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ABSTRACT

The potential for human activities that might adversely affect the
repository's ability to isolate waste from the accessible environment depends
mainly on the presence of natural resources that may be attractive for future
exploitation. At present, the only resource expected to have the potential
for future exploitation is ground water. The potential for future develop-
ment of the region's ground-water resources will be a function of available
supplies, demands for, and subsequent values of water. This study consists
of a single activity that will estimate the future supply, demand, and value
of the ground-water resource within the study area. The primary use of the
study results will be to supply information to Investigations 8.3.1.9.2 and
8.3.1.9.3 of the Site Characterization Plan (SCP). Investigation 8.3.1.9.2
will assess the present and future value of energy, mineral, land, and
ground-water resources proximal to the site. Investigation 8.3.1.9.3 will
assess (1) the likelihood of inadvertent human intrusion into the mined
geologic disposal system (MGDS); (2) interference with long-term MGDS
performance due to human activities; and (3) the possible consequences of
such interference events.
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1.0 INTRODUCTIM

The Yucca Mountain site in Nevada has been designated by law for detailed

study as the candidate site for the first United States geologic repository

for spent nuclear fuel and high-level radioactive waste. The purpose of the

detailed study program, called site characterization, is to obtain the

information necessary to determine whether the Yucca Mountain site is

suitable for a repository. A necessary part of site characterization is the

identification, analysis, and evaluation of the potential for foreseeable

human activities that could adversely affect long-term repository performance

or lead to inadvertent intrusion into the repository. The details of the

human interference program are presented in Section 8.3.1.9 of the Site

Characterization Plan (SCP) (DOE, 1988a).

The potential for human activities that could adversely affect the reposi-

tory's ability to isolate waste from the accessible environment depends

mainly on the presence, perceived presence, or absence of natural resources,

or geologic conditions that are favorable for the occurrence of natural

resources, that may be attractive for future exploitation. At present, the

only resource expected to have the potential for inadvertent intrusion due to

future exploitation near the repository is ground water (DOE, 1988a). An

assessment of current and future water resources and their values is required

to evaluate the potential for human activities that could affect the

repository site and the transportation of radionuclides from the controlled

area.

1-1
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Currently, ground water is the only source of water supply for residents,

irrigated agriculture, and industry within the study area. The possibilities

of future development of the region's water resources will be dictated by the

future demand for and subsequent values of water. Changes in population,

economic and industrial development, and consumptive uses of water will

affect those demands and thus the economic value of water. Future

ground-water exploitation and withdrawal rates could affect aquifer

configurations and ground-water flow within the hydrogeologic system. The

determination of the potential for foreseeable human activity, such as

ground-water withdrawals, that might affect the geologic repository system

performance will require hydrologic and economic analyses of the ground-water

resource in southern Nevada proximal to Yucca Mountain.

This study plan describes the information needed and analytical methods that

will be used to (1) assess the current supply and demand situation for ground

water in the study area, (2) project trends in local and regional

ground-water development and derive estimates of future ground-water supply

and demand, and (3) estimate the value of the ground-water resource in

southern Nevada proximal to Yucca Mountain (SCP Section 8.3.1.9.2.2). This

document was prepared in accordance with the U.S. Department of Energy

(DOE)/U.S. Nuclear Regulatory Commission (NRC) Study Plan Format and Content

Requirements and Yucca Mountain Project (Project) Administrative Procedure

(AP )-1.100.

1-2
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1.1 PURPOSE AND OBJECTIVES OF THE STUDY

A water resource assessment of Yucca Mountain and vicinity will be carried

out to obtain information on the value of the water resources in the study

area to assess the potential for future exploitation of the resource and the

effect of exploitation on the mined geologic disposal system (MGDS).

The overall objectives of the study are to (1) assess the current and

projected supply and demand situation for ground water in the study area, and

(2) estimate the value of the ground-water resource.

The study area is composed of two elements: 1) the hydrographic study area

where the potentially affected water supply is located; and 2) the economic

study area from which water demands may develop. The size and location of

the hydrographic study area (Figure 1-1) is based on the information needs to

evaluate the effects of extensive ground-water withdrawal; large-scale

surface-water impoundments, or extensive irrigation near the controlled area

as defined in SCP Section 8.3.5.12. The area "near" the controlled area will

reflect subregional ground-water flow model boundaries. Subregional

ground-water flow models, which may be used to describe the ground-water flow

system beneath the Yucca Mountain Area, allow simulation of the change in the

position of the water table resulting from a change in future climatic

conditions or ground-water withdrawals. The potential levels of ground-water

withdrawal from the hydrographic study area will be determined by projections

of demand for water as a result of possible economic activities in southern

Nevada (the economic study area as shown in Figure 1-2). These quantities of

1-3
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HYDROGRAPHIC AREAS WITHIN THE
WATER RESOURCES ASSESSMENT
STUDY AREA

-- SUBBASIN BOUNDARY

STATE HYDROGRAPHIC AREA
BOUNDARY AND DESIGNATION

WEB POSSIBLE GROUND WATER FLOW
MODEL AREA

YUCCA MOUNTAIN SITE
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Figure 1-1. Location of Yucca Mountain wHh respect to the hydrographic areas defined by the Nevada State Engineer, the area
ground-water subbasins, and the resource assessment study area. Modified from the draft EFAP for water resources (DOE, 1990).
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FIgure 1-2. Economic Study Area for Water Resource Study Plan (8.3.1.9.2.2). Area Includes
urbanized Clark County, and rural Nye. This area Is designated due to the economic Interde-
pendence of Clark and Nye Counties.

1-5



S.P.8.3.1.9.2.2 RO

potential ground water withdrawals will provide information for the assess-

ment of the characteristics of the ground-water flow system using models

described in SCP Investigation 8.3.1.2.1, such as a two dimensional finite-

element model (Czarnecki and Waddell, 1984 and Czarnecki, 1985). In

addition, the hydrographic area for this study will generally correspond with

the area selected for ground-water monitoring in the Draft Environmental

Field Activity Plan (EFAP) for Water Resources (DOE, July 1990).

This plan provides a detailed description of SCP Study 8.3.1.9.2.2 (Water

Resource Assessment of Yucca Mountain, Nevada) which along with SCP Study

8.3.1.9.2.1 (Natural Resource Assessment of Yucca Mountain, Nye County,

Nevada) comprise SCP Investigation 8.3.1.9.2 (Studies to Provide Information

Required on Present and Future Value of Energy, Mineral, Land, and Ground-

water Resources). This water resource assessment involves one study activity

8.3.1.9.2.2.1, (Projected Trends in Local and Regional Ground-water Develop-

ment and Estimated Withdrawal Rates in Southern Nevada, Proximal to Yucca

Mountain). This activity supports not only this study but also two studies

of SCP Investigation 8.3.1.9.3 (Studies to Provide Information Required on

the Potential Effects of Exploiting Natural Resources on Hydrologic, Geo-

chemical, and Rock Characteristics). Study 8.3.1.9.3.1 (An Evaluation of

Data Needed to Assess the Likelihood of Future Inadvertent Human Intrusion at

Yucca Mountain as a Result of Exploration and/or Extraction) requires the

study's forecasts of ground-water demand to estimate the potential for

exploration and for extraction. These forecasts are also necessary to Study

8.3.1.9.3.2 (An Evaluation of the Potential Effects of Exploration for, or

Extraction of, Natural Resources on the Hydrogeologic Characteristics at

Yucca Mountain).

1-6
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This water resource assessment requires information from SCP Investigations

8.3.1.16.2 (Location of Adequate Water Supplies) and SCP Investigation

8.3.1.2.1 (Studies to Provide a Description of the Regional Hydrologic

System). The water availability will be determined in accordance with

Studies 8.3.1.2.1.2 and 8.3.1.2.1.3 which characterize the regional

surface-water and ground-water systems, respectively. The forecasts of

potential water demand will supply information for ground-water discharge

scenarios which may be used in Study 8.3.1.2.1.4 (Regional Hydrogeologic

System Synthesis and Modeling).

1.2 REULNTORY RATICALE AND STIFICATIM

Concern with the potential for postclosure human interference is related to

long-term performance of the waste storage system and the level of confidence

in meeting performance goals. The possibility of exploratory drilling for

ground water within the area of sealed containment, while more remote, poses

additional risks to repository performance (postclosure containment).

The specific performance goal of estimating the probabilities of postclosure

human interference relates to the presence of other potential economic re-

sources besides water (e.g., mineral, geothermal, and hydrocarbon resources).

Other studies under Investigation 8.3.1.9.2 will identify the potential for

future exploitation of these resources. Results of these studies and the

subject study will form the information base (value of energy, mineral, land,

and ground-water resources) used in predicting the effects of exploration and

1-7
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exploitation of resources on hydrologic, geochemical, and rock

characteristics at the controlled site.

The performance and design requirements for the human interference program

directly reflect the regulatory requirements of the NRC, the U.S.

Environmental Protection Agency (EPA), and the DOE. These requirements and

their relationship to the human activities program and the activity to which

this study relates can be summarized as follows:

1. Issue 1.1 (total system performance, SCP Section 8.3.5.13) requires

information that can help in estimating the probability of human

intrusion and interference during the postclosure period. This will

be accomplished through the development of release scenarios. The

development of these scenarios will focus on relating specific

potential human activities to specific effects on the variables of

the system important to waste isolation. Thus, the human inter-

ference program will focus on identifying those factors that can

affect the probability of future inadvertent human interference

(e.g., the presence of potential economic resources at the site or

the long-term survivability of the surface markers) and describing

qualitatively and quantitatively the effects of specific human

activities.

2. Issue 1.3 (ground-water protection, SCP Section 8.3.5.15) addresses

the EPA requirements in 40 CFR 191.16 for the protection of special

sources of ground water. The first step in the evaluation is to

establish whether the aquifer is a Class I source as defined by the

1-8
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EPA. If an aquifer meets the criteria for a Class I source, the next

step is to determine whether it qualifies as a special source of

ground water. The determination of whether any aquifers near the

site meet the Class I or special source criteria will require a

synthesis and evaluation of ground-water supply and demand and an

examination of the presence of alternative water supplies, including

the economic feasibility of developing the lower carbonate aquifer.

3. Issue 1.8 (NRC siting criteria, SCP Section 8.3.5.17) addresses NRC

regulations 10 CFR 60.21(c)(13), 60.122(a), 60.122(c)(2), and

60.122(c)(17), which require that resources at the site with current

markets be identified and described in terms of net and gross values.

The evaluation of resources, including undiscovered resources, shall

be conducted for the site in comparison to areas similar to the site

that are representative of and located within a similar geologic

setting. An assessment of the potential consequences of exploration

activities (e.g., drilling) or resource extraction that could

realistically influence the ability of the MGDS to isolate waste

during the postclosure period is required. This includes

identification of human activities such as ground-water withdrawal.

4. Issue 1.9 (higher level findings - postclosure system and technical

guidelines, SCP Section 8.3.5.18) is the evaluation of the site

against the qualifying and disqualifying conditions of the DOE siting

guidelines. For the site to be considered as a suitable location for

the first repository, it must be demonstrated that the site is

located in an area such that natural resources at or near the site

1-9
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are not likely to give rise to interference activities (10 CFR

960.4-2-8-1(a)J. The presence of natural resources (whether known or

inferred to be present) could lead to exploration and exploitation

activities by future generations that might affect long-term reposi-

tory performance. Thus, information regarding the natural resource

potential at and in the vicinity of the site will be obtained to

accomplish the objectives of the human interference program.

1-10
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2.0 RATIONALE FOR THE STUDY

The analytical methods incorporated in this study will be used to estimate

the future value of the water resources within the study area. The potential

for future development of the region's water resources will be a function of

available supplies of, demands for, and subsequent values of water. Projec-

tions of future water supplies and demands, as well as institutional

constraints in the study area, are needed to estimate the future value of

water. The concepts and principles presented in this section and the

analytical methods described in Section 3, are applicable to all ground-water

sources whether ground water is withdrawn from the valley fill aquifer or the

underlying aquifers, including the lower carbonate aquifer.

2.1 TECINICAL RATIWNALE AND JUSTIFICKTIfC

The supply and demand situation for water within the hydrographic and

economic study area will be influenced by a variety of factors, including the

physical characteristics of the underlying aquifers (e.g., recharge, aquifer

depth, volume, and water quality), institutional factors, population,

economic activity, and energy costs/price. To an important degree, patterns

of regional development and the location and type of economic activities

depend on the availability of water (Howe, 1979; Young and Haveman, 1985).

2-1
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2.1.1 GROUN-4>ATER SUPPLY

Renewable (flow) resources are different from exhaustible (stock) resources

by virtue of the fact that they are naturally regenerated on a time scale

that is relevant to human exploitation (Fisher, 1981). If ground water is

regarded as a renewable natural resource, vis-a-vis a stock resource (e.g.,

oil or gold), then only a certain quantity of water may be withdrawn annually

from a ground-water basin without eventually exhausting the resource. In

Nevada, perennial yield (also referred to as safe yield by Todd 11980J) is

defined as the amount of water than can be withdrawn on an annual basis from

a ground-water basin without depleting the reservoir (Scott, et. al., 1971).

Perennial yield is ultimately limited to the amount of recharge to a ground-

water basin. It may not be practical to fully develop the perennial yield in

such a manner as to preclude localized effects such as lowered water levels

and reduced spring flow. When withdrawals from a basin exceed the perennial

yield (average annual recharge), an overdraft is created, since additional

water must come from storage within the aquifer. The result is called

aquifer mining. In some cases aquifer mining effects can be reversed by

reducing withdrawal rates to less than perennial yield. In other cases,

mining causes irreversible damage to the aquifer.

2.1.1.1 Physical Supply of Ground Water

The Nevada State Engineer has delineated hydrographic areas within the State

and has determined or estimated their perennial yields in terms of acre-feet

2-2
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of water. An acre-foot represents the volume of water required to cover an

area of one acre to a depth of one foot. Estimates of the total perennial

yield for each of the hydrographic areas, which contain the flow model

boundary, are displayed in Table 2-1. The possible ground-water flow model

boundary is shown in Figure 1-1. The amount of exhaustible water in

transient storage in the valley fill aquifers is many times the average

annual recharge. Amargosa Desert (hydrographic area 230) will be used in

this plan as an example of the study approach which will be used to evaluate

all potentially affected hydrographic areas. For example, Walker and Eakins

(1963) estimated a value of 1.4 million acre-feet in transient storage in the

upper 100 feet of saturated deposits in a four-township area (T15 and 16S,

R48 and 49E) of the Amargosa Desert hydrographic area. This represents

almost 60 times the estimated perennial yield of the entire hydrographic

area. At a pumping rate of 60,000 acre-feet per year, it would take 25 years

to lower the water table an average 100 feet in the four-township area

(Walker and Eakins, 1963).

In this example, there is additional water stored in a carbonate-rock aquifer

beneath the valley fill aquifer discussed above. The definition of perennial

yield also applies to the carbonate-rock aquifer. Some discharge from the

carbonate-rock aquifer is by subsurface leakage into adjacent basin (valley)

fill aquifers. "Managing the aquifers separately will not increase the total

resource" (Dettinger, 1989). Thus economic demand forecasts will be assumed

to effect the total hydrologic system; valley fill, lower carbonate-rock and

tuff aquifers.

2-3
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Table 2-1. Estimated Perennial Yield for Hydrographic Areas
Within the Study Area, Nevada

Hydrographic Area Perennial Yield

Number Name (acre-feet/yr)a

160 Frenchman Flat 100b

226 Rock Valley 8,000

227A Jackass Flats 4,000

227B Buckboard Mesa 3,600

228 Oasis Valley 2,000

229 Crater Flat 900

230 Amargosa Desert 24,000'

* Data from Scott et al., 1971, except where noted

b Estimates of perennial yield from Rush, 1971, Reconnaissance #54

¢ Estimates of perennial yield from French, et al., 1984

The physical supply of ground water depends on whether it is managed and

utilized as a renewable or exhaustible resource. The State of Nevada uses a

perennial yield/recharge-use philosophy in its management of ground water.

When aquifer mining or overappropriation is identified in a basin, the Nevada

State Engineer may issue a statement known as a designation order. The

designation order defines the area of overdraft and restricts the issuance of

permits within that area. A designation order has been issued for the

2-4
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Amargosa Desert (#230) hydrographic area. Preferred uses within these areas

are determined on a case-by-case basis by the State Engineer (Nevada Revised

Statutes 534.120). In some cases, ground-water withdrawals in excess of the

estimated perennial yield have been allowed (e.g., the St. Joe Bullfrog,

Inc., mining operation). Recent rulings by the Nevada State Engineer on

applications to appropriate ground water in the Amargosa Desert hydrographic

area indicate that irrigated agriculture is not a preferred use (Morros,

1982).

Thus, while not strictly prohibited, ground-water mining is restricted. The

Nevada State Engineer does not appropriate ground water in excess of the

perennial yield for purposes of irrigated agriculture. The effect of this

institutional constraint is to limit the physical supply of ground water

available for irrigation of agricultural crops. Since exceptions to the

"perennial yield" philosophy have occurred, this institutional constraint is

recognized in this study plan but does not preclude a scenario of potential

ground-water mining for economic development.

An additional factor affecting the physical supply of ground water is Devil's

Hole National Monument in Ash Meadows. The designation of Devil's Hole

National Monument in 1952, the establishment of Ash Meadows National Wildlife

Refuge in 1984, the listing of many of the endemic species under the U.S.

Endangered Species Act and Nevada State wildlife and plant laws, and a 1976

Supreme Court decision limiting the pumping of ground water have all served

to increase protection of the area. The final transfer and perfection of

water rights to the Ash Meadows National Wildlife Refuge is essentially

finished and expected to be completed in 1991 (Threloff, USEWS, 1990). Of

2-5
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the estimated 24,000 acre-feet of ground water available on a perennial basis

from the Amargosa Desert hydrographic area, 17,000 acre-feet is discharged

from the springs in the Ash Meadows area. This leaves only 7,000 acre-feet

available on a perennial yield basis to wells in the valley fill northwest

and northeast of the springs (Walker and Eakins, 1963; Morros, 1982). As

recently as 1985, almost 10,000 acre-feet per year were pumped from wells in

Amargosa Valley, thus creating an overdraft of 3,000 acre-feet per year

(Coache, 1986); however in 1988, only 4,100 acre-feet were pumped (Coache,

1989).

2.1.1.2 Economic Supply of Ground Water

The economic supply of water does not rest on the physical quantity of

available water alone, but on the physical quantities available for use at

various levels of cost for each quantity. The cost of obtaining water from

the ground-water basins within the study area is a function of energy prices

and ground-water depths (required lift). Thus the supply relationship can be

written as:

Sw = f(D,P) (2-1)

where Sw is the supply of ground water, D is depth to water, and P is the

cost of energy (within the study area virtually all pumps are powered by

electricity provided by the Valley Electric Association (VEA)). Figure 2-1

depicts the hypothetical ground-water supply curve for the Amargosa Desert

hydrographic area at a given point in time.

2-6
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Cost ($)/ac ft

SW

C3

C 2

C1

.1 ~~~~~~~~~~~~I

I ~~~~~~~~~~~~~~~I
I I
I I
I I
I I
I I
I I

0 A B C D Ow (ac ft)

Quantity of Ground Water Consumed

Figure 2-1. Hypothetical ground-water aggregate marginal Supply curve (S.) for
the Amargosa Desert hydrographic area. Each cost (C, ... C,) Is representative
of an Individual user In the study area. The amount of water consumed by each
user Is depicted on the X-axis. For example, user 1 faces a cost of C, to consume
quantity OA of ground water, user 2 faces a cost of C, to consume quantity AB of
ground water and so on. Total consumption within the hydrographic study area is
OD. The 1,2,3,4 on Sw denote user 1, user 2, user 3, user 4.

2-7



S.P.8.3.1.9.2.2 RO

The small but frequent upward steps of the ground-water marginal supply

function (Sw) shown in Figure 2-1 represent the supply of ground water from

individual users' pumps at the cost of the last unit of water consumed, and

primarily reflects the fact that some users pump from deeper ground-water

levels than others.

Changes in pumping depths, power requirements, or energy costs will result in

a shift in the supply curve. For example, in May 1981 VEA electric rate for

irrigation was increased 58.31 percent (Gollnick, 1988). This represents a

significant real increase in price. The effect on the economic supply curve

is illustrated in Figure 2-2. The increase in the cost of electricity from

C1 to C2 resulted in a shift in the economic supply curve for water from S1

to S2. Thus, even though pumping depths and quantity available at each depth

remains unchanged, it will cost C2 minus C1 more per acre-foot of irrigation

water. At that higher cost (C2) it would no longer be economically feasible

for user 1 to continue to consume any ground water; therefore, user 1 would

discontinue operations. Furthermore, the quantity consumed by each user

would decline as a result of the increased cost. For example, user 2's

consumption level would decline from AB to OA'.
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Figure 2-2. Effect on ground-water aggregate marginal supply curve from a real
Increase In the price of electricity. The Increase In cost of ground water, reflecting
the Increase In the price of electricity, Is depicted by a shift In the supply curve
from Si to Se At this higher cost C2 user I discontinues operations, I.e., no water
Is available at a cost less than C2 User 2 then consumes OA at Cost C 2rather
then AB. User 2's de crease In consumption Is AB-OX. Total consumption Is
Oct.
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The hypothetical ground-water supply curve shown in Figure 2-1 implicitly

assumes that the quality of water is suitable for all uses. Different uses

of water have different water quality requirements. Thus, a realistic

depiction of supply must consider water quality. Water must frequently

undergo some form of treatment prior to use. The effect of incorporating any

necessary water treatment costs into the determination of supply would be an

associated increase in the price per acre-foot for those quantities requiring

treatment.

Ground-water withdrawals in excess of the perennial yield result in a fall in

the water table. Nichols and Akers (1985) found that ground-water levels in

the heavily pumped Amargosa Valley area (Figure 2-3) had declined as much as

27 feet from 1962 to 1984. Continued water-level declines, over time, would

result in an increase in the cost of lifting a unit of water to the surface

because of increased energy requirements, well depths, and size of pumps.

The consequence is that although in the short term, equal quantities of water

can be pumped; doing so will cost more per unit of water pumped (Kelso et

al., 1973). In economic terms, the supply curve will shift upward and/or to

the left, as illustrated in Figure 2-4. Figure 2-4 can be read as follows:

supply curve S2 resulted from an increase in the price which forced user 1 to

discontinue operations and forced the other users to curtail their operations

to maintain their budgets. An additional shift in the supply curve, given

the need to pump from increased depth, to S3 further compounds the situation

and results in an increase in the cost of consuming the same quantity (or

additional units) of water. Therefore, at this higher price (C3 ) user 2

discontinues operations (as user 1 had in Figure 2-2) and the quantities of
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Figure 243. Location of Nichols and Akers (1985) Study Area.
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water consumed by the other users is curtailed. Using the examples of

Figures 2-1 through 2-3, user 3's consumption is reduced from BC in Figure

2-1 to A'B' in Figure 2-2 and is further reduced to OA" in Figure 2-4.

The supply curve S1 is the same as that shown in Figure 2-1. The hypothet-

ical supply curves S2 and S3 represent changes in the economic supply of

ground water at future points in time resulting from water level declines and

increased pumping costs.

2.1.2 GROUND-WATER DEMAND AND VALUE

The purpose and scope of the ground-water valuations to be conducted in this

study are derived from 10 CFR 60.122(c) and 10 CFR 960.4-2-8-1. Estimates of

the present and future value of the ground-water resource are needed to

determine if economic extraction is feasible currently or in the foreseeable

future [10 CFR 60.122(c)(17)(i)]. Specific consideration must be given to

water suitable for crop irrigation or human consumption without treatment

(10 CFR 960.4-2-8-1(a)].

It is known a priori that economic extraction of ground water in the study

area is currently feasible. However, the willingness to pay for water varies

significantly among user groups depending on the benefits obtained from its

use. Changes over time in the cost of water will have different impacts on

the economic feasibility of extraction, depending on the beneficial use to

which it is applied.
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The demand for water, in economic terms, is defined as the relationship

between water use (quantity demanded) for a given purpose (i.e., agriculture,

industrial, mining) and price, when all other factors are held constant.

Within each use, there is an inverse relationship between price and quantity

demanded (i.e., the quantity demanded will decrease with an increase in

price).

The value of any commodity, in this case water, depends in part, on how much

of it one already has: at the extremes of scarcity and abundance, the value

can be infinite or negligible. It also is dependent on the revenue that can

potentially be derived from the commodity. For example, water is more

valuable if it can be used to produce high value cash crops or high value

manufactured goods. As more units of a commodity become available to a user

(or use), the user (or use) will be willing to pay less and less for each

additional quantity. This concept, referred to as diminishing marginal

utility, is illustrated in Figure 2-5.

The curve D, represents the hypothetical marginal demand/value of water for

some household user. The user is willing to pay a great deal (C1) for

certain uses that are crucial (e.g., drinking, cooking, and hygiene), but for

which only a small quantity (Q1) is required. The user would be willing to

pay a smaller amount (C2) for other uses (e.g., watering lawns and

shrubbery), which would require a much larger quantity of water (Q2).
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each additional quantity.
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Water is used by many different types of users for many different purposes.

For purposes of analysis, water users are usually grouped into categories

according to similarity of use types (e.g., residential, commercial,

industrial, and agricultural). The general shape of the marginal

demand/value curve pertains to all types of users whether they are domestic,

commercial, industrial, or agricultural (Kelso et al., 1973).

The willingness to pay for water varies significantly among user groups.

Household users place a high value on water needed for drinking, cooking, and

hygiene, but don't use very much for these purposes. On the other hand, the

willingness to pay for water by agricultural producers has been shown to be

far less than any other users, yet they use many times more water than all

other uses combined. Nonagricultural industrial and commercial users stand

somewhere between these two groups (Kelso et al., 1973). In the short-run,

before demand for nonagricultural water consumption drives either prices or

institutional constraints beyond the economic feasibility of any agricultural

use, agricultural users will modify their cropping patterns to reflect the

most profitable use of irrigation water.

The effect of an increase in the cost of pumping water on the quantity of

water demanded by different types of users is illustrated in Figure 2-6. At

the original cost of C1, the quantity demanded by households is OA, non-

agricultural commercial and industrial users would use quantity AB, and

irrigated agriculture would use quantity BC. The total quantity demanded

would equal OC. If the cost of pumping water increased for all users from C1

to C2, the quantity of water demanded by irrigated agriculture would decrease
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total amount of water demanded by each type of usage If all water may be pumped at C,.
Quantity OA Is demanded for household use, AB Is demanded for nonagricultural, commer-
cial and Industrial uses, and BC Is demanded for agriculture use. If the cost of pumping
Increases to C2, the quantity demanded by household users would be OA, nonagricultural,
commercial, and Industrial users would demand AB' and Irrigated agriculture would demand
B'C. (Kelso, 1973)
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from BC to B'C', nonagricultural commercial and industrial use would be

reduced from AB to A'B', while household use would decline slightly from OA

to CA'. The total quantity demanded would be cut from OC to OC'. Kelso et

al. (1973) point out that within each user group, some uses are more valuable

than others; there are marginal uses within each type of use. Also, some

types of users are more "marginal" than others in that they do not compete

strongly for the first small supplies of available water, but do so for large

quantities at low levels of per unit cost. Holding the demand for water

constant, Figure 2-7 illustrates the effect on price (marginal value) and

quantity demanded as a result of shifts in the economic supply of water over

time.

2.1.3 SUPPLY, DEMAND, AND VALUE WITHIN THE STUDY AREA

Water is a fugitive, reusable, stochastically supplied resource which has

many characteristics of a common property resource and a public good. Water

use for a given purpose is constrained by quantity, quality, timing, and

location. In economic terms, water can be classified as an intermediate good

in the cases of use by agriculture and industry or as a final good as in

consumption by households. Its development has obvious economies of scale.

Water may be used repeatedly or even simultaneously for different uses which

makes competition and complementarity over all uses important considerations

in valuing water resources. These characteristics lead to the management or

administration of water by Federal, regional, and state agencies

(institutional constraints). Within the constraints of this administrative

structure, some forms of a water market are beginning to appear in the
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western United States. Currently there is no working market for water in

Nevada. Over the planning horizon of the Yucca Mountain Project there is the

potential for development of a water market for competing use of water

resources throughout the economic study area. Therefore, it will be

necessary to understand the underlying economics of water demand and value in

various economic sectors. Examining the marginal benefits in competing uses

may be compared to the marginal costs of water supply from the hydrographic

study area to meet demand from the various sectors throughout the economic

study area. If enough price and quantity data are available, as discussed in

Section 2.1.2, a consumer or producer demand curve can be estimated from

which marginal values of water use at different quantities may be estimated.

Similarly, a water production function may be estimated using physical

productivity information from which marginal physical products may be

estimated. Marginal value products can be calculated using the price of the

good (Gibbons, 1986).

The marginal value of a quantity of water added to or lost from existing

quantities is that of the lowest valued use of the existing supply. The

demand for water, which could be supplied from the hydrographic study area,

may originate from economic changes throughout the economic study area.

Currently, within the hydrographic study area, irrigated agriculture

represents the marginal use of ground water. This means that as long as it

is economical to pump ground water from within this area for purpose of

irrigation of agricultural crops, the marginal value of the ground-water

resource will be determined by its estimated value for this use.
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Agriculture represents the marginal valued use of ground water even under

good conditions. It is even "more marginal" within the hydrographic study

area. The only area where irrigated agriculture exists within this area is

in the Amargosa Valley, southwest of the Yucca Mountain site. The Amargosa

Valley is considered to be poorly suited for irrigated agriculture due to a

number of factors. These factors include (1) gravely and coarse textured

soils having low inherent fertility and low water-holding capacity; (2)

temperature extremes; and (3) high-intensity winds of prolonged duration,

which cause considerable soil erosion and significantly reduce sprinkler

irrigation efficiency (USDI, 1975; French et al., 1984).

Throughout the economic study area, which includes the hydrographic study

area, increases over time in the cost of pumping water could impact irrigated

agriculture much more than any other user group. As a result, in the

hydrographic study area, ground-water withdrawals for agriculture could be

significantly reduced, causing recent water-level declines to be slowed,

stopped, or even reversed if water is not withdrawn for other uses. For

example, Table 2-2 shows that irrigation accounts for the vast majority of

ground-water withdrawal in the Amargosa Desert (hydrographic area 230) and

declined between 1985 and 1988.

Between May 1981 and August 1985, the electric rate for irrigation in the

example of Amargosa Valley increased by 103 percent (Gollnick, 1988) and

efforts increased to establish an institutional mandated level of water

available for the Ash Meadows Wildlife Refuge. This trend, if it continues,

could affect the cost of extracting ground water and thus the economic supply
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for agriculture supplied from this hydrographic area. Since 1981 there has

-,.,een a decline in irrigation and other ground-water withdrawals in the

Amargosa Valley. Ground-water withdrawals for all uses in the Amargosa

Desert (hydrographic area 230) are now estimated to be less than the 7,000

acre-feet of available recharge (Coache, 1989).

Table 2-2. 1985 and 1988 Summary of Ground-Water Pumping in the

Amargosa Desert Hydrographic Area 230, Nevada

Quantity Pumped
Type of Use (acre-feet)

1985 1988

Irrigation 8,572 2,978

Mining and Milling 950 996

Commercial 20 10

Quasi-Municipal and Domestic 230 125

Total 9,672 4,109

Source: Coache, 1986 and 1989.
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Financial budget information on a single productive process such as irrigated

agriculture can also be used to impute a share of total product value to the

water input for the process. If all factors of production are paid at their

marginal productivities, the residual, after subtraction of all other inputs,

is assumed to be the maximum economic return to water.

If sufficient data is not available to actually study demand relationships,

water may also be valued using the concept of alternative cost. Under this

concept, the user's maximum willingness to pay for water is the cost of the

least expensive alternative to the water supply being investigated.

2.1.4 VALUATION METHODS

This section describes approaches to assessing the potential value of the

water resource in the hydrographic study from demand generated by

agricultural, industrial, commercial, and household uses throughout the

economic study area. Total value is defined as the maximum amount a user

would be willing to pay for the particular use of the water (Gibbons, 1986).

Evidence of market-like transactions for water use within differing sectors

of the economy may be developed from data from the economic study area and

similar economies in the arid regions of the United States.

The basic methodologies for estimating irrigation water values are crop-water

production function analyses and farm crop budget analyses. Recent

conversations with local county agricultural extension offices reveal that

information on estimated crop-water production functions for southern Nye
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County is extremely limited and dated (Ragland and Hammond, 1990). Most

crop-water production functions are determined from data collected during

controlled experiments, where plots of crops are grown with water as the only

variable input (Gibbons, 1986). Crop-water production functions that have

been or may be estimated for southern Nye County or areas with similar

agricultural characteristics (i.e., elevations and soils) could be used. If

physical productivity information is unavailable, representative farm crop

budgets may be derived to estimate the maximum revenue share of the water

input. In the crop budget approach, the residual of total crop revenue less

the cost of all inputs except water determines the maximum willingness to pay

for water while still covering costs of production. It thus represents the

on-site value of water for irrigation. Both short-run value (only variable

costs included) and long-run value (variable and fixed costs included) will

be estimated.

It is possible, at some future point in time, that irrigated agriculture

might no longer exist within the study area or the demand for water for other

uses within the economic study area may be so great as to preclude the use of

water for irrigation at the cost faced by economic agricultural producers.

This movement to a higher cost on the composite use demand curve shown in

Figure 2-7 results from the value of the ground-water resource for uses other

than irrigated agriculture.

Based on the economic principles previously described, this study will

evaluate the potential for industrial use (such as mining and milling) and

municipal use for commercial and household consumption. Industrial uses of

ground water are the Nevada Test Site and three mining and milling
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operations. The mining and milling operations are Industrial Mineral

Ventures (bentonite), American Borate Company (borates), and East-West

Minerals, all of which are within 5 miles of the California-Nevada border.

The mining and milling operations account for approximately 25 percent of

total ground-water withdrawals (Coache, 1989).

Due to the small portion of total costs represented by water in industrial

production processes and the difficulty in defining the water price variable,

little empirical evidence has been collected from which to derive statistical

industrial production functions (Gibbons, 1986). The residual imputation

method of valuation, such as the crop budget method for estimating the value

of water for irrigation, is unreliable under these circumstances (Young and

Haveman, 1985; Gibbons, 1986).

In light of these methodological limitations, the value of water in

industrial uses in the United States has generally been equated to the

internal cost of recycling (Gibbons, 1986). To the industrial user, the

maximum willingness to pay for (value of) water from the hydrographic study

area would be the least expensive alternative to the use of recycled water.

Thus, if the total cost (pumping, conveyance, and treatment) of supplying

ground-water from the hydrographic area would be less than the cost of

recycling by the industrial user, water development for this purpose could

become economical.

Municipal water demand encompasses a number of distinctive water uses such as

residential, public, and "other". Residential use is both for indoor uses

such as bathing or cooking and outdoor uses such as watering lawns. Public
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uses are for parks, fire protections, etc. While the other category may

include commercial enterprises. Continuing the example, commercial activity

within the Amargosa Desert (hydrographic area 230) consists of a few gas

stations, bars, cafes, family grocery stores, and a brothel. Ground-water

withdrawals for these commercial uses comprises less than one-half of 1

percent of total (4,109 acre-feet) ground-water pumping in 1988 (Coache,

1989). Quasi-municipal and domestic use in this area was about 3 percent of

the ground-water pumped in the same year. Quantities used for this purpose

within the Amargosa Desert hydrographic area are small compared with similar

use in the more populated areas of the economic study area such as Beatty,

Pahrump, and Las Vegas.

Municipal or residential demand functions have been estimated for numerous

locations throughout the United States. The price responsiveness of municipal

water demand is influenced by its various components. A small portion of the

demand is for uses for which there are no substitutes (drinking water), while

other uses are of lesser value and have ready substitutes. Municipal water

in the larger communities of the economic study area is supplied by public

water utilities and private, but regulated, water companies. While some

water may be procured in some form of a market, other water has been

appropriated with the only costs being the development and conveyance costs.

The individual consumer is a price taker, so the value of water which would

be reflected in a market price is unobserved. Water value is therefore

measured using water demand functions. A consumers willingness to pay for an

increment of supply is the corresponding area under the demand curve.

However, the amount actually paid is the price times the quantity. The value

of municipal water at its source in the hydrographic study area is total cost
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less the water utility costs and is represented by the consumer's surplus.

That is, the total area under the demand curve less the area represented by

the consumer's price and the quantity purchased. Municipal water demand in

the population centers in the economic study area may also be separated into

winter and summer demand curves with different elasticities due to the

combination of indoor and outdoor water uses. Municipal water value will be

estimated using demand curves derived from local data, if available within

the economic study area, or from studies of communities in similar arid

regions of the United States.

2.1.5 OPTION, EXISTENCE, AND BEQUEST VALUES AND THE CONCEPT OF OPPORTUNITY

COST

The value of ground water within the study area can be bounded by the

marginal value of use in irrigated agriculture and its highest valued use.

The institutional constraint, which prohibits ground-water withdrawals for

any purpose that would adversely effect the Ash Meadows National Wildlife

Refuge, renders the preservation of the National Wildlife Refuges the highest

valued use within the Amargosa Desert hydrographic area.

Environmental economics has traditionally focused on the benefits, costs, and

values of recreation use of these resources. In addition to these user

values are nonuser values, called option, existence, and bequest values.

Option values reflect what the consumer is willing to pay to use the resource

in the future; existence values are derived simply from the knowledge that

the resource is protected, even though no use is contemplated; and bequest
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values are attributed to the satisfaction derived from knowing that the

resource will exist for future generations. Empirical evidence suggests that

these values do exist and that the magnitude of value is directly related to

the uniqueness of the site (Walsh et al., 1984).

The real cost of employing a resource in some use is the benefit that could

have been obtained from the next best alternative use. This is referred to

as the opportunity cost. Thus, the value of the water set aside for

preservation of the Ash Meadows National Wildlife Refuge is implicitly the

net benefits from other uses, which must be foregone. Young (1984), Young

and Haveman (1985), and Gibbons (1986) provide detailed discussions of the

economic concepts relevant to the supply, demand, and value of water,

including comparative evaluations of the estimation methods described.

2.2 CONSTRAINTS CN THE STUDY

The data collection and analyses required by this study will not involve any

ground disturbing activities or impacts on the site. No new tests,

recordings, or data collection efforts involving the use of instruments,

field or laboratory tests, or other specialized surveillance techniques are

planned. The specific sources of data and information needed to conduct the

supply and demand analysis are listed in Section 3.

The only constraint identified pertains to the uncertainty inherent in making

long-term predictions of the future actions of humans. Assessing the

potential for human activities, such as extensive ground-water withdrawal,
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that could affect post-closure performance, presents special problems because

of the dependence on unpredictable future actions of humans. Because of the

uncertainty inherent in predicting changes in these factors, a range of

supply and demand scenarios will be developed to provide information about

the sensitivity of the estimates with respect to the variables.
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3.0 DESCRIPTION OF ANALYSES

This Study Plan consists of a single activity (8.3.1.9.2.2) that will

estimate the future supply, demand, and value of the ground-water resource

within the study area. The information derived from this study will be used

to determine the economic feasibility of current and future exploitation of

the ground-water resource.

3.1 GROU N-TERr SUPPLY

The first step in the analysis is to quantify the physical supply of ground

water within the study area. The study area contains portions of the seven

hydrographic areas shown in Figure 1-1 and listed in Table 2-1. The physical

quantity of ground water available may be limited by the institutional

constraint proposed by use up to the "perennial yield." However, as the 1985

withdrawals in the example of Amargosa Desert (hydrographic area 230),

overdraft conditions could exist. Thus, scenarios which incorporate

institutional constraints, as well as "mining" the total potentially

available ground-water supplies as determined through Yucca Mountain Project

water resource investigations will be evaluated.

Different uses of water have different water quality requirements, so a

realistic depiction of supply must consider water quality. Within the study

area, water is obtained from individually owned and operated wells. There is

no water utility company. The nearby communities of Pahrump, Indian Springs,
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and Beatty are serviced, in part, by a water utility company. Water from

each of the utilities is provided without treatment. A study done by the

Bureau of Reclamation (USDI, 1975) found, except in a very few locations, the

quality of ground water in the Amargosa Valley to be suitable for human

consumption and irrigation without treatment. For purpose of this study,

initially the preliminary background data developed for the Draft EFAP for

Water Resources (DOE, 1990) will be used to delineate the possible effects of

water quality upon the potential for each specific water category use for

each aquifer which is a source of water supplies. As such studies progress,

these estimated effects will be revised to reflect information gathered from

the EFAP as a result of water use monitoring.

The next step in the analysis is to estimate the economic supply (cost) of

water by various uses for each of the potentially affected hydrographic areas

within the economic study area. For example, the cost per acre-foot, as

computed in equation 3-1, reflects consumption for agriculture in the

hydrographic study area and does not include costs of conveyance or treatment

which may be associated with other uses:

C.f - ([( * L)/EJ * Pkw) + I (3-1)

where:

C.f - cost per acre-foot
K - number of kilowatt hours (one acre foot of water one foot at

100 percent pump efficiency)
L = feet of lift
E - overall pump efficiency
Pk,,- price per kilowatt hour

and I - cost of initial investment (pumps, permits, etc.)

A hypothetical determination of the cost per acre foot is illustrated
below using data obtain from VEA (Gollnick, 1988).
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Given: K - 1.14
L - 150
E = .575

Pkw = $.042

I is assumed to represent sunk costs which are not changed in this
hypothetical comparative analysis.

Cost per acre-foot - [(1.14 * 150)/.5751 * .042 + 0
- $12.49

Within existing or postulated institutional constraints, the cost per

acre-foot and quantity consumed from each hydrographic area will be added

directly to derive the aggregate economic supply curve for the study area.

As pointed out previously, changes in pumping depths will result in shifts in

the economic supply curve. Projections of the future position of the supply

curve will be derived from hydrologic data of ground-water levels and with-

drawals over time. Changes in ground-water depths as a function of pumping

levels may be estimated using the Hill method (Domenico, 1972; Todd, 1980)

assuming appropriate data is available. If more appropriate, the ground-

water flow models used to support SCP Study 8.3.1.2.1.4 (Regional Hydrologic

System Synthesis and Modeling) may be used. This approach involves plotting

changes in water levels against ground water withdrawals. The points are

then fitted by a straight line (Figure 3-1). This provides a determination

of the ground-water depths associated with different levels of pumping. New

costs per acre-foot and associated shifts in the supply curve can be

determined by substituting the new estimated depths to ground water in

Equation 3-1.
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Figure 3-1. Hill Method (Domenloo,1972) for projecting ground-water depths
as a function of pumping levels.
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3.2 GROUND-WATER DEMAND AND VALUE

The first step in the demand analysis will be to identify water use by type

of use (domestic/municipal, commercial, industrial, and agricultural).

Information on ground-water withdrawals for domestic, commercial, and

industrial users outside the Nevada Test Site (NTS) will be obtained from

ground-water pumping inventories published by the Nevada Division of Water

Resources. The amount of ground water required for irrigation of agricul-

tural crops produced in the study area will be determined from published

information on per acre water requirements for each type of crop and from

interviews with local growers. Data for ground-water pumping on the Nevada

Test Site and the Exploratory Studies Facility (ESF) will be obtained from

REECo, Holmes and Narver, Inc., and from relevant SCP investigations such as

8.3.1.16.2 and the EFAP for Water Resources (DOE, 1990). Time-phased

projections of repository-related water use, including the ESF will be

obtained from DeGabriel and Wu (1987) and from the SCP Conceptual Design

Report.

Crop budget analysis will be used to derive the demand for irrigation water.

Recall that the maximum willingness to pay for irrigation water is determined

by the residual of total crop revenue less the cost of all inputs except

water. Thus, information is needed on yields, crop prices, and cost of

production. The budget for each crop produced in the study area will be

developed by creating calendars of operations for each crop. The calendars

of operations cost out each operation required to produce an acre of crop in

a step-by-step sequence as performed. A hypothetical example for alfalfa is

shown in Tables 3-1 and 3-2.
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Table 3-1. Hypothetical Calendar of Operations and Costs Per Acre of Alfalfa Cubes, Amargosa Valley

EURROW IRRIGATION

HOURS/ACRE MACH VARIABLE COSTS
FIXFD TOTAL

ROWq 1M M2 TMS OPERATION MACH LABOR COST MACH LABOR SERV MATIS COSTS

01 01 01 1.0 INSECTICIDE APPLIC 0.000 0.000 0.00 0.00 0.00 2.05 3.99 6.04
02 02 04 4.0 IRRIGATE 0.000 3.200 0.00 0.00 10.77 0.00 7.50 18.27
03 04 04 1.0 INSECTICIDE APPLIC 0.000 0.000 0.00 0.00 0.00 2.05 2.47 4.52
04 04 10 7.0 CUBING 0.000 0.000 0.00 0.00 0.00 154.00 0.00 154.00
05 05 05 2.0 IRRIGATE 0.000 1.600 0.00 0.00 5.39 0.00 3.75 9.14
06 06 06 2.0 IRRIGATE 0.000 2.000 0.00 0.00 6.73 0.00 4.50 11.23
07 07 08 3.0 IRRIGATE 0.000 3.000 0.00 0.00 10.10 0.00 21.75 31.85
08 09 11 3.0 IRRIGATE 0.000 2.400 0.00 0.00 8.08 0.00 18.12 26.20
09 09 09 1.0 FERT AP- BROADCAST 0.000 0.000 0.00 0.00 0.00 2.50 19.76 22.26
10 10 10 .1 RENATE .018 .020 .08 .09 .08 0.00 0.00 .25
11 10 10 .1 PLANrING .022 .025 .19 .20 .10 0.00 3.90 4.39
12 PICKUP USE (40 MI) 1.333 3.69 5.49 9.18
13 PRODUCTION CREDIT AT 8.50 PERCENT INTEREST 1.78 1.78

COLUMN TOTALS 1.373 12.245 3.96 5.78 41.25 162.38 85.74 299.11

TOTAL VARIABLE COST 5.78 41.25 162.38 85.74 295.15

NTES: Ml
M2
TMS
MACH
SERV
MATLS

=

Month that an operation begins
Month that operation is finished
Number of times an operation is performed
Machinery
Service
Materials



Table 3-2. Tooling and Material Used Per Acre of Alfalfa Cubes, Amargosa Valley

FURROW IRRIGATION

ACRES MATERIALS
ROW OPERATION PER ENERGY

HOUR USED CODE RATE/ACRE AND NAME QUANTITY UNIT

01 INSECTICIDE APPLIC 0.00 0.0 054 1 1/3 PTS THIMET 1.33 PT
02 IRRIGATE 1.25 0.0 158 5 AI WATER 20.00 AI
03 INSECTICIDE APPLIC 0.00 0.0 042 1 PT CYGON 400 1.00 PT
04 CUBING 0.00 0.0
05 IRRIGATE 1.25 0.0 159 5 AI WATER 10.00 AI
06 IRRIGATE 1.00 0.0 159 6 Al WATER 12.00 AI
07 IRRIGATE 1.00 0.0 160 6 AI WATER 18.00 AI
08 IRRIGATE 1.25 0.0 160 5 AI WATER 15.00 Al
09 FERT AP -BROADCAST 0.00 0.0 0.15 200 LBS 11-48-0 200.00 LB
10 RENOVATE 5.00 .1 D
11 PLANTING 4.00 .2 D 170 25 LBS ALFALFA SEED 2.50 LB
12 PICKUP USE 40 MI 6.7 G

FUEL CONSUMED BY MACHINERY OPERATIONS---GALLONS OF GAS 6.7
FUEL CONSUMED BY MACHINERY OPERATIONS--GALLCNS OF DIESEL .2

0-

.0

0r
Po

PERT AP - Fertilizer Application
Al = Acre-inch
PT - Pint

LBS = Pounds
D = Diesel Fuel
G - Gasoline
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In this example, total variable costs per acre per season are $295.15, which

includes a cost of $96.69 for irrigation water. Thus, total nonwater

variable costs are $198.46 (295.15 - 96.69). The short-run (only variable

costs included) marginal value of water (MVW5 r) would be calculated as

follows:

Given: Yield per acre - 7 tons
Price per ton = $80.00
Water required - 5 acre-feet per acre

Total revenue - $80.00 * 7 - $560.00 per acre

MVWsr/ac-ft = ($560.00 - $198.46)/ 5 - $72.31

In the long-run a producer must cover all costs, including taxes, deprecia-

tion, and interest on long-term debt, to stay in business. In this example,

fixed costs per acre are assumed to be $162.03. Thus, the total cost per

acre, excluding water, are $360.49 ($198.46 + $162.03). The long-run

marginal value per acre-foot of water used to produce alfalfa would be

calculated as follows:

MWir/ac-ft - ($560.00 - $360.49)/ 5 - $39.20

In other words, the grower could pay up to $39.20 per acre-foot of water and

still cover all costs of production.

The process described above would be followed for each crop currently or

potentially produced in the study area. The derived demand curve for

irrigation will be determined by (1) the number of acres of each crop grown,

(2) the quantity of water required per acre, and (3) the marginal value of
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water for each crop. A hypothetical derived demand curve for irrigation

water is illustrated in Figure 3-2.

Since irrigation uses much more water than all other uses combined, it will

be the most significant factor in evaluating the future supply, demand, and

value of water.

Future changes in nonagricultural uses of water will affect the supply and

demand situation for water to some degree. Should the repository be

constructed at Yucca Mountain, it is likely that some of the workers and

their families would choose to reside within the study area. The increase in

ground-water withdrawals caused by the population increase can be determined

from estimated household use. Estimates of residential water use are made by

the Nevada Division of Water Resources using an average of 1.0 acre-foot per

year, per household. If, for example, there were an average of 2.4 persons

per household, a population increase of 2,400 would increase domestic water

use by 1,000 acre-feet per year.

Specific sources of data and information needed to perform the analyses

described in this study plan are listed in Table 3-3. Other potential

sources, such as the Bureau of Reclamation, the Las Vegas Valley Water

District, activities prepared for the SCP, and any current releases of data

sources listed in Table 3-3, will be evaluated for inclusion as appropriate.
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Figure 3-2. Hypothetical derived demand curve for Irrigation water.
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Table 3-3. Potential Sources of Data and Information Neededa,

Data/Information Need Sources

Suppi?

- Perennial yields and estimated
storage volumes

- Ground-water depths

- Average pump efficiencies

- Price per kWh of electricity

Demand

- Time-phased projections of
Project employment and residency
locations, population, household
characteristics, and number of
persons per household

- Site Characterization Plan
(SCP); U.S. Geological Survey
(USGS) publications; Nevada
Division of Water Resources
(NW1R); Environmental Field
Activity Plan for Water
Resources (EFAP)

- SCP, USGS maps and publica-
tions; NOWR Well Drillers
Reports; EFAP

- Valley Electric Association
(VEA) pump test records;
interviews with pump company
representatives and local
growers

- VEA

- SCP-Conceptual Design Report
(CDR); Socioeconomic
Monitoring Program;
Historical Trends;
Section 175 Report

- Amount, type and location of
agricultural production,
crop prices, yields, and cost
of production

- Water appropriations and use
by use category

- Pumping inventories,
Nevada Crop and Livestock
Reporting Service; USDA
County Extension Service;
interviews with agricul-
tural suppliers; farm
machinery dealers; and
local growers

- NDWR; Holmes and Narver,
Inc.; EFAP
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Table 3-3. Potential Sources of Data and Information Neededa,

Data/Information Need Sources

Demand (continued)

- Location and depth of repository - SCP Study 8.3.1.16;
water supply wells, and time-phased DeGabriel and Wu, 1987; SCP-
projections of repository-related CDR; EFAP
water use

a Table 3-3 reflects the current available resources. As new sources of
information becomes available, Table 3-3 will be modified.

3.3 SCENARIO DEVELOPMENT AND SENSITIVITY ANALYSIS

There is an inverse relationship between the level of confidence in projec-

tions of demographic and economic conditions and the length of time for which

the projections are made. Technological advances in crop production, pump

efficiencies, or mining and milling processes could all serve to alter the

supply and demand situation for ground water. The uncertainties of

prediction here are significant, and the relation between present knowledge

and future technology will not permit long-run predictions with even a modest

degree of assurance as to their reliability. When we add to the general

uncertainties of the technological future an attempt to predict the impact on

a particular area, the uncertainties become even greater (Boulding, 1968;

Kelso et al., 1973). Because of the uncertainty inherent in predicting

changes in these factors, a range of supply and demand scenarios will be

developed to provide information about the sensitivity of the estimates with

respect to the variables.
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The future supply and demand situation for ground water will be evaluated

based on different assumptions regarding the level of agricultural produc-

tion, mining activity, population growth, price projections, changes in water

laws, and climatic conditions. That is, a sensitivity analysis will be

performed to estimate the effect specific variables may have on the supply

and demand for water in the study area. This will include, but not be

limited to, the price of particular agricultural crops, the price of minerals

and their effect on mining products, consumption of water as the population

increases or decreases, and the effect changes in utility costs may have on

the supply and demand for water.

Projections of the number of acres in agriculture will be estimated four

ways: assuming (1) the rate of decline in agriculture exhibited over the

last ten years continues, (2) current levels are maintained, (3) fluctuating

levels as determined by the intersection of the projected supply and demand

curves, and (4) elimination of agricultural production.

Changes in mineral prices, discovery of new deposits, or exhaustion of

current ore bodies would affect the amount of mining activity within the

study area. Therefore, the level of mining activity and associated

ground-water withdrawals will be held constant, eliminated, and varied.

Additional scenarios defining variations in the levels of developmental

activities will be evaluated in accordance with economic forecasts as

appropriate, given the long planning horizon of the study plan.
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The approach will then be to answer the question of what level of population

could be supported by the existing supply of ground water given the different

assumptions about agricultural and industrial water use. For example, if

mining and milling continued at present levels (approximately 1,000 acre-feet

per year) and agriculture ceased to exist within the study area, 6,000 acre-

feet of water would be available on a perennial yield basis for domestic,

municipal, and commercial uses. Therefore, assuming that 1.0 acre-feet of

water is used by a household averaging 2.4 persons, the 6,000 acre-feet of

water remaining within the institutional constraint of "perennial yield"

could support a population of 14,400 persons. This population could be

conceivably concentrated in the Amargosa Desert (hydrographic area 230), for

example, or in other population centers such as Beatty, Pahrump, or the Las

Vegas Metropolitan area or other areas within the economic study area where

water availability may become a limitation to growth.

As stated at the outset, an objective of this study plan was to address

various scenarios of consumption and therefore, the issue of supply and

demand of ground water can be addressed. To achieve this goal developmental

scenarios for all activities projected to occur or accompany population

growth in the study areas, such as mining, industrial, commercial and

residential will be evaluated.

Population projections through project decommissioning will be obtained from

Federal, state, and county population forecasts as related to the

investigations associated with the Yucca Mountain Project Socioeconomic Plan

(Consultation Draft, DOE, April 1990). These investigations will produce,

for this period, population forecasts for the study areas (hydrographic and
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economic), which may produce a demand for water supplies located in the

hydrographic study area. These projections will contain some implicit growth

rate. For each scenario we can then determine what rates of population

growth, over what period of time, would be required for ground-water

withdrawals to reach the maximum sustained yield. These growth rates and

population forecasts will be treated as input to qualitative scenarios beyond

the short-term (five-year) forecast period. The forecasts and resultant

effects will be revised in accordance with the Socioeconomic Monitoring

Program as the Yucca Mountain project progresses. Beyond site

decommissioning, the potential for water demand for supplies within the water

resource study area will be treated in a more qualitative manner.
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4.0 APPLICATION OF RESULTS

The primary use of the study results will be to supply information to SCP

Investigations 8.3.1.9.2 and 8.3.1.9.3. Investigation 8.3.1.9.2 will assess

the present and future value energy, mineral, land, and ground-water

resources proximal to the site. Investigation 8.3.1.9.3 will assess (1) the

likelihood of inadvertent human intrusion into the WGDS, (2) interference

with long-term MGDS performance due to human activities, and (3) the possible

consequences of such interference events. Additionally, this study will

provide some of the information needed to complete the related performance

assessment calculations described in SCP Sections 8.3.5.13, 8.3.5.15,

8.3.5.17, and 8.3.5.18.

Table 4-1 describes the information needs of the related investigations and

performance assessment issues that will be provided by this study. Figure

4-1 displays the flow of information obtained in this study relative to other

investigations and performance assessment issues.
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Table 4-1. Information Requirements of Related Investigations and Performance Assessment Issues Provided
by this Study (page 1 of 2)

0-.-

InvestigatiorVlsu Information Requirements Provided By Study

investigation 8.3.1.9.2, Studies to provide the
information required on present and future
value of energy, mineral, land, and ground-
water resources.

Investigation 8.3.1.9.3, Studies to provide the
information required on potential effects of
exploiting natural resources on hydrologic,
geochemical, and rock characteristics.

Estimates of current and future value of the
ground-water resource.

Ground-water resource potential/value.

TIme-phased projections of rates and locations of
ground-water withdrawals from hydrographic areas
within the study area (especially near the
controlled area).

Projections of type and quantity of crop irrigation
(especially near the controlled area).

0

Issue 1.1 - SP Section 8.3.5.13
Will the mMS meet the system performance
objective for limiting radionuclide releases
to the accessible environment?

Probability of extensive ground-water withdrawals
or crop irrigation near the controlled area (from
study 8.3.1.9.3)



Information Requirements of Related Investigations and Performance Assessment Issues Provided 1
by this Study (Page 2 of 2)

Table 4-1.
c..

W

Investigatiun/-Issue Information Requirements Provided By Study

Issue 1.3 - SW Section 8.3.5.15
Will the MEDS meet the requirements for the
protection of special sources of ground water?

0
Updated demographic data on local ground-water users
and socioeconomic conditions.

Water rights and appropriations information.

Supply and demand for ground water.

Evaluation of the economic feasibility of developing
the lower carbonate aquifer.

Issue 1.8 - SCP Section 8.3.5.17
Can the demonstrations for favorable and
potentially adverse conditions be made?

Issue 1.9 - SCP Section 8.3.5.18
Higher level findings for qualifying and
disqualifying conditions.

Natural resources qualifying condition as
stated in 10 CFR 960.4-2-8-1(a).

7tere is a strong tie between strategies for
resolving Issues 1.1 and 1.8 (SCP, p. 8.3.5.17-7).
Information required from this study is the same
for both.

The evidence to support a higher level finding for
this qualifying condition will be made available
through the information and analysis used to
support

Issue 1.1 (SCP, p. 8.3.5.18-19).
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Figure 4-1. Flow of Information from this study relative to other Investigations and performance assessment Issues.
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5.0 SCHEDULE AND MILESTONES

The major tasks and milestones for this study are described in Table 5-1.

diagram of the schedule is shown in Figure 5-1.

Table 5-1. Description of Major Tasks and Milestones.

A

Task Description

A. Water supply analysis

B. Analysis of demand for
water over time

C. Estimate present and
future value of
water

D. Prepare draft report
(Milestone)

Data collection and analysis. Estimate
future ground-water levels as a
function of pumping (Hill Method).
Develop supply (cost) functions.

Data collection and analysis. Develop
calendars of operations and crop
budgets. Scenario development and
projections of future conditions.

Apply water valuation methods to estimate
present and future value of water for
each scenario.

Write draft report for review.
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TIME (months) I

TASK 2 4 6 8 10 9 12
|~~ ~~ ~~ ~~~~ I I I

Cn

;0

A. SUPPLY ANALYSIS

B. DEMAND ANALYSIS AND
SCENARIO DEVELOPMENT

C. VALUE ESTIMATION

D. PREPARE DRAFT REPORT
FOR REVIEW

Z 2 mos. Input from SCP Study 8.3.1.16 (Location of adequate
water supplies)

3 mos.

en

I'
Z .5 mos.

Draft Report
for Review

Z 2 mos.

1.

Figure 5-1. Schedule for major tasks and milestones ( A ).
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APPENDIX A

QUALITY ASSURANCE REQUIREMENTS

This Study Plan was prepared in accordance with Yucca Mountain Site

Characterization Project Procedure, AP-1.1OQ, "Preparation, Review, and

Approval of SCP Study Plans," Rev. 3, 03/26/91, and supersedes DOE Letter

DCD-282, 10/24/88. QA grading for this study will be determined in

accordance with currently applicable procedures (i.e., AP-5.28Q and AP-6.17Q)

prior to the start of the work.
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Table A-1. Summary of Documents and Procedures That Will Address Each
of the 18 Nuclear QA Criteria (Page 1 of 3)

NQA-1 Criterion Documents/Procedures Addressing Criterion

1. "Organization"

2. "QA Program"

Project Office organizational
responsibilities and interfaces are
described in the Project Office QAPP
(N-QA-045, 10.88) and Quality Management
Procedure (QWP) QMP-01-01 (N-QA-015, 12/87
and N-QA-016, 7/87.

A summary description of the Project Office
QA program (QAP) is in Section 8.6 of the
SCP. The Project Office QAPP and the
SAIC/T&MSS WAPP have been consolidated into
one QAPP (WMPO/88-1, Rev. 1, 4/89). The
QAP is described in detail in Section II
of the OAPP.

QWP-02-01, Rev. 1, 9/88. Qualification,
Proficiency, and Training.

3. "Design and Scientific
Investigation Control"

As per Section III of the Project Office
QAPP, this study plan is a scientific
investigation. The following procedures
apply:

QMP-03-01, Rev. 1, 1/89. Peer Reviews.

QMP-03-02, In preparation. Scientific
Investigation Control.

QMP-03-03, In preparation. Use of Software.

QMP-03-05, In preparation. Verification
and Validation of Software.

QMP-03-07, In preparation. Software Approval.

Branch Technical Procedure, BTP-SE-001,
Rev. 0, 6/89. Collecting, Analyzing, and
Quality Control of Primary and Secondary
Data for Use in Socioeconomic Research.

4. "Procurement Document
Control'

Section IV of the Project Office QAPP and
QMP-04-01, Rev. 0, 4/88.
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Table A-1. Summary of Documents and Procedures That Will Address Each of
the 18 Nuclear QA Criteria (page 2 of 3)

NQA-1 Criterion Documents/Procedures Addressing Criterion

5. "Instructions, Procedures,
and Drawings"

The activities in this study are performed
according to the procedures described in
Section 3 of this study plan.

QMP-05-02, Rev. 0, 5/27/88.
Control of BTPs.

Preparation and

6. "Document Control" Q=P-06-02, Rev. 1, 12/1/88.
Control.

Document

QMP-06-03, Rev. 1, 2/22/88. Document
Review/Acceptance/Approval.

7. "Control of Purchased
Material, Equipment,
and Services"

Section VII of the Project Office QAPP and
QMP-07-03, Rev. 0, 4411/88.

8. "Identification and
Control of Items,
Samples, and Data"

Section VIII of the
Part C, 4/20/89.

Project Office QAPP,

9. "Control of Special
Processes"

10. "Inspection"

11. "Test Control"

12. "Control of Measuring
and Test Equipment"

13. "Handling, Storage, and
Shipping"

14. "Inspection, Test, and
Operating Status"

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

15. "Control of Nonconforming
Items"

Section XV of the
QMP-15-01, Rev.
Nonconformances

Project Office QAPP and
1, 5/27/88.
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Table A-1. Summary of Documents and Procedures That Will Address Each of
the 18 Nuclear QA Criteria (page 3 of 3)

NQA-I Criterion Documents/Procedures Addressing Criterion

16. "Corrective Action"

17. "Quality Assurance
Records"

18. "Audits"

Section XVI of the Project Office QAPP.

QWP-06-01, Rev. 0, 12/10/84. Corrective
Action.

QMP-06-03, Rev. 1, 6/5/89. Standard
Deficiency Reporting.

Section XVII of the Project Office OAPP and
QMP-17-01, Rev. 0, 1/11/89. Record Source
and Record User Responsibilities.

Section XVIII of the Project Office QAPP.

QMP-18-01, Rev. 3, 10/3/88. Audit System.

QWP-18-02, Rev. 1, 5/27/88. Surveillance.
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