, etc.) and leakances
(TK1, TK2). The sensitivities were performed about the calibrated values of the model and
represent the linearized change in water level elevation that would occur with a change in the
specific parameter value. The model rows and columns for the observation wells are listed
below in Table I as well as designated in Table 7 in the report with each individual well for
correlation. The sensitivities represent the estimated change in ground-water level at the wells
with a 100 percent increase in the calibrated values that have been previously reported in the

Model Development section of this report. The results of these sensitivity simulations are
discussed briefly.

Table 1: Wells used in calibration.

RESULTS OF SENSITIVITY RUNS
Well Location R/C Acwal Model a? LiT» LIT2 9 i) L1T4 1L2T1 L2712 TK1 K2
B Water Water (1100) (150) (4000) (1000) 1% (8300 (5x107%) (2x10%
Level Level
N10 £64 06 DB1 6 7 6699 6735 +36 -336 -29 -26 -91 -269 -50 -67 -3
N10 E63 25 AABL 10 7 6600 6573 -27 -280 -22 -27 -84 -235 -48 -66 -3
N9 E64 27 BCDDI 1611 6187 6190 +3 -125 -7 -30 -81 <158 -48 -64 -2
N9 63 01 AL 12 7 6498 6461 -37 -238 -17 27 -82 -213 -48 -66 -3
N8 E64 30 CDBC} 22 7 5765 5758 -7 -3 -1 +11 -40 -81 -50 -68 -4
N8 E64 1S BCBC) 2010 5888 5873 -15 -6 -3 -37 -52 -101 -51 -65 -3
N8 Eo64 04 ABDD} 18 ¢ 6089 6004 -85 -58 -3 -30 -66 -125 -3¢ -64 -2
N7 Es4 19 DD1 27 8 5786 5810 +24 -4 -1 -11 -45 193 -49 -65 3
N7 E63 15 DBAD1 26 5 5792 580t +9 -3 -1 6 47 -94 -48 65 -3
N7 E63 14 BADBL 26 6 5786 5801 +15 4 -1 & -46 -93 48 65 -3
1) R/ C = row / column

2) Difference between actual and model water level
3)  Variable - Layer 1, Transmissivity | - change in calculated ground-water level in feet

Analyses of the sensitivity simulations resulted in several general observations and estimated
model properties. All of the wells located in Cave Valley are in the alluvium. However, the
transmissivity of the alluvial, valley-fill aquifer produced less significant changes in ground-
water levels and flows over the modelled area than did similar changes in the lower, carbonate
aquifer transmissivities. The transmissivity of the alluvial aquifer in southern Cave Valley was
based on an actual aquifer tests performed as part of the Air Force MX siting activity. The
carbonate aquifer transmissivities were constrained by the water levels found in southern Cave
Valley which results ground-water movement from Cave to White River Valley. Changes in the
volcanic and clastic aquifers and upper layer carbonate aquifer transmissivities and the leakances

between the layers did not produce significant changes in the majority of the ground-water
levels.
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