United States Department of the Interior

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION
o : Raum 227, Federal Building
: 705 North Plaza Street
Carson City. Nevada 89701
August 3, 1984

MEMORANDUM
TO: Members of the Carbonate Tercvane Society

rd
PROM: Terry Katzer, Nevada Office Chief, WRD, Carason City, NV

SUJBECT: Carbonate Terrsne Scudy

In response to our last meeting, we have prepared the enclosed project
proposal for a l0-year investigation of the entire Carbounate Terrane,
vhich will eerve as a point of discussion for our August 13th meeting.
We have probably overlooked some elements, however, I'm sure they will
fall into place during the course of the study., There is a large degree
of uncertainty on projecting cost for ten years. For one thing, the in-
flation rate 13 unkgown, Algo, the budget, while it may seem ambitious,
@ay in all actuality, be deficient. Another large item not estimated
here are the costs of an exploratory drilling program wich subsequent
development/production drilling; these costs will probably dwarf all the
investigative coet. And finally, we realize that ultimately, the
availability of funds will be a controiling factor in the investigative
process.

To briefly summarize the proposal, it is important to understand that
the water regources of the carbonate terrane are not well defiped, for
the data are sparse, and the hydrology and geology are complex. It
will take a lot of money and a long time to arrive at some reasonable
understanding of the system. Unless this understanding is reached, the
development of carbonate water is risky, and the resultant effects may
be disastrous for the developers and curreat users.

Water resource planning based on a sclentific understanding of the hydrology
will have many benefits. From the Las Vegas Valley water users perspective,
it will mesn knowing that the additional water for their expanding nesds

is really svailable, and ctraz ic will be poseible %o guanciiy tnag adai-
tional water.



2.

From the perspective of the current water users throughout the Carbonate
" Terrane, including the potential White Pine Power Project users, it will
mean ensuring a safeguard on their already appropriated ground-water
rights, and it will allow the allocation of unallocared waters to proceed
toward a much better defined perennial yield.

From the State's perspective, an understanding of the system will allow

its oprimum management for the benefit of all the people. From the

Federal agencies perspective and, in parcicular the Department of Interior's
Water and Science, an understanding of the system is essential prior ro
beginning resource developmenc.

See you on Monday, Auvgust 13 at 10:00 a.m. in Rick Holmes' shop.

i

Terp¢ Kaczer

Enclosure

TK:¢cf
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PROJECT PROPOSAL
for
INVESTIGATION OF CARBONATE-ROCK AQUIFERS IN
EASTERN AND SOUTHERN NEVADA

Problem

Most of the known water resources of Nevada, which includes virtually all
surface water and most of the ground vacter in basin-fill reservoirs, are used
or appropriated to (or beyond) the extent of current estimates of their perennial
yield. For development to continue in some of Cthe more intensely developed basins,
"new” sources of water or new methods of managing the existing sources will
be necessary. In this contex:, che aquifers o§ the deep carbonate rocks of
eastern and southern Nevada are often cited as potential “new™ sources of
water., At the same time, the hydrelogy of the Carbonate Terrane, and in
particular the carbonate~rock aquifers, is the least unda&stood ia the
Great Basin. Large-scale and long-term investigations will be needed to
overcome this knowledge deficiency.

This proposal is not the first to consider a comprehensive 1nvestig§cion
of the hydrology of the Carbonate Terrane in Nevada (fig. 1). Area—wvide studies
have been conducted by four different organizations to date (area~wide here indicates
an intersst in the Catharate Terrane as 2 whola or at least over an area large enough
to include more than one of the major reglonal flow systems within the Terrane). The
organizations are 1) the Desert Research Institute (Mifflin, 1968, Hess and Mifflin,
1978), 2) the U.S. Afr Force (¥-X Multiple Protective Shelter Water Resources
Program 1983), 3) the U.S. Geological Survey (Great Basin Regional Aquifer System
Analysis, Harrill and others, 1982), and &) the U.S. Bureau of Reclamation (Southern
Nevada Deep Carbonate Aquifer Sctudy, 1984). Each of the studies by these organiza-
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Figure 1. I ndex map showing area
of Nevada underlain by
carbonate rocks (Hatchured area) .




tions was concerned with the development of appropriate and feasible methods for the
investigacion of the hydrology of the Terrane, and to varying extents, each is
concerned with the development of well-constructed plans for long-term studies to
support and (or) assess development of the resources of the deep carbonate-rock aquifer:

The large-scale investigations have been, and will continue to be, builc on
smaller scale studies. Important among the small-scale investigations are studies
that have dealt primarily with the delineation and description of individual regional
flow systems. These include I) the early studies of the White River flow system by
Maxey and Eakin (1949} and Eakin (1966); 2) the numerosus studies fn the area between,
and including, the Nevada Test Site and Death Valley by Hunt and Robinson (1960), Eakia
and others (1963), Winograd and Thordarson (1975), and Classen (1983); and, 3) the
investigations of the geohydrology of Central Nevada associated with the Atomic Energy
Commission's Central Nevada Test Area (Fiero and Illian, 1968 and 1969). Numerous
studies of the hydrology of individual or small groups of basing have also been
conducted by both private and public organizations and will provide cheir conceptual
foundations to planned large—scale studies. Major sources of information for compre-
hengive investigactions come from outside the hydrologie profession. Deep drill-hole
information hus been collected in the course of drilling déey test wells for otl
exploration, and much of the geophysical data in the Carbonate Terrane was developed
in support of mineral exploration.

The Carbonate Terrane of eastern and southern Nevada lies ia an area in which
local climates are primarily dependent on altitude. Annual preciptation totals range
from l2ss than 3 lnchas iz scme of cha sauthers wallews {2.3., A=argosa Dasest and
Death Valley) to greater than 30 inches in some of the highest mountain ranges in the

norctheast (e.g., the Ruby Mountains). Precipitation on most valley floors range
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from 5 te 12 inches per year (Hardman, i936). The most humid parts of Che Carbonate
Terrane, with local exceptions, lie in the viciniy of 38 degrees latitude where the
valley floors are often more than 5,000 feet above sea level. The Utah and southern
Nevada parts of the Terrane are the most srid, The temporal distribution of preci-
pication in the region is dependent on which of several storm tracks are influential
in a particular area, but generally precipitation on valley floors throughout much of
the Terrane 1s relatively evenly distributed between the winter and summer (Quiring,
1965, figures 2 and 3). Summer precipitation occurs mostCly during thunderstorms.
Water deposited by precipitaction within the Carbonate Terrane or on the
bordering mountain blocks is the only water, so far as i3 known, that recharges the
hydrologic systems of the Carbonate Terrane. Most of the precipitation on the valley
floors is evaporated or transpired without entering the ground-water systems of either
the basin-fill aquifers or the deep carbonate-rock aquifers, Thus, most of the recharg
to baeins and deep carbonate~rock aquifers is presumed to derive ultimately from
precipitation in the mountains in and adjacent to the Carbonate Terrane. The
processes by which this recharge occurs are poorly understood. In some &sins, for
example southern Ruby Valley (Johason 1980, pages 17~180) and the Ash Meadows flow
system (Winograd and Thordarson, 1975, page 92), recharge to the basin-fill aquifers,
and to carbonate-rock aquifers, is believed to occur primarily as deep percolation
of water into and through the mountain block materials. 1In other valleys and systewms,
for example the Amargosa Desert (Claasen, 1983, page 1), much of the recharge appe;:s
to have occurred primarily as a result of cthe percolacion of surface runoff from

snowmelt in the adjacent mountains, and took place in flood channels along alluvial



fans and the basin floor during vetter climatic conditions 12,000 to 18,000

Yeurs ago. The percent of recharge water following one of these paths or the
other must depend to a large extent on the topography and large-scale permeability
of che mouncain bloék.

Flow patterns within the basin-fil) reservoirs of the Carbonate Terrane
can be complex, but most often entail flow from the recharge areas at the base
of the mouctain blocks ‘doun; the basin cto one or more discharge areas. The
water at these discharge arvas either }) evaporates at a playa or free-water
surface fed by springs, 2) is evapotranspired by phreatophytes vwhere the water
table is relatively near land surface, 3) flows iaco another basin or flow
system, or 4) leaves the systeam through mome combination of the above modes of
aischarge. The location of thege discharge areas within a basin 1s determined
by some combination of geologlic, topographic, and hydraulic factors.

The hydraulic and hydrologic connections between the basin~fill raservoirs
and underlying carbonate-rock aquifers are poorly understood at this time.
Studies in Ash Meadows {(Bateman and others, 1972; Batemen and others, 1974)
and in the Upper Moapa Valley (Maxey and others, 1966) have shown thac in
some cases very iatimarte connections between the two aquifers may exist wvhile in
other cases, the aquifers may behave as independent systems. The factors that may
ulrzimately control the extent of interconnections are the presence of aquitards
between the two types of aquifers and the extent to which hydraulic gradients
exist which might induce interaquifer Flow. The aquitards that may occur ia this
context are — in order of increasing age — layera of fine-grained sediments
wichin the bas;n £111, chick layers of lava—flow materials, and (or) tuffs
of Tertlary age, and fine-grained consolidated rocks (for example, the
ailtstones and shales of Mesozole age that overlie some Paleozoic sectioans).
Where such aquitards lie between the basin-fi1ll aquifers and underlying
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carbonate~rock aquifers over a large area, flow and hydraulic connection
betveen rhe two systems may be prevented or greatly modified.

The connection between the ground-water systems of mountain blocks and
adjacent basin-fi1ll aquifers —- and becween adjacent basins chrough the
intervening mountaiﬁ blecks ~— is also controlled at least in part by the
presence of aquitards and by the existence of favorable hydraulic gradients.
Where the normal faulting that created the basin and range taopographically has
left Tertiary volcanics or some poorly permeable unit along a large portion of the
conctact surface betveen the mountain block and basin-fill sedimencs, che
capacity for recharge water that has percolated deep iate the mountain
block to leak into and recharge the bagin-fill aquifers may be severely
impaired. The presence of such an aquitard, or the presence of an intrusive
body or other type of aquitard beneath the mountain block may also prevent inter-~
basin flow though the mountain block. Another barrier éo interbasin flow that has
been suggested irn several caces 13 the pregence of a mound of recharge
water beneath mountain blocks (Eakin, 1963, page 15). Beneath ranges that
receive a substantial amount of deep percolating recharge water, the hydraulic
heads may be raised above the head in either of the adjacent valleys. As
a result, wvater cannot flow towards or through the mountain block from either
of the.valleys; The anoung of deep-percolating recharge necessary to create
a hydraulic barrier must depend on the permeability of the mountain block
(Eakin, 1966, pages 268-269; Mifflin, 1968, pages 15-20).

Mountain blocks at depth are not hydrologically disctimer geologically
from che carbonate rock as a.whole, The exposed part of the mountain block
ig the same lithogically, as that part of the block of consolidated rock
underlying the area. As such mountain-block hydrology at depth is no different
from the hydrology of the consolidated rock beneath the basins. Both
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are dominated by the secondary and tertiary porosity -— and resulring
permeability -— of the consolidated rocks. Secondary porosity is cthe porosity
assoclated vith fractures in the aquifer medium. Tertlary porosity 1s the
porosity associated with dissolution features such as caves and modified
fractures., Tertiary porosity and permeability 1s limited to the carbonate
rocks, and, at depths where overburden pressures may tend to seal simple
fractures, may be the most importaat avenue of ground—water flow (Eakin,

1966, pages 266 and 268). Dissolution of carbonate rock 1s generally concentrated
near the water table or in che unsaturated portions of the carbonate rocka,
where cthe water 1s still unsaturated with respect to the carbonate minerals.
Within & short distence of encering carbonate rocks, the ground waters of the
Carbonate Terrane are fully saturated with respect to those minerals. Caves
occur most often in the mountain blocks and in specific parts of the
Paleozoic section, but solution features may be presenc.ac great depth (Hess
and Mifflin, 1978, pages 26-31).

The physics of flow of ground water through secondary-permeability
terrenes 18 such that water flow is very easy along the path of the fracture and
solution features, and difficult perpendicular to these features. At a
small scale then, flow direction need not parallel the local or regional
hydraulic gra&ienta. At large scales, depending on the degrees to which
the fracture patterns are isotropic and sufficiently random, flow directions
may or may not parallel large-scale hydraulic gradients. Instead, large-scale
flow and discharge patterns may tend to parallel major structural features,
This resultas in conditions in which large hydraulic gradience can persisr
wich little actual flow,

Ground-water flow within cthe Carbonate Terrane at regional scales depends
on the presence of fracture zones, the occurrence of intrusives and other

6.



local geologic barriers, the impacts of large—scale linear geologic features
such as the Cortez Rift, the locations of topographic lows and other discharge
areas, recharge distribution, and the configuration of aquitards and aquifers.
Many large.springs are associated with major faults in the carbonate terrane,
and faults can act to expedite flow or act as barriers to flow (e.g., Winograd
and Thordarson, 1975, pages 81 and 29). Ground-vater discharge areas are
coamonly found in the zreas chat are lowest topographically, whether in a
bagin, a regional system or on the side of a mountain block. Recharge
distriburion ¢an result in hydraulic barriers and ultimately drive the flow
systems,

Given the myriad poseible avenues of hydrologic connection between the
various aquifers and flow systems and the uncercainties of recharge and
discharge wechanisms and processes, an investigation of the hydrology of
the carbonate-rock aquifers in Nevada is undoubtedly a difficult undertaking.
Addicional complicating factors include:

Bagic hydrologic data (ground-water levels in both the
basin-fill and carbonate-rock aquifers, flow measurements for
important springs, and flow measurements for major streams) are
scarce or infrequently obtained in much of the area.

- Secondary hydrologic and other data, such ag hydraulic paras-

meters, geophysical and geochemical data, are lacking in
many areas.

= _ Only a small pumber of wells and drill holes tap the deep

carbonate rocks.

- The geology of the Great Basin in general, and the Carbonate

Terrane in particular, is complicated.

7.






Uncertainties and inaccuracies exist in current methods of
estimating ground-water inflow and recharge.

Uncertainties and inaccuracies exist fn current methods of
estimating ground-water outflow and evaporative discharge.

- The geometry, properties, and boundaries of the carbonate-rock
and basin—~fill reservoirs are generally unknown, and definition
of these properties can be expensive and difficult.

Climacic conditions coday are inadequately defined (particularly
at higher altitudes) and conditions during the development of
the flow paths vithin the deep~rock aquifers and flow paths are
even more uncertalin.

linmited stresses on the water resources of the area under current
development conditions, allow hydrologiscs information only on
the narrov band of system responses to natural conditions.

- The relationship between geothermal systems and the deep
carbonate~rock aquifers and ground-water flow systemg ig not
well understcod.

- The area underlain by significant carbomnate-rock sequences in
Nevada is over 40,000 square miles of sparsely populated land,
and includes 106 hydrographic areas and basins.

A comprehensive investigation of the hydrology of the Carbonate Tetrane

will have to be at leaar ambitious enocugh to deal in some manner or other with

each of these complications and uncertainties.

Objective
The objective of che proposed project is to underscand the hydrology,

specifically the ground-water hydrology, of the Carbonate Terrane of the Great



Basin. Initially the project will coencentrate on delineating, defining,
describing, and understanding the carbonate-rock aquifers and assoclated

flow systems in eastern and southern Nevada.

Aggroach

A comprehensive long-term program of investigation of the Nevada Carbonate
Terrane will have to be based on a series of related and interdependent
shorter term small-scale studies designed to address and resolve, insofar
as possible, specific problems. Because of the large number of hydrologic problems
that exist and the scope, remoteness, and complexity of the Carbonate Tetrranme,
ic is unlikely thatr a single, large-scale comprehensive study of the Carbonate
Terrane as a whole could be pursued or even funded at appropriate levels by
any one of the interested agencies and organizacions. It is unlikely thact all
of the interested agencies taken together could pursue an adequate plan
of study unless the issues and investigations are pursued on a more local level.
A rational program of investigation requires the division of studies among
limited, but key, subareas of the Carbonate Terrarne; critical hydrologic pro-
cessses; and those agencies most capable of pursuing it. The choice of
study areas must be based on hydrologic continuity, on relative uniformity of
conditions and processes, on ingterest in development of the resources or pro-
cesses specific to an area, and on logistical feasibilicy, They must be
scaled to include some significant pert of a regional or subregional flow
system so that problems of true incterest-—e.g. interbasin flow mechanisms
and the yleld potential of the carbonate-roeck aquifers—are addressed.

Initially these studies may be conducted independeatly, concurrently,
or in tandem, as ctime, manpower, and resources allow. Even in the early stages

there will be a need for a large-scale overview and integration of all hydrologic
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and geologlc interprecations with an eye toward transfer of information,
regionalization of interpretations, and analysis of topics chat are inherently
too large-scaled to fall within che scope of any of the subarea studies. AC
some point the regionalization must be funded as a major preject in ics own
right.

Princisal wmerhods avallable for continuing and future investigations of
the Carbonate Terrane are: (1) geophysical studies to locate hydraulic boundaries,
define rock properties, and delineate aquifer geowetries, (2) interpretation of
geochemical data to define the sources and histories of waters encountered
in the carbonate-rock aquifers and surrounding media, (3) re—~evaluation of water
budgets for basins and mouncain blocks in the Carbonate Terrane, and the de~- .
velopment of more innovative methods of developing these budgets, (4) evaluation
of physical and chemical analyses of deep wells and regiosal springs, (5) anelysis
of the lineamencs and large-scale siruccutal features of this part of che Great Basinm,
(6) geomorphic analysis of major landforms to assist in determining past hydrologic
enviroments, (7) investigations of paleoclimates and their significance to current
and future conditions, as well as to the history and geography of cavern development,
and (8) analysis of hydraulic, lithologic, geophysical, and chemical data from
deep wells and other holes.

Geopﬁ;;icnl methods of erudy that may prove very useful include selsmic
refraccion and (or) reflection surveys surface and downhole gravity measurements,
and aeromagnetic surveys. Selgmic methods may be used to identify major faults
and geometries of local geologic structufes. Gravity may be uged to estimate
depths to consolidated rock beneath valley=fill materials and density of
consolidated rocke {and hence, indirectly, fracture density). Interpretation of

aeromagnectic data may allow detection of metamorphic structures and intrusive
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bodies that may asct as hydraulic barriers., Interpretation of chemical,
temperature and isotopic variatfons along (and among) flow systems can be
useful in delineating and assessing the limits and potential of those flow
systems (Mifflin, 1968, pages 31~39; Johngson, 1980; Claasen, 1983). Linemeats
analyses can be accomplished using Landsac imagery, and may be useful in
idencifying hydrologically significant stCructural features such as local shear
zones with their attendant fracture syscems or brecciacion.

As basin and wmountain block water budgers are better defined a level
of confidence in the amounts of water that are flowing through the carbonate-
rock aquifers and the connections between this water and the waters of the
basin—fill aquifers may be developed. Improvement of these estimsted budgets

will require development of more accurate and precise estimates of races

of recharge and diacharge,

Determination of piezometric heads at springs associated with the carbonate-
rock aquifers and wells open to the carbonate rocks helps to define flow directions
and can be useful in identifying hydraulic connections between rock units. Re—
glounal springs and deep wells also provide the main avenue for determinastion of
chemical cooditions in the deep rock aquifers.

Geomorphic research focueed initially on the White River system will place the
landforms of tﬁa: arez into a geomorphic/geologis time series that broadly defines
its complex history in terms of palechydrology. The mapping and age dating
of eoils, surficial geology, and stratigraphy will provide the means for
the ultimate quantification of the landecaping processes. This will involve
gathering the appropriate soil surveys made by the Soil Conservacion Service
and interpreting these firdings in a geomorphic-hydrologic perspecrive.
Additionally, all geologic and geomorphic (if gvailable) literature will be
put iacto a common data base. After this evalua:ién i3 made, areas will be

11,



selected for a second phase of intense investigation based on their importance
in understanding todays hydrologic flow system. The second phase studies will
be site specific (qne valley at a time) and involve very detailed mappiag and
corresponding age dating. As a dara base is built in one azea, chronologles
will be extended to ocher appropriate areas, and in this fashion, the

entire Whice River system will be analyzed. During this second phase, areas
outside the Whice River system may require similar efforts if 1t seems
important to understand a cause—effect relationship that bears on the White
River system.

Paleoclimate research is of significsnce because of the loag travel
times for water in regional systems; for example 1; the Hﬁite River flow system
water as much as 10,000 to 20,000 years old are encountered (Alan Welch, U,S.
Geological Survey, personal communicstion, 1984). Understandog of the
conditions under which this water was recharged, flowed, a;d discharged
may depend on the development of higtories of climate in the Great Basin.
These factors may, in turn, influence assessments of the renewability of
the waters of the carbonate~rock aquifers.

Finally, the most direct, but generally most expensive method of
invegtigation of the carbonate-rock aquifers is drilling of deep holes into
the rocks. The information gained at each hole is only a small increment
of the total information required for the rational development of the aquifers,
but the cost of drilling aad properly teting holes limits the pumber of
deep holes that will be available. Thus, the wells that are drilled have
to be placed and designed carefully to msximize theilr scientific worth. This
will Tequire packer tests on each porosity zone encountered to determine
productivities and specific aquifer properties; development of careful
B lichelogic loge based on cuttings and careful, detailed borehsole geophysical
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measurements; and determinatiens of water chemiscries and rock properties

by stratigraphic unit.

Major casks to be performed inm conducting a comprehensive investigation

of the hydrology of the carbonate terrane will include:

1

2)

3)

4)

5)

Basic data collection, compilation and analysis;

Research on key hydrologic processes and parameters, and develop~
ment of specific methods for system definition;

Investigation and analysis of conditions and processes in impercant
subareas;

Delineation and definiction of flow systems and resources of the
carbonate terrane; and

Regionalization of resulcs.

Data Collection

Crucial to the study of the carbonate terrane is the development and

continuation of historical records of hydrologic conditions in the area.

Current data collection efforts are inadequate to define the hydrologic

conditions throughout the area. Basic data collection programs will be

initiated and (or) extended, 2s resources permit, to measure:

—=-Streamflov from important watersheds and springs

—-Ground-water levels in each basin

==The chemistry of water in all parts of the carbonate terrane

(gsurface vater and ground wvater)

~—Precipitation rates at all altitudes encountered in the carbonate

terrane

=—Qther clipatic parameters as necessary to estimate of evapo-

transpiration under conditione encountered in the carbonate terrane, and
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-=Land- and water—use data, as well as water supply sources and rates.
Figure 2 shows the location of continuous screamflow and springflov gaging stations
operating in and near the carbonate terrane. Installation and maintenance of
these additional gaging scations will bring the level of surface-water dis-
charge data in the carbonate terrane up to minimum regional levels. Specific
surface—vater gaging sites will be chosen ro be representative of regional
runaff characteristics, to help define specific basin and interbasin water
budgets, and (or) to provide data for the delineation of mountaian~block or
reglonal-spring hydrology.

Figure 3 shows the location of continuous ground—water level gaging
stations and regularly monitored wells in the carbonate terrane. Relatively
few continuous gdgiqg stations are necessary on a regional scale to define che
slow and fast response cycles of ground-water levels, bur regular meagure-~
ment 0f a larger number of wells is desirable. Much more imporcant is the
canvassing of basins to update and improve the areal coverage provided by che
historicsal database. This canvassing provides well locations, well descripcions,
and water—level data at new and existing wells in many basins that othervige
would not be available to future investigations. -€dnvassind\of basins should
be repeated approximately every three to five yedtg, The encire southern half
of the carbonate terrane, excepting Las Vegas and the Kevada Test Site,
should be canvassed soon to f1ll this data requirement.

Geochenical interprecations of the sources and histories of waters in
tie carconace fersrane are, of course, dependent on the availability of
chemical, physical, and isotopic analyses of samples from an adequate number
and distribution of sources. The U.5. Geological Survey Great Basin Regional

14.
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Aquifer System Analysis has collected a wealth of chemical and isoropic data
on che major regionmal springs of the carbonate terrane. Reltable chemical
and isotopic dacta for water from the streams, mountain-block streams, and
basin~fill ground waters of the carbonate terrane are not so readily
available, and should be augumented as part of the basic data collection
prograa.

A key factor in the development of recharge estimates is the estimated
precipitation rates in areas that act as recharge centers. The areal
distribution of precipitatioa sctations 15 probabaly adequate ar valley-floor
elevations in the Carbonace Terrane. At high altitudes, vhere most of the
precipicarion takes place, however, coverage needs considerable improvement,
Recent installation of ten high-alticude precipitation storage gages in
eastern Nevada has raised the upper limit on precipitacion ne;surements in
that area from about 8,500 to 16,500 feer, Pigure &4 shows the distribution
of high—altitude precipitation measurement sites in the carbonate terrane.

A key parameter in the development of discharge estimates for water
budgecs 1s the rate of evapotranspiratioa by phreatophyes, from bare soil,
and from free water surfaces. At pregent, precise measurements to estimate
these tates are being made only in scuchwestern Nevada, near Beacty and at
the Nevada Test Sire. A wide variety of climatic, vegecative, and topographic
conditions in the carbonate terrape limic the ctraosfer value of these data
collection efforts. The basic data collection program will therefore include
the installation and maintenance of at least ten additional measurewent
sites, selected for wide areal coverage, coverage at a wide range of elevacions,

and for coverage of the entire range of ecologic settings encountered in the
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Carbonate Terrane.

Finally, iané-use and waiaer-use data and measurements are necessary to
the definition of water budgets in the carbonate terrane. Current efforts
in this area are gepe:ally limited to efforts by the State Engineer %o
document water use in valleys that are either designated (restricted develop-
ment) or approaching that scatus. Such efforts would be useful ia essencially
all of the developed basins in the area. It 1s probably not necessary
that data be collected every year (except in the heavily impacted valleys
that would be monitored anyway under current policy), racher collection could
be integrated with the ground-water levels canvasing discussed above on
a three- to five-year cycle.

It is crucial that each of these components of the basic data collection
be granted a long~term commitwent of funding and staffing independent of other
parts of the couprehensive investigation. A single year or even several years
of data in any of these areas will be of limited use. The various dats networks
should be implemented as soon as possible and will be reviewed periodically.
Improvements to the networks are to be a goal of these reviews and, where

-.necessary or appropriate, reductions or expansions of the networks will be
implemented.

Critical hydrologic processes and paramenters that require investigation
and research in the carbonate terrane are:

~-local, besin~wide, and deep-rock recharge processes.

~—Evapotranspiration under that range of topographic, ecologic, and

climatic settings encountered in the Carbonate Terrane.

—Role and definition of geologic barriers to ground~water flow.

—determination of hydraulic properties of shallow basin—f1ll aquifers,

deep, basin-fill aquifers, carbonate-rock aquifers, and the other
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aquifers and agquitards in the area.

Research conerning proper application and interpretation of the following
wethods will also be necessary:

-=Correlation gf surface geophysical measurements to aquifer geovecry.

--Correlation of borehole geophysical meaurements, lithologies, and

well test results to aquifer/aquitard hydraylic properties.

-—Cotrelation of selected isotopic and geochemical parameters to flow—path

delineation and flow-rate estimation.

—Definition of water budgets more precise and accurate than the

CUrrent reconnaissance estimates.

-~Correiation of lineamenr analyses with regional, geologic, scructural,

and hydrologic features.

Research in these areas wil} utilize historical dagn, data developed under
the basic data program, and specially collected data as necessary, and will
be sssoclated with ongoing investigations where possible to ensure that the
efforta are tied very closely to the issues at hand. At the same time, the
regsearch vill be designed for wide-spread application of results.

The carbonate terrane might be divided into key aress as follows in
general order of hydrologic interest and prioricy:

«=Southern Nevada

—Nevada Test Sice, Nellts Gunnery snd Bombing Range, and Amargosa Desertc

atrea

—East-central Nevada in the vicinicy of White Pine County

—Diamond Valley/Kobeh Valley area

—=Pahrump Valley

~—Central Nevada —— (a) the Railroad Valley, (b) Kobeh-Monitor Valley,

17,



and (¢) Clayton Valley multibasin flow systems

—-Areas peripheral to the carbonate terrane =— (a)} Big Smoky Valley

and (b) che basins of the Humboldt River drainage within che carbonate

terrane

—The upper Uhite River flow system

-~-North-eastern Nevada -- the Great Salt Lake Desert flow system
Figure 3 indicates the nine general areas referred to above,

The southern Nevada area is listed as a high interest and priority
area because it includes the discharge areas of severzl major regional flow
systems, and interest in developing the water of the carbonate—rock aquifers
is greatest in that area, The Test Site Amargosa Desert area includes three
flov systems whose boundaries and interactions are still uncertain after
more than 20 years of hydrologic investigations. Information conceroing
regional flow 18 greatest there as a result of these lo;g-term hydrologic
investigations. The White Pine County area 1s a high-altitude part of the
cabonate terrane (figure 5) with basins and mountains that are generally
subhumid. Much of the recharge in cthe carbonate terrane is localized there.
The Dismond Valley — Kobeh Valley area is of interest becauase it provides
an opportunity to observe the effects of stressing the basin~fi1ll aquifers
in one of :hg.basins of the carbonate terrane. Diamond Valley is experiencing
a congiderable overdraft conditicn under current pumping regimes (Rarrill,
1968). Pahrump Valley provides another oppottunity to observe the workings
of carbonate~terrane hydrology under stressed conditions and has the advantage
that several excellent studies in the area provide a basis for future jovesti-
gations (Harrill, 1982). The moderate—gize interbasin flow system of cencral
Nevada are of interest because their connections to surrounding major flow
systems is not completely defined and because they may provided clues to

18.



LR

0 S0 muer
a 50 hudometery
Explanation

Proposed key. study areas

Southern Nevada

Nevada Test Site
White Pine County area
pDiamond Valley

Pahrump Valley

Central Nevada
Boundary areas

Upper White River area
Northeastern Nevada

Figure 5. index map showing
study areas

proposed key




the vorkings of carbonate-rock aquifer hydrologies at a wmore manageable scale
than the larger flow systems. Studies along the periphery of the carbonace
terrane will be, at least in part, designed to help define what are the true
hydrologic boundaries of the carbonate terrane and (or) the carbonate-rock
aquifer system. Finally, the northern two-thirds of cthe White River flow
system and the basins of north-eastern Nevada are the headwaters of two of
the wajor flow gystems in the carbonate terrane of eastern Nevada.

The key area investigations should address the following issues:

=—Geologic structural setctcing

~~Recharge conditions, process and rates

==Ground water occurrence and movement in basin-fill reservoirs

=~Ground water occurrence and movement im consolidat;d—rock reservoirs

—Physical and geologic controls on ground—wvater movement

~=Ground-wvater discharge condictions, processes and rates

w=Aquifer/aquitard geometries

~=Hydrologic barriers and controls on ground-water movement

-—Hountain-block recharge/mountain-block runoff processes and rates

=-{ater Budgets

——Analyeie and observation of impacts of resource development

—Special topics important in the individual areas
Simulation analysis will be used as necessary and warranted; both as a tool
for testing cthe feasibility of conceprual models and as an inveatigative and,
potentially, a predictive tool for integratiang information on the working of
the flow system.

Exploratory drilling can be expected to play an important role in

several of these studies,
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Program element

Data networks
Surface water
Ground water
Water quality
Precipitation
Data compilations
Data management

Hydrogeologié Studies
Geophrsics
Geophrsics Data

Lineaments/Fractures

Stratigraphy

Hydrologic Studies

Recharge mechanisms
Discharge/Evapotrans

Recon drilling
Well testing

Hydraulic properties

Aquifer geometry
Paleoc)imates

Pal eohydrotogy
Environ. science
Water budget eval.
Geologic barriers
Aquifer
Water use

Geochemical Studies
General geochem
lsotopes

Area Studies
White R Sys.
Diamond Valley
Steptoe Valley
Central Nevada
Terrane boundary

Program Management

Regional Synthesis

interconnect

%1,250,000

$750,000

€750,000

+400,000

$200,000

$400,000
$3,730,000

$400,000

+50,000

$240,000

$160,000
850,000

360,000
$3540,000
£270,000
$110,000
$75,000
$140,000
620,000
$415,000
$150,000 .
€315,000
320,000
340,000
300,000
4,095,000

445,000
160,000
623,000

$260,000

340,000

220,000

400,000

$340,000
%1,600,000

800,000
800,000

$400,000
400,000

%%

Total

12,120,000 $12,120,000



Program elements and Budgets dor Carbonats Terrans Program FYS3-9% .
Program ¢lement Fvos rros ryar Fvee Frer Frso Fyos el Frea Free TotaL tots?
Data neluworiks
Surdace water 129,000 120,000 123,006 123,000 $125,000  $123,000 125,000 123,000 125,000 $123,000 S.ﬁ.uuu
Bround water 73,000 875,000 73,000 473,000 975,000  $75,000  e73,000 +75,000 -w.m.."uu 4
Water quality $73,000 473,000  e73,000 78,000 #25,000  ¥75,000 75,000 T 375 000 att 0
Precipitation 940,000 940,000 840,000 940,000 $40,000  $40,000 440,000 940,000 o490, 200 900
Qata compilations 920,000 20,000 +20,000 $20,000 $20,000 $20,000 20,000 20,000 e200,
Dats management 040,000 940,000  %40.000 $40,000  $40,000 940,000  €40,000 340,000 40,000 480,900 3,750,000
L] v
Hrdrogealoglc Glydies
Deophrsics $30,000 50,000 280,000 80,000 90,000 940,000 hoerLh4ed
Orophraics Data 830,000  w20,000 340,
LinsamentesFractures  SBO,00D .40, 000 »4p, 00 $40,000 *20,000 s240,000
Stratigraphy 40,000 840,000 840,000 40,000 $140,000
’ +830,000
Hrydrologic Studies
Recharge mechanlsms 40,000 400,000 +60,000 *00,000 +80,000 340,000
Discharge/Bvspotrans 840,000 $1060,000 +80,000 80,000 S80,000 00,000 999,000 340,000
Recon drilling 420,000 40,000 40,000 +40,000 40,000 270,000
Mell testing - 818,000 *30,000 *30,000 20,000  ¢20,000 $116,000
Mydravtie aroperl)ies 815,000 820,000 40,000 +73,000
Aquifer geometry 30,000 30,000 80,000 140,000
Paleoc! inates 40,000 80,000 +80,000 +80,000 80,000 80,000 +80,000 *60,000 $420,000
Fateohrdrel epy 880,000 +49,000 *80,000 480,000 +B80,000 40,000 413,000
Environ. science 50,000  ¢30,000  %30,000 130,080
Water budget evat. *40,000 80,000 480,000 80,000 73,000 40,000 418,000
Geologic barriers $40,000  $00,000  +00,000 60,000 40,000 326,000
Aquifer interconnect 40,000 80,000 00,000 *90,000 00,000 340,000
Uster ves $00,000  %80,000 940,000 420,000  %20,000 420,000 420,000 20,000 SH0E0E e ova, 000
Geochemical Btudiss . .
Beneral geochem 43,000 30,800 875,000 79,000 *40 ,000 40,000 20,000 +60,000 445,000
isatopes 40,000 *40,000 440,000 140,000
423,000
Ares Bludies
White R s, 40,000 80,000 00,000 940,000 #240,000
Dismond Usltey ' 40,000 0,000  $B0,000 60,000  $80,000 +340,000
Steptor Valley 480,000 +80,000 40,000 $220,000
Contral Nevada $60,000  $90,000  eB0,000 80,000  $EO,000 $400,000
Terrans Boundsey $40,000 980,000 90,000 80,000  $30,000 $340,000 #1,600,000
. []
Program Hanagement +80,000 *80,000 00,000 0,000 *80,000 80,000 80,000 *60,000 480,000 +00, 000 +800,000 e, 000
13
Reglonal Srathesis +80,000 +080 ,000 480,000 +a¢,n00 00 g $400,000
400,000
$1,433,000 $1,315,000 ¢1,2P5,000 1,150,000 919,000 353,000 12,120,000 12,120,000

Total

1,040,000 #(,303,000 #1,440,000 1,430,000
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