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FOREWORD

This report was prepared for the Department of the Air Force,
Ballistic Missile Office, in compliance with Contract No.
F04704-80-C-0006. It presents preliminary water management
planning information and recommendations that will aid in MX
construction planning and water-supply system design. This
report covers 12 deployment area valleys and two Operational
Base site valleys that are scheduled for construction in 1982
and 1983 in the Nevada-Utah siting area.

Final water management plans will be developed when all drilling
and testing in advance of operational development of the water-
supply system has been completed in each valley, water require-
ments for MX construction have been finalized, and the numerical
models of ground-water aquifers, developed by Ertec, have been
completed.

The report is contained within two volumes and organized as
follows:

Volume I

o The main text providing introductory statements, explanation
of results, and recommendations.

o Appendices providing explanation of the criteria and methods
used to a) develop the maps delineating suitable water-
supply well development areas and b) assign values or scores
for matrix appraisal of the water-supply source alternatives
and of the additional drilling and testing locations.

Volume II

o The drawings (maps) for the 14 study valleys delineating
suitable and excluded areas for water-supply wells, the
location of the Air Force water-appropriation application
points of diversion, and the recommended location of addi-
tional drilling and investigations in advance of operational
development of the MX water-supply system.
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EXECUTIVE SUMMARY

INTRODUCTION

The pRreliminary _water managementpRlaniag information in this

reort presents the integration of over two years of intensive

MX Water Resources Program activities in theNevada-Utah siting

area. Comprehensive water management plans are important to

develop for the MX project in order to most efficiently use the

water resources of the MX siting area with minimum impact to the

local water users, the environment, and the ground-water aqui-

fers.

The purpose of this report is to provide preliminary baseline

information and recommendations that will aid in MX water-supply

development and well field design and in final water management

planning. As the results of numerical models of the ground-

water aquifers, being developed by Ertec, become available and

MX construction plans and water requirements are finalized, the

water management results and recommendations in this report will

be updated. This report covers the 12 deployment area and two

Operational Base (OB) valleys in which MX construction is

scheduled to begin in 1982 or 1983 based on the 17 March 1981

Army Corps of Engineers (COE) water-use schedules. These

valleys are:

Cave Escalante Desert (OB) Pahroc
Coal Garden Pine
Coyote Spring (OB) Hamlin Spring
Delamar Lake Wah Wah
Dry Lake Muleshoe

x
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The preliminary water management planning information presented

includes a) recommendations for the preferred water-supply

source for each valley, b) delineation of suitable drilling

areas for water-supply development, c) description of the

general characteristics of the water-supply system alternatives

for each valley, d) suggestion of sites for future exploratory

drilling and testing in advance of operational development of

the water-supply system, e) description of recommended guide-

lines for hydrologic monitoring site selection and frequency of

data collection, and f) suggestions for an approach to water

resources impact avoidance and mitigation.

RESULTS AND CONCLUSIONS

Water-Supply Sources

There are four basic sources considered for MX water supply in

the Nevada-Utah siting area. These are 1) the appropriation

of ground water and the construction of wells in the valley-fill

aquifer, 2) the appropriation of ground water and the construc-

tion of wells in the regional carbonate aquifer, 3) the lease or

purchase of existing surface- or ground-water rights, and 4) the

importation of water from "water rich" valleys or sources, such

as Railroad, Spring, and Snake valleys and the Colorado River.

These water-supply sources were evaluated for each of the 14

study valleys based on legal and physical water availability;

potential impacts of withdrawal, cost, and timeliness to devel-

op; and water qual-ty.

xi
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Table ES-i lists the preferred and first alternate water-supply

sources that resulted from this evaluation for each of the 14

valleys. Development of the valley-fill aquifer through the

appropriation of ground water is the preferred water-supply

source in 11 of the 14 valleys. Where ground water from the

valley-fill aquifer is legally and physically available, it is

usually the least costly and the most timely to develop.

The three valleys in which development of the valley-fill aqui-

fer is not considered the preferred water-supply source are

1) Coyote Spring Valley, 2) Escalante Desert, and 3) Lake Val-

ley. In Coyote Spring Valley, development of the regional car-

bonate aquifer through the appropriation of ground water is

the preferred water-supply source. An Air Force carbonate

aquifer test well (13S-63E-23dd, appropriation application

number 44220) in this valley has yielded 3400 gallons per minute

(gpm) (215 1/s) of ground water during testing. This rate of

discharge is equivalent to 5474 acre-ft/yr (6.75 hm3 /yr) if

pumped continuously or nearly 60 percent of the peak construc-

tion water requirement and 100 percent of the yearly operational

requirement for the proposed OB in the valley. Development of

the regional carbonate aquifer in Coyote Spring Valley is the

least costly of the four options. The potential impacts of its

development are presently under evaluation. If significant

impacts are projected based on the present field studies, then

importation of water would need to be pursued.

xii
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PREFERRED AND FIRST ALTERNATE WATER SUPPLY SOURCES

WATER SUPPLY SOURCE

VALLEY VALLEY-FILL CARBONATE LEASE/
AQUIFER AQUIFER PURCHASE IMPORTATION

CAVE 1 2

COAL 1 2

COYOTE SPRING (B) 1 2

DELAMAR 1 2

DRY LAKE 1 2

ESCALANTE DESERT (0) 1 2

GARDEN 1 2

HAMLIN 1 2

LAKE 2 1

MULESHOE 1 2

PAHROC 1 2

PINE 1 2

SPRING 1 2

WAHWAH 1 2

1. PREFERRED SOURCE OF WATER SUPPLY
2. FIRST ALTERNATIVE SOURCE OF WATER SUPPLY

MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE

6MOIAFRCE-MX

WATER-SUPPLY SOURCES

SUMMARY

28 SEPT81 TABLE ES-1

" ,1- - t . .. ...... . ..
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For the OB options in the Escalante Desert, the lease or pur-

chase of existing water rights is the preferred water-supply

source since the basin has been closed to new ground-water

appropriations by the Utah State Engineer. There is, however,

an abundance of existing surface- and ground-water rights that

could be leased or purchased. This would be far less costly

than importation of water from Snake Valley, the nearest "water

rich" basin with unappropriated ground water available.

Lake Valley is comprised of two hydrographic basins. Lease or

purchase of existing water rights is the preferred water-supply

source in the Lake Valley hydrographic basin (northern Lake

Valley) because the ground-water perennial yield there is over

appropriated. However, development of the valley-fill aquifer

is viable in the Patterson Valley hydrographic basin (southern

Lake Valley) since unappropriated ground water exists. Develop-

ment of the valley-fill aquifer through the acquisition of new

ground-water rights remains a viable option in both the northern

and southern portions of Lake Valley, but the State Engineer may

be less likely to approve new appropriations in areas that are

presently heavily appropriated.

The first alternative source of water supply is valley-fill

aquifer development in one valley, carbonate aquifer development

in eight valleys, lease or purchase of existing water rights in

two valleys, and importation of water in three valleys. A first

alternative source of water supply is important to identify

xiv
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because the preferred source in a particular valley could be-

come unavailable in part or in total due to unforeseen polit-

ical, environmental, or legal reasons not considered in this

analysis. Also, in some of the 14 valleys, it is possible that

a combination of water-supply sources may be used for construc-

tion.

Suitable Areas for Water-Supply Well Development

* Primary and secondary suitable areas, and excluded areas for MX

valley-fill aquifer water-supply well development, have been

identified for each of the 14 study valleys based on cultural,

hydrogeologic, environmental, and political considerations.

Primary areas have a greater probable well yield than the

secondary areas because of greater expected saturated thickness

* of aquifer material or the lack of fine-grained deposits.

However, good well yields are possible in secondary areas as

verified by Ertec aquifer tests.

Based on this analysis, all of the 14 study valleys have suit-

able drilling areas for valley-fill aquifer water-supply wells

with the exception of Coyote Spring Valley. The results of

Ertec testing of a test well at 12S-63E-29 (appropriation

application number 43804) indicates that the valley-fill aquifer

is not a viable water-supply source for OB construction and

operation in that valley. The regional carbonate aquifer has

been tested by Ertec and demonstrated to have a high yield

capacity in this area.

xv
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In Escalante Desert, the water supply would come from the

lease or purchase of existing water rights because the State

Engineer will not allow new ground-water appropriations in the

valley. If existing ground-water rights are leased or pur-

chased, the existing points of diversion could be changed to

a location more convenient for an OB water supply. Suitable

valley-fill aquifer drilling areas have been identified at or

near the Milford and Beryl OB sites.

Water-Supply System Alternatives

The water-supply system alternatives for each of the 14 valleys

are summarized in Table ES-2. As indicated in the table, there

is an existing Air Force test well, drilled by Ertec as part of

the MX Water Resources Program, in 12 of the 14 valleys that can

be utilized in the water-supply systems. The only valleys in

which drilling and testing have not been conducted are Lake and

Pahroc.

In 10 of the 14 valleys, additional development of the valley-

fill aquifer and the utilization of an existing Air Force test

well is the most viable water-supply system. The 10 valleys

are 1) Cave, 2) Coal, 3) Delamar, 4) Dry Lake, 5) Garden,

6) Hamlin, 7) Muleshoe, 8) Pine, 9) Spring, and 10) Wah Wah. In

Cave and Spring valleys, no amendment to the Air Force water-

appropriation application points of diversion would be necessary

to obtain the well yields required during peak MX construction

years. Air Force water-appropriation application points of

xvi
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diversion in the eight remaining valleys would be used in the

water-supply system, but with amendment of some locations. In

Delamar Valley, early storage of water in reservoirs is recom-

mended to reduce the quantity of ground water withdrawn by the

Air Force during peak years. In all of the 10 valleys, ground

water would probably be conveyed by pipelines along roads from

the water-supply wells to more strategic water-supply locations

along the Designated Transportation Network (DTN) or at the

entrance to a cluster road. Existing Air Force ground-water

appropriation application points of diversion are utilized for

water-supply well locations whenever possible to reduce the

number of changes in points of diversion. Such changes would

delay the availability of the amended points of diversion for

development pending review and possible hearings by the State

Engineer.

The four valleys where valley-fill aquifer development is not

recommended as the most viable water-supply source are Coyote

Spring, Escalante Desert, Lake, and Pahroc. In Coyote Spring

Valley, site of the proposed Main Operating Base, the water-

supply system would include the utilization of the two exist-

ing Air Force carbonate aquifer test wells at 13S-63E-23dd

(appropriation application number 44220) and the construction

of another carbonate aquifer well to meet peak-year water re-

quirements. This would require a change in the other existing

Air Force point of diversion (appropriation applicaton number

xviii
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43804) at 12S-63E-29da to the location of the new carbonate

aquifer well. In Escalante Desert, the water would be leased or

purchased from existing owners, the points of diversion moved

to a location at or near the OB, and new water-supply wells

drilled. In Lake Valley, the most viable alternative is the

lease of existing ground-water rights in the northern part of

the valley (Lake Valley hydrographic basin). The existing point

of diversion of the water owner would be moved to a location

along the DTN or at the entrance to a cluster road and a new

well drilled that would tap the valley-fill aquifer. In the

southern part of Lake Valley (Patterson Valley hydrographic

basin), water should be obtained through the appropriation of

new ground-water rights and the construction of water-supply

wells in the valley fill. In Pahroc Valley, no Air Force test

well exists, but the valley-fill aquifer should be developed and

the water conveyed by pipeline to more strategic water-supply

locations within the valley.

Examples of other less viable water-supply system alternatives

in certain areas are:

o A combination of valley-fill and carbonate aquifer develop-
ment in Cave, Coal, Dry Lake, and Muleshoe valleys;

o Importation of water from Pahranagat Valley to Pahroc Valley
and the importation of water from the Colorado River to
Coyote Spring Valley;

o A combinaton of valley-fill aquifer development and early
storage of water in reservoirs to augment supplies in peak
construction years in Delamar Valley; and

o A combination of lease of existing water rights and develop-
ment of the valley-fill aquifer in Hamlin Valley.

xix
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Additional Investigations

Sites for additional drilling and testing prior to operational

development of the water-supply system have been identified.

These sites would provide additional information about aquifer

properties necessary to develop the ground-water supply and,

whenever possible, would provide water-supply wells that are

suitable for MX construction use. These sites were selected

based on well yield potential, their proximity to a construction

plant or camp, DTN, or cluster, the sparseness of aquifer data

in the area, and distance from features that could potentially

be impacted due to MX ground-water withdrawals.

The additional investigation sites recommended are summarized

in Table ES-3. The table shows the Air Force application points

of diversion and other recommended sites as well as their gen-

eral location in primary or secondary drilling areas within the

valley. Eighteen sites are recommended for additional inves-

tigation among the 14 valleys prior to final well-field design

and water-supply system development. Most of the recommended

drill sites are in primary areas, but six are in secondary

areas because of the absence or unfavorable distribution of

primary areas with respect to construction activities. Nine of

the 18 drill sites are not existing Air Force points of diver-

sion and will require an application for a change in point of

diversion after the Air Force' s ground-water right has been

established if the wells are to be used as sources of supply.

xx
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RECOMMENDED SITES GENERAL LOCATION

AIR FORCE OTHER NUMB3ER OF SITESINUMBER OF SITES
VALY GROUND WATER INVESTIGATION IN PRIMARY IN SECONDARY
VALYAPPLICATION SITES WATER SUPPLY WATER-SUPPLY

NUMBER (Potential Point DEVELOPMENT DEVELOPMENT
(Point of D vwniWee of Diversion) AREA AREA

CAVE 0 8N-64E-22cd 1 0

COAL 41707 011
4170801

COYOTE SPRING 0 11S-64E4&00 0 0

DELAMAR 0 4S-63E-20ad 2 0
6S-64E-32ac _____

DRY LAKE 03N-64E-2&c 2 02N-64E-36dc

ESCALANTE 0 0 0
DESERT ______

GARDEN 41718 0 1 0

HAMLIN 41721 7N-70E-26ac 2 0

LAKE 41811 0 1 0

MULESHOE 41733 0 1 0

PAHROC 41693 0 1 0

PINE 55021-3 0 0 2

SPRING 0 1ON-67E-36bb 0 1

WAH WAH 55019-7 (C-26-14) 4ad 0 2

PRIMARY AND SECONDARY AREAS FOR NIX WATER-SUPPLY WELL CONSTRUCTION ARE BOTH SUITABLE FOR
DEVELOPMENT BUT THE FORMER IS BELIEVED TO HAVE GREATER WELL YIELD POTENTIAL
THE CRITERIA FOR DETERMINING PRIMARY, SECONDARY. AND EXCLUDED AREAS FOR WATER-SUPPLY
DEVELOPMENT ARE DESCRIBED IN APPENDIX S.

**NUMBERS REFER TO TOWNSHIP, RANGE, AND SECTION NUMBERS;
POINTS OF DIVERSION LOCATED IN EXCLUDED AREAS WERE
NOT CONSIDERED AS ADDITIONAL DRILLINGITESTING NXSITING NETGTO
LOCATIONS.amGINETAIO EIMI DEPARTMENT OF THE AIR FORCE

BM1FREM

ADDITIONAL INVESTIGATIONS
SUMMARY

__________________________________ 1_28 SEPT 81 TABLE ES-3
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These locations were generally selected because of the need to

evaluate valley-fill aquifer well yields and water quality for

the proposed construction camps and plants in areas where no Air

Force points of diversion were close by. Also, in the case of

Dry Lake and Delamar valleys, only one point of diversion had

originally been requested for the entire quantity of water re-

quired for the peak MX construction year. This was necessitated

as a result of the early Ertec drilling and testing activities

in these valleys. An application was filed for each test well

site in each valley far in advance of the dates of filing of the

majority of the other Air Force water appropriation applications

for other valleys. In order to maintain the Air Force's pri-

ority in time over subsequent applications for water appropria-

tion by other individuals, the full quantity required for MX

construction was requested. In this case, only one Air Force

test well had been drilled and more information was needed about

aquifer properties in other parts of the valleys.

Hydologic Monitoring Program Criteria and Guidelines

The principal elements of the hydrologic monitoring program

include monitoring of ground-water levels, spring discharges,

and surface- and ground-water chemistry. Streamflow will also

be monitored in certain areas. Where possible, monitoring sites

or stations should be located to detect hydrologic changes prior

to impact at existing wells or springs.

xxii
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Monitoring wells should be selected first from suitable private

and public wells, especially those monitored by the U.S. Geo-

logical Survey and second from new.wells constructed after it

has been determined that existing suitable wells are unavail-

able. New wells should be drilled to the minimum depth in the

aquifer that corresponds to the mid-point of the screened sec-

tion of the MX production wells being monitored.

Most of the monitoring wells in all of the valleys should be

open to the same aquifer as the MX production wells. However,

in valleys with perched aquifers, a monitoring well will be

needed in the perched aquifer which could be hydraulically

connected with the developed aquifer. Also, there may be val-

leys in which the-regional carbonate aquifer should be monitored

when the valley-fill aquifer is tapped or vice versa. Monitor-

ing wells will be needed in such valleys only when there is evi-

dence of hydraulic connection between the two aquifers and when

springs are known to be discharging from the reoia,'l caL'',-ate

aquifer.

A moderate amount of ground-water sampling and a minor amount of

surface water and spring sampling will be needed in the MX con-

struction valleys. Special attention is needed if ground water

of poor quality is believed to be located within the anticipated

range of influence of an MX production well. Pumping at the

well could cause the poor quality water to migrate toward the

production well. A well for monitoring water quality should be

xxiii
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located between the area of poor quality water and the produc-

tion well in order to monitor migration.

The frequency of hydrologic monitoring will range from continu-

ous measurement of water-level fluctuations in wells and flow

rates in springs and streams at some sites, to a one-time sam-

pling of the quality of water at some wells and springs. Moni-

toring should be more frequent during the preconstruction and

construction phases than during the operational phase.

Impact Avoidance and Mitigation

The two major components of the Air Force program for impact

avoidance are the hydrologic monitoring system and the computer

numerical models of the valley-fill hydrologic systems.

Data compiled through the hydrologic monitoring program will

be used to refine the computer numerical models developed for

the individual valleys. The Lefined models can be used to veri-

fy original projections regarding long-term impacts of water

withdrawal from Air Force points of ground-water diversion. If

the updated projections show impacts which were not originally

anticipated, appropriate modifications to the MX water-supply

system can be implemented prior to impact occurrence.

If significant or unacceptable impacts to existing water sources

(wells, springs, or streams) are projected or do occur for una-

voidable reasons, there are several mitigation options avail-

able which include the options that follow.

xxiv
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o Reduction of the rate of water withdrawal at the Air Force
point of diversion causing impact;

o Cessation of water withdrawal at the Air Force point of di-
version causing impact; and

o Delivery of water to the impacted point of diversion to com-
pensate for temporarily reduced production capacity or water
quality.

A spring or wetland that has a reduced water level, discharge,

or water quality due to MX activities and which harbors threat-

ened or endangered species is more difficult to reconcile. The

declines can probably be returned to pre-MX levels through the

previously mentioned alteration of pumping patterns. However,

the tolerance of endangered species to fluctuations in water

levels, food sources, temperature, water quality, and other

possible habitat parameters is presently undetermined. The best

approach to mitigation of this impact is through a comprehensive

hydrologic monitoring program, extrapolation of potential im-

pacts, and implementation of impact-avoidance measures.

xxv
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1.0 INTRODUCTION

This report presents preliminary water management planning in-

formation for 12 deployment area valleys and two Operational

Base (OB) valleys in the Nevada-Utah siting area. Final water

management plans will be developed when all drilling and testing

in advance of operational development of the water-supply system

has been completed, water requirements for MX construction have

been finalized, and the numerical models of the ground-water

aquifers, being developed by Ertec, have been completed. It is

intended that this report serve as a model for subsequent water

management reports on the remaining MX siting area valleys.

The preliminary water management planning information presented

in this report represents the integration of over two years of

MX Water Resources Program activities. Water management plans

are important for the MX project in order to most efficiently

develop and use the water resources of this area. Careful water

management planning can minimize the potential impacts to the

local water users, the environment, and the ground-water aqui-

fers due to MX ground-water withdrawals. It can also reduce MX

system construction costs throuqh identification of suitable

water-well development areas and identification of the most

efficient water-supply system to satisfy MX water requirements.

1.1 OBJECTIVES AND PURPOSE

The overall objective and purpose of this report, and of the

water management program, is to provide preliminary baseline

information and recommendations with appropriate documentation

=-E rt_
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to aid in water-supply development and well f ield design and in

final water management planning. Other more specific objectives

and purposes of the water management program are summarized as

follows.

" Determine the primary water-supply source and the first al-
ternative source for each valley so that water-supply plan-
ning can proceed. The first alternative source of water
supply, as well as other alternatives, is important to iden-
tify for those instances where the recommended water-supply
source cannot be developed or becomes unavailable during
construction for various legal, political, or environmental
reasons.

o Provide an assessment of the general characteristics of
water-supply system alternatives for each valley. This in-
formation will aid in a better understanding of which water-
supply systems are practical in each valley.

" Delineate the primary and secondary drilling areas for water-
supply development based on available hydrogeologic and
environmental data and legal considerations. These areas
will provide boundaries within which final well field design
should be contained in order to minimize impacts to and
interference with existing water users and the environment,
and it maximizes cost efficiency through development of
water-supply sources in the most favorable areas.

o Identify and recommend sites for future drilling and aqui-
fer testing in advance of operational development of the
water-supply system to verify suitable aquifer character-
istics and provide additional data for water-supply evalu-
ation and final well field design.

o Determine the criteria and guidelines of the hydrologic
monitoring program with regards to selection of hydrologic
monitoring stations and frequency of monitoring.

o Determine and recommend a general approach to water resources
impact avoidance or mitigation.

1.2 SCOPE

The 14 valleys covered in this report are those in which MX

construction is scheduled to begin in 1982 or 1983, based on the

17 March 1981 U.S. Army Corps of Engineers (COE) construction

rbm
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schedules. These are also the valleys for which earliest MX

water-appropriation hearings are expected to occur. The loca-

tion of these valleys is shown in Figure 1-1 and are listed

below:

Cave Escalante Desert Pahroc
Coal Garden Pine
Coyote Spring Hamlin Spring
Delamar Lake Wah Wah
Dry Lake Muleshoe

The scope of the water management program is described below.

o Assess, for each water-supply source alternative in each
valley, the legal availability of water, the possible impacts
of MX development on existing water users and the environ-
ment, the development potential or physical availability of
water, the cost and timeliness of development, and water-
quality limitations.

o Compile and integrate all relevant in-house data from pre-
vious hydrologic, geologic, and environmental studies includ-
ing water-rights inventories, industry activity inventories,
extensive field hydrologic reconnaissances, drilling and
aquifer testing, geophysical surveys, detailed geologic map-
ping, engineering analyses, and cultural and biological re-
source assessments to delineate primary and secondary areas
for water-supply development and those areas not recommended
for water-supply development.

o Assess, for each water appropriations point of diversion,
the need for additional drilling and investigation in advance
of operational development of the water-supply system. The
well yield potential, the proximity to a construction plant,
construction camp, cluster, or Designated Transportation
Network (DTN), and sparse data areas were evaluated for each
point of diversion. In addition to the assessment of the
points of diversion, other areas useful for additional data
gathering were evaluated based on similar considerations.

o Establish criteria and guidelines for selection of hydrologic
monitoring stations through consideration of the features in
each valley which could potentially be impacted by MX ground-
water withdrawals.

o Identify the potential forms and magnitude of impacts due
to MX ground-water withdrawals in the MX siting valleys.

-- Ertue
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Evaluate and establish an approach to the implementation of
mitigation or impact avoidance measures.

1.3 BACKGROUND

The MX Water Resources Program was initiated in June 1979 for

the purpose of evaluating the availability of water for both the

construction and operational phases of the MX project in Nevada

and Utah and to assess the effects of these withdrawals on local

water users, the environment, and the aquifers. As part of the

Water Resources Program to date, more than 50 wells have been

drilled in the valley-fill and carbonate aquifers, over 45 aqui-

fer (pump) tests have been performed, more than 300 water-

chemistry analyses have been completed, and approximately 850

water-level and discharge measurements have been made. The

findings of the Water Resources Program have been presented to

the Ballistic Missile Office (SMO) in a series of technical,

water legal-related, and progress reports. The reports and

their general contents are listed below.

Technical Reports

o "MX Siting Investigation, Geotechnical Summary, Water Re-
sources Program FY 79," 21 December 1979. This report
included the results of initial field studies in Big Smoky,
White River, Dry Lake, Snake, Hamlin, and Tule valleys during
FY 79.

o "MX Siting Investigation, Water Resources Program, Summary
for Draft Environmental Impact Statement," 15 May 1980 re-
vised 1 August 1980 (FN-TR-38). This report summarized the
results of the studies performed to date in 16 valleys in the
siting area, including an update of the six previously
reported valleys. The additional valleys studied were:
1) Cave, 2) Delamar, 3) Dugway, 4) Fish Springs Flat, 5)
Little Smoky, 6) Pine, 7) Railroad, 8) Sevier Desert, 9) Wah

t Wah, and 10) Whirlwind. It also included a description of
the general hydrology, details of the aquifer characteris-
tics, the water-quality limitations of the subject valleys,

S Ertux
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and the potential impacts of MX ground-water withdrawals and
mitigating measures.

" "MX Siting Investigation, Water Resources Program, Interim
Report," 31 October 1980 (FN-TR-40). The Interim Report was
an extension of the technical summary report series and
included the preliminary results of the investigation of the
following valleys: Big Sand Springs, Coal, Garden, Lake,
Muleshoe, Pahroc, Penoyer, and Spring. The information
presented in the report was similar to that in the Summary
for Draft Environmental Impact Statement.

" "MX Siting Investigation, Water Resources Program, Operation-
al Base Studies Report, Volume I, Coyote Spring Operational
Base, Nevada," 28 May 1981 (E-TR-52-I). This report pre-
sented a discussion of the water resources of the Coyote
Spring Valley and results of testing performed to date.

o "MX Siting Investigation, Water Resources Program, Operation-
al Base Studies Report, Volume II, Milford and Beryl Opera-
tional Bases, Escalante Valley, Utah," 28 May 1981 (E-TR-51-
II). This report had a similar format and content as the
Coyote Spring OB report.

Water Legal-Related Reports

" "Overview of Nevada and Utah Water Law: Historical Develop-
ment and Current Procedures for Rights Acquisition," revised
2 June 1980. This report provided baseline information for
and description of the process for obtaining water rights
with background on the water law of Nevada and Utah.

o "Municipal Water-Supply and Wastewater-Treatment Facilities
in Selected Nevada and Utah Communities," 20 June 1980 (this
report was also submitted to BMO as Volume III of the summary
report for the Draft Environmental Impact Statement, 15 May
1980). This study was an assessment of the municipalities
and towns within and adjacent to the MX siting area and their
capacity for increasing their water-supply and wastewater-
treatment facilities.

o "MX Siting Investigation, Water Resources Program, Industry
Activity Inventory, Nevada-Utah," 2 September 1980. This
report provided an assessment of present water use and
projected future use by industry and other commercial users.

o "MX Siting Investigation, Water Rights Inventory, Nevada-
Utah, Water Resources Program FY 80," 19 December 1980. This
report presented a summary of surface- and ground-water
rights in the siting area with a breakdown according to
applications, permits, certificates, and proofs.

EErtec
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Progress Reports

0 "MX Siting Investigations, Water Resources Program, Progress
Report," 13 February 1981. The Progress Report presented the
status of Water Resources Program activities since the
Interim Report of 31 October 1980 through 9 January 1981.
It also discussed the preliminary results of field drilling,
testing and reconnaissance programs, OB studies, and computer
numerical model simulations of valley-fill aquifers in
selected valleys.

The results of the Water Resources Program along with the re-

sults of Ertec's geology, engineering, geophysics, and shelter

and DTN layout activities have also been integrated into the

preliminary water management information presented in this re-

port. To enhance the accuracy of the water management program

results and conclusions, the most current MX water requirements

and cluster and DTN layouts available at the time of this writ-

ing have been used. MX water requirements are those developed

by the COE and dated 17 March 1981. Cluster and DTN layouts,

used in the analyses of water-supply system alternatives and

additional drilling and investigation sites, are based on 15

May 1981 Ertec drawings.

The process to acquire the necessary water rights for construc-

tion and operation for the MX project began in October 1979 with

the filing of a water-appropriation application for Snake Valley

in Nevada. In January 1980, applications were filed for water

rights in three additional valleys: Dry Lake, Delamar, and

White River valleys. These four valleys represent locations in

which it was intended to initiate the drilling program, and

water rights applications were filed for the planned drill

sites.

E Erter
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In July 1980, applications were filed for an additional 25 v&i-

leys making a total of 94 water-rights applications in Nevada

and Utah. To complete the filing process, applications for the

six northern valleys (Kobeh, Butte, Jakes, Long, Newark, and

Monitor) and OB sites at Ely, Delta, and Coyote Spring Valley

were filed in November and December 1980. The majority of these

filings were made in advance of the completion of hydrologic

field investigations, Verification studies, and cultural and

biological resource assessments which subsequently have provided

valuable information for the identification of suitable areas

for water-supply well development. As a result, some of the Air

Force water-appropriation application points of diversion have

been found to occur in presently excluded areas for water-supply

well development.
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2.0 MX WATER REQUIREMENTS

Water for domestic and construction purposes will be required

for the construction of MX missile clusters and support facili-

ties. The estimated MX annual water requirements for each of

the 14 study valleys are summarized in Tables 2-1 through 2-14.

The water-usage estimates were developed by the COE (17 March

1981) and approved for use in this report by the Air Force. At

the time of this writing, these MX water-usage estimates repre-

sent the most accurate figures available that have been agreed

to by the Air Force, the COE, and other Air Force contractors.

The COE figures are categorized according to type of use and

include two basic types of water consumption estimates: 1) un-

accompanied estimates which assume that the dependents of con-

struction workers will not be residing at the Life Support Camps

(LSCs), and 2) accompanied estimates which assume that the de-

pendents will be housed at the LSCs with the construction work-

ers. The latter assumption (accompanied) results in domestic

water consumption estimates 2.5 times those of the unaccompanied

estimates. For the analyses performed in this investigation,

the accompanied or higher water-use estimates were used for

conservation. These estimates for peak-year water usage (max-

imum quantity required) for each of the 14 valleys is in all

cases either less than or equivalent to the quantity of water

requested in the Air Force ground-water appropriation applica-

tions.
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2.1 DOMESTIC WATER USE

2.1.1 Life Support Camps

Based on the COE water-usage scenario, LSCs will be used to pro-

vide housing for construction personnel in five of the 12 de-

ployment area valleys and at both Main Operating Base (MOB) and

Alternate Operating Base (AOB) sites. The accompanied maximum

populations for the LSCs in the deployment area valleys range

from 5632 in Wah Wah Valley to 6560 in Dry Lake Valley. This

includes consideration of those also planned for Coal, Lake, and

Pine valleys. The maximum accompanied populations at the LSCs

for the MOB and AOB sites are estimated to be 25,670 and 15,982,

respectively. A water-usage rate of 200 gallons (757 1) per

capita per day and a water-use period of 365 days per year were

used.

2.1.2 Independently Housed Workers

It was assumed by the COE in the estimation of MX water demands

that 10 percent of the total MX construction force will consist

of day workers and transient personnel who, although not resid-

ing in LSCs, will require additional limited water supplies. A

water-usage rate of 50 qallons (189 1) per capita per day and a

water-use period of 250 days per year were used as base assump-

tions in developing the COE estimates.

2.2 CONSTRUCTION WATER USE

2.2.1 Reveqetation

Water will be required for the revegetation of disturbed areas

during and after construction. It is assumed here that irriga-

tion will be used during revegetation. Corps of Engineers

EErter
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estimates of the demand for water for revegetation are total

requirements to promote revegetation and are based upon the

following assumptions.

o 5 acre-feet (0.0006 hm3 ) per shelter or 115 acre-feet (0.14
hm3 ) per cluster will be required for revegetation;

o 4.04 acre-ft/mi (0.008 hm3/km) will be required for reve-
getation along the DTN;

o 125 acre-feet (0.15 hm3 ) per cluster will be required for
revegetation along cluster roads;

o A total of 7460 acre-feet (9.20 hm3 ) will be required for
revegetation of support roads;

o The water requirement in acre-feet for revegetation of LSCs
is 0.01530 times the maximum estimated population of the
LSC;

o 107 acre-feet (0.13 hm3 ) will be required for revegetation
at each precast concrete plant site;

o 443 acre-ft/yr (0.53 hm3/yr) will be required for revege-
tation at each marshalling yard;

o 200 acre-ft/yr (0.25 hm3/yr) will be required for revege-
tation at each construction support yard;

o A total of 2450 acre-feet (3.02 hm3 ) will be required for
revegetation material source sites including processing
plants; and

o 300 acre-feet (0.37 hm3 ) will be required for revegetation
alonq railroads.

2.2.2 Dust Control

Water will be required throughout the construction period for

dust control. The COE estimates of the water demand for dust

control are based on the assumptions that the entire roadbed

and shoulders will be treated with an asphalt emulsion and a

twice-weekly application rate will be used. Based upon an

applicaL'-n rate of 0.25 gal/yd 2 (1.13 1/m2 ) per application

E ErtPc
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for operational and construction access roads, the COE has

estimated that 32.6 acre-feet (0.04 hm3 ) per cluster per year

will be required for operational roads and 7 acre-ft/yr (0.01

hm3/yr) will be required for construction access roads. Dust

control along the DTN will use an equal mixture of 0.125 gal/yd2

(0.566 1/m2 ) of water and 0.125 gal/yd2 (0.566 1/m2 ) of asphalt.

The DTN water demand for dust control is estimated by the COE to

total 0.8 acre-ft/mi (0.002 hm3 /km) per year.

2.2.3 Road Construction

The COE estimated water demand for road construction is based

upon a rate of 15.667 acre-feet (0.02 hm3 ) per cluster of

which 3.267 acre-feet (0.004 hm3 ) is for recompaction of DTN

and 12.4 acre-feet (0.015 hm3 ) is for recompaction and regrading

of construction roads.

2.2.4 Shelter Excavation

The water demand for shelter excavation is based upon a COE

estimated requirement of 26 acre-feet (0.03 hm3 ) per cluster.

2.2.5 Concrete

Water will be required for concrete for shelters, resident

operational support equipment enclosures, transformer vaults,

electrical manholes, and floor slabs and foundations for facil-

ities at the proposed Area Support Center (ASC) in Dry Lake

Valley. For cluster shelters, enclosures, vaults, and manholes,

an assumed rate of 2.2 acre-feet (0.003 hm3 ) per cluster was

used in the COE estimates. For the ASC, the total estimated

water requirement is only 0.5 Rcre-feet (0.001 hm3 ).

EErtar
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2.2.6 Concrete Aggregate Wash Water

Water will be required to wash aggregate prior to concrete

mixing. The COE estimates are based upon a water requirement of

2.5 acre-feet (0.003 hm3 ) per cluster. In addition, an esti-

mated 0.7 acre-feet (0.001 hm 3 ) will be required for aggre-

gate wash water at the ASC in Dry Lake Valley.

ErMc
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3.0 WATER-SUPPLY ALTERNATIVES

3.1 INTRODUCTION

The alternative water-supply sources for MX construction and

operation that are considered are:

o The appropriation of ground-water rights and the construction
of water wells in the valley-fill aquifers;

o The appropriation of ground-water rights and the construction
of water wells in the regional carbonate aquifers;

o The lease or purchase of existing surface-water and/or
ground-water rights; and

o The importation of water via pipeline from "water-rich" val-
leys to those valleys where water supplies are insufficient.

The relative merits of each alternative vary according to the

hydrologic characteristics and MX water requirements in each

siting valley. A matrix analysis was used to provide a struc-

tured process for evaluating the applicability of each alterna-

tive to a given valley and determining which should be developed

as the primary source. A detailed discussion of the matrix

methodology is presented in Appendix A. Each of the alterna-

tives and its advantages and disadvantages are discussed below.

3.2 VALLEY-FILL AQUIFER DEVELOPMENT

3.2.1 Water-Supply Well Design and Construction

Based upon the analysis of the hydrologic conditions in each

of the MX siting valleys, it appears that, in most valleys,

there are sufficient quantities of unappropriated ground water

available from the valley-fill aquifer to meet MX demands. This

supply may be best developed through the construction of conven-

tional water wells as schematically shown in Figure 3-1.

EErtac
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The depth and diameter of MX wells will vary according to the

depths to ground water and the aquifer. Within the deployment

area, the depth to ground water ranges from less than 10 feet (3

m) below land surface to over 800 feet (244 m). The depth to

productive water-bearing zones, however, may be substantially

greater. MX water-supply wells, as discussed for each of the

study valleys in Sections 4.1.3 through 4.14.3, will likely

range in depth from 500 feet (152 m) in valleys with shallow

ground water to 1300 feet (396 m) in valleys with deeper aqui-

fers.

Anticipated diameters for boreholes and well casing range from

16- to 24-inch (41- to 61-cm) diameter borings cased with 10-

to 16-inch (25- to 41-cm) ID well casing. Exploratory drilling

conducted by Ertec in 12 of the 14 study valleys show that test

wells constructed with 16-inch (41-cm) boreholes and 10-inch

(25-cm) ID casings are capable of supplying constant discharge

rates of 75 to 740 gpm (5 to 47 1/s). With larger diameter

cased production wells, increased well yields may be expected.

The primary function of a larger diameter well would be accom-

modate a larger pump.

3.2.2 General Valley-Fill Aquifer Characteristics

The ability of aquifers to store and transmit water is a very

important consideration in the selection of sites for MX water-

supply wells. As suggested in Figure 3-1, not all sediments

below the water table are favorable aquifers. Typically, the

valley sediments in the study valleys consist of interbedded

Eirtar
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sequences and mixtures of gravel, sand, silt, and clay. There

is commonly a gradation from coarse-grained and poorly sorted

sediments adjacent to the mountain front to fine-grained, well-

sorted sediments in the playa areas usually near the center of

the valleys (Figure 3-2). The preliminary results of aquifer

tests conducted throughout the deployment area indicate that

the ability of the aquifer to transmit water (transmissivities)

within the study valleys is usually low in the area within about

1 mile (1.6 km) of the mountain front. This is presumably due

to a combination of poor sorting and limited saturated thick-

ness. Transmissivities increase toward the valley axis, reach-

ing a maximum value near the foot of the alluvial fans and de-

creasing as the percentage of clay increases toward the playa

areas. By locating MX iater-supply wells in higher transmis-

sivity zones, larger welL. yields may be obtained.

3.2.3 Impacts

During withdrawals, MX water-supply wells will lower ground-

water levels in the vicinity of the well. The amount of lower-

ing or drawdown which occurs is a function of the aquifer

properties, the well design (efficiency), the volume of water

pumped, and the duration of the pumping period. The conceptual

cone of depression which will occur around MX water-supply wells

is shown in Figure 3-3. Based upon the preliminary results of

aquifer tests conducted and finite difference numerical ground-

water flow modeling of the valley-fill aquifers in the study

valleys, water-level declines of 1 to 5 feet (0.3 to 1.5 m) are

projected to occur at a distance of 1 mile (1.6 km) from MX

ErWa
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water-supply wells after two years of continuous pumpage at

required rates. At a distance of 3 miles (5 kin), no water-

level drawdowns are expected to occur. These results are for

for those valleys that are believed to have generally unconfined

aquifer conditions based on available lithologic logs. Those

valleys are Coal, Delamar, Dry Lake, Garden, Hamlin, Escalante

Desert, Pine, Spring, and Wah Wah. Cave Valley may have gen-

erally confined to semiconfined aquifer conditions based on

drillers' logs, and water-level declines may be greater than

those indicated for unconfined aquifer conditions. Pahroc,

Muleshoe, Lake, and Coyote Spring valleys are expected to have

generally unconfined aquifers but actual conditions are still

undefined at present. By maintaining setback distances of at

least 1 mile (1.6 km) from all existing water wells, the effects

of drawdown from pumping MX wells upon other wells can be mini-

mized.

Similarly, MX well setbacks from springs can also minimize im-

pacts on spring discharge rates. If MX water-supply wells are

located too close to springs, a reduction in the discharge rate

of the spring could occur. In several of the valleys, springs

occur which are believed, on the basis of water chemistry, tem-

perature, discharge, and hydrologic environment, to be discharg-

ing ground water from regional carbonate aquifers which commonly

underlie the valley-fill sediments and hydraulically connect

many of the valleys. These springs are valuable sources of

water for present water users and also provide habitat for a

number of aquatic plant and animal species in some instances.
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The impact of MX valley-fill water wells upon these springs is

* dependent upon the degree of hydraulic connection between the

valley-fill, the regional aquifer, and the spring itself. To be

conservative, it is recommended that MX water-supply wells be

located greater than 3 miles (5 kin) from a known or possible

regional spring. The regional and possible regional springs

identified to date within the study valleys are listed in Table

* 3-1.

Potential water-level declines around local valley-fill aquifer

springs due to MX ground-water withdrawals will be the same as

those described for wells in the valley-fill aquifers. Simi-

larly, MX well setback distances from local springs should be

at least 1 mile (1.6 kin). However, this setback distance should

be reevaluated as well field design and pumping rates are final-

ized and completed numerical models are available for evalu-

ating the resultant distance-drawdown effects.

3.2.4 Water Distribution System

Due to the high costs of water well construction, the uneven

* distribution of suitable drilling locations, or legal con-

straints, it may not be practical to construct water-supply

wells for each cluster. Water for construction purposes may

have to be transported several miles from a supply well to the

place of use. Temporary pipelines to transport the water from

the supply wells to central distribution points, or reservoirs,

* along the DTN near cluster entrance roads may be necessary in

some cases. Water trucks could then be used to distribute the

water to the actual construction sites.

* EErter
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To reduce the number of MX water-supply wells required and

to ensure that peak-water demand can be satisfied, it may be

desirable to construct storage reservoirs. In som. v3lleys

where well yields are expected to be low, it is recommended that

storage reservoirs be considered. These reservoirs could be

constructed at least one year prior to the initiation of MX

construction activities. Such reservoirs could be filled with

ground water prior to actual need, thus reducing the number of

supply wells needed and the peak-year water withdrawals in some

valleys. Storage reservoirs would need to be large enough to

store adequate volumes of water during times of peak demand.

The high evaporation rate in the valleys and the leakage rate

of the mat rials used in the construction of the reservoir are

important parameters in the design of such storage facilities.

The costs of the storage of ground water in surface reservoirs

prior to actual use is significant. The reduced costs in well

construction, however, would tend to offset some of the costs of

storage. The construction of clay coffer dikes in playa areas

is a low-cost-storage method but requires reclamation of areas

disturbed for borrow pits and dike reclamation upon abandonment.

It may be possible to use inflatable dikes similar to those used

as temporary flood-control structures. Such structures could be

placed in shallow trenches in playa areas. Although expensive,

these dikes could eliminate costly reclamation work and could

be used in other siting valleys upon completion of construction

activities in the area. An application for the appropriation

EErt
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of surface water in playas would likely have to be filed should

water accumulate naturally in these areas from surface runoff.

Water for domestic use should be stored in a closed tank so that

the water quality does not deteriorate. Water stored in surface

reservoirs should be used for construction purposes only. if

water for domestic use is stored in a surface reservoir, in-

creased costs will result because the water will require treat-

ment prior to use.

3.3 REGIONAL AQUIFER DEVELOPMENT

3.3.1 Water-Supply Well Design and Construction

The depth and diameter of carbonate production wells will be

dependent upon the depth and hydrologic characteristics of the

hydrostratigraphic units present. In exploratory drilling and

carbonate aquifer testing conducted by Ertec, drilling depths of

up to 2395 feet (730 m) were required to penetrate suitable

carbonate aquifers. The diameter of carbonate production wells

should be at least 10 inches (25 cm) at the producing zone and

thus may require diameters of up to 26 inches (66 cm) near the

surface if telescoping wells are used (Figure 3-4).

The yield of carbonate wells can be expected to vary widely.

Tests wells in carbonate aquifers in three deployment valleys

and near the MOB had yields ranging from 95 to over 3400 gpm

(6 to 215 l/s) . In general, the location of carbonate wells

in structurally deformed (faulted) areas of carbonate rock

formations of Mississippian or Devonian age should have the

highest yields.

EErtel!
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As with valley-fill wells, carbonate wells will impact water

levels in the vicinity of the pumping well, although potentially

to a much smaller degree in good producing zones. This is sup-

ported by the small drawdowns observed in the Coyote Spring Val-

ley carbonate test wells, 5 to 12 feet (1.5 to 4 m) at pumping

rates of 500 to 3400 gpm (32 to 215 l/s). The water distri-

bution systems discussed in Section 3.2.2 are applicable to

carbonate wells.

3.4 LEASE OR PURCHASE OF EXISTING WATER RIGHTS

V'ere there are insufficient unappropriated water supplies to

meet MX demands, it may be possible to lease or purchase exist-

ing water rights. If a water right is so obtained, it may be

desirable to transfer the point of diversion to a more suitable

location. Such a relocation will require an application to be

filed with the State Engineer stating the requested change.

This application would be subject to the same publication,

protest, and hearing process as an original application to

appropriate water, although hearings for changes in points of

diversion are manadatory only in Utah. A favorable ruling by

the State Engineer approving the application is required before

construction of a relocated well can begin.

It is advisable to consider leasing water rights rather than

purchasing because leased water rights do not have to be dis-

posed of following use, are less costly than purchased water

rights, and would emphasize the temporary nature of the MX water

requirement.
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3.4.1 Impacts

Although the use of the lease/purchase alternative will elimi-

nate many of the potential adverse impacts of MX water use upon

existing water users and water levels, there will still be

water-level declines around the pumping wells and setback dis-

tances from existing wells and environmentally sensitive areas

will still have to be observed. If the existing point of di-

version is used, the required water-distribution system would

likely have some impacts.

If the lease or purchase of water supplies results in a decrease

in the agricultural productivity of a valley, there may be in-

direct adverse impacts upon sectors of the agricultural economy.

The Utah State Engineer has indicated that such impacts may be

considered in evaluating proposed MX water development plans

(personal communication, 1980).

3.5 INTERBASIN TRANSFER

In situations where water may not be obtained in a cost-

effective manner by wells tapping either the valley-fill or

carbonate aquifer or through the lease or purchase of existing

water rights, it may be possible to import water supplies by

pumping water from "water-rich" valleys via pipeline to water

deficient areas. Water-rich valleys that have been identified

are Railroad, Spring, and Snake valleys. These valleys have

sufficiently large quantities of presently unappropriated

perennial yield to supply the peak-water requirements of the

other study valleys and very large estimates of ground-water in
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storaqe within the upper 100 feet (30 m) of saturated valley-

fill deposits. The general characteristics and the status of

water rights in these valleys are described in Appendix A1.5.

Although water importation would be costly, it could be a viable

alternative where local water sources are not available.

If it becomes necessary to import water to a valley, pipelines,

storage reservoirs, and lift pumps will be required. Pipelines

would be constructed along roads to avoid additional environ-

mental clearances and to increase maintenance efficiency. Stor-

age reservoirs may be required to ensure that peak demands can

be met.

The legality of interbasin transfers of water has not been well

established. The Nevada State Engineer has indicated that it

may be preferable to construct many small-yield wells in a

water-deficient valley rather than import water from an adjacent

valley. Until a policy has been issued, the legal feasibility

of this alternative is in question.

3.5.1 Impacts

Although the importation of water will virtually eliminate any

potential impacts of MX water development in the valley of use,

it may compound potential impacts in the source valleys. The

potential impacts discussed in Section 3.2.3 for valley-fill

wells could occur but may be increased in magnitude if a higher

pumping rate or longer pumping period is used to provide the

exported water. Before this alternative could be implemented,
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the source valley would have to be shown to have sufficient

water supply and production capability such that no significant

adverse impacts would result to existing users or the environ-

ment.

t4
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4.0 PRELIMINARY WATER MANAGEMENT PLANS

This section of the report discusses the general hydrology,

water-supply source alternatives, suitable areas for water-

supply well development, water-supply system alternatives, and

additional investigations recommended for each of the 14 valleys

studied.

A matrix evaluation was used to appraise the water-supply source

alternatives for each valley and to identify the preferred

source of water for MX construction. The criteria and approach

used in this evaluation are discussed in Appendix A. The suit-

able primary and secondary areas and excluded areas for the

construction of MX water-supply wells were delineated based on

the criteria and methods described in Appendix B. Once the

water-supply sources were ranked and the suitable areas for well

development delineated, the viable water-supply system alterna-

tives that would best meet MX water requirements were identified

for each valley. These represent the practical application of

the water-supply source and suitable water-supply well analyses

toward supply water for MX.

A matrix evaluation was also used to aid in determining sites

for additional drilling and investigation prior to operational

development. The criteria and approach for selecting these

sites are described in Appendix A. The purpose of the addi-

tional sites is to supply additional information, in advance of

construction, beneficial to development of the ground-water
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resources in each valley and to provide water-supply wells that

meet the needs of the MX project. The criteria used to rank the

sites take into account both of these purposes, though the

criteria oriented toward information gathering (location of

wells in areas of sparse data and in areas of moderate potential

impact) are more heavily weighted than those oriented toward

providing a water-supply well (well yield, proximity to con-

struction camps, and clusters).

4.1 CAVE VALLEY

4.1.1 Hydrologic Summary

Cave Valley is a north-south trending, topographically closed

basin in Lincoln and White Pine counties, Nevada. Of the 362

mi2 (937 km2 ) of valley area, 115 mi2 (298 km2 ) are suitable for

MX deployment (Table 4-1). The ground-water resource of Cave

Valley is sparsely developed. Certificated rights for ground-

water use total 32 acre-ft/yr (0.04 hm3 /yr) (Woodburn and

others, 1981) of the 2000 acre-ft/yr (2.47 hm3/yr) perennial

yield of the valley (State of Nevada, 1971). There is an

estimated 1.0 million acre-feet (1233.0 hm 3 ) of water in

storage in the upper 100 feet (30 m) of saturated valley-fill

deposits. Presently there is no ground-water use in the valley

(Woodburn and others, 1981), but there are approved ground-water

rights at several locations. Withdrawal of the peak-year MX

water requirement of 916 acre-ft/ yr (1.13 hm3/yr) in 1984 can

be met within the limits of the valley perennial yield.

Although there are no perennial streams in Cave Valley, Cave

Valley Spring (9N-64E-16bdb), in the northern part of the
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valley, discharges an estimated 400 to 1000 gpm (25 to 63 1/s).

Water from Cave Valley Spring is fully appropriated, although

not totally used.

The valley-fill aquifer of Cave Valley appears to be largely

confined to semiconfined based on drillers' logs, although

locally unconfined conditions may occur. An aquifer pump test

of an Air Force test well (7N-63E-14ab) conducted by Ertec in

Cave Valley indicates that the aquifer located there has a mod-

erate transmissivity of about 2400 ft2/day (288 m2 /day). The

minimum storativity indicated by this seven-day test was 0.013.

A minimum storativity of 0.02, the average minimum of longer

pump tests conducted by Ertec in other deployment valleys, is

believed to be more representative of the conditions expected

throughout most of Cave Valley.

The regional carbonate aquifer underlies and is adjacent to the

valley-fill aquifer in Cave Valley based on Air Force test well

drilling logs and surface stratigraphy. The carbonate aquifer

probably has a high potential for development because there are

thick sequences of productive carbonate rocks of Devonian to

middle Cambrian age present, and the valley is in a known

regional flow regime. There are no aquitards, such as the

Chainman Shale, expected to occur at common drilling depths.

Also, there are only minor occurrences of volcanics.

Of the 11 samples of a ground water and surface water which

were collected for chemical analyses, four of the samples met

all state and federal drinking water standards and construction
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water standards (Portland Cement Association, 1966). Six of the

remaining seven samples exceeded state secondary standard for

total dissolved solids, and one sample exceeded the state pri-

mary standard for total dissolved solids. All of the samples

were suitable for construction purposes.

4.1.2 Water-Supply Sources

The acquisition of new permits and the construction of conven-

tional water wells in the valley-fill aquifer is the preferred

MX water-supply source in Cave Valley (Table 4-2). The close

ranking of the alternatives of development of the carbonate

aquifer and lease/purchase of surface-water rights suggests that

some mixture of pumping from both the valley-fill and carbonate

aquifers, as well as lease/purchase of rights to Cave Valley

Spring (9N-64E-16bda), may be viable water-supply system alter-

natives for the valley.

The amount of ground water available for appropriation in Cave

Valley is 1968 acre-ft/yr (2.43 hm3 /yr). This is sufficient

to supply the peak-year MX water requirement of 916 acre-feet

(1.13 hm3 ) in 1984. Aquifer tests by Ertec in Cave Valley

indicate that individual well yields on the order of 220 gpm (14

1/s) can be achieved. This is sufficiently high enough to

supply the relatively small MX water requirements. The alter-

native of acquisition of new permits to withdraw water from the

valley-fill aquifer is the least costly and can be developed in

the least time of the four options.
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Extraction of water from the carbonate aquifer is ranked lower

than pumping from the valley-fill aquifer only because of the

higher cost (about 5.5 times more expensive) and greater time

(about four times as long) involved in drilling and developing

a well in the carbonate rocks. It is considered as the first

alternative, even though its score in Table 4-2 is essentially

the same as lease/purchase because local water use is almost

entirely from surface-water sources. The high development

potential of the carbonate aquifer in Cave Valley suggests that

the yield of a well drilled in the carbonate rocks could be

greater than the yields in the valley-fill aquifer.

Approximately 1000 acre-ft/yr (1.23 hm3 /yr) of surface water

is presently used, largely from Cave Valley Spring. It may be

possible to lease or purchase a portion of this water to supple-

ment water from the valley-fill aquifer, particularly during

1984, the year of peak MX water demand. However, lease or

purchase of existing ground-water rights is not viable since

there is presently only 32 acre-ft/yr (0.04 hm3/yr) of certifi-

cated rights in the basin. In considering this option, one must

include the need to temporarily abandon existing surface-water

uses (farming, ranching) and, the cost of leasing or purchasing

the water and of transporting the water from Cave Valley Spring

to the use area.

Importation of water from another valley would not appear to be

necessary because of the large amount of unused perennial yield

in the valley. In addition, importation of water would be
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costly (approximately 17 times more expensive than developing

the valley-fill aquifer), would take more time than the other

options (at least eight times the valley-fill time), and could

possibly have negative impacts on Spring Valley which would be

used as a source of water.

4.1.3 Suitable Areas for Water-Supply Well Locations

Drawing 4-1 shows the primary and secondary suitable areas for

the construction of MX water-supply wells in the valley-fill

aquifer in Cave Valley.

Due to the occurrence of lacustrine deposits throughout most of

central and southern Cave Valley, only two small areas in the

northern and central part of the valley are classified as pri-

mary areas for water-supply well development. One area contains

less than 5 mi2 (13 km2 ) and occurs in Township 11N which is

located a considerable distance from MX construction activities.

The other contains about 4 mi 2 (10 km 2 ) in Township 8N and

is nearer MX construction activities. Because the total area

classif d as primary is less than 10 mi2 (26 km2 ), there are no

Air Force water-appropriation application points of diversion in

a primary area.

An area in the south and central portions of Cave Valley, ex-

tending from Township 6N to Township 8N, has been classified as

a secondary area for construction of valley-fill water-supply

wells due to the presence of thick accumulations of lacustrine

deposits. Here, the aquifer materials probably have lower
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permeability than those in the primary area and the water may

be of poorer quality. Only one of the six Air Force water-

appropriation application points of diversion lie within suit-

able area for water-supply well development. This is located at

7N-63E-33db (number 41696).

A 15 mi2 (39 km2 ) area of shallow bedrock located in Township 9N

and ION has been excluded. In this area, a number of fee-land

and water appropriation exclusions are also found. South of this

area, six other ground-water appropriation exclusion areas (a

1-mile [1.6-km] radius from the point of diversion) have been

identified. Five of the six Air Force water-appropriation

application points of diversion lie within excluded areas for

water-supply well development. Four are within shallow rock

exclusion areas, and one, site of the Air Force test well at

7N-63E-14ba (number 41701), is about 0.8 mile (I km) from a

possible well for which an existing water right has not yet been

verified. If a well is present and a water right exists, it

could affect the viability of using the Air Force test well for

water supply.

There are no regional springs in Cave Valley, however, there are

several small springs in Townships 9N and ION near the rock

valley-fill contact along the eastern mountain front that are

probably derived from meteoric sources (rainwater and snowmelt).

The largest spring in the valley, Cave Valley Spring, is located

at 9N-64E-16bda in the northern part of the basin and would not

be a significant exclusion site if MX water-well development

occurs in the south.
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4.1.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix anal-

yses, there are three viable MX water-supply system alterna-

tives for Cave Valley. The three alternatives are described

below and are listed in order of priority.

4.1.4.1 Alternative I

This alternative consists of the construction of one MX water-

supply well in the valley-fill aquifer in the primary water-

supply well development area in the north-central part of the

valley and the use of the existing Air Force test well at

7N-63E-14ab (number 41701).

The principal advantage of this alternative is that it would

require only one additional valley-fill aquifer well to be

constructed. The principal disadvantage is that one of the

pending Air Force points of diversion would have to be amended.

There is no LSC proposed for Cave Valley. The MX water demand

for the construction of DTN and clusters ranges from 183 to 916

acre-ft/yr (0.23 to 1.13 hm3 /yr). The existing Air Force test

well located at 7N-63E-14ab (number 41701) is capable of supply-

ing the annual demand for all but the peak year. An additional

well, preferably located in the primary water-supply well area

at 8N-64E-22cd, should be capable of supplying the additional

water needed. After 1984, it would be possible to either reduce

the pumping rates of both wells or use only one well to fulfill

the MX water requirement.
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4.1.4.2 Alternative II

The second alternative MX water-supply system in Cave Valley

consists of the deepening of the existing Air Force test well at

7N-63E-14ab (number 41701) to increase the yield of the well to

meet the peak-year MX demand. The well is probably tapping

water from both the valley-fill and carbonate aquifers, and

deepening the well may penetrate a greater saturated thickness

of the carbonate aquifer.

The existing test well is constructed with an 18-inch (46-cm)

borehole and 10-inch (25-cm) ID casing to a total depth of 463

feet (141 m) below land surface. During drilling, limestone

bedrock was penetrated at a depth of 363 feet (111 m). Well

screens were emplaced at 210 to 250 (64 to 76 m) and 375 to 435

feet (114 to 133 m) below land surface, and a constant well

discharge rate of 223 gpm (14 l/s) was obtained from the well

with a maximum drawdown of 115 feet (38 m) below land surface

during testing. If an additional 345 gpm (22 1/s) can be

obtained by deepening the well, then no additional MX water-

supply wells will be required in Cave Valley.

The primary advantage of this approach is the elimination of the

need for an additional water-supply well to meet MX demands.

The major disadvantage is that 568 gpm (36 1/s) exceeds the

1.0 cfs (449 gp.n [28 1/s]) rate of withdrawal requested in the

appropriation application for this site. Amending the applica-

tion to exceed this rate could cause delays in this site being

available for additional development pending the Nevada State
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Engineer's review. Also, there is a risk that additional yield

will not be developed.

4.1.4.3 Alternative III

The third alternative MX water-supply system in Cave Valley

consists of the use of the existing Air Force test well as in

Alternative I and the lease of water to augment the existing

well only during the peak-demand year of 1984.

Water appropriation and use data for Cave Valley indicate that,

at present, there are 1013 acre-ft/yr (1.25 hm 3/yr) of surface

water use primarily for agricultural purposes. It may be possi-

ble for the Air Force to lease 557 acre-feet (0.69 hm 3 ) of sur-

face water during 1984. In 1983 and after 1984, all MX water

requirements can be met with the existing test well.

The principal advantage of this water-supply alternative is that

only about 359 acre-feet (0.44 hm 3 ) of ground water would be

withdrawn which would reduce the potential for impacts. The

principal disadvantage is that a water-distribution system

(including pipelines) would have to be developed to convey water

from the surface-water sources in the northern portion of the

valley, and there may be some impacts from construction of such

a system. Also, the agriculture industry in the valley would be

temporarily impacted.

4.1.4.4 General Well Characteristics

Based upon the results of aquifer tests of an Air Force well

conducted by Ertec, well yields of at least 223 gpm (14 1/s) can
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be obtained in Cave Valley. The test well was constructed with

an 18-inch (46-cm) borehole and a 10-inch (25-cm) ID casing.

If an additional well is constructed in the valley, and it is

found that the aquifer is more productive, it is recommended

that a well with a 20-inch (51-cm) borehole and 12-inch (31-cm)

casing be constructed.

4.1.5 Additional Investigations

An additional well site for test drilling and investigation

prior to operational development of the water-supply system is

identified in Drawing 4-1.

A site for additional drilling has been selected in the primary

water-supply well area at 8N-64E-22cd in the northern part of

the valley about 6.5 miles (10.5 km) northeast of the Air Force

test well. This is an area where the projected saturated thick-

ness of the valley-fill aquifer combined with the absence of

lacustrine deposits suggest a higher well yield potential than

that developed from the Air Force test well. However, this

location is not an existing point of diversion for an Air Force

water-appropriation application.

As indicated in Drawing 4-1, the Air Force water-appropriation

points of diversion numbers 41697, 41698, 41699, and 41700

located at 6N-64E-8bc, 6N-63E-21cc, 8N-64E-9ba, and 7N-64E-3bc,

respectively, lie within areas excluded for valley-fill water-

supply well development. The only point of diversion remaining,

other than at the Air Force test well located at 7N-63E-14ab
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(number 41701), is located at 7N-63E-33db (number 41696) at the

margin of a secondary drilling area. This location is only

about 4 miles (6 km) southwest of the Air Force test well and is

nearer the mountain front. For these reasons, additional

drilling and investigation at this location in advance of

operational development would probably not be beneficial.
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4.2 COAL VALLEY

4.2.1 Hydrologic Summary

Coal Valley is topographically partially open to Garden Valley

along its western margin. The basin trends north-south and

is located in Lincoln and Nye counties, Nevada. Of the 460 mi 2

(1191 km2 ) of valley area, 240 mi 2 (621 km 2 ) are suitable for MX

deployment (Table 4-3). The ground water in Coal Valley is

presently undeveloped, although there are 6515 acre-ft/yr (8.03

hm3/yr) of pending applications for ground-water withdrawals

in the valley. The perennial yield of the valley is estimated

at 6000 acre-ft/yr (7.40 hm 3/yr) (State of Nevada, 1971). Water

in storage within the upper 100 feet (30 m) of saturated sedi-

ment is estimated at 1.5 million acre-feet (1849.50 hm 3 ) (State

of Nevada, 1971). Withdrawal of the peak-year MX water require-

ment of 2245 acre-ft/yr (2.77 hm 3/yr) in 1984 is well below the

unappropriated perennial yield available unless a significant

proportion of the 6515 acre-ft/yr (8.03 hm 3 /yr) of pending

appropriations is approved and withdrawal starts prior to 1988,

the last year of scheduled MX construction activity in the

valley.

The valley-fill aquifer of Coal Valley appears to be largely

unconfined, although lacustrine clays may produce locally con-

fined or semiconfined conditions. An aquifer pumping test of

an Air Force test well (1S-59E-34cb) conducted by Ertec at a

sustained rate of 450 gpm (29 1/s) for 10 days indicates a mod-

erately productive transmissivity of the valley-fill aquifer of
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about 2800 ft2 /day (260 m2 /day) at that location. The min-

imum storativity indicated by this test is 0.01.

Based on Ertec studies, the regional carbonate aquifer, under-

lying and adjacent to the valley-fill aquifer, is considered to

have a high potential for development because of the presence

of appropriate carbonate units at drillable depths, the absence

of aquitards, the presence of areas of extensive faulting, and

the existence of a regional flow system underlying Coal Valley.

Development of individual wells with good production potential

in the carbonate aquifer is, however, not guaranteed. Aquifer

tests conducted by Ertec in a carbonate test well near the

Coal-Garden Valley boundary (3N-59E-10bd) showed an estimated

transmissivity of only 400 ft2/day (38 m2/day), which is signi-

ficantly less than that of the valley-fill aquifer. This well

was not situated, however, in an area of extensive fracturing

which has been demonstrated by subsequent Air Force carbonate

aquifer test wells in other valleys to be an important factor

in well productivity. These results underscore the higher risk

involved in attempting to develop the regional carbonate aqui-

fer.

Development of ground water from either the valley-fill or

regional carbonate aquifer is considered feasible from a water-

quality standpoint. All water samples collected by Ertec were

found to meet both state and federal drinking water standards

for all constituents tested.
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4.2.2 Water-Supply Sources

The acquisition of new permits and the construction of water

wells in the valley-fill aquifer is presently the preferred MX

water-supply source in Coal Valley (Table 4-4). The ranking of

this water-supply option could change if the pending applica-

tions for ground-water rights are granted prior to those of the

Air Force. However, the State Engineer could still grant the

Air Force additional ground-water rights regardless of the

ruling on the prior applications. The relatively close ranking

of ground-water development of the valley-fill aquifer and the

carbonate aquifer suggests that some combination of the two may

also be a reasonable option.

The available perennial yield from the valley-fill aquifer is

about 6000 acre-ft/yr (7.40 hm3 /yr). The Air Force test well

located in the valley-fill aquifer (lS-59E-34cb) has been shown

to be capable of supplying 450 gpm (29 1/s) or 725 acre-ft/yr

(0.89 hm3/yr) if pumped continuously. However, this test loca-

tion is not an appropriation'point of diversion and will require

a change in the point of diversion of one of the existing

applications to this point. Development of the valley-fill

aquifer is estimated to be the least costly and most timely to

develop of the four water-supply options.

Development of the carbonate aquifer through the acquistion of

new permits is considered second to developing the valley-fill

aquifer as a source of water supply in Coal Valley. The carbon-

ate aquifer has a high development potential, as discussed in

EErtac
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Section 4.2.1, although wells should be constructed in highly

fractured areas for best yields. Carbonate aquifer development

is also considered to have a low impact potential because of the

lack of ground-water use and regional springs in the area. This

source of water supply is two times more costly and will take

four times longer to develop than valley-fill aquifer develop-

ment.

Importation of water from Railroad Valley, the water-supply

source valley, to Coal Valley ranked third among the four

water-supply options because of the potential impact of addi-

tional withdrawals in Railroad Valley, the high cost (approxi-

mately 15 times as expensive as the valley-fill alternative),

and the long time (16 times as long as the valley-fill alterna-

tive) to construct the necessary pipeline and pumping facili-

ties. However, well yields are potentially higher and pumping

costs would be lower in Railroad Valley because of shallower

depths to water.

The lease/purchase option is ranked low because there are no

existing permits for ground-water use in Coal Valley. If a

significant proportion of the 6515 acre-ft/yr (8.03 hm3/yr) of

pending applications are approved, it would be feasible to

obtain water by lease or purchase.

4.2.3 Suitable Areas For Water-Supply Well Locations

The primary and secondary areas for the construction of MX

water-supply wells in Coal Valley, Nevada, are shown in Drawing

4-2.
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Two primary areas have been delineated in Coal Valley on the

basis of the selection criteria. In the eastern part of the

valley, a 0.5- to 2-mile (0.8- to 3-km) wide primary area occurs

along the alluvial fan slope extending for about 14 miles (23

km) from Township IS to Township 3N. In the southern part

of the valley, a primary area of about 16 mi2 (41 km 2 ) also

occurs along the alluvial fan slope in Townships iS and 2S.

Four of the nine Air Force applications for ground-water rights

lie within primary areas for water-supply well development.

These are application numbers 41709, 41708, 41706, and 41702 at

1N-60E-33cd, 1N-60E-16db, 2N-60E-27db, and 1S-59E-34aa, respec-

tively.

These primary areas are expected to be capable of providing an

adequate ground-water supply for the construction and operation

of the MX missile system.

Due to lacustrine and playa sedimentation in Coal Valley, an

extensive area is classified as secondary. This area, located

in the central portion of the valley, consists of sediments that

have low permeability, and ground water within these deposits

may be of poor quality. Two additional secondary areas are de-

lineated; one at the extreme northern end of the valley in Town-

ships 3N and 4N and the other at the southern end of the valley

in Townships 1S and 2S. Data indicate that these are areas

where saturated thickness may be less than 200 feet (61 m)

and well yields are likely to be small. There are four Air

Force applications for ground-water rights located in secondary

EErter
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areas for water-supply well development. These are application

numbers 41710 (3N-59E-ldd), 41705 (2N-60E-9dd), 41707 (2N-60E-

6cc), and 41703 (1S-59E-16ad).

There are two 1 mi 2 (2.6 km2 ) fee-land exclusions located in

the northern part of the valley. There is one possible existing

well or ground-water appropriation exclusion area (a 1-mile [1.6

km] radius from the point of diversion) in the western portion

of the valley. This location has not been verified as an ap-

proved ground-water appropriation diversion point, but it is

presently assumed, for conservatism, that a water right exists.

There are two existing surface water appropriation exclusion

areas (a 1-mile [1.6-km] radius from the point of diversion or

spring location) that affect the suitable drilling areas, one in

the central portion of the valley and the other in the northern

extremity of the valley. The former point is a proof for an

undetermined source, presumably surface water, and the latter

point is a certificated water right for a spring discharge.

Only one Air Force appropriation application point of diversion

is located in an excluded area (number 41704 at 3N-60E-21bb).

There are no known regional or possible regional springs in Coal

Valley.

4.2.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analyses

conducted as part of the investigation, there are two viable

MX water-supply alternatives for Coal Valley. These alterna-

tives are discussed below in order of their priority.

E Ertec
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4.2.4.1 Alternative I

This alternative involves the use of the existing Air Force

valley-fill test well at 1S-59E-34cb and the construction of

three additional MX water-supply wells at three of the remaining

eight pending appropriation application points of diversion

filed by the Air Force. The Air Force test well is not pres-

ently a point of diversion, and the point of diversion for

application number 41702 at 1S-59E-34aa should be changed to the

test well site.

The proposed LSC, presumed to be located at 2N-59E, will require

from 239 to 1067 acre-ft/yr (0.29 to 1.32 hm3 /yr) during the

peak-year requirement in 1986. Two water-supply wells will be

required to provide the water needed for use at the LSC. Assum-

ing a well yield of 450 gpm (28 1/s) or 725 acre-ft/yr (0.89

hm3/yr) if pumped continuously, a well constructed at the pend-

ing point of diversion located at 2N-60E-6dd (number 41707) can

be used to supply the entire LSC water requirement in 1983 and

1984 and all but 46 acre-feet (0.06 hm3 ) of the LSC water

demand in 1985. An additional well, preferably located at the

pending point of diversion at 1N-60E-16db (number 41708), will

be required to supply the remainder of the LSC water requirement

in 1985, 1986, and 1987. Surplus pumpage from these wells can

be used for DTN and cluster construction in the northern and

west-central part of the valley.

The proposed additional MX water-supviy well at 3N-59E-ldd

(number 41710) and the existing Air Force valley-fill test well

= Ertee
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at 15N-59E-34cb will be capable of supplyinq the entire MX water

demand for DTN and cluster construction. The proposed LSC

water-supply well at 2N-60E-6dd (number 41707) can be used to

supply the water requirement for DTN construction in 1983, but

all four wells will be required in 1984 to meet the peak-year MX

water demand. Following this peak year, the pumpage rates can

be adjusted to the required water demand. For example, in 1987,

820 acre-feet (1.01 hm3 ) are required for LSC use and 529 acre-

feet (0.65 hm 3 ) for construction purposes. This is equivalent

to a pumpage rate of 836 gpm (54 1/s); the pumpage rates of the

existing Air Force test well and the three proposed wells could

be reduced to an average of only 209 gpm (14 l/s) to meet this

requirement.

The principal advantaqe of this water-supply system alternative

is that it could be constructed in a very cost-effective manner

in a minimum amount of time. The principal disadvantage is that

the existing Air Force test well is presently not a point of

diversion and a change in one of the Air Force applications

would be necessary. If this change is made subse4uent to the

approval of Air Force water appropriation applications by the

State Engineer, then there would be a delay for only the point

of diversion to be changed and no delays in the development of

the others would occur.

4.2.4.2 Alternative II

The second alternative MX water-supply system in Coal Valley is

the use of the existing Air Force test well at 1S-59E-34cb and

- ErtEc
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the construction of one regional carbonate aquifer water-supply

well. The carbonate aquifer is ranked high in development

potential in Section 4.2.2 based on the presence of thick

favorable hydrostratigraphic carbonate units, the lack of thick

aquitards, the presence of high density faulting, minimal land-

use restrictions on favorable drilling areas, and other consid-

erations. It is estimated that a well tapping the regional

carbonate aquifer in Coal Valley could possibly yield about 900

gpm (56 l/s) if drilled in a favorable area. This is equivalent

to 1449 acre-ft/yr (1.79 hm 3/yr) if pumped continuously and

would supply nearly 65 percent of the MX peak-year water re-

quirement of 2245 acre-ft/yr (2.77 hm3/yr). This would also

satisfy 100 percent of the peak-year (1987) water requirement

for the LSC.

The use of a carbonate aquifer well would require pipelines to

convey the water to more strategic locations for construction

and domestic use in the valley. Also, depending on the final

location of the LSC, water may have to be conveyed by pipeline

to the LSC because favorable drilling areas lie to the north.

The principal advantage of this alternative is that only one

additional well would be required to meet the MX water re-

quirements in Coal Valley. The principal disadvantage is that

neither the Air Force test well at 1S-59E-34cb nor the pro-

posed carbonate well would be at an existing Air Force water-

appropriation application point of diversion. This could delay

the availability of water for Air Force use until the new points

of diversion had been considered by the Nevada State Engineer.

ErEtec-
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4.2.4.3 General Well Characteristics

The Air Force test well constructed in the valley-fill aquifer

was tested at a constant discharge rate of 450 gpm (28 1/s)

with a maximum drawdown of 69 feet (21 m). This well was

constructed with a 16-inch (41-cm) borehole and 10-inch (25-cm)

ID casing to a total depth of 1315 feet (401 M). Although the

depth to water is probably over 800 feet (244 m) in most of the

valley, the depth to productive aquifers may be substantially

greater. Therefore, it is recommended that MX water-supply

wells be constructed to depths of at-least 1300 feet (396 m).

The Air Force test well constructed in the regional carbonate

aquifer was tested at a constant discharge rate of 95 gpm

(6 l/s) with a maximum drawdown of 63 feet (19 m). The depth to

the static water level was 803 feet (245 m) below ground sur-

face, and the total depth of the well was 1835 feet (559 m)

below ground surface. The low well yield and transmissivity

of this well is believed attributable to the small diameter

(7.9 inches [20 cm]) of the borehole and the correspondingly

limited pump capacity. Also, this well was not in a highly

fractured area. It is recommended that wells tapping the re-

gional carbonate aquifer be drilled to at least 1835 feet

(559 m) below ground surface in this area, have well diameters

of at least 10 to 12 inches (25 to 30 cm) at pumping levels,

and be constructed in highly fractured areas.
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4.2.5 Additional Investigations

Suggested sites for additional drilling and testing prior to

operational development of the water-supply system are identi-

fied in Drawing 4-2 and are ranked in Table 4-5.

A pending Air Force point of diversion, number 41707 has been

identified as the first priority for additional drilling and

testing in Coal Valley. This site is located in the north-

central part of the valley at 2N-60E-6cc in the secondary water-

supply area delineated in Drawing 4-2. Water quantity and

water-chemistry data obtained from a well located at the site

could be used for planning domestic water supply of the proposed

construction camp located in 2N-59E. The proposed site is also

well positioned with respect to the clusters and is located

along the DTN route.

The second priority site, proposed Air Force point of diversion

number 41708 (lN-60E-16db), is located in east-central Coal

Valley in a primary water-supply area. A well at this location

could provide the aquifer data necessary to evaluate the poten-

tial of the alluvial fans along the eastern side of the valley

as a water-supply source. This site is located farther from the

construction camp and DTN than appropriation numbers 41705 and

41706, and, therefore, has a lower final score. However, a well

at this location would provide the best data concerning the

valley-wide characteristics of the aquifer while maintaining a

high potential as an MX water-supply well.
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4.3 COYOTE SPRING VALLEY

4.3.1 Hydrologic Summary

Coyote Spring Valley is a north-south trending basin located in

Clark and Lincoln counties, Nevada, and encompasses an area of

320 mi 2 (829 km2 ). Coyote Spring Valley and adjoining Kane

Springs Valley are considered a single hydrographic unit by the

State of Nevada. This unit will be referred to as Coyote Spring

Valley in this report.

The ground-water resources of Coyote Spring Valley are presently

largely undeveloped (Table 4-6), however, there are some 18,859

acre-ft/yr (23.25 hm3/yr) of pending applications and permits

for ground-water withdrawal in the valley. According to the

Nevada State Engineer's office (personal communication, 1981),

these are comprised almost entirely of applications made

under the Desert Land Entry Program (Carey Act). The perennial

yield of the basin is estimated by the Nevada State Engineer's

office (1971) to be about 18,000 acre-ft/yr (22.19 hm 3/yr).

This value assumes yield from the regional carbonate aquifer.

Eakin (1964) estimated the perennial yield at 2600 acre-ft/yr

(3.21 hm3/yr) based on local recharge. This latter figure is

representative only of the valley-fill system and does not con-

sider total water availability in the valley.

The valley-fill aquifer of Coyote Spring Valley is generally

unconfined although there are several small areas where shallow

perched ground-water systems occur. These perched ground-water

systems are probably due to the presence of shallow, underlyinq,

relatively impervious deposits in the valley fill. A slug

6 ~Erter
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permeability test conducted by Ertec on an Air Force test well

(12S-63E-29da) (December 1980) indicates low transmissivity (120

ft2/day (11.1 m2/day]) in the central portion of the valley.

A test well was installed by Ertec in the southern portion of

Coyote Spring Valley (13S-63E-23dd) to evaluate the water-

bearing and well-yield capabilities of the carbonate rock units.

A short-term constant discharge test provided an estimated

transmissivity value of 40,000 ft2 /day (3717 m2 /day) for

the carbonate aquifer. Ongoing testing at a 628-foot (191-m)

deep, large diameter (17.5 inches [44 cm]) carbonate well re-

cently installed at the same location indicates a sustained pro-

duction capacity of at least 3400 gpm (215 1/s) with only about

11 to 12 feet (3 to 4 m) of drawdown. This aquifer is part of

the White River regional ground-water flow system that underlies

a significant area in southeastern Nevada and is considered to

have a high potential for development as a water-supply source.

Static water level in southern Coyote Spring Valley is about 350

feet (107 m) below land surface. Evidence is not conclusive as

to the degree of confinement of the system. Movement of ground

water in the system is probably concentrated in highly fractured

zones related to faulting. Test results suggest potential

yields of water from the carbonate aquifer more than adequate to

meet OB water-supply requirements for construction and opera-

tional use.

Development of ground water in Coyote Spring Valley is consid-

ered feasible from a water-quality standpoint. With the excep-

tion of the carbonate aquifer test well, all water samples

E-drt r
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collected by Ertec were found to meet both federal and state

drinking water standards for all constituents tested. Based

only on one analysis, water from the initial carbonate aquifer

test well exceeded the federal and state standards for fluoride.

4.3.2 Water-Supply Sources

The acquisition of a water right and the construction of water

wells in the carbonate aquifer is the preferred water-supply

source for the OB in Coyote Spring Valley (Table 4-7). An Air

Force test well tapping the regional carbonate aquifer in this

valley yielded 3400 gpm (215 l/s) of ground water during test-

ing. This rate of discharge can supply nearly 60 percent of

the peak construction water requirement and 100 percent of the

yearly operational requirement for the OB. Development of the

carbonate aquifer is the least costly and most timely of the

water-supply sources because two potential carbonate water-

supply wells have already been constructed. The carbonate aqui-

fer is considered to have a high legal availability because the

perennial yield of the valley has been estimated by the Nevada

State Engineer's office (1971) to be 18,000 acre-feet (22.19

hm3), this value includes yield of the carbonate aquifer. The

potential impacts of pumping ground water from the carbonate

aquifer upgradient of the Muddy River Springs area have not been

quantified. Testing is presently being conducted to evaluate

these potential impacts. Muddy River Springs are the presumed

terminal discharge of the White River regional flow system. The

springs discharqe about 36,000 acre-ft/yr (44.39 hm3/yr) which

is utilized for agricultural, domestic, and industrial purposes,

EErtac
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for wildlife habitat, and for power plant cooling. Chemical

analysis of water samples from the initial carbonate aquifer

test well indicates a concentration of fluoride which exceeds

state and federal primary drinking water standards. The water

temperature is approximately 950 F (350 C). Consequently, the

water may require treatment for domestic use.

The importation of water ranked second to carbonate aquifer

development. The Colorado River is the only identified source

of water for importation. The importation of Colorado River

water would be feasible if Clark County, Nevada, allocates a

portion of its unused Colorado River water allotment to the Air

Force for long-term use at the Coyote Spring OB. Clark County

does have a significant quantity (approximately 150,000 acre-ft/

yr (184.95 hm3 /yrl) of presently unused Colorado River allot-

ment, a portion of which may be available to the Air Force. The

potential impacts of importation are relatively low; those that

would occur would be associated with pipelines and pumping

stations. Importation will have a high cost (approximately 46

times the cost of developing the carbonate alternate) and,

according to a representative of the U.S. Bureau of Reclamation

(1981), it may take up to four years to construct such a system.

The development of the valley-fill aquifer ranked third because

the estimated yield of the valley-fill (2600 acre-ft/yr [3.21

hm3 /yrl ) is low compared to the peak-year MX construction re-

quirement of 9685 acre-feet (11.94 hm3 ). Also, results of

exploratory drillinq in the valley-fill sediments by Ertec

indicate that the valley-fill aquifer is probably incapable of
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providing the well yields needed for OB construction. Many

wells would have to be constructed to utilize this source, if

it is viable at all. The costs and the time to develop this

source would be significant.

The lease or purchase of existing water rights ranked last among

the four options because there are at present insufficient

permitted or certificated water rights in the valley.

4.3.3 Suitable Areas for Water-Supply Well Locations

Exploratory drilling and testing by Ertec indicate that insuf-

ficient quantities of water are available from the valley-fill

aquifer in Coyote Spring Valley. To meet MX water requirements

for the proposed MOB, the regional carbonate aquifer system is

the most likely water-supply source. Selection criteria for

suitable well locations have therefore been modified and are

described in detail in Appendix B.

Two major areas of consideration for the selection of suitable

well locations within the regional carbonate aquifer systems are

stratigraphy and geologic structure. Regional studies of the

carbonate aquifer systems conducted by Ertec have defined 11

major hydrostratigraphic units based mainly on their water-

bearing characteristics. Movement of water through the regional

carbonate aquifer systems appears to be controlled largely by

normal faulting. Where aquifer units capable of transporting

large quantities of water occur in areas of major faulting, they

appear to provide optimum conditions for the location of the MX

water-supply wells. The most suitable aquifer unit in Coyote
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Spring Valley is composed mainly of carbonate rock formations of

Devonian and Silurian age. Outcrops of this unit occur along

the western mountain fronts of the Meadow Valley Range and the

Delamar Mountains as shown in Drawing 4-3.

Major areas of faulting occur adjacent to this unit in Townships

12 and 13S along the R63-64E border in Coyote Spring Valley and

in Township 10S in adjacent Kane Springs Valley.

Other suitable carbonate aquifer units capable of providing an

adequate supply of water, but not as favorable as the Silurian

and Devonian age units, occur within a BLM Wilderness Study Area

and along the western front of the Meadow Valley Range.

Significant cultural exclusions occur within Coyote Spring

Valley. Most lie within the boundaries of the Desert National

Wildlife Range or six U.S. Bureau of Land Management (BLM)

Wilderness Study Areas. There are only two known existing wells

or ground-water appropriation exclusion areas (a 1-mile [1.6-km]

radius from the point of diversion or well location) within Coy-

ote Spring Valley. However, there are a number of ground-water

appropriation applications which have been filed with the State

Engineer's office but have not been granted permits.

In addition, there are also 17 surface-water appropriation

exclusion areas (a 1-mile [1.6-km] radius from the point of

diversion or spring location), most of which occur on the

eastern side of the Delamar Mountains. All springs within the

Muddy River Springs area are assumed to be regional springs and
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are so identified by Ertec. Although this area is outside of

Coyote Spring Valley, areas within 3 miles (4.8 km) of this con-

centration of springs have been excluded to emphasize their

probable hydrologic connection with the regional carbonate aqui-

fer system.

4.3.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analyses

conducted as part of this investigation, there are two viable MX

water-supply alternatives for the proposed MOB in Coyote Spring

Valley. Each alternative is discussed below in order of pri-

ority.

4.3.4.1 Alternative I

This ater-supply alternative consists of development of the

regional carbonate aquifer through use of the existing Air Force

carbonate test wells located at 13S-63E-23dd (number 44220) and

the construction of one additional well, potentially in the

vicinity of 11S-64E-6. It will also be necessary to amend the

pending point of diversion from the nonproductive valley-fill

test well at 12S-63E-29da (number 43804) to the proposed addi-

tional well.

Life Support Camp

The proposed LSC, presumed to be located in 13S-63E, will re-

quire from 113 to 4595 acre-ft/yr (0.14 to 5.67 hm 3 /yr) of

water. The carbonate test well at 13S-63E-23dd (number 44220)

can be used to provide the entire LSC water requirement. In
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addition, a water-distribution system, as discussed in Section

3.0, will be required.

Other MOB Facilities

Other MX water demands at the MOB in Coyote Spring Valley will

include revegetation, road construction, dust control, and land-

scaping. The quantity of water required for nondomestic pur-

poses at the MOB ranges from 132 to 5371 acre-ft/yr (0.16 to

6.62 hm3/yr) with the peak-year demand in 1986. The existing

test wells at 13S-63E-23dd are capable of supplying more than

100 percent of the peak-year, nondomestic water requirement.

However, when domestic water requirements are included, the

additional carbonate aquifer water-supply well in the vicinity

of 11S-64E-6 would be needed to meet peak water demands. This

potential well location is near the proposed Operational Base

Test Site (OBTS).

4.3.4.2 Alternative II

This water-supply alternative consists of the importation of

water via pipeline from Lake Mead on the Colorado River. The

water could be obtained from Clark County, Nevada, which is

the sole authorized user of the state's Colorado River allot-

ment. The county is not projected to use the entire Nevada

allotment of 300,000 acre-ft/yr (369.90 hm3 /yr) until the 1990

to 2000 time period. At present, approximately 150,000 acre-

ft/yr (184.95 hm3/yr) is unused. This amount will decrease as

water use increases in Las Vegas but should remain in excess of

MOB construction requirements in the 1982 to 1990 time period.
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Operational water requirements at the MOB are projected beyond

the year 2000. Use of Colorado River water for this purpose

depends upon the length of the purchase period.

The purchase of Colorado River water would have to be negotiated

by the Air Force with Clark County and the State of Nevada.

Legislative action may be required to allow for use of Colorado

River water outside of the authorized service area of the Las

Vegas Valley Water District.

The construction of a pipeline from Lake Mead to Coyote Spring

Valley will be expensive but is technically feasible. Opera-

tional energy costs will be significant because of the pumping

lift. The in-valley water distribution system would be similar

to that required for Alternative I.

4.3.4.3 General Well Characteristics

Test wells constructed by Ertec have penetrated water-bearing

units in the carbonates which are capable of producing up to

3400 gpm (215 1/s). The maximum well yield is not known because

the yields obtained were at the limit of capability of the pumps

used for the test. It is likely that with larger pumps, the two

existing carbonate wells would be capable of supplying the

entire MOB water requirement. It is preferable, however, to

construct an additional well rather than enlarge the existing

wells due to location factors and the need for a back-up system

in the event of mechanical failure of any of the wells.

The existing test wells are located about 13 miles (21 km)

northwest of the Muddy River Springs area in Upper Moapa Valley.
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The major springs in this area discharge ground water believed

to be from the regional carbonate aquifer. To determine what

impacts the proposed Air Force development of the carbonate

aquifer in Coyote Spring Valley would have upon these springs,

an extensive aquifer testing program is presently underway. The

preliminary results of this program have indicated no effects

upon the discharge rate of the springs. If long-term pumping

of wells does ca,,se a reduction in spring discharge, it will be

necessary to reduce the pumpage at the existing wells and

increase the pumpage at the proposed well in the northeastern

part of the valley.

Based upon the results of the exploratory drilling previously

conducted, it is recommended that any additional MX water-supply

wells be constructed with telescoping casing design. This de-

sign would permit the installation of a liner in lost circula-

tion zones above the potentiometric surface. Unlike other

valleys within the MX deployment area, suitable wells tapping

the regional carbonate aquifers in Coyote Spring Valley can be

penetrated at relatively shallow depths. It is recommended that

any additional MX water-supply wells tapping the regional car-

bonate aquifer be targeted to depths of less than 1000 feet

(305 m).

4.3.5 Additional Investigations

Suggested possible sites for additional drilling and testing

prior to operational development of the water-supply system are

identified in Drawing 4-3. Data obtained from the Air Force

test well located at 12S-63E-29da (number 43804) combined with
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other hydrologic data have shown the valley-fill aquifer is not

a viable MX water-supply source. Additional drilling and test-

ing sites in the valley are limited to areas where there is a

high potential for development of the carbonate aquifer.

In northern Coyote Spring Valley, an additional drilling and

testing site has been identified at 11S-64E-6a. This site was

selected based on the presence of suitable carbonate strata

located at drillable depths (less than 1000 feet [305 ml) in an

area of high density faulting. A well at this location could

provide additional data concerning the performance of the aqui-

fer and the regional flow regime within the carbonate rocks. It

is also located in the vicinity of a proposed OBTS which in-

creases its potential as an MX water supply.
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4.4 DELAMAR VALLEY

4.4.1 Hydrologic Summary

Delamar Valley is i north-south trending basin in Lincoln County,

Nevada, that is separated by low alluvial divides from Dry Lake

Valley to the north and Pahranagat Valley to the southwest. It

is a topographically closed basin with an area of about 383 mi
2

(992 km2 ) of which 180 mi2 (466 km2 ) are suitable for MX de-

ployment (Table 4-8). The ground water in Delamar Valley is

largely undeveloped, with currently only 7 acre-feet (0.009 hm3/

yr) of ground-water diversions (DRI, 1980) and only 16 acre-ft/

yr (0.02 hm3 /yr) in certificated water rights (Woodburn and

others, 1981). There are no pending applications for ground-

water withdrawal, hence a large portion of the estimated per-

ennial yield of 3000 acre-ft/yr (3.70 hm3/yr) (State of Nevada,

1971) is available for appropriation.

Ground-water in storage in the upper 100 feet (30 m) of satu-

rated sediment is estimated at 1.2 million acre-feet (1479.6

hm3 ) (State of Nevada, 1971). Withdrawal of the peak-year MX

water requirement of 679 acre-feet (0.84 hm 3 /yr) in 1984 is

well below the unappropriated perennial yield.

The alluvial fill in Delamar Valley, based on drillers' logs,

is composed of clay, silt, sand, and gravel in alternating

layers of varying thickness. The aquifer system is generally

unconfined, but locally confined or semiconfined conditions may

exist because of layering of fine and coarse sediments. Data

from an aquifer pumping test performed by Ertec in the central

EiEas



E-TR-53

va l1ey Y',al!ay A "a l1 1 -a b -1 .j311:tj Floor
.,,.r ea L. g t, , •i v t"n ,A ,e _ e va t 1 0or

363 sq mi 31 mi "n i,

---.--- ^ --.

1)e.0-tr" z.. 0 1 -

•;J-'ned WWite = ,,. i, .- --.--. - -. - -:: . -'o' i*

wa.r Sirtic2e r

7 .-enn ial (; oI i,jn -Wa -z e ,- 1 r 1. 3 1" , n e- i 7 Z" er'. ri k: : e

Yield Recharge ppt) = ha:., e h
- ,  

. s= ar -

* ~ ~ ~ ~ ~ ~ - -er-n --- --w - - :-~~ -J.00 ' ,-'5 ,:;"",

Samp '_1 e . , .s j I S 7- M n ST G I E I- .: AT-

DEAA VALEY NEVADAI

_-3und W.a-er 7 .- : 3 2 -.

=:":a~ ; --Jace"- : E:E , 
'

:. Perennial ,: : 2 - -- 4 n,:: -_ -- ? e e- : 
"  

it!i I I.- : - 'j .

" .... ; ~ r '. '. .-,.:_-'_= 3'. -- 4t MX XSITING INVESTIGATION

,v0 1 I.w a-. a :.. , DEPARTMENT OF TME AIR FORCE

f. m m MOIAFRCE-MX

HYDROLOGIC SUMMARY
DELAMAR VALLEY, NEVADA

28 SEPT 81 TABLE 44

ID



E-TR-53
89

part of the valley (6S-63E-12da) indicate that the transmissiv-

ity of the valley-fill aquifer is on the order of 1300 ft2/day

(111 m2/day). Storativity was not computed because of inappro-

priate test conditions. A minimum storativity of 0.02 should be

representative of conditions here since this is the average

minimum storativity obtained from Ertec aquifer tests of 10 days

or more in other MX valleys.

The combined discharge rate of four springs measured by Ertec

in Delamar Valley in May 1980 total 53 acre-ft/yr (0.07 hm3/yr).

Present use is about 37 acre-ft/yr (0.05 hm3/yr) (DRI, 1980).

The springs are generally inaccessible because they are located

in the mountains. The measured discharge of the springs is less

than the total certificates, proofs, and permits for surface

water in the valley.

Chemical analysis of water samples from three local springs and

the Air Force test well indicate that all samples are within

water-quality criteria established for construction (Appendix D)

and all except water from the Air Force test well meet primary

and secondary drinking water standards for the State of Nevada

(Appendix D). Water from the Air Force test well (6S-63E-12da)

has an iron concentration of 0.37 mg/l, which exceeds the

recommended level of 0.30 mg/l for the State of Nevada but is

still less than the maximum limit of 0.6 mg/l.

4.4.2 Water-Supply Sources

Valley-fill aquifer development through acquisition of new

ground-water permits is the preferred water-supply source in
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Delamar Valley (Table 4-9). The perennial yield of Delamar Val-

ley is estimated by the Nevada State Engineer's office (1971) to

be 3000 acre-ft/yr (3.70 hm 3/yr). After subtracting existinq

ground-water use, the quantity of ground water currently avail-

able for development is 2993 acre-ft/yr (3.69 hm3/yr). After

subtracting both existing permitted and certificated ground-

water rights from perennial yield, the quantity of water avail-

able for development is 2984 acre-ft/yr (3.67 hm 3/yr).

The amount of water available for development is large compared

to the estimated annual peak MX use of 679 acre-feet (0.84 hm 3 )

in 1984. Test drilling and an aquifer test conducted by Ertec

indicate that ground water is deep and the sediments found in

the valley-fill aquifer have a low yield potential, though it is

adequate for MX needs. The test well produced 85 gpm (5 l/s)

or, if pumped continuously, 137 acre-ft/yr (0.17 hm 3/yr). How-

ever, the MX water requirements are low in this valley making

this a viable source of water supply. The valley-fill aquifer

as a source of supply is the least costly and the most timely of

the four options.

Development of the carbonate aquifer ranked second as a water-

supply source on the basis of its estimated moderate potential

for development, its legal availability, and the minimal impact

its development would likely have on local water users and the

environment. There are areas within the valley where high den-

sity faulting is present, which suggest potential sites for mod-

erate yield wells.
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The importation of water from Dry Lake Valley was ranked third

as a source of water supply because it is the most costly (25

times the cost of developing the valley-fill alternative) and

would take the longest time (at least 16 times as long as the

valley-fill alternative) to develop of the four options con-

sidered. Importation of water was ranked ahead of the lease/

purchase option, however, because of the relatively high physi-

cal availability and legal availability of ground water in the

source valley, Spring Valley, compared to the physical and legal

availability of water in Delamar Valley through the lease/

purchase option.

The lease or purchase of existing water rights is not recom-

mended as a source of water for MX in Delamar Valley because

there are only 16 acre-ft/yr (0.20 hm3 /yr) of permitted and

certificated ground-water rights. According to the Desert

Research Institute (1980), approved surface water rights total

250 acre-ft/yr (0.31 hm 3 /yr), but, as noted above, the four

springs located in Delamar Valley and measured by Ertec in

May 1980 have a combined discharge of only 53 acre-ft/yr (0.07

hm3 /yr). These springs are located in the mountains above

the valley floor and are probably subject to seasonal fluctu-

ations in discharge because of variable rainfall and snowmelt

rates. There are no other known perennial sources of surface

water in the valley, thus there is an insufficient quantity of

water in Delamar Valley available for lease or purchase to meet

peak-year demands.
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4.4.3 Suitable Areas for Water-Supply Well Locations

Three primary water-supply well areas, separated by areas of

shallow bedrock, have been identified (Drawing 4-4). Two of

these areas are in the northern portion of the valley and have

areas of less than 12 mi2 (31 km 2 ) each. South of these is

a larger primary area of approximately 50 mi2 (129 km2 ). Since

MX construction activities will occur throughout the valley, the

distribution of primary areas is suitable for the development of

a ground-water supply. The only Air Force water-appropriation

application point of diversion in the valley, located at 6S-63E-

12da (number 40434, lies within a primary area for water-supply

well development.

A 0.25- to 0.5-mile (0.4- to 0.8-km) wide secondary area has

been delineated on the southwestern flank of the valley in

Townships 6S and 7S. This area is classified as secondary on

the basis of geophysical and water-level data which indicate

that only thin saturated thicknesses of valley-fill sediments

occur and small well yields are likely. Because of the adequacy

of primary areas, it will not be necessary to use secondary

areas for water-supply well locations.

There is one small cultural exclusion of about 0.25 mi2 (0.65

km2 ) located immediately outside the northern boundary. There

are, however, nine water-appropriation exclusions. These ex-

clusions include the area within a 1-mile (1.6-km) radius of

existing ground-water or surface-water appropriations and all

springs.

E Erter

L , ' 0I



* E-TR-53
t 94

Extensive outcrops of bedrock occur in the northern part of

the valley, and areas within 1 mile (1.6 km) from these out-

crops are excluded.

There are no known regional springs in Delamar Valley.

4.4.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analyses

conducted as part of this investigation, there are two viable MX

water-supply system alternatives for Delamar Valley. Each of

the alternatives is discussed below in order of priority.

4.4.4.1 Alternative I

The first alternative MX water-supply system in Delamar Valley

consists of the use of the existing Air Force test well at

6S-63E-12da (number 40434), if the pending application to appro-

priate water from this well is approved, amending the single

point of diversion in the valley to multiple points of diver-

sion, the construction of three additional MX water-supply wells

in the valley-fill aquifer, and the storage of ground w~.cer in

surface reservoirs prior to use.

The primary advantage of this alternative is that only three

additional water-supply wells need be constructed. The main

disadvantage of this plan is that, because of the expected

low well yields in Delamar Valley, storage reservoirs may be

required. There is no LSC scheduled for Delamar Valley.

For DTN and cluster construction, an estimated 116 acre-feet

(0.14 hm3 ) of water will be required in 1982. This amount can
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be supplied from the existing Air Force test well located at

6S-63E-12da which has a sustained yield of 85 gpm (5.4 l/s) or

137 acre-ft/yr (0.17 hm 3 /yr). During 1983, however, the MX

water requirement will increase to 141 acre-feet (0.17 hm) and

an additional well would be required. It may be possible,

however, through the use of storage reservoirs, to reduce the

number of wells required. It is recommended that, for Alterna-

tive I, MX water-supply wells and reservoirs be constructed and

water stored prior to use for DTN and cluster construction.

In 1984, 679 acre-feet (0.84 hm3 ) of water will be required

in Delamar Valley. Of this amount, the existing Air Force test

well is capable of supplying only 137 acre-feet (0.17 hm 3 )

leaving a deficit of 542 acre-feet (0.67 hm3 ). Four additional

wells of similar yield would be required to supply the deficit.

By constructing storage reservoirs and wells at least one year

prior to construction, the requir-d number of additional wells

could be reduced to three.

Assuming an infiltration rate of 30 inches (76 cm) per year, an

evaporation rate of 50 inches (127 cm) per year (Eakin, 1963), a

maximum water depth of 10 feet (9.3 m) in the storage reservoir,

and a constant pumping rate of 85 qpm (5.4 1/s) per well, a

storage reservoir of 8.2 acres (3.3 ha) would be required for

each of the wells. The peak storage capacity of each reservoir

would be 82 acre-feet (0.10 hm3 ). If four wells are pumped for

one year prior to actual use, it will be possible to store 328

acre-feet (0.40 hm3 ) of water for use in 1984. The remaining
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351 acre-feet (0.43 hm 3 ) required can be supplied from the

pumpage of three wells during 1984.

In 1985, MX water requirements decline to only 340 acre-feet

(0.42 hm3 ) and this requirement can be met with pumpage from

three wells. In 1985, it will be necessary to store additional

water in the reservoirs to meet the requirement of 592 acre-feet

(0.73 hm3 ) in 1986, the final year of construction.

4.4.4.2 Alternative II

The second alternative MX water-supply system in Delamar Valley

consists of the use of the existing Air Force test well at

6S-63E-12da (number 40434), if the pending application to

appropriate water from this well is approved and the development

of the carbonate aquifer for additional water supplies.

The development potential of the carbonate aquifer is considered

to be moderate because of the presence of relatively high den-

sity faulting and the fact that Delamar Valley is part of a

known regional flow system. The risk in attempting to develop a

water-supply system in Delamar Valley is significant, however,

since known carbonate aquifers are not exposed at the surface

and aquitards are common in the stratigraphic section adacent to

the valley.

4.4.4.3 General Well Characteristics

Due to limited ground-water development in Delamar Valley, there

are few data concerning aquifer properties and well yields. The

Air Force well is a 16-inch (41-cm) borehole and has a 10-inch
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(25-cm) ID casing to a total depth of 1215 feet (370 in). Larger

diameter wells may be capable of greater sustained yields, espe-

cially if a more permeable aquifer is penetrated. Although the

depth to water is 800 feet (244 mn) below land surface, the depth

to productive aquifers may be substantially greater. Therefore,

it is recommended that MX water-supply wells be constructed to

depths of at least 1200 feet (366 in). Due to the lack of

hydrologic data for aquifer characteristics and well yields for

much of Delamar Valley, it is recommended that exploratory

drilling be conducted to verify the proposed locations of any

additional MX water-supply wells.

If development of the carbonate aquifer is pursued in Delamar

Valley, wells up to 2000 feet (610 mn) deep may be needed. Well

characteristics could be similar to those described in Section

3.3.1.

4.4.5 Additional Investigations

Suggested possible sites for additional drilling and testing

prior to operational development of the water-supply system are

identified in Drawing 4-4.

Application number 40434 (6S-63E-l2da) has been filed for a

single point of diversion in central Delamar Valley and is at

the Air Force test well site. The full quantity of water for

peak MX construction in the valley was requsted for this single

point of diversion due to time constraints in the appropriation-

application process and to maintain the application priority

Erter~L
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date. In southern and northwestern Delamar Valley, widely

spaced stock wells provide insufficient data to evaluate the

aquifer. Additional drilling and testing sites could provide

the data necessary to more accurately evaluate yield potential

of the aquifer as well as aid in selecting optimum locations for

production wells.

Two drilling sites have been identified in addition to the

pending point of diversion in Delamar Valley. These sites were

selected along existing roads and in primary water-supply areas

delineated in Drawing 4-4. These two sites will provide a

better distribution of aquifer performance data across the

valley. Based on the distribution of surficial geologic units,

which are often indicative of varying aquifer conditions, the

two proposed sites are considered adequate to characterize

the general viability of aquifer characteristics within the

valley.

The first site is located in the northwestern part of the valley

at 4S-63E-20cd and is the first priortiy for additional drill-

ing. No aquifer data are available within a 5-mile (8-km)

radius of the site, which is west of the valley axis. A pro-

posed construction camp in southern Dry Lake Valley is approxi-

mately 9 miles (14 km) to the northeast, and the DTN that runs

between Pahroc and Dry Lake valleys is 2.5 miles (4 km) north of

the site. These factors, as well as the site's good location

among clusters, indicate the site could be utilized as a water

supply should the aquifer testing indicate sufficient quantity

and quality of water for MX use.
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The second priority site (6S-64E-32ac) is located in southeast

Delamar Valley approximately 4.5 miles (7 km) southeast of the

existing Air Force test well and 4 miles (6 km) from a DTN.

Existing data consist of two stock wells and the Air Force well,

all located between 4 and 5 miles (6 and 8 km) from the site.

Aquifer data collected at this site would better characterize

aquifer conditions in the southern portion of the valley.
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4.5 DRY LAKE VALLEY

4.5.1 Hydrologic Summary

Dry Lake Valley is a topographically open basin in Lincoln

County, Nevada. Of the approximately 700 mi 2 (1813 km 2 ) of

valley area, 310 mi2 (802.9 km2 ) are suitable for MX deployment

(Table 4-10).

Dry Lake Valley is hydrologically connected with Muleshoe Val-

ley, and the two valleys are considered as a single hydrographic

unit by the Nevada State Engineer. Ground water in Dry Lake and

Muleshoe valleys is essentially undeveloped, however, there are

20 acre-ft/yr (0.02 hm 3/yr) of pending applications and 19

acre-ft/yr (0.02 hm3/yr) of certificated or permitted rights

(Woodburn and others, 1981) for ground-water withdrawal. In

addition, there is 21 acre-ft/yr (0.02 hm3 /yr) of surface water

use (DRI, 1980) in the valley.

The perennial yield is estimated at 3000 acre-ft/yr (3.70 hm3/

yr) for the Dry Lake-Muleshoe basin (State of Nevada, 1971).

The combined peak-year MX water requirements in the two valleys,

3373 acre-ft/yr (4.16 hm3/yr) for Dry Lake and 968 acre-ft/yr

(1.19 hm3/yr) for Muleshoe, in 1984 would exceed the Dry Lake-

Muleshoe basin perennial yield by 1341 acre-feet (1.65 hm3 ).

However, the combined total ground water in storage within the

upper 100 feet (30 m) of saturated sediments in Dry Lake and

Muleshoe valleys is estimated at 2.8 million acre-feet (3452.4

hm3 ) (State of Nevada, 1971). This suggests that the ground-

water basin could sustain the peak MX water demand if temporary

overdraft is allowed by the Nevada State Engineer.
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Surface water supplies are limited to ephemeral streamflow and

springs. The springs are located mostly in the mountains, are

generally unaccessible, and have low discharge (less than 2 gpm

(0.13 1/s]).

A 10-day aquifer pump test conducted by Ertec in the southern

part of the valley (3S-64E-12ca) (number 40433) indicates a

generally unconfined valley-fill aquifer having an average

transmissivity of 3300 ft2 /day (306.6 m2/day) and a stora-

tivity of 0.06. Confined or semiconfined conditions are, how-

ever, expected in other portions of the val.ley due to the com-

plex nature of the valley fill which was found to be composed

of variable thicknesses of clay, silt, sand, and gravel.

The regional carbonate aquifer underlying and adjacent to the

valley fill is considered to have a high potential for develop-

ment. Data from an aquifer test performed by Ertec in the

northern part of the valley (3N-63E-27cc) indicate a transmis-

sivity in the carbonate aquifer of 13,000 ft2 /day (1208 m2/

day). The test well was pumped at a sustained rate of 106 gpm

(7 1/s) with a drawdown of only 2 feet (0.6 m). The hydro-

stratigraphic unit (Guilmette Formation and Simonson Dolomite)

penetrated at the test site is considered to be a high-yield

aquifer based on these investigations.

Water-chemistry tests on water samples collected by Ertec from

both the valley-fill and carbonate aquifers show that all but

one well, 3N-65E-21dba, meet primary and secondary drinking

E Ertac
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water standards for the State of Nevada (Appendix D). This

well, located in the northeastern part of Dry Lake Valley was

found to have a nitrate concentration of 32 mg/l, which exceeds

the 10 mg/l standard for nitrate. This well was, however, used

for mining operations by the Bristol Silver Mine and is thought

to be contaminated by mining-related activity.

4.5.2 Water-Supply Sources

Development of the valley-fill aquifer is the preferred source

for the MX water supply in Dry Lake Valley (Table 4-11). Devel-

opment of the valley-fill aquifer is projected to have the least

potential impact on local water users and the environment, the

highest physical development potential, and to be the least

costly and the most timely to develop of the four water-supply

options. The legal availability of ground water from the

valley-fill aquifer was ranked second to importation because the

estimated perennial yield of the hydroqraphic basin can supply

only about 70 percent of the peak-year requirements. The quan-

tity of ground water presently available for development, based

on certificated and permitted water rights, is 2981 acre-ft/yr

(3.68 hm3 /yr). The estimated combined peak-year water require-

ment for Dry Lake and Muleshoe valleys is 4341 acre-feet (5.35

hm3 ) during 1984. However, there is essentially no ground-water

use in Dry Lake Valley, and the State Engineer need not limit

his decisions on the approval of ground-water applications to a

comparison of approved water rights versus the perennial yield

of the basin. Quantity, distribution, and type and length of

E re
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current and proposed ground-water use is considered as well as

the quantity of water in storage in the aquifer.

The development of the carbonate aquifer in Dry Lake Valley is

considered a much more feasible alternative source of water

supply than importation of water, even though it ranked only

slightly higher than importation in the matrix evaluation. The

results of a carbonate aquifer test conducted by Ertec near the

northwest margin of the valley indicate that the carbonate

aquifer has a high potential for development; however, develop-

ment of the carbonate aquifer would be about three times more

costly than the valley-fill aquifer and would require four times

more time to construct the supply wells. The relatively high

yield potential indicated by the existing carbonate test well

suggests that some combination pf pumping from the valley-fill

and the carbonate aquifers may be viable.

Importation of water is ranked -third among the four options,

although it compares favorably with development of the carbonate

aquifer. Importation ranked high because of the legal and

physical water availability in the source valley, which would be

Spring Valley. The matrix evaluation is weighted more toward

legal and environmental considerations of water use and less

toward MX water-supply system construction. However, importa-

tion of water from the nearest valley where it is plentiful

is estimated to cost as much as 40 times development of the

valley-fill aquifer and 14 times development of the carbonate

aquifer.

E ErteE
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Lease or purchase of existing water rights is presently not
recommended because there are only 19 acre-ft/yr (0.02 hm3/yr)

of approved ground-water rights (Woodburn and others, 1981) and

21 acre-ft/yr (0.03 hm 3/yr) of surface-water rights (DRI,

1980). These total less than one percent of the MX peak-water

requirement for Dry Lake and Muleshoe valleys combined in 1984.

4.5.3 Suitable Areas for Water-Supply Well Locations

Two large areas in Dry Lake Valley have been identified as pri-

mary areas for development of the valley-fill aquifer (Drawing

4-5). In the northern part of the valley, there is an extensive

primary area in the central valley and flanking alluvial fans.

In the central and southern part of the valley, a 0.25- to

3-mile (0.4- to 5-km) wide strip of primary areas occurs be-

tween the lacustrine sediments in the valley floor and the edge

of the valley. In Township 3S, these strips coalesce into one

and extend southward into Delamar Valley.

The primary area for development of the valley-fill aquifer in

Dry Lake Valley is extensive and is capable of providing well

locations for the construction and operation of the MX missile

system.

Due to the extensive deposition of lacustrine deposits in cen-

tral and southern Dry Lake Valley, a large area is classified

as secondary. This area extends from the north-central part of

Township IN to the central part of Township 3S and is 5 to 6

miles (8 to 10 km) wide.

SErtac
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Additional small secondary areas have been delineated on the

western flank of the valley in Township 1S and on the southwest

flank of the mountains in Township 3S. These areas are classi-

fied as secondary on the basis of geophysical and water-level

data which indicate that only thin saturated thicknesses of

valley-fill sediments occur. There is only one Air Force water-

appropriation application point of diversion in the valley, and

it lies in a secondary water-supply well development area at

3S-64E-12ac (number 40433).

There is only one cultural exclusion within the valley-floor

area in Dry Lake Valley which is located in Township 1S near

the east side of the valley. There are, however, four water-

appropriation exclusions in the northern part of the valley

floor and two water-appropriation exclusions in the central

portion of the valley floor. These exclusions include the area

within 1 mile (1.6 km) of an existing ground-water or surface-

water appropriation. Other water-appropriation exclusions are

found in the mountains adjacent to the valley. A possible

regional spring occurs in Dry Lake Valley at 3N-65E-31cc.

4.5.4 Water-Supply System Alternatives

Based upon 'the available hydrologic data and the matrix analyses

conducted as part of this investigation, there are three feas-

ible MX water-supply alternatives for Dry Lake Valley. The

alternative which can be ultimately used is largely dependent

upon the decision of the State Engineer regarding temporary

overdraft of the Dry Lake Valley ground-water basin. The three
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alternatives, listed in order of priority from a technical

standpoint, are discussed below.

4.5.4.1 Alternative I

The first alternative involves splitting the pending Air Force

water-appropriation point of diversion at the existing Air Force

test well at 3S-64E-12ca (number 40433) into multiple points of

diversion, use of the existing test well at 3S-64E-12ca and the

carbonate test well at 3N-63E-27cc, and the construction of two

additional water-supply wells in the valley-fill aquifer. This

approach will require the amendment of the pending application.

This process should be initiated early in FY 82 to ensure that

there is available water for the initial MX construction acti-

vities scheduled to begin in mid-1982.

The proposed LSC, presumed to be located in 3S-64E, will require

from 230 to 1050 acre-ft/yr (0.28 to 1.29 hm 3/yr) with the peak

requirement in 1986. Based upon an estimated well yield of 750

gpm (47 l/s), only one water-supply well will be required to de-

liver the 651 gpm (41 l/s) needed for peak water use at the LSC.

The existing Air Force test well at 3S-64E-12ca has been pumped

at a maximum rate of 750 gpm (47 1/s) and, if a sustained yield

of 651 gpm (41 l/s) is possible, no additional MX water-supply

wells will be required. During the period from 1983 to 1985,

and during 1987, surplus water from the existing well could be

utilized for DTN and cluster construction in the southern end of

the valley.
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The development of MX water-supply wells for DTN and cluster

construction, operation, and reclamation will require the use of

the existing Air Force valley-fill well at 3S-64E-12ca, the use

of the existing carbonate exploration well at 3N-63E-27cc, and

the construction of two additional MX water-supply wells.

In 1982 and 1983, the entire MX water requirement in Dry Lake

Valley can be met through the operation of the existing Air

Force valley-fill well. In 1984, however, the existing Air

Force carbonate exploration well located at 3N-63E-27cc and

three additional wells will be required to deliver the 3373

acre-feet (4.16 hm3 ) which will be required. It is recommended

that one additional valley-fill well be constructed in the pri-

mary area in the southern part of the valley and one valley-fill

well be constructed in the primary area in the northern part of

the valley. Assuming well yields of 650 gpm (41 1/s) or 1047

acre-ft/yr (1.29 hm3/yr) if pumped continuously, these wells

should be capable of supplyinq more than the MX water require-

ment (3373 acre-feet [4.16 hm3 ] ) during the peak-construction

year. For the period from 1985 to 1986, the MX water require-

ments for nondomestic purposes decrease and a reduction in the

pumping rates of the water-supply wells can occur.

4.5.4.2 Alternative II

If the State Engineer restricts MX ground-water withdrawal from

the valley-fill aquifers of Dry Lake hydrographic basin (Dry

Lake and Muleshoe valleys) to the perennial yield of 3000
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acre-ft/yr (3.70 hm 3 /yr) but allows additional water to be

withdrawn from the carbonate aquifer, as much as 1341 acre-feet

(1.65 hm3 ) may have to be withdrawn from the carbonate aquifer

in 1984. This alternative would then involve splitting the

pending Air Force water-appropriation point of diversion at the

existing Air Force test well at 3S-64E-12ca (number 40433) into

multiple points of diversion, use of the existing valley-fill

aquifer test well at 3S-64E-12ca, increasing the diameter of the

carbonate aquifer test well at 3N-63E-27cc, and the construction

of an additional valley-fill and carbonate aquifer well.

Although the carbonate test well at 3N-63E-27cc had a sustained

yield of 106 gpm (7 l/s), the drawdown in the well was only 2

feet (0.6 m). Discharge from the well was limited by the great-

er than 800 feet (244 m) water depth and by small well diameter.

A larger capacity pump, necessitating a larger diameter well,

can be expected to increase the well yield to at least 450 gpm

(28 l/s) or 725 acre-ft/yr (0.89 hm3/yr) pumped continuously.

The entire MX water requirement in Dry Lake Valley can be met

through the operation of the existing Air Force test well at

3S-64E-12ca in 1982, 1983, and 1987. In 1984, however, two

carbonate wells, including the existing carbonate well at 3N-

63E-27cc with an increased diameter, and one additional well in

the valley-fill aquifer would be used to supply the required

water. In 1985, most of the required water can be supplied by

two wells tapping the valley-fill aquifer and only minimal water

will be needed from a well in the carbonate aquifer. No water

will be required from the carbonate aquifer in 1986.

EErtear
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4.5.4.3 General Well Characteristics

An Air Force well constructed in the valley-fill aquifer at

3S-64E-12ca (number 40433) was pumped at a constant discharge

rate of 500 gpm (32 l/s), and results suggest that a higher

sustained yield is possible. The valley-fill well was con-

structed with a 16-inch (41-cm) borehole and a 10-inch (25-cm)

ID casing to a total depth of 1012 feet (308 m). Larger diame-

ter wells may be capable of greater sustained yields if the same

favorable aquifer is penetrated. Although the depth to water

ranges from about 800 feet (244 m) below land surface in the

northern part of the valley to over 300 feet (91 m) in the

southernmost part of the valley, the depth to productive aquifer

may be substantially greater. Therefore, it is recommended that

MX water-supply wells be constructed to depths of at least 1200

feet (366 m). Due to the lack of hydrologic data for aquifer

characteristics and well yields for much of Dry Lake Valley, it

is recommended that exploratory drilling be conducted to verify

the proposed locations of other MX water-supply wells.

4.5.5 Additional Investigations

Suggested possible sites for additional drilling and testing

prior to operational development of the water-supply system are

identified in Drawing 4-5.

An application was filed for only one point of diversion in Dry

Lake Valley at 3S-64E-12ca (number 40433). The request for

water at this point of diversion was sufficient to meet the peak

MX water requirement for construction in the valley.
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Two additional drilling sites have been identified beyond the

application point of diversion in Dry Lake Valley. These sites

were selected along existing roads in primary water-supply areas

delineated in Drawing 4-5.

The drilling site located at 3N-64E-2ac in the northern part of

the valley is the first priority. The site is located 3 miles

(5 km) south of the proposed construction camp at the northern

end of Dry Lake Valley. A well at this location could provide

data on water quantity and quality, both of which will be neces-

sary for planning domestic water supply at the construction

camp. This site is also strategically located with respect to

clusters and is approximately 1 mile (1.6 km) from the DTN in an

area where little or no aquifer performance data exist.

The drilling site at 2N-64E-36cc is centrally located with

respect to the DTN and the clusters. The site at 2N-64E-36cc in

north-central Dry Lake Valley is approximately 12 miles (19 km)

south of a proposed construction camp. Aquifer data within a

5-mile (8-km) radius are limited to one stock well.

E Ertec
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4.6 ESCALANTE DESERT

4.6.1 Hydrologic Summary

Escalante Desert is an irregularly shaped, southwest-northeast

trending valley encompassing parts of Beaver, Iron, Millard, and

Washington counties in Utah. The valley consists of two hydro-

graphic districts, Beryl and Milford, having a total area of

approximately 4000 mi2 (20,720 km2 ) (Table 4-12).

The ground-water basin of Escalante Desert is reasonably well-

developed and supports a large agricultural economy. There is a

total of 163,700 acre-ft/yr (201.84 hm 3 /yr) of certificated

ground-water rights (Beryl-Enterprise District Water Commis-

sioner, 1979; and Milford District Water Commissioner, 1979).

The perennial yield of the Beryl District is estimated by Ertec

to be 30,000 acre-feet (36.99 hm3 ) and the Milford district is

estimated to be 33,000 acre-feet (40.69 hm3 ) or a combined total

of 63,000 acre-ft/yr (77.68 hm3/yr). The volume of recoverable

water in storage within the upper 100 feet (30 m) of saturated

sediment is estimated at 12.6 million acre-feet (15,535.8 hm3 )

(Ertec, 1981). With ground-water overdraft running at 76,750

acre-ft/yr (94.63 hm3/yr), 28,300 acre-ft/yr (34.89 hm3/yr) in

Milford, and 48,450 acre-ft/yr (59.74 hm3/yr) in Beryl (Ertec,

1981), the basin is closed to additional ground-water appropri-

ations by the Utah State Engineer.

The results of the tests conducted by Ertec in Escalante Desert

indicate that the valley-fill aquifer is generally unconfined

especially along the valley margins, but there is also some

-E rtEr
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indication of localized occurrence of semiconfined and confined

conditions due to the presence of lacustrine clays. Aquifer

tests conducted by Ertec of Air Force test wells in both Milford

and Beryl districts give transmissivity values of 3400 to 13,000

ft2/day (316 to 1208 m2 /day) and an estimated storativity

of 0.08.

There are four perennial streams in Escalante Desert. These

are Shoal, Pinto, and Meadow creeks in Beryl district and the

Beaver River in the Milford district. All other streams enter-

ing Escalante Desert are ephemeral and flow only in response to

heavy precipitation or during periods of active snowmelt. A

complete listing of surface-water appropriations is not avail-

able at this time (September 1981), but it is known that the

available surface-water supply is fully utilized.

Chemical analyses of ground water from 38 wells and two springs

in the Milford district and from 22 wells and six springs in

the Beryl district performed by Ertec were used to evaluate the

water quality in Escalante Desert. Additional water-quality

data from other sources, USGS (1976, 1978, 1979a, 1979b, 1980),

Mower and Cordova (1976), and Sandberg (1966), were used to

assess the suitability of the ground-water for domestic and

construction use. From a water-quality viewpoint, development

of water resources for OB use should be away from high agricul-

tural use areas. Ground-water samples in these areas meet both

federal and state drinking water standards for all inorganic

constituents tested.
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4.6.2 Water-Supply Sources

The lease or purchase of water from existing owners is the

preferred water-supply source for the proposed OBs in Escalante

Desert (Table 4-13). Present ground-water diversions in the

Beryl District far exceed the perennial yield, and an overdraft

of 48,450 acre-ft/yr (59.74 hm 3/yr) is estimated by Ertec to

be occurring. In the Milford area, an overdraft of ground water

totaling 28,300 acre-ft/yr (34.89 hm 3 ) is estimated by Ertec

to be occurring. As a result, the State Engineer of Utah will

not allow new appropriation of ground water at either the Beryl

or Milford candidate OB site. This means that new development

of the valley-fill aquifer is excluded from consideration. The

lease or purchase of existing ground-water rights is the least

costly of the viable options.

Snake Valley is the nearest valley where water is plentiful and

could be imported for use at either the Beryl or Milford candi-

date OB sites. Importation of water over distances of approxi-

mately 56 miles (90 km) would be extremely costly (70 times

more costly than the valley-fill option) and would take over a

year to construct. This does not include the time required to

obtain environmental clearances for such a conveyance system.

Also, the viewpoints of the Nevada and Utah State Engineers

toward transporting water out of a valley which is administered

by both states has not been clarified. The carbonate aquifer in

the proposed Milford OB area has little development potential

and there are no known suitable carbonate aquifer sites in the

proposed Beryl OB area. Also, the Utah State Engineer may not
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allow new long-term appropriations of ground water from the

carbonate aquifer because of the present overdraft situation in

the valley-fill aquifer. Development of the carbonate aquifer

would also take eight times longer than lease or purchase of

existing water rights or valley-fill aquifer development.

4.6.3 Suitable Areas for Water-Supply Well Locations

Primary areas for well locations in Escalante Desert lie within

boundaries which are approximately 6 miles (10 km) from all pro-

posed OB lo-ations and OBTS locations. The primary areas pri-

marily reflect the limits of cultural and water-appropriation

exclusions. Secondary areas were not delineated in Escalante

Desert because detailed surficial geologic maps and gravity sur-

vey data that are used in the determination of these areas are

not available.

Greater than 60 mi2 (155 km2 ) of primary area have been deline-

ated in Escalante Desert. An additional area of about 40 mi2

(104 km2 ) in southern Hamlin Valley north of the proposed Beryl

OBTS has also been identified (within a 6-mile (10-km] radius).

Within the approximate boundaries of the proposed Beryl OB

location, about 6 mi 2 (16 km 2 ) of suitable area occur. Two

relatively large suitable areas lie adjacent to the Beryl pre-

ferred OBTS 14 mi2 (36 km2 ) in (C-33-15) and 15 mi2 (39 km2 )

in (C-35-13).

There is very little suitable area (less than 10 mi2 [26 km2])

adjacent to either of the proposed Milford OB locations or the
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alternate test site location. However, greater than 25 mi 2

[65 km2 ] ) of suitable area lie adjacent to or within the bound-

aries of the Milford preferred OB test site.

Extensive areas of cultural and ground water exclusion occur

within the valley. Surface-water appropriation exclusion areas

with the exception of spring locations, are not shown in Drawing

4-6 because the information was not available.

4.6.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analyses

conducted as part of this investigation, there are two viable

MX water-supply systems alternatives for the AOB proposed for

either the Milford or Beryl districts in Escalante Desert,

Utah. Each of these alternatives is discussed below in order of

priority.

4.6.4.1 Alternative I

The first alternative MX water-supply system for the AOB con-

sists of the lease or purchase of existing water rights, the

transfer of these water rights to suitable areas in or adjacent

to the proposed AOB sites, and the construction of eight water-

supply wells. This is in addition to the existing Air Force

test well, if the AOB is located in the Milford District, or

four wells in addition to the existing Air Force test well, if

the AOB is located in the Beryl district.

The principal advantage of this approach is that a well dis-

tributed well field would be availalbe for the construction

and operation of the AOB. The principal disadvantages are that
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at least four additional MX water-supply wells would be re-

quired, and it will be necessary to identify and lease or pur-

chase selected existing water rights and go through the legal

process of transferring the points of diversion to a more con-

venient location for water supply.

Life Support Camp

The proposed LSC, presumed to be in (C-31-12) and (C-32-12) for

the Milford alternative or in (C-33-18) and (C-33-17) for the

Beryl alternative, will require from 2000 to 2866 acre-ft/yr

(2.45 to 3.53 hm 3/yr) with the peak-year demand occurring in

1988. Assuming a well yield of 350 gpm (22 l/s) for the Milford

District and 600 gpm for the Beryl District, based on Ertec

aquifer test results, the number of wells required to supply the

LSC water demand is as follows:

NUMBER OF WATER-SUPPLY WELLS REQUIRED

Milford Beryl

Year District District

1985 4 3
1986 4 3

1987 5 3
1988 5 3
1989 5 3

Both alternative AOB locations have adequate primary areas for

the location of MX water-supply wells.

Other AOB Facilities

The AOB will require water for revegetation, dust control, road

construction, and landscaping. Assuming the same well yields

as for the LSC water requirement, the number of water-supply
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needed for nondomestic purposes at the proposed AOB sites is as

fol lows:

NUMBER OF WATER-SUPPLY WELLS REQUIRED*

Milford Beryl
Year District District

1983 0 0
1984 0 0
1985 4 1
1986 2 1
1987 0 0
1988 2 1
1989 2 1

1990 0 0

* Includes surplus pumpage from wells primarily for LSC water
use.

Therefore, the total number of water-supply wells required for

the LSC and other AOB facilities is:

NUMBER OF WATER-SUPPLY WELLS REQUIRED

Milford Beryl
Year District District

1983 0 0
1984 0 0
1985 8 4
1986 6 4
1987 5 3
1988 7 4
1989 7 4
1990 5 3

4.6.4.2 Alternative II

The second alternative MX water-supply system for the AOB

consists of the lease or purchase of existing water rights and

the transfer of only enough rights to the existing Air Force
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test well to satisfy the withdrawal rates for that well. For

the remainder of the MX water requirement, the location of the

original point of diversion would remain the same and the water

would be leased. The advantages of this approach are that the

need for four to eight additional MX water-supply wells would be

eliminated and only the one change in existing point of diver-

sion to the existing Air Force test well would be subject to the

publication, protest, and hearing process. The primary disad-

vantage is that an extensive pipeline and pumping station system

would be required to transport the water from the place of

purchase to the place of use.

The lease or purchase of water for AOB construction and opera-

tion can be derived from either agricultural or mining interests

in Escalante Desert. If water is purchased from the agricul-

tural interests, it will be necessary to remove about 1680 acres

(680 ha) of land from cultivation (Ertec, 1981).

4.6.4.3 General Well Characteristics

Based upon the results of aquifer tests conducted by Ertec, well

yields of 350 gpm (22 l/s) are possible at the Milford AOB site

and 600 gpm (38 l/s) at the Beryl AOB site. The Air Force test

wells were constructed to depths of 353 feet (108 m) in the

Beryl District and 500 feet (152 m) in the Milford District and

both wells have 10-inch (25-cm) ID casing. It may be possible

to increase the well yields obtained through the use of larger

diameter boreholes (18 to 24 inches (46 to 61 cm] ) and ID

casings (12 to 18 inches [30 to 46]). Due to the presence of
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thick, continuous clays beneath the test wells, it is not be-

lieved that greater well yields can be obtained through greater

drilling depths. Therefore, it is recommended that any addi-

tional MX water-supply wells be drilled to depths not in excess

of 500 feet (152 m).

4.6.5 Additional Investigations

The Utah State Engineer has determined that no additional

ground-water appropriations be considered in the Escalante

Desert at this time. For this reason, there are no pending Air

Force points of diversion to consider as potential additional

drilling and testing sites. The Air Force test well located

within the Beryl AOB boundary at (C-33-17)21dd has been tested

by Ertec and the data evaluated to provide information concern-

ing the characteristics of the valley-fill aquifer in this area.

The second Air Force test well is located between the two Mil-

ford AOB options at (C-31-13)5bb. This well has been tested

by Ertec and the data evaluated to provide aquifer performance

data for this area of the Escalante Desert. These aquifer

performance data combined with existing well logs indicate

relatively uniform aquifer conditions throughout the area of the

Milford and Beryl AOB options. Therefore, additional drilling

and investigation in advance of operational development of the

water-supply system is unnecessary.
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4.7 GARDEN VALLEY

4.7.1 Hydrologic Summary

Garden Valley is a topographically open basin located in Lincoln

and Nye counties, Nevada. Of the 508 mi2 (1315 km2 ) of valley

area, 200 mi2 (518 km2 ) are suitable for MX deployment (Table

4-14).

Ground water in Garden Valley is largely undeveloped. There are

91 acre-feet (0.12 hm 3 ) of current ground-water diversions

(DRI, 1980) and 370 acre-ft/yr (0.46 hm3/yr) in certificated

and permitted water rights (Woodburn and others, 1981). In

addition, there are 7060 acre-ft/yr (8.70 hm3/yr) of pending

applications for ground-water withdrawal in the valley which

were filed prior to Air Force applications.

The perennial yield of the basin is estimated at 6000 acre-ft/yr

(7.40 hm3/yr) (State of Nevada, 1971). Ground water in storage

in the upper 100 feet (30 m) of saturated sediment is estimated

at 1.5 million acre-feet (1849.5 hm3 ) (State of Nevada, 1971).

Ground-water availability is well in excess of the peak-year MX

water requirement of 1508 acre-feet (1.86 hm3 ) in 1984 unless a

significant portion of the 7060 acre-ft/yr (8.70 hm 3/yr) of

pending non-Air Force appropriation applications are approved

and withdrawal starts prior to 1987, the last year of MX with-

drawal of water for construction.

Based on examination of drilling logs and an Air Force aquifer

test, the valley-fill aquifer in Garden Valley appears to be
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generally unconfined. Lacustrine clays may exist in the valley

and could produce locally confined or semiconfined conditions.

The depth to water ranges from about 25 feet (8 m) in the

northern part of the valley to about 550 feet (168 m) in the

south. Data from the aquifer test performed by Ertec in the

valley-fill sediments (2N-57E-22ba) indicate a transmissivity of

12,000 ft2/day (115 m2/day) and a minimum storativity of 0.003.

A well yield of 500 gpm (32 l/s) was maintained for 30 days.

Surface stream flow is intermittent, and spring discharge does

not represent a significant or dependable water source in the

valley.

Chemical analyses of water samples from the valley-fill aquifer

and local springs indicate that the quality of ground-water is

within the criteria establisned for construction and within

primary and secondary drinking water standards established by

the State of Nevada (Appendix D).

4.7.2 Water-Supply Sources

Development of the valley-fill aquifer is the preferred MX

water-supply source in Garden Valley (Table 4-15). This supply

source is estimated to be the least costly and the most timely

to develop. The perennial yield of Garden Valley has been

estimated by the State of Nevada (1971) to be 6000 acre-ft/yr

(7.40 hm3/yr). The quantity of ground water presently available

for development is about 5630 acre-ft/yr (6.94 hm3 /yr) based

on existing approved ground-water rights and 5909 acre-ft/yr
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(7.29 hm3/yr) based on present ground-water diversions. These

quantities of water are large compared to the peak-year MX

requirement of 1508 acre-feet (1.86 hm3 ) in 1984. There are,

however, 7060 acre-ft/yr (8.70 hm3/yr) of pending ground-water

applications in the valley. If most of these applications were

approved by the State Engineer prior to consideration of MX

applications, then an alternative source of water supply may be

required.

Development of the carbonate aquifer in Garden Valley ranked

second overall because of a high legal availability and moder-

ately high physical availability. Carbonate aquifer development

however, is estimated to cost about three times that of the

valley-fill aquifer and take up to four times as long to con-

struct.

Importation of water is ranked third, although it has the same

score as the lease/purchase option. High costs and time would

be required to develop this source. Construction of pipelines

from a source valley (Railroad) and installation of pumping

stations are estimated to cost about five times as much and take

16 times as long to construct as development of the valley-fill

aquifer.

Lease or purchase of existing water rights is not considered a

viable option because only about one-third of the peak-year MX

water requirement can be supplied through existing approved

ground-water rights and present surface-water use. Only if a
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significant portion of the pending applications for ground-water

withdrawal in the valley were approved in the near future by the

State Engineer would this become a viable water-supply option.

4.7.3 Suitable Areas for Water-Supply Well Locations

The primary and secondary areas for the location of valley-fill

wells in Garden Valley, Nevada, are shown in Drawing 4-2.

A large primary area has been delineated in the central portion

of Garden Valley. This area extends from Township IS to Town-

ship 5N and occupies an area of over 100 mi 2 (259 km 2 ). A

smaller area in Township 2S of about 5 mi2 (13 km2 ) has also

been identified, however, available geophysical and water-level

data are limited in this area and ground-water conditions are

unconfined. The available primary area in Garden Valley is

extensive and capable of providing a number of adequate well

locations for MX construction and operation activities. Six of

the eight Air Force water appropriation applications points of

diversion lie within primary water-supply well development

areas. These are located at 1N-57E-23bb (number 41711), 2N-57E-

29dd (number 41716), 2N-57E-24bd (number 41714), 2N-57E-15ac

(number 41715), 3N-58E-8ab (number 41718), and 2N-57E-3aa

(number 41713).

Based upon the interpretation of available geophysical and

water-level data, three secondary areas have been delineated in

Garden Valley where saturated thicknesses of valley-fill mate-

rial are estimated to be less than 200 feet (61 m) and small

Erte



E-TR-53
131

well yields are likely. Another area on the eastern side of the

valley in Township 3N has been classified as secondary due to

lacustrine deposits. Sediments in this area are of presumed low

permeability and ground water may be of poor quality. Only one

Air Force water appropriation application point of diversion is

located within a secondary area for water-supply well develop-

ment, application number 41717 at 1S-58E-18bc.

Two cultural exclusion areas occur in Garden Valley. An area of

about 15 mi 2 (39 km 2 ) in the northwest part of the valley

lies within the boundaries of the Humboldt National Forest and a

fee-land exclusion area of about 2 mi 2 (5 km2 ) occurs in

Township 2N in the west-central part of the valley. Sixteen

existing wells or ground-water appropriation exclusion areas

occur in Garden Valley; 11 lie in the northern part of the val-

ley, four in the central part, and one in the southern part. In

addition, two surface-water appropriation exclusion areas (a

1-mile [1.6-km] radius from the point of diversion or spring

location) occur in the north and central part of the valley.

There are no known regional or possible regional springs within

Garden Valley. One Air Force appropriation application point of

diversion lies in an excluded water-supply well development area

at 2N-58E-2da (number 41712).

4.7.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analy-

ses conducted as part of this investigation, there are two via-

ble MX water-supply system alternatives for Garden Valley. A
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description of both alternatives is provided below. The alter-

natives are listed in order of priority.

4.7.4.1 Alternative I

This alternative emphasizes development of the valley-fill aqui-

fer and - nsists of the construction of one additional MX water-

supply well at one of the eight pending points of diversion

filed with the Air Force water-appropriation application and the

amendment of two points of diversion from their existing loca-

tion to the Air Force valley-fill test well at 2N-57e-22ba and

the Air Force carbonate test well at 3N-59E-10bc.

There is no LSC scheduled for Garden Valley. In 1983, the 287

acre-feet (0.35 hm3 ) of water required for DTN and cluster con-

struction can be met through pumpage of the existing Air Force

test well located at 2N-57E-22ba. This well is capable of sup-

plying 884 acre-feet (1.09 hm3 ) per year based on its proven

pumping rate of 517 gpm (33 l/s).

In 1984, the MX water requirement peaks at 1508 acre-feet (1.86

hm 3 ), and an additional well will be required. The pending

point of diversion located at 3N-58E-Bab (number 41718) is

located in a primary area and could provide water for DTN and

cluster construction activities in the northern and eastern part

of the valley. If the estimated well yield at this point of

diversion (500 gpm [31.5 1/s]) is correct, this well and the

existing Air Force valley-fill test well will be capable of

supplying the peak-year MX water requirement. The Air Force
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carbonate test well at 3N-59E-10bc is capable of supplying an

additional 161 acre-ft/yr (0.20 hm3/ yr) at a pumping rate of

100 gpm (7 1/s).

In 1985 through 1987, the entire MX water requirement couid be

met through pumpage of the existing Air Force valley-fill test

well. It may be preferable, however, to keep both valley-fill

wells and the carbonate well in operation at reduced pumping

rates.

The principal advantage of this alternative is that it would

require the construction of only one additional valley-fill

aquifer well. The principal disadvantage is that the amendment

of two pending points of diversion would be required.

4.7.4.2 Alternative II

This alternative emphasizes development of the regional carbon-

ate aquifer and consists of use of the Air Force carbonate test

well at 3N-59E-10bc, use of the existing Air Force valley-fill

test well at 2N-57E-22ba, and development of one additional

carbonate well. Two of the Air Force's eight pending points of

diversion would have to be amended from their existing location

to the location of the Air Force valley-fill test well and the

location of the new carbonate well.

The 287 acre-feet (0.35 hm 3 ) of water required for DTN and

cluster construction in 1983 can be met through pumping of the

existing Air Force valley-fill and carbonate test wells. Al-

though the valley-fill well is capable of meeting the entire
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demand, both wells should be used to provide a better distri-

buted water supply.

To meet the peak water requirement of 1508 acre-feet (1.86 hm3 )

in 1984, a second carbonate well will be required. Although the

existing carbonate test well is capable of only limited produc-

tion, geologic conditions in Garden Valley are indicative of

significant potential for water development in the carbonate

rocks. A well yield in excess of the 300 to 400 gpm (19 to

25 l/s) required to meet MX demand should be possible with

careful selection of the drilling site.

During the period 1985 to 1987, the entire MX water requirement

could be met through pumping of either the valley-fill test well

or the second carbonate well. In practice, it may be preferable

to pump all existing wells to maintain a distribution of water

supply.

The principal disadvantage of this alternative as compared to

development of the valley-fill aquifer is the higher cost and

the greater potential for drilling a nonproductive well (risk

factor).

4.7.4.3 General Well Characteristics

The Air Force test well constructed in the valley-fill aquifer

at 2N-57E-22ba was tested at a constant discharge rate of 517

gpm (33.6 l/s). The exploratory carbonate aquifer well located

at 3N-59E-10bc is capable of producing only about 100 gpm (6

1/s). The valley-fill test well was constructed with a 16-inch
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(41-cm) borehole and a 10-inch (25-cm) ID casing to a total

depth of 1065 feet (325 m). Larger diameter wells may be cap-

able of greater sustained yields if the same favorable aquifers

are penetrated. Although the depth to water ranges from about

25 feet (8 m) below land surface in the northern portion of the

valley to over 550 feet (168 m) in the southernmost part of the

valley, the depth to productive aquifers may be substantially

greater. It is recommended that MX valley-fill, water-supply

wells be constructed to depths of at least 1200 feet (152 m) in

the southern part and 500 feet (15 m) in the northern part of

the valley.

It is recommended that carbonate aquifer wells be constructed to

depths of at least 1835 feet (5590 m) with design characteris-

tics similar to those described in Section 3.3.1.

4.7.5 Additional Investigations

Suggested sites for additional drilling and testing prior to

development of the MX water-supply system in Garden Valley are

identified in Drawing 4-2 and are ranked in Table 4-16. The

Air Force test well located at 2N-57E-22ba in west-central

Garden Valley has been tested and the data evaluated to provide

information concerning the valley-fill aquifer.

A pending Air Force point of diversion, number 41718, is located

at 3N-58E-8ab in the northwestern part of the valley and is

recommended for additional drilling. This site is in an area

where little information concerning aquifer performance is

- ErtEc
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available. One irrigation well and one stock well are located

between 3 and 5 miles (5 and 8 km) of the site. One stock well

is located within 2 miles (3 km) of the site. This site is

positioned well with respict to clusters should it be utilized

as an MX water-supply source.

Pending Air Force point of diversion number 41712, although

showing a high score, is not recommended for testing because of

its relative proximity to the existing Air Force valley-fill

test well.
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4.8 HAMLIN VALLEY

4.8.1 Hydrologic Summary

Hamlin Valley is a north-south trending basin encompassing parts

of Lincoln and White Pine counties, Nevada, and Millard, Bea-

ver, and Iron counties, Utah. It is a topographically open

basin and is hydrologically connected to Snake and Spring val-

leys to the north. The northern boundary of Hamlin Valley was

defined based on cultural and geotechnical criteria rather

than the hydrographic boundary between Hamlin and Snake valleys.

As defined, the drainage basin is about 84 miles (135 km) long

and 16 miles (27 km) wide, resulting in a total area of 1360

mi2 (3522 km2 ) of which 335 mi2 (868 km2 ) are suitable for MX

deployment (Table 4-17). Hamlin Valley straddles the Nevada-

Utah state line and its water resources are subject to the

jurisdiction of both the Nevada and Utah State Engineers.

Ground water is primarily developed in the northern portion of

Hamlin Valley. There are 3504 acre-ft/yr (4.32 hm3 /yr) of cer-

tificates and proofs of ground-water rights and there are 31,136

acre-ft/yr (38.40 hm3 /yr) of permits and pending applications

(DRI, 1980). The combined perennial yield for the Snake-Hamlin

hydrographic basins has been estimated by the U.S. Geological

Survey (1979) to be 74,000 acre-ft/yr (91.24 hm3 /yr). The

perennial yield for Hamlin Valley .as delineated for this study

is estimated by Ertec to be 25,000 acre-ft/yr (30.82 hm3/yr).

Ground water in storage within the upper 100 feet (31 m) of

saturated sediment in Hamlin hydrographic basin only is esti-

mated at 1.2 million acre-ft/yr (1479.6 hm3 ) (State of Nevada,

EffErtar
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1971). It is anticipated that withdrawal of even the peak-year

MX water requirement of 2620 acre-feet (3.23 hm3 ) in 1984

would be within the quantity of perennial yield available, and

only a very small portion of the ground water in storage, unless

a significant portion of the pending appropriations is approved

and withdrawal starts prior to 1989, the last year MX with-

drawals for construction are expected.

Data from aquifer tests and lithologic logs indicate the pres-

ence of a largely unconfined valley-fill aquifer in Hamlin

Valley, although lacustrine clays may produce locally confined

or semiconfined conditions. An aquifer pump test conducted by

Ertec at 8N-69E-35dc indicates an average transmissivity of the

valley-fill aquifer is on the order of 2500 ft2/day (23 m2/day),

and the storativity is approximately 0.01. Although wells have

not been completed in the carbonate rocks in Hamlin Valley as

part of Ertec's carbonate studies program, the potential for

development of a carbonate aquifer in the area is rated high.

Rating is based on a number of criteria including the thickness

of lower Paleozoic carbonate rocks in the area, relatively high

density of faulting, and the absence of thick sequences of

volcanic rocks. The high rating in Hamlin Valley is enhanced

by the occurrence of Big Spring (10-70E-33abc) which discharges

from carbonate rocks in the northwestern portion of the valley.

Surface water in most of Hamlin Valley is nearly or totally

appropriated and utilized. Perennial streams include Baker,

Lehman, and Snake creeks. Big Spring is the only major spring

in the valley.
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Water samples collected by Ertec from 14 spring, stream, and

well locations in Hamlin Valley were chemically analyzed.

All of the samples satisfied water-quality criteria for con-

struction and drinking water use.

4.8.2 Water-Supply Sources

The acquisition of new permits and the construction of conven-

tional water wells in the valley-fill aquifer is the preferred

MX water-supply source in Hamlin Valley (Table 4-18). The per-

ennial yield of Hamlin Valley is estimated by Ertec to be 25,000

acre-feet (30.82 hm3 ), however, most of the ground-water

recharge and use is located in the extreme northern portion of

the valley (southern portion of Snake hydrographic basin). Ap-

proximately 5000 acre-feet (6.16 hm 3 ) of perennial yield is

estimated (State of Nevada, 1971) for the portion of Hamlin Val-

ley which is considered suitable for MX siting. The quantity of

ground water presently undiverted in this area of Hamlin Valley

is 4148 acre-ft/yr (5.11 hm3/yr) (DRI, 1980; and UWRL, 1980).

The amount of approved ground-water rights have not been deter-

mined. The quantity of undiverted ground water is sufficient to

supply the 2620 acre-feet (3.23 hm3 ) peak-year water requirement

for MX construction in 1984. The aquifer test conducted by

Ertec indicates that the valley-fill aquifer has a moderately

high physical potential for development and the legal availa-

bility is also high.

Development of the carbonate aquifer was ranked second among the

alternatives because it is rated as having a high physical
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potential for development. However, it is rated lower than

t valley-fill aquifer development because of the high cost (five

times the valley-fill option) and the time (four times the

valley-fill option) required to develop the source.

The third-ranked, water-supply source is lease or purchase of

existing water rights. Within the area delineated as Hamlin

Valley, approved surface water rights total at least 17,280

acre-ft/yr (21.31 hm3 /yr) (DRI, 1980). These are from depend-

able spring and creek sources located primarily in the northern

portion of the valley. Approved ground-water rights total at

least 3504 acre-ft/yr (4.32 hm3 /yr) (DRI, 1980). Lease or pur-

chase of water rights would be about two times more costly than

acquiring new permits and developing the valley-fill aquifer and

would not provide a significant time benefit. Nevertheless,

lease or purchase of existing water rights would have the least

impact potential on the local water users and the environment.

Importation of water was ranked the lowest of the four water-

supply alternatives, although it scored essentially the same

as lease/purchase, because it was estimated to be the most

costly of the four options and requires a relatively long time

to construct. Importation of water from nearby Snake and Spring

* valleys is feasible; however, the viewpoint of the Nevada and

Utah State Engineers' office toward transportation of water

from one basin to another, and across state lines, may be

unfavorable.
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4.8.3 Suitable Areas for Water Supply Well Locations

The primary and secondary areas for the construction of MX

water-supply wells in Hamlin Valley are shown in Drawing 4-8.

Five primary areas have been identified in Hamlin Valley. In

the northern part of the valley, a small primary area of about

6 mi 2 (16 km 2 ) occurs in Township 11N. In central Hamlin

Valley, three primary areas occur along the eastern and western

valley flanks separated by valley-floor lacustrine deposits. A

large area of about 30 mi2 (78 km2 ) occurs along the western

flank, and two other areas comprising about 25 mi 2 (65. km 2 )

occur along the eastern flank. In the southern part of the val-

ley, a large area, approximately 100 mi2 (259 km2 ), is classi-

fied as primary. Although the amount of primary area in the

northern and central portion of Hamlin Valley is not as great as

in the southern portion, there are sufficient primary areas

throughout the valley that could be used as ground-water supply

locations for the construction and operation of the MX missile

system in the valley. Two of the five Air Force applications

for ground-water rights lie within primary areas for water-

supply well development. These are application numbers 41721 at

9N-69E-15aa and 55022-1 at (C-31-18) 33dd.

Due to extensive deposition of lacustrine and playa sediments in

northern and central Hamlin Valley, a large area, greater than

100 mi 2 (259 km 2 ), is classified as secondary and extends

from Township 11N to Township 6N. The sediments in this area

are of low permeability and ground water within these deposits

EErte



E-TR-53
147

may be of poor quality. Based upon the interpretation of avail-

able geophysical and water-level data, two other secondary areas

have been delineated, an area of about 10 mi2 (26 km2 ) in Town-

ship 1uN and a larger area of about 40 mi2 (104 km2 ) in central

and southern Hamlin Valley. Two of the five Air Force water-

appropriation applications lie in secondary areas for water-

supply well development, one at 8N-69E-35da (number 41720) and

one at 6N-70E-13dd (number 41719).

A number of 0.5 mi 2 and 1 mi 2 (1.3 and 2.6 km 2 ) state land

cultural exclusions occur east of the Utah State Line throughout

Hamlin Valley. A total of about 30 mi2 (78 km2 ) of fee-land

exclusions occur mainly in northern Hamlin Valley in Townships

1ON and 11N and at the extreme southern end of the valley. Two

other areas in southern Hamlin, within a 1-mile (1.6-km) radius

of where rare plant species have been found, are also excluded.

A total of 17 existing wells or ground-water appropriations have

been identified as exclusion areas. Eight of these are located

in the northern part of the valley, seven in the central part,

and two in the southern part. In addition, two springs have

also been identified as surface-water appropriation exclusion

areas. One is located in Township ION where the area within

1 mile (1.6 km) of the point of diversion or spring location is

excluded and a possible regional spring located at 5-70E-11daa

where the exclusion area has been extended to within a 3-mile

(5-km) radius of the spring. One Air Force appropriation

application point of diversion lies in an area excluded as
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state land. This is application number 55022-2 at (C-29-19)

32dd.

4.8.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analyses

conducted as part of this investigation, there are three viable

MX water-supply alternatives for Hamlin Valley. Each of the

alternatives is discussed below in order of priority.

4.8.4.1 Alternative I

The first alternative MX water-supply system in Hamlin Valley

consists of the use of the existing Air Force test well at

8N-69E-35da (number 41720), the construction of one MX water-

supply well at the pending point of diversion at 9N-69E-15aa

(number 41721), and the construction of two MX water-supply

wells at locations that are not presently Air Force water-

appropriation application points of diversion.

The primary advantage of this approach is the good distribution

of MX water-supply wells that would be provided. The primary

disadvantage is that the two points of diversion which occur

in Utah (numbers 55022-2 and 55022-1) would require amend-

ment.

There is no LSC scheduled for Hamlin Valley. The MX water

demand for the construction of DTN and clusters ranges from

110 to 2620 acre-ft/yr (0.14 to 3.23 hm2 /yr) with the peak-year

demand occurring in 1984. The existing Air Force test well
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located at 8N-69E-35da (number 41720) is capable of supplying

only 177 acre-ft/yr (0.22 hm3 /yr) and is located in a secondary

water-supply well development area. Although this well has a

yield of only 110 gpm (7 1/s), higher well yield potential is

estimated for primary areas. If it is assumed that the average

yield of additional MX water-supply wells is 510 gpm (32.7 1/s),

one additional well will be required in 1983 and two more wells

will be required to meet the peak-year demand of 1624 gpm (102

1/s) in 1984. MX water requirements decrease after 1984, and it

will be possible to meet these requirements with either one or

two wells or with a reduced pumping rate from all four wells.

4.8.4.2 Alternative II

The second alternative MX water-supply system in Hamlin Valley

consists of the use of the existing Air Force valley-fill

aquifer test well and the construction of two wells tapping the

regional carbonate aquifer. The carbonate aquifer has a high

yield potential in the valley (Section 4.8.1).

The primary advantage of this approach is that only two more

wells would be constructed rather than the three additional

wells in Alternative I. The primary disadvantages are that high

well yields are not guaranteed from carbonate aquifer wells, and

development of the carbonate aquifer would be more costly than

development of the valley-fill aquifer as in Alternative I.

4.8.4.3 Alternative III

The third alternative MX water-supply system in Hamlin Valley

consists of the use of the existing Air Force valley-fill
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aquifer test well, the construction of one additional well in

the Nevada portion of the valley, and the lease of existing

surface-water or ground-water rights to augment the water-supply

wells during the peak-year demand.

The primary advantage of this approach is that only one addi-

tional MX water-supply well would be required rather than the

three additional wells in Alternative I. The primary disad-

vantages are that it would be necessary to purchase about

1650 acre-feet (2.03 hm3 ) of water in 1984 and about 50 acre-

feet (0.06 hm3 ) in 1986, and it will be necessary to install

water-distribution systems to transport the purchased water to

central distribution points closer to MX construction activi-

ties.

4.8.4.4 General Well Characteristics

Well yields are variable in Hamlin Valley ranging from a few

gallons per minute for some flowing wells in the northern part

of the valley to reported yields of over 1000 gpm (63 1/s) for

some large irrigation wells. With proper consideration of

hydrologic and geologic factors, the expected yield for a prop-

erly designed well in Hamnlin Valley is approximately 500 gpm

(32 1/s). The Air Force test well is only capable of producing

110 gpm (7 1/s) but is located in a secondary area and is not

considered to be representative of well yields that can be ex-

pected within primary areas. Over most of the valley, the depth

to ground water ranqes from 50 to 150 feet (15 to 46 m) below

L~and surface. It is, therefore, recommended that additional MX
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water-supply wells be drilled to depths not in excess of 500

feet (52 m).

Information on the depths required for wells tapping the region-

al carbonate aquifer is sparse in Hamlin Valley. A well less

than 2000 feet (610 m) deep would probably be required.

4.8.5 Additional Investigations

Suggested sites for additional drilling and testing prior to

operational development of the water-supply system are identi-

fied in Drawing 4-8 and are ranked in Table 4-19. The Air Force

test well located in west-central Hamlin Valley at 8N-69E-35da

(number 41720) has been tested and the data evaluated to provide

information concerning the valley-fill aquifer in this part of

the valley. Two additional drilling and testing sites have been

identified in Hamlin Valley. The first priority site is located

in the southern part of central Hamlin Valley at 7N-70E-26ac in

a primary water-supply area as delineated on Drawing 4-8. It is

not an existing point of diversion site, and is approximately

7.5 miles (12 km) southeast of the existing Air Force test well.

One existing well is located about 3 miles (5 km) south of the

site. The proposed site is well positioned with respect to the

clusters and is close to the proposed DTN. There are no points

of diversion in primary areas in this portion of the valley.

The second priority site, proposed Air Force point of diversion

application number 41721 (9N-69E-15aa), is located in northwest

Hamlin Valley in a primary water-supply area. No aquifer data
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exist within 5 miles (8 km) of the site which is situated on a

broad expanse of alluviul fans. The existing Air Force well is

located 10 miles (16 km) to the south in lacustrine deposits and

was tested at 110 gpm (7 I/s) sustained rate with 83 feet (25 m)

of drawdown. A well at the proposed site would provide the data

needed to determine aquifer performance within the primary

water-supply area. A distribution of clusters in the area and

the site's location along the DTN enhance the potential for an

MX water supply at this location.
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4.9 LAKE VALLEY

4.9.1 Hydrologic Summary

Lake Valley, in Lincoln and White Pine counties, Nevada, is a

north-south trending basin encompassing 975 mi 2 (2525 mi 2 ),

of which 340 mi2 (881 km2 ) are suitable for MX deployment (Table

4-20). The valley is considered by the Nevada State Engineer to

be two separate hydrographic basin of approximately equal area,

Lake Valley in the north and Patterson Valley in the south. The

two areas are separated by a low alluvial divide. Lake Valley

is topographically closed, and Patterson is topographically open

and drains southward into Meadow Valley Wash.

The combined Lake-Patterson Valley perennial yield is esti-

mated at 17,000 acre-ft/yr (20.91 hm 3/yr) (State of Nevada,

1971). Ground-water certificates, proofs and permits total

25,333 acre-ft/yr (31.23 hm3/yr) (Woodburn and others, 1981).

Pending applications total 26,484 acre-ft/yr (32.65 m3/yr)

(DRI, 1980). On the basis of the valleys stated and shown in

Table 4-20, ground-water appropriations in the Lake Valley

system exceed availability. However, the relationship of

perennial yield and water appropriations in the separate units

of the system, Lake and Patterson, are quite disproportionate as

shown below.
CERTIFICATES

PERENNIAL PROOFS/
YIELD APPLICATIONS PERMITS AVAILABILITY

acre-ft/yr acre-ft/yr acre-ft/yr acre-ft/yr

Lake
Valley 12,000 18,012 24,174 -12,174

Patterson
Valley 5,000 8,472 1,159 +3,841
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The Nevada State Engineer has designated the northern Lake

Valley portion as a critical ground-water basin because of over

use; however, the southern area, Patterson Valley, is undesig-

nated and perennial yield exceeds approved appropriations by

3841 acre-ft/yr (4.74 hm 3/ yr).

The valley-fill aquifer in overall Lake Valley is considered

a good source of supply with average transmissivities of 7000

ft2/day (650 m2/day) reported. The valley-fill aquifer has an

estimated 3.6 million acre-feet (4440 hm 3 ) of water stored in

the upper 100 feet (31 m) of saturated sediments (State of

Nevada, 1971).

The potential for carbonate aquifer development in overall Lake

Valley is low. Geologic conditions are generally unfavorable

and land-use restrictions exist on the limited favorable drill-

ing areas. Surface water sources are limited. Streams on the

valley floor are ephemeral and not a reliable source of supply.

All spring discharges are appropriated and would only be avail-

able for use through lease or purchase.

Water-quality data are available from one well and one spring

located in the north and one well in the southern portion of the

valley. Water from these sites meets the State of Nevada

primary and secondary standards for drinking water and are

suitable for construction purposes.

4.9.2 Water-Supply Sources

Lake Valley includes Lake Valley hydrographic basin which is

over appropriated and Patterson Valley hydrographic basin which
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has unappropriated ground water available (Woodburn and others,

1981). The matrix evaluation of water-supply sources presented

in Table 4-21 is for the overall Lake Valley area which includes

the two hydrographic basins.

The lease or purchase of existing water rights is the preferred

source of water supply for MX construction in overall Lake

Valley. Although the valley is over appropriated, there is an

abundance of existing water rights that could be leased or pur-

chased. The 25,333 acre-ft/yr (31.23 hm 3/yr) of existing

ground-water rights are high compared to the peak MX construc-

tion water requirements of 2352 acre-feet (2.90 hm3 ) in 1984.

Lease or purchase of existing ground-water rights, although

about two times more costly than development of the valley-fill

or carbonate aquifers, would have the least environmental impact

potential of the four potential sources of water supply if cur-

rent water use were diverted for MX use and additional ground-

water withdrawals were minimized.

Development of the valley-fill aquifer is ranked second to the

lease/purchase option as a source of water supply because the

perennial yield of the valley is over appropriated, and, there-

by, it received a low legal water-availability ranking. Addi-

tional appropriation of ground water beyond the perennial yield

in Lake Valley can be granted by the State Engineer. His deci-

sion need not be based solely on the perennial yield of the

basin, but can also consider the quantity of ground water in

storage in the upper 100 feet (30 m) of saturated valley fill,
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the distribution and type of current water use, the quantity of

water requested, and the duration of the intended use. Thus,

additional development of the valley-fill aquifer is a viable

alternative. It is believed to have only slightly more impact

potential than the lease/purchase option, has a high development

potential, is the least costly of the four alternatives, is very

timely, and has no water-quality limitations. The aquifer is

generally shallow and is estimated to yield large quantities of

water to wells based on current water-use activities in the

valley and drillers' specific capacity tests. It should be

noted that in the Patterson Valley portion of the basin, devel-

opment of the valley-fill aquifer may be the preferred water-

supply source because sufficient quantities of unappropriated

ground-water exist.

Importation of water ranked third because of the high projected

cost (at least 23 times the cost of the valley-fill alternative)

of temporary pipelines and pumping stations and the time (a

minimum of six times longer than the valley-fill alternative)

required to install such a system from Spring Valley, the source

valley.

Development of the carbonate aquifer ranked the lowest of the

four water-supply sources because of estimated low development

potential, higher cost (just over five times the cost of the

valley-fill alterntive), the longer length of time required to

develop (four times valley-fill alternative), and its projected

low legal availability. The only area of significant potential
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for development of the carbonate aquifer is Dutch John Mountain

located to the west of the northern portion of the valley.

4.9.3 Suitable Areas for Water-Supply Well Locations

Although current ground-water withdrawals in Lake Valley exceed

the perennial yield, additional water rights may be granted by

the State Engineer's office under certain circumstances. If

no permits are granted, water rights will have to be leased or

purchased. In either case, consideration of primary and second-

ary areas should help determine optimum use of available area.

Shown on Drawing 4-9 are the primary and secondary areas for the

construction of MX water-supply wells in Lake Valley, Nevada.

Based on the selection criteria used, about 100 mi2 (259 km2 ) of

primary area has been delineated. Most of this area is confined

to the southern and central parts of the valley due to extensive

deposits of lacustrine sediments in the north and north-central

parts of the valley. However, three small primary areas have

been delineated along the alluvial fans in north Lake Valley and

comprises a total area of about 6 mi2 (16 km2 ). The remain-

ing primary area, located in south and central Lake Valley,

extends from Township 6N to Township ION and comprises an area

of about 94 mi2 (238 km2 ). Three of the five Air Force water-

appropriation application points of diversion are located in

primary water-supply well development areas at 4N-67E-20bd (num-

ber 41811), 3N-67E-19ab (number 41812), and 2N-67E-5ad (number

41793).
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Due to the extensive deposition of fine-grained sediments in the

northern and north-central parts of the valley, a large area is

classified as secondary. This area extends from Township 6N to

Township 1ON and is about 75 mi2 (195 km 2 ). Based on the

interpretation of available geophysical and water-level data,

several secondary areas have been delineated along the valley

flanks where shallow bedrock and limited thicknesses of valley-

fill sediments occur. Most of this area occurs in Township 2N

and 3N along the eastern side of the valley. Two of the five

Air Force water-appropriation application points of diversion

are located in secondary areas for water-supply well development

at 7N-66E-27ad (number 41813) and 9N-66E-15bb (number 41814).

A number of small fee-land exclusion areas occur throughout Lake

Valley, and a large area of cultural exclusions occurs in the

southern part of the valley around the community of Pioche,

Nevada. Also, an excess of 100 existing wells or ground-water

appropriation exclusion areas (a 1-mile [1.6-km] radius from the

point of diversion or well location) are located throughout the

valley, and 22 undesignated or surface water appropriation

exclusion areas (a 1-mile [1.6-km] radius from the point of di-

version or spring location) occur. Geyser Spring (9N-65E-4c),

located along the rock valley-fill contact in the northwest

part of the valley, has been identified by Ertec as a possible

regional spring. All area within a 3-mile (5-km) radius of the

spr.ng has been excluded.
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4.9.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analyses

conducted as part of this investigation, there are two viable MX

water-supply alternatives for Lake Valley. The significant fea-

tures of these alternatives are described below. The alterna-

tives are listed in order of priority.

4.9.4.1 Alternative I

Existing ground-water rights and pending appropriation applica-

tions in Lake Valley hydrographic basin (northern Lake Valley)

exceed the perennial yield. Consequently, the valley has been

designated by the Nevada State Engineer's office as a critical

ground-water basin. Therefore, the most viable water-supply

source will be lease or purchase of water rights from existing

owners. There are a number of high volume agricultural wells

throughout the valley which would be suitable for use as MX

water-supply wells.

Assuming an average well yield of 750 gpm (47 l/s), one well

will be required in 1983 and two wells will be required to meet

the peak demand of 2352 acre-feet (2.89 hm3 ) in 1984. After

1984, MX water requirements can be met with only one well. It

may be preferable, however, to lease or purchase water from a

number of wells throughout the valley. Locating these wells

near the LSC, DTN, and cluster construction areas will result

in a more efficient distribution of water supplies.
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4.9.4.2 Alternative II

This alternative involves development of the valley-fill aquifer

and use of the Air Force's pending points of diversion. Ground

water is available for appropriation in the Patterson hydro-

graphic basin as existing appropriations do not exceed perennial

yield. Ground water available for appropriation exceeds the

peak-year MX requirement of 2352 acre-ft/yr (2.89 hm3 /yr) in

1984. Also, additional appropriation of ground water in the

Lake hydrographic basin is possible since the State Engineer

does not base his decision solely on perennial yield.

MX water-supply wells should be located at pending Air Force

points of diversion. Several of these sites (shown in Drawing

4-9) are near the proposed LSC or DTN and cluster construction

areas. Again assuming a well yield of 750 gpm (47 1/s), one

well will be required in 1983 and two wells will be required in

1984. During the period 1985 through 1987, both wells should be

pumped at reduced rates.

4.9.5 Additional Investigations

A suggested site for additional drilling and testing is identi-

fied in Drawing 4-9. Potential sites are ranked in Table 4-22.

In southern and central Lake Valley, stock wells provide insuf-

ficient data concerning aquifer performance. A pendinq Air

Force point of diversion, number 41811 (7N-67E-20bd), located in

southern Lake Valley in a primary area, is recommended for

drilling and testing. The site has a fair distribution of

Ertw
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clusters within a 5-mile (8-km) radius and could be utilized as

an MX water-supply well for southern Lake Valley.

Aquifer data in northern Lake Valley are sufficient to charac-

terize the valley-fill aquifer. Due to the sufficient data

available, two proposed Air Force points of diversion, 41813

(7N-66E-27ad) and 41814 (9N-66E-15bb), are not recommended as

additional drilling locations even though they scored higher

than pending point of diversion 41811.
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4.10 MULESHOE VALLEY

4.10.1 Hydrologic Summary

Muleshoe Valley is a topographically open basin in Lincoln

County, Nevada. Of the approximately 200 mi 2 (518 km2 ) of

valley area, 55 mi2 (143 km2 ) are suitable for MX deployment

(Table 4-23).

Muleshoe Valley is hydrologically connected with Dry Lake

Valley, and the two valleys are considered as a single hydro-

graphic unit by the Nevada State Engineer. Ground water in

Muleshoe-Dry Lake Valley is presently undeveloped, however,

there are 20 acre-feet/yr (0.02 hm3/yr) of pending applications

and 19 acre-ft/yr (0.02 hm3/yr) of certificated or permitted

rights (Woodburn and others, 1981) for ground-water withdrawal

in the valleys. Surface water in Muleshoe Valley is completely

appropriated.

Perennial yield is estimated at 3000 acre-ft/yr (3.70 hm3/yr)

for the Muleshoe-Dry Lake basin (State of Nevada, 1971). The

combined peak-year MX water requirements in the two valleys,

968 acre-ft/yr (1.20 hm3 /yr) for Muleshoe and 3373 acre-ft/yr

(4.20 hm3/yr) for Dry Lake, in 1984 would exceed the Muleshoe-

Dry Lake basin perennial yield by 1341 acre-feet (1.65 hm3 ).

However, the combined total ground water in storage within the

upper 100 feet of saturated sediment in Dry Lake and Delamar

valleys is estimated at 2.8 million acre-feet (3452.4 hm3 )

(State of Nevada, 1971), which is very large compared to the

estimated overdraft. This suggests that the peak water demand

EErter
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could be easily sustained if temporary overdraft is allowed by

the Nevada State Engineer.

Little is known about the valley-fill aquifer in Muleshoe Val-

ley. Test borings conducted by Ertec indicate that the valley-

fill is composed of gravel, sand, silt, and clay mixtures.

Aquifer testing is presently being performed by Ertec at an Air

Force test well located at 4N/64E-7dc. Preliminary results

compiled during testing suggest a transmissivity of less than

500 ft2/day (46 m2/day). Results from ongoing numerical model-

ing indicate higher transmissivities may be possible, ranging

from 800 ft2 /day (74 m2/day) near the Muleshoe/Dry Lake boundary

to 6400 ft2/day (596 m2 /day) in the center of the valley.

Water-chemistry data for the valley-fill aquifer in Muelshoe

Valley are not available as of this date. Ground-water down-

gradient in Dry Lake Valley is known to be of acceptable quality

for drinking and construction. Therefore, it is expected that

the ground water in most of Muleshoe Valley will be suitable for

drinking and construction purposes. Water-chemistry data are

available for three small springs around the margins of the

valley, and these sites meet state and federal standards for

drinking water.

4.10.2 Water-Supply Sources

Development of the valley-fill aquifer through the acquisition

of new permits is the preferred source of water supply in

Muleshoe Valley (Table 4-24). Development of the valley-fill

--rte
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aquifer is estimated to be the least costly and the most timely

of the four water-supply options. The legal availability of

water was ranked second to importation for the following rea-

sons. The state estimated perennial yield of the hydrographic

basin can supply only about 70 percent of the peak-year MX water

needs. However, there is no observed ground-water use in

Muleshoe Valley, and the State Engineer does not limit his

decisions on the approval of ground-water applications solely to

a comparison of approved water rights versus the perennial yield

of the basin. Quantity, distribution, and type of present

ground-water use is considered as well as the quantity of water

in storage in the saturated valley-fill sediments.

Development of the carbonate aquifer in Muleshoe Valley ranked

second because of the greater cost (about three times that of

the valley-fill option) and time (four times the valley-fill

option) to develop this source versus the valley-fill aquifer.

The carbonate aquifer does, however, have a high well yield

potential as indicated by the Air Force carbonate aquifer test

(3N-63E-27cc) conducted about 5 miles (8 km) south of the margin

of the valley in Dry Lake Valley. Conditions favorable for

high-yield potential similar to those at the test site exist in

Muleshoe Valley.

Importation of water is ranked third among the four options

because it is many more times as expensive as development of the

valley-fill aquifer and would take significant time to develop.

Importation of water ranked high in legal and physical develop-

ment because of the large ground-water basin and the high yield

ffErtwe
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potential of the valley-fill aquifer from which the water could

be imported (Spring Valley).

Lease or purchase of existing water rights should not be con-

sidered at this time since there are only 19 acre-ft/yr (0.02

hm3/yr) (Woodburn and others, 1981) and only 21 acre-ft/yr (0.03

hm3/yr) of surface-water use (DRI, 1980). These total less than

one percent of the combined MX peak-year water requirement for

Muleshoe and Dry Lake valleys in 1984.

4.10.3 Suitable Areas for Water-Supply Well Locations

The primary areas for the construction of MX water-supply wells

in Muleshoe Valley, Nevada, are shown in Drawing 4-10.

Based upon the available data and the selection criteria, all

the area of the valley floor greater than 1 mile (1.6 km)

basinward of the rock/valley-fill contact is classified as

primary except for one small cultural exclusion and a 0.25-mile

(0.40-km) radius exclusion area around a reservoir in the

northern part of the valley. The distribution of primary areas

is such that there is sufficient area for the developytent of an

adequate ground-water supply for the construction and operation

of the MX missile system. Two of the three Air Force ground-

water-appropriation application points of diversion lie within

primary areas for water-supply well development. These are

application numbers 41734 (4N-64E-7dc) and 41733 (5N-65E-6ca).

No secondary areas were identified in Muleshoe Valley.

- Erter
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A small cultural exclusion at 6N-64E, a small exclusion area for

a reservoir, and the area within 1 mile (1.6 km) of the rock/

valley-fill boundary are the only exclusionary areas in Muleshoe

Valley. One of the three Air Force applications for ground-

water appropriations, number 41732 at 6N-65E-6bc lies in the

excluded area (shallow rock) for water-supply well development.

4.10.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analyses

conducted as part of this investigation, there are two viable MX

water-supply system alternatives for Muleshoe Valley. Each of

these alternatives are discussed below in order of their pri-

ority.

4.10.4.1 Alternative I

This alternative consists of the use of the existing Air Force

test well located at 4N-64E-7dc (number 41734) and the construc-

tion of three new water-supply wells tapping the valley-fill

aquifer.

The primary advantage of this alternative is that it could be

developed at low cost and the wells could be constructed quickly

compared to other alternatives. The primary disadvantage is

that only one of the undeveloped Air Force application points of

diversions lie within area suitable for water supply-well de-

velopment, and amendment of some of the applications would be

necessary. This could delay the amended point of diversion's

availability for well construction.

-- Ert e
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There is no LSC scheduled for Muleshoe. The water requirement

for the construction of the DTN and clusters ranges from 251

acre-ft/yr (0.31 hm3/yr) to 968 acre-ft/yr (1.20 hm3/yr) with

the peak-year demand occurring in 1984.

The existing Air Force test well may only be capable of supply-

ing 81 acre-ft/yr (0.10 hm3/yr) of the peak MX requirement of

968 acre-ft/yr (1.20 hm3/yr). However, the preliminary results

of valley-fill aquifer testing by Ertec in Muleshoe Valley may

not be indicative of the overall valley-fill aquifer character-

istics as indicated by the numerical modeling results for the

val-ley (Section 4.10.1). It is assumed that a well yield of 250

gpm (56 l/s) may be possible in other areas of the valley. This

rate of withdrawal is equivalent to 403 acre-ft/yr (0.50 hm3/

yr) if withdrawn continuously. This would mean that, in addi-

tion to the existing Air Force test well, one well would be

required in 1983, three wells in 1984, and one well from 1985

through 1987 when MX construction would be completed in this

valley.

4.10.4.2 Alternative II

This alternative consists of the use of the existing Air Force

test well located at 4N-64E-7dc (number 41734) and the con-

struction of one carbonate aquifer well. The primary advan-

tage of this approach is that the water supply could be de-

veloped relatively quickly compared to importation of water to

Muleshoe Valley and with fewer wells than would be required for

valley-fill aquifer development. The primary disadvantages are

E Ertec
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the higher cost relative to valley-fill aquifer development,

and amendments to Air Force applications would be necessary.

The carbonate aquifer in Muleshoe Valley is estimated by Ertec

to have a high development potential because of the presence of

thick hydrostratigraphic units favorable for high well yields,

the lack of thick aquitards, the presence of high density fault-

ing, the occurrence of the valley in a regional flow regime, and

minimal land-use restrictions on favorable drilling areas. It

may be possible, based on the above favorable conditions, to

develop a yield of 900 gpm (16 l/s) from a well tapping the

carbonate aquifer in this valley. This quantity would be equiv-

alent to 1449 acre-ft/yr (1.78 hm3/yr) if pumped continuously,

which is more than the 968 acre-ft/yr (1.20 hm3/yr) required

for MX construction in 1984.

4.10.4.3 General Well Characteristics

The only recorded well yield in Muleshoe Valley is for the Air

Force test well located at 4N-64E-7dc. This well was con-

structed with a 16-inch (41-cm) borehole and 10-inch (25-cm) ID

casing to a total depth of 1215 feet (370 m) but is capable of

a sustained yield of only 50 gpm (3 l/s). No wells have been

drilled into the carbonate aquifer in Muleshoe Valley, but, as

discussed in Alternative II, a high well yield potential is

estimated. Carbonate aquifer wells should be constructed to

the specifications described in Section 3.3.1.

-- Ertac
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4.10.5 Additional Investigations

The remaining Air Force application point of diversion is the

only site for future drilling and testing prior to operational

development of the water-supply system (Drawing 4-10). The Air

Force test well located in southern Muleshoe Valley at 4N-64E-

7dc is presently being tested and the data will be evaluated

to provide information concerning the valley-fill aquifer in the

southern part of the valley. Preliminary results indicate a

sustained yield of 50 gpm (3 l/s) with a drawdown of approxi-

mately 200 feet (61 m).

A pending Air Force point of diversion, number 41733, is located

in the east-central part of the valley at 5N-65E-6ca in the pri-

mary water-supply area delineated in Drawing 4-10. No aquifer

data exist in this part of the valley and a well at the proposed

site would provide the data needed to characterize the produc-

tion potential of the broad alluvial fans which extend along the

eastern side of the valley and determine whether yields greater

than 50 gpm (3 l/s) can be achieved from a well tapping the

valley-fill aquifer. The site is located 2 miles (3 km) from

the DTN, with a good distribution of shelters in the area. This

would allow the site to be utilized as an MX water supply if a

sufficient quantity of water could be obtained from the valley-

fill aquifer.

The Air Force point of diversion (number 41732) was not con-

sidered for additional investigation because it lies in an

excluded (shallow rock) water-supply area.

= Ert&!
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4.11 PAHROC VALLEY

4.11.1 Hydrologic Summary

Pahroc Valley is situated in central Lincoln County, Nevada,

and is considered by the Nevada State Engineer (1971) as part

of the Pahranagat hydrographic basin. It is topographically

connected at its northeastern margin to Dry Lake Valley and may

be hydrologically interconnected with White River, Pahranagat,

Coyote Spring, and Kane Springs valleys. These hydrologically

interconnected valleys form the lower segment of the White River

ground-water flow system, a regional carbonate system. Pahroc

Valley encompasses an area of 140 mi 2 (363 km 2 ) of which 85

mi2 (220 km2 ) are considered suitable for MX deployment (Table

4-25).

Ground water is presently undeveloped in the Pahroc Valley por-

tion of the hydrographic basin where there are no permitted

ground-water rights. The perennial yield of the Pahranagat

hydrographic basin is reported as 25,000 acre-ft/yr (30.82 hm3/

yr) (State of Nevada, 1971). There is 1320 acre-feet (1.62 hm3 )

of unappropriated perennial yield available in Pahranagat

hydrographic basin (Woodburn and others, 1981). Withdrawal of

the peak-year MX water requirement of 341 acre-feet (0.42 hm3 )

in 1984 in Pahroc Valley is well within the 1320 acre-ft/yr

(16.27 hm3 /yr) of perennial yield available in the overall

Pahranagat hydrographic basin. The perennial yield of the

Pahroc valley segment is estimated by Ertec to be approximately

400 acre-feet (0.5 hm3 ) which is also greater than the peak-

year MX requirements.

-- ErtEr--__-n
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Drillers' logs provide the only information available for the

assessment of the valley-fill aquifer. These logs indicate a

valley-fill thickness in excess of 300 feet (91 m) and com-

posed of fine-grained sand and clay. Some of the well logs

indicate the occurrence of rhyolitic volcanic rock which may

have potential as an aquifer. The hydraulic properties of the

valley-fill aquifer have not been determined. Surface water in

Pahroc Valley is derived from seasonal springs, one of which has

been appropriated.

Chemistry data are not available to assess limitations of the

ground-water resource for drinking or construction water pur-

poses.

4.11.2 Water-Supply Sources

The development of the valley-fill aquifer through acquisition

of new permits is the preferred MX water-supply source in Pahroc

Valley (Table 4-26), although it has an equilvalent ranking to

the lease/purchase option for water supply. Development of the

valley-fill aquifer is the least costly, and is very timely.

The development potential of the valley-fill aquifer in Pahroc

Valley is, however, considered low because of the great depths

to water and possible limited saturated thickness of the valley-

fill sediments. However, the quantity of water required for

peak MX construction is quite small (341 acre-feet [0.42 hm3 ]),

and the yield of wells tapping the valley-fill aquifer could be

small and still be sufficient to meet this requirement. The

-- ErtE,
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development potential of the valley-fill aquifer should be

verified through exploratory drilling and testing prior to well

field design.

Lease or purchase of existing water rights is ranked second

because of the large quantity of approved ground-water rights in

Pahranagat hydrographic basin. The viability of the lease/pur-

chase option depends on the viability of valley-fill aquifer

development in Pahroc Valley. There is no present ground-water

use or developed wells in Pahroc Valley and the surface-water

resource is not of sufficient magnitude.

If the valley-fill aquifer in Pahroc Valley cannot supply the

yields required for MX construction, importation of water would

be the preferred water-supply source. Importation of water is

presently ranked third, although it has essentially the same

score as carbonate aquifer development. There is enough water

available in neighboring Pahranagat Valley to supply MX needs in

Pahroc Valley which is part of the same hydrographic basin.

Because the ground water would be used in the same hydrographic

basin, it technically is not being imported, although transpor-

tation from one geographic valley to the next occurs. Importa-

tion from Pahranagat Valley is given a lower legal availability

ranking than the Pahroc valley-fill aquifer because the Nevada

State Engineer may still prefer that ground water not be trans-

ferred from one valley to another. Importation of water

is relatively untimely to develop (six times the valley-fill

option) but is estimated to be only 1.2 times more costly than

developing the valley-fill aquifer in Pahroc Valley.

Erteir
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Development of the carbonate aquifer ranks close to importation

because it has a high legal availability and moderately high

development potential. It is considered a less viable option

than importation because it is the most costly (about two times

the cost of the valley-fill alternative) of the four options and

would essentially be no more timely.

4.11.3 Suitable Areas for Water-Supply Well Locations

The primary and secondary areas for the construction of MX

water-supply wells in Pahroc Valley, Nevada, are shown in Draw-

ing 4-4. Based on the selection criteria used, only a small

area of about 5 mi 2 (12.9 km2 ) have been delineated in Pahroc

Valley as primary in the northern portion of the valley. There

is one Air Force water-appropriation application point of diver-

sion in a primary area for water-supply wells. This is located

at 4S-62E-6ba (number 41693).

Greater than 85 percent of the available area for the location

of MX water-supply wells has been classified as secondary. Due

to deep ground-water levels and shallow depths to bedrock within

these areas, as indicated by Air Force gravity surveys and hy-

drologic investigations, only limited thickness of saturated

valley-fill sediments is anticipated. The potential yield of

the underlying volcanic rock noted in driller's logs is pres-

ently unknown. There are two Air Force water-appropriation

application points of diversion in secondary water-supply areas.

These are located at 4S-61E-22bc (number 41695) and 4S-62E-8dc

(number 41694).
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Only two cultural fee-land exclusion areas occur in Pahroc

Valley. There are no known regional or possible regional

springs within Pahroc Valley. There is one Air Force water-

appropriation application point of diversion located in an

excluded area for water-supply wells. This is located at

4S-61E-25ca (number 41692) within 1 mile (1.6 km) of a certifi-

cated surface-water right for a spring.

4.11.4 Water-Supply System Alternatives

Based on the available hydtolojgic data and the matrix analyses

conducted as part of this investigation, there are two MX water-

supply system alternatives for Pahroc Valley. Each of the

alternatives is discuteed f)low in order of their priority.

4.11.4.1 Alternative I

The first alternative MX water-supply system consists of con-

struction of an MX water-supply well at the pending point of

diversion at 4S-62E-6ba (number 41693) in the primary area in

the northern part of Pahroc Valley. If a well yield of 211 gpm

(13 l/s) can be achieved from the well, no additional MX water-

supply wells will be required.

There is no LSC scheduled for Pahroc Valley. The MX water

demand for DTN and cluster construction ranges from only 70 to

341 acre-ft/yr (0.09 to 0.42 hm3/yr) with the peak-year demand

in 1984. The entire MX water requirement can be met with one

well pumping from 43 to 211 gpm (3 to 13 1/s).

The primary advantage of this approach is that an adequate MX

water supply could be developed with the construction of only

Ertac
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one water-supply well. The primary disadvantage is than MX

construction activities in Pahroc Valley would depend on the

operation of one well which could develop unforeseen problems

with pumping equipment.

4.11.4.2 Alternative II

The second alternative MX water-supply system consists of the

importation of water via pipeline from nearby Pahranagat Val-

ley. A water source in Pahranagat Valley could be developed

through the lease of water from existing water users or through

the appropriation and development of the ground water available

in the valley-fill aquifer.

Although it would not be necessary to pump a large amount of

water from Pahranagat Valley to MX distribution points in

Pahroc Valley, it would be more costly than development of the

valley-fill aquifer. The pipeline would be at least 6 miles (10

km) long and pumping stations would be required to lift the

water from the valley floor in Pahranagat Valley, elevation of

3840 feet (1170 m), to the pass between the two valleys where

the elevation is 4050 feet (1234 m).

The major advantage is that no well drilling would be required

if the water could be leased in Pahranagat Valley. The major

disadvantages of this approach are the cost and time required to

construct the pipeline.

4.11.4.3 General Well Characteristics

Due to the limited ground-water development in Pahroc Valley,

there are little data concerning aquifer properties and well

-Erar
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yields. A well driller's report filed with the Nevada State

Engineer's office indicates that a yield of 200 gpm (126 1/s)

was obtained from a 1314-foot (4001 m) deep well at 4S-61E-

28cac. This well, however, was completed in volcanic bedrock

and a torch-cut perforated casing of 8 5/8-inch (22-cm) ID was

used. Whether production was from valley fill or the volcanics

was not indicated. This location is about 5 miles (8 km) south-

west of the recommended water-supply well location at 4S-62E-6ba

and is within an area excluded for water-supply well development

for shallow rock reasons. Volcanic rock may not be penetrated

by wells tapping the valley-fill aquifer in the primary area.

If MX water-supply wells are constructed in the valley fill, it

is recommended that larger casing be used and well screen

installed rather than torch-cut perforated casing. A total well

depth of 1300 feet (396 m) is recommended due to the depths to

water in the valley which are believed to be in excess of 600

feet (183 m) below ground surface (Eakin, 196]

4.11.5 Additional Investigations

Suggested possible sites for additional drilling and testing

prior to operational development of the water-supply system are

identified in Drawing 4-4 and are ranked in Table 4-27.

Three of the four pending Air Force points of diversion are

located in suitable water-supply areas. The point of diversion

at 4S-61E-25ca (number 41692) was not considered as an addi-

tional investigation site because it is located in an excluded

area. Only one of the pending Air Force points of diversion is

- Ertae
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located in a primary water-supply area. This is the point of

diversion at 4S-62E-6ba (number 41693) and it is recommended for

investigation prior to operational development of the water-

supply system. As discussed in Section 4.11.4.1, construction

of a well at this site could be all the well construction that

is required for the total water-supply system in Pahroc Valley

if a sufficient well yield (211 gpm [13 l/s]) could be achieved.

The depth to water of this location is anticipated to be greater

than 700 feet (213 m). Greater thickness of saturated valley-

fill deposits are expected to be present in this primary area

than at the two pending points of diversion located in secondary

areas. This site (4S-62E-6ba) is also located with 3 miles (5

km) of the DTN route and has a good distribution of shelters

around it.
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4.12 PINE VALLEY

4.12.1 Hydrologic Summary

Pine Valley is a north-south trending, topographically closed

basin in Millard, Beaver, and Iron counties, Utah. Of the 730

mi 2 (1890 km 2 ) of valley area, approximately 265 mi 2 (686 km 2 )

are suitable for MX deployment (Table 4-28). The perennial

yield of the basin is estimated at 7000 acre-ft/yr (8.63 hm 3/yr)

(Price, 1979) and storage within the upper 100 feet of saturated

sediment is about 1.2 million acre-feet (1480 hm 3 ) (Price,

1979). Present ground-water use in Pine Valley is 18 acre-ft/yr

(0.02 hm 3/yr), but there are 17,266 acre-ft/yr (21.30 hm 3/yr)

of pending applications and permits for ground-water use (DRI,

1980). Nearly all of this quantity is believed to be in the

application stage because, according to representatives of the

State Engineer's office, the ground-water applications filed by

the Pine Grove Associates Company for a potential molybdenum

mine in southern Pine Valley in (C-28-18) has not yet been

approved. These total 15,243 acre-ft/yr (18.79 hm 3/yr). With-

drawal of the peak-year MX water requirement of 2172 acre-feet

(2.76 hm 3 ) is well below the unappropriated perennial yield

available unless a significant portion of the 17,266 acre-ft/yr

(21.30 hm 3 /yr) of pending appropriations is approved and

withdrawal starts prior to 1987, the last year MX withdrawals

for construction are expected.

Ground water occurs both under confined and unconfined con-

ditions in Pine Valley. Confined conditions occur locally in

the valley-fill aquifer where impermeable volcanic rocks are

E Ertee
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interbedded with alluvial deposits. Shallow water-table con-

ditions occur along Turkey Wash and Indian, Sheep, and Pine

Grove creeks. These areas represent perched zones and are not

indicative of the regional water table (Stephens, 1978). The

valley-fill aquifer is at least 1300 feet (396 m) thick based on

drillers' logs for wells completed in Pine Valley and the poten-

tiometric surface ranges from 300 feet (91 m) to 400 feet

(122 m) below the land surface. An aquifer test conducted by

Ertec on an Air Force test well at (C-21-17)l0aa gave an average

transmissivity of 330 ft2/day (31 m2 /day) and a storativity of

about 0.002 after seven days of pumping at a sustained rate of

75 gpm (5 1/s).

There is little perennial stream flow in Pine Valley. Springs

and spring-fed creeks represent the only source of perennial

surface water, but they are not of sufficient magnitude to be

considered a dependable source of water for the MX project.

Chemical analysis of 20 water samples collected by Ertec from

creeks, ephemeral springs, perennial springs, wells, and a mine

in the northern portion of the valley indicate that water qual-

ity meets the primary and secondary drinking water standards

established by the State of Utah (Appendix B) in all cases ex-

cept one. A water sample from Indian Creek (C-29-18)14ddd had a

manganese concentration of 0.19 mg/l, which exceeds secondary

drinking water standards. Water-quality data are not available

for the southern part of Pine Valley, but it is expected that

the ground-water would be potable and suitable for construction.

= Ertec
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4.12.2 Water-Supply Sources

Development of the valley-fill aquifer through acquisition of

new permits is the presently preferred MX water-supply source in

Pine Valley (Table 4-29). The quantity of ground water pres-

ently available for development is about 6779 acre-ft/yr (8.36

hm3/yr) (UWRL, 1980) after subtracting existing certificates

and proofs of water rights from the basin perennial yield. This

quantity of ground water is large compared to the peak-year MX

water requirements of 2172 acre-feet (2.99 hm3 ) in 1984 (Table

4-28). If a major portion of the pending applications are

approved by the State Engineer prior to approval of the Air

Force applications, the ranking of this water-supply option will

change. However, the State Engineer could still grant the Air

Force additional ground-water rights regardless of rulings on

prior applications.

Importation of water to Pine Valley from Snake Valley is esti-

mated to be the most costly (about 13 times the valley-fill

alternative) and least timely (at least eight times longer than

the valley-fill alternative) of the four water-supply options.

It is estimated to take up to four months to install a pipeline

and pumping stations from Snake Valley, the source of supply.

The composite legal and physical availability of water from

Snake Valley, however, would be higher than other options.

Development of the carbonate aquifer for water supply in Pine

Valley has an overall ranking virtually equivalent that to

importation of water and the lease/purchase option. Development

Ertec
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of the carbonate aquifer is estimated to cost about one quarter

that of importing water. Development of the carbonate aquifer

is also estimated to be about two times more timely than con-

struction of a conveyance system from Snake Valley to Pine

Valley. Nevertheless, the potential for development of the

carbonate aquifer in Pine Valley is considered low because of

the presence of thick aquitards in the geologic section and the

absence of both extensive rock fractures and a known regional

flow system.

The lease or purchase of existing water rights is not recom-

mended because there is presently insufficient water available.

This option would become viable if a significant portion of the

pending applications were granted prior to approval of MX appro-

priation applications

4.12.3 Suitable Areas for Water-Supply Well Locations

The primary and secondary areas for the construction of MX

water-supply wells in Pine Valley, Utah, are shown in Drawing

4-11.

Three primary areas have been identified in Pine Valley. In the

northern part of the valley, east of the Desert Experimental

Range is a primary area of about 15 mi2 (39 kin2 ). South of

the lacustrine sediments, which occur in the north-central

part of the valley, is an extensive primary area encompassing

the central valley floor and alluvial fans. This area is

bounded on the south by a 3- to 5-mile (5- to 8-kn) wide en-

dangered wildlife habitat area. To the south of this habitat
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area is another small (less than 20 mi 2 [52 km2 ] ) primary

area. This area is a considerable distance from any MX con-

struction activities.

The available primary area in Pine Valley is extensive and is

capable of providing a number of adequate well locations for

the construction and operation of the MX system. Two of the

five Air Force water-appropriation application points of diver-

sion presently lie within a primary area. These are located

at (C-30-17)12db (number 55021-1) and (C-28-17)5dd (number

55021-2).

A large area in the north-central part of the valley is classi-

fied as a secondary area because of lacustrine deposits in the

subsurface. These sediments are of low permeability, and ground

water within these deposits may be of poor quality. Another

secondary area occurs on the west-central valley flank. Based

upon the interpretation of available geophysical and water-level

data, it appears that a 2- or 3-mile (3- or 5-km) wide area

along the west side of the valley has shallow bedrock and small

thicknesses of saturated valley-fill sediments.

Three of the five Air Force water-appropriation application

points of diversion lie within secondary areas for water-supply

well development. These are located at (C-27-16)18bd (number

55021-3), (C-26-17)I0ad (number 55021-4), and (C-25-16)28bc

(number 55021-5).

9Ert
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A number of 1 mi2 (2.6 km2 ) cultural exclusions for state lands

occur throughout Pine Valley, excluding over 50 mi2 (130 km2 )

of the valley floor. In the northern part of the valley, all

land within the Desert Experimental Range is excluded. Simi-

larly, all land within the endangered wildlife area in Township

30S is excluded. A total of 10 existing wells or ground-water

apropriations have also been identified as exclusionary areas

(1-mile [1.6-km] radius from the point of diversion). In

addition, six surface-water appropriations in (C-29-16) and

(C-29-17) have been identified as exclusionary areas (0.5-mile

(0.8-km] radius from the point of diversion). There are no

known regional or known possible regional springs in Pine

Valley. There are, however, a number of small local springs

near the rock alluvial contact along the mountain front.

4.12.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analyses

conducted as part of this investigation, there are two viable MX

water-supply alternatives for Pine Valley. Each of the alterna-

tives is discussed below in order of priority.

4.12.4.1 Alternative I

The first alternative MX water-supply system in Pine Valley

consists of the construction of one MX water-supply well at

an existing point of diversion as filed by the Air Force as part

of the appropriation application, the use of ground water from

the existing Air Force test well at (C-26-17)I0ad (number

55021-4), and the amendment of three pending points of diversion

Ertar
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to four more suitable drilling areas within the valley and the

construction of four wells for water supply. Pending points

of diversion can be split into two or more points and relocated,

although the withdrawal rate and total annual quantity of with-

drawal stated in the application cannot be exceeded. If ex-

ceeded, another application may have to be filed for the addi-

tional quantity, assuming that the water rights for the original

application had already been granted.

The principal advantage of this approach is that the wells would

be placed among the LSC, DTN, and cluster construction and

operation which would minimize water conveyance costs. The pri-

mary disadvantages are that three of the five pending Air Force

applications to appropriate ground water would have to be

amended.

Five new wells would be constructed in Alternative I to satisfy

the peak-year MX water requirements of 2172 acre-feet (2.68 hm
3 )

during 1984. This assumes that 300 gpm (19 l/s) can be achieved

from each of the wells, or 483 acre-ft/yr (0.60 hm 3 /yr) if

pumped continuously. This well yield potential has been

estimated by Ertec based on the available hydrogeologic infor-

mation for the valley. The existing points of diversion and

Alternative I recommendations are as follows:

EXISTING POINT OF DIVERSION PROPOSED AMENDMENT

C-30-17-12db (number 55021-1) South-central valley

C-28-17-5dd (number 55021-2) South-central valley

C-27-16-18bd (number 55021-3) No change

C-26-17-I0ad (number 55021-4) No change (existing well)

C-25-16-28bc (number 55021-5) North-central valley

North-central valley

Z Ertar
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The proposed LSC, presumed to be located at (C-26-19), will

require from 180 to 1088 acre-ft/yr (0.22 to 1.34 hm3 /yr) with

the peak requirement in 1986. Due to the expected moderately

low well yields (300 gpm [19 i/s]) in the valley, an estimate of

three water wells would be required to deliver the 675 gpm (43

l/s) needed for peak-water use at the LSC.

The LSC water requirement in the initial year of construction

(1983) is only 180 acre-feet (0.22 hm3 ) and this could be met

with one well at a pumpage rate of only 112 gpm (7 1/s). In

1984 through 1986, however, the LSC water requirements increase

to 573 acre-feet (0.71 hm 3 ), 747 acre-feet (0.92 hm 3 ), and

1088 acre-feet (1.34 hm3 ), respectively. To provide adequate

water supplies during this period, it is recommended that a

water well be constructed at (C-27-16)18bd (number 55021-3) and

the other two wells constructed in proximity to the LSC at

amended points of diversion. A 300 gpm (19 1/s) well is equiv-

alent to 483 acre-ft/yr (0.60 hm3 ) if pumped continously.

Therefore, two wells will be need in 1984 and 1985 and three

wells in 1986 (as discussed above) to supply LSC water require-

ments.

Based upon the 15 May 1981 proposed DTN route and cluster

locations, it would be possible to provide adequate ground-

water supplies for the construction of the DTN and missile

clusters through the construction of four new water-supply wells

and the use of the existing Air Force well to meet the peak-year

water requirement of 1742 acre-feet (2.15 hm3 ) for nondomestic

SErtec
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purposes in 1984. In the initial year of construction (1983),

only 470 acre-feet (0.58 hm 3 ) of water will be required for non-

domestic purposes in Pine Valley. The existing well at (C-26-

17)18ad (number 55021-4) is capable of supplying only 121 acre-

feet (0.15 hm 3 ) of this requirement; however, additional water-

supply wells in the south-central and north-central valley are

recommended.

In 1987, LSC water requirements will decline to only 260 acre-

feet (0.32 hm3 ). This quantity can be met by pumping only one

well.

4.12.4.2 Alternative II

The second alternative MX water-supply system consists of im-

porting water from Snake Valley for LSC, DTN, and construction

requirements in Pine Valley and the use of the existing Air

Force test well at (C-26-17)l0ad (number 55021-4). A 1350-gpm

(81-1/s) well constructed in southern Snake Valley would be

capable of supplying the entire LSC, DTN, and cluster water

requirements in Pine Valley. This quantity of water would be

equivalent to 2174 acre-ft/yr (2.68 hm3 /yr) if pumped continu-

ously. Importation could be achieved via pipelines and pumping

stations and water could be distributed to strategic locations

for water supply in the valley. The existing Air Force test

well could be used to supply water for nearby construction ac-

tivities.

The primary advantage of this alternative is the elimination

of the need to construct additional MX water-supply wells in

-Ertac
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Pine Valley. The primary disadvantages are the high costs of

delivery of water from Snake Valley to Pine Valley and the

length of time required for the construction of a conveyance

system

4.12.4.3 General Well Characteristics

The Air Force test well constructed in the valley-fill aquifer

at (C-26-17)10ad was drilled to a depth of 951 feet (290 m) and

has a 16-inch (41-cm) borehole and a 10-inch (25-cm) ID casing.

This size of borehole and casing should be ample for production

wells in Pine Valley. Although the depth to water ranges from

300 feet (91 m) in the northern part of the valley to over 650

feet (198 m) in the southern part of the valley, the depth to

productive aquifers may be substantially greater. Therefore,

it is recommended that MX water-supply wells be constructed

to depths of at least 1200 feet (366 m). Due to the lack of

hydrologic data concerning aquifer properties and well yield for

much of Pine Valley, it is recommended that exploratory drilling

be conducted to verify the adequacy of the locations of the MX

water-supply wells.

4.12.5 Additional Investigations

Suggested possible sites for additional drilling and testing

prior to operational development of the water-supply system are

identified in Drawing 4-11 and are ranked in Table 4-30. The

Air Force test well located at (C-26-17)10ad in northwest part

of Pine Valley and the Pine Grove Associates Company wells in

the southern part of the valley provide aquifer data in those

- Ertac
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parts of the valley. In the central valley area, few wells

exist to provide aquifer data.

An additional drilling and testing site has been identified at

the pending Air Force point of diversion at (C-27-16)18bd

(number 55021-3) in central Pine Valley. This site is in a

secondary water-supply area, and it is less than 0.25 mile

(0.40 km) from a primary area (Drawing 4-11). A test well in

this part of the valley is desirable because there are no aqui-

fer or water-chemistry data wit'hin 5 miles (8 km). The site is

adjacent to the DTN, there are clusters around it, and there is

a proposed LSC in (C-27-16). Thus, this is a good location for

a production well.
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4.13 SPRING VALLEY

4.13.1 Hydrologic Summary

Spring Valley is a topographically closed basin situated in

White Pine and Lincoln counties in eastern Nevada. It occupies

an area of 1661 mi2 (4302 km2 ) of which 265 mi2 (686 km2 ) are

considered suitable for MX deployment (Table 4-31).

The perennial yield of the basin is estimated at 100,000 acre-

ft/yr (123.30 hm3 /yr) and storage within the upper 100 feet

(30 m) of saturated sediment is estimated at 4.2 million acre-

feet (5180 hm3 ) (State of Nevada, 1971). Only 4781 acre-ft/yr

(5.89 hm3/yr) or about five percent of the perennial yield is

presently being utilized (DRI, 1980). There are an additional

21,812 acre-ft/yr (26.90 hm3/yr) in permitted and certificated

water rights and 2594 acre-ft/yr (3.20 hm3/yr) of pending appli-

cations for ground-water withdrawal in the valley (Woodburn and

others, 1981).

The valley-fill aquifer in Spring Valley appears to be generally

unconfined, although lacustrine clays may produce locally semi-

confined to confined conditions. An aquifer test conducted by

Ertec indicated significant well yield potential. The test well

(9N/68E-30ab) produced 600 gpm (38 l/s) with only 14 feet (4 m)

of drawdown.

The regional carbonate aquifer in Spring Valley is considered

to have a high potential for development. Speci'fic test data

are not available for the carbonate aquifer, however, the lack

of extensive volcanic or intrusive rock in the stratigraphic

E rta
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section and the presence of extensive faulting in carbonate rock

units suggest that significant water production could be de-

r ived.

The surface water resource in Spring Valley, as reflected by

present use, is significant. Several seasonal and perennial

streams discharge from the flanks of the bordering mountain

ranges. Many springs occur around the margins of the valley.

All perennial surface water flows have been appropriated.

Twenty ground-water samples from wells and springs and five

surface water samples were collected for chemical analyses. All

samples were within criteria established for construction and

also were within primary and secondary drinking water standards

established by the State of Nevada.

4.13.2 Water-Supply Sources

Development of the valley-fill aquifer is the preferred water-

supply source for Spring Valley (Table 4-32). The perennial

yield of Spring Valley has been estimated by the Nevada State

Engineer (1971 ) to be 100,000 acre-ft/yr (123.30 hm3 /yr).

Considering approved ground-water rights, the quantity of ground

water presently available is 78,188 acre-ft/yr (96.40 hm3 /yr)

(Woodburn and others, 1981). This amount is very large compared

to the peak-year MX construction requirement of 629 acre-feet

(0.78 hm3 ) in 1984. The aquifer test conducted by Ertec

indicates that the valley-fill aquifer has a high physical

potential for water development. The legal availability of

water is also rated as high. Development of the valley-fill

S E Erter
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aquifer is the least costly of the four water-supply options, is

timely to develop, and is projected to have minimal impacts on

existing users or the valley hydrologic system.

The lease or purchase of existing water rights is ranked second,

although it received essentially the same overall score as

development of the valley-fill aquifer. It is ranked second

because the estimated cost is about 20 percent more than devel-

oping the valley-fill aquifer. In all other categories, this

option scored the same as valley-fill aquifer development.

Although lease or purchase of existing water rights is a viable

option, it is not likely that it would be implemented because of

the significant availability of unappropriated ground water in

Spring Valley.

Development of the carbonate aquifer ranked third because it is

estimated to cost approximately five times more and take four

times as long to construct as valley-fill aquifer development.

This source of supply also has the lowest development potential

of the three options.

Importation of water ranked fourth but is considered unneces-

sary. Spring Valley has been identified as a source of water

exportation to water-short valleys because of the large quantity

of available ground water.

4.13.3 Suitable Areas for Water-Supply Well Locations

The primary and secondary areas for the construction of MX

water-supply wells in Spring Valley, Nevada, are shown in Draw-

ing 4-12.
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The available primary area in Spring Valley is limited in areal

extent and is not located appropriately for proposed DTN and

cluster construction activities. Two small primary areas have

been delineated. In Township 11N, a narrow area of about 3 mi2

(8 km2 ) occurs along the alluvial fans. Another area of about

10 mi 2 (26 km 2 ) has been delineated in Townships 8N and 9N.

Only one of the five Air Force water-appropriation application

points of diversion lie within primary area for water-supply

well development; this is at 8N-68E-4cc (number 41737).

Due to the extensive deposition of lacustrine deposits in

Townships 1ON and 11N and larger areas where shallow bedrock and

limited saturated thickness of valley-fill sediments occur

further to the south, most of the area within Spring Valley has

been classified as secondary. A well yield of 600 gpm (38 i/s)

has been obtained from the Air Force test well at 9N-68E-30ab in

a secondary area. This indicates that portions of the secondary

areas can be utilized and are capable of providing the necessary

water yield for MX construction activities, although primary

areas are still estimated to have greater potential well yields.

One of the five air Force water-appropriation application points

of diversion lie within secondary area for water-supply well

development at 9N-68E-30aa (number 41738).

Only one fee-land and two COE (Code 1) recommended exclusion

areas occur within the valley are being considered for DTN and

cluster locations. There are however, 24 ground-water appropri-

ation exclusion areas (a 1-mile [1.6-km] radius from the point

Erter
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of diversion or well location) and six surface water appropri-

ation exclusion areas (a 0.5- or 1-mile [a 0.8- or 1.6-km]

radius from the point of stream diversion or spring location,

respectively). There are no known regional or known possible

regional springs within Spring Valley. Three of the five Air

Force water-appropriation application points of diversion lie

within areas excluded for water-supply well development. These

are located at 1ON-67E-7ba (number 41739), 8N-68E-12ca (number

41736), and 1ON-67E-34ab (number 41735).

4.13.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analyses

conducted as part of this investigation, there are two viable MX

water-supply system alternatives for Spring Valley. These

alternatives are discussed below in order of priority.

4.13.4.1 Alternative I

This alternative consists of the construction of two water-

supply wells near pending points of diversion on the northwest

flank of the valley and the use of the existing Air Force

well at 9N-68E-30aa (number 41738).

This plan will provide good overall distribution of MX water

supply. The existing points of diversion at 1ON-67E-34ab

(number 41735) and 1ON-67E-7ab (number 41739) are both located

in shallow bedrock exclusion areas less than 1 mile (1.6 km)

from secondary drilling area. It is recommended that these

points of diversion be relocated to sites 1 to 2 miles (1.6 to

.Ert..
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3 km) east of their present locations. It is estimated that

wells at these ammended locations should be capable of producing

at least 250 gpm (16 1/s). If this yield can be developed,

pumpage at the existing test well can be reduced accordingly.

The major disadvantage of this approach is that additional well

construction would be required and amendment of two pending

points of diversion would be necessary.

4.13.4.2 Alternative II

This alternative consists of the use of the existing Air Force

test well at 9N-68E-30aa (number 41738) as a single water-supply

source.

There is no LSC scheduled for Spring Valley. The annual water

requirement for DTN and cluster construction ranges from 72 to

629 acre-feet (0.09 to 0.78 hm3) during the construction period.

The entire MX water requirement may be met by the existing Air

Force test well which is capable of producing 968 acre-ft/yr

(1.19 hm3/yr) at the rate of 600 gpm (38 l/s).

The primary advantage of this approach is that no additional MX

water-supply wells would be required in Spring Valley. The main

disadvantage is that an extensive water distribution system

would be required.

4.13.5 Additional Investigations

Possible sites for additional drilling and testing prior to

operational development of the water-supply system are identi-

fied on Drawing 4-12 and are ranked in Table 4-33. The Air

EErtec
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Force test well located in southern Spring Valley at 9N-68E-30aa

has been tested and the data evaluated to provide information

concerning the valley-fill aquifer in this part of the valley.

In north-central Spring Valley, stock wells provide insufficient

data to fully evaluate aquifer conditions.

In the northern half of Spring Valley, no points of diversion

exist which are suitable for additional drilling. A site has

been selected east of point of diversion (number 41735) and is

positioned along an existing road in a secondary water-supply

area (Drawing 4-12). It is located at 1ON-67E-36bb, approxi-

mately 5.5 miles (9 km) north of the existing Air Force test

well. A ground-water divide occurs between the site and the Air

force test well. The DTN is not located in the northern part of

the valley but several clusters are in proximity of the site.

The pending point of diversion at BN-68E-4cc (number 41737) is

not recommended for additional drilling and testing prior to

operational development of the water-supply system because it is

only about 4 miles (6 km) south of the Air Force test well.

E--rtL
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4.14 WAH WAH VALLEY

4.14.1 Hydrologic Summary

Wah Wah Valley is a north-south trending, topographically closed

basin in Millard and Beaver counties, Utah. Of the 600 mi 2

(1554 km 2 ) of valley area, 240 mi 2 (622 km 2 ) are suitable

for MX deployment (Table 4-34). Ground water in the basin is

sparsely developed. Certificates and proofs have been granted

for withdrawal of only 34 acre-ft/yr (0.42 hm3/yr) (DRI, 1980)

of the 10,000 acre-ft/yr (12.33 hm3/yr) of estimated perennial

yield (Price, 1979) of the ground water basin, but there are

32,576 acre-ft/yr (40.16 hm3/yr) of ground-water appropriation

permits and applications (DRI, 1980). Present ground-water use

is estimated at only 2 acre-ft/yr (0.001 hm3/yr) (UWRL, 1980).

Price (1979) estimates the amount of ground water in storage in

the upper 100 feet (30 m) of saturated sediment in Wah Wah Val-

ley at 0.8 million acre-feet (986.4 hm3 ). Withdrawal of the

peak-year MX water requirement of 3194 acre-ft/yr (3.94 hm3/yr)

in 1984 would represent only a small percentage of the ground

water in the basin unless a significant portion of the ground-

water appropriation applications are approved and withdrawal

starts prior to 1987, the last year MX withdrawals for con-

struction are expected in Wah Wah Valley.

Based on examination of drilling logs, the valley-fill aqui-

fer in Wah Wah Valley appears to be largely unconfined. The

presence of lacustrine clays may produce locally confined or

semiconfined conditions, such as those found at Wah Wah Hardpan,

-Eer

q.p



E-TR-53

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

--- ---------- ,
-

D pt~n to a o,-. n I: -I f.ne t r I c

a e ee a :IQ. T a n gi . t S totv:

3 r

,-- - -- . - -- - ....-,- -,-- - - - --- -

-3_ a:'- b a - c

- --- -" - - - - j -- - -- - -- --

-- - - - - - -- - - - -- -- - - - - - - -.- - --

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

n Ern I~m CmwmeBMOIAFRCE-MX

, : ; e .... :-'JHYDROLOGIC SUMMARY

WAH WAH VALLEY, UTAH

L 28SEPT81 TAULE4-34

P -7



E-TR-53
216

located near the center of the basin (C-25-13). An aquifer

pumping test conducted by Ertec at a constant rate of 375 gpm

(24 1/s) indicated an aquifer transmissivity of 12,000 ft2/day

(1580 m2/day). Preliminary numerical modeling of the basin by

Ertec suggests a similarly high transmissivity of 14,000 ft2/day

(1300 m2/day), which is considered representative of the entire

basin. A storativity of at least 0.14 is indicated by the aqui-

fer test results.

Water from the valley-fill aquifer locally does not meet drink-

ing water or construction-use standards. This problem is mostly

restricted to the central axis of the valley, particularly in or

near Wah Wah Hardpan. Wells drilled in the valley-fill aquifer

away from Wah Wah Hardpan should meet construction standards and

wells drilled in the valley-fill aquifer away from the valley

axis should generally meet both construction and drinking water

standards.

The regional carbonate aquifer, underlying and adjacent to the

valley-fill aquifer, is considered to have a low potential for

development in Wah Wah Valley. Data are notably sparse with

respect to the carbonate aquifer in Wah Wah Valley, but the ex-

tensive occurrence of volcanic and intrusive rocks, the absence

of a recognized regional flow system, and the absence of exten-

sive faulting all suggest a low potential for ground-water

development of the aquifer.
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4.14.2 Water-Supply Sources

The acquisition of new permits and the construction of water

wells in the valley-fill aquifer is the presently preferred MX

water-supply source in Wah Wah Valley (Table 4-35). The ranking

of this water-supply option could change if the pending applica-

tions for ground-water rights are granted prior to those of the

Air Force. However, the Utah State Engineer could still grant

the Air Force additional ground-water rights regardless of the

ruling on prior applications. The amount of ground water cur-

rently available for development (9998 acre-ft/yr [12.33 hm3/

yr] considering existing use, and 9966 acre-ft/yr (12.29 hm3/

yr] considering approved ground-water rights) is large compared

to the estimated peak-year MX use of 3194 acre-ft/yr (3.94 hm3/

yr). Aquifer tests indicate that the valley-fill aquifer has

substantial ability to store and transmit water, thus, there is

a high physical potential for water development in addition to

the high legal availability of water. In addition, this option

is the least costly and the most timely of the four choice .

Importation of water, the second-ranked, water-supply source,

would not appear to be necessary because of the availability of

water (unappropriated perennial yield) in the valley. In addi-

tion, importation of water would be costly (over 12 times the

valley-fill option), would take more time (about 16 times longer

than the valley-fill option) than the other options, and may

have negative impacts on the basins used as a source of water.

Lease or purc' -se of existing water rights is presently not

recommended because there are only 34 acre-ft/yr (0.04 hm3 /yr)

EErtuar
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of approved ground-water rights and 251 acre-ft/yr (0.31 hm3/yr)

of approved surface water rights, the total of which is far less

than that needed for MX purposes. This option would become

viable and perhaps necessary only if a significant portion of

the pending ground-water applications were approved ahead of the

MX applications.

Extraction of water from the carbonate aquifer is ranked low

because of the presumed low potential for development, the very

high cost (about three times the valley-fill option) for devel-

opment, and the longer period of time (four times the valley-

fill option) necessary to develop this aquifer compared to the

valley-fill aquifer.

4.14.3 Suitable Areas For Water-Supply Well Locations

The primary and secondary areas for the construction of MX water

supply wells in Wah Wah Valley, Utah, are shown in Drawing 4-13.

Due to the extensive deposition of lacustrine sediments through-

out most of Wah Wah Valley, only a small area in the southern

part of the valley is classified as primary. The available

primary area is too limited in areal extent to provide the

entire water requirement. None of the seven Air Force water-

appropriation application points of diversion lie within a

primary area for water-supply well development.

There are extensive secondary areas available in Wah Wah Valley

for the construction of MX water supply wells (Drawing 4-13).

The lacustrine sediments which occur throughout most of the

EErter
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valley may overlie coarser-grained sediments which comprise

productive aquifers. Five of the seven Air Force water-

appropriation application points of diversion lie within second-

ary areas for water-supply well development. These are located

at (C-27-14)20db (number 55019-2), (C-26-14)25ac (number 55019-

3), (C-26-13)7ac (number 55019-4), (C-25-14)23dc (number 55019-

5), and (C-24-13)31db (number 55019-7).

A number of 1-mi2 (2.6-km2 ) state land cultural exclusions occur

throughout Wah Wah Valley and, east of Wah Wah Ranch, about 10

mi 2 (26 km 2 ) of fee land is also excluded. A total of seven

existing wells or ground-water appropriations have also been

identified as exclusionary areas (1-mile [1.6-km] radius from

the point of diversion). Five of these water-appropriation

exclusions are located in the southern portion of the valley and

two are located in the northern end of the valley near the Wah

Wah Hardpan. Wah Wah Spring, located near the rock-non-rock

boundary on the west-central side of the valley (C-27-15)llaba

has been identified by Ertec as a regional spring on the basis

of the criteria discussed in Section 3.2. Based upon the re-

sults of numerical modeling, no reduction in discharge from Wah

Wah Spring due to MX ground-water withdrawals from the valley-

fill aquifer is expected to occur if MX water-supply wells are

set back a minimum of 3 miles (5 km). All areas within 3 miles

(5 km) of the spring have therefore been excluded from further

consideration. Two of the seven Air Force water appropriation

application points of diversion lie within excluded area for

Eie
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water-supply well development. These are at (C-28-14)15bc

(number 55019-1), and (C-25-14)3ca (number 55019-6).

4.14.4 Water-Supply System Alternatives

Based upon the available hydrologic data and the matrix analyses

conducted as part of this investigation, there are three viable

MX water-supply system alternatives for Wah Wah Valley. Each of

the alternatives is discussed below in order of priority.

4.14.4.1 Alternative I

The Air Force has filed applications for seven points of diver-

sion in Wah Wah Valley. The preferred MX water-supply system in

Wah Wah Valley consists of the construction of four MX water-

supply wells at the existing application points of diversion,

the amendment of the point of diversion filed at the unproduc-

tive Air Force test well at (C-26-14)25ac to the productive Air

Force test well at (C-27-14)28dd, and the amendment of the point

of diversion located at (C-25-14)3ca to a more suitable drilling

area.

This is the preferred approach since minimal modification of the

existing water appropriations would be required and no delays

in obtaining approval for the majority of the Air Force water-

appropriation applications would occur. The primary disadvan-

tage is that water for the construction of the DTN would likely

have to be distributed via pipeline or water trucks to storage

areas (reservoirs) at more strategic water-supply locations,

perhaps along DTN routes or entrance roads to clusters.
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The proposed LSC, presumed to be in (C-26-14) will require from

154 to 877 acre-ft/yr (0.19 hm3/yr) with the peak requirement

in 1986. Two water-supply wells will be required to provide the

95 to 544 gpm (6 to 34 l/s) required for use at the LSC. The

existing Air Force test well at (C-27-14)28dd, which has been

tested at 375 gpm (24 1/s), can be used to provide the LSC water

requirements for 1982, but it will be necessary to transfer one

of the existing Air Force appropriation application points of

diversion to the well. It is recommended that the pending Air

Force application to appropriate ground water from the point of

diversion at (C 26-14)25ac (number 55019-3) at the unproductive

Air Force test well in north-central Wah Wah Valley be amended

to the productive well site. For the period 1983 to 1986, an

additional well will be required. The pending point of diver-

sion at (C-27-14)20db (number 55019-2) is proximal to the LSC

site and could be used as a source of water for both the LSC and

the clusters in the southern part of the valley during the peak

LSC water-use period. In 1987, only one production well will be

required and the existing Air Force test well should suffice.

Based on the available data on the hydrologic characteristics of

Wah Wah Valley, it will be possible to provide adequate ground-

water supplies for the construction of the DTN and missile clus-

ters with five new water-supply wells and the use of the exist-

ing Air Force test well. In the initial year of construction,

(1983) only 502 acre-feet (0.62 hm3 ) of water will be required

for nondomestic purposes in Wah Wah Valley. The existing test

well at (C-27-14)28dd is capable of supplying 604 acre-feet

9 Ertai
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(0.74 hm3 ). In 1984, 2653 acre-feet (3.27 hm3 ) will be required

for nondomestic purposes with the majority required for revege-

tation (920 acre-feet [1.13 hm 3 ] ) and road compaction (1120

acre-feet [1.38 hm 3 ]). It is recommended that the pending

points of diversion at (C-27-14)20 (number 55019-2), (C-26-13)7

(number 55019-4), (C-25-14)23 (number 55019-5), and (C-24-13)31

(number 55019-7) be used as locations for MX water-supply wells.

In addition, the pending point of diversion at (C-25-14)3

(number 55019-6) should be amended from its present location,

within an excluded area, to a more suitable site to accommodate

the combined peak-year domestic and construction water require-

ment of 3194 acre-feet (3.94 hm3 ).

In 1985 and 1986, MX nondomestic water requirements are esti-

mated to be 1218 and 1232 &cre-feat (1.50 and 1.52 hm3 ), respec-

tively. This reduced water requirement can be met by either

reducing the pumpage at each MX water-supply well or reducing

the number of pumping wells. Because the majority of the water

requirements in 1984 will be for revegetation, roadway dust

control, and shelter construction and will be needed throughout

the valley, it is recommended that pumpage be reduced from each

MX water-supply well and that all wells remain operational.

In 1987, the MX nondomestic construction water requirements will

further decline to only 290 acre-feet (0.36 hm 3 ). Although

the area of use for this water has not been determined, one well

located at the LSC and one well near the final construction

areas should suffice.
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4.14.4.2 Alternative II

The second alternative MX water-supply system in Wah Wah Valley

consists of the amendment of five pending appropriation points

of diversion from their present location to sites along the

proposed DTN near the entrances to cluster roads, and the amend-

ment of the point of diversion filed at the unproductive Air

Force test well at (C-26-14)25ac (number 55019-3) to the pro-

ductive Air Force well at (C-27-14)28dd.

The principal advantage of this approach is a better distribu-

tion of wells for DTN and cluster construction with minimal

piping or transport of water. The primary disadvantage is that

amendment of six of the seven pending appropriation applications

would be required and could delay the approval of the Air Force

water-appropriation applications.

4.14.4.3. Alternative III

The third alternative MX water-supply system consists of the

augmenting of either Alternative I or II with the lease, or, if

necessary, the purchase of water rights from mining interests in

the southern part of the valley.

Two high-production, deep water wells have been constructed at

(C-28-14)10 and (C-28-14)llab for a potential alunite mine.

Well tests conducted in 1974 indicated that each well is capable

of producing over 1300 gpm (82 l/s) (Utah State Engineer's of-

fice, 1981). Ground-water appropriation applications have been

filed with the State Engineer's office to use these wells as a

water-supply source for a proposed alunite mine in southwestern

Ert.
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Wah Wah Valley. The Utah State Engineer has not yet approved

these applications. The wells are located about 6 miles (10 km)

south of the proposed LSC and could be used to supply the entire

LSC water requirement as well as DTN and cluster requirements in

the southern half of the valley. For the northern half of the

valley, the points of diversion recommended for either Alterna-

tive I or II could be used.

4.14.4.4 General Well Characteristics

The yield of MX water-supply wells will depend upon the hydro-

logic characteristics of the aquifer(s) penetrated, well design,

and to a lesser degree, the depth to static water and the pro-

ductive aquifer(s). Recorded yields for existing wells in the

valley range from nil at the 1251-foot (381-m) deep Air Force

exploratory well at (C-26-14125ac to 1353 gpm (85 i/s) at the

1475-foot (450-m) deep test well at (C-26-14)llabb. The Air

Force test well at (C-27-14)28dd, which was drilled to a depth

of 1350 feet (411 m) with a 16-inch (41-cm) boring and a 10-inch

(25-cm) ID casing, yielded 375 gpm (24 i/s).

The depth to the potentiometric surface ranges from about 200

feet (61 m) below the land surface in the northern and central

parts of the valley to 800 feet (244 m) below the land surface

in the southernmost part of the valley. The depth to productive

aquifers may be substantially greater. Significant well yields

are documented in the southern part of the valley. Much lower

well yields are probable in the central and northern parts of

the valley, but the aquifer properties here are unverified.
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It is recommended that exploratory drilling be done in conjunc-

tion with the selection of any MX water-supply wells in the

northern part of the valley.

4.14.5 Additional Investigations

Possible sites for additional drilling and testing prior to

operational development of the water-supply system are identi-

fied in Drawing 4-13 and are ranked in Table 4-36.

Additional data from drilling and testing in central and north-

ern Wah Wah Valley are needed to supplement the small amount of

available data. The first priority for additional drilling is

located at (C-26-14)4ad in west-central Wah Wah Valley (Draw-

ing 4-13). This site is located on an alluvial fan 3 miles

(5 km) northwest of a proposed construction plant and 4.5 miles

(7 km) west of the unproductive Air Force test well drilled in

the valley-fill lacustrine deposits. The site is in an area

where there is a limited thickness of saturated valley-fill

sediments due to the presence of volcanics in the subsurface.

When the unproductive nature of the lacustrine deposits in the

central part of the valley is considered, the proposed site is

in the most favorable area for determining if a viable water

supply can be developed in central Wah Wah Valley. The site is

also centrally located in an area of clusters and is 1.5 miles

(2 km) west of the DTN.

The second priority for additional drilling is pending Air Force

point of diversion number 55019-7 which is located in northwest-

ern Wah Wah Valley. Two other pending Air Force points of

EErteac
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diversion, numbers 55019-4 and 55019-5, were ranked higher but

were not considered due to their location in similar hydrologic

settings to the existing unproductive Air Force well. Th

proposed site is located at (C-24-13)31db within a secondary

water-supply area since no primary areas exist in the northern

half of the valley. Aquifer data are limited to one stock well

located 3 miles (5 km) east of the site. Testing of the valley-

fill aquifer at this point of diversion would provide valuable

information about aquifer response to pumping in northern Wah

Wah Valley. This site is 1.5 miles (2 km) from the DTN, which

would facilitate construction activities should the site be used

as an MX water supply.
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5.0 MONITORING PROGRAM

5.1 INTRODUCTION

This section of the report provides general guidelines and

criteria for designing an effective, valley-specific water

monitoring system. Such a monitoring system will be designed

and implemented as part of the Air Force Water Resources Program

for fiscal year 1982.

A hydroloqical monitoring network will be needed throughout

the MX deployment and OB areas in order to obtain a record of

the effects of MX ground-water withdrawals on existing wells,

springs, other hydrologic features and on the general environ-

ment of these areas. These records will help protect the Air

Force from spurious claims concerning the effects of MX wells.

If any indications of detrimental effects should ever appear,

the monitoring data will be needed to determine the most appro-

priate mitigating action.

When water is withdrawn from a well, the aquifer is stressed.

The magnitude and extent of the stress depend on several factors

including withdrawal rates and duration of pumping, type of

aquifer, various aquifer hydraulic coefficients, and locations

and quantities of recharge and natural discharge. Because

knowledge about these factors is never complete, the magnitude

of stress at a given location in the aquifer, as represented by

water-level changes, can be determined only by actual observa-

tion at a monitoring well. A number of monitoring wells will be

needed to determine the precise change in water level throughout

EErtee
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a valley and the resultant effects on springs and wetlands

caused by pumping from an MX well or well field. However, it

will not be necessary to know precisely the change of water

level due to pumping at every point in a valley. If water-

supply wells are located wisely, relatively few monitoring

stations will be required in each valley to obtain the necessary

data.

5.2 GENERAL CRITERIA AND GUIDELINES

A hydrologic site should be monitored only if there is a spe-

cific purpose for the resulting data. Some of the purposes for

monitoring stations in the MX deployment valleys are listed in

Table 5-1. Monitoring at a point insensitive to MX pumping is

necessary in order to separate the effects of pumping MX wells

from natural and man-made effects. Whenever possible, a moni-

toring well should be located where data from it can be used

for multiple purposes. Monitoring wells can usually be located

anywhere within a relatively broad area in order to obtain the

desired information.

5.2.1 Monitoring Well Selection and Construction

To the greatest degree possible, monitoring wells should be

selected first from suitable private and public wells, espe-

cially those monitored by the U.S. Geological Survey (USGS) and

second from new wells constructed after it has been determined

that existing suitable wells are unavailable. New wells should

be drilled to the minimum depth in the aquifer that corresponds

to the mid-point of the screened section of the MX production

E Ertec
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PURPOSES OF MONITORING STATIONS

IN MX DEPLOYMENT VALLEYS

" TO DETERMINE THE MAGNITUDE OF WATER-LEVEL CHANGE AT

EXISTING PUMPED WELLS

* TO MEASURE THE EFFECT OF PUMPING ON VALLEY-FLOOR SPRINGS

* TO MEASURE THE EFFECT OF PUMPING ON REGIONAL CARBONATE SPRINGS

" "0 MEASURE THE EFFECT ON SPRINGS AROUND THE PERIPHERY OF

THE VALLEY AND IN THE NEARBY MOUNTAINS

* TO DETERMINE THE EFFECT ON PHREATOPHYTE AND WILDLIFE REFUGE AREAS

* TO DETERMINE THE MAGNITUDE OF THE WATER-LEVEL DECLINES NEAR THE

WITHDRAWAL WELLS

* TO DETERMINE THE EFFECTS OF CONSTRUCTION ON STREAMS AND GROUND-

WATER RECHARGE

* TO OBTAIN A RECORD OF WATER-LEVEL FLUCTUATIONS AT A POINT IN THE

VALLEY WHERE THE AQUIFER IS INSENSITIVE TO MX PUMPING

E r M SIT NG INVE STIGATION
DEPARTMENT OF THE AIR FORCE

Me EAV I p.awsMO/AFRCE-MX

PURPOSES OF MONITORING STATIONS

IN MX DEPLOYMENT VALLEYS

28 SEPT 81 TABLE 5-1
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wells being monitored. The wells can have either steel or

plastic casing. The bottom 20 feet (6 m) of casing should be

perforated where the aquifer materials are fairly uniform.

However, the entire length of casing in the saturated zone

should be perforated where there are beds of clay or clay

mixtures exceeding about 5 feet (1.5 m) in thickness inter-

spersed throughout the aquifer.

Most of the monitoring wells should be open to the same aquifer

as the MX production wells. However, in valleys having perched

aquifers, additional monitoring wells will be needed in perched

aquifers which are usually unconnected, or poorly connected,

hydraulically with the developed aquifer. Also, there may be

valleys in which the carbonate (regional) aquifer should be

monitored when the principal valley-fill aquifer is tapped or

vice versa. Monitoring wells will be needed in such valleys

only when there is evidence of a hydraulic connection between

the two aquifers and when springs are known to be discharging

from the carbonate aquifer.

5.2.2 Quality of Water

The quality of both surface and ground water is not expected to

be affected adversely anywhere within the MX deployment area due

to Air Force activities. The principal ground-water recharge

areas are in the mountains and on the upper reaches of alluvial

fans. These areas lie above the areas that will be impacted by

MX construction and installations; therefore, there will be

little, if any, contamination by recharge from MX activities.

-- rtPX
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Most of the withdrawal from a well or well field will be during

a maximum construction period of about three years, a very short

period of time in terms of the usual rate of movement of ground

water. Thus, pumping will likely have a negligible effect on

the natural ground-water flow patterns and, consequently, the

quality of water. For this reason, it will not be necessary to

do intensive monitoring of ground-water quality except at the MX

production wells. A moderate amount of ground-water sampling

and a minor amount of surface water and spring sampling will be

needed as explained in Section 5.3.

Some special attention is needed if ground water of poor quality

is located within the anticipated range of influence of an MX

production well. Pumping at the well could cause the poor

quality water to migrate to the production well. A well for

monitoring water quality should be located between the poor

quality water and the production well in order to monitor migra-

tion and to take steps in intercept it if necessary.

5.2.3 Frequency of Monitoring

The frequency of monitoring depends largely on the factors in

Table 5-2. The frequency will range from continuous measurement

of water-level fluctuations in wells and flow rates in springs

and streams at some sites to a one-time sampling of the quality

of water at some wells and springs. Monitoring should be more

frequent during the preconstruction and construction phases than

during the operational phase for two reasons. First, the

natural cyclic water-level pattern must be determined for the

-- Erter
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FACTORS DETERMINING

FREQUENCY OF MONITORING

* SPECIFIC PURPOSE FOR THE PARTICULAR MONITORING SITE

* PARAMETER BEING MONITORED

* DISTANCE OF THE MONITORING SITE FROM THE MX WELL FIELD

* DISTANCE OF THE MONITORING SITE FROM EXISTING WELLS AND

WELL FIELDS

* KNOWLEDGE ABOUT THE NATURAL CYCLIC MAGNITUDE AND PERIOD OF

THE PARAMETER BEING MONITORED

* DISTANCE OF MX WELL FIELD FROM SENSITIVE ENVIRONMENTAL

FEATURES

* HYDRAULIC CHARACTER ISTICS OF THE AQUIFER IN THE VICINITY OF

THE MX WELL FIELD AND POTENTIALLY SENSITIVE FEATURES

DEPARTMENT OF THE AIR FORCE

FACTORS DETERMINING
FREQUENCY OF MONITORING

1 28 SEPT 81 TABLE5-21
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preconstruction phase to obtain a base record against which

hydrologic data obtained during later periods can be compared.

Second, the largest withdrawals and the greatest stress on the

hydrologic system will occur during the construction phase;

therefore, if any adverse effects occur, it will be during this

phase. The monitoring frequencies for the various parameters

and site locations are given in Section 5.3.

5.3 SPECIFIC GUIDELINES

A principal assumption in the derivation of the specific guide-

lines is that MX pumpage in a given valley will be from one well

or one well field. If pumpage from some valleys is at two or

more isolated wells or well fields, the monitoring network for

one well field may overlap the network from a nearby well field,

thus the monitoring network in those valleys will have to be

modified accordingly. The manner of integrating the network is

discussed in the following subsections where the various types

and locations of monitoring sites are explained.

5.3.1 Wells

5..3.1.1 Observation Well to Monitor Natural Water Levels

A record of water-level fluctuations from natural causes or

pumping from other existing wells, and virtually unaffected by

MX pumping, will be needed in order to determine the effects of

pumping the MX wells. An observation well may be needed in each

valley and should be at least 3 miles (5 kin) from all wells

yielding more than about 100 acre-ft/yr (0.12 hm3 /yr) and suf-

ficiently distant or isolated from MX production wells to be

unaffected by them.
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Continuous recorders should be operated on the observation wells

during the preconstruction and construction phases. The record-

ers may be removed from wells where pumping has had no observ-

able effect by the end of the construction phase. However,

recorders should be maintained on wells where an effect or

apparent effect has been observed. After recorders are removed,

periodic water-level measurements should be made semiannually

(at the annual high and low water-level periods), and this

schedule should be continued until the end of the operation

phase or until pumping has ceased at the associated MX produc-

tion wells, whichever is later.

5.3.1.2 Pumped Well

All MX pumped wells should be equipped with a totalizing water

meter. The meter reading should be recorded monthly, and the

water level in the pumped well should be measured each time

the pumpage is recorded. Water samples should be collected from

MX production wells when they are first installed and from

exiscing wells that are converted to MX use when they are first

used for construction. The production wells should be sampled

annually as long as they are pumped. The parameters and chemi-

cal constituents to be measured are listed in Table 5-3. Water

sampling will cease when pumping stops, but water-level measure-

ments will be made at semiannual intervals as at the observa-

tion wells.

5.3.1.3 Observation Well Near MX Well Field

Water levels should be monitored at one observation well within

a radius of about 0.5 mile (I km) of each MX production well

- Ertef!
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SUGGESTED WATER QUALITY CONSTITUENTS AND PARAMETERS TO BE DETERMINED

MEASURE IN FIELD

TEMPERATURE

pH

CONDUCTIVITY

MEASURE IN LABORATORY

SILICA

CALCIUM

MAGNESIUM

SODIUM

POTASSIUM

B ICARBO NATE

CARBONATE

SULFATE

CHLORIDE

NITRATE

TOTAL DISSOLVED SOLIDS

Note: There may be special situations or valleys where other constituents should be monitored.
The other constituents may be identified during the comprehensive chemical analysis
performed on initial samples from MX production wells. They may also be identified
when accumulated monitoring data suggests a special need.

MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE

BMO/AFRCE-MX

SUGGESTED WATER-QUALITY
CONSTITUENTS AND PARAMETERS TO

BE DETERMINED
28 SEPT 81 TABLE 5-3
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or well field. The frequency of measurement should be monthly

during the preconstruction and construction phases and semi-

annual (at the annual high and low water-level perio s) after

pumping for construction has ceased unless there is a special

need for more frequent monitoring. Measurements should be

continued one year after the end of the operational phase. If

the observation well is also used to monitor the change in water

quality, samples should be collected and processed in the manner

described above for a pumped well.

5.3.1.4 Observation Well to Monitor Effects on Existing

Wells

An observation well that is used to monitor effects of MX

pumping on existing wells should be between the existing wells

and the MX well or well field, and it should be nearer to the

existing wells than it is to the MX production well(s). The

observation well might even be an existing well if precise

effects are needed at the well or if the existing well is avail-

able and suitable for monitoring. Where an existing well is

being monitored by the USGS, it would be highly desirable to

include it in the MX monitoring program. The resulting dupli-

cate records can be used to both enlarge the data base and to

evaluate the accuracy and reliability of the MX monitoring pro-

gram. The minimum monitoring frequency should be monthly during

the preconstruction and construction phases and semiannual (at

the annual high and low water-level period) during the operation

phase and for one year after operations cease.

EErtei
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5.3.1.5 Observation Well to Monitor Effects on a Spring

A well used to monitor the effects of MX pumping on a valley

floor spring should be within a few hundred feet of and upgradi-

ent from the spring. The observation well should have dual

completion, one piezometer to monitor the main part of the

principal aquifer supplying the spring and one piezometer to

monitor the near-surface part of the aquifer. The purpose of

two piezometers is to monitor both long-term and diurnal fluctu-

ations. The piezometers should be equipped with continuous

recorders during the preconstruction and construction phases and

during any period that recorders are used in monitoring spring

discharge. An observation well would not usually be needed near

a spring that is measured periodically; however, if an observa-

tion well is monitored near such springs, the water level should

be measured at the same time that the spring flow is measured.

Once a correlation is established between the water level in the

well and spring discharge (probably by the end of the MX con-

struction in the valley), the well recorder can be removed and a

tape measurement of water level in the well made each time that

the spring recorder is visited and serviced. When pumping at

the associated MX well field ceases, the monitoring schedule

then in use should be continued for one year and then terminated

unless a need arises for continuing the monitoring program.

5.3.2 Springs

Pumping of MX wells may have an adverse effect on the discharge

of some valley floor springs, but the pumping probably will not

have an adverse effect on any of the springs near the periphery

EErta1c
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of the valleys and in the mountains. Many of the valley floor

springs discharge from the same aquifer that will be tapped by

the wells, whereas, the springs near the periphery of the val-

leys and in the mountains discharge from unrelated perched or

bedrock aquifers. monitoring of some peripheral and mountain

springs will be needed, however, to protect the Air Force from

potential spurious claims of interference from the MX wells and

from the unlikely event that some of the peripheral springs may

be impacted by MX activities.

The closer a spring is to a pumped well, the more likely it is

that pumping will affect the spring discharge. For this reason,

the springs selected for monitoring generally should be those

nearest an MX well or well field. However, the accessibility

and discharge rate (the accuracy of the measurements increases

with increased discharge) must also be considered. Springs

monitored by the USGS need not be monitored by the Air Force,

but copies of USGS spring flow records should be obtained for

the hydrologic monitoring project data file.

5.3.2.1 Peripheral and Mountain Springs

If springs near the periphery of the valley and in the mountains

occur within 5 miles (8 kin) of a pumped MX well or well field,

one of each type of spring should be selected for monitoring.

The discharge rate of the springs should be measured monthly

during the preconstruction and construction phases and semi-

* annually (in late-spring after the major runoff has ceased and

in mid- to late-fall) during the operational phase. The moni-

toring of these springs should be terminated when pumping of the

* E Erar
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associated MX wells ceases. A water sample should be collected

from the springs used in the discharge monitoring program before

pumping begins at the associated MX wells. Periodic sampling

will not be done thereafter unless some unforeseen development

arises indicating a need for additional sampling.

5.3.2.2 Valley Floor Springs

In some valleys, several of the valley floor springs may have to

be monitored because they are likely to be affected by pumping

from MX wells. Where there are several isolated valley floor

springs or a group of valley floor springs within a radius of

10 miles (16 km) of a MX well or well field, as many as three

well-separated springs (with respect to the ground-water flow

lines) should be monitored. One spring should be on or near the

ground-water flow line leading from the well or well field and

one on each side of this central flow line, where the distance

between the flow line and the spring exceeds about 2 miles (3

km). A continuous recorder should be used where the discharge

of a single isolated spring or the combined discharge of several

springs, or of a spring area, is more than 500 gpm (32 1/s) if

the water is used for such purposes as irrigation of cultivated

crops, wildlife refuge, industry, public supply, etc. The

recorder should be operated long enough to satisfy the condi-

tions explained in the Section 5.3.1. All other monitored

valley floor springs should be measured monthly during the

preconstruction and construction phases and semiannually as

stated for the peripheral and mountain springs. Monitoring of
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the valley floor springs should be terminated no earlier than

P one year after pumping ceases at the associated MX well(s).

Water samples should be collected for chemical-quality analysis

from the nearest valley floor spring downgradient from the

associated MX well or well field and within a triangular-shaped

area formed as follows: the well or well field is the apex of

the triangle and the two sides radiate from the apex at 15°

angles along each side of the central ground-water flow line;

the base of the triangle is a maximum of 10 miles (16 km)

downgradient from the apex. A water sample from all perennial

valley floor springs should be collected and analyzed at the

same time that the monitoring program begins in each valley and

they should be sampled annually thereafter for as long as the

associated MX wells are pumped.

5.3.3 Streams

Although the construction and operation of the MX project will

probably have no significant impact on any stream in the deploy-

ment area, certain streams should be monitored. The resulting

data will be necessary to protect the Air Force from potential

spurious accusations and the slight possibility that the MX

project will have an unexpected adverse effect. Streams being

monitored by the USGS need not be monitored by the Air Force. A

copy of the stream flow records collected by the USGS should be

obtained for the hydrologic monitoring project data file. The

only perennial streams that should be monitored are those re-

ceiving accretions from aquifers tapped by the MX wells and then

.FErtPac
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only where the springs that contribute to stream flow are not

monitored. A monitoring (gauging) station on a perennial stream

should be located near the lower end of each appropriate valley.

The gauging station should be equipped with a continuous re-

corder and it will be operated using USGS methods and standards.

Water samples for sediment and chemical quality should also be

collected at all gauging stations using USGS methods and stan-

dards.

Flood crest stage gauges should be installed on ephemeral

streams that collect runoff from MX clusters; where the aggre-

gate area of the cluster and the contributing drainage area

above the complex exceeds 10 mi 2 (26 km2 ); and where there

is a potential flood hazard to paved highways, other structures,

and environmentally sensitive areas. The flood crest stage

gauge program will be correlated with past and present similar

programs of the USGS.
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6.0 IMPACT MITIGATION

The Air Force will secure a water supply in the majority of MX

deployment valleys through the state water appropriations

process. The procedures for obtaining a water right by this

process are similar for both Nevada and Utah. In both states,

one of the principal factors that the State Engineer must weigh

in evaluating an application is whether or not existing rights

or the valleys hydrologic system will be adversely affected by

the additional development of ground or surface water at the

point(s) of diversion requested. Adverse effects considered

include lowering of dater levels, decreased spring flows, and

degraded water quality. The granting of a water right to the

Air Force will indicate that, in the opinion of the State

Engineer, there will be no such adverse impacts.

As input to the appropriation process, the Air Force is develop-

* ing computer numerical models of the valley-fill aquifer systems

in all deployment valleys. These models will be used to evalu-

ate potential points of diversion and identify those with

* minimum impact potential. Also, to help assure the lack of

significant hydrologic impact, the Air Force should not locate

their requested points of diversion within specified setback

distances of any existing water right, point of water with-

drawal, or significant or sensitive hydrologic feature. To

assist him in his decision, the State Engineer will have at his

disposal all of the above information as well as all basic

hydrologic data for each valley where an Air Force appropriation

Eftot!
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application is filed. However, because of the degree of uncer-

tainty in all hydrologic projections, adverse effects or impacts

could occur subsequent to Air Force water-supply developments

which were not anticipated. The following discussion describes

the general approach for impact avoidance during the period of

MX construction and outlines mitigation alternatives if an

MX-induced impact is identified.

6.1 IMPACT AVOIDANCE

The two major components of the Air Force program for impact

avoidance are the hydrologic monitoring system and the computer

numerical models of the valley-fill hydrologic systems.

The general concepts of the hydrologic monitoring program were

described in Section 5.0. The principal elements of the system

include monitoring of ground-water levels, spring discharges,

and surface- and ground-water chemistry. Where possible, moni-

toring sites or stations will be located to detect hydrologic

changes prior to impact occurring at existing wells or springs.

All monitoring data will be collected and evaluated in a timely

manner. Both will provide for early identification of signifi-

cant change in hydrologic conditions and, consequently, early

implementation of appropriate modifications to the MX water-

supply system.

Data compiled through the hydrologic monitoring program will be

ised to refine the computer numerical models. The refined

rt dels will be run to verify original projections regarding

-ii-term impacts of water withdrawal from Air Force points of
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ground-water diversion. If the updated projections show impacts

which were not originally anticipated, appropriate modifications

to the MX water-supply system will be implemented prior to

impact occurrence.

6.2 MITIGATION ALTERNATIVES

If significant or unacceptable imipacts to existing water sources

(wells, springs, or streams) are projected or do occur, there

are several mitigation options available. These include:

o Reduction of rate of water withdrawal at point of diversion
causing impact;

o Cessation of water withdrawal at point of diversion causing
impact; and

o Delivery of water to impacted point of diversion to compen-
sate for temporarily reduced production capacity or water
quality.

A spring or wetland which has a reduced water level, discharge,

or water quality due to MX activities and which harbors threat-

ened or endangered species is more difficult to reconcile. The

declines can probably be returned to their pre-MX levels through

the previously mentioned alteration of pumping patterns. How-

ever, the tolerance of endangered species to fluctuations in

water levels, food sources, temperature, water quality, and

other possible habitat parameters is presently undetermined.

The best approach to mitigation of this impact is through a

comprehensive hydrologic monitoring program, extrapolation of

potential impacts, and implementation of impact avoidance

measures.
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A.1.0 WATER-SUPPLY SELECTION MATRIX, DEFINITION

OF CRITERIA AND ASSIGNMENT OF SCORES

t

A.1.1 INTRODUCTION

The water-supply selection matrix is a structured decision-

making tool in which four water-supply alternatives are evalu-

ated with respect to six selection criteria. Water-supply

alternatives are ranked on the basis of final weighted scores

that are the sum of individual weighted criteria scores. Indi-

vidual criteria scores are based on measurable quantities common

to each of the 14 valleys studied for. this report. The four

water-supply alternatives evaluated in this matrix are:

o Valley-fill aquifer (new water appropriations from the local
flow system);

o Carbonate aquifer (new water appropriations from the regional
flow system);

o Lease/purchase (existing water appropriations from any

available source); and

o Importation (interbasin transfers from local flow systems).

These alternatives are described in greater detail in Section

3.0 of this report. The six selection criteria used to evaluate

each alternative are:

o Legal water availability;

o Physical water availability;

o Development of related impacts;

o Cost;

o Timeliness; and

o Water quality.

The matrix format and score notation used in this appendix are

shown in Table A-i.
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The water-supply selection matrices were developed using all

presently available sources of information. Definitions and

score descriptions and documentation of matrix input are pre-

sented in Section A.1.1 through A.1.7 of this appendix to assist

the reader in understanding and evaluating the matrix results.

Each section follows a similar format that includes scoring

equations and example calculations. Tables are used to incor-

porate as much documentation as possible into this appendix, but

where this is impractical, references to other sections of this

report and other reports are sited.

While the matrix is structured, many elements of the matrix

involve judgments and assumptions based on an understanding

of the hydrogeology of the studied valleys and obtained through

a variety of water-resource investigations. Some aspects of

this judgment are visable in the criteria weighting factors;

others are apparent in the criteria explanations and exceptions.

The selection criteria and weighting factors were selected by

considering the most critical constraints on water-supply de-

velopment. Without a source of water, construction of the

proposed system could not proceed, therefore, both the legal and

physical availability of water were considered critical to

development and weighted by a factor of 10. Futhermore, if

water could be obtained but the consequence of development was

a severe impact to the hydrologic system, associated biologic

systems, or existing users, then development could not occur.

Thus, impact was also weighted by a factor of 10.
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In addition to the three most critical development factors

described above, the construction considerations of time, cost,

and water quality are included in the selection matrix. While

these factors may greatly influence the selection of a water-

supply source, there are compromises that can be made to meet

the construction objectives. As long as water is available, a

variety of construction alternatives can be considered. Because

an objective of the MX program is to meet a perceived threat to

national security that is judged to increase with time, and be-

cause delays in construction will ultimately increase the cost

of construction, cost is weighted just slightly less than time-

liness. While water-qualtiy considerations can influence water-

source selection and must be considered, numerous construction

options and widespread availability of suitable quality water

are indications that water quality will not be a critical factor

to MX water-supply development. Time, cost, and water quality

criteria are weighted by factors of 6, 4, and 2, respectively,

to reflect the concerns described above.

A.1.2 LEGAL WATER AVAILABILITY (Sl,x)

The score assigned to each alternative for the legal availa-

bility score assigned to each alternative is based upon the

ratio of water available under each alternative to the peak MX

water requirements. For the purpose of this report: 1) water

available for new appropriations is equal to perennial yield

minus existing ground-water rights, and 2) water available for
t

lease or purchase is equal to the sum of existing water rights.

The general equation used to calculate the score follows.

EErtumc
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Sl,x = V x 10 (Al)

Vr

Where: SIx is the score for alternative x,

Va is the volume of water available through alterna-
tive x, and

Vr is the volume of water required in the valley dur-
ing the peak construction year (U.S. Army Corps of
Engineers, 1981).

The value of Vr remains constant for each valley, and the values

used for this calculation are presented in Table A-2. The value

of Va varies for each alternative in each valley and is calcu-

lated as described below.

A.1.2.1 Valley-Fill Aquifer (Sl,v)

Va = (Vpy - Vgw) (A2)

Where: Vpy is the perennial yield of the valley as determined
from published sources (Table A-2), and

Vgw is the total appropriated ground water for the val-
ley as determined by inventories of state records
by Woodburn and others (1981) and Desert Research
Institute (1980) (Table A-2).

Scores for the valley-fill alternative may range from zero to

10. Where the volume of water available (Va) exceeds the

volume of water required (Vr), a score of 10 is assigned re-

gardless of the volume of water available in excess of the re-

quirements.

Example:

Lake Valley: Sl1v = (17,000-25,333) x 10 = -35
2352

therefore SIv = 0
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Dry Lake Valley Slv = (3000-19) x 10 = 6.8
4371

therefore SI, v = 7

A.1.2.2 Carbonate Aquifer (Sl,c)

The value of Va and the score (Sl,c) assigned to the car-

bonate aquifer are identical to the values of Va and the score

(Sl,v) calculated for the valley-fill aquifer. The two systems

are considered as a single system for the pupose of appropri-

ations. The carbonate aquifer is scored in this conservative

manner because the Nevada and Utah State Engineers have not

indicated that appropriations from the carbonate aquifer will be

considered as separate appropriations.

Examples: Same as those for Sl,v above.

A.1.2.3 Lease/Purchase (Sl,l)

Va = Vgw + Vsw (A3)

Where: Vgw is the total appropriated ground water for the val-
ley (same as valley-fill aquifer), and

Vsw is the total surface water use for the valley
(surface-water use figures are used in this calcu-
lation because they are judged to be a more accu-
rate indication of the actual quantity of surface
water available for construction than the total of
certificated surface water rights granted by the
state engineers).

Scores (Sl,l) for the lease/purchase alternative may range from

zero to 10 depending upon the availability of water for lease

and purchase. Where the volume of water available (Va) exceeds

the volume required by MX construction (Vr), a score of 10 is

assigned regardless of the volume of water available in excess

of the requirements. The value of Sl,l is only a measure of the

NErtae
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legal availability of water under the lease/purchase alternative

and does not consider whether owners of existing water rights

would choose to make them available to the Air Force.

Examples:

Lake Valley Sl,1 = (25,333 + 4583) x 10 = 127
2352

therefore Si, 1 = 10

Dry Lake Valley SI, 1 = (19 + 21) x 10 = 0.1
4371

therefore Sl, 1 = 0

A.1.2.4 Importation (Sl,i)

Va = Vpy - Vgw - Vr (A4)

Where: Vpy is the perennial yield of the source valley as de-
termined from published sources (Table A-2),

Vgw is the total appropriated ground water in the source
valley as determined by inventories of state records
by Woodburn and others (1981) and Desert Research
Institute (1980) (Table A-2), and

Vr is the volume of water required in the source valley
during the peak construction year.

Scores (Sl,i) for the importation alternative may range from

zero to eight. Where the volume of water available (Va) for

importation exceeds the volume required in both the source (Vgw)

valley and the receiving valley (Vr), a score of eight is as-

signed. regardless of the volume of water available in excess of

requirements. Because source valleys are defined as having a

surplus of available water rights, the score (Sl,i) always has a

value of eight. This upper limit is established on the assump-

tion that Nevada and Utah State Engineers would prefer intra-

basin development to interbasin transfers where sufficient water

Ertac
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was available within a basin. The slightly lower score reflects

this concern but does not indicate the likelihood of intrabasin

transfers being approved. Interstate transfers of water are not

expected to receive approval and have not been suggested within

this management plan.

Example:

Lake Valley (Spring Valley as source)

Sl,i = (100,000 - 21,812 -629) x 10 = 3302352

therefore SI,i = 8

A.1.3 PHYSICAL WATER AVAILABILITY (Sp,x)

The score (Sp,x) assigned to each alternative for the physical

availability of water is a measure of the degree to which the

nature of the alternative influences the development of a water-

supply system. For the aquifer systems, development is influ-

enced by the spacial distribution of water-bearing zones and the

ability of the aquifers to yield water to wells. For surface

water sources, development is strongly influenced by the need to

construct diversion and transportation structures. The diverse

nature of these water sources together with variations in the

level of understanding of each source prevent the use of any

single standard against which each alternative may be compared.

The scores reflect an understanding of the problems associated

with development. The following sections describe the methods

used to evaluate each alternative.

3
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A.1.3.1 Valley-Fill Aquifer (Sp,v)

Valley-fill aquifers are present beneath much of the MX deploy-

ment area, and field investigations have been made to assist in

defining both the areal extent and hydraulic properties of these

aquifers. The factor judged to most significantly influence

development of these aquifers is well yield. Estimates of

valley-fill well yields for each of the 14 study area valleys

have been compiled by Ertec as part of on going water resource

investigations (Table A-3). These estimates are made on the

basis of: 1) reconnaissance of existing production wells, and

2) aquifer test results for Air Force test wells. The values

are not maximum or minimum expected discharge estimates, but are

estimates of the well yield that might be expected for a well

drilled at a site that was selected with some knowledge of the

valley's hydrogeologic setting. Similar yields should be

obtained from MX production wells. The actual values of dis-

charge will vary throughout each valley. Scores are calculated

using the following equation.

Sp,v = (Qe/100) (A5)

Where: Sp,v is the score for the valley-fill alternative,

Qe is the estimated yield of a well drilled into the
valley-fill aquifer, and

100 is a constant used to obtain a score between zero
and 10.

Example:

Lake Valley: Spv O100= 10
100

therefore Sp, v = 10
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A.1.3.2 Carbonate Aquifer (Sp,c)

The regional carbonate aquifers are readily accessible through-

out the deployment area, and the aquifer characteristics are

highly variable. In many areas, the carbonate systems are ab-

sent where the bedrock is volcanic or the depth to the top of

the system is excessive. Where the carbonate rocks do exist at

drillable depths (less than 2000 feet [610 ml), the aquifer or

water-bearing portions are most commonly associated with zones

of fracturing and are limited in areal extent. Thus, the hydro-

logic character of the regional carbonate aquifers are quite

variable and aquifer characteristics, such as transmissivity,

measured in aquifer tests may be valid only in the vicinity of

the test well. The physical availability of water from carbon-

ate aquifers are best assessed in general terms by considering

the factors influencing the occurrence of water in the carbonate

system and ranking each valley on the basis of selected favor-

ability criteria including presence or absence of aquifers,

aquitards, and faults and position in regional flow regimes and

land-use restrictions on favorable areas. Such an assessment

has been performed by Ertec as part of the carbonate aquifer

program. The results of this assessment are presented in Table

A-4. A score for the water-supply selection matrix was obtained

using the results of the matrix in Table A-4 in the following

equation.

Sp,c = (R+/R) x 10 (A6)

Where: Sp,c is the score for the carbonate alternative,

R is the number of rating criteria in the matrix of
Table A-4 (6) plus one (1) additional criteria

Erte
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RATING CRITERIA

RATING OF WATER
DEVELOPMENT DEFICIENT

MX VALLEYS 1 2 3 4 5 6 POTENTIAL VALLEYS (2)

1CAVE + + + - + + HIGH

2COAL + + + + + + HIGH

3 COYOTE SPRING (1 )  + + + + + - HIGH X

4 DELAMAR -13) + + + MODERATE

5 DRY LAKE + + + + + HIGH X

6 ESCALANTE ( l - - - + LOW x

7 GARDEN + + + + + - HIGH

8 HAMLIN + + + + + + HIGH

9 LAKE - + - LOW X

10 MULESHOE + + - + + + HIGH

11PAHROC + + - + + + HIGH

12 PINE + - - - - + LOW X

13 SPRING -4) - + + + + HIGH

14 WAH WAH + - ? + LOW X

(1) Operatlonil as Valley

(2) Defined on the bais of perennil yield, existing approPriatiOns, (+) Favorable
deignated vliley or alluvial aquifer capability vs. prolected MX
water rquiemnts. (- Unfavorable

(3) Aquifers pr senr in hiltld was( Uncertain
(4) Low-ylelding wbOnete squlfa s present

CRITERIA - LISTED IN ORDER OF SIGNIFICANCE
1. Presence of thick hydiotratiwaph units consisting

of expected high yield equlfera either expoed at

the surface or at drlllable depths. MX SITING INVESTIGATION
2. The absence of thick hydroavallephlc unitesDEPARTMENT OF THE AIR FORCE

consinjng of thick aquItirds which would be expe ted

at drillable deth. bs a- , Cm al 8MO/AFRCE-MX
3. The absence of, or only minor ocurmencee of volcanl or

Intuehv rocks.
4. Arft-of high denslty feuing. speclly within ESTIMATED POTENTIAL

Devonian - middle Cambrian rocks FOR CARBONATE
S. Villeys within known "Regional Flow Regime".
S. Minimel lend ue restrictlons on favorable drilling M AQUIFER DEVELOPMENT

1 28 SEPT 81 TASLE A--4
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called risk (i.e. risk associated with drilling
successful carbonate wells) that is always nega-
tive; therefore, R remains constant at a value of
seven (7), and

R+ is the number of rating criteria receiving positive
evaluation.

Values of the score (Sp,c) may vary from zero to 10. The poten-

tial for obtaining water from the carbonate aquifer increases

with increasing values of the score.

Example:

Lake Valley Spc = 1 x 10 = 1.4
7

therefore Spc = 1

A.1.3.3 Lease/Purchase (Sp,l)

The physical availability of water for the lease/purchase alter-

native is a function of the water availability from the sources

(ground water and surface water) of the leased or purchased

water. For most of the 14 valleys, the water that may be leased

or purchased can be obtained from the valley-fill aquifer;

therefore, the physical water availability score (Sp,l) is as-

signed the same value as the valley-fill alternative (Sp,v).

Where surface water is leased or purchased, the following equa-

tion is used to calculate the score.

Sp~ = ~ ~ ~ +( (A7)
Splxspv + 7 -- X

Vgw + Vsw

Where: Sp, 1  is the score for the lease/purchase alternative,

Vgw is the total appropriated ground water for the
valley as determined by inventories of state rec-
ords by Woodburn and others (1981) and Desert
Research Institute (1980) (Table A-2),

E-aEL°
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VSW is the total surface-water use for the valley
(Table A-2),

Sp,v  is the water availability physical score for the
valley-fill option, and

k is a surface water score of 10 that is reduced by
one point because of the difficulty involved with
constructing diversion and transport structures
and lowered by an additional four points because
of the difficulty of relocating surface-water
points of diversion to points where the water can
be used conveniently (the value of k is 5).

The function of the equation stated above is to weight the value

of Sp,1 for the percentage of ground water and surface water

contributing to the total score. This weighting is utilized in

subsequent sections of this report, and for this reason, the

following weighting factors are defined here as follows.

Wgw = Vgw (A8)

Vgw + Vsw

Wsw = VSW (A9)
Vgw + Vsw

Values of Wgw and Wsw are given in Table A-3.

Examples:

Lake Valley Same as valley-fill score (Sp,v) because all the
water available for lease or purchase is ground
water.

Dry Lake Valley Sp,1 = (.48 x 10) + (.52 x 5) = 7.4

therefore Sp,1 = 7

A.1.3.4 Importation (Sp,i)

Water obtained under the importation alternative is assumed to

be obtained from the valley-fill aquifer of the source valley.

For this reason, the physical water availability score for the

0EErtar
=6 _4
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importation alternative is calculated in the same manner as the

score for the valley-fill alternative (Equation A5). Qe (Table

A-3) is the estimated yield of a single well drilled into the

valley-fill aquifer of the source valley.

Example:

Lake Valley Sp' = 700 =7 where Spring Valley is the source
100 valley

therefore Sp,i = 7

A.1.4 DEVELOPMENT-RELATED IMPACTS (Si)

The impacts of water-supply development to hydrologic and bio-

logic systems and existing wells and springs in the 14 valleys

are assessed in a manner that permits an evaluation of the

relative risk of developing the four water-supply alternatives.

No attempt has been made to evaluate the impacts of specific

water-supply systems (i.e. combinations of wells and/or surface-

water diversions) nor are the impacts assumed for each valley

considered to be inevitable consequences of development. Rather,

scores were obtained by considering the potential for impacting

existing conditions, and where the potential for a specific im-

pact was judged to be significant, the impact was listed. The

final water-supply system can be designed to avoid or minimize

most of the listed impacts.

Impact scores for aquifer (valley-fill and carbonate) and

importation alternatives are obtained by reducing an initial

score of 10 by appropriate deductions assigned to the potential

impacts being considered. A list of these impacts and corre-

sponding deductions is presented in Table A-5. Scores of zero

Erte,



IMPACT IMPACT
NUMBER DEDUCTION HYDROLOGIC AND BIOLOGICAL SYSTEMS

1 2 Potential decrease of discharge from
regional springs and impacts to associ-
ated biologic systems.

2 1 Potential decrease of discharge from

unconfirmed regional springs.

3 1 Potential decrease of discharge from
local springs.

4 2 Potential for temporary dewatering (re-
moving water from storage) of aquifer
by exceeding perennial yield.

5 5 Potential impacts to surface water
systems, associated biological systems,
and established users due to diversion
of surface water discharge (FOR LEASE/
PURCHASE ALTERNATIVE ONLY).

6 1 Impact to land fr)m installation and

maintenance of a pipeline (IMPORTATION
ALTERNATIVE ONLY).

WATER USERS

7 1 Decrease in quantity of unappropriated
ground water available for appropri-
ation to other users.

8 1 Potential for impact to local users of
water for stock waterinq.

9 2-3 Potential for impact to local users of
water for irrigation. The additional
deduction of one point is made when the
potential for impact is considered
significant enough to result in the
loss of productive agricultural acreage
and induce socioeconomic impacts to
agricultural communities.

MX SITING INVESTIGATION
3E'Ertz DEPARTMENT OF THE AIR FORCE

BMO/AFRCE.MX

IMPACT DESCRIPTIONS
AND DEDUCTIONS

TABLE A-5
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to 10 are possible; a score of zero indicates the potential for

a variety of impacts and a score of 10 indicates no potential

impacts. The impacts for which deductions were made to each

valley score are listed in Table A-6.

Impact scores for the lease/purchase alternative are obtained by

weighting scores for valley-fill and surface-water sources for

the percentage of water being derived from each source. The

following equation is used to obtain the lease/purchase scores

(Sil)-

Si, 1 = (S*iv x Wgw) + (15 x Wsw) (A10)

Where: Si, 1 is the impact score for the lease/purchase
alternative,

Wgw is the percentage of the total water that may be
available to the lease/purchase alternative that
is ground water (Equation A-8),

Wsw is the percentage of the total water that may be
available to the lease/purchase alternative that
is surface water (Equation A-9).

S*iv is the development-related impact score for
the valley-fill alternative that has been modi-
fied for impacts not associated with the lease/
purchase alternative; (example: If development
of the valley-fill alternative would have the
potential for dewatering the aquifer by exceeding
the perennial yield of the valley, then because
the lease/purchase alternative does not involve
withdrawal of additional water, the valley-fill
impact score is increased by the amount of the
oiginal deduction [two points] before the score is
weighted in the above equation), and

15 is the impact score for surface-water development
obtained by reducing a score of 10 by an amount
of five for the reasons described under impact
five in Table A-5.

Example:

Dry Lake Valley Si,l = (10 x .48) + (5 x .52) = 7.4

therefore Si, 1 = 7

-- rtPx
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A.1.5 COST (Sc,x)

The score for the cost of each alternative is a measure of the

relative expense to develop each source of water and is ob-

tained by comparing estimates of the costs required to develop

each alternative. Major cost components considered in the

estimates are drilling of valley-fill wells, drilling of carbon-

ate wells and construction of pipeline and pumping facilities.

Combinations of these cost components are assembled as appro-

priate (example, importation requires drilling of valley-fill

wells in the source valley and the construction of a pipeline)

for each alternative for each valley, and a score for each

alternative is obtained using the following equation.

Sc'x = Cle x 10 (All)

Cx

Where: Sc,x is the score of alternative x,

Cle is the cost of the least expensive alternative,
and

Cx is the cost of alternative x.

All cost estimates are stated in 1981 dollars and, although

inflation will affect the total cost of each system, the rela-

tive costs are assumed to remain constant. Thus, inflation will

not affect the ranking within the matrix.

Scores for the cost of each alternative may range from 10 to

zero; an alternative rated as a 10 is the least expensive alter-

native, and an alternative rated as a zero is more than 20 times

as expensive as the least expensive alternative.

-ErMac
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A.1.5.1 Valley-Fill Aquifer (Scv)

The cost of developing the valley-fill aquifer is considered to

be the cost of drilling, developing, and equipping production

wells. Cost estimates for each valley are made by multiplying

the number of wells required for each valley by a unit well

cost. The number of wells required for each valley is assumed

to be equal to the number of points of diversion at which appli-

cations for appropriations have been filed, with the exception

of valleys for which either no point or one point of diversion

was available. For these exceptions, the number of wells was

increased as shown in Table A-7. The unit cost of a valley-fill

well is calculated by designing a standard well for each valley

on the basis of the average depth to water. A standard well is

drilled 200 feet (61 m) into the aquifer and cased with 16-inch

(41-cm) diameter casing from the surface to within 150 feet (46

m) of the bottom of the hole. The remaining 150 feet (46 m) is

screened and the bottom 200 feet (61 m) is gravel-packed. The

completed hole is developed, and a pump is installed close to

the bottom of the hole. The information used to calculated the

cost of a unit hole is shown in Table A-8.

Example:

Lake Valley valley-fill aquifer unit well calculations (500-foot
(152-m] deep well)

Drilling: 500 feet @ $45 per foot $22,500
Casing: 350 feet @ $25 per foot 8,750
Screen: 150 feet @ $50 per foot 7,500
Gravel Pack: 200 feet @ $20 per foot 4,000
Development: 24 hours @ $150 per hour 3,600
Pump Installation: 500 feet @ $10 per foot 5,000
Pump: 1 @ $30,000 30,000

Unit Well Cost $81,350

0 EErtez
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DRILLING

0 to 500 feet @ $45 per foot
500 to total depth @ $70 per foot

MATERIALS (16-inch diameter well installed)

Casing * feet @ $25 per foot
Screen 150 feet @ $50 per foot
Gravel pack 200 feet @ $20 per foot include bentonite seal

at $20 per foot

DEVELOPMENT

24 hours @ $150 per hour

PUMP INSTALLATION

• * feet @ $10 per foot when setting is less than or equal
to 700 feet deep

•** feet @ $20 per foot when setting is greater than 700
feet deep

PUMP COST

When lift is: less than 500 feet, pump cost is $ 30,000***

500 to 800 feet, pump cost is $ 70,000
800 to 1000 feet, pump cost is $110,000

Total feet of casing is equal to total depth minus 150 feet

of screened interval

• * Pump is set to total depth

• ** Local vendor information

IIrIII MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE

* mSMOIAFRCE-MX

UNIT-WELL COSTS FOR

VALLEY-FILL AQUIFER WELLS

28SEPT81 TABLEA-8
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5 wells x $81,350/well = $406,750

Sc'v , $406,750 x 10 = 10
$406,750

A.1.5.2 Carbonate Aquifer (Scc)

The cost of developing the carbonate aquifer is considered to be

the cost of constructing, drilling, developing, and equipping

production wells. Cost estimates for each valley are made by

multiplying the number of wells required for each valley (Table

A-7) by the unit cost of a well completed in the carbonate aqui-

fer. The number of wells in each valley is assumed to equal

the number of valley-fill wells described in Section A.1.5.1.

This assumption is judged to be appropriate because although

a single carbonate well has the potential to produce larger

volumes of water than a single valley-fill well, there is no

assurance that a carbonate well will actually produce a larger

discharge. High-yield carbonate wells normally intersect frac-

tured or cavernous rock in which permeability is locally very

high. Carbonate wells that do not intersect these localized

zones of permeability are often much less productive. Further-

more, drilling risks associated with carbonate wells are greater

than those associated with valley-fill wells. Successful com-

pletion of a single carbonate well may require the expense of

drilling more than one hole. The unit cost of a 16-inch (41-cm)

diameter, 2500-foot (762-m) deep well is assumed to be $460,000

on the basis of Ertec test well drilling experience.

Example:

Lake Valley

5 wells x 460,000 = 2,300,000

-Ertec
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= 406,750 x 10 = 1.76
$2,300,000

therefore Sc, c = 2

A.1.5.3 Lease/Purchase (Sc,l)

The cost of obtaining water from the lease/purchase alterna-

tive is defined as the cost of leasing or purchasing the re-

quired water plus the cost of drilling the required wells in

the valley-fill aquifer. In this definition, the assumption

is made that existing points of diversion (surface water) and

existing wells cannot be used because they are not located or

constructed appropriately. The cost of developing wells in the

valley-fill aquifer is the same as was computed for the valley-

fill alternative described above. The cost of lease or purchase

water is the cost per acre-foot multiplied by the total number

of acre-feet required by MX during the peak construction year

(Table A-2). The cost of leasing or purchasing is assumed to

be $16 per acre-foot per year for the eight-year construction

period or $128 per acre-foot. The unit cost is based upon a

range of prices reported by Mower (written communication, 1981).

The cost of diverting any surface water component in the lease/

purchase alternative is assumed to be equal to the cost of de-

veloping a similar quantity of water from the valley-fill aqui-

fer. Costs are calculated using the following equation.

Clp = Cvf + Cw (A12)

Where: Clp is the cost of the lease/purchase alternative,

Cvf is the cost of developing the valley-fill aquifer
as described in Section A.1.5.1, and

E Ertec-
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Cw  is the cost of leasing or purchasing the peak water

requirements (Table A-2) for a period of eight
years at a cost of $16 per acre-foot per year

Example:

Lake Valley

$406,750 + $128 (2352) - $707,806

Sc, 1 , $406 750 x 10 a 5.7$707,806

therefore Sc,l - 6

A.1.5.4 Importation (Sc,i )

The cost of developing the importation alternative is considered

to be the cost to build a pipeline from the source valley to the

receiving valley plus the cost of drilling wells required to

produce the required water in the source valley. The length of

the pipeline (Table A-9) is the distance measured along the DTN

from a suitable source area in the source valley to a suitable

receiving area in the receiving valley. Pipeline costs were

estimated by designing hypothetical pipeline systems that could

supply a required flow rate for a range of pipeline lengths and

lifts representative of those within the area of investigation.

A summary of the design results are presented in Table A-8, and

a discussion of pipeline design and cost calculations is pre-

sented in Appendix C. The cost estimates include the costs of

materials and construction for the pipeline and pumping sta-

tion(s) but do not include the cost of energy to operate the

system. The number of wells and the cost of wells needed to

supply the pipeline (Table A-9) are determimed by the charac-

teristics of the receiving valley. Th' peak MX construction

EErtec
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demand for the receiving valley is divided by estimated well

yields (Table A-2) of the source valley to obtain the number of

wells required. The well design is based on depth to water in

the source valley. Costs are calculated by the following equa-

tion.

C i  Cp + Cd (A13)

Where: Ci  is the cost of the importation alternative,

C p is the cost of the pipeline from source to receiving
valleys, and

Cd is the cost of drilling the source-valley wells re-
quired to supply the pipeline.

Example:

Lake Valley

179,200 + 9,400,000 = 9,579,200

Sc, i = 406,750 x 10 = 0.42
9,579,200

therefore Sc,i = 0

Because the method of scoring the cost criteria does not re-

solve or differentiate alternatives costing more than 20 times

the least expensive alternative, a special note is necessary for

the importation alternative. The cost of constructing the pipe-

lines required by the importation alternative is generally well

in excess of 20 times more expensive than drilling valley-fill

wells. Thus, the relative cost of this alternative is not ade-

quately described by this scoring technique.

A.1.6 TIMELINESS (St,x)

Timeliness is a measure of the relative speed with which each

water-supply alternative can be developed to supply the first

Erter
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unit volume of water. Major tasks that must be considered in

this evaluation are the times required to drill a valley-fill

well, drill a carbonate well, and construct a pipeline. Scores

for timeliness are derived from a ratio of the fastest option to

each option using the following equation.

St,x = Tf x 10 (A14)

Where: St,x is the score of alternative x,

Tx is the time required to obtain water from alterna-
tive x, and

Tf is the time required to obtain water from the
fastest alternative.

The times (Tx) required for valley-fill and carbonate develop-

ment are assumed, on the basis of experience, to be 0.5 month

and 2 months, respectively. The time required for development of

the lease/purchase option is defined as the time to develop the

valley-fill option except where a percentage of the water ob-

tained by lease/purchase is surface water.

Example:

Dry Lake Valley St,c = .5 month x 10 = 2.5
2 months

therefore St,c = 3

Where surface water must be considered, St,l is calculated using

the following equation.

St,l = (Wgw x St,v) + (Wsw x 5) (A15)

Where: St,l is the timeliness score for the lease/purchase
alternative,

Wgw and WSW are weighting factors described by equations
A8 and A9,

e n tr
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St' v  is the timeliness score for the valley-fill
alternative, and

5 is surface water score of 10 reduced to five
for difficulties associated with constructing
surface-water diversion structures.

Example:

Dry Lake Valley

St,l = (.48 x 10) + (.52 x 5) = 7.4

therefore St,1 = 7

The time required to develope the importation alternative is

defined as the time necessary for construction of the required

pipelines. Times were assigned based on the ranges of lengths

and lifts shown below. The assigned times assume sufficient

manpower is available to construct the pipeline in the given

time and must be considered as minimum times to complete con-

struction. Specific time data are presented in Table A-9.

LENGTH LIFT (MAXIMUM) TIME

<50 miles 400 feet 3 months
800 feet 4 months

50-75 miles 400 feet 4 months
800 feet 8 months

75-100 miles 400 feet 8 months
800 feet 12 months

The scores for timeliness may range from zero to 10 where a

score of 10 is the most timely alternative to construct and a

score of zero is more than 20 times less timely than the most

timely alternative.

A.1.7 WATER QUALITY (Sq,x)

9 Water quality is included in the Water Supply Selection Matrix

to indicate the importance of this variable to water-supply

=Ertac
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development. However, variations in water quality are not a

limiting factor to MX water-supply development as indicated by

the uniform scores received by each alternative in each valley.

The only alternative not receiving a score of 10 was the Coyote

Spring Valley carbonate aquifer alternative. This single ex-

ception was made because fluoride standards for drinking water

are exceeded in existing carbonate wells. Because this water

is from the regional system, the assumption is made that all

carbonate wells in this area will exceed the fluoride standards.

Locally, the concentrations of some chemical constituents exceed

state and federal guidelines for drinking water, however, suit-

able quality water is available at most locations in each val-

ley.

E
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A.2.0 ADDITIONAL DRILLING AND TESTING MATRIX, DEFINITION
OF CRITERIA AND ASSIGNMENT OF SCORES

A.2.1 INTRODUCTION

The purpose of the additional drilling and testing matrix is to

identify well sites that will 1) be suitable for water produc-

tion, and 2) provide additional data with which to assess poten-

tial adverse impacts of MX production wells on the environment

and hydrologic system. The additional information will supple-

ment the limited data presently available, reducing the number

of assumptions that must be made and increasing the confidence

level in water management decisions. With this rationale in

mind, the additional drilling and testing matrix was developed

to assist in evaluating 1) points of diversion for which water

appropriations applications have been filed with the Nevada

and Utah State Engineers and 2) selected additional test sites.

This evaluation is accomplished by ranking each potential well

site on the basis of the following criteria:

o Yield potential;

o Proximity to construction camp and batch plant;

o Proximity to clusters and DTN; and

o Sparseness of existing hydrogeologic data.

The first three criteria listed above describe the usefulness

of a potential well site for production; the remaining criterion

evaluates the need for additional data. The methods by which

scores for each criteria are assigned to each potential well

site are described in the following sections.

EL.Erta .



E-TR-53
A-33

A.2.2 YIELD POTENTIAL

Because additional test wells will also be considered as water-

supply wells, the yield of a potential well is an important

consideration in the selection of additional test well sites.

The yield at a potential test well site is estimated from exist-

ing hydrogeologic data to assist in ranking the site. An ini-

tial estimate of yield is obtained by using the yield values

(Qe) presented in Table A-3. This initial value is then modi-

fied on the basis of geologic (presence or absence of imperme-

able materials) and hydrologic (aquifer characeristics estimates

of saturated thickness, etc.) data to be more representative

of the specific site being evaluated. A score is calculated

using the following equation:

Sy,x = Qe*/100 (A16)

Where: Sy,x is the score for the yield potential criteria at
site x,

Qe* is the well yield estimate shown in Table A.3 ad-
justed as described above, and

100 is a constant scaler used to obtain a sco:% with
a value of one to 10.

The values of Sy,x reported in the matrices range from one to 10

indicating that yield estimates ranging from 100 to 1000 gpm (6

to 63 l/s) were obtained at the evaluated sites.

A.2.3 PROXIMITY TO CONSTRUCTION CAMP AND BATCH PLANT SITES

Well sites in the vicinity of construction camps and batch

plants are primary candidates for additional drilling and

testing because the wells could be used as water-supply wells

during construction. Therefore, potential well sites are scored

EErtex
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for their proximity to these facilities. Scores for proximity

to construction camp and plant sites are assigned by measuring

the distance between the potential well site and a potential

camp or plant site. The locations of the potential plants and

camps are listed below. The plant or camp is considered to be

located within a 2-mile (3-km) radius of the point indicated

because exact locations have not been selected.

VALLEY CAMP PLANT

Coal 2N-59E-15da None
Dry Lake 4N-64E-31ac 3S-64E-28dc
Lake 7N-65E-lbc Same
Pine (C-27-19)9bc None
Wah Wah (C-26-14)26ba Same

The distance between each potential well site and a plant or

camp is defined as the distance, measured along existing roads,

between the well site and the edge of the 2-mile (3-km) radius

circle. A score with a value of one to 10 is assigned that is

inversely porportional to the measured distance. A potential

well site 1 mile (1.6 km) or less from a plant or camp receives

a score of 10. The score is reduced by one point for each

additional 1-mile (1.6-km) increment. Any well site greater

than 10 miles (16 km) from a plant or camp is given a score of

zero.

A.2.4 PROXIMITY TO CLUSTERS AND DTN

The deployment area, or area in which of shelters and associated

transportation networks will be constructed, will require water

for such uses as dust control and revegetation. Thus, well-site

proximity to shelters and DTN is an important consideration in

selecting additional drill sites. Proximity of potential well

Ertax
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sites to these facilities is determined by counting the number

of shelters and measuring the length, in miles, of DTN that are

located within areas defined by circles of 1-, 3-, and 5-mile

radii (1.6-, 5-, and 8-km) centered on the well site. A score

for proximity is obtained using the following equation:

Sc,x = ((ni)3 + (n2)2 + (n3) 1) + (mi)3 + (m2)2 + (m3)1) (A17,

10

where: Sc,x is the cluster and DTN proximity score for site
x, and

na is the number of clusters within the following
areas:

1. within a 1-mile (1.6-km) radius of the well
site,

2. within the area between circles of 1- and
3-mile (1.6- and 5-km) radii, and

3. within the area between circles of 3- and
5-mile (5- and 8-km) radii.

ma is the miles of DTN within areas 1 through 3 des-
cribed above.

Shelter counts and DTN measurements for areas 1, 2, and 3 (des-

cribed above) are weighted by factors of 3, 2, and 1, respec-

tively, to give appropriate weight to shelters and DTN in close

proximity to the potential well site.

Scores reported for well sites in the 14 valleys studied range

from 3 to 9. The highest scores are for well sites centrally

located with respect to both cluster and the DTN while the

lowest scores are for well sites located near the margins of the

clusters. The required measurements (number of shelters, miles

of DTN, etc.) were obtained from 1:62,500 scale shelter layout

maps prepared by Ertec Western, Inc. and dated 15 May 1981.

5Ertoi!
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A.2.5 SPARSE DATA AREAS

One purpose of the additional drilling and testing matrix is to

identify sites at which additional aquifer characterization

data are needed. The sparsity of available data is determined

by inspection of the area in the vicinity of each potential

well site for the number and type of existing wells present

and evaluating the extent to which the data from these wells

are useful for characterizing the valley-fill aquifer. Three

classes of wells are recognized: Air Force test wells, irriga-

tion and domestic wells, and stock wells. In general, wells in

each of these classes provide data of varying types and quality.

For example, while a stock well may be useful in determining the

water level in a given area, little other datum is generally

available. Conversely, an Air Force test well is a source of

a wide variety of geologic and hydrologic data. Domestic and

irrigation wells are commonly of intermediate value. The data

associated with wells are site-specific and decrease in reli-

ability with increasing distance from a well and distance be-

tween wells. Table A-10 was developed to assist in scoring

potential drill sites for sparseness of data. The table yields

a maximum sparsity score for each class of well in the four

distance categories.

A score is obtained by the following method. The well closest

to the potential well site is located and both the distance and

well class are determined. A maximum score is then obtained

using Table A-10. If there are no other wells at approximately

the same distance from the potential well site, then the maximum

Ertr!
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WELL CLASS

DISTANCE STOCK DOMESTIC/ AIR FORCE
(M ILES) IRRIGATION

< 1 3 0 0

1-3 6 4 2

3-5 10 8 6

> 5 10 10 10

MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE

*MO/AFRCE-MX

SCORING TABLE FOR OBTAINING
MAXIMUM SINGLE-WELL SCORES
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score is the score from the matrix. However, when other wells

of the same or different class are present in the valley, the

maximum score may be reduced to reflect these additional sources

of information.

Sparse data scores of zero to 10 are reported in the matrices

for the 14 valleys in this study. High scores are an indi-

cation that very few data are available for the valley; low

scores indicate the presence of one or more domestic, irri-

gation, or Air Force test wells near the potential well site.

Required measurements (number and type of wells) were obtained

from unpublished, Ertec potentiometric maps for each valley.

&tr



E-TR-53

APPENDIX B

MAP DEVELOPMENT

Erte



E-TR-53
A-3 9

B.1.0 PREFERRED AREA MAPS

B.1.1 INTRODUCTION

The preferred area maps included as Drawings 4-1 through 4-13 of

this report are intended to illustrate areas within each of the

14 valleys that. are suitable for obtaining water supplies from

the valley-fill aquifer for MX construction and operation re-

quirements. The main feature of the maps is suitable area that

is defined as the area in which conditions are most favorable

for obtaining water supplies. The data required to compile the

maps were derived from a wide variety of sources that are listed

on each valley map. The process used to compile the maps is

described in the following sections. The data and process used

to compile the Coyote Spring Valley map (see Section B.1.5) are

significantly different from those used on the other 13 maps.

B.1.2 DEFINING PREFERRED DRILLING AREAS

Hydrogeologic characteristics of the valley-fill aquifers vary

significantly in the individual valleys described in this re-

port. The primary, secondary, and excluded (hydrologic) areas

shown in Drawing 4-1 through 4-13 are classifications of the

potential for obtaining a water supply. They are defined as:

o Primary: Areas in which a minimum of 200 feet (61 m) of
permeable saturated valley fill is present,

o Secondary (limited saturated thickness): Areas in which 1 to
200 feet (0.3 to 61 m) of permeable saturated valley fill is
present,

o Secondary (lucustrine): Areas in which a minimum of 200 feet
(61 m) of saturated thickness is present but surficial geo-
logic maps indicate the presence of low permeability lake or
playa deposits, and

5Ertac-
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0 Excluded (hydrologic): Areas 1 mile (1.6 km) or less from
the rock/ valley-fill boundary and/or having no saturatedvalley fill.

In general, water supplies should be available from both the
primary and secondary areas. Primary area is considered to have

the best potential to provide water. Hydrologic limitations

may reduce well yield from secondary areas. Where wells must

be drilled in secondary areas, the wells should be appropriately

designed and the well site selected carefully to minimize the

effects of the limitations.

The preferred area maps were compiled as described below. The

following discussion also details the assumptions made in

compiling these maps. All compilation was done at a scale of

1:62,500.

1. The rock/valley-fill line (Figure B-1) was transferred from
Ertec geologic maps or from other sources as indicated on
each map. This line is the contact between valley-fill
deposits and the rocks exposed in the adjacent range, in-
cluding Tertiary volcanics. The rock/valley-fill line was
originally obtained by inspection of aerial photographs and
field checked under the Verification program.

2. An exclusion zone was constructed extending 1 mile (1.6 km)
valley-ward from the rock/valley-fill line (Figure B-i).
This zone is generally considered to be nonproductive for
the reasons described in Section 3.2.2. Given the risks
associated with obtaining water within 1 mile (1.6 km) of
the rock/valley-fill line, this area was designated as ex-
cluded.

3. The area remaing after application of the 1-mile (1.6-km)
exclusion criteria was modified on the basis of variations
in the thickness of valley-fill deposits. Modifications
were made to assure that sufficient saturated thickness
existed within the primary areas for high-yield production
wells and were made in the following manner.

At selected points along the 1-mile (1.6-km) exclusion line,
saturated thickness to valley-fill deposits was estimated by

i Ertar
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subtracting depth-to-water estimates (obtained from unpub-
lished Air Force potentiometric maps) from estimates of
valley-fill thickness (obtained from unpublished Air Force
depth-to-bedrock interpretations of gravity data). Depend-
ing on the estimated value of saturated thickness, the
exclusion line was either left in place or moved valley-
ward as depicted in Figure B-i and described below.

Where the estimated saturated thickness was greater than or
equal to 200 feet (61 m), the position of the 1-mile (1.6-
km) exclusion line remained unchanged (point A, Figure B-i)
and a new point (point B) was selected for checking. If, at
this point the thickness of saturated fill was zero (i.e.,
no water was present in the valley-fill deposits), then
additional checks were made to locate the point (point B')
at which saturated deposits existed. The i-mile (1.6-km)
exclusion line was modified to pass through point B', there-
by excluding additional area.

Additional checks were made valley-ward of point B' to lo-
cate the point past which saturated thickness exceeds 200
feet (61 m), or point B", in Figure B-i. A second line
drawn through point B" separates secondary (limited satu-
rated thickness) areas from areas having greater than 200
feet (61 m) of saturated valley-fill deposits. This pro-
cedure is modified slightly along segments of the valley
perimeter where significant exposures of Tertiary volcanic
rock are present in the adjacent range. In these areas, 700
feet (213 m) of saturated "valley-fill" are included within
the secondary (limited saturated thickness) areas to allow
for the presence of up to 500 feet (152 m) of potentially
nonproductive volcanic rocks beneath or within the more
productive alluvial deposits. The result of using the 700
feet (213 m) saturated thickness criteria is a wider than
normal secondary (limited saturated thickness) area but not
an increase in excluded area (points C and C'; Figure B-i).

Volcanic rocks of the study area are less permeable than the
valley-fill deposits and must be differentiated from valley
fill. However, despite the differences in both origin and
hydrologic properties of these materials, quantifying the
relative thickness of each type in any given area is not
possible on the basis of the available gravity results and
interpretations. The density contrast between the volcanic
rocks and valley-fill deposits is small (+ 0.1 gm/cc)
relative to the contrast between either of these units and
the older rocks of the adjacent ranges (+0.5 gm/cc) with
which both units come in contact. Therefore, more complex
gravity models than the single density contrast model used
to date and more complete well control are required before
differentiation of the Tertiary volcanic rocks and valley-
fill deposits can be attempted. Furthermore, given the
topographically complex surface on which the volcanics were
deposited and the complexity of subsequent faulting, de-
tailed modeling could only be done in a meaningful manner

EErtew
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for relatively small areas. Thus, in order to allow for
the presence of volcanic rock, a thickness of up to 500 feet
(152 m) of volcanic rock is assumed to be present on top of
the bedrock surface when determining the saturated thickness
of valley-fill deposits in areas adjacent to exposed Ter-
tiary volcanic rocks.

Depth-to-bedrock estimates interpreted from gravity surveys
were not available for all valleys and the quality of ex-
isting data varied from valley to valley. The list shown
in Table B-i indicates the data available for each valley.
Where gravity surveys and interpretations are not present,
no estimate of saturated thickness could be made, and hydro-
logic exclusions were limited to the 1-mile (1.6-km) exclu-
sion and secondary (lucustrine) exclusion.

4. A map showing the areas defined in items 1 through 3 above,
is further modified to reflect the distribution of rela-
tively impermeable valley-fill deposits by using the sur-
ficial geology maps compiled by Ertec for geologic studies
of 12 of the 14 valleys being investigated. Within the
remaining suitable areas, lucustrine and playa deposits
are outlined and an additional area of 0.5 mile (0.8 km)
from these deposits is designated as secondary (lucustrine).
Because only the surface distribution of these materials is
known, little can be said about the vertical distribution of
permeability. There is a possibility that more permeable
materials exist at depth and that water supplies could be
developed in the secondary (lucustrine) areas. A surficial
geologic map is not available for the Escalante Desert map,
and for this reason, no secondary (lucustrine) areas have
been defined. A similar situation exists for Coyote Spring
Valley. However, as described in Section B.1.5, this param-
eter is not important to water-supply development in Coyote
Spring Valley.

B.1.3 AVOIDANCE OF EXISTING WATER APPROPRIATIONS

The hydrogeologically acceptable areas defined in Section B.1.2

must be further reduced to avoid conflicts with existing water

appropriations. The appropriations that must be avoided are

surface rights (springs and streams) and underground rights

(wells). The method used to avoid these rights was to 1) iden-

tify the location of the point of diversion for each approved

water right in the valley, and 2) outline an appropriate stand-

off radius for each type of appropriation.

- Ertec
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The locations of water rights were obtained from inventories of

Utah and Nevada state water right records conducted by Desert

Research Institute (1980) and Woodburn and others (1981). These

points of diversion were plotted on 1:62,500 scale maps at the

locations reported in these inventories. Supplementing this

information are well and spring locations shown on Ertec poten-

tiometric maps and springs from the U.S. Geological Survey topo-

graphic maps for which no water right is listed. These addi-

tional locations were assumed to have associated water rights if

no indication of abandonment was available. This conservative

approach was taken to minimize the risk of infringing upon water

rights not identified by the inventories of state files.

The diversion points described above were plotted on the maps

and, using a specified stand-off distance as the radius, a

circle was drawn around the point of diversion. The area within

the circle was excluded to minimize adverse impacts on existing

users from MX production wells. The stand-off distances are as

follows:

STAND-OFF
SOURCE DISTANCE (in miles)

Well 1

Spring 1

Regional Spring 3

Stream 0.25

Reservoir 0.25

These distances meet or exceed the distances required by the

Utah and Nevada State Engineers.

p - Crtee
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B.1.4 CULTURAL EXCLUSIONS

In an effort to minimize impacts of MX production wells on

nonfederal lands and environmentally sensitive areas, certain

areas were excluded from consideration as potential well sites

including:

Private land;

State lands and parks;

State and federal game reserves and wildlife refuges;

National parks, forests, ranges, and historical monuments;

Environmentally sensitive areas (endangered wildlife and rare
plants);

Wilderness study areas;

Native American Reservations;

Desert Land Entry applications;

Patented mining claims;

Fee land;

Corps of Engineers (Code 1 exclusions); and

Known geothermal resource areas (Escalante Desert only)

With the exception of 0.5 mile (0.8 km) stand-off distance used

for environmentally sensitive areas, no stand-off distances were

applied to these exclusions.

B.1.5 COYOTE SPRING VALLEY MAP

There is virtually no water available from the valley-fill de-

posits in Coyote Spring Valley. It is presently assumed that MX

production wells will tap the carbonate aquifer (Section 4.3).

For this reason, the preferred area map differs significantly

from the other 13 valleys studie. Only data pertaining to the

*E&tee
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carbonate system are portrayed on the preferred area map (Draw-

ing 4-3) including:

o Distribution of aquifers and aquitards of the carbonate
system;

o Distribution of low yielding volcanic rock; and

o Distribution of faulting.

Taken together, these data can be used to select locations

at which carbonate aquifers are highly fractured and have a

high potential for producing significant volumes of water.

Because of the site-specific nature of these well locations,

preferred areas have not been identified on the Coyote Spring

Valley map (Drawing 4-3).
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C.1.0 IMPORTATION SOURCE VALLEYS

Importation, as described in Section 3.5 of this report, is the

interbasin transfer of water from hydrographic basins in which

large volumes of water are available for appropriation to basins

where available water is limited. A literature review combined

with hydrologic field reconnaissance and aquifer testing, as

part of the Air Force Water Resources Program, indicates that

there are ground-water basins which could have the potential for

supplying water to other basins where available supplies are

insufficient for MX needs or significant impacts to existing

water users are projected. Examples are Railroad, Spring, and

Snake valleys.

Railroad Valley, in the west-central portion of the siting area,

has an estimated perennial yield of 75,000 acre-feet (92.48 hm3 )

(Van Denburgh and Rush, 1974). Ground water in storage in the

upper 100 feet (30 m) of saturated valley-fill is 8.1 million

acre-feet (9987.30 hm3 ) (State of Nevada, 1971) and current

ground-water diversion is 4206 acre-ft/yr (5.19 hm3/yr) (Desert

Research Institute, 1980), leaving potential additional ground-

water diversions within the limits of the estimated perennial

yield totaling 70,794 acre-ft/yr (87.29 hm3/yr). Certificated

and permitted ground-water rights total 10,592 acre-ft/yr (13.06

hm3/yr) (Woodburn and others, 1981). If these rights were de-

veloped to their fullest, ground-water rights available would

total 64,408 acre-ft/yr (79.42 hm3 /yr).

-- ter-
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Spring Valley, in the east-central portion of the Nevada-Utah

siting area, has an estimated perennial yield of 100,000 acre-

feet (123.30 hm3 ) (State of Nevada, 1971). Ground-water storage

in the upper 100 feet (30 m) of saturated valley fill is 4.2

million acre-feet (5178.60 hm 3 ) (State of Nevada, 1971) and

current ground-water diversions total 4781 acre-ft/yr (5.89

hm3 /yr) (Desert Research Institute, 1980), leaving 95,219 acre-

ft/yr (117.41 hm3 /yr) of potential additional ground-water

diversions within the limits of the estimated perennial yield.

Certificated and permitted ground-water rights total 21,812

acre-ft/yr (26.89 hm3 /yr) (Woodburn and others, 1981). If these

rights are developed to their fullest, available ground-water

rights would be 78,188 acre-ft/yr (96.41 hm3/yr).

Snake Valley, which straddles the Nevada-Utah border in the

northeastern portion of the siting area, has an estimated peren-

nial yield of 49,000 acre-feet (60.42 hm3 ) (State of Nevada,

1971). Ground water in storage in the upper 100 feet (30 m) of

saturated valley fill totals 12.0 million acre-feet (14,796.0

hm3 ) (Price, 1979). Current ground-water diversions total

15,756 acre-ft/yr (19.43 hm3 /yr) (Desert Research Institute,

1980; and Utah Water Research Laboratory, 1980), leaving 33,244

acre-ft/yr (40.99 hm3/yr) of potential additional ground-water

diversions within the limits of the estimated perennial yield.

The total certificated and permitted water rights for Snake

Valley have not yet been determined.

In specific cases, such as a source of water to import to Coy-

ote Spring Valley and Pahroc Valley, the Colorado River and
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Pahranagat Valley are considerations. There are a significant

number of pending applications for appropriation of ground water

in Pahranagat Valley, however, and the disposition of these

applications following assessment by the State Engineer could

affect the viability of this valley as a source of water supply.

Imported water for Coyote Spring Valley may be obtained from

the Colorado River. The State of Nevada currently has a Colo-

rado River allotment of 300,000 acre-ft/yr (369.90 hm 3/yr)

(Holburt, 1981). Rights to the majority of the Colorado River

allocation in Nevada are held by the Las Vegas Valley Water

District. Nevada is currently diverting only about 150,000

acre-ft/yr (184.95 hm3/yr) according to a representative of the

Division of Colorado River Resources for the State of Nevada.

This indicates that the Las Vegas Valley Water District has a

large quantity of unused water that could be made available for

MX use. The current policy of the district, however, is that

its long-term water use must be for municipal and industrial

purposes, and its use is restricted to Clark County, Nevada.

Short-term use for agriculture or construction may be possible

following a detailed study and review by district authorities.

Legislative changes would be required for use outside Clark

County. The OB, as presently sited, lies almost wholly within

Clark County.
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C.2.0 ASSUMED DESIGN PARAMETERS FOR CONVEYANCE

C.2.1 SITE-SPECIFIC PARAMETERS

As part of the process for selecting the source of construction

water for each valley, it was necessary to make preliminary

estimates of the cost of conveying water from a source in one

valley to an MX construction site in another valley. The cost

estimates require site-specific parameters such as flow rate,

distance, and change in elevation, and these parameters vary

with each comination of water source and construction site. It

was beyond the scope of this report to perform even a prelimi-

nary cost estimate for each specific combination. Instead, the

many combinations of flow, distance, and elevation difference

were collected into similar groups, and a typical case was used

to represent each group.

The site specific parameters assumed for each of the typical

cases are rate of flow in gallons per minute (gpm), length

of pipeline in miles, static lift in feet, and the difference in

elevation between the beginning and end of the pipeline. For

any site or typical case, the rate of flow is the average for

the year in which the amount of water for construction is the

greatest. In order to provide access to the pipeline without

construction of special roads, the length of pipeline is the

distance following roads that either presently exist or will be

constructed as part of MX development. The static lift, often

called static discharge head or static head, is the difference

between the elevation at the start of the pipeline and the
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maximum elevation at the ridge over which the water must pass on

its way to the construction site. The static lift is not neces-

sarily equal to the difference between the elevations at the

beginning and end of the pipeline. Table C-1 shows the value of

parameters assumed and the range of values for which the typical

case is applicable. A few of the valleys are special cases for

which only one value of a parameter was considered. No ranges

are shown for these cases.

For many valleys, the pipeline lengths fall in the range of 30

to 60 miles (48 to 97 kin) or in the range of 70 to 120 miles

(113 to 193 kmn). Each of these ranges was treated as a typical

case with representative lengths of 50 and 100 miles (80 to 161

kmn), respectively.

Many valleys have static lifts that can be represented by 500 or

900 feet (152 or 274 in), and each of these values was used as a

typical life. The ranges of lifts for which these cases are

applicable was detemined by the length and size of the pipeline.

The required flow rates range from 200 to 6000 gpm (13 to 379

1/s). It was not feasible to consider more than a few values.

Those flows less than 1500 gpm (95 1/s) were treated as a case

represented by 1500 gpm (95 1/s), while those between 1500 and

3000 gpm (95 and 189 l/s) were treated as a case represented by

3000 gpm ( 189 l15). A flow of 6000 gpm (379 1/s) was treated

as a special case.
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CASE PEAK FLOW PIPELINE LENTH STATIC LIFT

gpm LENGTH / RANGE LIFT RANGE
miles miles feet feet

1 1500 6 - 210 -

2 less than 1500 50 30-60 500 200 to 800

3 less than 1500 100 70-120 900 300 to 1500

4 1500 to 3000 50 30-60 500 200 to 800

5 1500 to 3000 100 70-120 900 300 to 1500

6 6000 60 - 1000 -

7 6000 155 - 500 -

4I IMX SITING INVESTIGATION

W~rfLe OEPARTMENT OF THE AIR FORCE
*MOIAFRCE-MX

SITE-SPECIFIC DESIGN PARAMETERS
FOR TYPICAL CASES

28 SEPT 81 TALE C-1
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C.2.2 GENERAL PARAMETERS

In addition to site-specific parameters, it was necessary to

assume general design parameters. The assumptions depend upon

whether the conveyance system is assumed to be temporary or

permanent. Temporary conveyance is suitable for those valleys

in which the water requirements after MX construction are small

and can be met by local sources. The conveyance can be removed

after MX constuction. For OBs, the water requirements after MX

construction are significant and will probably be met by the

conveyance system that provides the water for construction.

Thus, the conveyance for Coyote Spring Valley should be per-

manent.

For temporary conveyance, the following design parameters were

assumed.

o The pipeline is constructed of thin gauge steel pipe (some-
times called "invasion pipe" or "gauge pipe") with mechanical
couplings,

o The pipeline is above ground and is held in place by pipe
anchors,

" The pipe has no insulation or cover material other than a
standard coating applied to resist corrosion,

o Pump stations are temporary booster units of the type used
for irrigation and consist of centrifugal pump, diesel en-
gine, and fuel tank assembled and mounted on skids,

o The pipe line has surge control valves and equipment rather
than surge tanks, and

o Pump stations do not have standby capacity.

For permanent conveyance, it was necessary to assume the follow-

ing general design parameters.

0 The pipeline is constructed of cement-lined iron pipe,
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o The pipeline is buried in a trench,

o The pipe has no insulation or cover material other than a
standard coating applied to resist corrosion,

o Each pump station on a pipeline is enclosed and has both a
pump pit and a wet well to receive water from the well pumps,

o Pumps are driven by electric motors,

o The pump efficiency is 85 percent, and the combined effi-
ciency of pump and motor is 70 percent,

o Each pump station has a surge tank or surge control equip-
ment, and

o Each pump station has standby capacity equal to the capacity
of the largest unit in the station.
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C.3.0 TEMPORARY PIPELINES

C.3.1 PIPELINE DIAMETER

Because of the limited scope and preliminary nature of the cost

estimates, it was not possible to select the diameter of a

pipeline by the normal method of minimum total cost. In that

method, the selected diameter is the one that produces the

lowest present or annual value of the sum of the capital cost of

pipeline and dump station plus the cost of energy, operation,

and maintenance. For this study, in contrast, two or three

diameters were selected for each case on the basis of practical

criterion for reasonable design and judgment about reasonable

cost. Later, one of these was selected on the basis of the

capital cost alone.

After some preliminary calculations, it was apparent that the

capital cost of temporary conveyance is dominated by pipe diam-

eter. It does not pay to increase the diameter of the pipe

in order to reduce the capacity or number of pump stations.

This result stems in part from the great length of pipeline

required for each valley and in part from the omission of opera-

tion, maintenance, and energy costs from consideration at this

stage of the study.

These calculations and comparisons lead to one pipe diameter for

each flow rate: 12 inches (30 cm) for 1500 gpm (95 1/s), 16

inches (41 cm) for 3000 gpm (189 l/s), and 18 inches (46 cm) for

6000 gpm (379 1/s). The pipe length and static lift did not

affect the selection of diameter.
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C.3.2 PUMP STATION CAPACITY

The temporary pump station considered for the temporary pipe-

lines are available for various capacities (flow rates), but the

total delivered head is equivalent to about 75 pounds per square

inch (psi) for all capacities. The capacity determines the

cost. For each typical case, the capacity of each station was

selected for the flow rate in the pipeline. The number of pump

stations was the total head required for the pipeline in psi

divided by 75.

C.3.3 SCOPE OF COST ESTIMATES

The cost estimates cover the capital costs of pipelines and pump

stations with some allowance for appurtenances. No considera-

tion is given to the cost of energy for pumping or to other

operation and maintenance costs. All estimates are for mid-

1981. There is no cost escalation or discounting to present

value to allow for the time until construction actually begins.

C.3.4 CONSTRUCTION COST INDEX

Cost data from different sources and for different times and

locations were adjusted to mid-1981 for desert valleys in Utah

and Nevada by means of the Engineering News Record Construction

Cost Index (ENR Index). The national average value of this

index for 1981 is 3561 (ENR 1981). For water utility construc-

tion, the cost in plateau states like Nevada and Utah is some-

what less than the national average (ENR, 1981), but the compar-

ison is usually based on costs in urban centers. For desert

valleys in Utah and Nevada, it was assumed that the cost would
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be about 20 percent higher than the national average. There-

fore, an index value of 4250 was assumed.

C.3.5 PIPELINE COSTS

The cost of thin-walled, gauge or invasion steel pipe in mid-

1981 was obtained from vendors in southern California. The cost

of leasing such pipe was also discussed with these vendors, but

the number of firms interested in leasing pipe is limited. When

pipe is leased, the annual lease cost tends to be about 25 per-

cent of the purchase price. If a conveyance is in place for

more than four years, purchase is less expensive. The purchase

price in southern California was converted to desert valleys in

Nevada and Utah by means of the ENR Index.

For installation costs, it was assumed that the cost to install

the pipe above ground with anchors was equal to or somewhat less

than the cost to install it in trenches. The cost to install

pipe in trenches was obtained from the 1980 Dodge Guide for

Heavy Construction (Dodge Guide, 1979). The costs included

labor and equipment for installation but did not include exca-

vation, backfill, or contractor's overhead and prolit. To

this cost was added 20 percent for the cost of anchors, thrust

blocks, and appurtenances and 10 percent for contractor's over-

head and profit. An additional element of contractor's overhead

had already been considered in the adjustment of the ENR Index

for desert valleys.

The costs in the Dodge Guide were for mid-1980 when the nation-

al average ENR Index was 3198. To adjust the costs to the MX
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construction area in mid-1981, the costs were multiplied by

the ratio 4250/3198.

The result of the adjustment was an estimate of the construction

cost. To convert it to a full capital cost, 35 percent was

added for engineering, administration, and contingency.

C..3.6 PUMP STATION COSTS

Information on pump station costs was obtained from southern

California vendors who provide such equipment for irrigation

systems with movable pipelines. The costs were adjusted to

desert valleys in Utah and Nevada by means of the ENR Index.

The purchase price was increased by 100 percent to allow for

delivery and installation. To this sum was added 10 percent for

contractor's overhead and profit and 35 percent for engineering,

administration, and contingency.

C.3.7 CONVEYANCE SYSTEM COST

For each of the flow rates, the cost of pipeline and pump

stations was added to obtain a cost of conveyance system per

mile. To convert the pump station costs to cost per mile, the

distance between stations was established for each flow rate.

The resulting costs per mile are shown in Table C-2.

C.3.8 COORDINATION OF CONSTRUCTION SCHEDULE

For any of the cases in Table C-i, the construction of the

conveyance system can be scheduled to avoid delays in the con-

struction of MX facilities. There are two approaches to avoid

delays 1) to start construction of conveyance prior to construc-

tion of the other facilities or 2) to construct the conveyance
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FLOW RATE COST PER MILE
gpm $

1500 151,000

3000 235,000

6000 296,000

MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE

8MO/AFRCE-MX

ESTIMATED CAPITAL COST
OF TEMPORARY CONVEYANCE

28 SEPT 81 TAULE C-2
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system in a short time frame with many crews working simultan-

eously at different points along the pipeline.

The productivity of pipe installation crews was obtained from

the Dodge Guide (1980). For the 12- to 18-inch (30- to 46-cm)

diameters selected for the systems, a crew of five can be

expected to lay between 190 and 320 feet (58 and 98 m) per day.

Thus a crew will install between 0.8 and 1.3 miles (1 and 2 km)

per month. For each crew of five, an additional crew of one or

two will be needed to construct supports, move rocks, make other

preparations, and install the pump stations.

To construct a 50-mile (15-km) pipeline in three months will

require 65 to 105 people installing pipe and 15 to 20 people

preparing the pipeline location. It will also require a con-

siderable number of support personnel to deliver pipe and

supplies at the rates needed to do the work at locations along

the pipeline route.
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C.4.0 PERMANENT PIPELINE FOR OPERATIONAL BASE

Case 6 is a permanent pipeline supplying Coyote Spring Valley

for an OB. It was assumed that the flow rate will be 6000 gpm

(379 1/s) for five years of construction and 3000 gpm (189 1/s)

for 25 years of operation. The length and lift are 60 miles (97

kin) and 1000 ft (305 in), respectively. Because it is a site

specific case with no ranges of parameters to consider, more

attention was given to selecting the pipe diameter according to

minimum cost.

To find the minimum cost, several feasible pipe diameters were

selected. For each diameter, the total capital cost of pipe-

line, pump stations, and surge tanks was estimated. The corres-

ponding annual energy costs were estimated and converted to

present worth at the beginning of construction. Several in-

terest rates were evaluated. This present worth was added to

the capital cost to obtain a total cost of capital plus energy.

The minimum total cost was found to correspond to a pipe diam-

eter of 24 inches (61 cm).

A combination of cost sources was used for this analyses. The

unit cost of the completed pipeline buried in a trench was ob-

tained from the Dodge Guide (1980) and converted to the con-

struction site in mid-1981 by means of the ENR Index as de-

scribed in Section C.3. The cost of pump stations and parts of

the surge tanks were obtained from cost curves developed for

planning water and wastewater facilities in southern California

in 1979 and 1980. The costs were converted to the construction
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site in mid-1981 by means of the ENR Index. The cost of energy

was obtained from the Nevada Power Company. Contractor's over-

head and profit (10 percent) and additional costs for engineer-

ing, administration, and contingency (35 percent) were added to

the construction costs.

Although energy costs were considered in selecting the 24-inches

(61-cm) pipeline, only the capital cost of the line was used

for comparison with the cost of other water-supply alternatives

for Coyote Spring Valley. The capital cost corresponding to the

minimum total cost was $43 million. The estimated present value

of energy cost at 12 percent interest is $6 million.
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APPENDIX D
GLOSSARY OF TERMS

AQUIFER - A body of rock that contains sufficient saturated,
permeable material to yield significant quantities of
ground water to wells and springs.
Confined Aquifer - An aquifer bounded above and below by

impermeable bed(s) of distinctly lower permeabil-
ity than that of the aquifer itself.

Deep Aquifer - A consolidated rock aquifer, or carbonate
aquifer when contained in limestone or dolomite rock,
which occurs beneath the unconsolidated valley-fill
sediments and in the mountain ranges. This aquifer is
the conduit for any interbasin or regional-flow sys-
tems which exist. Flow is believed to be primarily
through fracture and solution openings rather than
intergranular.

Perched Aquifer - An aquifer separated from an underlying
main body of ground water by an unsaturated zone.

Intermediate Aquifer - An intermediate aquifer is arbitra-
rily defined as an aquifer that occurs below 500 feet
in the unconsolidated valley-fill sediments.

Shallow Aquifer - A shallow aquifer is arbitrarily defined
as an aquifer that occurs in the upper 500 feet of
unconsolidated valley-fill sediments.

Unconfined Aquifer - (Water-table aquifer) An aquifer that
has a free water table which is not confined under
pressure beneath relatively impermeable stratum.

ARTESIAN - An adjective referring to ground water confined under
hydrostatic pressure.

DRAWDOWN - The distance by which the level of a reservoir is
lowered by the withdrawal of water.

EXCLUDED WATER SUPPLY WELL AREA - Area not recommended for sur-
face or ground water appropriation and development for en-
vironmental cultural and hydrogeological reasons.

EVAPOTRANSPIRATION - The process by which ground water becomes
atmospheric water either by evaporation from a surface or
transpiration by plants. No effort is made to distinguish

between the two.

HYDRAULIC CONDUCTIVITY - The amount of water flowing through a
unit area of aquifer normal to a unit gradient. It is a
measure of the ease with which a material transmits water.

HYDROSTATIC PRESSURE - The pressure exerted by the water at any
given point in a body of water at rest. The hydrostatic
pressure of ground water is generally due to the weight of
water at higher levels in the zone of saturation.
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LACUSTRINE - Pertaining to, produced by, or formed in a lake or
lakes.

PERENNIAL YIELD - The amount of water that can be withdrawn on a
continuous basis without causing an undesirable result.

The term "undesirable result" is not defined, but may
include intrusion of water of undesirable quality, reduc-
tion of head below an economic pumping level, or environ-
mental effects such as destruction of marshy wildlife
habitat or destruction of useful phreatophytes. Perennial
yield must be less than the long-term average recharge, but
other than that, generalizations cannot be made. Perennial
yield cannot be computed until a management decision has
been made on the definition of an undesirable result.
Perennial yield in this report refers to state and federal
estimates. These estimates are not accompanied by a
quantification or definition of undesirable effects.

PHREATOPHYTE - A plant which takes water directly from the
capillary fringe or water table. In the MX siting area,
these are primarily greasewood, rabbitbrush, saltgrass, and
pickleweed.

POINT OF DIVERSION - Point at which water is diverted for other
use from surface water flow or from ground-water flow
system.

POORLY SORTED - Consisting of particles of many sizes mixed
together in an unsystematic manner.

POTENTIOMETRIC SURFACE - An imaginary surface representing the
total head of water in an aquifer. It is the level at
which water will stand in a properly constructed well.
Ground water always flows from higher to lower potential
and perpendicular to contours on the potentiometric sur-
face.

PRIMARY WATER SUPPLY AREA - Alluvial fan deposits consisting of
debris flow and water-laid alluvium considered of good hy-
draulic characteristics and appreciable permeability.

REVERSE OSMOSIS - Reversal in direction of the spontaneous flow
through semi-permeable material such as clay or shale
caused by reversal in electrochemical or hydraulic poten-
tial.

SECONDARY WATER SUPPLY AREA - Area of playa and lacustrine de-
posits occurring in active or inactive playas in older
lake beds and abandoned shorelines having low permeability

4 and limited water-yielding capability.

SPECIFIC CAPACITY - The rate of discharge of a water well per
unit of drawdown, commonly expressed in gallons per minute
per foot.
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SPECIFIC YIELD - The volume of water which will drain from a
saturated unit volume of an unconfined aquifer under the
influence of gravity. Expressed as a ratio or percentage.

STORAGE - The volume of water recoverable from the aquifer under
the influence of gravity.

STORAGE COEFFICIENT - The amount of water added to or removed
from storage per unit of surface area of a confined aquifer
per unit of change in head normal to that surface. Ex-
pressed as a decimal ratio.

STORATIVITY - A generalized term for storage coefficient and/or
specific yield.

TRANSMISSIVITY - The amount of water flowing through a unit
width of an aquifer in response to a unit gradient. It is
a measure of the ability of an aquifer to transmit water.
It is numerically equal to the conductivity times the
aquifer thickness.

WELL-SORTED - Consisting of particles all having approximately
the same size.
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