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FOREWORD

The Nuclear Waaf. Poljicy Act of 1982 (the Act) established a process for
the selection of sites for the disposal of spent nuclear f:el and high-level
radioactive waste in gzologic repositories. The first ste & 1n thia process
were the identificution of potentially acceptable sites anc the development of
general guildelines for siting repositories. In February 1423, the DOE
identified nine sites 11 six States as potentially acceptualie for the first
repository. The Yucca lountain site in Nye County, Nevada, wasg identified as
one of those sites. The general guidelines were issued in November 1984 as
Title 10 of the Code of Federal Regulations, Part 960. The DOE 1s now
proceeding with the next step in the site-selection process for the first
repository: the nomination of at least five of the nine potentially
acceptable sites as suitable for site characterization, which i@ a program of
detailed studies.

The Act requires that site nomination be accompanied by an environmental
assessment (EA). The DOE has prepared EAs for the nominated sites through a
process that provided opportunity for publiec input, Publie hearings were held
during March, April, and May 1983 to obtain recommendations ou the issues to
be addressed in an EA, All guch recommendations were considered in preparing
the EAs. The DOE issued draft EAs for public review and comment in December
1984 and conducted a series of public hearings in February and March 1985,

The issues raised in the comment letters and hearings were considered in
preparing the final EAs. These 1ssues are addressed in a comment-response
document appended to the final EAs (Appendix C).

The information presented in the EAs is derived from hundreds of
technical reports containing more—detailed data and analyses. All of these
reference documents are avallable to the public in various libraries and
reading rooms; a listing of their locations is given in Appendix B.

After the nomination, the Secretary is required by the Act to recommend
to the Pregldent not fewer than three of the nominated sites for
characterization as candidate sites for the first reposltory. This
recommendation will be submitted and documented in & separate report that is
being iesued separately from this environmental assessment. After submittal,
the Act provides the President 60 days to approve or disapprove the candidate
sitee. The President may delay his decision for up to six months if he
determines that the information supplled with the recommendation of the
Secretary is ingufficient to permit a decision within the 60-day period. If
the Preeldent does not approve, disapprove, or delay the decision, the
candidate sites shall be considered approved. After the President approves
the candidate sltes, the DOR will start site characterization.
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ABSTRACT

In February 1983, the U.5. Department of Energy (DOL; identified the
Yucca Mountain site -n Nevada as one of nine potentially acceptable sites fur
a mined geologic repository for spent nuclear fuel and bIi- zh-level radiloactive
waste, The site is in the Great Basin, which is one of tive distinct
geshydrologic settings considered for the first reposit :ry. To determine
their suitability, the Yucca Mountain site and the eighi >ther potentially
acceptable sites have bSeen evaluated in accordance with t e DOE's General
Guidelines for t'e Recommendation of Sites for the Nuclear Waste
Repositories. These evaluations were reported in draft eavironmental
assessments {(EAs), which were issued for public review and comment. After
considering the comments received on the draft FAs, the UOE prepared the final
EAs.,

On the basis of the evaluations reported in this EA, the DOE has found
that the Yucca Mountain site is not disqualified under the guidelines. The
DOE has also found that it is suitable for site characterization because the
evidence does not support a conclusion that the site will not be able to meet
each of the qualifying conditions specified in the guidelines. On the basis
of these findings, the DOE is nominating the Yucca Mountain site as one of
five sites suitable for characterization.
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EXECUTIVE SUMMARY

1. INTRODUCTION

By the end of this century, the United States plar- to begin operating
the first peologic repository for the permanent disposa: of commercial spent
nuclear fuel and high-level radicactive wuste., Public Iaw 97-425, the Nuclear
lhaste Policy Act of 1982 (the Act), specifies the procesrs far selecting a
repository site, and constructing, operating, closing, & d decommissloning the
repository. Congress approved geologic disposal by decluring that one of the
key purposes of the Act is 'to establish a schedule for the siting,
construction, and operation of repositories that will provide reasonable
assurance tnat the public and the environment will be sdequately protected
from the hazards posed by high-level radioactive waste and such spent nuclear
fuel as may be disposed of iu a repository" [Section 111¢b)(1)].

A geologic repository can be viewed as a large underground mine with a
complex of tunnels occupying roughly 2,000 acres at a depth between 1,000 and
4,000 feet. To handle the waate received for dispcosal, surface facllities
will be developed which will occupy about 400 acres. The repository will be
operational for about 25 to 30 years. After the repository is ¢losed and
sealed, waste isolation will be achieved by a system of multiple barriers,
both natural and engineered, that will act together to contain and isolate the
waste as required by regulations. The natural barriers include the geologic,
hydrologic, and geochemical environment of the site, The engineered barriers
consigst of the waste package and the underground facility. The waste package
includes the waste form, the waste disposal container, and materlals placed
cver and around the containers, The underground facllity consists of
underground openings and backfill materials, not associated with the waste
package, that are used tu further limit ground-water circulation around the
waste packages and to impede the subgequent trangsport of radlonuclides into
the environment,

In February 1983, the DOE carried out the firet requirewent of the Act by
formally identifying nine sites in the following locations as potentially
acceptable sites for the first repository (the host rock of each site is noted
in parentheses):

Vacherie dome, Loulsiana {domal salt)}

Cypress Creek dome, Mississippt (domal salt)

Richton dome, Mississippi (domal salt)

Yucca Mouniain, Nevsda {(welded tuff)

Deaf Smith County, Texas (bedded salt)

Swisher County, Texas (bedded salt}

Davis Canyon, Utah (bedded salt)

8. Lavender Canyon, Utah {bedded salt)

9. Reference repository location) Hanford Site, Washington (basalt
flows).

A I R g W B L

*

The locations of these sites are shown in. Figure 1.
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Figure 1. Potentially acceptable sites for the first repository.



After identifying thege potentially acceptable sites, the DOE published
draft General Cuideli..es for the Recommendation of Sites for Nuclear Waste
Repositories (the gui<elines) in accordance with the Act. The draft
guidelines were revised in response to extenslve comments and received the
concurrence of the Nuslear Regulatory Commission (NRC) ir June 1984. Final
guidelines were published in December 19B4 as 10 CFR Part 9nD.

The Act requires the DOE to nominate at least five . (tes as suitable for
site characterization--a formal information-gathering pre. ess that will
include the sinking of one or more shafts at the site a‘d a series of
experiments and studies underground. The DOE must then r2commend not fewer
than three of those sl.es for characterlzation as candlds & sites for the
first repository. After site characterization 1s complet.d, one of the
chatacterized sites will be recommended for development as a repository.

The Act also requires the DOE to prepare environmental assessments {EAs)
tc serve as the basis for site-nomination decisiong. Thgse EAs cnntain the
following information and evaluations conglatent with the requirements of
Section 112 of the Act:

* A description of the decision process by which the site ie being
considered for nomination {EA chapters 1 and 2},

¢ A description of the aite and its surroundings (EA Chapter 3).

® An evaluation of the effects of site characterization activities on
public health and safety and the environment:and a discussion of
alternative activities that may be taken to .aveid. auch effécts
{EA Chapter &4).: : S C

L An assessment of the regional and local effects of- locatzng the
proposed repository at the aite (EA Ohapter 5).

® An evaluation ag to.whether the gite is suitable for. site
charactarlzatxon (EA Chaptar 6.

® An evaluation as to whether tbe site is suitable for deVelopment as a
repository (EA Chapter 6). o G

® A reasonable comparutxva evaluation of tho gite w1th other aitea that
have been congldered {EA Chapter 7). . :

This executive summary highlights the Iimportant information and
evaluations found in the .accompanying ‘EA. -Seckion 2:..0f ithis executive aummary
presente a summary of the decision process and findings . leading to the
nomination of the Yucoa Mountaln site.  Sections 3 through 7 summarize the.
results of evaluations contained:in corresponding chapters. in.the EA

8 0 O 0 3 O 4 3



2. DECISION PROCESS AND PRELIMINARY CONCLUSIONE

2.1 DECISION PROCESS

The guideline.: require the DOE to implement the f ‘lowing seven-part
evaluation and decision process for nominating and rec anending sites for
characterfizations

1. Evaluate th? potentially acceptable sites agni'st the disqualifying
conditions speclfied in the guidelines. .

2. Group ell potentially acceptable sites according to their
geohydrologic settings.

3. For those geohydrologic settings that contaln more than one
potentialiy acceptable gite, select the preferred site on the basilf
of a comparative evaluation of all potentially acceptable altes in
the setting.

4, Evaluate each preferred site within a geohydrologic setting and
decide whether such site 1z suitable for the develcopment of a
repository under the qualifying condltion of each applicable
guldeline,

5, Evaluate each preferred site within a geohydrologic setting and
decide whether such site is suitable for site characterization under
the qualifying condition of each applicable guideline.

6. Perform a reasonable comparative evaluation under each guideline of
the sites proposed for nomination.

7. Consider an order of preference of the nominated sites as recommended
sites and, on the basis of this order of preference, recommend not
fewer than three sites for characterization to the Pres1dent.

The DOE prepared a draft EA for each of the nine potent1a11y acceptable
sites to give all interested parties an opportunity to review the full
evaluation of all sites considered. In preparing the final EAs for the five
nominated sites, the DOE considered all comments that were received, as
documented in Appendix C.

With the isguance of the final EAs, the DOF will formally nominate five
sites as suitable for characterization. The Secretary of Energy will then
recommend not fewer than three of these sites to the President as candidate
sites for characterization. After the President approves the Secretary's
recommendation, characterization activities will begin at those sites. After
characterization is completed, the DOE will again evaluate each site against
the guidelines and, after completing an environmental impact statement, will
recommend one site to the President for the first repository. The President
may then recommend the site to Congress. At this point, the host State may
isgsue a notice of disapproval that can be overridden only by a jeint
resolution of both Houses of the U.S. Congress. If the notice of disapproval

e
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is not overridden, tce Presldent must submlt another repcsitory site
recommendation with :2 months, If no notice of disapproval is submitted, or
if Congress overrider the potice of disapproval, then the site designation is
effective, and the DUK will file an application with the YRC to obtain a
construction authorization for a repesitory at that aita.

2.2 PRELIMINARY FINDINGS AND DETERMLIV/ £ IONS

Summatiged below are the DOE's preliminary findihgs nd determinations
that apply to the Yuccu Mountain site,

2.2.1 EVALUATION AGAINST THE DISQUALIFYING CONDITIONS
The evidence does not support the disqualification of the Yucca Mountain

site under the guidelirnes} nor are any of the other eight potentially
acceptable sites found to be disqualified.

2.2.2 GROUPING OF BITES BY GEOHYDROLOGIC SETTING

The nine potentially acceptable sites are contained Hithin_fi#e distinct
geohydrologic settings as defined by the U.S. Geological.Survey...The sites
are grouped by the DOE's gechydrologic designations as followa:

Geohydrologic setting 5 fé

Columbia Plateau Reference repoéitory locetion,
Hanford Site, Washington

Great Basin o Yucca Mountain, Nevada

Permian Basin Deaf Smith County and Swisher
County, Texas

Paradox Basin _ . .Lavender¥Canyoﬁ.énd Davié
Canyon; Utah

Gulf Interior Region of Uacﬁerie Dome,.Louisiéﬁé;.
the Gulf Coastal Plain Cypress Creek Dome and Richton
Dome, Mississippi

The Yucca Mountain site is hydrclogically distinet from the other sites,
The proposed repository horizon at the site is in the unsaturated zome about
200 to 400 meters (656 to 1,300 feet) above the water table. The proposed
horizons at the other eight sites are all situated well below the water table.

g 00038 0045



2,2.3 SELECTION OV THE PREFERRED SITE IN THE GREAT BABIN

The Yucca Mou:tain site is the only potentially acceptable site
identified in the T"reat Basin, The process by which i; was identified as the
preferred site in that setting 1s described in Chapter 2 of the Yucca Mountain
EA.

2.2.,4 SUITABILITY OF THE YUCCA MOUNTAIN SITE FCR DE\V:iPOPMENT AS A REPOSITORY

Section 112(b) of the Act requires the DOE to evaluate the suitability of
a aite for development as a repository under each guideline that doee not
require wite characterization as a prerequisite for the application of such
guideline. The intent is to preclude the investment of money and effort in
sites khat could be disqualified under those guidelines for which substantial
information is avellable for site evaluationa. The guidelines that do not
require characterization address mainly those characte-istics of a site that
are related to the effects of a repository on publie health and safety, the
quality of the environment, and socioeconomic conditions during the operating
period; before the repogsitory is closed and gealed.

For a site to be sultable for repository development .uder each of those
guidelines that do not require site characterization, no disqualifying
conditions can be present, and each of the qualifying conditions must be met.
A final determination of sultability for repositury development cannot be made
until site characterization is complete. However, at this stage, the evidence
does not support a finding that the Yucca Mountaln site is disqualified.
Furthermore, the evidence dces not support a finding that the Yucca Mountain
gite is not likely to meet all the qualifying conditlons under those
guldelines that do not require site characterization,

2.2.5 SUITABILITY CF THE YUCCA MOUNTAIN SITE FOR CHARACTERIZATION -

To determine whethér a site 1a sultable for characterizatlon,'the DOR
must evaluate the site against all the guidelines, including those that
require site characterization. To judge that a site 1ls sultable, the DOE must
conclude that the evidence does ‘not support a finding that the site is not:
likely to meet all of the guidelines. The evaluations againet the guldelines
have led to a preliminary conclusion that the Yucca Hountain site is suitable
for characterism'.:it)ﬂ.'-E Lty g

I
[

2,2.6 DECISION ON NOHINATION

Having made the aboveé Efndinga, the DOE has decided to ndminate the Yucca
Mountain site ‘an sultable for thdracterization. The other potentially-
acceptable sitee selected for nomination are Davie Canyon, Utah; Deaf Smith,
Texaa; the reference repository locatlion at the Hanford site, Washington; and
the Richton dome, Mississippil.
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3. THE SITE

The Yucca Mourtain site is in Nye County, Nevada, on and adjacent to the
southwest portion ~f the Nevada Test Site, about 137 k.iometers (85 miles) by
alr northwest ot Lus Vegas (Figure 2). The Yucca Mountain sité 1a on three
adjacent parcela oi Federal laand, each under the separite control of the DOE,
the U.S. Alr Force, and the Bureau of Land Management.

Yucca Mountain 1s in the southern part of the Giwt Basin, a part of the
daain and Range Physiographic Province in which all s:rface waters drain into
closed basins rather than flowing into the ocean, As & own in Figure 3, the
rocks in thls province can be divided into four groups in order of decreasing
geologic age: (1) Precambrian cryatalline basement rocks; (2) Upper
Precambrian and Paleozolc sedimentary rocks that have been folded, faulted,
and uplifed to form large mountain ranges that eventua’ly eroded to a gentle
plain; (3) Tertiary tuffaceous volcanic material such g8 that which forims
Yucca Mountain; and (4) alluvium derived from the erocsfon of the surrounding
mountains. The tutfaceous rocks occur in layers at least 2,000 meters
(6,500 feet) thick.

Faulting and volcanism that produced the early features of the Basin and
Range Province took place concurrently approximately 10 to 40 million years
ago. In the vicinity of Yucca Mountain, tectonic activity has steadily
decreased over the last 10 million years. Minor volcanic activity has
continued during basin filling and, most recently, produced thin, areally
restricted flows and cones of basalti¢ material on Crater Flat, weat of Yueca
Mountain. Some faults in the vicinity of Yucca Mountain show evidence of
continued movement during the last 2 million years. Investigations to date
covering an 1,100 square-kilometer (425 square-mile) area around the site have
found thirty~two faulte that offset or fracture Quaternary deposits,
Quaternary faults have been divided into three broad age groups: 5 faults
last moved between 270,000 and 40,000 years ago; 4 other faults last moved
about 1 million years ago; and 23 faulta last moved probably between 2 millicn
and 1.2 million years ago. Recently available but unevaluated thermo-
luminescence dates may indicate on the order of 1 to 10 centimeters (2.54 to
25.4 inches) of fault displacement in eastern Crater Flat lesa than 6,000
years ago. Yucca Mountain and areas to the west and gouth have had a rela-
tively low level of aselsmicity throughout the historical record.

The hydroiogic system of the southern part of the Great Basin is
charecterized by low precipitation, deep water tables, and closed topographic
and ground-water basins that contain all surface-water flow within the
reglon. Ground water is recharged by the slow infiltration and percolation of
rain and surface water through intergranular pores and perhaps through
fractures in the rocks overlying the water table. At Yucca Mountain, most of
the annual precipitation of 150 millimeters (5.9l inches) is returned to the
atmosphere through evaporation and plant tranepiration before it can infil-.
trate deep enough to become percolation and finally ground-water recharge.
Only a small fraction (3 percent or less) of the annual precipitation reaches
the depth proposed for the repository.

At Yucca Mountaln, a repos;tory would be constructed in the unsaturated

zone 200 to 400 meters (656 to 1,300 feet) above the water table. The
movement of ground water in the unsaturated zone 1s typified by a very low

_?-.
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fiux of water movirg downward primarily through the intergranular pores of the
tuff layers., In tyre saturated zone below, water moves laterally through
fractures and por=. in both the tuffs and in the underiying carbonate-rock
aquifers.

Thers 18 no evidence that the Yucce Mountain site vontains any commercial-
ly attractive gootlermal, uranium, hydrocarbon, oll ghiale, or coal resources,
althougk low-grade uranium and geothermal resources ar found in the generai
area of the aite. Under foreseeable economic conditicns and in epite of the
many amall mining operations in the area, there is no prtential at the site
Jor extracting the limited mineral rescurces.

No perennial streams occur at or near Yucca Mountuain. The only reliable
sources of surface water are springs in Oasis Valley, Amargosa Desert, and
Death Valley. Rapid run~off during heavy precipitation fills the normally dry
washes for brief periods of time. Local flooding can occur where the water
exceeds the capacity of the channels. The terminal playas may contain stand-
ing water for days or weeks after severe storms.

The climate at Yucca Mountain is characterized by high solar insolation,
limited precipitatlion, low relative humidity, and large diurnal temperature
ranges. Meteorological data have been collected at the Nevada Test Site since
1956. Average monthly temperatures at Yucca Flat vary from 1.8°C (35.3°F) to
24.8°C (76.6°F); Yucca Mountain is expected to have glightly lower temperav
tures. . et e

No site-specific information about air quality is avallable for the Yucca
Mountain site. However, data from similar remote desert areas suggest. that
the ambient air quality at Yucca Mountain probably surpasses the National
Ambient Air Quality Standards. Suspended particulates are probably the most
important scurce of air pollution at Yucca Mountain. o

No plant or animal on the Nevada Test Site or in the proposed repositary
area is currently listed, nor 1is one an official candidete for listing, under
the Endangered Specles Act of 1973. Therefore, there are no areas designated
@8 critical habitats in the repository area. The Mojave fishhook cactus
(Sclerocactus polyancistrus) and the desert tortolse (Gopherus agasaizii),
both of which occur in the repository area, are under considaration for '
Federal protection as endangered species. The desert tortolse is a State-
protected specles. .

Literature revlews and field surveys of the archaeolpgical, cultural, and
historical resources of Yucca Mountain and its vicinity have led to the Tdenti-
fication of 178 prehistoric aboriginal sites. These sites are evidence that
the area of Yucca Mountain was used by small and highly mobile 3roups or bands
of aboriginal hunter-gatherars. :

Social and economic impacts are expected to occur in areas where reposi-
tory-related expenditures would be made and where the inmigrating repository-
related work force would reside. Historical settlement patterns of workers at
the Nevada Test Site {NTS)}, located in Nye County, provide a reasonable indica-
tion of where repository workers and their families would settle. Data on
recent settlement patterns of these workers indicate that most (96 percent) of
the repository-related population would likely aettle in Nye and Clark

=10~
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counties. Therefsre, the areas expected to experience sociceconomic effects
consist of Nye Comty, where the site 1is located, and nelghboring Clark County.

Nye County 1w largely rural, with a population drnsity of. 0.5 parson per
square mile. The three unincorporated towns in southnvn Nye County closest to
the proposed site are Amargosa Valley, Beatty, and Pahrump. The total popula-
tion of Nye Count~ in 1980 was 9,048,

The 1980 population of Clark County was 463,087, with a density of 38.8
persona per sguare mlile., Approxlimately 96 percent ¢ this population resides
in the Las Vegas valley. Incorporated citles in the 7as Vegas valley include
Henderson, Las Vegas, and North lLas Vegas. Unincorpor.ted towns and
communities in the Las Vegas valley are East ‘Las Vegas, Enterprige, Grandview,
Lone Mountain, Paradise, Spring Valley, Sunrise Manor. and Winchester.

4. EFFECTS OF SITE CHARACTERIZATION

To obtain the information nacessary for evaluating the suitability of the
Yucca Mountain site for e repository, the DOE will conduct a site character-
ization program of underground testing. To carry out this program, the DOE
will construct two shafts {one shaft for exploration and one for emergency
egress)}, excavate drifts at the proposed rdpository depth, dnd construct:
aupport structures on the gurface., In addition to the tests performed under-
ground and in the exploratory shaft, geologlc field studies will be conducted
to characterize underground conditions. This 3ite characterization program
will require the clearing of about 285 hectares (705 acres} of .land.

Concurrent with geologlc pite characterization activities, the DOE will
study the environment of the site and its vicinity, including weather condi-
tions, air quality, noige, plant and animal communities, and archaeological
and cultural resources. Social and sconomic conditions will also be investi-~
gated in the area expected to be affected by the repository,

The eite characterization program will last several years., At the end of
this periad, if the site is found to be unsuitable for a repository, the
exploratory shaft facllity would be either decommissioned or preserved for
other uses. Decommigssiloning could include the backfilling and sealing of the
underground openinzgs and shafte, and restoration of the surface area.

Site characterization activities are expected to result in minimal local-
ized environmental effects on geologic and hydrologic conditions; lend usey’
surface soils; ecosystems; air quality; nolse levels; aesthetic quality; and
cultural, historical, and archaeological resources., However, some poténtially
adverse effects that would result from glte characterization have been identi-
fied. : '

One adverse impact of site characterization would be the effects on
wildlife populations resulting from the removal of wildlife habitat. Approxi-
mately 2B5 hectares {705 acres) of habitat would be disturbed by drill pads,
roads, utility lines, trencheg, seismic linee, off~road driving, and construc-
tion. Wildlife in the surrounding areas could alao be disturbed by human
presenca and activity. In addition, some roadkills are expected. Measurea
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will be taken to mitigate adverse effects. For example; sensiftive areas, such
ag habitats for th» Mojave fishhook cactus, could be avolded. Reclamation of
the disturbed lancs would be undertaken, However, berause the site and its
immediaie surrouncings do not support any ecologlically unique communities and
because the area to be cleared is small compared to tiw tens of thousands of
acres of relativet!y undisturbed desert surrounding Yucca Mountain, the sco-
logical effectu or a regional level will be minimal.

Adverse effects on air quallty may result from tso particulate and
gaseous emisaions from conatruction and operation of bne exploratory shaft and
concomitant site characterizatlon activities. Becau:e Yucca Mountain is in an
areag where the existing air quality is considered to b better than State and
Federal ambient air-quality standards, site characterization would be subject
to regulations designed to prevent a significant deterioration of the ambient
alir quality.

The effect of noige is ewpected to be insignificant on & regional level.
Analyses indicate that wildlife may be affected within 0.6 kilometer
(0.4 mile) of the exploratory shaft construction site ind within 1.5 kilo-
meters (1 mile) of a surface blast site. No wildlife impacts are expected
from underground blasting or from operation of the exploratory shaft facil-
ity, The potential effects of noise on wildllfe ls speculative and based on
laboratory experiments. Residents of the nearest town (Amargosa Valley) are
not expected tq be adversely affected by noise produced by site characteri-
zation activities.

Becauge of site~characterization activities and increased human activi-
ties in the area, thare is a potential for unauthorized nonscientific exca-
vation of archaeological sites or the collection of artifacts. To mitigate
this effect, senaitive sites will be identified in cultural-~resource surveys
and avoided or protected where possible. An archaeclogist will supervise the
collection of artifacts in the areas directly affected by site-characteri-
zation activities and where sites cannot be avoided or adequately protected.
Four significant sites have been identified. BSystematic collectlons of the
cultural remains at the sites have been completed to mitigate the potential
adverge Impact of site characterization,

The social and economic impacts of site characterization are expected to
be smell and insignificant. Some social effects may result from an increase
in public awareness of the reposltory project, Selection of Yucca Mountain
for site characterization could induce changes in social organization
associated with the formation of support aud opposition groups, disputes
within existing groups, and focusing of attention on repository-related issues.

A potentially significant fiscal effect of recommending Yucra Mountain
for site characterization would be an increase in the State and: lqcal
participation in planning activities. However, the Act explicitly recognizes
the fiscal implications of State partlcipation and provides a mechanism for
financial assistanca. - :
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5. RESTUNAL AND LOCAL LFFECTS OF REPOSITORY DEVELOPMENT

To determine tl.g effects of developing a two-stage repository at Yucca
Mountain, three periads of repository development were examined: (1) com-
struction, (2} operstions, and {3) decommissioning and riosure.

All of the Stag: 1 and a portlon of the Stage 2 facilities would be
constructed and som of the subsurface facilities would e excavated during
the first 4.3 years of the 7-year construction pariod. ‘'he Stage 2 facilities
would be completed in the last 3 years of the construc' ion period, which would
overlap with the first 3 years of the operations perioa. The opsrations
period, which would lsst for 50 years, would consist of rvo phases. Radio-
active waste would be received and emplaced during the 28-year emplacament
phase. The underground facilities and surrounding environment would be
monitored during this phase. The 22-year caretaker phase would follow
completion cf waste-emplacement operations; the facilities, as well as the
surrounaing environment, would continue to be monitored, and the retrieva-
bility option would be maintained in compliance with NRC requirements (10 CFR
Part 60, 1983) for ensuring retrievability at any time up to 50 years afler
waste emplacement begins. If a decimion to retrieve the waate were made
during the caretaker phase, the lifetime of the project would be extended
approximately 30 years during which actual waste retrieval would be agcom-
plished. A decision to close and decommission the repository could be made at
any time during the caretaker phase. The decommissioning and closing of the
repository would last for an B-year period under the vertlcal-emplacement
alternative or a 3-year period under the horizontal-emplacement alternative.
During closure and decommissloning, shafts and boreholes would be closed and
sealed, land~use controls would be instituted, the surface facilities would be
decontaminated and de¢ommigaioned, and permanent markers or monuments would be
erected at the site to warn future generations about the presence of the
underground repository.

Both beneficial and adverse effects could result from development of a
repository at Yucca Mountain. Locating & repgsitory at Yucca Mountain is
expected to have minimal impact on the geolagic envirpnment, the hydrologic
environment, and land use. '

Possible adverse effects on ecosystems are greatest for the construction
period, and are a result of removing vegetation and increasing transportation
in the vicinity of the site. The primary ecological effect would be the
removal of approximately 680 hectares (1,680 acres) of vegetation, Clearing
this land is not expected to be ecologically significant because the affected
areas are very small compared to the gsurrounding undisturbed areas of similar
vegetation.

Indirect ecological effects of construction may also be caused by
combustion emissions, fugitive dust, sedimentation, and noise.

The potentially adverse effocts on ambient air quality would be due
largely to the particulates genevated by site clearing, construction
activities, traffic, and wind erosion., The projected concentrations of the
combustion emissions are not considered high enough to cause any significant
adverse effects to the plants and animals. in the veglon. However,. fugitive
dust deposition on the leaves of desert shrgRglcan increase the loss of leaves
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and the death of shrubby vegetation near disturbed areas. Mitigative
measures, such as wet.ing the surfaces of disturbed areas, can be used to
minimize fugitive dur:., Amblent levels of regulated pollutants are expzcted
to be below State and Federal standards for amblent air quality; however, a
more precise determirstion of alr-quallity effects and the wneasures that can be
taken to reduce them will be made during site characteriz:{fon.

Repository work:rs, who are protected by worker saf: y regulations, and
wildlife are the only sensitive nolse receptors 1n the —irinity of Yucca
MoLntain. The effects of noise on wildlife are speculat ive. No significant
noise effects are expected, but any impacts to wildlife «!nuld be limited to
the immedlate vicinity of the site during construction, ¥.-. Highway 95 during
trangportation of men and materials to the site, and in the vicinity of the
repository during operations. Noise from rail transport ~pould affect humans
at Indian Springs, Floyd R. Lamb State Park, and Mercury. No significant
impacts are expected in Amargosa Valley or Indian Springs from rcad traffic.

The construction and operation of the repository may lead to the physical
disturbance of archaeclogical sites and possibly the loss of data that are
crucial for interpreting these sites. Several mitigating measures would be
used to protect known sites where such impacts could occur; for example,
fenices could be erected around significant sites and & professional archae~
ologist could be employed to monltor construction within sensitive locations,

Transportation effects would result from increased commuter traffic and
the hauling of supplies and radioactive waste. Radiological risks would
result from the direct external radlation emitted by the radicactive waste as
a shipment is transported, Nonradlological risks are traffic accidents and
the health effects that result from the pollutants emitted by combustion
engines; they would occur regardless of the cargo carrled by the rallear or
truck. In general, both types of risk will vary with the distance traveled
and with the mode of transportation (road or rail),

Tranaportation accidents severe encugh to release radicactive materials
from a shipping container are extremely unlikely. On a national basis, the
radiological impacts assoclated with truck ghipment are much greater than
those for rail, and the use of a monitored retrievable storage (MRS) facility
would reduce the total radiological impact of transporting nuclear wastes,
especially if rail is used as a shipping mode between the waste generation
point and the MRS5. As in the case of national impacta, the radiological risk
on a regional basis from truck shipment 1s significantly greater than for rail
shipment, but the rigk of transporting nuclear wagte within the State of
Nevada is very low regardless of the mode of shipment or the use of an MRS
facilitry.

Certain nonradiological riaks are inherent in any large-scale transporta-
tion program, regardless of whether nuclear materials are involved or not.
Nonradiological effects include the potentlal induction of cancer by nonradio-
active pollutants emitted by the truck or train and the fatalities or injuries
.resulting from railcar or truck acclidents. On a national scale the results
follow the same general pattern as that of radiological impacts when waste is
shipped directly to the repository in that truck shipments represent a greater
rigk than do rail shipments. The difference in nonradiological risk between
shipping modes is significantly reduced if an MRS facility ls assumed. For
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the regional case involving no MRS, the total nonradiological risk is low; the
risk assoclated with “ruck shipments is greater than that for train shipments;
and the largest fraction of the risk for truck shipments 1s incurred along the
Interstate 15 southbimd route. If an MRS facllity is asnumed, the total
nonradiclogicel risk also is low and the risk associated with train shipment
is greater than that foi truck shipment.

Total national 1 isk is& a function of the number of . .ipments made and
whether an MRS facility is used in the waste-management grstem. In all cases
nonradiological futalities and injuries far exceed thost cuve to the
rauiological nature of the cargo. The four scenarios ar.: ranked according to
risk in the foliowing ranner, with the highest risk first:

1. Truck transport of spent Fuel to an MRS facility with a dedicated
train from the MRS facility to Yuccea Mountain,

2. Direct truck transport to Yucca Mountain.

3. Rail trenspoit of spent fuel to an MRS facility with a dedicated
train from the MRS facility to Yucca Mountain, : :

4. Direct rail tranasport to Yucca Mountain.

From a regional standpoint the safest scenario is direct transport from
origin to Yucca Mountain by rail. The higheast risk is asscclated with direct
transport of western fuel from origin to Yucca Mountain by truck with. eastern. -
fuel being transported from the MRS facility by dedicated rail. However, as
previously noted, all scenarlos produce extremely low risk within the State of
Nevada.

Access routes would be relatively sasy to construct at the Yucca Mountain
site and would traverae flat terrain, thereby reducing the risk of accidents.
Thege routes would also bypass local towns and communities, providing direct
accass to reglonal ard national transportation networks.

Total employment (direct plus indirect) induced by the project would
increase and decrease over time in relation to the size of the direet project
work force. Total annual employment would reach a peak of about 4,800 jobs in
1998, Near the end of the construction period in 1999, this number would
decline to about 4,150. The average level of total employment would be about
4,260 for the 25-year emplacement phase through 2024. Labor market impacts
would depend upon the local and reglonal availability of workers at various
phases of the project, particularly during the construction period {from 1993
through 2000) when direct work force requirements would reach their peak.
Labor market impacts could include immigration of workers having mining and
construction skllls and an inerease in wages and salaries to induce these
workers to relocate to the area. Peak annual direct and indirect wage
expenditures are expected to be between $95.37 and $110.084 million dollars
during the overlap of the construction and operations periods. Additional
revenues would recult from local repository-related purchases.

During peak employment in 1998, the project could cause a worst-case
population increase of about 16,100 over baseline projections for the bicounty
area, which is about 2 percent of the baseline bicounty popualation. If direct
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and indirect workers follow the settlement patterns of workers recently employ-
ed by the DOE and it: contractors at the Nevada Test Site, Clavk (ounty would
receive 83 percent of the maximum annual project-relatea population increase

or a maximum of about 13,940 people. Nye County, which would receive about 13
percent of the total, would experience a maximum influx o’ about 2,180 people.

Potential commuaity-service impacts would be mainly sn county-wide
cervice providers that are more likely to have the resoir ces for managing
growth than are the unincorporated tcwvns of Nye and Clari. counties. However,
available information on the current adequacy of commur ity services indicates
that repository-relatcd population growth in the sparse.y populated areas of
Nye and Clark counties could contribute to existing comm: (ty service supply
problems in some communities. These problems would be small in urban areas of
Clark County. The specific detalls of the effects on community services and
net government revenues are not certain at this timej however, the Act pro-
vides for mitigation asslatance where needed.

In Nye County, the maximuwn service requlrements increase over those pro-
jected for the future baseline would be about 5 percent in 1998. During most
of the project, service requlrements would be less than 4 percent higher than
the projected baseline. In Clark County, it is not expected that the require-
ments for increased services would exceed forecast baseline service levels by
more than 1.7 percent during the period of greatest impact, which is the com-
bined construction-operations period from 1998 to 2000. In other perlods; the
incremental service requirements assoclated with the repository in Clark
County would range from about 0.1 to 1.4 percent over those expacted due to. .
projected baseline growth.

6. EVALUATIONS OF SITE SUITABILITY

The DOE has evaluated the Yucca Mountain site to determine its suit-
ability as a candidate for site characterization. This evaluation was based
mainly on the giting guidelines, but it was also based in part on the expected
effects of site characterization and of repository development, ac. Bummarized
in the preceding sections. T

6.1 THE STRUCTURE OF THE GUIDELINES

The guidelines are divided into two .sets: postclosure (the period after
the repository is permanently closed) and preclosure {(the perlod of repository
siting, construction, operation, closure, and decommissioning). The post-—
closure and preclosure guidelines contain both technical and system guide-
lines. The technical guidelines address the specific characteristics of tha
gite that are considered to have a bearing on preclosure and postclosure
performance of the repository. The system guidelines address the expected
performance of the total system, including its engineered components} thelir
objective is to protect public health and safety and to preserve the quality
of the environment.
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The postclosure technical guldelines address the characteristics that
could affect the long-:erm ability of the site to isolate wgste frcm the
accessible environment . 1In particulsar they cover geohydrulogic conditions,
geochemical condition: . rock characteristica, climatic changes, erosion,
dissolution, tectonices, and human interference., The postn:ogure system
guldeline requires tbr gsite to contain and igolate waste Urom the accessible
environment in accordance with the standards and regulati.ag specifically
promulgated for repositories by the Environmental Protec: on Agency (EPA) and
the Nuclear Regulatory Commission (NRC). In order to arhi.eve the specified
level of contalument and isolation, the site must allow fur the use of engi-
neered barriers.

The preclosure guidelines are divided into three groups: (1) preclosure
radiological safety; (2) environment, socioeconomics, and trsnsportation; and
(3) the ease and cost of siting, construction, operation., and clpsure. A pre-
closure system guideline is specified for each of these groups. The associ-
ated technical guidelines address site suitability in terms of population
dengity and distribukion, site ownership and control, meteorology, cffsite
insgtallations and operations, environmental quality, socioceconomics, trans-
portation, surface characteristica, rock characteristice, hydrology, and
tectonics.

6.2 SBUMMARY OF SITE EVALUATIONS AGAINST THE POSTCLOBURE GUIDELINES

Featurea of the Yucca Mountain site that contribute to its long-term
ability to isolate waste from the accessible environment include (1) an uneat-
urated environment, (2) the probable occurrence of zeolite minerals along the
paths of ground-water flow to the accesslble environment, and (3) a low poten—
tial for human intrusion.

Ground-water flow is a mechanism by which radionuclides could travel from
the repository to the accessible environment after closure. The unsaturated
zone at Yucca Mountain is the most significant barrler to waste migration
because the amount of water available for corrosion of waste diaposal con-
talners and radionuclide transport is very limited in thie zZone. Furthermore,
the climate of the region is very arid. The present low fiux of water through
the unsaturated zone is not expected to change sufficlently to compromise
isolation over the next 10,000 years—~the time required for waate isolation.

The occurrence of zeolite minerals aleng probable flow patha to the
accessible environment provides a barrier to radionuclide migration because of
the radionuclide-sorption capacity of zeolites. The characteristice of the
probable flow paths, coupled with the characteristice of the unsaturated zone,
would substantially limit the movement of radionuclides,

No economic deposits of oil, gas, or mineral resources have been found at
the slte, and none are expected to be found. Thua, there ia very little
potential for inadvertent human interference to disrupt the isolation
capabilities of the Yuces Mountaln site.

A condition that may advercely affect the abillty of the natural barriers
at the site to isolate waste is the presence of oxidizing ground water. At
-17-
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Yucca Mountain, oxidiying ground water is present in the paturated ezone and is
expected in the unsat.rated zone. The presence of oxidixing watera 1e of
concern mainly becaus< it may increase corrosion rates of waste diaposal
containers and the soiubllity and mobilization of radlonu:lides. However,
because the repository would be in the unsaturated zone a:d thus have little
exposure to ground wa*er, the presence of oxidizing grouné water may not
gignificantly sffect :he lifetime of the container or th: movement of radio-
nuclides. In addition many contalner materials, when exj.sed to oxidizing
conditions, form protective coatings that would prolong tie lifetime of the
cor.tainer,

With respect to the possibility of disruptive events :hat would affect
repository perforiance, the Yucca Mountain pite is in a geologic setting where
earthquakes of greater magnitude than those recorded in iz geologlc getting
could occur. However, if thege evants do occur, they are aot expected to
affact the waste-isolation capabllities of the site, because such events are
not likely to altaer the natural chacracterlstics of the unsaturated zone, which
is the primary mechaniam for controlling radionuclide migration,

In order to meet the EPA standard for long~term waste containment and
isolation, the NRC requires that the waste package provide substantlally
complete containment of waste for a minimum of 300 yvears and that, after this
period of containment, the radionuclide-release rate not exceed one part in
100,000 per year of the inventory calculated to be present after 1,000 years.
The lifetime of waste packagea at the Yucca Mountain site is expected to be
more than 3,000 years. After the period of containment, the fractional rate
of radlonuclide releage from the engineered-barrier system is estimated to be
within the NRC regulatory limits. The average time of ground-water travel
from the disturbed zone to the accessible environment 1s conservatively
estimated to be 43,270 years. Preliminary assessments of engineered-barrier
performance based on realistic but conservative asaumptions indicate that the
EPA limit on the releaae rate to the accessible environment would be met at
the Yucca Mountain gite, :

© 6.3 SIMMARY DF SITE EUALUATIDNS AGAINST THE PRECLDSURE GUIDELINES

The evaluations: of the Yucca Mountain slte agalnst'the three groups of
preclosure guidelines aré ‘summarized below,

i

6.3.1 ‘RADIOLOGICAL - SAFETY:

Preliminary preclosure assesaments for the Yucca Mountain site indicate
that radicactivity releases would not exceed any of the appliecable radiation
standards during repository operation and closure. In addition the site was
evaluated against the four technical guidelines that addreas the radiological
impacts of repository operation: population density and diatribution, aite
ownership and contrel, meteorology, and the effects of operationa and
accidents at nearby installations.
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The Yucca Mountain site is on Federal lande remote from populated areas.
It is about 137 kiloreters (85 miles) by alr from the Las Vegas urhan area,
which is the nearest population center. The population denalty of Nye County
is only 0.5 person pear BEquare mile. As & result, it 1s unlikely that
radicactive releases irom the repository could affect larpwe numbers of people.

The weather conditlons at the gite are such that an atmospheric release
of radioactive matevial, should a release occur, 1s not - xpected to be
preferentially tiransported toward population centers. A/s80, there is little
probability of operational accidents from weather and ¢ :lier natural phencmena.

There is little potentisl for the disruption of repc.itory operations as
a result of accidents at the Nevada Teat Site. However, routine weapons
testing at the test site would temporarily disrupt operations at the
repository, because during auch teasting the repository workers would not be
allowed to enter the underground ares for safety reasons.

6.3.2 ENVIRONMENT, SOCIOECONOMICS, AND TRANSPORTATION

Three technical guidellnes address the environmental, aocioceconomic, and
transportation effegts of repository siting, construction, operation, closure,
and decommissioning. Thase effects, which would be both beneficial and
adverse, are summarized in sectiona &4 and 5 above. Preliminary analyses
indicate that there ara no significant adverge environmental impacts that
cannot be mitigated; the sociceconomic welfare of the publio can e preserved;
transport of wastes can be conducted in compliance with regulations; the
publie and the environment will be adequately protected from the hazarda posed
by radicactive waste disposal.

With respect to the system guideline on the environment, socioeconomilcs,
and trangportation, the evidence does not support a finding that the Yucca
Mountain site is not lLikely to meet the qualifying conditlon of protecting the
public and the environment from the potentlal hazards of waste disposal.

6.3.3 EASE AND COST OF SITING, CONSTRUCTION, OPERATION, AND CLOSURE

Four technical guldelines address the ease and cost of slting, construc-
tion, operation, and cleosure: surface characteristics, rock characteridtics,
hydrology, and tectonics. The characteristics of the tuff at Yucca Mountain
are favorable. For example, underground openings are expected to require
minimal support, such as light rock-bolting and wire mesh. There appears to
be no requirement for extensive maintenance to keep passageways open-to the
required dimensions. It is expected that excavated apenings would remain
stable enough to allow the retrieval of the waste, if necessary.

Information indicates that the current usable primary repository area at
the Yucca Mountain site offers limited lateral flexibility and adequate
vertical flexibility for designing and constructing the repository.
Additional area is available and can be added to the usable area during site
characterization. The predicted peak seismicity of the site is within the
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range that allows the use of reasonably avallable technolugy for design of
surface and undergrourd reposiltory facilities,

These preliminary evaluations indicate that the repository can be
constructed and operai>d with reasonably avallable techno.ogy and that the
cogts would be comparsble to the costs of conatruction a repository at the
other potentially acui.ptable sites, Therefore, there is nn evidence to
support a finding thar the site 1s not likely to meet the yualifying condition
of the system guideline on the ease and cost of siting, ccastruction,
operation, and clesure,

7. COMPARATIVE EVALUATION OF NOMINATED SITES

7.1 PURPOSE AND REQUIREMENTS

Chapter 7 presents a comparative evaluation of the five sites nominated
as suitable for site characterization: Davia Canyon, Deaf Smith County,
Hanford, Richton Dome, and Yucca Mountain, Each site 1a a preferred site
within a geohydrologic setting: Davis Canyon is in the bedded salt of the
Paradox Basin in Utahj Deaf Smith County is in the bedded salt of the Permian
Basin in Texas; Hanford is in basalt in the Columbia Plateau in Washingtonj
Richton is a salt dome in Miseissippi; and Yucce Mountain is in tuff in the
Southern Great Basin in Nevada.

The purpose of this chapter is to present a comparative evaluation of the
nominated sites in order to satisfy the Eollowing:

l. Section 112{(b)(1){E)(iv) of the Nuclear Waste Policy Act of 1982,
which requires that a 'reasonable comparative evaluation” be included
in the environmental assegsments that accompany site nomination, and

2. Section 960.3-2-2-3 of the DOE's siting guidelines (10 CFR Part 960),
which requires that a reasonable comparative evaluation be made and
that a summary of evaluations with respect to the qualifying
condition for each guideline be provided to "allow comparisons to be
made among sites on the bagis of each guideline."

This comparative evaluation is intended to allow the reader to compare
the more detailed suitability evaluations of the individual sites that are
pregsented in Chapter 6 of each environmental assessment. The comparison
should asgist the reader in understanding the basis for the nomination of five
sites as suitable for characterization [112(b){1)(A)]; it is not intended to
directly support the subsequent recommendation of three sitesg for
characterization as candidate sgites.

7.2 APPROACH AND ORGANIZATION

This comparative evaluation of the five nominated gites is based on. the
postclosure and preclosure guidelines (10 CFR Part 960, Subparts B and C,
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respectively). The evsluation presented in this chapter inciudes the system
guldelines and the tec'mical guidelines. The approach used to compare the
sites with respect to c<ach system and technical guideline in summarized below.

7.2.1 TECHNICAL GUID{ LINES

Major considerations that could be used to compare th: sites on the basis
of thne qualifying condition of each technical guideline ' s derived by
identifying the favorable, potentially adverse, and disqua’ ifying conditions
that deal with the same general topic. Contributing factois that represent
the characteristic: of the site that are potentially important in evaluating
the sites with respect to each major consideration were alszo identified. The
relative importance of the major considerations was determined primarily by
the degree to which they contribute to the qualifying conditionj that is, the
stronger the tie between the consideration and the qualifying condition, the
greater the importance of the consideration.

The purpose of identifying major considerations for each guidelinea is to
combine closely related site conditions so that the balance of the favorable
and potentially adverse conditions can be conasidered directly. Moat
guidelines that contain a disqualifying condition have one or more potentially
adverse conditions that relate to the disqualifying condition. Since these
potentlally adverse conditions are considered in the formulstion of a major
consideration, the important aspects of the disqualifying conditions
indirectly enter the comparative svaluation. Where a major consideration that
is needed tc evaluate the qualifying condition does not have a related
favorable or potentially adverse condition, the conaideration is derived
directly from the qualifying or disqualifying condition,

The comparative evaluation of the sites with respect to each guideline,
using the approach described above, 1l summarized in Sectlons 7.2 and 7.3 for
the postclosure and preclosure guldelines, respectively.* These sectiomns are
organized in the following manner:

1. For each guideline, the major consideration(s) and associated
contributing factors are idenlified.

2. The evaluation of each site on the basis of each major consideration
is then summarized, The evaluation of each site with reapect to each
major consideration is presented in alphabetical order, by site,

3. The sites are then compared on the bagis of the qualifying
condition. This comparative evaluation describea the sites with the

*Since the comparative evaluations in Section 7.2 and 7.3 are already a
summary of information in Chapter 6, this executive summary does not attempt
toe further abstract the substance of the comparative evaluation. The DOE
believes that a further synopsis of Section 7.2 and 7.3 for the purpose of
this executive summary would distort the information and possibly mislead the
reader.
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most favorable comblnacion of characteristics first and those with a less
favorable combination - f characteristics last in order to allow easier
comparison of the suitebility evaluation of the aite presernted in Chapter 6
with sites having oths2r combinations of characteristics.

7.2,2 GSYSTEM GUIDELIMES

The comparison of sites on the basis of the individi.a.. technical
guidelines uses the majnr considerations to incorporate 1w favorable and
potentially adverse concitions in an evaluation of a site'. standing on the
qualifying conditions for each technical guideline, It is .ot appropriate,
however, to use this appreach for a comparative evaluation of sites on the
basis of the system guidelines. The qualifying conditions for the syatem
guidelines do not lend themsalvea to the identification of major
considerations in the way that the qualifying conditions for the technical
guidelines do. The a7stem guidelines for postclosure repository performance
and preclosure radiclogical asasfety are stated in terms of regulatory
requirements of the NRC and EPA. The evaluations of these two system
guidelines are Dbased on preliminary performance assessments that consider the
associated technical guidelines as the elements of the system. These
evaluations are gummarized directly from Sections 6.3.2 and 6.2.2.1 of each
environmental assessment,

The system guidelines for envirpnment, socioeconomics, and
transportation, and for ease and cost of repository comgtruction, operatiun,
and closure are not stated as regulatory standards, and they cannot be .
evaluated by a performance assessment am are the other two eystem guidelinea.
Instead, they are evaluated by considering the individual guidelines that make
up these two system guldelines collectively to determine whether each site
meets the qualifying condition of the relevant system.guidelinea. The
evaluation of these system guidelines is summarized from Section 6.2.2.2 and
6.3.4, in each environmental assessment.
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Chapter 1

PROCESS ¥OR SELECTING SITES FOR GEOLOGIC REPOSITORIES

1.1 INTRODUCTION

By the end of this century, the United States plans tc begin the opera-
tion of a geologic repository for the permanent disposal f commercial spent
nuclear fuel and high—le&al radioactive waste,* Public Lusv 97425, the
Nuclear Waste Policy Act of 1982 (the Act}, speclifies the p:ocess for se-
lecting a reposito:y site and assigns to the U,S. Department of Energy {DOE)
the responsibility for siting, constructing, operating, clasing, end decommig-
sioning the repository.

A number of alternative methods for disposing of spent nuclear fuel and
high-level radioartive waste have been studied during the past 10 years (DOE,
1980a; EPA, 1979; Interagency Review Group, 1979; Schueider and Platt, 1974).
After an extensive evaluation of these alternatives, as documented in the
final environmental impact statement on the management of commercially gener-
ated radioactive waste (DOE, 1980a}, the DOE chose disposal in mined geologic
repositories as the preferred method and Aocumented this decision in a notice
published in the Federal Register (Vol. &6, p. 2667, May l4, 1981). Congress
endorsed this preference by declaring that one of the key purposes of the Act
is "to establish a schedule for the siting, construction, and operation of
repcsitories that will provide reasonable assurance that the public and the
environment will be adequately protected from the hazarde posed by high-level
radicactive waste and such apent nuclear fuel as may be disposed of In a
repository' {Section 111(b)(1)).

1.1.1 THE GEOLOGIC REPOSITORY CONCEPT

A geologle repository will be developed much like a large mine. Shafts
will be constructed to allow for the remgval of excavated material and to per-
mit the construction of tunnels and disposal rooms at depths between 1,000 and
4,000 feet underground. Other ghafts will be constructed to allow for the
transfer of waste. Surface facilities will be provided for receiving and

*H{igh-level radiocactive waste means (1) the highly radicactive material
resulting from the reprocessing of spent nuclear fuel, including liquid waste
produced directly in reprocessing and any solid material derived from such
liquid waste that contains fission products in sufficient concentrations, and
(2) other highly radicactive material that the U.S. Nuclear Regulatory Commis-
sion (NRC), consistent with exiating law, determines by rule requires perma-
nent isclation. The terms "radioactive waste" and "waste” are used for both
spent fuel and high-level radiocactive waste. :
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preparing the waste frr emplacement underground. The surface and underground
facilities will occupv about 400 and 2,000 acres of land, respectively. When
the repository has ban filled to capacity and 1ts performance has been shown
to be satisfactory, t~e surface facilities will be decommissioned and all
shafts and boreholes will be backfilled and permanently saaled. A more
detailed description of a conceptual design for a reposit:cy is presented in
Section 5.1.

A repository can be viewed as a system of multiple L rriers, both natural
and engineered, that act together to contain and safely 1:>late the waste.
The engineered harriers will include the waste package, :l't underground facil-
ity, and shaft and tunnel backfill materials, The waate j~ckage will consist
of the waste form, either spent nuclear fuel or solidifieca high-lavel waste,
a metal container, and specially designed backfill material to separate the
waste container from the heost rock. The weste package wiil contribute to
long-term isclation by delaying eventusl contact between the waste and the
geologic environmant. The undarground facility will consist of underground
openings and backfill materials not assoclated with the waste package. Thase
barriers will further limilt any ground-water circulation around the waste
packages and impede the subsequent tranaport of radionuclides into the
environment.

The geologlc, hydrologic, and geochemical teatures of the site constitute
natural barriers to the long-term movement of radionuclides to the accessible
environment. These natural barriers will provide waste isclation by impeding
radionuclide traunsport through the ground-water system to the accesslble
enviranment and will possess characteristies that will reduce the potential
for human interference in the future,

Although the DOE plans to use engineered barriers~-as required by both
the Nuclear Regulatory Commigsion (NRC} in 10 CFR Part 60 and the Environ~
mental Protection Agency {EPA)} in 40 CFR Part 191—-the DOE places primary
reliance on the natural barriers for waste isolation. Therefore, in evalu-
ating the sultability of sitee, the uge of an engineered-barrier system will
be coneldered to the extent necessary to meet the performance requirements
specified by the NRC and the. EPA but will not be relied on to compensate for
deficiencies in the natural barriers, .

1.1.,2 THE NUCLEAR WASTE POLICY ACT OF 1982

The search for suitable repository sites has been under way for about 10
years, although preliminary screening began in the mid-1950s. With the pas~
sage of the Act, a specific process for siting and licensing repositories was
established, Through provigions for consultation and cooperation ae well as
financial asslstance, the Act also established a prominent role in the eiting
process for potential host States, affected Indian Tribes, and the publiec. To
pay the coats of geologic disposal, the Act provides for a Nuclear ‘Waste Fund
through which commercial electric utility companies are charged a fee that is
based on the amount of elegtricity they produce in nuclear power plants. The
DOE's strategy for implementing the Act is discussed in detall in the Mission
Plan for the Civilian Radicactive Waste Management Program (DOE, 1985).

1-2
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In February 1983, the DOE carried out the first requirement of the Act by
formally identifying potentially acceptable sites in the following locations
{the host rock of ea'h gite is shown in parentheses):

Vacherie Doie, Louisiana (salt dome)

Cypress Creck Dome, Mississippi (salt dome)

Richton Dor+, Mississippi (salt dome)

Yucca Mountain, Nevada (welded tuff)

Deaf Smith County, Texas (bedded salt)

Swigher County, Texas {bedded salt)

Davis Canyon, Ytah {bedded salt)

Lavender Canyon, Utah {bedded salt)

Reference repository location, Hanford Site, Washington {basalt flows)

-

-

0D L P L B

+

The location of these egites in thefr host States is shown in Figure l-1.%

The Act further requires the DOE to issue general guidelines to be used
in determining the suitability of sites. 1In February 1983, the DOE published
draft General Guidelines for the Recommendation of Sites Jor Nuclear Waste
Repositories (DOE, 1983). The DOE revised the guidelines after receiving
extensive comments from the NRC, the States, Indian Tribes, other Federal
agencies, and the public. The NRC concurred with the revised guidelines in
June 1984, and the final guldelines were promulgated in December 1984
(DOE, 19B4a}.

The Act requires that, after the guidelines are issued, the DOE nominate
at least five gites as sultable for site characterization., The DOE must then
recommend not fewer than three of those sites for characterization as candi-
date sites for the first repository. During aite characterization, the DOE
will construct exploratory.shafts for underground teating to determine whether
grologic conditions will allicw the constructicon of a repository that will
safely isolate radioactive waste, The Act requires the DOE to prepare site-
characterization plans for review by the NRC, States, Indlan Tribes, and the
public. After site characterization and an environmental impact statement are
cowmpleted, the DOE will recommend ¢ne of the characterized sites for develop-
ment as the first repository.

1;1.3 THE ENVIRONMENTAL ASSESSMENT

The Act requires the DOE to prepare environmental assessments to serve as
the basis for site nominations. Although not required by the Act, draft
environmental assessments were prepared for each of the nine potentially
acceptable sites and issued for comment by the NRC and cther Federal agencies,
the States, affected Indian Tribes, and the public, The DOE has comnsidered
the comments received on these drafts before making final decisions about

*In Texas, the DOE first identified two locations that were up to 300
square miles in areca. These were subsequently narrowed to 9 square miles.
The other potentially acceptable sites identified in February 1983 were on the
order of tens of square miles.

1-3

807308 0065



CLIADA

P .
- ———
NPRISRI
o —

Lok ORASC

e first repository:

Figure 1-1. voﬂmq&wf monmoﬁm!m sites for th



nomination and recommuendation. The 1ssues ralsed by the comments and the
DOE's responses are p.esented in Appendix C.

The final envirunmental assessments contain the folipwing kinds of infor-
mation and evaluations to meet the requirements of Sectics 112 of the
Act:

e A descriptior of the decision process by which t!.: gite being consid-
ered for nomination was selected {Chapter 2).

® A description of the site and its surroundings (lhapter 3).

¢ An evaluation of the effects of site characterization on the health
and safety of the public and the environment as well as a discussion
of alternative activities that may be taken to avoid such impacts
{Chapter 4),

® An assessment of the regional and local impacts of locating the pro—
posed repository at the site (Chapter 5). : :

® An evaluation as to whether the site is suitable for site characteri-
zation (Chapter 6).

¢ An evaluation as: tp whether the site 1s suitable for developnmnt a8 a
repoaitory (Chapter 6). :

¢ A reasonable comparative evaluation of the five nomlnated sites
{(Chapter 7},

1.2 SUMMARY OF THE OVERALL DECISION PROCESS

In aceking sites for geologic repositories, the DOE divides the alting
process into th~ following phases: (1) screening, (2) site nomination,  (3)
recommendation for characterization, {4} site characterization, and (5) site
selection (recommendation for development as a repository). This section
describes the site--screening process that led to the identificatiop of the
nine potentially acceptable sites listed in Section 1.1 and reviews how the
process of site nomination is implemented under the guidelines.

1.2.1 SITE SCREENING o : o

During the screening phase, the DOE identified potentially acceptable
sites for characterization. This phase provided the information needed for
judging which of these sites appear to justify the investment in character-
i~ing them. Sereening consisted of as many as four stages, each of which. pro+-
gressively narrowed the study area to a smaller land unit. Theae stages.were
as follows: C

1. & survey of the nation or geologic provinces, narrowing to regloms.
Regions are generally smaller than provinces but may extend across
several States and occupy tens of thousands of square miles.
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2. A survey of tl'e regions, narrowing to areas, which encowpags hundreds
to thousands c. square miles. For the salt sites, the regicnal
screening phar: was completed with the publicatior of regional char-
acterization 2:ports and area-recommendation reporis.

3. A survey of the areas, narrowlng to locations, wh.:h usually occupy
an area smallcr than 100 square miles. This phas.: +as completed with
the publication of location-recommendation report ' tor bedded salt
and site~recommendation reports for salt domes.

4, A survey of the locations, narrowing to sites, w:ich are generally
smaller than 1( square miles. Although a locatlc: may be large
enough to contain several sltes, only one or two p-tential sites were
usually identified in a particular location.

During each screening phase for the first repository, the DOE identified
as many potentially suitable land units as were judged to ke necessary for an
adequate sample to be studied in the next stage. Only the regions and areas
believed most likely to contain sultable sites received further study; the
evaluation of all others was deferred.

Data for comparing regions, areas, and locations became increasingly
detailed as progressively smaller land unite were consldered and as explora-
tion and teating were concentrated on them. National, province, and regional
surveys were based on the distribution of potential host rocks, published geo-
logic maps, maps of earthquake epicenters, land use, avallable geohydrologlc
information, and other information available in the ovpen literature. Area and
location surveys required more-thorough investigations that included field
exploration and testing and drilling of boreholes to investigate subsurface
hydrologic, stratigraphic, and geochemical conditions. The field studies were
supported by laboratory studies that focused on the waste-isolation and the
engineering characteristics of potential heet rocks.

The bedded-salt sites under coneideration in Texas and Utah were identi-
fied by the general siting process desecribed above, beginning with national
surveys and progressively narrowing to areas, lccations, and sites. The salt
domes were selected by & screening that began with more than 200 domes and:
ended with the one site being nominated.

The screening of sites in basalt and tuff was inlitiated when the DOE
began to search for suitable repository sites on some Federal lands where
radioactive materials were already present, This approach was recommended by
the Comptroller General of the United States (1979). Although land use waa
the beginning basis for this screening of Federal lands, the subsaquent pro-
gression to smaller land units was based primarily on evaluations of geologic
and hydrclogic suitability. These studies began at roughly the area stage.

The technical factors used toc guide site-screening decisions have evolved
throughout the screening phase and are specified in a number of published
documents (Brunton and McClain, 1977; DOE, 19813 DOE, 1982a3; International
Atomic Energy Agency, 1977; NAS-NRC, 1978).
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The sections that follow summarize how the DOE applied the scresning pro-
cess outlined above to determine that the nine gites listed in Section 1.1,2
are potentially accept.ble. Section 2.2 of each environmuntal asseasyment dias-
cusses in deteail how tie DOE conducted asite screening in specific genhydro~
logiec settings.

1.2.2 SALT SITES

Salt was first recommended as a potentially auitabl o8t rock for waate
disposal in 1955, after the National Academy of Sclences-F'tional Research
Council evaluated many opticns (NAS~-NRC, 1957}, This recormendation was re-
affirmed in subsequent reports (e.g., American Physical Soclety, 19783
NAS-NRC, 1970}. Rock salt, which occure Loth as bedded a:lt and in salt
domes, has several characteristics that are favorable for isclating radio-
active waste, including the following:

¢ 3Salt deposits that are sufficiently deep, thick, und laterally exten-~
sive to accommodate a repository are widespread in the United States
and generally occur 1ln areas of low seismic and tectonic activity.

¢ Many palt bodies have remained undisturbed and water~free in compar-
ison with othet rock types for tens of millions Lo several hundréd
millicn years.

¢ DBecause of itg high thermal conductivity, rock salt can dissipate the
heat that will be generated by the waste.

¢ Since salt is relatively plastic'under high confining pressure, the
fractures that might develop at repository depth would ‘tend to close
and seal themselves. :

¢ Rock salt undergoes -only minor, highly local change as & result of
exposure to radiatiom.

¢ Rock salt has excellent radiation-shielding properties,

Screening of the entire Unlted States in the 19608 and 1970s resulted in
the identification of four large regions that are underlain by rock salt of
sufficient depth and thickneas to accommodate a repository and represent
diverse geohydrologic conditions {(Johnson and Gonzales, 1978; Pierce and Rich,
1962). The four regions are as follows:

# Dedded salt in the Michigan and the Appalachian Basins of southern
Michigan, northeastern Ohio, western Pennsylvania, and western New
York (also called the "Saline Basin').

® Salt domes within a large part of the Gulf Coastal Plain in Texas,
Louisiana, and Mississippi.

¢ Bedded salt in the Permian Basin of southwestern Kangas, western
Oklahoma, northweatern Texaa, and eastern New Mexlco.
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* Bedded salt in the Paradox Basin of asoutheastern Utah, southwestern
Colorado, and orthernmost Arizona and New Mexico.

This screening st the national level served as the basis for all sub-
sequent screening in enlt. After proceeding te the area phase, further
screening of the salt deposits In the Salina Basin was def:srred. The studies
of the Salins region .ere not specific enough to judge th:t any part of the
reglon was sultable ¢« unsuitable for a repository. They did reveal a number
of unfavorable choaracteristics, including a high populati n density associated
with the concentration of urban areas in Ohio, Michigan. ¢ad New York, and an
abundance of natural resources, eapeclally oil and gas. ! view of these
unfavorable conditions, the DOE decided to concentrate i.r siting efforts on
more--promiging arnas in the remaining three regionas,

1.2.2.1 Salt domes in the Gulf Coast salt-dome basin of Mississippi and
Louisiana

There are more than 500 salt domes in the Gulf Coaei salt-dome basin of
Texas, Louilsiana, Missisaippl, and areaa offshore from these Jtates. An
initial screening by the U.S. Geological Survey (USGS) eliminated all offshore
domes because siting & repositary under water would probably not be feasible.
The application of this criterion eliminated about half the domes.. The USGS
also evaluated the remaining 263 onshore domes {i.e., Gulf interior domes) and
identified 36 as being potentially acceptable for a repository and another 89
that were worthy of further atudy (Anderson et al., 1973). The USGS screening
factors were the depth to the top of the dome and present use for gas storage
or hydrocarbon production,

The DOE and its predecessor. agencles conducted regional studies of the
125 salt domes identified in the above-mentioned USGS screening. All but 11
of the domes were eliminated on the basis of three screening factors: the
depth to the salt, the lateral extent of the dome, and the hiatory of use for
hydrocarbon production or storage (NUS, 1978:; BNI and LETCO, 1980), Three of
the 11 domes were removed from consideration on the basis of environmental
factors, and a fourth was eliminated because sclution mining at the site con-
tributed to a collapse of strata above the dome.

1

Area-characterization studles were completed for the seven remaining dome .
areas: Rsyburn‘s and Vacherie Domes in Louisianaj Cypress: Creek, lLampton, and
Richton Domes in Miseissippl; and Keechi and Oakwood Domes in Texas. The geo-~
logie field work conducted during this phase included the drilling of deep
holes to collect rock cores from the aquifers and other strata for laboratory
tests of their properties and geophysical surveys to determine the underlying
rock structures. The area environmental studles included deseriptions of the
plant and animal communities, surface- and ground-water systems, weather
conditions, land use, and socioeconomic characteristiecs. An evaluation of the
seven domes on the bagis of the DOE's criteria is summarized in a location-
recommendation report (ONWI, 1982a).

In the area-charpcterization studies, the DOE chose & repository-size
criterion that was more restrictive than the one used in earlier screening
studies. The application of this stricter criterion resulted in the
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eliminatiocn of Keechi, Rayburn's, and Lampton Domes (ONWI, 1982a), Thus, at
the conclusion of aree oharacterlzation, the Vacherie, Rickton, Oakwood, And
Cyprese Creek Domes were recommended for further screening, After further
review of the area--characterization studies, the Oakwood linine wag deferred
from further considerncion because of uncertalnties ralsen by large-scale
petroleum exploration.

In accovdance wi:h the Act, the DOE identified the C:-yress Creek,
Richton, and Vacherie Domes as potentlally acceptable sites in February 1983,

1.2,.2.2 Bedded gult in Davls Canyon and Lavender Canyon, Utah

Screening criteria were developed for the bedded salt of the Paradox
Basin, which the USGS had identified as worthy of further lovestigation
(Pierce and Rich, 1962). The following factors were applied to ldentify areas
for further investigation (Brunton and McClain, 19773 DOE, 1981): the depth
to, and the thickness of, the galt; mapped faults; surfacc igneous features;
hydrocarbon and mineral resources, and potentlgl for flooding. The results of
this screening were integrated with the results of screening for environmental
and socioesconomic factors, such as proximity to urban areas and khe presence
of certain dedicated landa. On the hasis of this regional screening, four
areas wars recommendad for further study: Gibson Dome, Elk Ridge, Lisbon
Valley, and Salt Valley (ONWI, 1982b). :

The primary screening factors used to identify potentilally favorable
locatione within the four areag were the depth to the asalt, the thickness of
the salt, proximity to faults and boreholes, and proximity to the boundaries
of dedicated lands (ONWI, 1982c). These screening factors were judged to. have
the strongest potential for differentlating possible locations within the
areas., S

Salt Valley and Lisbon Valley were both deferred from further considera-
tion because all areas with an adequate depth to the salt were too cloge to
zones of mapped purface faults and, for Lisbon Valley, existing borsholes
(ONWI, 1982c).

Application of the gcreening factors to the Gibson Dome showed a locatien
of 57 square milaes near the center of the area that contained appropriately
deep and thick salt deposits and was sufficiently far from faults or explora-
tion boreholes that would make a site unsuiltable., It was alao outside the
boundaries of the Canyonlands Natjional Park. This location is referred to as
the Gibaon Dome location (ONWI, 1982¢c). The Elk Ridge area contalned one
location of about 6 gquare miles and several smaller ones, each leas than
3 aquare miles, that met the acreening criteria (ONWI, 1982c). The smaller
locations were not large emough for a repository and were therefore excluded
from further consideration. The larger location was designated the Elk Ridge
location. . )

Furthar compariamons of the Glbason Dome and the Elk Ridge locations.ware
made on the basis of more-refined criteria that discriminated bstween them.
The thickness of the salt, the thickness of tha shale above and. balow the
depth of a repositary, and the minimum distance to salt-dissclution fegtures.
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were conaidered the most critical geologic discriminators. Archaeological
gsensitivity and site a.cesasibility were consldered the most important environ-
mental factors. The (.bson Dome location was judged to bn superior to the Elk
Ridge location in terms of the number and relative importance of favnrable
factors and was select~d as the preferred location (ONWI, i982c).

During 1982 and '983 three sites were ldentifled for ‘ursther evaluatlon:
Davls Canyon, Lavende:r Canyon, and Harts Draw. &ince muc. of the intrinaic
value of southeastern Utah stems from its scenic and aest. :tic character, a
study of visual aesthetics was performed to evaluate the (.ree sites (Bechtel
Group Inc., 1984), Harts Draw was found to be leas desl able than the sites
at Davis Canyon and Lavender Canyon hecause 1t affords a g eater total area of
vigibility, and i. was eliminated from further considerati.n, In February
1983, Davis Canyon and Lavender Canyon were ldentified as potentilally accept-
able sites,

1.2,2,) Bedded salt in Deaf Smith and Bwilsher Counties, Texas

In 1976, the Permian bedded-salt deposits in the Texas Panhandle and
western Oklahoma that had been identified in the USGS study (Pierce and Rich,
1962} were evaluated to detarmine whether they contained any areas that might
be suitable for waste dispossl (Johneon, 1976). This acreening focused on
five subbagins: the Anadarko, Palo Duro, Dalhart, Midland, and Delaware -
Basins. The primary screening factors were the depth to, and the thickness
of, the salt; faults; eeismic activityj salt dissolution} borehcles} under-
ground mines; proximity to aquifersj; mineral resources; and conflicting land
uses, such as historical sites and State or national parks. All the subbasins
contain sslt beds of adequate thickness and depth. The Palo Duroc and the
Dalhart Basina had far leses potential for oil and gas production and have not
been penetrated as extensively by drilling as have the Anadarko, the Delaware,
and the Midland Basgsins. Therefore, the Pale Duro and the Dalhart Basins were
judged to be preferable to the other three and were recommended for further
studles at the area stage (ONWI, 1983a). These two basins rated higher on six
major screening factorst the depth to, and the thicknesa of, the salti
selsmicity; known oil and gas deposits; the presence of exploratory boreholes;
and evidence of salt dissolution.

More~detalled geologic and environmental studies of the Palo Duro and the
Dalhart Basins began in 1977, and screening criteria were developed to define
locations with favorable characteristics. The screening criteria that ‘were
most useful in the area-~to-location screening were the following:  salt depth
and thickness, salt purity, existing and abandoned oil and gas fields,
flooding, urban areas, and conflicting land use. Six locations in parts of
Deaf Smith, Swisher, Oldham, Briscoe, Armstrong, Randall, and Potter Counties,
Texaa, met the gereening criteria. A second set of criterla was then applied
to further differentlate among the gix locations: distance from the margins
of the Southern High Plains, distance from known oll and gas filelds, more than
one potential repository horizon, depth of aalt, number of boreholes that
penetrate the repository horizon, a large geographic area, low population
densities, and potential land-use conflicts. After applying these criteria,
the DOE declded to focus on the two locations that had the greatest likelihood
of containing a suitable site, one in northeastern Deaf Smith and southeastern
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Oldham Counties and owe In northcentral Swisher County., All other locations
in the Palo Duro Basin were deferred from further consideration (ONWI, 1983b).
In February 1983, the +'OE identified partsg of Deaf Smith County and Swisher
County as potentilally acceptable esites and subsequently narrowed the alze of
the two sites to be cecuaidered at each location to 9 squar: miles each {DOE,
1984b}.

1.2,3 SITES IN BASALT AND TUFF

In 1977, the waste-disposal program was expanded to ci isider previous
land use ag an alt:rnative basis for gite screening. This approach considered
the advantages of locating a repository on land already withdrawn from public
use and committed to long-term institutional control. Because both the
Hanford Site and the Nevada Test Site are dedicated to nuclear operations,
will remain under Federal control, have a large geographic area, and are
underlain by potentially suitable rocks, screening was initiated in these two
areas.

1.2.3.1 Basalt lava in the Pasco Basin, Washington

The DOE and its predecessor sgencies have investigated the geologilc and
hydrologic characteristics of the Pasco Basin since 1577 as a continuation of
studles conducted for the defense-waste management program between 1968 and
1972 {Gephart et al., 1979; Myers et al., 1979). These investigations showed
that the thick formations of basalt lava in the Pasco Basin are suitable for
further investigation as a geologic repository for the following reasons:

¢ Several basalt flows more than 2,100 feet below ground apparently are
thick enough to accommodate a geologic repository.

¢ The glow rate of deformation of the basalt ensures the long-term
integrity of a repository at the Hanford Site. Also, there are syn-
clines where structural deformation appears to be limited.

® The potential for renewed volcanism at the Hanford Site is very low.

¢ The likely geochemical reactions between the baaelt rock, ground
water, and the materials that would be emplaced in the repository are
favorable for long-term isolation.

The Pasco Basin was selected for screening to provide a broader scope
from which to study processes that might affect the Hanford Site and to deter-
mine whether there are any obviously superior sites in the natural region out-
side, but contiguous with, the Hanford Site (Wnodward-Clyde Consultants, 1980,
1981). .

The first step in screening was to define the candidate area. The
screening factors used at this step were fault rupture, ground motion, air-

craft traffic, ground transportation, operational radiation releases from
nuclear facilities at the Hanford Site, protected ecological areas, culturally
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important areas, and site-preparation costs. The DOE identified a candidate
arga that included the zentral part of the Hauford Site and adjacent land east
of the Hanford Site.

The second step ir, the scresning was to define subare.. (locations), The
siting factors used in this step were fault rupture, flood.:g, ground failure,
erosion, the presence .f hazardous facilities, induced sei.mnicity, and site-
preparation costs. This step eliminated approximately hal. the candidate area.

Locations were identified through an evalustion of (% subareas inside
and adjacent to the Hanford Site. On the basis of land v:¢, hydrologic condi-
tions, and bedrock dip, subareas outaide the Hanford Site i :re eliminated
because they were ..ot obviously superior to those found wit::in the Hanford
Site, After these subareas were gliminated, five locatlons were ldentifled
within the boundaries of the Hanford Site.

The identification of sites from among the five locations was based on an
evaluation of 23 parametera (Rockwell, 1980). Nine sites wers ldentified,
seven of which lay in the Cold Creek Syncline, a major structural feature of
the Pasco Basin, This syncline was selected partly because it is not as
extensively deformed as nearby anticlines and is underlain by relatively hori-
zonktal strata. Since the other two sites were not technically superior to
those in the Cold Creek Syncline and were cloeer to the Columbia River, they
were removed from further study. To avoid some geophysical anomalles of
uncertain source, the DOE identified three other sites that were largely
superimposed on parta of the original seven sites in the Cold Creek Syncline
{Myers and Price, 1981). o

Since preliminary evaluations of the resulting 10 partly overlapping
cites indicated that the sites were too closely matched to be differentiated
by routine ranking, a formal decision analysis was used to identify the best
gite (Rockwell, 1980). Decision criteria were derived from the following
siting factors: bedrock fractures angd faults, lineaments, potential earth-
quake sources, ground-water travel times, contaminated soil, surface facil-
ities, the thickness of the proposed repository horizon, the repetitive occur-
rence of columnar-jointed zones (colonnades) within the host flow, natural
vegetative communities, unique microhabitgts, and special species. The
analysis showed that two approximately coincident sites rated higher than the
other aites. These two sites were combined and designated the reference
repository location. In February 1983, the DOE identified the reference
repository location as a potentially acceptable site.

1.2,3.2 Tuff in the southern Great Basin, Nevada

At the same time that.the DQE was considering the Nevada Test-Site (NTS)
on the basis of land use, . the USGS proposed that the NTS be considered for
investigation as a potential repository site for a variety of geotechnical
reasonsg, including the followling:

¢ Southern Nevada 18 characterized by closed hydrologic b#sins. This. .

means that ground water: does:not discharge into rivers that flow to
major bodies of surface water.

1-12



¢ Long flow paits occur between potential repository locations and
ground-water c.ischarge pcints.

¢ Many of the ru:ks occurring at the NTS have geochemical characteris-
tics that are favorable for waste igolation.

¢ The NTS is l¢-ated in an arid reglon (6 to B inchwr per year of rain-
fall). With the very low rate of recharge, the ruisunt of moving
ground water is also low, especially in the unseat rated zone,

In 1977, the geologic medium of prime intereat at ‘as NTS was argillite
{a clay-rich rock), wh.ch occurs under the Syncline Ridga near the center of
the NTS. Geologi: Iinvestigations and exploratory drilliny there ravealed a
complex geologic structure in the center of the area being considered (Hoover
and Morrison, 1980; Ponce and Hanna, 1982). It was decided in July 1978 that
the geologic complexity of the area would make characterization prohibitively
difficult, and further evaluation was deferred,

A question then arose concerning the compatibility of a repository with
the testing of nuclear weapona--the primary purpcose of the NTS, A task group
formed to evaluate this issue determined in 1978 that a repository located in
other than the southwest portion of the NTS might be incompatible with weapons
testing. At that time the program refocused on the area in and around the
southwestern corner of the NTS, which subsequently was named the Nevada
Research and Development Area (NRDA)}. The entire area then being evaluated
included land controlled by the Bureau of Land Management west .and south of
the NRDA and a portion of the Nellis Air Force Range west of the NRDA,

In August 1978, a preliminary list of potential sites in and near the
southwestern part of the NTS was compiled. The areas initially considered
were Calico Hills, Skull Mountain, Wahmonie, Yucca Mountain, and Jackass
Flatg., Of these five areas, Calico Hills, Wahmonie, and Yucca Mountain were
considered the most attractive locations for preliminary boringe and geo-
physical testing.

The Calico Hills location was known to contain argillite. It was of
particular interest because a geophysical survey showed that granite might
occur approximately 1,600 feet below the surface. The firat exploratory hole
for waste-disposal studies at the NRDA was drilled in 1978 in an attempt to
confirm the existence of granite beneath the Calico Hills. Drilling was dis-
continued at a depth of 3,000 feet without reaching granite (Maldonado et al.,
1979). Additional geophysical surveys indicated that the argillite at Calico
Hills is probably very complex structurally, comparable with that at Syncline
Ridge {Hoover et al., 1982). Because the granite was considered too deep and
the argillite appeared too complex, further consideration of the Calico Hills
was suspended in the spring of 1879.

Concurrent with drilling at Calico Hills, geophysical studies and surface
mapping conducted at Wahmonie indicated that the granite there may not be
large enough for a repository, that any granite within reasonable depths may
contain deposits of precious metals, and that fauylts in the rock may allow
vertical movement of ground water (Hoover et al., 1982; Smith et al., 1981).
For these reasons, Wahmonle was eliminated from consideration in the spring of
1979.
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Surface mapplng of Yucca Mountain indicated the exigtence of 2 generally
undisturbed structural block large enough for a repository. In 1978, the
first exploratory holyw drilied at Yucca Mountain confirmed the presence of
thick, highly sorptiv: units of tuff (Spengler et al., 1979}, Because tuff
previously had not besn considered as a potential host roci for a repository,
a presentation was made to the National Academy of Science. (NAS) Committee
for Radicactive Wante Yanagement in September 1978 to soli+xc its views on the
potential advantages ..d disadvantages of tuff as a repos .ory host rock. The
NAS committee supportud the concept of investigating tuff .s a potential host
rock, and the USGS subsequently pointed out the consider.b.e advantages of
locating a repository in the unsaturated zone. After comnnsring the results of
preliminary exploration at Calico Hills, Wahmonie, and Yuc. s Mountain, the
USGS recommended that attention be focused on Yucca Mountain., A technical
peer~review group aupported the DOE's decislon to concentrate exploration
efforts on the tuffs of Yucce Mountain (DOE, 1980b3}.

Because the foregoing process of selecting Yucca Mountain for early
exploration was not highly structured, a more thorough, formal analyais was
begun in 1980 to evaluate whether Yucca Mountain was indeed appropriate for
further exploration. This analysis was conducted in a manner compatible with
the area-to-location phase of site screening described in the national siting
plan (DOE, 1982b}, which was used by the DOE before the passage of the Act and
the formulation of the guidelines. Detaills of the formal analysie are pre-
sented by Sinnock and Fernandez (1984). In brlef, this formal decision analy-
sis evaluated 15 potential locations and concluded that Yucca Mountain was
indeed the preferred location. Beveral potentially suitable horizona were
identified in the saturated and unsaturated zonesa. Therefore, the DOE identi-
fied Yucca Mountain as a potentially acceptable site in February 1983.

1.2.4 NOMINATION OF SITES FOR CHARACTERIZATION

The guidelines, in 10 CFR Part 960.3, require the DOE to implement the
following six-part decision process in selecting sites for nomination from
among the potentlally acceptable sites:

1. Evaluate tke potentially aceceptable sites in terms of the
disqualifying conditinna specified in the guldelines.

2. Group all potentially acceptable sites according to their
geohydrologic Settings. :

3. For those geohydrologic settings that contain more than one
potentially acceptable site, pelect the preferred site on the basis
of a comparative evaluation of all potentially acceptable sites in
that setting.

4. Evaluate each preférred site within a geohydrologic setting and
decide whether such'site is msultable for the development of a

repogitory under the qualifyihg condition of each appllcable
gu:dellne. :
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5. Evaluate @anh preferred site within a geohydrologlec setting and decide
tihether such site is suitable for site characterization under the
qualifying cendition of each applicable guideline,

6. Perform a reasonable comparative evaluation under each guideline of
the gites proiosed for nomination.

Section 1.3 preseats the results of evaluating the nf«e notentially
acceptable sites agairat the disqualifying conditions of @ guldelinea
(step 1) and explains how the DOE has grouped the potentia ly acceptable sites
by ieohydrologic setting (step 2). Chapter 2 beging wit! u» detalled descrip-
tion of the geohydrologic setting in which the Yucce Mourn.rin sgite is located
and provides the basis tor the ldentification of a preferrci site in that
geohydrologlc sett'ng (step 3}, Chapter 6 evaluates the site agalnst the
guidelines and presants the flndings required in staps 4 and 5. Chapter 7
provides a comparative evaluation of the sites proposed for nomination
(step 6).

Having issued the final EAs, the DOE will formally nomninate five sites as
sultable for charactarlzation., The Secretary of Energy wi.l then recommend
three of these sites to the President as candidate sites for characteriza-
tion. The Secretary's recommendatlon is presented and documented Iin a’
separate report that is being issued simultaneously with .this emvironmental
apsessment, T : ’ :

1,2.5 FINAL STEPS IN THE SBITE~S8ELECTION PROCESS

After the President approves the sites recommended by the Becretary,
characterization activities will begin at those sites. If site charecteriza-
tion reveals new Information that shows that a site ig unsuitable for develop-
ment as a repogitory under the guidelines, the DOE will eliminate that site
from further consideration and take steps to reclaim the site and to mitigate
any significant adverse impacts caused by site characterization. In the event
that a eite is eliminated from further consideration during characterieation, -
the DOE does not expect to gubstitute another site for characterization.

After characterization 1s completed, the DOE will agailn evaluate each
gite agalngt the guidelines, prepare an environmental impact statement, and
recommend one site to the President for the first repository. The President
may then recommend the site to the Congress. At this point, the Governor or
the legislature of the host State may submit to the Congress & notice of dis-
approval that can be overridden only by a joint resolution of both Houses of
the Congress. If the notice of disapproval is not overridden, the President
must submit another repository-alte recommendation within 12 montha, If no
notice of dimapproval is submitted, or if the notice of disapproval is over-
ridden, then, as preacribed by the Act, the asite designation is effective, and
the DOE will proceed to file an application with the NRC to obtain a construc-
tion authorizatlon for a repository at that aite.
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1.3 EVALUATION OF POTENTFALLY ACCEPTABLE SITES AGAINST THE
DISUALIFYING CONDITIONS OF THE GUIDELINES
AN GROUPING INTO GEOHYDROLOGIC SETTINGS

1.3.1 EVALUATION AGAYWST THE DISQUALIFYING CONDITIONS

Having evaluated the unine potentially acceptable site: against the dis-
qualifying conditions in the guldelines, the DOE has foun: no evidence to sup-
port a finding that any site i3 disqualified. Details of .his analysis are
contained in Chepter 6, and a summary of findings for ea h disqualifying con-
dition is presented in Yection 2.3,

1.3,2 DIVERSITY OF GEQRYDROLOGIC SETTINGS AND TYPES OF Hu3T ROCK

Sections 960,3-~1-1 and 960.3-1-2 specify that, to the extent practicable,
sites recommended as candidate sites for characterization shall be located in
different geohydrologic settings and shall have different types of host rock.
Thie guldeline-mandated diversity of geohydrologic settings and host rocks is
consistent with similar requirements in the NAC's rule governing the disposal
of high-level radiocactive waate, 10 CFR Part 60, This requirement will protect
against the possibility that future investigations might reveal a generic
deficlency in a given rock type or within a given regional geohydrologic
environment. Such deficiencles might lead to the disqualification of sites in
that setting or rock type. If one rock type or geohydrologic environment were
viewed initially as the most favorable for a repository, site nomination and
recommendation might be dominated by sites in that type of host rock or geohy-
drologic environment. If later analyseg revealed an unacceptable weaknegss in
either the host rock or in the characteristics of the geohydrologic environ-
ment, all candidate eites might have to be eliminated. This could leave the
program with no viable alternatives available without lengthy additional site
exploration,

The guidelines (Part 960.2) define “geohydrologic setting' as a system of
geohydrolegic unite located within a geologlc setting. They further define
""geohydrologic uait" aa an aquifer, a confining unit, or a combination of
aquifers and confining units comprising a framework for a reasonably distinct
geohydrologic system., A "geologic setting" encompasses thousands to hundreds
of thousands of equare miles and is characterized by general similarities in
physiography, atratigraphy, structural style, and ground~water flow.

For the intents and purpoges of the analyses contained in this environ-
mental assessment, the term "geohydrologic setting" refers to a large and
relatively distinct major geohydrologic province of the United States commonly
ldentified and accepted in the technical literature. Such a geohydrologic
province has recognizable distinct geologic, hydrologic, and geochemical
characteristics and boundaries that distinguish it from other geohydrolegic
aettings. :
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1.3.2.1 Gechydrolegle classification system

In a report enti!led "Ground-Water Regions of the United States' (Heath,
1984}, the USGS presents a classification that meete these broad criteria for
geohydrologic settinge. The USGS applied a loglcal set o. crlteria for clas-
sifying major gechydrilogic regions that ¢onsiders aquife:s and confining
units ¢f the system, the nature of water~besring openings in the rocks, the
composition of the rucks, the water—-transmitting and wat<. -storage propertles
of the rocks, and the nature and lccation of recharge anu discharge areas.
These characteristics are also those that relate to repcs.tory performance
{ground-water pathways. rates of radionuclide migration, «nd other factors
important tc waste lsolation). Therefore, these general . citeria appear suit-
able for application to this guideline requirement.

The USGS clasgification regulted in the delineation of 12 geohydrologic
regions in the contiguous United States {see Figure 1-2). The specific
rationale for the delineatlion and characteristics of each region is described
in Heath's report,

It is within the framework of the USGS geohydrologlc regions that the
nine potentially acceptable sites were examined and claseified as to their
particular gechydrologic setting. In addition to the general criteria used in
the USGS classification, other conslderations were usad'to'further subdivide
the regions on the basis of tectonie activity, geologic struéture, subbasins
within the regions, and ao on. Aocordingly, the DOE has determined that the
nine nites fall within the following five distinet geohydrologic settings (the
name of the region within which each geohydrologic setting 13 located is
listed in parentheses):

Geohydrologic setting ) Sitg.n“

Columbia Plateau .- . Referende repogitory location as
(Columbila Lava Plateau) = . - . on the Hanford Site, Washington
Great Basin ' S - _chca Modntaiﬁ;\ evada
(Alluvial Basins) SRR TR : y

- Permian Basin : ”"ﬁ;_ o o Deaf Smith Qphntf‘and Swisher
(High Plains) ) o : County, TeXﬂs{=j /
Paradox Basin : . Lavender and Davia Canyons,

(Colorado Plateau 31d Hyoming Basin) Utah - ¢
. R kY

Gulf Ccastal Plain Vacheriae DOme.*Lgﬁieiéna; Cypress
{Atlantic and Gulf Coastal Plain) - Creek Dome and Rithton .Dome,
: Missigsippi

The fundamental distinguishing characteristics associated with ‘these set-
tings as they relate to waste isolation are briefly desqribgd below. More-
specific details on the characteristics of each of the geohydﬁologic settings
are presented in Section 2.1, . -
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Alluvial Basin

. Nonglaciated
~ Ceniral Ragion
~

. ‘ . L Lot LYY .
Modifiect from Heath 119844, p.17. . . ) )
Richton and

Cypressa Creek

NOTE: fegion 12, the Alluvial Valley
Region, consisting of river v2lleys
underkain by productiva sand and
gravel, 15 not shown.

Figure 1-2. Geonydrologic regions of the contiguous United States.
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1.3.2,2 Distinct differences among the gechydrologlec settings and host rocks

The major distiaguishing differences among the five geohydrologlc set-
tings of the nine pocential repository sites are summarized below.

The Hanford and the Yucca Mountain sltes are clear!» unique in terms of
the host rock, the g:iologic conditions, and the hydrolog . conditions that
make up the geohydriulogic metting., The Hanford site is lccated within the
Pascc Basin, which ie a subunit of the Columbia Lava Pl. .eau geohydrologic
setting as defined by Heath (1984). 1t is underlain be - thick, extensive
sequence of rocks composed entirely of basalt lava flo' s in the lower part and
of Increaging amounts of interbedded, sedimentary deposi s in the upper part.
Aquifers generally are In the upper parts of the lava fluws and in the inter-
beds, Ground-waier drainage is to the Coclumbia River or Its tributaries,

The Yucca Mountaln site 1g located in a reglon compnsed of alternating
sequences of bleock-faulted mountains and alluvium-filled valleys of the
Alluvial Baeins geohydrologic setting as defined by Heath. Yucca Mountain is
a typical small fauit-block mountain in this region and is composed entirely
of volcanic rocks called tuff. The site is in the relatively dry unsaturated
welded zone, well above the water table. This 1s a unlque geohydrologic set-
ting in comparison with the other sites, which are all situated well below the
water table., The Hanford site will rely principally on the interaction of the
low permeabllity of the dense basalts, the lon-exchange characteristics of the
host rock, and a long ground-water flow path for waste isolation. The Yucca
Mountain gite will rely principally on a very low water flux through unsatu-
rated rocks in a very arid environment, the natural ability of this type of
system to exclude flowing or standing water from the repository, and the sorp-
tion characteristics of the minerala in the host rock.

The salt-site settings are also clearly distinguisghable from cne another,
but perhaps not as obvlously aa the nonsalt sites. The first distinction
among the gpalt settings is between salt domes and bedded salt. Although both
bedded and dome salt have salt as a host roek, the properties of the two types
of salt are quite different, and the hydrologic framework of salt differs
greatly from setting to setting. Bedded salt occurs as sedimentary layers of
salt and impurities and is typically bounded by aquifers above or below the
galt units or both. The domes are anomalous piercements of the thick uncon-
8olidated to semiconsclidated sedimentary clays, silte, and sands that make up
the Atlantic and Gulf Coastal Plain, as defined by Heath. The domes are sur-
rounded by aquifers at different depths. Thus, the geohydrologic conditions
around the domes are distinctly different from that of bedded salt.

The pathways and mechanisms by which radionuclides might reach the
accessible environment are also quite different for bedded and dome salt
because of their fundamental structural and stratigraphic differences. Salt
domes orilginated from thick beds of deeply buried salt. When sediments were
deposited on these salt beds, the salt was forced upward, forming a dome,
Some domes have risen ag much as 20,000 feet above thelr pource rock. The
salt rock was intensely deformed and "kneaded" during this intrusive rise of
the salt dome; as a result, nearly all of the water originally contained in
the salt was aqueezed out. Consequently, salt domes contain less water than
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galt beds. In addition, and largely because of the different mode of forma-
tion, the following ¢ii{ferences between the two types of salt rock are
noteworthy:

¢ Because of 1ite higher water content, bedded salt tuis a lower strength
than dome salt. :

* At equal depths of burial, bedded salt has lower -uepthermal tempera-
tureg thawn dome salt.

* PBedded salt terds to have a faster rate of creep than dome salt.
* Bedded sait has a more variable chemical compoeition than dome salt.
¢ FRedded salt has a slmpler structure than salt domes.

Some of the most important of the above factors affecting waste isolation.
at salt sites are related to the chemical composition and configuration of the
host rock. All salt sites would rely primarily on the ex'remely low perme-
ability of the salt and the isolation of the host rock from surrounding
aquifers. One significant potential failure mechanism in salt that can affect
ground-vater flow is the dissolution of the salt in ground water, whefher
initiated by inadvertent human intrusion or by unexpected galt deformation.
The nature and the relative importance of this failure mechanism differ sig-
nificantly for bedded and dome salt in their respective geohydrologic environ-
mente, For example, at salt domes diseolution would occur along the flanks by
ground water from surrounding sedimentary strata, The dissolutieon ¢f bedded
salt could be induced by laterally migrating disgolution frontas, inter-salt-
bed sedimentary aqulfers, or vurtically circulating water in fault zones.

Finally, although the Paradox Basin in Utah and the Permian Basin in
Texas are both bedded-salt settings, they also have significant differences
that warrant considering them as aeparate and distinct geohydrologic set-
tings. The bedded-salt sites in Swiaher and Deaf Smith countles, Texas, ars
located in the Hizh Plains setting as defined by the USGS. This gaetting is
underlain by relatively horizontal bedded sedimentary rocks that are capped by
the partially unconsolidated sands, gravels, &and clays of the Ogallela Forma-
tion. The geohydrologic system is dominated by the High Plaina aquifer (the
Ogallala Formation). Other aquifers, such as the Triaselc Dackum Group, occur
in deeper strata, but they produce poor-quality water in comparison with the
Ogallala. : : S

The bedded-salt sites of Davis Canyon and Lavender Canyon, Utah, on the
other hand, are located in the Paradox Basin, which is a subaetting of the
Colorado Plateau and the Wyoming Basin and is characterized by.a broad
uplifted plateau consisting of gently folded sedimentary sandstones, ahales,
carbonates, and evaporltes. The gtratigraphic sequence includes a few low-
yleld aquifers that generally contain poor-quality water. Ground water.
generally flows toward drainage systems in deeply dissected canyons of the
region. Other spaclfic differences: include the following:

¢ Because of overburden and tectonic stresses, the Paradox Basin .salt
deposits have been structurally deformed lato anticlines and synclines
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(thickened and thinned zones} much more than the Permian Basin salt
deposita hava.

¢ The vecharge and discharge patterns of ground water in the {wo set-
tings are expzcted to be glgnificantly different.

¢ The age, stritigraphic sequence, depositional hisicry, and mineral
composition of the salts and interbeds in two sa" ings are different.

* The elevation, climate, and physiography of the tso setlings are asig-
nificantly different.

# The ground-vwater system of the Paradox Basin siten 1s dominated by a
deep aquifer well bhelow the repository level, of low yield and poor
water quality, whereas the ground-water systam av the Permian Basin
sites 1s dominated by a shalliow productive aquifer well above the
repository level.

On the basis of the criteria and known site characteristics presented
above, the DOE hae concluded that the nine potentially acceptable sites lia
within five distinctly different geohydrologic settlngs, as indicated, and
four distinctly different types of host rock (baaalt, welded tuff, hedded
salt, and dome salt).
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Chapter 2

DECLSION PROCESS 4¥ WHICH THE SITE PROPOSED FOR NOMINATION WAS !DENTIFIED

The Nevada Nuctaar Waste Storage Investfgations {MN<WSI) Project was
establighed in 1977 by the U.S. Dapartment of ¥rergy iaevada Cperations
Office. The Proiect objectlve was to evaluate the Neva. : Test Site {NTS)} and
cuntiguous area for sites gulitable for a geologic repos .tory. The NTS and
its vicinlty seemed attrvactive as a potential reposits y location because the
land was withdrawn from public use, the NTS itself was uvider DOE control, and
some of the lant was contaminated with radioactive matryial €from nuclear-
weaponé testz. However, the NNWSI Project meatrch for ‘sites was dirvected
malnly at suitable geologic conditions, rather than land-use <onslderatlons.

Nine types of rock and 15 alternative locations at or near the NTS were
identified as potentially suitable for a repository, GEventually, a rigorous
program of screening led to the selectlion of welded tuff and Yucca Mountain
in southern Nye County, Navada, as the preferred host rack and the preferredf

location, respectively. Among the attractive attributes of Yucca Mountain
were its location in a closed hydrplogic baain, the ahilify to locate the
repository Ln the unsaturated zone (above the water table), and the excellenc
thermomechanlcal and radlonuclide~retardation properties of tuff.

After Yucca Mountain was selected a8 the preferred locatlon from the

15 alternative locations at or near the NTS, geologlc and hydrologle investi{

gations were continued to collect informaticn about the suttabllity of the
slte. The data thue coltected Indicated that the site was Indead sultable
for both long-term and near-term objectives, and in TFebruary 1983, in
accordance with the Nuclear Waste Pollcy Act of 1982 (NWPA, 1983}, the DOE
notifled the State of Nevada that the gfte was potentially acceptable for a.
vepository {Hodel, 1983). :

The Yucca Mountain site 1is abQut 160 kilometers (100 miles)_by road
northwest of Las Vegas, Nevada (¥igure 2-1). The site is on Federal land
under the control of three separate’ agencles. Most of the site is part of

the Neilis Air Force Range (NAFR); s smaller portion 1s part of the NTS and

managed by the U.S. Department of Energy (DOE). The cremaining portion 1is
managed by the Bureau of Land Manag%ment {BLM). :

This chapter outlines the general process by which Yucca Mountaln was

identified as a potentially acceptable aite. Sectioun 2.1 desctibes tHe

reglonal serting of the gite to place in context the general types of alter-
natives from which Yucca Mountain wae selected. The dacreening process by’
which Yucca Mountaln was ldentified 1s described 1in Section 2.2. This
discussion is followed by Section 2.3, which evaluates the Yucca Mcuntain
site agalnst the disqualifying conditions in the DOE siting guldellnes
{10 CFR Part 960, 1984). Both the Nuclear Waste Policy Act (NWPA, 1983) and

the. DOE siting guldelines..(10..CFR, 960.3-2,.1984) require.such an.evaluation .

as a step in the nominatlon process that must be applied to all potentially
acceptable sites.
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2.1 REGIONAL SETTING OF YUCCA MOUNTAIN

The Yucca Mounti~ln site {8 located within a broad desert region known as
the Great Basin., The Great Basin is characterized by gererally liunear moun~
taln ranges and intervening valleys. Few atreams or rilwwrs flow out of the
reglon, Primarily b:icause of the scarcity of eaelly ac:essible water, few
people live in this vast desert. The few communities hat do exist are
generally located around mining districts, water source. or tourlst attrac~
tlons. Agricultural production 1s very limited hecause .f the severe aridity
and low nutrient value of the rocky desert soils, TIr iypation 1s pracriced
only in a few areas waere the ground water is shallow en:ugh to be tapped by
wells and where solls are guitable for tillage. As a r«3ult of the sparse
population, paved roada are widely epaced, commonly more than 80 kilometers
(50 miles) apart.

The basins and intervening mountain ranges of the region strongly influ-
ence the climate, vegetation, and aurface drainsge of local areas. Most
precipletation falls on the cooler mountailnous terraln, whereas the basins are
relatively warmer and dryer. As a result, the higher ranges generally
support coniferous forestas, while the basins and lower mountain ranges, such
as Yucca Mountain (Figure 2-2), are covered with sparse desert vegetation.
Becauae of the large number of basins and ranges of varlous elevations, the
reglon contalns several ecological communities. '

The mountain ranges are formed by fault blocks that rise above the
intervening basine. On the basils of exposed rocks in the mountaln ranges and
basins, the rocks can be divided into four major groups. The oldest are &8
billion or more years old and are made up of hard crystalline material, such
as gneiss and granite. These rocks, where present, are part of the
cryatalline shield of the North American continent. Stratigraphically above
the shileld rocks is the second major group of rocks, a thick sedimentary
sequenca composed mainly of carbonates, quartzite, shale, and argillite.
Theae rocks were deposited between about 800 and 250 million years ago in a
large trough-like basin, called the Cordilleran Geosyncline, that existed
along the weatern edge of the continent. From ahout 250 to 100 million years
ago, these gedimentary rocks were strongly squeezed, folded, and faulted in a
process that created the early mountains. During this time, granltic masses
weTe Intruded deep within the buried roots of local parts of these ancient
mountains. Small outcrops of granite in the northern part of the Nevada Test
Site attest to this episode of granite formation.

From about 100 te 40 million years ago, the mountain bullding waned and -
the anclent ranges were eroded to a gentle rolling plain, Beginning about
40 million years ago, a third major group of rocks was formed on this plain
when volcanic activity spread thick deposits of tuffaceous volcanlc material
over portions of the area. This volcanism lasted from about 40 to 10 milliom
years ago. Yucca Mountain was formed during the. last 10 to 15 million years
of this 30-million-year period. - :

Faulting that produced the current basins and ranges took place at the
same general time as the volcanism. 1In the last 10 million years, volcanic
activity has shifted toward the margins of the Great Basin {Christiansen and
McKee, 1978), and the basina have been partly filled with alluvium derived
from the erosion of the surrounding ranges, forming the fourth type of rock
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in the area. Minor volcanism continued during basin filiing, moet recently
producing thin, loca’ ly restrictad sheets and cones of hasaltic material 1in
Crater Flat, just west of Yucca Mountain,

Depesition, foluing, faulting, intrueion of granite nasses, and eruption
of volcanic material over time produced a complicated gerloglic pattern in the

rocks of this area. This complexity is evident in the :lPree regional cross
sectlons shown in Figure 2-3,

The hydrologie syetems of the southern Great Basin ~re characterized by
deep water tabhles and closed ground-water basins; grou :d-water basins do net
necessarily correspond with topographic basina, At wcrne places in the
southern Great casin, including parts of Yucca Mountain, ground water is mere
than 500 metera (1,640 feet) deep. The deep water table provides a unique
opportunity for plaecing a repository in the uneaturated zone where there ts
limited water avallable. Recharge occurs predominartly by the salow
percolation of surface water through the unsaturated zone that overlies the

water table. Most of thie recharge is restricted to higher elevetione where
precipttation i3 greatest,

Generally, ground water in the southern Great Basin flows through major
aquifers, which are deep beneath the surface of the ranges and most valleys.
Winograd and Thordarson (1975) recognized six major aquifers in southern
Nevada that tranamit water and four major aquitards that retard the flow of
water and act as barriers to ground-water movement. The lower and upper
carbonate aquifers of the sedimentary sequences (Figure 2-4) and the welded-
tuff and lava-flow aqulfere of the volesnic sequence transmit water primarily
through fractures., Because the fractures are related to both the brittleness
of the rock and the location of major structural features, local and regional
flow is determined largely by the complex atratigraphi¢ and structural con-
ditions outlined sbove, Bedded~tuff units within the welded-tuff aquifers

and valley-fill aquifera, In contrast, store and transmit water chiefly
through interstitial pores, '

The Yucca Mountain site is pert of the Death Vallev ground-water system,
which 1s composed .of several more or less distinct basins. The site is 1in
the Alkall Flat-~Furnace Creek Ranch ground-water basin at a position midway
between the Ash Meadows and Qaeis Valley basins, as shown in Flgure 2-5
(Waddell, 1982), The Alkall Flat-Furnace Creek Ranch basin discharges at
seeps in Alkali Flat and possibly at springs in Death Valley., Some of the
spring discharge arcas in the Death Valley National Monument are near tourist
facilitles, although exact sources of discharge are unknown., Regional flow
east of the gite is through the Ash Meadows basin and occurs principelly in
the lower carbonate aquifer (Figure 2-6). This basin partially discharges at
the 30 or so springs in Ash Meadows where the lower c¢lastic aquitard
. apparently 1s ralsed along a fault and blogks the flow through the aquifer,
forcing water to rise to the surface. Some of the water may seep through the
aquitard, eventually diacharging at Death Valley. West of the site, locsl
flow from recharge at Timber Mountain and Pahuce Mesa occurs through the tuff
aquifer and discharges at springs in Oasia Valley, just north of Beatty.
This small flow system forms the Qaslis Valley baain.

In summary, the southern Grest Basin 1s generally characterized by
sparse vegetation, low precipitation, few population centers, varlied geologic
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cenditions, and a hyidrologic system that includes closed ground-water basins
and a thick unsaturatet zone. This section provides only the most general

perapective on the ovesall setting from which Yucca Mountaln was ctrosen from
among other alternstivas ag discussed in Section 2.2. Detalled descriptions

of the geology and hydrology of Yucca Mountain and the survounding region are
provided in chapters i and 6. '

2.2 TIDENTIFICATION OF YUCCA MOUNTAIN AS A POTENTIALLY ACCEPTABLE SITE

Thls section brizfly aummarizes the five-step pro.27s by which Yucca
Mountaln and the host vock were selected for detsiled sturv. The five steps
discussed in the [ollowlng subsections are (1) selection of the Nevada Tesat
Site (NTS) (%Bection 2.2.1), (2) restriction of exploration to an area in snd
around the southwest NTS (Sectlon 2,2.2), (3) selection of Yucca Mountaln as
the primary location for exploration (Section 2,2.3), (4) confirmation of
gite selection by a formal system study (Section 2.2.4), and (5) selection of
the host rock for further study (Section 2.2.5}.

All steps in the screening process were completed hefore the Nuclear
Waste Policy Act of 1982 (NWPA, 198)) waa signed into law in January 1983 and
before the U.S. Department of Energy (DOE) general siting guidelines (10 CFR
Part 960) were issued in December 1984. The systematic screening studies of
steps 4 and 5 used objectives very aimilar to those specified in the
guideiines. The identification of Yucca Mountain as a potentlally acceptable
slte was consistent with the siting eriterla formulated for the DOE National

Waste Terminal Storage Program (DOE, 198la) and 18 consistent with 10 CFR
Part 960 (1984).

2.2.1 SELECTION OF THE NEVADA TEST SITE AS AN AREA OF INVESTIGATION

The Natlonal Wastm Terminal Storage (NWTS) Program was established in
1976. During the early NWTS investigations, salt was the prime host rock of
intereat for a repository, Addltional geoclogic host materials, including
crystalline (graaite, gneiss) and arglllaceous rock (shale), were also
considered, The 1initvlal approach to site screening was based on particular
rock types and came to be known as the hoat-rock approach (DOE, 1982a). 1In
1977 the program was expanded to consider prior land use as an alternative
basis for initial screenlng. The prior—land-use approach coneidered the
advantages of locating a repository on land already withdrawn and committed
to long-term institutional control. Because the Nevada Test Site (NTS) was
already dedicated to nuclear operations, 1t was a logical area for investi~
gacion for potentlal repository sites, and formal consideration of the NTS
for a repository locstion began at that time, The prior land use .at the NTS
egtablighes a firm reason for concluding that the government will continue to
provide gtrict i{nstitutional control over future access to the site.

At the same tlme the NTS was beilng considered by the U.S. Department of
Energy (DOE) on the basis of prior land use, the U.5. Geological Survey
(USGS) proposed that the NTS be considered for a number of geotechnical
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reasons. These geotechnical and other considerations identtfied later can be
summarized as follows:

¢ Southern Nevada 1s characterized by closed hydrologic basins, This
means that ground water does not discharge intr rivers that flow tp
major bodics of murface watey. 1t also means that water discharge
polnts can be clearly identified.

e The water table 1s at great depth (as much a2 500 meters (1,640
feet) below the surface), Thie provides the vrportunity to build a
repository 1a the unsaturated zone where t! 2 rock containing a
reposltory would not generally release wates to drillholes or
tunnels., This lack of water would minimize t..e corroslon of the
wagte canlatar, the dissolution of the waste, and the transport of
radionuclides from the repesitory.

e Long flow paths gre present between potential repository locations
and ground~water discharge pointa. Radionuclides would have to
travel great diatances before they could affect man and his surface
environment.

L Some of the geoleglic materials occurring on the NTS are highly sorp-
tive, - Radlonuclidas could be chemlcally or phyeically adsorbed by
rock, making 1t extremely difficult for them to move: in solution.

® The NTS 1s located 1n an arid region, with an annual ralnfall of
less than about 150 millimeters (6 1nches). With the very low
precipitation, the amount of moving ground water is also low,
egpecially in the unsaturated zone,

By May 1977 the NWTS Program had undertaken evaluations of both the land
ugse and tne geologlc attributea of the NTS5. The Nevada Nuclear Waste Storage
Investigations Project was organlzed to consider the general suiltabilicy of
the NTS for a repository and to identify locatlons, if any, on the NTS or
adjasceut areas that might be suivable for a repository. :

2.2.2 RESTRICTION OF . EXPLORATION TO THE SOUTHWESTERN PART OF THE NEVADA TEST
SITE AND ADJACENT ARLEAS

The primary function of the Nevada Test Site (NTS) 1s to provide a test-
ing ground for nuclear weapons. Figure 2-7 shows past, current, and proposed
general areas dedicated to weapons Leasting. When the National Waste Terminal
Storage Program expanded itp repository exploration activities to include the
NTS, a question arose concerning the compatibility of a reposirory with
nuclear-weapons testing. A task group was established to evaluate the con-
ditions under which the weaponsa testlog program could fully function 1in the
presence of a nearby repository, In August 1978 the Acting Asslstant
Secretary for Defense Programs of the Department of Energy formalized the
task group's finding that locating a repository in certaln areas of the NTS
might hamper weapons testing. However, it wes suggested that the south-
western portion of the NIS and adjacent offsite locations were acceptable for
further inveatigation as potential waate repository sites.
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In 1977 the gerloglc medium of prime interest at the NTS was argillite,
Argiilite is present 1in the Eleana Formation, which underlies Syncline Ridge,
8 topographic feaCvre along the west side of Yucca flat (Figure 2-7),
Geologlc investigations there, including exploratory drilling, revealed a
complex geologic structure in the center of the area being considered (Hoover
and Morrison, 1980; Pounce and Hanna, 1982), It was coscluded in April 1978
that the geologic complexity of Syncline Ridge would m:kes charactertization
difficult, possibly so difficult that it could noet b.. understood to the
degree necessary to license a repository {Stephens, 1974}, At about the same
time, the decision by the Assistant Secretary for Det:rse Programe included
Syncline Ridge in the aress Judged unacceptable for repcaitory siting because
of nearness to weapor's testing, At this juncture, the ,rogram refoccused on
the area in snd arcund the southwestern corner of the N78§. The portion of
the redefined exploratory area that occurred on the NTS was subsequently
named the Nevada Research and Development Area {NRDA) (Figure 2-7) (Stephens,
1978). The area evaluated included soma Bureau of Land Management land west

and south of the NRDA and a portion of the Nellis Air Force Range weat of the
NRDA. :

2.2.3 SELECTION OF YUCCA MOUNTAIN AS THE PRIMARY LOCATION FOR EXPLORATION

In August 1978 a prelimiﬁary list of potential sites in and near the
southwestern part of the Nevada Tesz Site (NTS): wag compiled., Calico Hillse,
Yucca Mountain, and Wahmonie were consldered the. ost attractive locations in
and around the southwest NTS (Figure 2-7) for cdn.ucting preliminary boringa
and geophysical testing. i

The Calico Hills location was of particular interest because an aero-..
magnetic survey gshowed that granite might occur approximately 500 meters
(1,640 feet) below the gurface. The first exploratory hole by the Nevada
Nuclear Waste Storage Investigations (NNWSI) Project in the southwest NTS was
started 1n 1978 to explore for granite beneath the Calleco Hills. At a depth
of 772 meters (2,530 feet), drilling was discontinued without reaching
granite (Maldonado et al., 1979). A high content of magnetite, discovered in
a thick section of Eleana Argillite, was probably responsible for the aero-
magnetic anomaly. Reevalustlon of the geophysical data indicated that the
Calico Hills aeromagnetic anomaly can be entirely attributed to the presence
of the magnetite-rich argillite. The existence of an intrusive body in the
rocks undey Callco Hills could not be confirmed or denied {8nyder and Oliver,
1981). Since granite was not encountered in 772 meters (2,530 feet) of
drilling and no unexplalned geophysical anomalies remained to indicate. dtae -

exigtence, further consideration of the Calico Hills location was suapended
in the spring of 1979.

Concurvrent with drilling at Calico Hills, geophysical and geologic
studies were focused on-a granitic ‘rock mase at Wahmonie: :'These studies
indicated that the granitic rock was highly fractured and hydrothermally
altered. Additlonally, fsults with displacements in the alluvium trend into
the area from the southwest and a epring deposit assoclated with the
mineralized Hornsilver Fault 1s present at Wahmonie. 1In the spring of 1979,
the U.S. Geological Survey (Twenhofel, 1979) recommended cessation of
exploration of Wahmonie, based on the structural complexity and hydrothermal
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aleeration, indicating that the pofential for an acceptable repoaitory host
rock at depth was Lrw,

In the summer and fall of 1978, the flrst exploratory hole was drilled
at Yucca Mountain, This hole was drilled to a depth «i about 761 meters
(2,500 feet) and confirmed the presence of thick tuff bids containing highly
sorptive material {“pengler et al,, 1979), Preliminary surface mapping indi-
cated the exlatence of generally undisturbed structura! areas possibly large
enough for a remository (Chrlatiansen and Lipman, 1963, Lipman and McKay,
1965). Because tuff previously had net been conslder.d as a potential host
rock for a repositorv, a presentatlon was made to the YNational Academy of
Sciences Committee f.r Radicactive Waste Management 1ln September 1978 to
golicit its vies on the potential advantages snd disadvantages of tuff as a
repoesltory host rock., The concept of investigating tuff as a potentlal host
rock was supported (Gloyna, 1979).

After comparing the results of preliminary exploration at (alice Hills,
Wahmonie, and Yucca Mountain, the U.8., Geclogical Survey recommended
(Twenhofel, 1979) that attentlon be focused on Yucca Muumtain and the U.S.
Department of Energy (DOE) concurred in rhat recowmematioii in April 1979.
Immediately thereafter, in April, May, and July 1979, techrical peer-review
meetings on (1) host-rock investigationa, (2) geologic and hydrologilc
investigationse, and (3} tectonlc, seismle, and volcanic inveatigations were
held by the NNWSI Project.

These review meetings were attended by nationally known experts as well
as prominent experts from Nevada. Before each meeting, the reviewers were
provided with background information on apecific NNWSI Project activities and
overall goals. At the meetings, NNWS1 Project particlpants made detailed
presuntations and answered questlons posed by the reviewers. After each
meating, the review panel summarlzed its overall assecssments and recommenda-
tions. The general consensus of the reviewers supported the DOE decision to
concentrate its Nevada exploration efforts on the tuffe of Yucca Mountain
{DOE/NVO, 1980).

2.2.4 CONFIRMATION OF SITE SELECTION BY A FORMAL SYSTEM STUDY

The foregolng process of selecting Yucca Mountain for early exploration
was informal. A more thorough, formal analysie was begun in 1980 to evaluate
whether Yucca Mountaln was indeed appropriate for further exploratlon. This
analysis was conducted in a wmanner compatible with the area—~to-location phase
of slte screening described'in the National Siting Plan (DOE, 1982a), which
was used by the U.S8., Department of Energy (DOE) before the Nuclear Waste
Policy Act of 1982 (NWPA, 1983) aund ensulng siting guidelines (10 CFR Part
960, 19B84) were adopted.

The Nevada Nuclear Waste Storage Investigations Project ecreening activ-
ity is documented in five publications, each providing details about a sepa-
rate element of the activity. The first (Sinnock et al., 1981) summarizes a
method for acreening the Nevada Teat Site (NTS) end contiguous areas for
repository locatlons, documenting the proposed method before ite application,
The second (Sinnock and: Ferpandez, .1982) presents a summary description of
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the parameters used ln the screening calculatione and provides a datalled
diecussion of the acreening results, The last three provide detailed back-
ground material abou! the performance objectives (Sinncck and Fernandez,
1984), physical attributes and assoclated quantitative criteria (Sinnock et

al., 1984), and com}p.ter programs (Sharp, 1984) for ratlng alternative
locations,

Many aagumptions; were quantified during the acreer ng study, and the
validity of the results and concluaions clearly depend.. and continues to
danend on the reasonableness of rhese asgumptions. Th- tnformation in the
referenced screenlng reports allows each assumption or -et of sssumptions to
be traced to 1ts effects on the results and conclusions. The remalnder of

this sectlon containa an overview of the data and analywes contalned in these
reports,

The formal screening analysis {Sinnock and Fernandez, 1982) was applied
to an ares on and near the southwestern portion of the NTS (Figure 2-8), The
analysis consisted of four basic elements.

1. Welghted performance obj]ectives that identified ideal, or at least
desired, site condlitiona,

2. Phyuaical atcributes of the screening area that distinguished the
physical conditions of alternative locationa and host rocks.

3. Favorability estimates that rated, on a relative scale of zero to
ten, how well the physical conditlons represented by sach atrribute
gatisfied each of the relevant objectives for assessing site
performance (performance ohjectives),

4. Calculations of aummary rating scores for alternatlve locationsa and
host rocks based on how well the combined favorabilities of the
attributes satlsfied the performance objectives,

The performance objectives were organlzed into a three~level hierarchi-
cal tree (Table 2-1), which allowed site-specific objectives of the lowest
level of the tree to he clearly tied to the broad goals of waste management
(DOE, 1980) represented by the uppermost level of the tree {Sinnock and
Fernandez, 1984). Fach objective was correlated with existing criteria of
the DOE and the Nuclear Regulatory Commission to ensure that no relevant sit-
ing factors were overlooked. Table 2-2 shows thils correlatlion and also shows
the correlation with the DOE siting guidelines (10 CFR Part 960, 1984), which
did not exist at the time of screening. A weilght, or percentage describing
relative importance, was assigned: to each objective at each level of the tree
to account for priorities within each level (see figures 2-9a and 2-9b). The

welghts were obtained from a poll of technical experts (Sinnock and
Fernandez, 1984).

The physical attributes that form the second basic element of the formal
screening snalysls are shown ian Table 2-3. Each of the 3] attributes repre-
gsents a phyalcal condition that both {1) varies throughout the screenlng area
and (2) might influence repository behavior (Simnock et al., 1984). As
Table 2-3 indicates, the attributes fali into two general categorles, geo-
graphical (attcibutes 1 through 23) and host rock (attributes 24 through 31).
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Figure 2-8. Map of the area on and adjacent to the Nevada Test Site within which
screening for repository locations was conducted. Figures 2~11a and 2-12 show the

results of screening analyses displayed on this base map. Modified from Sinnock
and Fernandez (1982).
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Table 2-1. Three-tlered hierarchical arrangemeunt on:bvunnnhkmmnnumn.un site screeanlng by the
Nevada ®uclear Waste Storage Investigations -Project

TR R e

1.0 Identlfy locations that permit adequate radionuclide contaioment in a- amwpma repogltory :
1.1 Screec for ratural systems with maximum potential ro resist :mmnmlvmnrmmm.ﬁhmncuﬂuon vHOhmmmmm N
1.1.1 Minimize potential for chemically induced release IR
t.1.2 Minimize potential for wechanically iaduced release e
'.2 Scrzer for patuoral systems with minimum potential for waste—package disruption vncnmmmmm
1.2.7 Minlmlze the potential for seigmic hazarde to containment in a sealed nmvomunonﬂ
1.2.2 Minimize the potential for erosional disruptfon of waste packages
1.2.3 Minimize the potential for volcanic disruption of waste packages
1.2,4 Minimize the potential for inadvertent human intrusion into a sealed wmuomuﬂonw i
1.2.5 Mipimize the potential for events that wmight disrupt containment : .1

2.0 Identify locatlons that permit adequate isolation of radioactive waste from the blosphere
2.1 Screen for vatural systems that will retard migration of radionuclides
2.1,1 Maximize ground-water flow time to the accessible environment
2.1.2 Maximize retardation of radionuclides along flow paths
2.1.,3 Maximize extent of relatively homogeneous host rock
2.1.4 HMaximize migration times of volatile radionuclides :
2.2 Screen for unatural systems with minfipum potential for adverse changes to mnhmnuum Hmmﬁoncloam :
migration and retardation proceseses I
2.2,1 #inimize the potential for adverse Impacts due to tectoalc changes e S h
2.2.2 MHinimize the potential for adverse 1lmpacts due to c¢limatic changes i
2.2.3 Miaimize the potential for adverse impacts due to geomorphic changes
2.2.4 .
2.2.5

] Rt 4

Zinimize the potential for adverse impacts due to human activiries .
Miniwmize the potential for miscellaneous events that might disrupc fsolation

3.0 Identify leccations where safe repository construction, operation, and decommisgsioning can dm cosk—.
effectively implemented
3.1 Screen for locations compatible with surface facility constructica and safe ovmﬂmn—on
3.1.1 Minimize selsmlc hazards to surface facilitles
3.1.2 Mipimize cost of surface monitorlnog system
3.1.3 Minimize adverse foundation conditions
3.1.4 Minimize wind loading on surface stractures
3.1.5 HMinlmize flooding hazards to surface faciliries
3.1.6 Ensure availablility of resources to comstruct aod operate the repository




Table 2-}., Three-tlered hierarchical arrangement of ovumanwcmm uged in site mnnmmnbnm by the.

Nevada Nuclear Waste Storage Investigations muouman (continued) o T

3.2 Screen for locatieas suitable for subsurface facility construction and safe owmﬂmn»on

3.2,

\4 www

a2a
2.
o2
h

1 Hinimize selsmic hzzards to subsurface facilities

Minimize flooding hazards to subsurface facilities

Minlmize adverse mining coaditions : o
Cotimlze the geometry (thickoess and lateral mxnmSnv of the :Omn rock
Optirize bose~rock homogeneity

UJ:“U)N

3.2, Maximize compatibility of the host rock with standardized waste package

3.3 Screen for locations with characteristics cowpatible with safe radloactive-waste: nnmsmwonnmn»oa
toc a repository

3.3

«1 Minimlze adverse terrain along potential waste-transportatlion rouates
3.3.

2 Optimize distance from existing transportation corridors

4,0 Identify locatiouns for which environmental impacts can be mitigated to the extent reasonably

6i~2

area

achievable

4.1 Winimize or aveld adverse lmpacts on or from sensitive biotic systems

4.2 Minimize lmpacts on abiotic systems
»1 Minimize Ilmpacts on surface geology

«2 Minimlze lmpacts on water quality and availability
4,2,

4.2
4.2

3 Minimize impacts on air quality

4,3 Minimlze adverse impacts on the existing socloeconomic status of individuals in the affected

o 3.
.3.
23e
4.4 Redu

f"‘?#‘\-ﬂ“#‘

&
.4

HMinimize adverse impacts on local economies
*1inimize adverse impacts on 1ife styles
Minieize confiicts with private laad use
uce Impacts oa Institutional issues

1 Couperate with State and local officlals

er-

+«2 Carefully implement Federal regulations

4,5 Minimlize adverge lmpacts on significant historical and prehistoric cultural resources

a
Source:

Sinaock and Fernandez (1982),

b

n
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Table 2-2,

Project compar

a

{¥RC) criteria™. -

Objectives used for site screening by the Nevada Nuclear Waste Storage Investigations (NNWSI)
ed to relevant U.5. Department of Energy (DOE) and Nuclear Regulatory Commission

NNWSI screealng
objectives

.noﬂmmﬂwvwm umnwonmi.nn»wmnwm

at time of screening

Current
national criterlia

NWES. 33¢1) = NWTS 33(2) 10 CFR Part 60 (Iuly 1981 10 CFR Part 960
Yezibor sed rigl - {DOE, 1982b): (DOE, 198ia) NRC proposed rule) {1984)
1.0 CONTAINMENT 3.1.2, 3.2(par. 1), 60.111¢(b)(2)(i), 960.4-1(a)
3.2.2(1), 3.3(par. 1), 60.111(b)(2)(i1){A), :
4,2 3.4{par. 1} 60.112(b)(3)(1)
1.1 Processes 3.4(2)
1.1.1 Chemical 3.3(1), 3.4(2), 60.123(b}(5), 960 ,4-2-2(a),
release 3.2(1), 3.2(4) 60,123(b)(13-14) 960,4-2-2(b)(4),
960.4-2-2(c)(1,3)
l.1.2 Mechanical 3.4(2) 60,123(b){15), 260,4~2-3(a),
release 60.132¢k3(L) 960, 4-2-3(b)(1,2)
1.2 Events 3.5(par. 1)}, 60.123{a){7),
3.5¢1) 60.123(b)(6,7,10)
1.2.1 Seisate 3.5(2), 3.5(5) 60.112(a), 60.123(a)(5), 960.4~2-7(a),
60.123(b)(9) 960.4-2-7(c)(1-4)
1.2.2 Erosion 3.5(4) 60,132(b), 60.122(i); 960, 4+2~5(a), -
60.123(b}{4) . 960 ,4~2-5(b) (1,3},
960, 4-2-5(c) (1),
: : 960 .4~2-5(4d)
1.2.3 ¥olranic 3.5(3) 60.112(a), 60.123(b){11) 960.4~-2-7(a),
960, 4-2-7({b)(1),
960.4-2~7(c){1)
1.2.4 Human intru- 3.2.2(3), 3.6(par. 1), 60.123(b)(1-3) 960 ,4~-2+-8(a},
sion 3.3.2(4) 3.6(2) 960,4-2-8(b)(1,2),
960, 4~2-8(c)(1-4),
960.4-2-8(a2)(1,2)
1.2.5 Miscellanecous 2.3 60.122(j) 960,4~-2-6(a),

~ 960, 4-2~6{b) (1)
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Objectives used for site screening by the Nevada zfmwmuw Waste. Storage Investigations (NNWSI)

Project noaﬂmnma,no relevant U.S. Department om mnmﬂmw huomu and Nuclear Regulatory Commission

NNWS1 screeaing
objectives

Comparable natioral criteria at time of screening

nanmnn
national criteria

NWTS 33(1) NWTS 33(2)

10 CFR Parct 60 (July 1981

10.CFR Part 960
.. (1984)

N-aoher and title (DOE, 1982b) (DOE, 1981a) NRC proposed rule)
2.0 ISOLATION 2.1, 3.1.2, 3.4(par. 1), 60.111(b) (1), 96C,4-1(a)
3.2.2(2),  3.1(par. 1) 60.111(b){3)(11)

2.1 Ruclide migra-
tion
2.1.1 Ground-water
flow time

2.1.2 Nuclide retar—
dation

2.1'.3 Host-rock
homogenelity

2.1l.4 Volatile
migration

2.2 Changes to ex—
isting systems

2.2.t Tectonic

4.2 3.2(par. 1),
3.3(par. 1)

3.2(1), 3.2(2)

3.3(1)

3.5(par. 1),
3.5(1),
3.5(2-5)

60.112(c), 60.122(c),
60.122(£)(1-4)

60.122(d), 60.122(g)(1-3),
60.122(b),
60.123(b)(13- 15)

60.123(a)(7),
60.123(b)(7,12)

60.112(a), 60.122(a,b),
60.123(a)(5),
60.123(b)(6,8,10,11).

960.4-2-1(a), .
960.4-2-1(b)(1,2),
960.4-2-1(b)(4,5),
wmo-klmdmnhv

960.4-2-2(a),
960.4-2-2(b)(1,3),
960,4-2-2(b)(5),
960, 4=-2=2(c){2)

960,4-2-3(b) (1}

960.4-2-7(a),
960.4-2-7(b)(1},
960.4-2-7(c)(1-5),
960.4-2-7(d)
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Table 2-2

Objectives used for site screening by the Nevada Nuclear Waste Storage Investigations {NNWSI)

Project noavmwmn to relevant U.S. Department of Epergy (DOE) and. Nuclear xmmcpmnOHw Commission
(NRC) criteria® (continued)

HHEWH.WWHmNIWﬁW.
objectives

1

Number ard title

Comparable national criteria at time of screening

Current
national criterla

WWIS 33(1)
(DOE, 1982b)

NWTS 33(2)
(DOE, 1981a)

t0 CFR Part 60 (July 1981

KRC proposed rule)

10 CFR Part 960
(1984)

b — e s —

2.2,2 Climatic

2.2.3 Geomorphic

2.2.4 Hugan activi-
ties

Z.5 Migceilaneous

3.0 CONSTRUCTION

3.3.2(4)

3.2(1)

3.1(1), 3.5(4)

uo@ﬁvmﬂo HV»
3.6(2)

3.4(1)

60,112(b), 60.123(a)(8)

60.112(b), 60.122(e,1),
60.123(b){4)

60.123{a)(3),
60.123(b)(1-3),
60.133(a)

60.122(3)

60.111(a)(1,2),
60.130(b)(1), ..
60, HuOnUuannHwa
60.131(e)

960.4-2~1(b)(2),
960 .4~2~4{a),
960,4-2-4(b)(1,2),
960.4-2-4(c)(1,2)
960.4-2-5{a),
960.4~2~5(b)(2,3),
960.4-2-7{c)(5)
960.4-2-1(c)(2),
960 .4-2-8-1(a),
960.4~-2-8-1{b)(1),
960 .4~2-8-1(b)}(2),
960,4-2-8~1(c)(1},
960 .4~2-8-1{c){2),
960 ,4~2-8-1{c) (3},
960, 4-2-8=1{c ) (&),
960, 4~2-8~1(c){5),
960.4~2~8-1(d),
960, 4~2-8-2(a)
960.4-2-1(b)(3),
960.4~2-1(c)(3,5),
966G ,4~2-3(c (1)

{

i
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Table 2-2,

Objectives used for asite screening by the Nevada Nuclear Waste Storage Investigations (NNWSI)

Project noﬁkuwn to relevant U.S. Department of Energy Auamw and Nuclear Regulatory Commission
(NRC) criteria® (continued)

NNWST mnﬂmmnwum
ohjectives

Comparable national criteria at time of screening

Current
national criteria

NWIS 33(1) NWTS. 33(2} 10 CFR Part 60 (July 1981 i0 CFR Part 960
Nurber and title (DOE, 1982b) (DOE, 198la) NRC preposed rule) (1984)
3.1 Surface 3.2.1 3.7(par. 1) 60.123(a)(6), 60.131{a),
facilities 60.131(c) (1}
3.1.1 Seiswmic haz- 3.5(5) 60.123(a)(4), 960.5-2~11(a},
ards 60.123(b)(9,10) 9640,5~2-11(b}(1),
960.5-2-11(c)(1),
960,5~2-11(c)(2),
960.5-2-11(c) (3},
960.5-2~31(d)
3.1.2 Monitoring aad 3.3.2(3) 3.7(2) 60.130(9), 60,131{(c){(2) 960.5~2~3(a),
characteri- 960.5-2-3(b)(1),
zation costs 960,5~2-3(¢c)(1,2),
960,.5-2~4(a),
960,5~-2~4(bX}{1),
960,5-2-4(c){1,2),
960,5~2-4(4)
%.1,3 Foundation 3.7(2) 960,5-2~8(a),
condirions
960.5~2-8(b>(1,2)
3.1.& Wind loads 3.7(3) 960.5-2-3(c)(2)
3.1.5 Floading 3.7(1) 60.123(a)(1) 960.5-2-3(c)(2),
960,5-2-8(b)(2)
3.1.6 Net resource 2.6 3.7(43, 3.10(2) 960.5-2-8(c){1)
availabil~
ity : )
3.2 Subsurface 3.1.2, 3.4(3) 60,123¢(b)(16), 60.130(10),
facilities 3.3.2(2) 60.132(a)(!,4),

60.133(b)(4,5)
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Table Z-2: ﬂamunnanmm.rmMm\HOH site screening by the Nevada Nuclear Waste Storage Investigations (NNWSI)

_Project compared Lo relevant U.S. Department of Energy

"AZNOV nnﬁnmﬂwmw (continved). .. - L

(DOE) and Nuclear Regulatory Commission

.wamHWWWHmmuwww ey
" gbjectives

Comparable national criteria

at time of screening

Current
national criteria

NWTS 33(1)
(DCE, 1982b)

~_NWTS 33(2)
(DOE, 1981a)

Mewim s 7 TASY

10 CFR Part 60 (July 1981

NRC proposed rule)

10 CFR Part 960
(1984)

3.2.1 Seismic hazard 3.5(5)
3,2.2 Flooding 3.2(3)
3.2.3 MHining condéi— 3.4(3)

tions

3.2.4 Host—rock 3.1(par- 1),

geomet Ty 3.1(2).
3.2.5 Host-rock 3.4(3)
homogerelly
3.2.6 Waste—package 3.4.1, 3.4.2
compatibil- 3.3.2(1,2)
try ; .

60.123(a)(4),
60.123(b){(9,10)

60.122(£)(3),
60.132(a)(2),
60.132(£)(1),
60.132(g)(1,5)

60.123¢b){15,17),
60.132(a)(2),
60.132(&)(1,3),
60.132(£) -~ .

60.122(1), 60.132(a)(3)

60.132(a)(1,3),
60.132(i)(2),
60.135(a)(1,2),
60.135(c)(3) -

960.5-2—-11{a),
960.5-2-11(b) (1),
960.5-2-11(ec)(1),
960.5-2-11(c)(2),
960.5-2-11(e)(3),
960.5~2-11(d)
960.5-2-8(c),
960.5-2-10{a),
960.5-2-10¢(b) (1),
960.5-2-16(b)(2),
960.5-2-10(c) (1),
960.5-2-10(d)
960.5-2-9(a)(2),
960.5-2-9(b)(2),
960.5-2-9(c)(2-4},
960.5-2-9(d)
960.5-2-9(a)(1),
960.5-2-9(b)(1),
960.5-2-9(c) (L)
960.5-2-9(c) (5)

0 §

N0 0 0 B8
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Table 2-2. Objectives used for site screening by the Nevada Nuclear Waste Storage Hucmmn#mmhhonmmﬁzzﬂmwv

Project compar
- {KEC) criteria

a

ed to reilevant U.S. Department of Energy (DOE) and Nuclear Nmmjwmﬁonw.nnaﬁhnuho:
{continued) L o :

WNWSI screening
objectives

Number and title

Comparable national criteria at time of screening

i Current
natlonal criteria

NTS 33(1)
(DOE, 1582b)

NS 33(2)
(DOE, 198l1a)

10 CFR Part .60 (July 1981

NRC proposed rule)

10 CFR Part 960
| (1984)

3.3 Hnmnmwonnmnuon
3.3.1 Terrain

960.5-2-7{(b)(1){111i),
960.5-2-7(b) (1) ({v),
3.3.2 Distance

960.5-2-7(b)(1)(11),

4,0 ENVIROMMENT

4.1 Sensitive biotic

mMMHmHm.
Abiotic svstems
Geolsgic qurl-
ity

&‘N
b.N._.

4,2.2 Water gqualicy

— B

#.w

3.8(2)

3.7(2)

3.9(par. 1),

ey

3.901)

3.9.1, 3.9(2)

60.130¢(b)(2)(i)

960.5-2-7¢a),

960.5-2-7(c) (1,2)
960.5-2-7(bJ (1)(1),

960.5-2-7(b)(2-4) ,
960.5~-2~7(c){3)

9605-1a)(2) -

~~96035=2=5(c)(6), "

960.5-2-5(b)(2),
960.5-2-5(c)(2),
960.5-2-5(4)€1)

©960.5-2-5(b)(2),

960.5-2-5(c)(2),

960.5-2-5(d) (1),

960.,5-2-10(b)(3),
960.5-2-10(d)

.
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Table 2-2. Objectives used for site screening by the Nevada Nuclear Waste Storage Investigations (NNWSI)
Project nosvmﬂma to relevant U.S. Department of Eunergy (DOE) and Nuclear xmmswmnOHM Commission
(NRC) criteria® (continued)

NNWSI screening h ncﬂnmnn .
chjecrives Comparable national criteria at time of screening national criteria
NWTS 33(1) RWTS 33(2) 10 CFR Part 60 (July 1981 10 CFR Part 960
Nunber angd tirie (DOE, 1982b) (DOE, 198la) NRC proposed rule) (1984)
4.2.3 Afr quality 3.9(1) _ . : 960.5-2-5(b)(2),

960.5-2-5(c)(2),
960.5-2-5(d) (1)

4.3 Socloeconomics 3.8(par., 1), 960.5-2-6(a)
3,10(par. 1)
4.3.,1 Local econo— 3.10(1) 960.5-2-6(b){1~4),
mies 960,5-2-6{c)(1-4),

960.5-2-6(d)

4.3.2 Life styles

960.5~2-5(c) (3-5),
W@Oo M.INI.MAQ.V h N ) U.v »
960.5-2-6(b) (1),
960,.5-2-6(c)(1)

4,3.3 Private land 3.6(2) mo Hmnﬁmv 960,5-2~2(a),
use . . oo . R - 960.5~2-2(b) (1),
- - L 960. 5~2~2(c) (1)
4,4 Instirutional 2.2 3.9(2) 60.121(b) . 960,5~2-5(a),
1ssues - R 960.5-2-6(a)
4.,4,1 State issues 3.6(2), 3.9(2) 960.5~2-5(b) (1)},

960.5-2-5(c)(5),
960.5-2-7(b)(8)
4,4,2 Federal regu- 4,1,1, 4.1.2 3.9(2) 960.5-2=-5{5){1),
lation 960, 5-2-5(c) (1),
960.5-2~7(a},
960.5-2-7(b)(7)

™

.



Table 2-2, Objectives used for site screening by the Nevada Nuclear Waste Storage Investigatioms {NNWSI)
Project novanmm to relevant U.S. Uo?.ww.nam:n of mnmnmw Auomv and Nuclear Regulatory Commission

{e-¢

(NRC) criteria? (contimued)... P B
MNWSI screening | : Current
objectives Comparable national criteria at time of screening Co umnhogﬂ criteria
: NWTS 33(1) NWTS 33(2) 10 CFR Part 60 {July 1981 10 CFR Part 960
T har and mie {DOE, 1982b) (DOE, 198la) NRC proposed rule) (1984) =
4,5 Historic awnd | 3.9¢1) o 960.5-2-5(b)(2) .
prehistoric . 960.,5-2-5(ec){4,5),
resources 960.5-2~5(d)(3) c
®Modified from Sinnock and Fernandez (1982).
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Table 2-3.

Phyaical attributes used to discrim&nate among alternative

locatlons within the screening area

Attribute

No. Diseriminatiny conditions
GEOGRAPHICAL ATTRIBUTES
! Volcanlc potential Relative potential f¢ - hasaltic eryptions
2 Fault densaity Relative denaity of fiults and fractures
3 Fault trend Relative potential {>r fault movement
4 Age of faulting Fault ages
5 Natural seismic potentlal Expected ground accelerarion (g)
6 Weapons sgeismic potential Expected ground acceleration (g)
7 Bed artitude Amount of rock dip (degrees)
8 Eroslon potential Projected eroslonal intensity
9 Flood potential Flood hazards
10 Tarrain ruggedness Slope ateepness (%)
11  Metal resources Potential for undisccvered matal ores
12 Ground-water resources Potential for development of ground-water
supplies
13  Ground-water flux Saturated ground-water flux (m /8) -
14 Ground-water flow Upgradient distance from potential
- direction production areas
15 Thicknesa of unsaturated Dapth to water table
zone
16 3enaitive floral specias Potential for the occurrence of sensitive
speclas '
17 Sensitive faunal specles Likely species habltats
18 Revegatation potential Vegetation aseemblages
19 Xnown cultural reaourcsa Types and sites of cultural resources
20 Potential cultural Potential denelcy of undiscovered cultural
resources ~ resources
2l  Air pollution potential Alr quality zones
22 Permitting difficulties Land ownership and control
23 Private land use Private and nonprivate land
HOST-ROCK ATTRIBUTES
24 Thermal conductivity Thermal conductivity (W/ m-K)
25 Compressive strength Unconfined compressive strength (psi)
(containment)
26 Cowpressive atrength Unconfined compresaive strength {psl)
{construccion)
27 Expansion ot contraction Expanslon or contraction behavior on
: heating
28 Mineral stabilicy Mineral astability on heating
29 Stratigraphlc setting Stratigraphically welghted acrption
. potential .
30 Hydraulic retardation Potential for radicnuclide diffusion into
the rock matrix
31 Hydraulic tranamissivity (m /8)

Hydraulic transmissivity

%Data from Sinnock ﬁnd Fernandez (1982).
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A map of the screecing area waa preparad for each gaographical attribute
ghowing the distrtbution of phyaical conditions regpresented by <hat
attribute. A valu~ for appropriate vock properties was assigned to each
candidate rock typ: for each host-~rock attribute. The attributes used to
evaluste locstions with respect Lo each of the lower-—lavel objectives were
welghted to allow tha relative importance of various %vpes of physical con-
dicions to be disr<nguished (Tabla 2-4),

To supply the third basic element, favorability ¢ rimates for the vari=-
nug physical condlitions represented by each of the at ributes were compiled
as graphs (Figurs 2~10). These graphs constituted pzntitative screening
criteria by which the relevant physical attributes of “he screening area were
compared with rhe objectives.

The objectives, attributes, favorability graphs, weights, and a base map
of the screening area weve digitized on a computer graphice system. Computer
software was developad to calculate the relative favorabiliry for each of
1,514 half-mile square grid cells of the base map and for each of nine candi-
date rock types (Sharp, 1984). 1n these calculations, the favorability value
of each attribute for each grid cell or host rock, as appropriate, was first
multipliaed by the weight of the attribute (Table 2-4 shows the weights
assigned to each attribute). The resulting numbers wara then multiplied
succesgively by the welghts of (a) the appropriate lower~level objectives
(Table 2-5), (b) the corresponding middle-level objectives (Table 2-4), and
(c) the corresponding upper-level objectives (Table 2-4). These fully
welghted numbere wers than added together for a total rating score for each
of the 1,514 grid cells and for each rock type. Finelly, the total acores
were Acaled to a maximum of 100,000,

Results of the calculations wave dlsplayed as maps showing ratings of
all 1,3l4 grid celld (Figure 2-1la) based on geographical attributes
(attributes | through 23 aa ghown on Table 2~4) and as lists showing host-
rock ratings for both saturated and unsaturated conditions {(Figure 2-1lb,
bottom) (Sinnock and Fernandez, 1982). Grid cell ratings shown on the maps
were grouped inte high, intermediate, and low favorabLlity categories. These
categorias generally correspond, raspectively, to scores of greater than one
standard deviation above the average, within one standard deviation of the
average, aund greatar than one standard deviation below the average., The
histogram at the top of Figure 2-11b shows the range of scores for geographic
sttributes from which the average and standard deviatlion were calculated.
Figure 2-12 shows the ratings obtained by adding the score of the highest
rated rock type (scores shown on Figure 2-1lb, bottom) occurring beneath the
gurface a2t each grid cell to the scores of the grid cells represented on the
map of Figure 2-1la.  Since some localities within the screening area are not
underlain by any of the nine rock types evalusted, theilr acore for rock type
was zero and hence the total scores of these grid cells were relatively low.

Figures 2-1la, 2-1lb, and 2-12 show the results of only two of many
separate analyses that were performed. The others were based on selected
subsets of raelated cbjactives and attributes and on the confidence that could
be assigned to the results drawn from figures 2-11 and 2-12. Thesge analyses,
digscusged by Sinunock and Fernandez (1982), were used to investigate the
factors contributing most to the scores of alternative locations and rock
types. Based on grouploge of similarly rated grid calls for most or all the
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B I I PO U PR SN DG I B i [N [PV V) PV I
ATTRIBUTES N PR DY RS PR RS S50 P V) ) PN PV PR P AR I
', YOLCANIC POTENTIAL 3 h o T
2. FAULT DENSETY 5 5 10 L%
. FAULT TREND 5 10
4, AOE OF FAULTING a0 10
5, NATURAL SEISMIC POTENTIAL B0 Wa
%, WEAPONS SEISMIC POTENTIAL | B k]
7, BED ATTITUDE (ROCK DIP) 30
8, EROSION POTENTIAL 100 1)
a
g | 8. FLODD POTENTIAL )
0 |10, TERRAIN RUGGEONESDRS 14 20
G
g L1}, BASE § PRECIUUY METAL RESOURCE POTCMTIAL Y] 43
A |12, GROUND-WATER RESOURCE PUTENTIAL 50 45
B
w [13. oROUND-wATER FLUX 5 1ofro
1 | iu. GROUMD-WATER FLOW DIRECTION a0
C
a |)5. THICKNESS OF UNSATURATED ZUNE 5 [0 1)
L [16. SENSITIVE FLORAL SPECIES
17. SENSITIVE FAUNAL SPECIES
18, REVEGETATION POTENTIAL
19. KNOWN CULTURAL RESOURCRS .
20. POTGNTIAL CULTURAL RESOUNCES
2i. ALR POLLUTION POTENTIAL
22. PERMITTING DIFFICULTIES
23. PRIVATE LAND USE
24, THERMAL CONDUCTIVITY 2020
E 25, COMPRESSIVE BTRENBTH (CONTAINMENT) 4o 20
g {26, COMPRESSIVE STRENGTH [CONBTRUCTION)
T 127, EXPANSION-CONTRACTION 20
] |28, MINERAL STABIL.ITY 161{30 1 5
o [29. srRatigrasnic saTving 79 |8ojae
K {30, HYDRAULIC RGTARDATION 16{12 15
31, HYORAULIC TRANSMIBSIVITY Jeo Wl 40 |
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Table 2-4. Mutrix of attributes araldbobjectives showing the weights
ansligned to attributes *~ {continued)
LEVEL |
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ATTRIDUTES mimiwlololololaolelolejmfe|e
1. VOLCANIG POTENTIAL
L
2. FAULT DENSITY 1041020 50
3. FAULT TREND
4, AQE OF FAULTING
5. NATURAL SG18M1C POTENTIAL %0 1
6. WEAPONG 9EIBMIC POTENTIAL ie 5 :
7. SED ATTITUDE |RODK 0if) oo 4o
g 8. EROSION POTENTIAL 10
0| §. FLOUD POTENTIAL 20] Jiog 5 30
g 18, TERRAIN RUGGEDNESY relro 70
A |11, BASE § PRECIOUS METAL RESUURCE POTENTIAL 10
i 17, GROUND-WATER RESOURCE POTENTIAL
{1 | 13. GROUND-WATER FLUX 15
i t4, ORDUND-WATER FLOW DIRECTION iaje
L | 15. THICKNESS OF UNSATURATED ZONE
18, SENIITIVE FLORAL SPECICS 3
i7. BEMBITIVE FAUMAL HPECIES H
18, REVEGETATION POTEMTIAL
18. KNOWN CuLTuRAL RESOURCESY 5
20, POTENTIAL CULTURAL RESOURCES 5
21, AIR POLLUTION POTENTIAL
22. PERMITTING OIFF LEULTIES
73. PRIVATE LAND USE
W L2 THERMAL CONDURYIVITY ™ 20
0 2h. CBMPRESSIVE STRENCTH [CONTAINMENT)
? 26. COMPRESSIVE STRUNGTH (CONSTRUCTION) ug
27. EXPANGION-CONTRACTION 40
g 78. MINERAL STABILITY 10 P
o | 8. ATRATIGRAPHIC BETTING
K | 30, HYDRAULIC RETARGAVION )
31, HYORAULIC TRANSMISBIVITY 8of:o
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g8glgned to attributes”’” {continued)

LEVEL |
N,0 PROVIOE 4CCEPTABLE
ENVIRONMENTAL IMPACTS {6%]
1R -
o L .
- . ¥ e
nl ¥ ¥ ~f
sl 2 1. JED )
"] ] L] Om g
2} - Vo3I e =
a4 = e ] u—HS'
glsf ox 1“3‘“;.:; o
= mm,{B &NZ&§
- g - ITETETES R
{
™ (2] ﬁ-’) & el
-7' ar' :\-rl' ﬂ' T
| ¢
1z g @
P - 3 ool
mS..q ] !mm
AES A gls
i é n4alF al*g=
o G ETE L WL
A HERHRE HHE
50‘10‘)3(}-—‘-1 u:-u.s
-—N:-:—Il\:ﬂ':r-(\l—
e REEGELTY BEELEAR I EEE 2 K]
ATTRIBUTES A I s|elwla|a) =
b, VOLOANIC POTENTIAL
2. FAULT DOENSITY
¥. FAULT TREND
4, AGE OF FAULTING
5. NATURAL SEISMIC POTENTIAL
6. WEAPONB SE15MIC POTENTIAL
7. BED ATTITUDE (ROCK BIPJ
G [ 8. EROSION PQTENTIAL
E [ &, FLOOD RGTENTIAL 50
o
g [10. TERRAIN RUGBEDNESE 60
E 11, BANE . PRECIOUS METAI, RESOURCE POTENTIAL
p ['2. GROUND-WATER RESDURCE POTENTIAL hoo
T 13. GROUND-WATER FLUX ;
¢ |'". GROUND-WATER FLOW DIRECTIoN
A |15, THIGKNESS UF UNEATURATED ZGNE
L
16, SENSITIVE FLORAL SPEQIES - ug
17, SENBITIVE FAUNAL SPEGIES 50
18, REVEGETATION POTENT1AL io
18. KNOWN UULTURAL RESOURCES . 30
20. PDTENTIAL CULTURAL RESOURCES 70
21, AIR POLLUTION PDTENTIAL 1008
22, PERMITTING DIFFICULTIES 190
23. PRIVATE LAND USE ook

®pata from Sinnock and Fernandez {i982).

Weighte assigned to éach’geographic and host-rock attribute for
evatuating site conditions with respect to each lawer-level objective.
The three-level hierarchy ie given In Table 2-1; percentage Importance
for upper (1), middle {2), and lower (1) level objectives is given in
Figures 2-9a and 2-9b; and discriminating conditions for geographic
and hoat-rock attributes are presented in Table 2~3.
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RELATIVE FAVORABILITY
OF ATTRIBUTE CONDITIONS

{not scaled 107 absolute suitability)

ATTRIBUTE

(UNITS ALONG THIS AXIS CORRESPOND EXACTLY

TCQ MAPPING UNIT FOR GEOGRAPHICAL ATTRIBUTES
FULL RANGE OF PROPERTIES FOR HOST-ROCK ~TTRIBUTES)

RELATIVE FAVORABILITY

1075 1074 1073 10'2

HYDRAULIC TRANSMISSIVITY
(m2/g)

Figure 2-10. General form (upper diagram) of graphs for plotting the
favorability estimates used to link the attributes to objectives. A spe-
cific example for attribute 31, hydraulic transmissivity, is shown on the
lower diagram. Modifled from Sinnock and Fernandez {(1982).
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Table 2~5, Welgutse assigned to the lower-level objectives
{lavel 3) ghown in Table 2- 58
O'caje::twe;2 Weight (%)

lelal Chemical 68
I.1.2 Mechanlcal 32
la2.1 Seisale 37
1e2.2 Eroaional 14
1,2,3 Volcanic il
la2.4 Human intrusiva 3
1.2.5 Hiscellaneous 5
Z.1.1 Cround-water flow 19
2.1.2 Kuclide ratardatisn 10
2.1.3 Host-rock thickness. 23
2.1.4 Higration of volatiles 8
2,341 Tectonics at
2.2.2 Climate o 21
2.2.3 Geomorphic effects 20
2.2.4 KHuman effécte on. izolatiion syetanm 25
2.2.5 Hiscallapeoug and aomplexity k]

«d.t Selsmicity 21

1.2 Monitering requiremants 12
1.3 Foundation conditions 6

Tad o WARG LR cksin R 21043

1.5 Flooding

+i.0 Avallable natural resources 13
3.2.1 Seismfcity . i5
1.2.2 Flooding : : 21
1.2.3 Mining conditicns ' 27
3.2.4 Heat-~rock gdometlry 13
3,2.5 Hest-rock hgmogeneity | 12
1.2.6 Haate-package acesprabilicy [ 10
3.3.1  Terrain " § 71
1.3.2 Tranaportation dla:a&ce e wie 29
4,1.1 Senaitive syetams it 100
G.2,1 Surface geokogy ; 22
4.2,.2 Water quality . . 46
4,2.1 Alr quality : ! 32
4.3,1 Local econu&iel-_ 4l
4,3.12 Life styles B 42
4,3.3 Private land uae 17
bhob,l State leaues 33
4.4,2 Federal ragulations 47
4+3.1.  Archapologlcal .and. bhlstoric sices . 100

bHodeied from sinnock and Eernandqs (1982}
only sanbrai designations; sen T&ble =1, fnr a ccmplete statament of

objectives. '

“Weighta for’ ‘wach gtoup of lower-level obiectives sum to 100X,
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" CALICO
i HILLS

36° 52 30

JACKASS
FLATS .

TUTTLE |
o ~ N GKULL MTN

] AOCK

VALLEY

36°37 30

" KILOMETERS
LEGEND FOR LOCATION RATINGS

D <45.000 (LOW FAVORABILITY)

45,000-60,000 (MEDIUM FAVORABILITY)

>60,000 (HIGH FAVORABILITY)
(BASED ON ATTRIBUTES 1-23 ONLY) |

Figure 2-1lla. Examples of results of screening analyses based on geograph-—
{cal attributes. Ratings of the 1,514 grid cells that make up the base map
are grouped into three categories (see legend). Modified from Sinnock and
Fernandez (1982). ' R
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NUMBER OF GEOGRAPHIC GRID CELLS

6 i 2 3 4 5 6 7 8 9 10
AATING SCORE {X 104)

HOBT~-ROCK RATINGE

SATURATED [UNSATURATED
AGE ROCK TYPE RATING [RANK|RATING [RANK
ALLUVIUM 45000 43000 8
BASALT 48000 48000 '
NONWELDED PAINTBRUSH TUFF 55000 42000
TOPORAH SPRING TUFF 41000 58000
CALICO HILLS TUFF 75000 62000
CRATER FLAT TUFF 67000 60000
QRANITE 76000 63000
ARGILLITE 82000 72000
CARBONATE 33000 35000

Ol OMm]-y

OLDER\
YOUNGER
olalm|alwiale|~

NOTE: Hest-rock ratings are based solely on host-rock atiributas
inumbers 24~31 for saturated tiat; for unsaturated lint, numbers
24-30 anly). Ratings.do not accaount for site-deoandent rack = -
conditions such as in aitu stress, in situ temperature. depth. and
local structures. Unsaturated ratings omit hydreulic transmissivity,
attribute number 31.

Figure 2-11b. Typlcal histogram (upper dlagram) and host-rock rating
scores {lower diagram) used to place individual grid cells into high,
medium, and low categories. The histogram distribucion was used to
obtain the distribution of Pavorabllities that is shown as the legend on
Figure 2-1la. For example, the results from the histogram were added to
the host-rock rating scores to obtain the combined location ratingse for
the map shown on Figure 2-12. Modifled from Sinnock and Fernandez
(1982).
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116° 30 116°22 30" 116° 15° *
o =K . -

35°52 30

MILES KILOMETERS

B N . . N |
LEGEND FOR LOCATION RATINGS
|:| <45,000 (LOW FAVORABILITY)

45,000-80.000 (MEDIUM FAVORABILITY)

- >80,000 (HIGH FAVORABILITY)
a (BASED ON ATTRIBUTES 1-31)
Figure 2-12. Screening analysis results with the value of most highly

rated host rock added to the ratinge for geographical attributes  from

Figure 2~1la and the scores scaled to a total score of 100,000. Modified
from Sinnock and Fernandez (1982).
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separate analyeea, 1% relatlvely distinct locatlone were ldentified (Figure
2-13). In this manner slternative locatlons for a repository wersg estab-
lished by the analysas.

In Figure 2-14 the 15 locations are ranked according to the number of
analyses for which ali ot moat of the grid cells within s3ch lgcatlon rated
high, medium, or low. The ohjective and attribute subaels shown in Flgure
2-14 are convenient representations of the most importan: hasea for ranking
the potential sites; the Flgure also shows the relative -reighta asalgned by
th= experts to each of these subsats. To quantify the % :wsla for the rank-
ings, the welights assoclated with each of the rating . =& .egorias shown on
Figure 2-14 were summed for each location for the 12 an:lvaes that conszidered
different comblnations of objectives (Table 2~6).

As is apparent from figures 2~1la, 2~12, and 2-14 and Ffrom Table 2-6,
northern Yucca Mountatn (location J, Figure 2-13) rankyvd highest, mainly
because of high ratings for objectives related to lomg-term isolation; Lts
ratings for near-term objectlves, including the cost of tonstructing surface
facilities and the environmental impacts of construction and opergtion, waere
lower than those of gome of the other locations (Figure 2~14), Three rock
types at thia locatlon rated high enough to merit consideration as potential
reposltory host rocke: the saturated and unsaturated Calico Hills. unit, the
unsaturated Topopah Spring Membey, and the saturated Crater Flat Tuff (lower
half of Figure 2-1lb).

Two other locatione, northeastern Jackass Flats and Calico Hilla-Upper
Topopah Wash (locatlons L and N, respectively, Figure 2~13), also rated .
generslly high., High ratlngs at northeastern Jackass Flats are primarily due
to favorable environmental, terrain, and hydrologic attcibutes. However,
this location is not underlain by any of the host rocke considered. Less
favorable tectonic attributes also detracted from 1ts ratings.

The third location, Calico Hille-Upper Topopah Wash, 1n contrast to-
northeastern Jackass Flats, rated low for geographical ettributes and high
only when host-rock attributes were considered. Argillite and perhaps
granite occur beneath Callco Hills and Upper Topopah Wash, though the granite
may be too deep for repository use. Argillite was rated firet and granite:
second for both saturataed and unsaturated conditions, and thelr prefence
strongly contributed to the high ratlngs at this locatlon (compare maps from
figures 2-1la and 2-12). Hydrologic attributes at Calico Hills-Upper Topopah
Wash also rated very high whereas tectonlc, terraln, and human~disturhance
attributes generally rated low. The other 12 locatlons rated significantly
lower than thoee discussged above.

Yucca Mountaln emerged from the formal screening, in agreement with the
lass formal siting activities described in Section 2.2.3, as the location on
or near the NTS that offers the moat attributes considergd to be favorable
for a repository site. The screenlng systematically compared only the rela-
tive merits of alternative locations consldered 1n the study. The aite-
specliic data needed for quantitative predictions of site suitabllity will ba
collected during atte charactarization 1f Yucca Mountain is recommended Eor
charactarlzation.
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116° 30 116°22'30"

46°52 307

36°37'30°

[P — ]
MILES KILOMETERS

ALTERNATIVE LOCATIONS

A AMARGOSGA DESERT H SKULL MOUNTAIN
B STRIPED HILLS-SPECTER RANGE | EABTERM JACKASS FLATS
C EASTERN CRATER FLAT J NORTHERN YUCCA MOUNTAIN
D CENTRAL-8QUTHERN YUCCA K GENTRAL JACKASS FLATS
MOUNTAIN L NORTHEASTERN JACKASS FLATS
E WESTERN JACKASS FLATS M YUCCA WASH-FORTYMILE CANYON
F ROCK VALLEY N CALICO HILLS-UPPER TOPOFAH WASH
G LITTLE SKULL MOUNTAIN O KIWI MESA-MID VALLEY PASS

Figure 2-13. Approximate boundaries of 15 alternative locations
identified from groupings of similarly rated grid cells for 25
geparate analyses. The location identified as northern Yucca
Mountain (location J) 1is larger than, but encompasses, the current
sita. Modified from Sinnock and Fernandez (1982).
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Figure 2-l4. Ranking of locations (highest to lowest from top to bottom) based on
ratings of all or most grid cells. Separate analyses of (a) objectives (columns
1-12), (b) attributes (column 13-17), and (c) confidence in the ratings (columns
18-19). For each column percentage welghts associated with individual analyeses were
obtained by polling experts and are shown in the histograms at bottom. Modified from
Sinnock and Fernandez (1982).
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Table 2-6. Ramking of alternative locations (highést to lowest from top.to bottom)
based on the number wnm weights of rating categories for the 12 analyses of

related ovumnnwﬂmmﬂ.

- Rating categ

- ory from Figure 2-1%
Bigh and - -Medium and
High . pedium Medium: “low Low
Lars -ilon No. Weight Y¥o. Welght No.,  Weight No. Weight No. Weight

Korthern Yucca Mountain 6 178.79 1 52.42 2 30.59 3 29.41 0 0
Northeastern Jackass Flats 4 842.56 2 41.51 5 73.48 1 93.66 0 o
Calice Hills—\fpper Topopah Wash 3 30.14 2 122.06 1 52.42 1 21.83 5 64.81
Eastern Crater Flat 1 6.55 5 105.91 5 172,24 0 0 1 6.51
Centrai~Southern Yucca Mcuntaln 0 0 6 156.97 3 86.22 2 30.52 i 17.50
Fortymile Canyonm-Yucca Wash 0 0 4 78.58 2 58.97 4 112,15 2 41.51
Amargosa Desert 0 0 3 46.91 3 157.38 4 73.83 2 13.09
Western Jjackass Flats 0 0 3 46.91 2 100417 2 74.25 5 69.88
Lirtie Skull Mountain 0 0 2 13.06 3 117.29 3 63.71 4 97.15
Kiwi Mesa-Mid Valley Pass 0 0 3 30.14 0 o 5 120.50 4 140,57
Central Jackass Flats 0 0 0 0 10 216.96 2 74.25 0 0
Eastern Jackass Flats 0 0 0 0 3 19.64 9 271.57 0 =0
Bock Valley 0 0 0 0 1 6.51 9 i62.64 2 122,06
Striped Hills—Specter Range 0 0 0 0 2 33,13 -3 52.03 7 206.05
Skul]l Mountaln 1 €.51 0 C 2 23.60 2 33.13 7 227.97

b

para from Simnock and Fernandez {1982).
Subsets of objectives listed in Figure 2-14.
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2.2.5 SELECTION OF THE HOST ROCK FOR FURTHER STUDY

Complementing th acreening for locations described in Sectiom 2.2.4, a
separate screening acrivity was conducted in 1982 and ecrly 1983 to look 1In
greater detail at th: relative merits of alternative rock types at various
depths beneath Yucca Mountain, By the end of 1981, four :ock units had been
identified, in part “ased on the locatlon screening, as primary candidates
for a repository. 'fso units are in the unsaturated zone' the welded Topopah
Spring Member of the Paintbrush Tuff and the nonwelded .uffaceous beds of
Calico Hills., The two other unite, the welded Bullfrog and Tram members of
the Crater Flat Tuff, are located below the water tahl: {Figure 2-15%). The
objective of the form:1 evaluation of these four units +#8 to rank them using
exlsting data ard analytical methods, supplemented by en; ineering and scien-
tLfic judgment. A letter from the U,S, Geological Survey {Robertsen et al.,
1982} pointed out the ",.,. considerable advantages that might be offered by
the unsaturated zone ... One strategy of locating a repository 1in the
unsaturated zone beneath Yucca Mountain would be to place 1t in units of
fractured welded tuff with high fracture conductivity, so that any recharge
water that doea reach the repository level will move rasidly through 1t down
to the next horizon of low permeability.” 1In July 1942, planning for an
exploratory shaft required that a target horizon be chosen, On the basis of
the information avallable at that time, the Topopah Spring Member was desig-~
nated as the reference unit, The final evaluation of the four rpck units
(Johnstone et al., 1984), completed seven monthe later, generally supported
this preliminary decision, .

Several physical properties of the varlous rock units were used to com-
pare excavatlion stability, wminability, thermal-lcading limits, far-fileld.
thermomechanical behavior, and ground-water travel time (Johnstone et al.,
1984). The rankinge are summarized in Table 2-7. Minability considered
specifically the expected ease and cost of the mining process. The Calico
Hills unit was a clear cliolce with respect to thils factor because continuous
mining machines could be ugsed rather than the more time~consuming and expen~
sive drilling and blasting techniques required for the welded unita. Ewen
so, the main result from the minability comparison wds that no units were
eliminated; all units can he mined successfully with gonventional techniques,

Gross thermal loading did not allow significant discrimination among. the
four units. 1Loading densities required to keep the floor temperature of
emplacement drifts within design limits varied only from 54 to 57 kilowatts
per acre. Congidering the variabllity of thermal properties within each rock
anit, the four units are nearly identical with respect to emplacement of heat
generating wastes., Far-fileld thermal effects also did not discriminate
significantly among the units. All units were predicted to be affected in
the far fleld in virtually the same way, HNone of the thermal calculations
for any of the units suggested any failure mode due to the temperature
changes that could affect repository performance. Although the differences
among them were very alight, the rock units were still ranked on these two
thermal factors {Table 2-7).

The stability of mined tunnels in each unit was evaluated by three
different approachea. Near-fiald computer calculations indicated clear
guperfiority of the three welded units. A subranking among these three units
showed that the TopopahhSpr{ng Member would be expected to be the most
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Figure 2-15. East-west croes gection (approximate) through repository area at
Yucca Mountain showing correlatlon between lithologic and thermal-mechanical
gtratigraphy developed for the unit evaluation study. For detall on the
thermal~-mechanical stratigraphy, see Johnatone et al. (1984). Modifled from
Johnstone et al. (1984).
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Table 2-7. Ranking of four rock units {dentified as primary candidates
for .1 potential reposltory host rock

Relsi.lve rankb
Topaopah Callc) "
Comparison fac.ors Spring Hill . Bullfrog Tram;

l

Excavation stability

Calculated near-field _
thermomecnanicel responsa 1 4 2 i 3

Rock-mairix propertias 1 h 4 T4

Norges Geotakniske Institute

classification® 1 4 4 ﬁf

Council for. Sclentific and 5
Industrial Resgarch. . : i
clagaification 1 L s 2 2

5 Minability - | 2 | 3 4 i
i Gross thermal—loading limit : 1 S | 1 3

' Far-field rhermomechanical response 1 i 1 1

i Ground-water travel timeito the _ 1
' watec table '; o ' 1 2 & 3%

bData from Johnstone et al,('1984). :
Lowest namber (1) 1s highest rank; highest number {4) is lowest rank, =
Described by Barton .(1976).,. . R
Described by Bieniawski (19?6)

atable. An evaluatlon of rock matrix properties provided s more tradltional
approach to coumparing rhe expected stability among the four unite. This
method also showed that the Topopah Spring Member wag clearly expected to be
more stable than the other three unlts. Two published techniquee for clas~
sifying the sultabllity of rock masses for mining, the Norges Geotekniske
Inatitute (NGI) method and the Council for Scientific and Industrial Research
{CSIR) method {Barton, 1976; Bieniawskl, 1976}, were also used to evaluate
mine stabllity. The NGI system showed the Topopah Spring Member to be
clearly superlor to the other three unilta. Distinctions based on the CSIR
system were less dramatic, but this method also ranked the Topopah Spring
unlt first. However, none of the units was classified as unsuitable or
unusually dangerous wlth respect to mine stability.
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Vertical ground-wvatar travel times from the two unsaturated and two
saturated candidate reposftory horizons to the water table were soiimated to
be thousands of years., Ground-water travel-~time estimates for each rock umnit
were baeged on the azsumption of porous flow and did not lnclude the effects
of heat. Conslderable uncertalnty existed in the estimaizs for all the rock
unita. For rock unite in the saturated zone, extreme i:.riability 1in the
assumed hydvaullc pa.ameters yielded travel-time astimat:3 that varied by as
much as six orders of magnitude., For the two unaaturate?! uvnits, the Topopah
Spring Member ranked higheat for traval time because 1t iw farther from the
weter table than the Calico Hills unii {Figure 2-15).

On the basis of the unit-evaluation study (Johmsti1: et al., 1984), the
fFirat choice for the targek reposltory horizon was the I. popah Spring Member
of the Paintbrusn Tuff. The second cholce was the tuffaceous beds of Calico
Hilla, The third and fourth cholces were the Bullfrog and the Tram members
of the Crater Flat Tuff, reapectively. If Yucca Mountain 1s recommended for
elte characterization, the exsact depth and position of a repository in the
Topopah Spring Member will be determined during site characterization on the
basis of the rock properties that affect performance and mine design.
Nothing in the unit-evaluatlon study suggasted that any of the rock units
considered would be unsuitable for a reposltory.

2.3 FEVALUATTION OF THE YUCCA MOUNTAIN SITE AGAINST THE DISQUALIFYING
CONDITIONS OF 10 CFR PART 9260

From the nine sites ldentified as potentially acceptable for the first
repository (see Chapter 1), the U.S, Department of Energy (DOE) is raequired
by the Nuclear Waste Policy Act of 1982 (NWPA, 1983) and the DOE general sit-
Ing guidelines (10 CFR Part 960, 1984) to nomlnate at least five as suitable
for site characterization. The first step ln the nomination process, as
required by 10 CFR 960.3-2-2-1, {8 to evaluate each potentlally acceptable
site against the diequalifying conditione specified in the technlcal guide-
lines in accordance with Appendix III of the guldelines.

Altogether, 17 disqualifying conditions are specified in the technical
guildelines. Taney are derived from Saction 1li2 of the Nuclear Waste Policy
Act, which requires the guldelines to spacify "... factore that qualify or
disqualify any aite from development ae a repoeltory ..." (NWPA, 1983). In
particular, the Act specifles factors pertaining to the location of valuable
natural resources, hydrology, geophysicse, selsmlc activity, atomic energy
defense actlvities, proximity to water supplies, proximity to populations,
the effact upon the righte of users of water, and proximity to componenta of
the National Park System, the Nationsl Wildlife Refuge System, the Nationml
Wild and Scenic Rivers System, the National Wilderness Preservatlon System,
or Natlonal Forest Lands. Each disqualifying coadltlon describea a condition
that 18 consldered sc adverse aa to congtitute sufficient evidence, without
further consldervatlon, that a site 1s disqualified. Thus, the presence of a
single disqualifying condition is encugh to eliminate s site from further
conslderation. Almost all the 17 disqualifying conditions pertain to con~
ditions whose presence or abeence may be estimated without extensive data
gathering or complex analysis. The evaluation of the Yucca Mountaln site
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against these disqualifiera 1a reported in this gection by the summary in
Table 2-8. A more detalled discuseion 18 prasented in Lhapter 6.

Because no discualifying condltions are judged te exist at Yucca
Mountain on the basln of the informatlon collected and a:ulyzed to date, the
DUE has carried out the remalning steps reguired by the %aglear Waste Polley
Act Section ({12)}{by(}1)(E) (NWPA, 1983) and I0 CFR 960.3-2-2-4 (1984} for the
nomination of sites us sultable for charactarization. - -wese stepa and the
sections of this document in which they are discussed ave listed below.

1+ An evaluatlion of the site as to whether 1t i.. sultable for the
development of a repository under the guidelines that do not reguire
glite characterization for their application {(Seciion 6.2).

2+ An evaluation of the site as to whether it Is wsultable for slte
characterization under the guldelines that require dats from site
charvacterizstion {Section 6.3)}. :

3. An evaluation of the effects of site characterization activities on
public health and safety and on tha environment, Iincluding alter-
native site characterization actlivities that might be taken teo aveld
gsuch effects (Chapter 4}.

4. An evaluatlon of the regfonal and local effects of locatiog a repos-—
itory at Yucca Modntaln (Chapter 5).

5. A comparatlive evaluation of Yucca Mountain and all other sites con-
sidered for nomination for eite charactertzatlon {Chapter 7).

Summaries of the findings for each of the disqualifying conditione are
presented in tha remainder of this section. Detaile of the evaluation of
Yucca Mountain egailnat the disqualifying conditions are presgented In the
cited sectlons of Chapter 6.

Geohydrology (10 CFR 960+4-2~1(d}; Jection H.3.1l.1)

Disqualifying condition: A site shall be digqualified if the pra-waste-
emplacement ground-water travel time from the disturbed zone to the
accesslble environment is expacted to be less thaun 1,000 years along any
pathway of iikely and significant radionuclide travel.

Analysis of existing field and laboratory data 1indicates that the
expected pre-waste-—emplacement ground-~water travel time along all paths of
likely and significant radionuclide travel to the sccessible eavironment
would exceed 1,000 years, The flow paths of interest at Yucca Mountain
include segments in both the unsaturated and saturated zone. The average
travel time from the disturbed zone to the accessible environment i3 about
43,000 years. The range of travel times is from about 9,000 to 80,000 years.

Flux through the potential host rock 1is determined by the volume and
rate of infiltrstlon and the hydraullc propertiea of rocks in tha unsaturated

zone. Upon reaching the water table beneath Yucca Mountain, thig water joins
other ground water in transit from sources of recharge north and northwest of
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Table 2-8.

Summary of evaluations of the Yucca Mountain slte against the disqualifying conditions

Disqualifying condition and Chaptar 6 reference Synopslis

1 CFR 960.4-2-1(d): GEOHYDROLOGY (6.3.1.1)

A site shall be disgualified if the pre-waste- . Not. disqualified:. On wrm”wmmmm of current

emplacement ground-water travel time from the estimates of flux, the average travel time to
disturbed zone to the accessible environment 1s the accesslble environment is more than
SEs 0w wu = less then 1.700 years along any path- 43,000 years.

way of 1.nciy and significant radionucltide travel.

10 CFR 960.4-2-~5(d): EROSION (6.3.1.5)

The site shall be disqualified if site conditions Not disqualified: The shallowest parts of the
do not allow all portions of the underground underground facility are more than 200 meters
facility to be situated at least 200 meters below beiow the directly overlying ground surface.

the directly overlying ground sutrface.

10 CFR 960.4—2-6{d): DISSOLUTION (£.3.1.6)

The site shall be disqualified if it is likely zmn awmncmwﬁmmmnw The potential host rock is
that, duriaog the first 10,000 years after closure, welded tuff, which is not considered to be
active dissolution, as predicted on the basls of soluble. .

the geologic record, would result in a loss of

waste isolation.

W CFR MANL4-2-7(d):  TECTONICS (6.3.1.7)

A site shall h: disqualified if, based on the Not disqualified: Nature and rates of fault
geologic record during the Quaternary Period, mevement or other ground motion are not likely
the nature and rates of fault movement or other to cause loss of waste isolation; low water
ground motion are expected to be guch that a flux and long ground-water travel times pro-

loss of waste isclation is likely to occur.

vide additional assurance of waste isolation.
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(continued)

Summary of evaluations of the Yucca Mountain site against the disqualifying conditions

Disqualifying condition and Chapter 6 reference

Syanopsis

10 CFR 960.4~2-3-1(d}: WNATURAL RESOURCES (6.3.1.8)

A site shall he disqualified if--

T ‘I-vivws explovaiion, zining, or extraction
ac..vities for resources of commercial impor-
taoce at the site have created significant
pathways between the projected underground

facility and the accessible eoviromment; aor

{(2) Ongoing or likely future activities to recover
Presently valuable natural eineral resources
outside the controlled area would be expected to

lead tc av inadvertent loss of waste isolation.

10 CFR 960.5-2-1(d):

POPULATION DENSITY AND DISTRIBUTION
{(6.2.1.2)

A site shall be disqualified if—-—

(1) Any surface facllity of a repository would be
located in a highly populated area; or

(2) Any surface facility of a Tepository would be
located adjacent to an avea 1 mile by 1 mile
baving a population of not less than 1,000
individuals as enumerated by the most recent
U.S. census; or

Not disqualified: There are no pathways
between the underground facility and the
accessible enviroanment that were created by
previous at-depth exploration, mining, or
extraction activitles ar Yucca Mountain.

Not disqualified: Activities to recover
natural mineral rasources outside the con—
trolled area would not decrease the waste
isolation capability of Yucca Mountain.

Not disqualified: No surface facility at
Yucca Mountain would be located in a highly
populated area.

Not disqualified. No surface facility would
be adjacent to an area 1 mile by 1 mile with
more than },00C people.
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Table 2-8.
( continued)

Summary of evaluations of the Yucca Mountaln

site against the disqualifying conditions

Disqualifying conditlion and Chapter 6 reference

Synopsis

(3) The DOE could uot develop an emergency prepared-
ness program which meets the requirements speci~
Fimd in DOR Order 5500.72 (Reactor and Non~—

nwnnawemwawwwww Emergarcy Pianning, Prepared-
and Response Program for Department of
Ener d guides or, when
issued by the NRC, in 10 CFR 60, Subpart 1,
“Emergency Planning Criteria.”

10 CFR 960.5-2-4(d): OFFSITE INSTALLATIONS AND

OPERATIONS (6.2.1.5)

A site shall be disqualified 1f atomic energy
defense activities in proximity to rhe site are
expected to conflict irreconcilably with reposi-
tory mnnnmmhlwonmnnnnnﬁon. operation, closure, Or

decomnissioning.

10 CFR 960.5-2-5(d): ENVIRONMENTAL QUALITY (6.2.1.6)

wmﬂ-Om the Zallowing condltions shall disqualify. a

gita:

(1) During repository siting, construction, opera-
tion, closure, OF decommissioning the queality
of the enviroament 1n the affected area could
oot be adequately protected or projected
environmental ligpacts in the affected area

could not be mitigated to an mnnmmnmvwm degree,

taking into account pro rammatic, technical
social, economic, and eanvironmental factors.

Not disqualified: an mﬂnﬂmmnnw.vﬁnumnmasmmm
mwmsunwﬂ”wn.amanwovﬂn;&ﬁmmauon.mp existing
plan for the NTS and the existing State plan
and DOE/NV notification procedures.

Not disqualified: The englneerTing design and
the coordination of rteposlitory schedules with
NTS schedules would prevent {rreconcilable
noumeOnmmnwummn.vw.mnoaun energy defense
activities 1o proximity to the site.

Not disqualified: No unacceptable mﬂcmnmm
eavironmental ilmpacts have been identified in

the affected area or are expected.

9
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Tabie 2~-8. Summary of evaluations of the Yucca Mountzin site against the disqualifying conditions

{continued)

Disqualifying condition and Chapter 6 reference

Synopsis

(2) Any part of the restricted area or repository
aupport facilities would be located wituin the
o awaaraees of 2 compeacat c¢f the National Park
Svsiew, the National Wildlife Refuge System, the

National Wilderness Preservation System, or the
National Wild and Scenic Rivers System.

{(3) The presence of the restricted area or the
repository support facilities would conflict
irreconciiably with the previougly designated
resgurce-presarvation use of a component of
the National Park System, the National
Wilclife Refuge System, the National Wilderness
Preservation System, the National Wild and
Scenic Rivers System, or National Forest Lands,
or any comparably significant State protected
resource that was dedicated to resource preser-
vation at the time of the enactment of the Act.

10 CFR 960.5-2-6(A): SOCIOECONOMICS (6.2.1.7)

A site shall be disqualified if repository construc-
tion, operatlo.., or closure would significantly
degrade the quality, or significantly reduce the
quantity, of water from major sources of offsite
supplies presently suitable for human consumption or
crop irrigation and such impacts caanot be compen-—
cated for, or wmitigated by, reasonable measures.

Not disqualified: WNo part of the restricted
area or repository support facilities would be
located within the boundary of any of the
specified systems.

Not disquallfied: The presence of the re-
stricted area or repository support facilities
will not conflict irrecencilably with the:pre—
vlously designated resource—preservation- use
of the land.

Not disqualified: Repository water use is not
expectzd to lower the regional ground-watet
table or reduce water qualicty.
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Table 2-8. Summary of evaluations of the Yucca 3b==nmaa site against the namaumpwmwhsm no:mnn»onm

{(continued)

DPlequallfylng condition and Chapter 6 reference

Synopsis.

16 CFR 960.5-2-9(d): ROCK CHARACTERISTICS (6.3.3.2)

The 2ire «” 11 he disqualified if the rock charac-
nmn»mpr: are such thar the activities assoclated
with repository construction, operation, or clesure’
are predicted to cause significant rigk to the
health and safety of personnel, taking into account
mitigating measures that use reasonably avallable

technology.
i0 CFR 960.5-2-10(d): HYDROLOGY (6.3.3.3)

A site shall be disqualifiled 1f, based on expected

ground-water conditions, it is likely that engineer—

ing peasures that are beyond reasonably available
techoology will be regquired for exploratory—shaft
construction or for repository comstruction, opera—
tion, or closure.

10 CFR 960.5-2-11(d): TECTONICS (6.3.3.4)

A site shall be disqualified if, based on the ex—
pected natvve and rates of fault movement or other
ground motion, it 1is lfkely that engineering mea—
sures that are beyond reasonably available technol-
ogy will be required for exploratory-shaft construc-
tion or for repository constructicn, operation, or
closure.

Not disqualified: No rock characteristics

that could lead to significant health ot
safety risks have been identified. :

01 49

Mot disqualified:. wwm:»mnnuln amounts of

ground water are not expected; reasonably
avallable technology is expected to be more.
than adequate to prevent disruptions due- no.
ground-water conditions.

8,00 o;é

Not disqualified: Reasonably available
seismic design technology is expected to -be.
sufficlent to- construct am exploratory shaft,
and to safely construct, operate, and close a
repository; the expected mature and rates of
fault movement or other ground motion are ast
expected to adversely affect the constructlon
of the éxploratory shaft or répository con-
struction, operation, and closure.




Yucca Mountaln and mover generally horlzontally to the accesslble eaviron-
ment. Uncertainties in the estimate of travel time at Yucca Mountain include
the lack of definition »f the extent, and therefore the outer boundary, of
the repository disturbecd zone, flux estimates, and the potential for lateral
flow.

Erosion (10 CFR 960.4-2-5(d); Section 6.3.1.5)

Disqualifying condition: The site shall be diasqu. "ifled if site
conditions do not allow all portions of the underg-o-nd facility to be

situated at least 200 metars below the directly iy erlyiag ground
surface.

The lowar portion of the densely welded tuff of the Topopah Spring Mem-
ber of the Paintbrush Pormation 18 the potential repository host rock at
Yucca Mountain. Tt has sufficient thickness and depth that all portions of
the underground facility would be located more than 200 metera (656 feet)
below the directly overlying ground surface. The present repository layout
will allow approximately 50 percent of the waste to be emplaced at depths
more than 300 meters (1,000 feet).

Dimsolution (10 CFR 960.4-2-6(d); Section 6.3.1.6)

Disqualifying condition: The site shall be disqualified 1f it is likely
that, during the first 10,000 years after closure, active dissolution,
as _predicted on the basis of the geologic record, would result in a loss
of waste isolation,

The minerals that compose the rock ia and around the Yucca Mountaln site
are consldered insoluble and no dlssolution is expected to ocgur even at the
elevatad temperatures expected near the waste digposal contalners. The host
rock for the potentlal repository horizon at Yucca Mountaln conaists of the
moderately to densely welded, devitrified tuff of the unsaturated Topopah
Spring Member, About 98 pecvcent of the host rock consists of alkall feld-
spara, quartz, and cristobalite, which are minerals that are not prone to
aqueous dissolution.

Tectonice {10 CFR 960.4~2-?(d); Saction 6.3.1.7)

Disquallifying condltton: A site shall ba disqualifiled if, based on the
geologic record during the Quaternary Perlod, the nature and rateg of

fault movement or other ground motfon are expected to be such that a

lose of waste isoletion is likely to occur.

The nature and rates of expected fault movement are not sufflecient to
threaten the waste lsolatlion capability of Yucca Mountain. Historical earth-
quake records show that seven esrthquakes were recorded before 1978 within
about 10 kilomaters {6.2 miles) of the potential repository site; of these,
two had Richter magnitudes of 3.6 and 3.4; the remaining five probably had
smaller magnitudes, although magnitudes are not avallable. A new seismlc
network has recorded three microearthquakes in the same area between August
1978 and the end of [983; the largest magnitudes were approximately 2.



Geologic evidence availlible to date Lludicates that 32 faults within a 1,100
aquare-kilometer (425 vquare-mile) area around the site offaset or fracture
Quaternary deposite.

Earthquake damage to underground facllities is Zenera.iy less than sur-
face damage. FRven 1f a waste disposal contalner were dewaged, water le
required to diseolve tadlonuclides from the waste form and t¢ transport these
radionuclides from the repoaitory to the accesaible en:. :ronment. The
exproted flux of lusd than 0.5 wmillimetear (N:02 inch) peyv year through the
repogltury has baeen shown (Section 6.4.2) to be insuffinient to transport
wastes in quantitles that could exceed release limits ..t the acceassible
environment, even 1f some waste material were released frr a the raepository
immedlately after cloaura. Travel times of greater than 10,000 years provide
additional cornfideace that radionuclides will nnt he released to the acces-
sible eavironmant in excess of the limits specified in 40 CFR Part 191
(1985),

Human Interference: Natural Resourcea (I0 CFR 960.4-2-8-1(d); Section
6!30108) )

Disqualifying condition: A mite shall be dlisgualified 1f-~

L) Previous exploratlon, mining, or extrsctlon activities for
regources of commercial importance at the site heve created significant
pathways between the projected underground facllicty and the accesalble
environment; or

(2) Ongoing or likely Euture activitias to recover presently valuable
natural mlneral resources cutside the conkrolled area would be expected
to lead to an 1nadvertent loss of waste lasolation,

Thorough examination of the Yocea Mountaln site and comprehensive
searches of iiterature and mining claim fllea have disclosed no evidence of
previous exploration, mining, or extraction activities for resources of com-
mercial importance. The aeite 1s wlithin an area of federally controlled
lands, most of which were restricted in the early 19508 to prevent public
access, and thereby excluded from exploration and development. The U.S.
Geological Survey has also mapped the entire area by physical inspection of
the ground surface, and it 1s extremely wnlikely that unknown excavations
exlist at the site. Consequently, no significant pathways have been created
between the projected underground facility and the accessible environment.

There are no ongolng or anticipatad future activities to recover pre-

aently valuable natural wmineral resourcea outside the controlled area that
could be expected to lead to an lnadvertent. loss of waate isolation.
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Population Denaity awi Distribution (10 CFR 960,5~2-1(d); Section 6.2.1.2)

Disqualifying corditions: A slte shall be disqualiiied 1f-~

(1) Any surface facility of a repository would be .ocated in a highly
populated area; or

(2) Any eurfacn facllity of a repository would be -ocated adjacent to
an_area | mile by 1 mile having a population of mor less than 1,000
indlviduals a8 enumersted by the most recent U(S. {ansusd; or

(3) The DOE could not develop an emergency preparec -ess program which
meets the requirements specified in DOE Order 5500.3 (Reactor and
Non-Reactor Facility Emergency Planning, Preparedness, and Response
Program for Department of Energy Operations) and related guides or, when
issued by the NRC, in 10 CFR 60, Subpart I, "Emergency Planning
Criteria.”

The highly populated area nearest to Yucca Mountain irith 1,000 or more
persons pet square mile 1s Las Vegaam, which 1is about 137 kilometers (B85
miles) away by alr. Conaequently, surface facilities at Yucca Mountain would
not ba located within a highly populated area.

The State of Nevada has an exlsting emergency preparedness plan covering
radiological emergencies. This plan ldent{fies the agencies and individuals
to be nottfied in the event of a radlological emergency, provides guidance
for participants, and establishes procedures for requesting and providing
assistance. Such a plan, meeting the requirements of DOE Order 5500.3 (DDE,
1981b}), can he developed for the operstion of a repository at Yucca Mountain.

Offsite Tnstallations and Operationa {10 CFR 960.5-2-4(d); Section 6.2.1.5)

Disqualifying condition: A site shall be disqualified 1f atomlc energy
defenge activities in proximity to the site are expected to conflict

irreconcilably with raepository siting, construction, operationm, closure,
or decommissioning.

The Yucca Mountaln slte 1s over 40 kilometers (25 miles) from the near-
est area presently used for underground nuclear detonationa, and no area
under consilderation for future testing 1s closer to Yucca Mountain than
approximately 23 lkillometers (14 miles). The potential repository site is not
within an area where iudividusls are normally removed during uaderground
testing activities elsewhere on the Nevada Test Site. However, depending on
the size and nature of a particonlar test, workers may be removed from under-
ground areas within about 80 kilometera {50 miles) of underground tests as a
matter of polley and as a precautlonary measure. Thig practice could have a
minor effect on the gsiting, construction, operation, and decommlssioning
phases of the repoeltory. Temporary suspension of certalin activities at the
reposltory site can be planned as a standard operating procedure. These
occurreaces would be infrequent and of short duration, and would not have
significant adverse lmpacts on any phase of siting or repesitory activities.
Current radlation contsinment and safety measures for underground nuclear
tests at the Navada Test Site are very stringent, and the poseibility of
subgtantial releases of radioactlvity to the atmosphere in the future 1is
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consldered very amall. All potential iImpacts from atomle energy defense
activities occurring elsewhere on the Nevada Test Sita can be uddressed
through facllity des.gn and construction, and through cagordination of sched-
uling of repository .perations and nuclear weapona testing activitieas.

Environmental Quality (10 CFR 960.5-2-5(d); Section 6,2.°.0)

Disqualifying -onditions: Any of the following ~onditiona shall
disqualify a site:

(1) During repository giting, construction, ope-ation, closure, or
decommissioning the quality of the environment in "he affected area
could ncot be adequately protected or projected environmental impacts in
the affected area could not be mitigated to an acceptable degree, taking
into account programmatic, technical, social, ecoasmic, and environ-
mental factors.

(2) Any part of the restricted ares or repository support facilitias
would be located withln the boundarias of a componant of the National
Park System, the National Wildlife Refuge System, the National

Wildernegs Preservation System, or the National Wild and Scenic Rivers

System.

(3) The presence of the restricted area or the repoaitory support
facilities would conflict irreconcilably with the previously designated
resource-preservation use of a component of the National Park System,
the National Wildlife Refuge System, the National Wilderness
Preservation System, the National Wild and Scenic Rivers System, or
National Forest Lands, or any compavably significant State protected
regource that was dedicated to resource preservation at the time of the
enactment of the Act.

Recognized envircnmental Impacta associlated with the aiting, construc~
tion, operation, closure, and decommissioning of a reposltory at Yucca Moun-
zain include (1) disruption of approximately 680 hectares (1,680 acres) of
desert habitat, (2) fugltive dust emiasions, (7) vehlcle emissions, (4)
natural radiocactivity releases from the excavatlon of volcanic rock for the
repository, and {5) radioacrivity releases during the operation of the
repository, under both normal and acclident conditions. The repository would
be dasipgned and operated in compliance with all applicable State and Federal
health, safety, and environmental protection regulaticns.

If a repository is located at Yucca Mountailn, the evidence indicates
that its siting, congtruction, operation, closure, and decomnissioning would
not result 1a any unacceptable adverse environmental impacts that would
threaten the quality of the environment. Nelther the restricted area, nor
the esupporting facilities for a repository at Yucca Mountaln, would be
located within the boundaries of or irreconcilably confllict with the previ-
ougly dealgnated use of the National Park System, the National Wildlife
Refuge System, the National Wilderness Pregdervatlon System, the National Wild
and Scenic Rivers System, or National ¥orest Lands or any comparably signifi-
cant State protected resgurce dedicated to resource preservation.
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Socioeconomlic Impacts (10 CFR 960,5-2-6{(d); Section £.2.1.7)

Disqualifying coidition: A site shall be disqualified if repository
construction, opuration, or closure would significauatly degrade the
quality, or sigulficantly reduce the quantity, of .ater from major
sources of offaice supplies presently suitable for i man consumption or
crop irrigation and such impacts cannot be compensai : for, or mitigated
by, reasonable neasures. )

Repoeitory construction, operation, and closure toiid increase water
consumption by onsite use at the repository facility an.. would increase off-
gite use due to the ropulation increase assoclated wit the repoeitory.
Because the clim.te ia arid and the water teble 18 deep (.ore than 500 meters
or 1,640 feet below the land surface), 1t is extremely unlikely Lhat reposi-
tory activities could degrade the quality of ground wate: in the Yucca Moun-
tain region. Ground water would be the sourz:e of water for the repository,
Should the Federal Government develop a repesitory at Yuica Mountaln, a per-
manent land withdraval will be necessary, in accordance with the Federal
Land Policy snd Management Act of 1976, and reservation of water rights would
be explicit in the withdrawal.

Fetimates of water requirements for the constructlon, operation,
clogure, and decommissioning of the repository have been based on preliminsrty
concepts of a two-gtage repoeitory., For the first 32 years of repository
activities an average of 432,000 cubic meters (350 acre~feet) per year of
water will be used, Water use ls expacted to decrease substantlally after
this initial period (Morales, 1985). The reglonal cffects of withdrawing
this volume of ground water are expected to he negligible. The water level
in Well J~13 has remained essentially constant after long periods of constant
pumping between 1962 and: 1980, which suggests that the aquifere beneath Yucca
Mou tain can produce large quantities of ground water, and this ground water
can be withdrawn for long perlods of time witbout lowering the regional
ground-water table.

According to current information, the incremental increase 1in water
supply requirementa due to project-related population growth 1n the regibn
may shorten slightly the time remaining during which present sources are
adequate. The maximum l-year average project~related population increase is
not likely to significantly aggravate the water supply sltuatlon for any
county or community 1in the bicounty area. Proper planning {s needed to
ensure that the expansion of facilities occurs 1n a timely manner. The
Nuclear Waste Policy Act of 1982 provides for financlial assistance, which
will enable local communities to prepare for incressed growth (NWPA, 1983).
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Rock Characteristica (10 CFR 960.5-2-9(d); Section 6.3.3.2)

Disqualifying coa~dition: The site shall be disquaiified if the rock
characteristies i're such that the activities associzted with repository
congtruction, op%ration, or closure are predicted t¢ cause significant
risk to the heaith and safety of personnel, takinz into account
mitigaring measu.es that use reasonably available teihnology.

The laboratory and field data collected and analyz:e. to date for Yucca
Montain and observations and experlence in similar exca.ations at seimilar
depthg iIndicate that activities assoclated with repos: tury construction,
operation, and closure will not cause sipgnificant rigk fo the health and
safety of personnel, Tunnels in similar rock typea at tr & Nevada Test Site
are generally supported with only rock bolts and wire mesh., Even when
exposed to the ground wotion Induced by nearby underground nuclear explo-
glons, this support provides stable, safe openings., The stability of open-
inge in the potential host rock has been evaluated uslag thermomechsnical
atress analyses, rock-mass clagsifications, and linear calculations for mine
design and pillar sizing. These evaluations show that exiating mining tech-
nology 1s sufficlent to construct and maintain undergro.nd openlnge in the
Topopah Spring Member that will allow repository operatione to be carried out
safely from construction through closure,

Hydrology (10 CFR 960.5-2-10(d); Section 6.3.3.3)

Disqualifying conditfon: A site shall be diasqualified 1f, based on
expected ground-water conditions, 1t is likely that engineering measures
that are beyond reasonably avallable technology will be required for
expleratory-shaft construction or for repository construction,
operation, or closure,

A reposltory at Yucca Mountaln would he located 200 to 400 meters (650
to 1,300 feet) above the water table. No eslgnificant quantities of perched
water are expected during exploratory shaft or repository construction.
Current engineering and technology are more than adequate to handle the
hydrologlce conditions that are likely to be encountered during exploratory
shaft construction or during repository construction, operaticn, and closure,
The sealing of shafts and horeholes 13 also not expected to require special
technology or to pose any gsignificant problems,

Tectonfics (10 CFR 960.5-2-11(d}; Section 6.3.3.4)

Disqualifying condition: A site shall he disqualified 1f, based on the
expected nature aud rates of fault movement or other ground wmotion, it
is likely that engineering measures that are beyond reasonably available
technclogy will be required for exploratory-shaft construction or for
repository construction, operation, or closure.

Previously published earthquake recurrence intervals for the reglon are
avallable, Recurrence intervale for the Nevada Test Site reglon are reported
to be on the order of 25,000 years for M > 7, 2,500 years for M > 6, and 250
years for M > 5, Selsmic monitoring of Yucca Mountain from 1978 to 1983 has
recorded three small (Richter magnitude less than 2.0) micro—earthquakes
within 10 kilometers (6.2 miles) of the site boundary. In addition,
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historical record¢ zhow that before 1978, seven earthquakes were recorded in
the same approxi-ms.e area; two had magnlitudes of 3.6 snd 3.4, and the

remaining five prabbly had smaller magnitudes, although magnitudes are not
available,

Because of the sparse historical data, predicticrs of seismic risk
during exploratory shaft construction or Juring repository construction,
operation, and cloture at Yucca Mountain are based on "wpirical relationships
between earthquake magnitude and fault rupture length. and between probable
~arthquake magnitude and expected ground motion at si'es away from the
earthquake. The exact ground motion at the site wou 1 idepend on the nature
of faulting, the dis%ance of the eplcenter from the e¢i{ &, and the extent of
attenuation of the saismic energy before 1t reached the surface facllitles
site. Evidence indicates that available earthquake~resistant designs and
technology should be sufficlent to allow safe coastruction, operation, and
closure of a repogitory at Yucca Mountain.
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Chapter 3

THE SITE

This chapter describee the exlsting environment of Yucca Mountain and
the surrounding reglci:. The data provide a baseline for iiszessing potential
impacts of proposed site characterization activitiea (Che cer 4} and possible
future development as a repository (Chapter 5). Additiceally, esome data in
thias chaptet are used for evaluating the suitabfility of the Yucca Mountain
site for s{te charactcerization (Chapter 6)., Yucca Mustaln has been
identified by the U.5. Department of Energy (DOE) ag & por:ntially acceptahle
slite for a mined geologic repository (Hodel, 1983). The Yucca Mountain site
1a shown on ¥Filgure 3-]1 and in ather figures in Chapter 3, The site 1s on

limited-access Federal land administered by the Department of the Air Force,

the Bureau of Land Management, and the DOQE.

In describing the Yucca Mountaln environment, this chapter aummarizes
information from a wide variety of sources. Informatisn describing the
Nevada Test Site (NTS)} has been accumulating for decades. The area
immediately around Yucca Mountain,. however, received comparatively little
study until about elght years ago whén the southwestern part of the NTS began
to receive conslderation as a posaible repoditary site {Section 2.2.3).
Since then, site-specific studles have been carried our, and this chapter
draws from them--particularly from recent studi{es on geologic, hydrolegic,
biological, and archaeological topics. The description of the reglion draws
heavily from studies of the NTS and of the southern Nevada reglon. Data for
the transportation and socloaconomics sections of this chepter are generally-
available from regional sources, but much of the Information in those .
gections has been compiled specificelly for the Nevada Nuclear Waste Storage:
Investigations Project. :

3.1 LOCATION, GENERAL APPEARANCE AND TERRAIN, AND PRESENT USE

The Yucca Mountain site, shown on Figure 3-1, 1s located on and imme- :
dlately adjacent to the southwestern portion of the Nevada Test Site, which:
is in Nye County, Nevada, about 105 kilometers (65 miles) northwest of Las
Vegas. The Yucca Mountain site 1s abaut 137 kilometers (85 miles) by air and
161 kilometers (100 miles} by road from Las Vegas. '

The Yucca Mountain site liea within the Basin and Range physiographic
province, a broad region of generally linear mountain ranges and Iintervaning
valleys. The site 18 1in the scuthern part of the Great Basin, a subdivision
of the Basin and Range Province. Flgure 3-2 shows the physlographic features
in the reglon. The elevation of northern Yucca Mountain 1s approximately
1,500 meters {5,000 feet), which is more than 370 meters {1,200 feet) above
the western edge of Jackass Flats to the east and more than 300 mernrs
{1,000 feet) higher than the eastern edge of Crater ¥lat.' '

Yucca Mountain 1a a proﬁinent group of north-tremding, fanlt-block
ridges that extend southward from Beatty Wash on the northwest to U.S.
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Highway 95 in the Amargosa Desert. The terrain at the site is controlled by
high-angle normal fiults and eastward-tilted volcanic rocks. Ulopes are
locally steep (15 t« 30°) on the west-facing side of Yucca Mountain and along
some of the valleys that cut into the more gently sloping {5 to 10°) east
side of Yucea Mount.in. The valley floors are coversd -~y alluvium. Sandy
fans extend down from the lower slopes of the ridges. tortymlile Wash 1s cut
from 13 to 26 meters (40 to B85 feet) into the surface of Jackass Flats.
North of Yucca Mouwtain is the high, rugged volcanic - erraln of Pinnacles
Ridge. To the west of Yucca Mountaln, along the wast fide of Crater Flat,
gteep slluvial fans extend from deep valleys that hs'z been cut into Bare
Mountain. Basalt cones and small lava flows are presen?t on the surface of
the southern half of Crater Flat,

The Yucca Mountailn site 18 located exclusivaly within lands controllied
by the Federal Government. The land parcel under consideration, which
includes the underground facllitlea, the gurface facllities, and the
controlled area for the repository, 1s divided as follows: (1} the U.S.
Department of Energy (DOE} controls the eastern portion through the withdrawn
land of the Nevada Test Site; (2) the Department of the Alr Force confrols
the northwestern portion through the land-use permit for the Nellis Alr Porce
Range (NAFR); and (3} the Bureau of Land Management (BLM) holds the
southweatern portion in public trust (Figure 3-1}. These lands are currently
free and clear of encumbrances, such as righte arising under general mining
laws, easements for rights~of-way, and other rights arising under lease,
right of entry, deed, patent, mortgage, spproprlatlon, prescription, or other
such potential encumbranceas (Lutsey and Nichols, 1972).

The prelimlinary .site finvestigations conducted by the Nevada Nuclear
Waste Storage Investigations Project on the BLM portion of the. Yucca Mountatn
site are governed by a BLM/DOE Cooperative Agreement (BLM/DOE, 1983). Pre-
liminary site lovestigations on the Nellis Alr Force Range portion of the
Yucca Mountain slte were governed by an Alr Force Permit {(Department of the
Alr Force, 1983). Because Congress has not yet acted on a Department of the
Alr Force request for a renewal of the withdrawal for the NAFR, administra-
tive contrel of the land has reverted to the BLM. Therefore, .the BLM/DOE
Cooperative Agreement {BLM/DOE, 1982) provides authority for the DOE ¢b
conduct preliminary site investigations on the NAFR land. Preliminary site
investigations on the portion of Yucea Mountain oa the Nevada Test Site (NTS)
are covered by the environmental Impact statement for the NTS (ERDA, 1977).

There are no competing land-use activities at the Yucca Mountain site.
The Department of the Alr Force portion of the site 1s used exclusively for
overflight and contains no facilities., The BLM-administered portion of the
land has no grazing parmits or mineral claims and is not used for recre~ :
atlonal purposes (Bell and Larson, 1982). The BLM/DOE cooperative agreements
and the Department of the Alr Force permit were each accompanied by an
environmental Aaasessment : of the effecta of the activities proposed. Those:
environmental agsessments Fesulted in findings of no significant impact, and
each agreement requires miltigation activitias and the restoration of dis-
turbed areas.
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3.2 GEOLOGIC CONDITIONS

This sectlon (escribes the stratlgraphy, structure, seismlcity, and
mineral-resource putential of the Yucca Mountain site and nbarby aread.,
Unleas otherwise r.ferenced, the general descriptions of stratigraphy and
structure are from Lipman et al. (1966), several articles In Eckel (1968),
Byers et al. (197%), Christiansen et al. (1977}, Stew.rt (1980), Sinnock
(1982}, and Maldowvruado and Koether (1983). Additiona! information on the
geonloglc development of southern Nevada is contalned 1o these reports and the
many references therein. More detailed descriptions ¢f the structure and
selamicity are givea 1In the tectonic agection of Gre:ter 6; detalled
atratigraphy and rov% properties are discusged in the ' sck characterigtics
gectlons; and reochemlatry and mineral and ground~water resource potential
are discussed in the geochemistry, human interference, and hydrology sections
in Chapter 6.

An understanding of the geology of the Nevada Tesar Site and surrounding
aress has heen developed through several decades of surface, subsurface, and
geophysical investigations 1n support of the weapong-testing program.
Geologlc wmaps of the Yucca Mountain area were published in the mid-1960s
(Chrigtiansen and Lipman, 1965; Lipman and McKay, 1965). As deacribed in
Chapter 2, detalled geologlc investigations of Yucca Mountaln as a potential
site for a repository began in 1978 when the first exploratory hole was
drilled. Since that time, gecloglc studies at Yucca Mountain have emphasized
stratigraphy, structure, geochemistry, mechanical propertiee, volcanic

history, and seismlcity. Many of these studies are still ia preliminary
stages.

3.2.1 STRATIGRAPHY AND VOLCANIC HISTORY OF THE YUCCA MOUNTAIN AREA

The reglonal stratigraphic setting of Yucca Mountain 18 characterized by
the four major rock groupg discussed in Chantar 2. The first and oldast of
these groups, the Precamhrian crystalline rocks, are not exposed in the
vicinity of Yucca Mountain but may occur at great depths beneath portions of
the site. The second group, Upper Precambrlan and Paleozolc sedimentary
rocks, 1s praesent at the surface about 15 kilometers {10 mlles)} east of Yucca
Mountaln at Calico Hills, where 1t 18 composed of Devonian and Mlsslasippian
argiilice and carbonates. This group 1s also observed 30 to 40 kilometers
(19 to 25 miles) southeast of Yucca Mountain in the Specter Range and
Skeleton Hills, where predominantly Cambrian and Ordovician carbonates and
some quattzite are exposed. Carbonates and quartzite of slmllar age are also
present 1n Bare Mountaln about 14 kilometers (9 miles) west of %Yucca
Mountain. Silurian carbonates have been encountered at a depth of about
1,250 meterg (4,100 feet) in drill hole UE-25p#1 (Figure 6-2) about 2.5
kllometers (1.5 miles) east of the Yucca Mountain area.

The cthird major group, Tertiary volcanlc rocks, occurs at Yucca Mountailn
and comprises at leagt the upper 2,000 meters (6,500 feet) of the total
stratigraphic section. Theae tvrocks are composed chlefly of rhyolitic
ash-flow tuffs, with amaller amounts of dacltlc lava flows and flow brecclac
and minor amounts of tuffaceous sedimentary rocks and air-fall tuffs,.
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Thenr rncks form the southern end of the southern Nevada volcanic field,
a large platean s2.mented by contemporaneous faults &nd bullt chiefly of
rhyolitic ash flows and related volcsnlc material. The ash flows that formed
this plateau were crupted betwsen about B and 16 millisn years ago from a
complex of overlapping, mearly clrcular volcanic deprervions called calderas
{Figure 3-1). <Jol.ectively, the calderas comprise an area of about 1,800
equare kilometers {700 square miles). Qutcrope thraughout the regilon
indicate that the volcanic rocks extruded from this - jldera complex once
covered an area ol more than 6,500 square kilometera (Z.500 square miles}.

Quaterstary {and uppermoat Tertiary) deposits comp:se the fourth group.
This 1a represented at Yucca Mountaln by alluvium and naorted debris-flow
deposite In channels that are cut into the uppermost layere of volcanlc rocks
and by alluvial-fan deposits that form aprons along the east and weat sides
of the mountain. Thick alluvium {more than 200 meters or 650 Eeet) blankets
the voleanle rocks beneath Crater Flat to the west and Jackass Flate to the
easl of Yucca Mountain. Aeolian (windblown) sands, caliche, and soll zones
alao occur in theme thicker Quaternary sections. In Crater Flat, basalt
flows and cinder cones of Quatarnary age are prasent at the surface, and
flows are also found within tha alluvium in the subsurface.

3.2.1.1 Caldera evolution and ggnesis of aah flows

The voluminous ash-flow pheets that comprise the major thicknessds of
volecanic rocks at Yucca Mountain originated Efrom eruptions during the
development of calderas. To place the volcanic rock descriptions and
terminoleogy in a historlcal perspective, a brief summary of the evolution of
a typical caldera is provided in this sectlon. According to Smith and Bailey
{1968), development of a typical caldera is characterized by seven general
stages. Some stages overlap, eome are repeated several times, and not all
take place at every caldera. The Timber Mountaln Caldera, the source for the
youngest velcanic rocks at Yucca Mountain {Table 3-1), went through all seven
stages c¢f evolutlon (Christiansen et al., 1977). Although volcanic activity
at Timber Mountain ceagserd about 11 milllon years ago, the caldera is gtill a1
well-preserveq topographlc feature. Tts evolution is probably sgimilar to the
evolution of the older calderas in the vicinlty of Yucca Mountain that
produced the older volcanle rocks present beneath the site (Flgure 3-3}.

The Life span of a typical caldera, from stage 1 through stage 7, 1is
generally about 1.5 to 2 million years {Smith and Bailey, 1968). During
stage 1, magma is intruded iInto the c¢rust, causing broad doming of the land
surface and cruetal extension. Minor eruptions of rhyolitic lavas occur
along fissures through the dome and along a major zone of ring fractures,
probably tens cof kilometers In diameter. Stage 2 is characterized by massive
eruptlons in rapld successlon through the ring fractures, producing massive
ash flows that spread over thougande of square kilometers. The volume of
materlial erupted from a single caldera is commonly many hundreds of cubic
kilometers. Some of the ash flows produced during stage 2 from calderas 1in
southwestern Nevada .are among the most voluminous and widely distributed in
the world. Stage 3 generally occurs at the same time ags stage 2. As the
magma feeds the ash-flow eruptions, the source chamber 1s drained. The top
of the volcano then collapses into the drained magma chamber along the ring
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Table 3-1. Genevalized volcaniec stratigraphy for Yucca Mountain showin
proba‘le source calderas and ages when celderas weve active

Age Range in
{milliona thicknes
Volcanic center Formaticn Unit af years) (meters)
Timber Mountain Timber Mountain Rainier Mesa Member 11.3 Not en~
Caldera jutf counterad
€laim Canyon Paintbrush Tuff Tiva Canyon Member 12d 0--69e
and Oasis Valley Yucce Mountain Member ND 0—36a
Pah Canyon Member ND - 11-83
Topopah Spring Member 13 287356
Northwest part of Tuffaceous beda of 13.4 95-3063
the C?Iico Calico Hilla
Hille
Crater Flat Crater Flat Tuff Prow Pasa Member ND 12?~176§
Caldera Bullfrog Member 13.5 99-161
Tram Calderaf Tram Membar ND. 154=327
Northern Yucca Dacitic lava and flow ND 0—1{2#
Mountain area breceia . ’
Northeasatern of ) ;ND o :
Crater Flat C . : :
Volcanic center Tuff of Lithic Ridge Np - 42-3118
uncertain .
Northern Yucca Rhyolitic, quartz : ND 9-323
Mountaio ares " latitie and dacitie
lava and flow
breccia
Northeastern Older ash~flow and ND
Yucca Mountain bedded tuffs

®Modified from Maldonado and Koether (1983},
Thicknesses on basis of four drill holes at Yuces Hountaln, aa reported by
Maldonado and Xoecther {1983).
dl neter = 3.28 ft.
aND = no sge determination available.
Includes overlying and underlying bedded Euffs.
Volcanic center uncertain.
Includea overlying bedded tuffs.
Includes underlying bedded tuffas.



fractures, forming a clrecular depresalon known as a caldera, Vertleal
digplacement along the ring fracturea during the colispae of the caldera
commonly amounts i+ many Lhoueands of feet, DNuring stage 4, minor volcanism
occurs within the :aldera, the unstable outer walls of the caldera undergo
rapld erosglon, and small lakes commonly form on Lhe ca'dera floor. Stage 5
1s characterized by rhyolitic volcanism and renewed doring within the central
parLl of the caldera. The central dome 1s generally hroken by a complex
system of faultg as the gurface 18 displaced upward During atage 6,
rhyolitic lava [lows and small volume ash-flow tuffs :rupt along Lhe ring
fractures. Thege late~stage volcanle rocks often ar» ~nterlayered within and
near the caldera with debris flows, gravels, bedded tvffs, and sediments
derived from the er ipted material, The final astage ¢i caldera evolution
(stage 7) 18 bydrothermal alteration and fumarolic ac ivity. Much of the
alteration apparently occurs along fractures.

The ash flows of etage 2 described above generally originate from large-
volume gas—~charged explosive eruptiona. The exploeicns are caused hy the
egcape of volatiles and the rapid expansion and fragmentation of the ascend-
ing rhyolitic lava into cloudes of ash-sized particles consisting of hot glass
sharde and crysetals, As the incandescent clouds of gas and superheatad ash
collapse back to the esarth's surface, they flow rapldly down the volecanic
6lopes and spread acrosa Lhe surrounding terrain. After coming to rest, and
depending on the local temperature and overburden pressure, the glass shards
and crysgLales can experience various degrees of compaction and fusion. 1If the
combined effects of heat and pressure are great enough, a rock type known as
welded tuff is formed. Commoiily the glassy shards develop crystals of feld-
spal and quartz minerals when hoL vapors seep through the semimolten mass
during the cooling period. Further crystallization of the glamsy shards may
also occur through the process of devitrification. If devitrification does
not occur, the rocks remaln glassy and are referred to as vitric tuffs.

Singla ash flows sometlimes cool completely before being covered by
another hot flow, thereby forming a single cooling unit characterized by
densely welded, fractured, central parts surrounded above and below by less-
welded parts. Complete cooling of earlier ash flows may not occur 1f several
eruptions are closely spaced, forming volcaniec sequances called compound
cooling units., A glassy unit, called a vitrophyre, often occurs at the base
or top of an ash flow where rapid cooling was caused hy contact with the
earth or the atmosphere., Lithophysal cavities, formed ae gas pockets in the
viscous flows, commonly occur in the central parts of thick, densely welded
zones. The lithophysae may be circular, elliptical, or flattened depending
on the amount of viscous flow and compaction that accurred after they formed.
The interior, densely welded parts of the ash flows generally contain closely
spaced vertlcal fractures that developed as the rock cracked during cooeling.
Fractures with other orlentations are developed durlng sluggish movement of
the partially consolidated ash flow or from later tectonlc stresseg.

Alr-fall tuffs commonly occur 1n aesociation with ash-flow tuffs, They
originate from erupted ash that cools in the atmosphere before it settles on
the land surface downwind from the source, These lower-volume and lower-
temperature agh falls form rock types known as bedded tuffs, which are non-
welded, porous, and visibly scratified.

3-9
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The following sections briefly describe the major Tertiary ash-flow and
related stratigraphic units at Yucca Mountain. The general uniis and calde-
ras are listed in 'vable 3-!, The rock types and thicknasses described below
are based on a regort by Maldonado and Koether (1983} and USGS (1984).
General descriptiors are from the publications listed at the beginning of
this section and from & report by Guzowski et al. (1985},

3.2.1.2 Timber Mountain Tuff

The Timber Mountain Tuff 1s the youngest volcanii wnit exposed at Yuceca
Mountain. It is commonly divided intoc the Ammonlia Ta.ks Member and the
underlying Rainicr Mesa Member. Only the Rainier Measa Member 1ls preserved in
the northern part of Yucca Mountain {(Lipman and McKay, 1965), The Rainier
Mesa Member 18 an aah-flow unit that was erupted 11.3 aillion yeara sge from
the Timber Mountain Caldera (Flgure 3-3). At Yuecca Mountaln, Lt occurs only
in low-lyiug fault blocks (Section 3,2.2), thus indicating the fault blocks
had formed by the time the Railnler Mesa Member was ervpted. This unilt is a
moderately welded, devitrified tuff that grades downward into a nonwelded
vitriec tuff at the base. ‘

3.2.1.3 Paintbrush Tuff -

The Paintbrush Tuff at Yucca Mountain consists of four members with
thin—-bedded, reworked or air-fall tuffs between them. - From youngest to
oldeat, tha units are the Tiva Canyon Member, the Yucca Mountain Member, the
Pah Canyon Member, and the Topopah Spring Member (Table 3-1). Theae units
were erupted between about 12 and 13.2 million years ago from the (laim
Canyon Caldera and perhaps, in part, from the 0Oasis Valley Caldera
(Figure 3-3). -

The Tiva Canyon Member forms the caprock at Yucca Mountain and ranges in
thickness from zero where 1t has bean eroded away 1n channels and washea to
more than 50 meters (160 feet) on the ridge crests. The member has a moder~
ately to densely welded devitrified central portion, underlain by a less
densely welded vitric zonme. The member is a compound cooling unit, composi-~
tionally zoned from rhyolite in the lower and middle parts to quartz latite
near the top. Large xenolithe (fragments of preexisting rocka incorporated
in the rising lava) occur at geveral places within the unit, Flattened
lithophysae are common in the middle and upper parts. Bedded air-fall tuff
and tuffaceous gsedimants a few meters thick occur at the base of the member.
The total original wvolume of the Tivre Canyon Member is estimated to be
1,000 cubic kilometers {240 cubic miles), which 1indicates the mwassive
eruption required to produce it.

The Yucca Mountain Member ranges in thickness from zero to 36 meters
(118 feet) and had an estimated original volume of only 17 cublc kilometers
(4.1 cublc mileg)., "It 18 a simple cooling unit with nonwelded to partly
welded zones at the base, top, and dilstal portiouns. North of the site (drill
hole USW G-2), the interlor of the member i{s moderately to densely welded and
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contains lithophysas. Compogltionally, the unit is a4 rhyolite wirh iittla
variation Erom top fo bottom.

Bedded tuff an¢ nonwelded ash~flow tuffs cccur locally between the Yucca
Mountain Member and the underlying Pah Canyon Member. These tuffs range in
thlckness from zaro to 44 meters (144 feet). The matri: is mostly vitric and
contalns abundant x«=noliths of volcanic rocks.

The Pah Canyon Member at Yucca Mountaln ranges ir hiickness from 1l to
83 meters (36 to 272 feet), It 1ls a simple ash-flow cculing unit with non-
walded to partly welded Zones at the base and top, an' an interior zone of
moderate—~to-dense welding north of the site. The oemb :: is generally vitrie,
and tuffaceous sediments and air-fall tuff occur et thu ase.

The Topopah Spring Maember conteins the horizon beiang considered ag the
potential host rock for the repository. The Topopah Spcing Member is a com~
pound cooling unit composed of aa many as four separate ash-fiow sheets and
varies in composition from low-silica rhyolite near the top te high-silica
rhyollte near the base, At least 275 cublc kilometers {66 cuble miles) of
ash-flow materlal were spread over an area of about 1,100 sgquare kilometers
(700 aquare miles} during eruption of the Topopash Spring Member. At Yucca
Mountain, this rock unit 1is about 350 meters {1,150 feet) thick, but it thins
abruptly to the south and 1s absent uear the southwestern corner of the
Nevada Test Site. The member also appears to thin to the north where it is
only about 290 meters (950 feet) thick {drill hole USW G~2). At Yucca
Mountain, the Topopah Spring Member is characterized by four distinct 2zones,
from top to bottom: a nonwelded to densely welded, generally vitric tuff; a
moderately to densely welded, devitrified tuff that accounts for most of the
total thicknaess of the memberi a basal vitrophyre; and a vitric tuff grading
downward from welded to nonwelded. The densely welded devitrified zone,
second from che top, 18 currently belng consldered as the potential host rock
for the repository. The zone contains abundant lithophysee 1n several Inter-
vals, but they are mogt common in its upper and central portions. 1In the
lower part of the densely welded intervsl, lithophysae are Iess abundant, and
it 1s this zone that 1s preferred as the host rock for the repository. The
densely welded portions of the tuff are more intensely fractured than the
other portions of the Paintbrush Tuff,

3.2.1.4 Tuffaceous beds of Calico Hills

The tuffaceous beds of Calico Hills 18 an informal name for tuffaceous
rocks that may have originated from a currently obscured volcano near- the-
north end of Calico Hille, east of Yucca Mountain (Figure 3-3}. The unit
ranges In thickness from 90 to 150 meters (300 to 500 feet) at the site
although 1t thickens to nearly 306 meters (!,00N feet) ro the north. It 1s
composed chilefly of nonwalded ash~flow tuffa, numerous thin tuffaceous
gedimentary beds, and minor atr-fall tuffs. 1In the northern and eastern part
of the site, the unit 1is typically zeolitized, having undergone a low-
temperature, low-pressure alteration to zZeolite minerals. In the southarm
and western part of the silte (drill holes USW G~3 and USW H-5); the: unit is
predominantly vitric and not altered to zeolite minerals.

I~il
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3.2.145 Crater Flut Tuff

Beneath the {"ilico Hills unit ig the Crater Flat Tuff, which consists of
three members: th: Prow Pass Member at the top, the Pullfrog Membar in the
middle, and the ‘{ am Member at the base. The Prow l#gs Membar 1is about
127 to 176 meters (4i7 to 577 feat) thick at Yucca Mowntain. It contains six
partly zeolitized, partly devitrified ash—~flow tuffs tl.at probsbly cooled aa
a compound unit {Jrill hole USW G-1). Moat of the --1it 1s partially to
moderately welded; however, bedded, roworked, and dentaly walded materials
occur in 1ts central part, and zeolitlzed air-fall tatfe occur at the base.
Mudatone fragments, derived perhaps from the Eleana :‘vymation of Devonlan-
Miasiasippian age, i re abundant in the Prow Pass Memba:, The Bullfrog Member
ranges Iin thickness from 99 to 161 meters {325 to 530 feat) and consists pre-—
dominantly of partially to moderately welded ash~flow tuffs with 1isolated,
thin, densely welded layers. The Tram Member is 134 to 328 meters {507 to
1,073 feet) thick aad consists of at least four slightly to densely welded
ash-flow tuffs, some of which are zeolitized and devitrified. Reworked
bedded tuffs also occur in the Tram Member.

3.2.1.6 Older tuffs

In this document, all rocks below tha Crater Flet Tuff are referred to
as older tuffe. Except for the Lithic Ridge Tuff, no formal stratigraphic
unite are recognized in the oldar volcanic rocks. Most of these unlts have
been observad only in drill holes at Yucca Mountsin. They generally consist
of moderately to densely welded ash flows (interspersed with rhyolitlic lava
flows, breccla Flows, and nonwelded air~fall tuffa) and bedded, reworked
tuffa. The total thickness of the older tuffs is unknown. Three drill holes
(USW G~1, USW G-2, and USW H-1) have penetratad more than 1,829 meters
(6,000 feat) without raaching the baae of the volcanic rocke.

3.2.2 STRUCTURE.

The strucrtural development of southern Nevada and southeastern
Callfornta has been long and complex, as briefly discussed in Section 2.1.
Crueral extension and asgsoclated volcaniem, Basin and Range style faulting,
and alluvial filling of intervening valleys during Cenozolc time (0 to 65
million years ago) have obscured the relationshlp of older, regional
structural features. In Meeozolc time (65 to 245 million years ago), the
Precambrian and Paleozoic aedimentary rocks of southern Nevada were strongly
compressed. The folds and thrust faults formed during this interval indicate
that compression was directed generally from west to east and that the age of
deformation decreases to the east. The regional patterns of exposed pre-
Tertiary rocks suggest that several thrust-fault systeme and several broad,
agsoclated folds trend north to northeagt through the area east of Yucca
Mountain. The tectonlie forces that created these ancient atructures have
long since been inactive. The absence of pre-Tertiary rocks at the site
constrains the dlscussion of pettinent etructurea to those produced by
Tertiary extensional tectonice. These structures are complex and result from
a long and complicated history. HNevertheless, field work conducted during
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the past few decades and recent studies at Yucca Mountain by the Nevada
Nuclear Waste Storrge Investigatlions Project have esiahlished a basic
understanding of t&: structural and tectonlc framework of this rogilon. (For
a detalled discusaim of the structural and tectonic Fframework, see
Section 6.3.1.7.)

The site lies In the southern Great Basin. Althotgh topographic expres-
slons of the Basin and Range style structures seem to mdicate a relatively
gimple syestem of uplifted and down~dropped crustal 3liocks, the daep
structural configuration of some parts of the Basin a:d Range 1s complex
{Allmendinger et al., 1983; Anderson et al,, 1983), T2 origin of Basin and
Range type structures has been attvibuted, in part, t. right-lateral feulting
along the west:rn edge of North America during Cenozol. time {(Hamilton and
Myers, 1966; Atwater, 1970; Christiansen and McKee, 15/8). Westera North
America lles within a broad belt of right-lateral movement caused by differ-
ential motion between the North American and the Pacific crustal plates.
Some of the right-lateral movement occurs along the San Andreas Fault and
similarly orientaed faults in California (Figure 3-4)., This type of motion
may have occurred earilier in southern Nevada and eastern California along the
Walker Lane and Las Vegas Valley shear zones, and aloug the Death Valley and
Furpace Creek fault zones. This motion and the related extensional faulting
causad fragmentation of .the crust 1into basins and raunges oriented along
trends obllque to the right-lateral fault zones. Relatively high selsmic
activity continues today along the right-lateral Death Valley and Owens
Valley fault zones northwest and southwest of Yucca Mountain, thus suggesting
that these zones are still active,

Cumulative displacement across the entire zone of inferred right-lateral
faulting in the western Great Basin, including fault-slip and large-acale
bending, may be in excess of 150 kilometers (95 miles) (Albers, 1967), This
estimate includes the bending of structural features along a northesasterly
trend due to drag folding along the Walker Lane Shear Zone {Albers, 1967} and
the Las Vegas Valley Shear Zone {Longwell, 1960), Maximum displacement along
individuval fault zones, however, 1s generally thought to be less than
48 kllometers (30 miles). Several investigators suggest that the right-
lateral fault zones became active about 20 to 25 million years ago (Atwater,
19703 Carr, 1974), although other investigators belleve the faults were
active for a much longer time {Albers, 1967)}.

Most dieplacement along the Las Vegas Valley Shear Zone southeast of
Yucca Mountain hes apparently occurred during the past 17 million years.
Fleck (1970) and Carr (1974) conclude that motlon along this zone ceased
about 10 million years ago. The Las Vegas Valley Shear Zone seems to have
been inactive for millions of years; however, selsmic activity and surface

fault displacements have occurred during this ceuntury within the Walker Lane
Shear Zone (Figure 3-4)},

The caldera complex in southwestern Nevada {described in Section 3.2.1)
lies along a northwest trend connecting the Walker Lane and the Las Vegas
Valley Shear Zones. Some investigatora believe that the caldera complex at
Timber Mountain 1s preferentlally located where thies northwest-trending zone
of right=lateral faulting i{ntersects Basin and Range faults extending
southward from the Belted or Kawich ranges, or where the northwest~trending

zone intersects the aouthweat trending fault ‘zonea with components of
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left-lateral displacement (Carr, 1974) (Figure 3-5). Although no distinet
faulrs can be traced between the two zones, structural, volcanic, and
topographic featuresa throughout this reglon suggast a eonuection between them
{Christiansen et al., 1977).

Structural featurea af Yucca Mountaln include local faults related to
caldera collapse and .onger faults of the Basin and Rangs style, The local
faulte are shown in Figure 3-6 and on hydrogeologic c; 88 sectiona in’
Figure 3-7. Hydrogeologic units do aot correspond aexactly to gtratigraphic
unirs, See Table 616 and supporting text In Section & 3.1.1 for descrip-
tions of hydrogeologic units. The hydrogeologle units «r= gently tilted to
the east and are offsut by several north-trending high-a. gle faulte, down-
dropped chiefly i2 the west, which created several large north-trending
structural blocks {Lipman and McKay, 1965; Maldonado and Koether, 1983; Saottl
et al., 1983; Scott and Bonk, 1984). Other fault systems trend northwest,
particularly In the northern and southeastern parts of Yucca Mountain.
Datailed mapping of the southern part of the aite {Scott and Bonk, 1984) haa
revealed an area of very closely spaced, small faults that trend northeast.
The primary repository area is ghown on Figure 3-8 togeiher with possible
repository expansion areas. Rock "trata Iin the primary area dip eastward at
about 5 to 8°, This area is bounded on the west by a large fault zone along
Solitario Canyon. Vertical displacement along the Selitario Canyon Fault
diminishes from sbout 200 meters {700 feet) at the southern end to about
20 meters (70 feet) at the northwestern corner. To the east, the central
area 1s bounded by several smaller, closely spaced faults, The northern edge
of the primary area is defined by Drill Hole Waah, an informally named
feature, The southern boundary is less well defined. One moderately sized
fault, designated the Ghost Dance Fault, occurs within the primary repository
area (Scott and Bonk, 1984).

Drill-hole data {ndicate that some minor high~angle faults may have
lateral as well as vertical components of displacement, particularly along
northwest-trending faults north of the primary repository area {Maldonado: and
Koether, 1983.) Displacements along 1individual faults within the primary °
repository area are generally less than a few meters, except for the Ghost. .
Dance Fault, shown in Flgure 3-7, which dips steeply to the west and has a
displacement of about 25 meters (80 feet) (USGS, 1984). Faults that separate
major structural blocks may hsve a hundred or more meters of offset. The
denpity of fractures is generally proportional to the degree of welding of
the gtratigraphic unita. Near the major faults and in some local areas of
abundant small-offset faults, fracture density probably increases.

Offsets on the large block-forming faulte are greates:t in the Tiva
Canyon Memher of the Paintbrush Tuff and offeets are amaller in the younger:
Rainier Mesa Member of the Tlmber Mountain Tuff (Lipman and McKay, 1965;
Scott and Bonk, 1984). Thus, most of the offset occurred between the
emplacement of the 12.6-million-year-old Tiva Canyon Member and the emplace-
ment of the {l.3-million-year-old Rainler Mesa Member. The remailnder of the
offset occurred between 11.3 million years ago and the preseut, Whereas the
Tiva Canyon Member was erupted over an area of low relief, indicated by 1its
relatively unlform distributlon, the Rainier Mesa Member was erupted on an
area digrupted by fault blocka (USGS, 1984).
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Figure 3-5. Generalized map of Yucca Mountain and vicinity showing calderas and

late Cenozoic normal faults and a few dgtrike-slip faultg, '~ Modifiled {rom
Christiansen et al. (1977).
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Thirty~two fauits within a 1,100~square-kilometer {425-square-mile} area
around the site offarc or fracture Quaternary deposits. TFive faulte are
thought to have moved between about 270,000 and 40,000 years ago; four faults
moved about 1 millioi: years ago; and 23 faults are thought to have moved
between 1 aand 2 mili.on years ago (Swadley et al,, 1984). At the time of
publication of Swadley et al. (1984}, no evidence of ofiset younger than
40,000 years had be¢ confirmed; recently avallable, but wvnevaluated thexrmo-
luminescence dates may indicate on the order of 1 to [0 :2ntimeters of fault
diaplacement in eastern Crater Flat more recently thar 6,000 years ago
{bDudley, 1985) (sce Section 6.3.1.7.4, potentially adverve condition 1).

3.2.3 SEISMICITY

Cataloga of the seilsmicity In the Southern Great Basln are avallable
(Rogers et al., 1976, 1981, 1983). As shown in Figure 3~9, Yucca Mountaln
lies 1n an area of relatively low historical selsmicity, on the scuthern
margin of the southern Nevada Eaat-West Seismic Helt. Thies belt connecta the
north-trending Nevada Seismic Belt, about 160 kilometers {100 miles) weslt of
Yucca Mountain, with the north-trending Intermountain Selsmlc Belt ahoyt
240 kilometers (150 miles) to the east. Much remains to be learned about
regional and local gelamlc cycles snd the relation between seismicity and
fault length in the Basin and Range Province {Thenhaus and Wentworth, 1982).
As polnted out by Ryall (1977) and by Smith (1978), the pattern of historic
earthquakes in the western United States is marked by relatively brief
eplsodas of intense activity in aress Lhat may have been relatively inactive
for hundreds and perhaps thousands of years. Geologlc fleld evidence
suggests that Yucca Mountain has been relatively stable for the past
Il million years. '

Within a 100-kilometer {(62-mlile) radius of Yucca Mountain, the mosat
setamically active sreas occur in reglons of major Tertiary northeast=
trending left-lateral shear (USGS, 1984). Three important areas in this
category are the Pahranagat, southern Nevada Tesat S5ite, and Gold Mountdin
shear 2zones. Although sgome earthquakes are probahly occurring on the
northeast~trending faults, the larger earthquakes in thege areas, for which
focal mechanisma are available, have occurred on shorter intervening fault
segments with a north atrike. Seilsmicity also occurs in some north-trending
fault zones. These earthquakes occur on or near segments of north~trending
faults gsuch as the Thirsty Canyon, Yucca, and Pahute Mesa faults {(north-
northeast trending) or are visible as north-trending eplcenter lineaticns
gsuch as at Indlan Springs Valley and Sarcobatus Flat (USGS, 1984),.

Recorded selsmic activity prior Lo 1978 within 10 kilometers (6 miles)
of Yucca Mountaln shows seven earthquakes; of these, two had magnitudes of
3.6 and 3.4 on the Richter scsle; five had magnitudes that were smaller ‘or
that could not be determined due to Iinstrument problems. Before 1979, the
standard error in estimates of moet esrthquske locations was + 7 kilometers
(4 miles) or more (USGS, 1984). A 47-atation seismlc anetwork was Installed
within a 160-kilometer (i00-mile) radius of the site im 1978 and 1979, .and a
6-station supplemental mini-network was deployed on Yucca Mountain in 198]
(USGS, 1984). No earthquakes with magnitudes greater than 4.3 have been
recorded during this monitoring period, and ounly two micro—earthquakes
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Figure 3-9. Historical selsmielty in the western United States showing the
Nevada Seilsmic Belt, the Intermountain Seismic Belt, and the southern Nevada
East-West Selsmic Belt. It should be noted that some of the selgmicity in
the western end of the Last-West Selsmlc Belt represents underground explo-
glons at the WNevada Test Site. For California, the minimum~magnitude
earthquakes plotted where Richter M ~ 1 and for the rest of the western
Unlted States, they were Richter M ~ 3. Modified from Smith {1978).
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(M = 1.7 and M = 1.5), at depths of 4 and 9 kilometers (2.4 and 5.6 miles),
respectively, have '-een detected by the network in the vicinity of the site
(USGS, 1984)., Ther.:. is some uncertainty in the seismic¢ scurces for many
signala recorded by the seismic monitoring network in the vicinity of the
Nevada Test Site an.! Yucca Mountain because undergroun:' nuclear explosionas,
surface drilling, sad explosions to support geophysica. Iinveatigations may
produce earthquake -ike signals. Therefore, the inform:tion sbout earthquake
fraquencies snd majnitudes should be regarded as prelic ‘nary.

Surface faulting in response to nuclear tests .a: been ohserved at
Pahute Mesa and Yucca Flat. The closest historical s iriace faulting accom-
panying a natural ea-‘thquake occurred in 1872 in Owens Jalley, California,
about 150 kilor:ters (95 miles) west of Yucca Mountain; the related earth-
quake had an estimated magnitude of about eight and oae~quarter on the
Richter aczle (USGS, 1984). Two historical esrthquakes with a magnitude of 6
on the Richter scale have been reported; one occurred ia 1908 about 110 kilo-
meters (68 miles) southwest of Yucca Mountain, and one occurted in 1966 about
210 kilometers (130 miles) northeast of Yucca Mountain.

Predictions of future seismlcity and faulting are complicated by a.
number of factors. Because Lhe recurrence interval for largé\oarthquakee on
a Basin and Range fault may be thousands of years, epicenter waps of histofic
earthquake or evidence of Holocene Faulting alone may not be relisble {adi-
catora of future or long-term seismicity (Smith, 1978). Another complication
18 that when long fault zones in normal fault regimes fail, they msy break
along segments rather than along the entire length (Swan et al., 1980),
Ryall (1977) polnts out that large (M > 7) earthquakes in the western Great
Basin tend to he followed by aftershocks lasting about a century and then
selemic activity stabilizes at a low level for centurles or thousands of
years. Ryall and VanWormer (1980) applied thia concept to seismic zoning in
the region and point out that recurrence estimates baased on higtoric or
current earthquake distributione are not directly applicable to the problem
of identifying the most likely locations of future large earthquakes. From
the historical seilsmicity of the southern Great Basin (two earthquakes of
M = 6§) and length of active faults, a maximum magnitude of M = 7 to 8 is
inferred for earthquakes in the Yucca Mountain region (USGS, 1984). Earth-
quake depths are less than about 10 kilometera (6.2 miles); very few well-
located events are deeper than 10 kilometers (6.2 miles). The wide range of
focal depths suggests that faults in the southern Grest Basin have large
gurface areas and extend to considerable depth, which would make them capable
of producing large earthquakes. As noted in Section 6.3.1.7.5, estimates of
recurrence intervals for major earthquakes in the region (M > 7) are on the
order of 25,000 years; for magnitudea of M > 6, recurrence {ntervals are on
the order of 2,500 years; and for magnitudes of M > 5, recurrence intervals
are on the order of 250 years. A full evaluation of the possible effects of
earthquakes and faulting on postclosure repository performance and preclosure
repository operations 1s given in sections 6.3.1.7 and 6.3.3.4.

3.2.4 ENERGY AND MINERAL RESQURCES

The energy- and mlneral~resource potential of Yucca Mountain and sur-
rounding areas has been evaluated by Bell and Larson (1982) and Quade and
.
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Tingley (1983). Boreholes have been drilled in and arouad Yucca HWountain for
the Nevada Nuclear Waste Storage Investigatlons Project (Maldonado and
Koether, 1983; Spen.ler et al., 1981}, and core samples and drili cuttings
have been routinely analyzed by geochemical methods. ¥Field exploration and
geologic mapping hus been conducted by the U.S. Geclogical Survey
(Christiansen and Lipman, 1965; Lipman and McKay, 19€°; Scott and Bounk,
1984). From all o, the above investigations, it can b.: fgncluded that the

overall potential ior development of wmineral or energ resources at Yucca
Mountain is low-

3.2.4.1 Energy resources

There {3 no evidence that Yucca Mountasin contalaa any commerclally
attractive geothermal, uranium, hydrocarbon, otl shale, or eoal resources
(Bell and Larson, }982), None of the dr{ll holes at o: iiear Yucca Mountain
have ghown evidenc: of hydrocarbons. The geology of the area suggests that
the existence of fossil fuel resources at depth is highly unlikely {Bell and
Larson, 1982).

There are no warm springs at Yucca Mountain. The avea around Yucca
Mountain {8 well known in terms of heat flow., More than 60 dr1ll holes (some
as deep as 1,829 meters {6,000 feet)) have been drilled and analyzed.
Surface and subsurface evidence near Yucca Mountain indlcates a potential for
low to moderate geothermal energy at depthe less than | kilometer (3,300
feet) (Bell and Larson, 1982). However, the geothermal gradlent measured in
several drill holes at Yueca Mountain (9ass and Lachenbruch, 1982} indicates
that it ie unlikely that high-temperature waters could be present at depths
that are economlcally attractive. Water temperatures measured in wells east
of Yucca Mountaln range from 21 to 65°C (70 to 149°F) (Bell and Larson,
1982). With present technology, this temperature range is insufficient for
commercial power generatlon, which requires temperatures of at least 180° C
(350°F) {(White, 1973).

Minor amounts of uranium have been reported west of the site at Bare
Mountain, but no uranium mines or prospects have been develgped., Under
current economic conditions, the uranium resources I{dentifled 1a the Bare
Mountaln area are not attractive targetas for development (Bell and Larson,
1982).

3.2.4,2 Metals

Table 3-2 identifiea the status, number, and types of exploratory and
mining operations for base and precious metals in the Yucca Mountaln area,
and Figure 3-10 shows the location of these deposita. Historically, Nevada's
metallic Industry centered around the miniog of preclous metals Lo the -
Comstock district in weyt-central Nevada and in the Tonopah and Goldfield
districts more than 150 kilometers (95 miles) northwest of the site.
Although there are numerous small mining districte throughout the southern
Great Basin, the only active silver and gold mine in the reglon 1s the
Stirling-Panama mine near Bare Mountain. Reserves have not been reported by
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Table 3-2., Mining operations in the vicinity of Yuceca Mountain®

Number and status

Location and recoeurce of operations Type of operations
Bare Mountain {gol-, 4 active Prossenct pits, open pits,
gilver, menrcury, 10 previously mined p icer, underground
tungsten, lead) 10 unknown status turnels, and shafts
Mine Mountain {silver, ! previously mined Unwe rground tunnels and
lead, mercury) sh. fts
Wahmonie (gold, silver, None active Prospect pits, underground
copper) 3 previously mined ghaft
Lee {gold, copper, None active Prospect pits, shallow
tungsten) ! previously mined diggings, underground
ghafts
Northern Yucca Flat Climax  None active Shallow gurface diggings,
District (gold, silver, 1 previously mined underground shafts
lead) ' ' '
Amargosa ULesert (tungsten, None active _ Prospect pita
iron) 1 previously mired '

%Data from Bell and Larson (1982).

the mine operators of the Stirling-Panama mine, but Bell and Larson {1982)
estimate ore reserves In excess of 100,000 tons at a grade of about 0.3 ounce
of gold per ton of rock. More recent data from Smith et al, (1983} indicate
that the grade of ore at the Stirling~Panama mine ranges from 0.5 to 4.0
ounces of gold per tom. '

Lead snd copper were also bistorically important minerals in northern
and central Nevada. A mine located northwest of Yucca Mountain has produced
a small amount of mercury from cinnabar distributed in seams and spheres in
gilicified and opalized rhyclite tuff (Cornwall and Kleinhampl, 1961). Base
and preclous metals have also been prospected and mined east of the site in
the Mine Mountalin and Wahmonle districts, Information on the mining history
In these districts, however, is limited. The land around these districts wss
withdrawn from publiic domain more than 30 years ago as part of the Nevada
Test Site. The Wahmonle district apparently produced gold and silver some-
time between 1905 and 1910 and again in 1928, but the amount was not
recorded. Geophysicsl surveys suggest that the Wshmonie diatrict may contain
some precious metal deposits, but the potential amounts remsin undetermined
{Hoover et al., 1982). The Calico Hills area northwest of the Wahmonie
district has been the location of substsntial prospecting, but no production
has been recorded. Trsce amounts of silver and gold occur in the lower Tram
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Figure 3~10., Location of metalllc ore depositas, industrial materials, thermal
waters, and mining diatricts in the vicinity of Yucca Mountain, Modified from
Bell and Larson (1982) and Trexler et al. (1979). o



Member at about the 1,070-meter (7J,515~foot) depth in drill hole USW G-l
(Spengler et al., '98l). The concentrations, 0.5 part per millien (0,016
ounce per ton) for gold and 20 parts per million (0.&4 ounce per ton) for
ellver, are not h.gh enough to be consldered of commerclal interest,
especially at this depth, Although mercury, lead, =i, and urgaium have
been identified alung fault and fracture zones in vagl. mic rocks in Nevada,
no occurrences of these metals have been reported al¢iy fractures '6fF |the
Yucca Mountain site., On the basis of this prelimina r information, Yucca
Mountain ie not considered to have any potentirl for “. e development of metal
resources under foresceable economic conditions and « %1 édetion techniques,

302-4-3 _@‘nmetals CE
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A large varlety of induatrial minerals and rocks are presént in  the
Yucca Mountain reglon, including clays, ceramic silica, zeolites, slunite,
fluorite, sand, gravel, and lightweight comatruction aggregate (volcanic
cinders, perlite, and pumice), Clay resources are pradominantly kaolinita,
montmorillonite, and halloysite and are extracted from shallow surface pits.
Fluorite mineralizatien, judged to be of local significance, ia widespread in
Bare Mountain, 16 kilometers (10 milaa) wesL of the site (Bell and Latson,
1982). :

Sand and gravel deposits are ubiquitous in the Yucca Mountaln area,
Thene materials are extracted from shallow surface pits and are used chiefly
for road construction.  Volcanic cinder, perlite, And pumice occur in {ratar
Flat. Thesa materials are wmined from surface pita and used for lightweighL
aggregate, concrete bibcks,'road base, and decorator stone. . Other than sand
and gravel, none of these surface reacurces occur at Yucca Mountain. ~

3.3 HYDROLOGIC CONDIFIONS
This section describes the hydrology of Yucca Hountain nnd nearby areaa.
Toples discussed include surface water, ground water, and present and future
water use. Much of the descriptive informatlon in thie section 1s summartged
from r report by Winograd and Thordarson (1975) and from the discussions
presented in Section 6.3.1.1.

Numerous 1investigations of the gechydrology of Yucca Mountain and neafhy
areas have been conducted since 1978 (sce Sectilon 6.3.1.1 for a 1ist of
studies). These studles have resulted in a general understanding of the
regional ground-water flow (Waddell, 1982). Detailed studies of water move-
ment, including flow through the unsaturated zone, are in progress or ara
planned. :

3.3.1 SURFACE WATER

No perennial etresma occur at or near Yucca Mountaln. The only reliable
sources of surface water are the springs in Oasis Valley, the Amargosa
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Desert, and Death Valley. Because of the extreme arldity of this regflon,
where the annual precipiltation averages about 20 perceat of the poteatial
evapotranspiration. most of tha spring discharge travels only a short
diatance before evsporating or Infiltrating back into the ground.

Rapid runoff osring heavy precipitatton fills thc normally dry washes
for brief periods uf time. Tlocal flooding can accur wi2ce the water exceeds
the capacity of th: channels. The potential for flood 1y at Yucca Mountain,
and its potentlal =fFects on a'rEpoaitory are degeribe ~ in Section 6.3.3.3.
In contrast to the washes, the terminal playas may cort.in standing water for
days or weeks after severe storms. Runoff from pre-ipltation at Yucca
Mountaln draine into Fortymile Wash on the east and Cia 2r Flat on the west,
and both areas drain into the normaily dry Amargosa River (Figure 3-11). If
runoff is very algh, water in the Amargoaa River flows into the playa in
southern Death Valley,

'3.3.2  GROUND WATER

Yucca Mountatn Iles within the Death Valley ground-water gystem, q‘;arge
and diverde area in southern Nevada and adjacent parts of Califoinia composed
-0f many mountain ranges and topographlic basins that are hydraulically
connectad at depth. In general, greound water within ‘the Death Valley system
Lravels toward Death Valley, although much of 1t &Ischargeﬂ befare reaéhing
Death Valley. (Ground water in the Death Valley Byatem does not enter
neighboring ground-water systems. :

The Death Valley ground-water system Is divided into several ygrouynd-
water basf{ns. Information now avallable indicates that ground water woving
benealh Yucca Mountailn dischargea at Alkali Flat and perhaps -at Furnace Creek
“in Death Valley, but oot in Ash Meadows or QOasis Valley. As shown in Figure
2~-5, Yucca Mountain is in the Alkalli Flat-Furngace Creek Ranch ground-wéter

basin, at a position midway between the Ash Meadows and the Qasls Valfey
basina (Waddell, 1982).

Geologlc formations In southern Nevada have been grouped into broad
hydrogeologic units (see Figure 2-4) {Winograd and Thordarson, 1975; Modtazer
and Wilson, 1984). Several af the units transmit water in sufficlent quanti-
ties to supply water needs gaqulfers), whereas other units have relatiyely
low permeabilities that tend to retard the Elow of ground water (aquitards)
The geologic and hydrologic properties of the aquifers vary widely. The
lower and upper carbonate aquifers and the welded-tuff aquifers: store -and
transmit water chiefly along fractures. In contrast, the valley-fill
alluvial aquifers store and transmit water chiefly through interstitial
‘openings. The lower carbonate and valley-fill (alluvial) aquifers are-the
"main sources of ground water 1in the castern part of the Nevada Test Site.
The atratigraphic and hydrogeologic units that are present at the Eu@ca
Meuntain site are shown 1in Table 3-3. Lithologic characteristics and
hydraulic conductivities of the hydrogeologic unitse ‘are also given 1in the
table. A more detailed discusslon of the properties of the hydrogeologic
units Lls given in Section 6.3.1.1.5, and in Montazer and Wilson (1984).
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Table 3-3. Dual clessification of Tertlary volcanle rocks at Yucca Mountatin:

stratig-aphic unitae rgflect origin and hydrogeologic units reflect
hydrolesic propetrties
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Data from Montazer and Wilson {1984) except as indicated.

NP = nonwelded to partially welded; MD = moderately to densely welded;
edded. .

Hydrogeologic unit symbols: PP = Prow Pags welded unit; PP = Prow Pass
nonwglded unit; BF_ = Bullfrog weldeld unit; BF = Bullfrog nonwelded unit.
Data from Sandia Natlonal Laboratories TuFf Data Base (SNL, 1985).
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3.3.2.1 Ground-wal2r movement

The unsaturated zone within the boundary of the primary repcsitory area
at Yucca Mountain s about 500 to 750 meters (1,600 to ?,500 feet) thick, but
thins Lo about 200 meters (656 feet) thick 10 kilomet:rcs (6.2 miles) away
from Yucca Mountair, Within the prlmary repository ai~e, the local water-
table silopes to thz southenst, from an elevatlion of &' meters (2,600 feet)
to as low as 730 metera (2,400 feet) above sea level . :wwe Filgure 6-3 for a
water-table contour map). The water table is 200 t> 00 meters (656 ta
1,300 feet) below the horizon proposed for the tep:itory (see Section
6.3.1.1 for a detalled discussion}.,

Most of the annual precipitation, approximately 150 millimeters
(5.9 tnches) (Montazer and Wileon, 1984) 1s retutned “o the atmosphere by
evaporation and plant tranapiration. A amall part of ihe preclipitation that
falls on Yucca Mountain percolates through the matrix of the unsaturated
zone. Czarneckl (1985) estimated a recharge rate of ahout 0,5 millimeter per
- year (0,02 Inch per year} for the preclpitation zone that includea Yucca
Mountain. Section 6.3.1.1.5 descrlbes the approaches used to egtimate flux
through the unsaturated zone as well as recharge. The principal source of
recharge for the tuff aquifer 1s probably Pahute Mesa te the north and
northwest of Yucca Mountain (Figure 3-2), The general direction of regional
ground-water flow 1s south-southeast toward points of natural discharge at
Alkalil Flat and perhaps Furnace Creek in Death Valley.

The depth to the carbonate aquifer beneath the primary repository area
has not been determined, but 1t is probably much more than the 1,250 meters
(4,100 feet) observed in drill hole UE~25p#! located 2.5 -kilometera
(1.5 milen) east of the primary area. At drill hole UE-25p#l, the hydraulic
head in the carbonate rocks 1s 20 meters {66 feet) higher than 1n the over-
lying tuffaceous rocks (Waddell et al., 1984). Because water cannot move in
the direction of higher hydraulic head, 1t is concluded that ground water in
the tuff aquifers beneath Yucca Mountain does not enter the carbonate
aqulfer,

Deep regional movement of ground water gouth and east of Yuces Mountaln
occurs chlefly through the lower carbonate aquifer. This aquifer is composed
of highly fractured and locally brecclated Middle Cambrian to Late Devonian
limestone and dolomites that are moderately to highly tranemissive {Winograd
and Thordarson, 1975}, Because of complex geologle structure, flow paths in
the lower carbonate aquifers are complex and are poorly defined. In places
the ground-water flow Is diverted laterally or vertlcally becauae of fault .
displacements that have juxtaposed the lower carbonate aquifer against less.
permeable rocks. Where the flow 1s blocked, such as at Ash Meadows in the
. southern Amargosa Desert, 1ntersection of the water table with the land
surface causes gprings (Waddell et al,, 1984).

3.3.2.2 Ground-water quality

Schoff and Moore (1964) recognized three types of ground water at the
Nevada Test Site and in its vicipity: (1) sodium and potassium bicarbonate,
which geunerally occurs in tuff aquifera. and valley-fill aquifers composed
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chiefly of tuff detritus; (2) caleium and magneslum bicarbonate, which gen-
arally occurs In the carbonate aqulfers and the valley-fill aquifers composed
chiefly of carbonate tetritus; and (3) mixed, which is defined as having the
chemlical characterist-ca of both type 1 and Lype 2,

Ground—-water chemistry is predominantly controlled br the tuffs and the
carbonates. Other ro:ka present are either considerably ‘rrs reactive or of
such low abundance tiat they contribute little to the we:gr chemistry, The
change {n water quality with time in the tuffaceous aquil :rs wae described by
Claassen and White (1979) and lp summarized as fLollows:

1, Recharging water obtalns carbon dloxide (COZ; by nonequilibrium
PYOCEases .

p Reaction of dissolved CO, with vitric tuff occurs by beth flon-
exchange and lon-diffusioh processes.

3. At the same time 8s number 2 above, chemical precipitation of
authigenic phases occurg 1f suitable surfaces ara avallahle for
nucleation aites.

The above processes contribute to the excellent quality of water in the
tuffacegus aquifers. Recent chemical analyses of ground water from a bore-
hole near the proposed exploratory shaft site (Figure 3-6; boreheole USW G=4)
are summarized by Bentley (1984). This water, drawn from the tuffaceous
aquifer, would be expected to be moat silmilar to ground-water type ! above.
It has 216 mllligrams per liter of dissolved solids, a pH of 7.7, and
relactively high concentratlione of ailics (45 milligrams per liter), sodium
(57 milligrams per liter), and bicarbonate (143 milligrams per liter). In
general, water In the tuffaceous aquifers under Yucca Mountain meets
U.S. Environmental Protection Agency gecondary atandards in major cations and
anions and the primary standards for deleterious constituents, The water
zould be: uged for all purposes; domestic, stock, municipal supply,
irrigation, or Ilndustrial uses. :

3.3.3 PRESENT AND PROJECTED WATER USE IN THE AREA

Water in pouthern Nevada (excluding the Las Vegas area) Is used chlefly
for 1rrigation and to a lesser extent for livestock, municlpal needs, and
domestic supplies. Almost all the required water is pumped from the ground,
although some springs supply water to establishments in Death Valley and
octher areas aouth of Yucca Mountain (Pistrang and Kunkel, 1964; Hunt et al,,
1966; Thaordarson and Robinson, 1971), Springs in Oasis Valley near Beatty,
Nevada, about 30 kilometers {20 miles) northwast of Yucca Mountain, are a
significant source of water for public and domeatic needs and for irrigation
(Thordarson and Robinson, 1971; White, 1979). (See Section 3.6.3 for the
amounts of water used annually by towns and communities in the vicinity of
Yucca Mountain.,) The ground water in the tuff aquifer underlying Yucca
Mountaln (see figures 2-5 and 2-6) 1s part of the Alkall Flat-Furnace Creek
Ranch ground-water hasin, which discharges 1in Alkall Flat or Death Valley
{Waddell, 1982}, This aquifer becomes shallower to the south, and the flow
is through alluvium rather than tuff. Wells that are located between Yucca
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Mountain and Death Vulley are likely to be pumping ground water from this
game tuff-alluvium ejuifer. Total water use durlng repository eiting, con-
structiog, operatier, and decommissloning 1s estimated to average

0.4 x 10" cubic metera (350 acre~feet) per year over & 60-year perlod
(Moralesa, 1985) and 3s expected to cause only & very levalized drawdgwn of
the regional water tabie., Well J~13 has ylelded as muc! aa 1.26 x 10" cublc
meters per year in vamping teats, and over 1B years of ‘a:armittent pumping,
the water level has stayed about the esame (Thordarson, ' 483).

The principal water users 1n the area closeat t- “he Yucca Mountain
repository aite are in the Amargosa Desert in and arou «d the Town of Amargosa
vValley and in the Palicamp Valley. Tn 1979 the State Erg 'neer designated the
Amargosa Desert ground-water basin, which encompasses a large part of the
Alkall Flat-Furnace Creek Ranch basin and a emall part of the Ash Meadows
basin (Figure 2-5). According to the Nevada Depgrtmen: of Conservation and
Natural Resources {(Coache, ca. 1983), 11.23 x 10 cubic meters {9,105 acre-
feet) were used for irrigation in the Amargosa Desert ground-water basin in
1983. 1In consildering permit applicati%ns, the Nevada State Engineer haas
assumed consumptive use of 0.0062 x 10 cubic meters (5 acre-feet) per
irrigated acre (Morrus, 1982). Therefore, about 737 hectares (1,820 acres)
were under irrigation in the Amargosa Desert in 1983, Thia represents a
slight decline from the B0O hectares (2,000 acres) reported by the Office of
the State Engineer (1974) for 1969. In 1983 industrial, commercial, and
qugsiudomesttc water use In the Amargoan Des%ft ground-water hasin were 1.0 X
10" cubic metprs {850 acre-Ffeet)}, 0.025 x 10 cublc meters (20 acre-feet),
and .25 % 10" cublc meteérs (200 acre-feet), respeqétvely (Coache, ca. 1983).
Aa 1is discussed in Section 3.6.3.3, about 0.5 x 10" cubic meters (400 acre-
feet) were used by domemstic wells. Total water uge In the Amargosa Desert
ground~water basin was thecefore about 13.0 % 10 cubic meters {10,580 acre~
feet), This represents about &4 percent of the tontal sustained yield of
aquifers in the basin (Morros, 1982) (see Sectlon 3.6.3.3).

Certifiad approprilations agd development permits for ground water in the
Pahrump Valley totaled (12 x 10" cublc metera (91,000 acre~feet) per year in6
1970 although in recent years actual exploltation has averaged about 49 x 10
cublc meters (40,000 acre-feaet) per year. In the last ten years, real catate
developers have purchased agricultural land (with appurtensnt water rights)
for constructing homes 1in subdiviciona, and so water use has changed from
agricultural to domestic. As 18 discussed in Section 3.6.3.3, aquifersa in
the Pahrump Valley could support up to about 16,900 residents with no decline
in usable storage, although local effects, guch as land subsidence and well
interference, could result from sustained development.

From 1967 to 1970, an extenalve well field was developed for irrigation
in the Ash Meadows area along the east slde of the Amargosa Desert. The
Desert Pupfigh Task Force, conelsting of representatives of the National Park
Service, and Bureau of Reclamation, the Bureau of Land Management, the Bureau
of Sport Flsheries and Wildlife, and the U.S. Geological Survey, requested a
study to determine the potential effecte of such development on the habltat
of the pupfish. A study by the U.5. Geological Survey (Dudley and Larson
1976) concluded that withdrawals of ground water from parts of this well
field caused a 0.8-meter (2.5-foot} reductlon in the water level in the pool
in nearby Devila Hole, thereby threatening the survival of the Devils Hole
pupfiah (Cyprinodon diabolis). Subsequent law sults and a final ruling by
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the U.S. Supreme Court 1In 1976 {Cappaert v. United States, 1976) ordered a
restriction in pump'ng from specific wells in the Devila Hole ares.

The mining lndustry in southern Nevada uses a smal! amount of water for
processing., Water .or this purpose 1s supplied from nercby shallow wells or
is trucked In from .earby towns., Many of the mines curvently recycle process
water, which reduce; thelr consumptive water demand.

3.4 ENVIRONMENTAL SETTING

This sectirn contalns a description of exlisting land use, ecosystems,
alr quality, noise, aesthetics, archaeological resourcwa, and the radio-
logical background of Yucca Mountatn and the surrounding region. The data
provide a basellne for assessing potentlal 1mpacta duriag site characteri-
zation (Chapter 4) and during construction, operation, and decommissioniag 1f
Yucca Mountaln 1s smlected for a repusitory (chapters 5 and &),

3.4.1 TLAND USE

Land use 1in the vicinity of Yucca Mountain includes Federal use,
agriculture, mining, recreation, and private and commercial development.
These ugdes are discussed in the following sectlons. Land-use patterns in
gouthwestern Nevada are sghown in Figure 3-i2. -

3.4.1.,1 Faderal use

The Yucca Mountain site ia on Federal land controlled by three Federal
agenclies, As sghown on Figure 3-12, the Nellis Alr Force Range {includes
10,670 square kilometers {4,120 square miles) controlled by the U,S. Depart-
ment of the Air Force, the Nevada Test Site (NTS) includes 3,500 gquare kilo-
mecers (1,350 square miles) controlled by the U.S. Depsrtment of Energy, aud
many thousands of square kilometers are controlled by the Bureau of Land
ManagementL (BLM).

The Nellls Ailr Force Range 18 used for military weapons testing and,
personnel tralaiang. The portion of the range in the immediate vicinity of
Yucca Mountaln 1s resetrved for overflights and provides air access Lo the
bombing and gunnery arecas located north and west of Yucca Mountain. Land use
at the NTS supporis nuclear-weapous research and development. The alte 1s
dedicated to underground nuclear testing, development and testing of nuclear
explesives for peaceful applicacions, and testing of weapon effects. The BLM
applies a multiple use concept Iin administering the public domain lands and

forests, These lands are currently used for recreation, grazing, forest
management, and wildiife management, : '
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A Iimited amcouat of agriculture is supported in the Qasis Valley, the
Amargosa Desert, th: Ash Meadows area, and tha Pshrump Talley. None of these
areas is consgidered to contaln prime agricultural land. A portion ef the
extensive Bureau of Lend Msnagement lands {n southern Nyc County is used for
cattle grazing; thee lands are conaldered the major e:ficultural rescurce
near the gite {Coll.ne et al,, 1982).

3.4.1.2.1 Grazlng laad

The Bureau of Land Management controls large parcels of range land sauth
and west of the site, portions of which are leased for cattle grazing., Five
leases axlat near the site {(Figure 3~13}, With two exceptions, no grazing
leasas have been issued for lands lying north or eaat of U.S. Highwsy 95 from
l.as Vagas to Tonopah. No grazing leades have been issued for Yucca Mountain.

3.4.1.2.2 Cropland

Blocks of privata Land in the Amargesa Desert, Oaslg Valley, Ash Meadows
area, and Pahrump Valley contain the only farming and ranching operations in
the region., Extensive cultivation’ is only found in the Amargosa Desert and
‘Pahrump Vallay. An informal’ poll conducted by the Department of Agriculture
County Cooperative Extension agent in Pahrump indicates that farms located
south of Beatty had a rotal of 3,850 hectares (9,500 acres) under irrigation
In July 1981 distributed an follows: 2,430 hectares {6,000 acres) alfalfa,
810 hectares (2,000 acres). irrigated pasture, 325 hectares {B0O0 acres)
cotton, 130 hectdrea {320 acres) small grains, 97 hectares (240 acres) Sudan
grasa, 25 hactares {6Q acres) turf, 25 hectares {60 acres) orchard, and
8 hectares (20.acres) melons {Collins et al., 1982).

:3.6,1.3 Mining

There are !7 active mines and mills in southern Nevada. Moat of the
mining operations employ fewer than 10 workers per mine, although a few
operations employ as many as 250 workers. The mineral resources in the srea
near Yucca Mountaln are described in Section 3.2.4. 'The mining operations in
the vicinity of Yucca Mountatln are ‘described in Table 3I-2.

3.4.1.4 Recreatlon

Recreational land uses are abundant In southern Nevada. In genaeral, the
camping and fishing sites in the northern part of the region are used during
apring, summer, and fall, and those Iin the southern part are used throughout
the year, The Desert Nationsl Wildlife Range, approximately 100 kilometers
(60 miles) from the Yucca Mountaln site by air is a joint-use area by the
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U.S. Department of the Air Force and the U,S8., Fish and Wildlife Service, and
provides some recreatirnal opportunities,

The Mojave Desert in California, which includes Deatd Valley National
Monument, extends alorg the aouthwestern border of Mevada., The boundary of
Death Valley National Jdonument, which extands into Nevada., lies approximately
30 to 40 kilometers (.0 to 25 miles) west and southwest o} the Yucca Mountain
Site (Figure 3~12), The National Park Service estimates - uat the population
within the Monument boundaries ranges from a minimum or 900 permsnent
residents during the summer months to as many as 35,000 courists per day
during the major holidey periods in the winter months. -Jr to 80,000 tourists
have visited Deat» Valley during the Death Valley 49ers Er .ampment Weekend in
November. The Spring Mountaina to the southeast of Yucca Mountain
(Figure 3-2) dare also a major recreational area, Floyd F. Lamb State Park is
located abhout 6 kilometers (10 miles) north and east of Las Vegas, and 1is
about 2 kilometera {1 mile) nerth of U.S. Highway 95,

3.4.1.5 Private and commercial development

Most private and commercial developments in the region are in the
Las Vegas Valley (Figure 3-12). Drivste lands are scarce Iin the vicinity of

Yucca Mountain and are located in the following areas (figures 3-12 and
3-13):

l. Amargosa Desert -~ 600 hectares (1,500 acres}.

2, Town of Amargosa Valley - acreage at Intersection of U.S, Highway 95
and State Route 373 and in the valley stretching southward from this
intersection.

3. Beatty - limited acreage along U.S. Highway 95 and State Route 374.

4, 1Indian Springs ~ limited acreage along U.S. Highway 95,

5. Pahrump and Pahrump Valley - planned community development in the
Pahrump Valley:

- Johnnie Townslte, about 635 hectarea (160 acres) {(msec. 35,
T. 17 8,, R, 52 E,, and sec. 1, T, 18 S., R, 52 E.).

- Forty Bar Eatates, planned to be more than 40 hectares
{100+ acres) (secs. 7 and 8, T. 17 5., R, 52 E,),

6. Dasgsis Valley ~ unknown acreage.
There are no subdivisions planned for the Ash Meadows areas. The

U.5, Fish and Wildlife Service recently purchased all the private land In the
Ash Meadows areas that - was being considered £for :development.



3.4.,2 TERRESTRIAL ANU AQUATIC RCOSYSTOMS

An extengsive lit:rature review was performed in 198! to determine the
current atate of knowiedge about the ecological characteristics of the Yucca
Mountain area (Collin® et al,, 1981, 1982), Rased upon tre review findings,
a fleld study was irnitiated in 1982 to gather data on tha ecological
characteristics of t'e atudy area outlined in Figure 3-i4 (Q'Farrell and
Collins, 1983, i984; Collina and Q'Farrell, 1985). T {findinge of the
l{terature review and subsequent fleld studiea are su.iarized 1in the
following sections,

3.4.2.1 Terrestrial vegetation

The southwestern Nevada Test Site (NTS) encompassoas three floristic
zones: {1) the MoJave Desert, which Ls a warm dry desert occurring below an
elevation of 1,200 neters (4,000 feet); (2) the Great Basin Desert, which is
a relatively cooler and wetter desert occurrilng at rclevations above
1,500 meters (5,000 feet); and (3) the transeltion zone, often called the
Transitlon Degert, which extends in a bropad east-west corridor between the
Mojave and Great Basin deserts at elevations of between 1,200 and
1,500 metera (4,000 and 5,000 feet). Literature reviews indicated that the
following five major vegetation assoclations oc¢cur in Lhe southwest portion
of the NTS within the three floristic reglona: Jarrea-Ambrorla (creosoLe
bush~bursage), Larrea-Lycium-Grayia (creosote bush~boxthorn~hopsage),
Coleogyne (blackbrush), Artemisia (sagebrush), and Artemisia-pinyon-juniper.

During 1983, fleld studies were conducted Lo determine the distribution
end specles compositlon of the major floral and faunal asgoclationa at Yucca
Mountain, Assoclations were named after the shrubs that dominate them on the
basis of canopy coverage and numerical denaity, Four groups of undisturbed
vegetation assoclations were recognized: {1} those 1in which Larrea
tridentata and Ambrosia dumosa were common, (2) those in which Larrea was
prasent but Ambrosia was not, called Larrea-Ephedra or Larrea-Lycium,

(3) those in which Coleogyne ramosissima was prevalent, and (4) mixed transi-~
tion associations in which both Larrea and Coleogyne were abhsent.

In addition, a grassland-burn assoclation was described that occuples an

old burn slte. Dectailed lists of the specles composition can be found in
0'Farrell and Colline (1984).

3.4,2.1.1 Larrea—Ambrosia

An assoclation dominated by Larrea tridentata and Ambrosia .dumosa exlsta
on haladas (an area of coalescing alluvisl fans) on the southeastern agide of
the study area (Figure 3-14). - The assoclation generally occurs below eleva~
tiona of 1,100 meLers (3,600 feet) (0'Farrell and Colline, 1984) 1in loose
goils elther with or without pavements of small rocks. Larrea-Ambrosia 1is at
1ts upper elevatlional limit and contains elements of Traneition Desert
vegatation,
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3.4.2,1,2 Llarrea-fphedra or Larrea-Lycium

These asgociat. ons predominate on the eastern bajadas of central Yucca
Mountain at elevatfane ranging from 1,000 to 1,300 meters (3,400 to
4,300 feet), Rellef is generatly low Lo moderate, and 10i1ls are roaky with
an lmperfectly developed surface pavemant. These assoc! itions are absent on
upper bajadas and ai the bases of high hills or mountai-:i where alopes begin
to steepen sharply, but are present along drainages in :ouptainous areas.

3.'{‘0201.3 COlengani

Vegetation In which Coleogyne ramosissima predominates occurs in two
distinct locations: (1} on the tops of the larger, f'atter ridges of the
northetn portion of the study area, including the northern portion of Yucca
Mountain, and (2) on the bajada south of Pinnacles Ridge and eaat of Prow
Pass in the upper Yucca Wash drainage. This association {s an indiecator of
and 1s reatricted Lo the Transition Desert. Coleogyne favors sites with
moderate- to low-slope angles and does not occur on steep, rocky, or
boulder-strewn glopes. Coleogyne 1s absent where relatively level ridge tops
glve way to steep, rocky slopes. Desert pavements are ofLen well developed
on bajadas where Coleogyne occurs. Coleogyne tends to form near monocultures
having few assoclated spacies. Bromus ruhens, an introduced winter annual
grass, does not occur in the thick stands that usually characterize Coleogyne
in other parts of the Nevada Test Site.

3.4.2.1.4 Mixed tranaition

This vegetation assoclation is actually a mosalc of local associations
dominated by a variable mixture of shrubs Ineluding: Ephedra nevadensis,
Eriogonum tasciculatum, Grayle splnosa, Haplopappus cooperi, Hymenoclea
salgola, Lyclum gndersonii, and Psorothamnus fremontili (O'Farrell and
Collina, 1984). Mixed transition assoelations occur on upper bajades and
elopes above Lhe Lerrea dominated assoclations. 1t is the dominant
vegetation on slopes and ridge Lops throughout Lhe southern and central
sectione of Yucca Mountain (Figure 3-14). The large variability of the
microhabitat asgociated with this vegetation probably accounts for 1its
heteqogeneity.

3.4.2}1.5 Grassland-burn site

A large portion of the ridge Lop of central Yucca Mountain was ‘burned
elither shortly before or in 1978, This burn, which extended for 2.3 kilo-
meters (1.4 miles) and occupied 77 hectares (190 acres), 1s old enough that
a community of perennial and annual gragses with only scattered shrubs has
had time to develop.. Composition of the original vegetation was difficult to
determine because dense Coleogyne existed at the northern boundary of the
burn, but at the southern boundary a diverse mixed transition community with
only scattered Coleogyne predominatedm Coleogyne has a higher susceptibility
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to fire, and it most likely predominated throughout most of the site prior to
the burn.

A more recent »ourn coverlng 15 hectares {38 acres) occurred on a small
ridge northwest of Yucca Ridge. The former vegetatinn was certalnly
Ccleggyne since thio assoclation occurs at the edges and in secattered
unburned patches throughout the burn. Charred shrub at .mps are stlll stand-
ing, and there is s.ime sprouting from stumps. The vege ation conslats mainly
of herbaceous epeciss, primarily grasses, These two hwiws comprise 1.8 per-
cent of the study araa.

3.4.2.2 Terrest:lal wildlife

Je4e242.1 Mummals

0f the 46 mammal species expected to occur withiu the study area
(Collins et al., 1982), 17 were found during actual fiel:y studies (Q'Farrell
and Collins, 1983, 1984). Rodents account for over half of the observed
mammal species. Activity patterns, food habits, population dynamica, 1life
apans, and home ranges are well documented for the small mammals of the area
{Jorgensen and Hayward, 1965).

A live-trapping program was used In 1982 and 19831 to determine the
apecies composition and relative abundance of small mammals (less than
200 grams) In the major vegetation assoclatlons {0'Farrell and Colling, 1983,
1984). Eleven specles were trapped. Merriam's kangaroo rat {Dipodomys
merriami) and the long-tailed pocket mouse (Peroguathus formosus) were the
wost abundant snd widespread species. Merriam’s kaogaroo rat predominated at
lower elevations in bajada habitaets. Long-~tailed pocket mica, although pres-
ent in most habitats, were the domlnant specles only at higher elevations, in
canyons, and on ridges, where solls were rocky. Deer mice (Peromgscus
maniculatus), little pocket mice (Perognathus longimembris), and canyon mice
(Peromyscus crinitus) were the most common assoclated species. Specles
diversity was fairly conslstent, with slx or seven specles consistently
trapped in all uandieturbed vegetation assoclations.

Black-tailed jackrabbits and desert cottontails were found to be the
most conspilcucus and wide ranging of the larger mammale. The coyote was the
moet widely distributed and the most numerous carnivore. Evidence of mule
deer was observed at all elevations and in all vegetation asaoclations
sampled. However, there were concentrations of sign both in sheltered upper
canyons on the eastern slope of Yucca Mountaln and along some ridge lines
that may represent access routes. Scats were fresh and in varlous states of
decomposition and had been deposited by both eduits and fawns., Skeletal
material of adults dand a fawn were also observed. Sightings and fresh sign
of deer decreased in late spring (0Q'Farrell and Collins, 1983).

Burro tracks and scats of various ages were observed throughout the
project area except In the lower elevations of the Larrea-Ambrosia vegetation
agsocliation. Yucca Mountain ridge and the valley along the southern boundary
of the field study area contatned significant councentrations of fresh sign.
However, the highest concentrations were observed in Solltario Canyen {which
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1s also called Hinge Fault Valley in several publications) where a herd of
about 20 burros was observed. No evidence of bighorn sheep was found in the
area.

3.4.,2.2.2 Birds

The literature describes the aviFauna on the Ne ada Test Site (NTS)
(Hayward et al., 1963). Sixty-six specles of birds a2 recorded as either
seasonal or permanent resldents in the area., Many :lkr specles vislt the
area briefly during spring and fall migration. Ther+ are 27 permanent
breeding residents, most of whom {nhablt sagebrush-pinyan-juniper vegetation,
and a number of more widely distributed apring and summer residents. The NTS
is a winter feeding ground for large flocks of migreting passerine hirds
{eparrows and finches). Several specles remaln as winter reaidents because
disturbed areas have an abundance of tumbleweed seed, which 1a an important
winter food source. Migratory waterfowl and shore birds frequent the
temporary lakes formed by precipitation runoff in Yucca and Fremehman playas.

During the 1982 aite-gpecific {investigations (0'Farrell and Collins,
1983}, 35 epecles of birde were recorded. Black-throated sparrows
(Amphispiza hiliuneata) were observed most frequently. Rock wrens (Salpinctus
nhsoletus) were also observed at all elevationa, especlally ilu rocky habltats
and along washes. Mourning doves {Zenalda macroura) arrived during the f[irst
week in May and bred at the site. Common ravens {(Corvus corax) were also
conspicuous residents, although they were not present 1n large Fflocks.

Six specles of raptorlial birds were observed, but sightings were infre-
quent. A red~tailed hawk (Buteo jamailcensis) was neatlng in the study area.
No waterfowl or suitable habitats for waterfowl were found.

3.4,2.2.3 Reptilen

Eight specles of lizarde, one tortoise specle (Gopherus agassizii), and
four specles of snakes have been recorded (0'Farrell and Collins, 1983). The
gside-blotched lizard (Uta stansburlana) and western whiptalls (Conemidophorus
tigrla) were the most frequently observed and ubiquitous lizard speecles; the
former was observed ten times more frequently than the latter specles.
Coachwhips (Masticophis flagellum); speckled rattlesnakes (Crotalus
mitehell}; pgopher snakes (Pltuophis melanoleucus)}; and wegtern shovel-nosed
gnakes (Chionaclis ocelpltalis) were the only apecles of snakes obmerved, and
they were seen infrequently. No amphibians ware discovered.

3.4.2.3 Speclal~interest species

No plant or animal on the Nevada Teat Site (NT8) or in the atudy area
(Pigure 3-14) is ~urrently listed, nor liave any been officially proposed for
listing, under the Endangered Specles Act of 1973, Therefore, there are no
areas designated me critical habitats in the study area. The Mojave fishhook
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cactus and desert tcovtolee whieh occur in the study area are belng reviewed
for passible additi n to the 1ist of Endangered and “hreatened S5pecles
(USFWS, 1983b; USFWi, 1985a). Both are clagsified under Category 2,

"ess taxa for which (nformation now in possession of the Service indicates
that proposing to liagt as endangered or threatened ls [«ssibly appropriate,
but for which conclieive data on biologlcal vulnerabllii:: and threat sre not
currently available ta support proposed rules.” Six sp:nfes of birds includ-
ing the white-faced ibis (Plegadis chihli), Swainson's b wk (Buteo awalneoni),
ferruginous hawk (Buteo regalis), western snowy pl. er {Charadriue
alexandrinus nivosus}, wountain plover {Charadrius watanus), and the
long-billed curlew (¥Numenius americanus) have heen 1. ‘corded on the NTS
(O'Farrell and Fmery, 1976) but were never observed or .'ie study srea, They
have also been .lassified as Category 2 specles under cousideration for pos-
eible listing {USFWS, 1985a), The range of the spolted bat (Euderma
Egsylatum), a Category 2 mammal {(USFWS, 1685a), includve the NTS S but the
gpecies has never been observed there. The desert tortolise 1s a State-
protected specles, deslignated as rare.

The Mojave flshhook cactus, Sclerocactus polyanclstrus, which was
distvibuted on the rocky ridges of Yucca Mountain (Figure 3~15), wad more
abundant than published information would suggest. Tts areal distribution
included the top of Yucea Mountain and the entire weatern slope to ‘the
western boundary of the study area {(Figure 3-15). Twenty-two live and a
number of dead Sclerocactua individuals were recorded duringdﬂo ktlometers
(25 miles) of surveys in Solitsrio Canyon. Most were found in the middle and
southern portions of the Canyon. FEleven were recorded Ain 20 kilometers
{13 miles) of traneects on Yucca Ridge; B of the 11 were found together on
the extreme southern portion of Yucca Ridge. The density of Scleroeactus
observed on Yucca Ridge was significantly lower than the density in Salitario
Canyon. No Sclerocactus were found during 34 kilometers (21 miles) of ridge
aurveys conducted on the castern slope of Yucca Mountain; however,. an
archaeologist reported the preaence of a Sclerncactus between Fran Ridge and
Roy Hill (Figure 3-15). '

The desert tortoise, Gopherus agassizil, ranges from smorthern Sinaloa,
Mexico, into Arizona, California, southern Nevada, and aouthwesterm Utah.
Yucea Mountain 1s close to the northern range of the specles. Evidence of
the desert tortgoise was observed throughout the project area to elevations of
1,600 meters {5,240 feet} {Figure 3-16); however, densities were estimated to

be low {less than 20 per Square mile) when compared with other parts of its
range.

3.4.2.4 Aquatic ecosystems

No permanent or major sources of seasonal free water;“ﬁﬁd hence no
riparian habitats, exist on Yucca Mountain. The larger wsshes and dralnages
within the area tend to .contain a distinct. flore consisting of .apecies found
only in washes and specles that, although present 1in the surrounding
vegetation, are most common in washes.
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Figure 3-15, Distribution of Mojave fishhook cacﬁaja on Yucca
Mountain. Modified from O'Parrell and Collins (1983},
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Ash Meadows 1¢ about 40 kilometers (25 miles) south of Yucca Mountatn
and contalng approximately 30 springs. These springs sre fed by 8 different
ground-water basin than that which underlies Yucca Mountain {Section
f:2+41.6}s Relict wopulations of pupfish and many unusual endemic plants
exist In these apring habitats, 1including four specle: of fish listed as
endangered by the U.S. Fish and Wildlife Service {(ULFWS): Devila Hole
pupfish, Cyprinodu: diabolis; Warm Springs pupfish, ‘vprinodon nevadensis
pectoralis; Ash Mcadows Amargosa pupflsh, Cyprinodon .zvadensis mionectes;
and Aah Meadows speckled dace, Rhinichthys osculus ne»<densis {USFWS, 1983a);
seven endangered plants, Amargosa niterwort, NitrOIHJIa mohavensis; Ash
Meadows 1vesila, Ivesia cremica; Ash Mecadows sunray, nveliqpsis nudicaulis
var. corrugata; spr:ng-loving centaury, Centaurium namlphllum, Ash Meadows
blazing stav, Mentzelia leucophylla; Ash Meadows milk vetch, Astragalus
phoenix; and Ash Meadows gumplant, Grindelia fraxinopratensis; and an endan-
gered insect, Ash Mcadows naucorid, Ambrysus amargosus (DOI, 1984). Twelve
specles of endemic molluscs are candidates for possible listing as endangered
or threatened specles 1in the future (DOI, 1984), and the Ash Meadows vole
(Microtus montanug nevadensis) has been classifled as a Category 2 mammal
which is being revlewed for possible addition to the 1l: st (DOI, 1984).

3.4.3 AIR QUALITY AND WEATHER CONDITIONS

The climate of the Yucca Mountain slte and the surrounding area is
characterized by high aolar inaolation, limited precipitation, low qélative
humidity, and large dlurnal temperalture ranges. The loweat elevatidhs are
characterlzed by hot summébs and mild winters, which are typicsl of other
Great Basin desert sress. As elevation 1ncreases, precilpltation ambunts
Increase and temperatures decrease. . i

Daily aminimum temperaturea sometimes deviate from thla pattern because
minimum temperatures occssionally occur at low elevatlions 1in clobed
topographic basins during calm, cloudless nights. Under these conditions,
the ground surface coole qulckly, thereby cooling the air near the surface,
This cooler, denser ailr then drains down the terraln to form pools of cold
alr 1in closed topographic basins, These c¢onditions generally dissipate
quickly after gunrise when the ground surface 1s heated by the sun. -~ Aslde
from these locally induced conditions, the overall weather patterrs of the
region are primarily influenced by continental air wmasses, which contain only
limited amounts aof molsture.

Meteorologiesl data have been collected on the Nevada Test Site; since
1956 at various locations. A 10-year climatological gummary (1962 tb 1971)
for the weather ataticn that was located at Yucca Flat 1s given in Table 34,
Yucca Flat 18 approximately 40 kilometers (25 miles) northeast of Yucca
Mountain. Thia summary is considered to be typlcal of conditlone:throughout
the area, but local conditions may differ alightly because of silte-specific
influences. Because of 1its higher elevation, Yucca Mountain would be
expected to have greater precipitation and lower temperatures than the Yucca
Flat station.
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Table 3-4. Climate summary for Yucca Flat, menlum:m {continued)
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Temperature 1s pvobably one of the moat varlable metearological param-~
eters of the Yucca Mcuntain area on both a dally and an annual baiia, The
hottest months are g«nerally July and August, which have average monthly
temperatures for the l0-year record at Yucca Flat of 24.8°C (76.6°F), aund
average dally maximums of 35.6°C (96.1°F) and 35.0°C (95..°F), respectively,
Average daily temnevrture ranges for these months are nwarly 22°C (40°F).
The higheat temperature recorded at Yucca Flat 1is 42°C {i07°F) and has
oceurred In June, July, and August. Conversely, Decemi: ¢ 18 usually the
coldeat month of the year, with a monthly average tempr.ratute of 1.8°C
(335.3°F) and an average dally minimum temperature of ~.,/°C {19.9°F)., The
extreme low temperature recorded in December was -25° “~14°F), Minimum
temperatures at the gite can be affected by the drainag. flows described
previously and mey differ from the temperatures recorded at Yucca Flat,

Precipication fn the reglon 1s gparse; it averages oanly about 145 milli-
meterd (5.7 inches) annually at Yucca Flat. The sparsensss of precipication
is due to the land-based air maeses that influence the region's weather and
the blocking effect of the Siarra Nevada. Paclfic alr maases that could
bring moisture to the region generally drop most of their moisture on the
western slopea of the Slierra Nevada; little moisture 1s left to pracipitate
on the eant slde. Precipitation that does reach Lhe area is concentrated in
the winter months, but thunderstorws at other times of the year can also be
significant sources of molsture for the area. Thunderetorms occur on 16 per-
cent of the days in July and August, but only on 5 percent of the days
annually. The greatest monthly precipitation for Yucca Flat is 102 mflli-~
meters (4.02 inches), and the greatest daily amount 18 54 millimeters
(2.13 inches)., With an average of only 145 millimetera (5.7 inches) of
precipitation annually, these maximums represent significant storm eventa.
The statistical maximum 24-hour precipitations for 10-year and 100~year storm
events for Yucca Flat are 38 millimeters and 57 millimeters {(1.50 inches and
2.25 inches), respectively (Hershfield, 1961).

Wind speed and direction data have been complled for the station located
al Yucca Flat for the period 1961-1978 (DOC, 1986). Although theae data
reflect terrain influences apecific to Yucca Flat, the setting at Yucca
Mountain 1s similar enough to warrant use of the Yucca Flat data for thie
analyaife. The general north~gouth alignment of the basin in which the repos-
itory would be located will most 1likely be the major influence on surface
wind patterns, as 1s the cage for Yucca Flat., Winds from the south dominate
the distribution, occurring 14 percent of the time on an annual basia. Winde
from the north are also quite frequent, occurring Just over 11 percent of the
time, agaln on an annual basis. Seasonally, eoutherly winds are mosL common
in the spring and summer months, shifting to a northerly dominance in fall
and winter months. Wind epeed at the Yucca Flat ststion, averaged over the
entire perled of record, was 3.6 meters per aecond (8.1 miles per hour), with
the highest average speeds of around 6.3 meters per second {14 miles per
hour} assoclated with the spring and summer southerly windsr.

'High winds in the area are usually aassociated with the passage of winter
storm fromta, but they can aleso accompany thunderstorme. Wind speeds in
exceas of 100 kilometers per hour (60 miles per hour), with gusts of up to
172 kilometers per hour (107 miles per hour) way be expected to occcur on a
100-yesr return period (Quiring, 1968). Such velocities are not common,
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3-49



however, as 1s evidanced by the Yucca Flat annual average wind speed of 11.9
kilometers per hour (7.4 milea per hour) {Table 3~4)., Monthly average wind
speeds do uot devilair significantly from this value, with a high of 15 kile~
meters per hour (9.1 wiles per hour) in April and a low of 10 kiloueters per
hour (6,1 miles per "our} In November.

Other than temn-rature oxtremesd, severe wealher in itie reglon includes
occasional thundere¢»rms, lightning, tornadoes, and san: torms. Severe thun-~
dersgtorms may produce high precipitation with durations . f approximately one
hour, which may create a potential for flash floodiny, ,Bowean and Egami,
1983}, Tornadoas have heen observed within 80 kilomete ¢ (50 miles} of Yucca
Flat but are conatdered iufrequent (DOC, 1952; Pautz, [&CL7).

3.4,3.1 Alr quality

Site-specific sir-quality data are not avallable for the study area,
Data from similar degert locatlone, however, suggest tha* air quality at the
eilte iz probably very good. Elevated levels of either ozone or total sus=-
pended particulates may occasionally occur bhecause of pollutants transported
into the area or because of local sources of fugitive particuletes {Bowen and
Egami, 1983). Ambilent concentrations of other criteria pollutants {sulfur
dioxide, nitrogen oxides, and carbon monoxide} are probably low bacause thsre
are no significant sources of these pollutants nearby. The nearest signifi-
cant source of pollutants is the Las Vegas area, which 1is 137 kilometers
(85 milea) by air away, and 1s not expected to maasurably affect tha sir
quality in the Yuoca Mountain area,

3.4.4 NOISE

Although baseline nolaa levels have not been measured in the Yucea
Mountain area, they can be estimated. Thera are two types of nolse-producing
areas in the study area: (i) .uninhabited desert and {2} small rural commu~
nities. In the uninhablted desert, the major sources of noise are natural
phyaical phenomena such as wind and rain, the activities of wildlife, and san
occaslonal alrplane. Annually, wind ias the predominant noise. Table 3-4
presents an average aunual wind apeed at Yuecca Flat. For noigse assessment
purposes, this area would he considered windy. Desert nolse levels as a
function of wind have been measured at an upper limit of 22 dBA for a stil]
desert and 38 dBA for a windy desert (Brattstrom and Bondello, 1983)., Por
Yucca Mountain, 30 dBA ia probably a resacnable estimate; it corresponds with
nolse levels presented in the environmental impact statement prepared for the
MX missile system for arems similar to Yucca Mountain {Henningson, Durham and
Richardson Sciences, 1980).

Annual rural-community nolse levels have been estimated by the U.S.
Environmental Protection ;Agency at 50 dBA {EPA, 1974). This level would be
characteristic of annuszl noise expected for Indian Springs, Mercury, or the
Town of Amargosa- Ualley. : e
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3o4y5  AESTHETIC RESOURCES

Yucca Mountaln ts in the southern pact of the Great Rasin and 1s charac-
terized by dlssected runges that rise abruptly from moderate slopes of
alluvial pledmonts, 7The terraln 1s rugged and arid, har scant vegetation,
and 18 not visualliy unique.

The project arsn to be disturbed 1s not visible fr.: aajor population
centers or public rtecreatlon areas, bhut may be viasible vom public highways
ard parts of the Amargosa Valley. A viewshed snalysls .f the project area
haa not yet heen conducted.

3.4.6 ARCHAROLOGICAL, CULTURAL, AND HISTORICAL RESOURCE!

Literature reviews of the archaeological, cultur:l, and historical
resources of Yucca Mountaln and the surrounding vicinity were conducted by
Pippin and Zerga (1983)., Extensive fleld surveys of arsas that were to be
giteg of fleld activities, such as drilling, or that were under conalderation
as a potentlially acceptable repository site were subsequently performed.
Tatensive (100 percent)} surveys for cultural resources have preceded and will
precede land-disturbing activities. All ldentified potential adverse impacts
have been and will coptinue to be mitigated. To date, more than 28 square
kilometere (il square miles) have been surveyed on and near Yucca Mountain
(Pippin et al., 1982). Although the archaeological resources of this area
have been mapped, the locations are considered sensitive and, therefore, do
not appear on. the figureg in this document.

Studies were conducted in consultation with the Nevada State Historie
Preservation Offlcer (SHPO). A Programmatic Memorandum of Agreement is being
developed among the U.S Department of Energy, the Advlsory Council on
Historic Praeservstion, and the Natlonal Conference of State Historic

Preservation Officers, including the Nevada SHPO, to ensure continued
"congultation and to guide future archaeological surveys and data-recovery
activitles.

Resources that could have been affected by preliminary Investigations
were ldentified and marked (Pippin et al., 1982). Limited test excavations
were also conducted on a Sample of the identified sites. Tnformation
regarding the excavatlon methodology and the significance of the sites is
presented in Pippin (1984) apd is summarized in Table 3-5. Site signiflcance
was evaluated 1in accordance wilith research domains outlined io an
Archaeological Element for the Nevada Historic Preservation Plan (1982).

An archaeclogical alte is ldentified as any locetion of past human
activity evidenced by the preseoce of material items manufactured or altered
by man (e.g., stone tools, potlery), architectural atructures {e.g., walls,
windbreaks), or functionslly specific faciliti{es (e.g., hearths, pite,
calrns). Thus, a location that contains anything from s single pottery shard
to a large campsite would be vecorded as an archaeological site.

A total of 178 prehistoric aboriginal sites were identified, which
reprasented use of the Yucca Mountain area by small and highly wobile groups
or hands of aboriginal hunter-gatherers. The sitea consisted of two basic
types: campsitea and extractive locatiens. Campsites are temporary locations
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Tahle 3-35.

Listing of all sites eligible for Natioral Register and the
recc.amended preservation procedures for cultural resources 1in
the JNWSI Yucca Mountain Project area

Subs srface Surface
Site component collection
number likely required Recommended prous.durée for preservation
26Ny1011b Yey Yes Test for subsurt: :e component and
mitigate 1f any construction is
scheduled in the area.
26Ny 1964 Yes Yes Avold or mitigate by scientific study.
26Ny 1967 Yes Yes Avold or mitigate by sclentific atudy.
26Ny1995 Yes Yes Avold or mitigate by scientific_a;hdy.
26Ny 1996 No Yes Surface collect if any construction is
gcheduled in the area.
26Ny2005b Yes Yesg Test for subsurface compodent and
mitigate if any construction 1s
scheduled in area.
26Ny 2960 No No Avoid site if 'at all poseible.
26Ny2977 No Yes Avold site or surfaéeicollectryfiaﬁy
construction is scheduled in this atea.
26Ny 3004 No Yes Avold site or eurface collect 1if ‘any
construction 1w scheduleq 1nu;hq area.
26Ny 3005 Yes Yes Avold or mitigate by scientifi@ study.
26Ny 3008 No Yes Avold site or surface collect 1f any
o conatruction 1s scheduted for the area.
26Ny3009 Yes No Avold or mitigate by sclentific study.
36Ny3011 "No Yes Avoid site or surface collect 1f.any
construction 1s scheduled in the artea,
26Ny 3016 Yes Yes Avold or mitigate by eclentific study.
26Ny3017 No Yes Avold site or surface collect if any
construction ia scheduled for the area.
26Ny3018 No Yes Avoid site or surface collect if any

f O N N:0n -

construction ig scheduled for the area.
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Table

3"5 ]

Lig~ing of all eites eligible for National Regisrer and the
rec.mmended preservation procedures fgr cultural resources in
the WNWST Yucca Mountain Project area (continued)

Subnurface  Surface
Site component collection
number likely required Recommended pr c.dure for preservation
26Ny3020 Yes Yes Avold or mitigats: by sclentific study.
26Ny3021 Yes Yes Avoid or mitigav: by scientific etudy.
26Ny3022 Yes Yen Avoid or mitigate by sclentific étudy.
: 2eny302?b No Yes Avoid site or surface collect if any
conatruction is acheduled in the area.
26Ny3028 Yes Yes Avold or mitigste by sclentific study.
26NY3030b Yes Yes Test for subsurface component and
mitigate if any construction is
scheduled in the area.
26Ny3037 Yes Yes Avoid or mitigate by scientific study.
26Ny3038 Yes Yea Test for subsurface component and
o mitigate 1f any construction is
acheduled in the area.
26Ny30139 No Yes Avold or mitigate by scientific study.
26Ny30§0 YQB Partial Avoid or mitigate by acientific setudy.
26Ny30&1b” Yes Yes Test for subsurface component and.
mitigate 1f any construction 1is
scheduled in the area.
26Ny3042 Yes  Yes Avold or mitigate by scientific study.
2§Hy30§3 Yea Yes Avold or mitigate by sclentific htﬁdy.
26Ny3044 No Yes Avoid pite or surface collect if any
' ' construction igm scheduled in the area.
26Ny3047 No Yea Avoid site or surface cellect Lf any
construction is scheduled Iin the area.
26Ny3049 No Yes Avold site or eurface collect if any
construction is scheduled in the area.
26Ny3051 No Yes Avoid or mitigate by scientific study.
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Table 3-5,

Ligting of all asites eligible for Natiunal Register and the
recommended preservation procedures fgr cultural resources 1in
th: NNWSI Yucca Mountain Project area  {continued)

8§ 09203

Subiurface  Surface
Site component collection

number likely required Recommendad pi1v:udyre for preservation
26Ny 3054 Yes Yasr Avold or mitigat. by sclentific study.
26Ny3055 Yes, Yasn Avold or mitiga:s by scientifie arudy.
26Ny 3056 Yes Yes Avold or mitigate by scientifig grudy.
26Ny3057 Yes Yag Avoid or mitigare by sclentiflg .efudy.
26Ny3058 Yes Yes Avold or mitigate by scilentific study.
26Ny3062 Yes Yes Avoid or mitigate by acientffiglﬁzﬁdy.
26Ny3066 Yes Yes Avoid or mltigste by sclentific study.
26Ny 3070 No Yes Avold or mitigate by scientific study.

26Ny 3074 ‘No Yes Avoid site or surface colleég.ifﬁshy
congtruction is scheduled in the area

and protect as 4 water source.

26Ny3075 No Yes Avold site or surface collect 1f sny
congtruction 1s scheduled 1in theﬁq;ea.

26Ny 3082 No Yes Avoid slte or surface collect Lf sny
' construction 1s scneduled in the 'drea.
26Ny3089 Yes Yes Avoid or mitigate by sclent1F1& Study.

26Ny 3090 No Yes Avold site or surface collect 1f any
construction 1s scheduled 1“_EQQ¢EFF3'

26Ny3091 No Yes Avoid site or surface collect if any
’ ' construction 1s scheduled in the'arev.

~ 26Ny3092 No Yes Avold site or sutface collecf”ffﬁgﬁy
congtruction 1s scheduled in the area.

26Ny3093 No Yes =~ Avold site or surtace collect £ ‘any
' congtruction 1is echeduled in the area.
26Ny3094 Yes | Yes' Avoid or mirigate by sclentific Qkady.
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Table 3~5.

Lisi:ing of all elites eligible for National Regleter and the
reci:amended preservation procedures fgr cultuyal reesources in
the NNWSI Yucca Mountain Project area icontinued)

Subsurface Surface
Site component collection
number likely required Recommended procedure for preservation

26Ny3096 Nop Yea Avoid site or sur’ace collect {f any
construction 1s scheduled in the area.

26Ny 3098 No Yes Avoid site or surface collect 1f any
construction is sacheduled in the area.

26Ny 3099 Yes Yes Avold or mitigate by eclentific erudy.

26Ny 3100 No Yes . Avold site or surface collect 1f any
construction 1s scheduled in the area.

26Ny3107b Yea Yes Test for suhsurface component and -
mitigate 1f any construction ia
gcheduled in the area.

26Ny3108b Yes Yes Teat for subsurface component and
mitigate 1f any construction is
echeduled in the area.

26Ny3110b Yea Yen Test for eubsurface component and
mitigate if any construction ia
echeduled in the area.

26Ny3111b Yes Yes Test for subsurface component and
mitigate 1If any construction is
scheduled in the area.

26Ny3112b Yes Yesn Test for subsurface component and
mitigate tf any construction 1is
Acheduled in the area.

26Ny3113b Yes Yes Teat for subaurface component and
mitigate 1f any construction is
echeduled in the area.

26Ny3114b Yes Yes Test for subsurface component and
mitigate 1f any construction is
echeduled in the area.

26Ny3116b Yes Yes Teat for subsurface component and

mitigate 1f any construction 1is
scheduled in the area.
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Table 3-35.

Listing of all sites eligible for National Register aud the
recommeaded preservation procedures for cultural resources in

the NNW3I Yucce Mountain Project ares®

{cantinued)

Subgurface Surface
Site compenen.. collection

number likely required Recommended procedu : for preservation

26Ny3117b Yesa Yes Test for subsurface « nmpouent and
mitigate {f any congst-uction is
acheduled Iin the area.

26Ny3118b Yes Yes Test for subsurface :«omponent and
mitigate 1lf any constructlon is
acheduled in the ares.

26Ny3119b Yes Yes Test for esubsurface compounent and
nitigate {f any comnstruction is
scheduled in the area.

26Ny3162 Yes Yas Avold or mitigate by acientlific study.

26Ny3163 Yes -Yes Avold or mitigate by aclentific study.

26Ny3190 Yes Yes "Avold or mitlgate by scientific'study;;

26Ny3l91b Yes Yes Avold or mitigate by scientiflc atudy.

26Ny3635 No Yea Avold or mitigate by scientific study.-

26Ny3636 Yes Yoy Avold or mitigate by scientific study.

26Ny3924 No Yes Avold or mitigate by acientific atudy.-

S050184RR06 No Yes Avold or mitigate by eclentific study.

S050284RR05 No Yesn Avold site or surface collect {f any '~

‘conatruction is echeduled in the area.

SModified from Pippin et al. (1982).
Site is outside of the ares of proposed intensive activity.
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where groups varving in slze from single-family units to small bands of 20 to
30 individuals ilved for days or months while using nearby resources or
traveling through the area. Such campsites, 2! of which were 1dentified on
Yucca Mountailn, are 1:cognized by the presence of artifacts, structures, and
facilities related t.. food preparation and consumption, rhelter, and other
maintenance activitiszs, such as the manufacture or repair of clothing end
tools.

One hundred and forty-one of the prehiatoric sitr . are extractive
locationa,  These are the remaine of more limited, tank--speclfic activitles
asgoclated with hunting, gathering, and processing of ¢lld plants and with
procurement of other aw materials used in manufacturing tocls and clothing.
The survey ldenrified several kinds of extractive locat.ons, and the site
typeg are summarized in Table 3-6. In addition, 16 sites were identlfied but
not classified.

The cultural resources of Yucca Mountain can be categorlzed according to
four general adaptive straLegies (Pippin, 1984)., The earliest strategy was
reflected by a linear pattern of archaeological aites #long major ephemeral
stream dralnagea. Although the terrace edges of these orainages continued to
be occupled by later populations, there appears to have been a ahift In
sattlement patternd away from thess Linear sources of water that begen about
7,000 years ago. During that time, temporary campe became established in the
uplanda of Yucca Mountain. About [,500 years ago, there appeared to be
another shift in adaptation. For the first time, the avallabllity of plant
regources seemed to have a major influence on site locations. A final
adaptation in the arees was Indicated by numerous cairns, several lsclated tin
cang, and a prospector’s camp.

The first recorded entry of Furc—American travelers into the area now
occupied by the Nevada Test Site {(NTS) was that of a group of emigrants to
California in 1849 (Morman, 1969). This group had broken away from a party
led by Captaln Jefferson Hunt after hearing rumors of a shorter route to
California than that afforded by the 0ld Spanish Trall. While Hunt headed
southward over known territory, the splinter party plunged off into the
unknown. A second split was made north of Indian Springs where a group of
wagons, known as the Bennett-—Arcane Party, decided tc take a asoutherly route.
The remaining wagons, the Jayhawkers, followed a westward course to Tipplpah
Spring, where another split occurred. One group, still called the Jayhawk-
ers, went south between Skull Mountain and Fortymile Canyon. The Jayhawkers
crossed Topopah Wash and entered the Amargosa Valley esst of the Wash. The
other group, the Briers, entered Fortymile Canyon west nf Tippipah Spring and
went on to the Amsrgosa Desert. These tralls are shown in Figure 3-17.

Later movements I{nto the area involved prospectors, ranchers, wild~horse
hunters, and the establiehment of relay stationa for stage and freight lines.
Operating mines were the Horn Silver Mine, the Climax Tungsten Mine at the
north end of Yuceca Flat, a cinnabar mlne and retort on Mine Mountain, and
galena depoelts at the Groom Mine {(Worman, 1969)}.

Other historic resources located in the region include the Emigrant

Trail, Cot Cove (an early 20th~century prospector's camp located lmmediately
west of Prow Pass), ghost townsa, mining camps, Mormon settlements, and
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Table 3-6. Prehigiovie archacological sites in the Yucca Mountain area®
Activities Typical features,
Site type reprepented artifacta, and lcuation Number
Temporavy campe Food preparation Evidence of fire (" =»srths, 21
and consumption; pits, ate.)}, roe. align-
shalter; main~ ments {windbree:q,
tersnce activi~ sheltera}; aton.. tools,
tiea bona, veasels, ;! nding
implements, etc.
tocatlon variable
Tinajas Water collection Bedvrock hasine wit® rock 19
{elsterns) covers Lo retard evapora-~
tion; often near other
extractive locationse or
campsa
Knapplng Stone-tool manu- Stone. toole and waste material; 16
stations facturing locationa quite -variahle :
Quarries Collection of Large amounts of waete, parent 12
toolstone matarial, stone tools;
:logated on -Or .near sources
0f matarial, acme very
extenslive
Milling Froceasing of Grinding implemente (manose); 27
stations plant resouncas stone tools; locations vary
{soeds) but common in rock shelters
Caches Storage of tools, Rock alignments, piles; con- 8
raw materials ¢entrations of raw materials;
: tools; common in small rock
ehelters
Isolatad Hunting and lsolated stone tools and 18
artifacts collecting waste; variable locatfons
Sites of Unknown Diffuse concentraticns of.stone 16
unknown tools Bnd waste; isolated
function artifacts with a suapected

subsurface component; varia~-
ble locations but iaolated,.
common in small rock shelters

8Data from Pippin:et al. (1982). Note chat aome gsites were claesified
under moxe than one gitae type. - - '
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ranches located in southern Nevada, A U.,5, Department of Eaargy study
revealed 145 historic and 5 prehistoric sites located off the NS but within
a 140-kilometer (B.~mile) radius of it (Kensler, 19§81, The most common
altes identified wi-re mining operation sites and ranches. L

3.4.7 RADIOLOGICA, BACKGROUND

Envirvonmental background radiation 1levela from a!l sources in the
general area surrounding the Nevada Test Site (NTS, vary considarably
depending mainly on slevation and natural radicactliviity content of the soll,
In 1983 the enviromuental radiation dose rate at 86 monitored locations
within 300 killometers (185 miles) of the NTS ranged from 42 to 140 millirems
par year, wilth an average of 87 millitvems per year (PaLzier et sl,, 1984). It
has been observed that axposures {whole-body radiation;} measured at offslite
stations nearest to the NTS are decreasing with time (ERDA, 1977), This
dacrease is helieved to result from radloactive decay of fallout deposited
maluly during pericde of atmospheric teating.

Radiation levels within the NTS8 boundary increased from 1951 to the mid-
1960s as & result of atmospheric weapons testing and other experiments,
Radlation levels at specific locations within the test site vary consider~
ably, depending on the history of the location, and may exceed 5 millirems
per hour in localtzed areas (ERDA, 1977). Most of the radiomctivity created
at the test site by underground Lests remains In or near the underground
cavity locationg. Measurements of radiocactivity in the principal NTS ground-
water system during the 1983 measuring period showed only minor concen-
tratione of tritium, None of the radionuclide concentratione measured are
expaected to reeult In messurahle radiation exposures to residents or site
workers (Patzer et al., 1984).

Some radicactivity remalns on the gurface from pre-1962 atmospheric
testing of weapons, nuclear-cratering explosions, nuclear-propulalon-systems
tests, and radloactive wastes generated by other NTS activities. The.
locations of these wastes on the NTS are shown in Figure 3-18 (ERDA, 1977).
Almoet all of the sites are located in the noertheastern quadrant of the NTS.

3.4.7.1 Monitoring program

The U.S. Department of Energy (DOE) 18 responsible for providing
radiological safety services on the Nevada Test Site (NTS) and maintaining an
environmental eurveillance program designed to control, minimize, and
document exposures to the NTS working population. Air and potable~water
samples are collected at speclfic arees where personnel sgpend significant
amounts of time. Additional ailr-sampling stations are located throughout the
NTS in support of the testing program and the radioactive-waste-management
program. Water from supply wells, open reservoirs, natural saprings,
contaminated ponds, aud sewage ponda 1ls also sarmpled and analyzed to evaluate
the possibility of any movement of radloactive contaminante in the NTS water
system., Thermoluminescent doeimeters {TLDe) are used to measure the ambient
NTS external gamma~radistion levels,.
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The U.S. Environmental Protection Agency {EPA), through iis Environ-
mental Monitoring {ystema Laboratory in Las Vegas, has performed radiological
monitoring Iin the TS offeite area. Since 1958 cont!inuous monitoring has
been performed to determine Lhe levels of radiation and radicactivity
predent. Samples of alr, water, and milk are routisely collected and
analyzed and erternal radiation exposures are measurid. Radioactivity
attributable to tt.: resuspension of dust particles in tne air from confami-
nated areas on the NTS has never been detected in off..te aamples., No con-
tained underground tests have resulted in exposure to . ffasite resldenta ‘that
exceeded the radiation protection guidelines applicaile to undergroudd
nuclear testing (ERDA, 1977)., 1t is predicted that 'rture contalnment will
be as good or bette: (ERDA, 1977), No radioactivity r.'eased from activitiea
at the NTS 1in Jour of the last five years was measured off the site by any of
the monitoring networkas (Patzer et sl., 1984),

A recent major innovation in this long-term monitoring program has been
the establishment of a network of community monitoring stations in 15 offaite
communities (Doug'as, 1983) (Figure 3-19). This network differs from other
networks in the offeite radiation monitoring and public safety program in
that 1t incorporates Federal, $tnte, and local government. participation.. The
DOE Nevada Operations' foice and 'tha EPA Environmental Monitoring Sysqhms

Laboratory provide technical puidance for the program. ;

3.4.7.2 Dose assesnment-

Using the measuﬁéd quantities of radicactivity in various environmantal
media, the maximum doae to a hypothetical individual living:at. the Nevada
Test Site (NTS) boundary may be catimated. This was done by Calcuiating\the
50=year committed dose equivalent for the individual receiving a l- year
intake of alr and water conservatively assumed to be contaminated with
radionuclides at concentrations measured on the site, The maximum calculated

doses to the total body, bone, and lung were 0.18, 2.0, and 0.24 millirems,
- respectively. These doses to the hypothetical individual at the NTS boupdary
reprepent Increases o6f leas than 0.5 percent over natural background for
total hody and lung, and less tham 1.5 percent over natural hackground for
hone (Scogginr, 1983),

Alrborne radionuclides detected off the site from NTS activities For
1974 through 1983 are listed 1a Table 3-7. Although no radloactivity
released in four of 'the laat five years was detected off the site, the
theoretically posalble dose to the offsite population from releages on jthe
NTS can be calculated by using annual average meteorological data and
atmospheric diapersion equatliona. Based on the 1983 radioactivity releases
(Patzer et al., 1984), the eastimated annual population dose from NTS.
activitiea to the 4,600 people residing within 80 kilomatera (50 miles) of a
_ central point on the NTS was (0.00005 man-rem (5 x 107° man-rem) (Patzer
et al., 1984)., For comparison, the annual population dose to this same
population from natural background radiation is spproximately 400 man-rem.
Shifting the center point for the 80-kilometer (50-mile) radius from &
‘central point on the NTS to a central point on Yucca Mountain resulta in
including about 15,300 additional people in the annual population dose
calculation. The annual background population dese to the 19,908 people
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Table 3=7. Airborne radionuclides from the Nevada Test Site
detected off the site, 1974 through 1983

Hightr e
cglou.atad
indivitusl B P0pu1qgéon

rtation Radionuclides whole~b: . dose dose
Year datacting radionuclides® datacted {micr. *um) {man-ye=)
19749 peatty,* Diadilo, Xe~133 . 0.003
Indian Springs#
1975  Beatcy,* Diablo, Hiko, Xe-1133, Kr~85, 2.1 0.00085
Indign Springa,* H-3 .
Las Vegas h
19765 Death Valley Junetion H~3 1.3 0.00078
1977%  Beatty,* Diablo, Hiko, Xe-133 2.5 0,6013
Las Vegaa, Tonopah i
1978"  Dfablo, Indfan Springs* Xe-133, f~3 6:2 0+0087
1979L None None 0 0 :
19807 Lathrop Wells# Xe~133, Xe=]35 i 0.00072
{Amargoas Valley) g
1981%  None None 0 o
1982!  None None 0 0
1983®  None ' Nons 0 0

%411 communities are in Navada except Death Yalley Juuction, which is in
California., Those communities marked with an asterisk {¥%) are within B0 kilometsrs
(50 miles} of the proposed repository surface facilities complex.

Dose calculated from the largest amount detected {not necegsarily within the
80-kilometers {50-mila} radlgg. For perspective, the largest doss listed
(11.0 wicrorems or 11.0 x {0 ° rem} is only 0.005 percent of the asverage annual dose
an individval .n this area receives from naturally occurring Iinternal and external
radiation and U.001 percent of the Nuclear Regulatory Commisstion vadiation
protection standard of 0.5 rem per year {10 CFR Part 20, 1984).

Population dose calculated vsing the radionuclide detected and the population
wichin the 80~kilometers (50-mile) circle. The populstion dose, somatimes referred
to a8 collective doge, is simply a summation of the doses received by individuals in
an exposed population, For example, Lf each maember of & population of 100
individuale received a dose of 0.1 rem, the population dose would bs 10 man-rem.
These population doses are extremely small compared with the annual population dosa
of 400 man~rem from naturally occurring radiation received by the 4,600 paople
liviag within the area analyzed {Patzer et al., 1984),

JDeta From EPA (1975).
ghata from EPA (1576).
Data from EPA {1977).
Spata from Grossman(1978),

(Data from Groesman {1979).
jDntn from'Potter ¢t al. {1980).
Data from Smith et sl. {1981)., st
1Dsta from Bleck et al. (1982).
Data from Black et al. (1983).
®Data from Patzer at al. {1984).
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conservatlvely estimated to reatde within 80 kilometers (50 miles} of a
central point at Yucca Mountain 1is about 1,790 man-rem {Jackson et al.,
1984). The population within B0 kilometers {50 miles) of the repository was
conservatively ast mated by ldentifylng the countles within an Z0-kilometer
{50-mile) radius o the proposed repository and divid‘'ng the 1980 county
population by the -~ounty area to obtain population dr@sity, - Onece county
population denalti~s were determined, the county area within the 80-kilomater
(50-mile} radius vas multiplied by that county’s deiaity to aegtimate
population, The regults wére then aummed for each ¢ mty. If population
centers (i.e., citles or unincorporated places} ocutni’z the BQ-kilometer
{50-mile) radius are accounted for, the population c¢hin 80 kilometers
{50 miles) of tha proposed repository is estimated to he 11,674 (Morales,
1985).

The higheat calculated doee was .8 x IO"B millir2me per year ta an
individual living iu Rachel, with lasser amounts to Iind{viduals in the towns
of Amargosa Valley, Beatty, and Indlan Springs, Nevada {Patzer et al., 1984).
Natural radloactivity in the body causes individual annual internal doses
ranging from 26 ta 36 millireme per year, and envirommental background
averages 87 millirems gmr year, Therefore, the maximum theoretical dose:
estimate of 1.8 x 107° millireme per year From airbcrme radionuclide ;
emisaions during 1983 pn the NTS la a very small fraction of the naturali
internal and external radianion background. g

it
I
.

3.5 TRANSPORTATION

This section describes the existing and projected transportation network
in the vicinity of the Yucca Mountain site. This information will ba used: in
" chapters 4, 5, and 6 to evaluate the potential impact of transporting people
materials, and radioactive wagte,

3.5.1 HIGHWAY INFRASTRUCTURE AND CURRENT USE
Figure 3-20 shows the existing highway network nesr the eilte.

U.5. Highway 95, a four-lane road between Les Vegas and the Mercury turnoff,

ig the major artery over which construction material and people would be:

traneported, At Mercury, U.S. Highway 95 becomea a two-lane road. Access to

the site would be via s proposed 26-kilometer {l6-mile) access road from;

U.S. Righway 95 just west of Amargosa Valley. Thise accesa road would oniyﬁbe

~ used by slte~related traffiec.

Table 3-8 presenta traffic counts along U.S. Highway 95 for 1982,
Annual average daily trsffic repregents the average number of vehicles
passing over a road segment for any day of the year., The average annual
weekday traffic represents the average number of vehicles passing over the
gsame road segment for any given 24-hour weekday of the yesr, When the annual
average weekday traffic count exceeds the average annual daily traffie,
weekday traffic dominates weekend traffic. Therefere, Table 3-8 indicates
that weeckday use of U.S. Highway 95 dominates traffic flow between Las Vegas
and Mercury. However, from Mercury west toward Beatty, weekend traffic
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Table 35, Traffic patterns on U.S. Highway 95, 1982%

Traffic volume
{number of vehicles) raak~hour traffle as

Average Average + »nercentage of annual
p @annual annual - verage weekday traffic
cud Distance dally woekday  dorning Evening
dighway segment ™! {km) traffic traffie (%=7 a2,ms) (5~6 p.m:)
Town of Amargora ¢ £
Valley to Beatty 47 1450 1433 2.5 6.0
S.R. 160 to Town of £ £
Amargosa Valley 27 1685 1665 2.7 6.0
NRDA® Road to S.R. 160 8 1785 1766 2.3% 6:0f
Mercury Intersection 'a£¢ : :%;-
to NRDA Road _ 5 1960 1937 2,57 6407
Indian Springs to .
Mercury Intersec— ' o e
tion - 29 2820 2883 -~ 7.49 o 9.3
S.R. 1536 to Indian
Springs 21 3030 3098 7.49 9.3
Northern limits of
Las Vegas metro-
politan area to o
S.Re 156 - 22 3500 3579 7.49 o 9}3:
:Information supplied by Pradere (1983),
cl kilometer (km) = 0.621 mile.
gsee Figure 3-20 for the location of highway segnents.
eStRo = State Route.
fNRDA = Nevada Research and Development Area,
Estimated.
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dominates the vsge. This use pattern raflects worker traffic between Las
Vegas and the Nevada Teat Site (NTS).

Worker traffi. between the NTS and Las Vegas 18 clisracterized by morning
and early-evening peaks. The evening peak dominates ar shown In Table 3-8.
0f critical imports.sce 1s the abllity of the roadway to handle the traffic
volume or demsity curing this peak perlod. Thia abllitv can be assessed by
noting the level of pervice realized during the peak nuriod. The level of
service describes the flow of traffic and the propens 'y for traffic acci-
dents at differeant traffic volumes. Table 3-9 presents a descriptifon of the
level of service at different traffic volumes. Tabl - -10 comparea actual
evening peak-hour traffic volumes and level of dervice for each road segment.
Note that the actual number of cars along the entire i mgth of U,8. High-

way 95 from La. Vagas to Beatty 1s less than the maximum Bexrvige volume
designated aa level B.

Traffic levels through metropolitan Las Vegas are high,. and certain
sections of U.S. Highway 95, south of the northern city limita, and of Inter-
state 15 are congested. Congested streets ilnclude the following: Fremont
Street (U.S. Highwsy 95) from Charleston Boulevard to Bruce Street, Inter-
gtate 15 northbound from Sahara Avenue to Charleston Boulavard and Inter—
state 15 southbound Ffrom U.+S. Highway 95 to Charleston Bouleva;d (Clark
County Transportation Study Policy Coumittee, 1980). The Following ramps for
Interstate 15 and U.S§. Highway 95 interchange are also congested: . Inter-
state 15 South to U.S. Highway 35 West; U.S. Highway 95 West to. Interstate 15
South; and U.S5. Highway 95 East to Interstate 15 South (Clark County
Transportation Study Policy Committee, 19B80).

3.5.2 RAILROAD INFRASTRUCTURE AND CURRENT USE

As ahown 1n Figure 3-20, the closest rall line to the site is the Union
Pacifirc line, which passes through Las Vegas. This line connects Salt Lake
City with Los Angeles. To access the slte, a spur line of approximately
161 kilometers (100 miles) has heen proposed from Dike Siding, which is
18 kilometers (11 miles) northeast of Las Vegas, as shown in Figure 3-20.

The Unlon Pacific line passing through Las Vegas 1is designated as a
claas A mainline. A class A mainline meets at least one of the following
three tests (DOT, 1977):

l. High Freight Density Test, which involves carrying at least
20 miliion gross tons per year.

2. Service to Major Markets Test.
3. National Defense Test, which requires a rail route of the highest

physical category in corridors designated as essential 1in the
Strategic Rail Corridor Network for naticnal defense.
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Table “~9. Trafflc service levels and characteristicaa

Level Characteriatics

A Highest level of service
¥Free flow, with little or no reetriction o .peed or maneuvera-
bility by presence of other vehicles
Lano dengity is approximately 0 vehicles p2. mile

B Zone of stable flow
Operating speed 1s beginning to be restrictej, but restrictions on
maneuverability by other vehicles is still negligible
Typical deslgn criteria for rural highways
Lane density is approximately 20 vehicles per mlle

c Still a zone of stable flow
Speed and maneuverability ave becoming comgtrained
Typical design criteria for urban highways
Lane density is approximately 30-35 vehicles per mile

D Approaching unstable flow
Tolerable average speeds can be maintained but are subject to
conslderable and sudden variation
Probability of accidents has inecreased
Most drivers would consider these conditions undesirable
Lane density is 40-50 vehicles per mile

B Unstable flow
Wide fluctuation in flow
Little independence in speed selection and maneuverability
Lane density is 70~75 vehicles per mile

F Forced~flow operations
Speed may drop to zero for short perlods
Lane deneity continues to increase, reaching “jam density™ at
approximately 150 vehicles/mile

8pata from Carter et al. (1982).
Level A ie currently illegal because, to obtain the lane density,
vehicle speeds must exceed B8 kilometers per hour (55 miles per hour).
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Table 3-~10, mvaning-peak-hour (5-6 pems) trafflc pattarne an U.S.

{ighway 95, 1962°

Micimun service volume

Actual
o traffig  (pissenger cars per hour)
boe.d Distance ’ volume S¢.wice . Bervice Service
Highway segment '~ ’ * . {km) {cars) leval A level B level C
Amargosa Valley to Beatty 47 Bé ‘85 822 1104
5 miles east of Amargppa SIS
Valley .o Amargosa Valley 8 100 Jo4 810 1134
S.R. 160 to 5 miles east of | \
Amargosa Valley 19 100 228 684 1053
. L 1
NRDA Road to §,R. 160 B 106 61 .. 427 875
Mercury Interqgctipn” ; {_"'; 'J.- oo SRR h;.=
to NRDA Road 5 116 66 442 929
Indian. $prings Lo . . .. .. o , _ C
Mercury Intersection 29, - 268 . . 996 . 1660 2490
8.R. 156 to Indian Spripgs.. 21 288 996 . 1660 2490
Northern limits of Las Vegag
metropelitan area to - : g
S.R. 156 22 333 1) . 1660 2490

Traffic data for the highway eection between Las Vegas and Mercury
represent actual counts. Data for the sectlon beyond Mercury have been

estigated from average annual daily traffic data.

See Figure 3-20 for the location of highway segmen:a-.
“For brevity, the Town of Amargosa Valley is referred to here as

Ama&gosa Valley."”

S R. = State Route; NRDA = Nevada Research and Developuernt Area.

®1 Kilometer = 0.621 mile.

Information &uppliad by Pradere (1983)

IR
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Clase A malniiue routes carry most of the naticn's rall rraffic,
Furthermore, they tvpically show the best economic perfnrmance in terms of
unit cost for maini<1ance and operation and of return c¢n investment.,

The 1line 1is primarily single track with frequent 8 lings (i.e., areas at
which trains can pnll off the mailn track to the "sid"). There are
88 gidings 1In the 7 l-kilometer (44B-mile) sectlon betw:en Salt Lake City and
Barstow, €alifornils, which 1is an average of approx! ately one every
8 kilometers {5 miles), Traln operations are control' ¢ by a Centralized
Traffic Control system 1Iin Salt Lake City. The major'iy of the line {is
continuously welded rail (Nunn, 1983). A number of silety devices are
included throughout 'he mainline route: hot boxes, ui 'e-load detectors,
dragging~equipment detectors, high-water detectors, sll.e-fence detectors,
and a microwave communication system (WESTPO, 1981).

A hot box 18 uaed to detect overheated conditions. Wide- and hiigh-load
detectors are used to ensure that loads are within design limits for the
track, High-water detectors are placed in areas that are prone to flooding.
Slide~fence detectors sre used t2 detect breaches in feneing used to
constrain mud and rock slides. Dragging-equipment detectors are used to
ensure that equipment (e.g., brake rods and alr hoses) dragging along the
track 1s identified. Dragging—equipment detectors lower the possibility of
derailment caused by equipment lodging between wheels and rails. These
detectors also lower the poasibility of damage to turnout equipment at
aidinga (WESTPD, 1981).

The average number of trains per day passing along the mainline sectilon
through Las Vegas from 1978 to 1983 is given in Table 3-11., Table 3-11 also
lists the average number of cars per train and the average number of tons per
freight train., An analysis of the capacity of principal mainlines, prepdred
under the ausplces of the Western Governors' Policy Offlce (WESTPO, 1981),
estimated that single tracks with centralized traffic-controlled lines (such
as the Unlon Pacific line) could accommodate between 25 and 54 trains daily.
Because of its centrallized trafflc-control system, good maintenance, and
frequent aidings, the Salt Lake City to Barstow section of the Union Pacifie
line should be at the high end of this range.
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Taicle 3-11. Recent rallroad-traffic patternsa

Averaga number of Average number of

Aversge number carg per trailn tons per trailn
Year of trains ner day Eastbound Westbound ikustbound  Wastbound
1978 16.4 68 65 3,077 5,599
1879 17.4 70 65 3,000 6,138
1980 16,7 73 65 3,040 6,279
1981 19,2 68 64 3,042 6,300
1982 13.3 NAS NA 3,206 5,799
1983 13.9 70 61 3,168 5,908

81nformation gupplied by Nunn (1983).

Only freight (rains listed. The number of passenger trainse for all
years listed was two per day (one eastbound and one weakbound). The given
numbers of frelght traine are equally distributed between esstbound and
westbound traffic.

®NA = not available.

3.6 BSOCIOECONOMIC CONDITIONS

This section deacribes recent and expected future basellne social and
economic conditions in the bicounty area surrounding the Yucca Mountain site.
These conditions provide the basis for the evaluations in chapters 4, 5,
and 6.

1f a repository were located at Yucca Mountalin, social and economic
impacts would occur In areas where reposltory-related expendltures would be
made and where the inmigratring repository-related work force would reside.
'To the extent that resources are avallable at competitive prices, it 1is
expected that the majority of repository-related expenditures would be made
in Nye County, where the site is located, and in neighboring Clark County,
the major metropolitan area in southern Nevada. The Nevads Test Site (NTS)},
adjacent to the Yucca Mountain site in Nye County, employs U.S. Department of
Energy (DOE) and contractor pergonnel with skills similar to the construction
and mining ekills that would be required by the repository work force.
Historical settlement patterns of workere at the NTS provide a reasonable
indication of where repository workers and their families would settle.
Recent settlement patterns of these NTS workers were analyzed using their ZIP
codes, These data, summarized in Table 5-26, indicate that most (96 percent)
of the NTS workers reported ZIP codes In Nye and Clark counties in 1984, The
socloeconomic basgeline conditlons presented in this chapter focus on this
bicounty area, where almoat all the Yucca Mountain work force would be
expected to reaide, shown within the shaded boundary in Figure 3-21.
However, since the data summarized In Table 5-26 algo indicate that about
1.5 percent of the recent NTS workers reported 21P codes In other Nevada
counties (Douglas, Lander, Lincoln, Lyon, and White Pine, and Carson City, a
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conpolidated municipality), the DOE intends to consider a larger geogtaphic
area in future stucies, 1f Yucca Mountain le approved for site character—
ization,

3.6,1 ECONOMIC COWT)ITIONS o IR

Two sources of employment data are used in this se-ticn. Where the textk
rresents totals or the percentage distribution In ge ected industries for
1980 and 1983, wage and salary employment data devals:ed by the Nevada
Employment Security }.epartment {ESD) ara uged. These di:& are readily avail-
able on an annu-l basis for both counties., The most recent year for which
ESD data are available for both counties is 1983, Since ESD does not produce
long~term employment projections, OBERS dara published by the U.S, Department
of Commerce, Bureau of Economic Analysis, were uged to develop the employment
projections appearing in this section, These data are only avallable for
1978, the base year for the 1980 OQBERS projections, spd for selected subse-
quent years, To differentiata between these two sourcey of employment data,
ESD values are referred to as wage and salary employment; and OBERS values are
referred to simply as epployment or persons employed. ESD data are derived
from a U.S. Department of Labor, Bureau of Labor Statistics, survey of pri-
vate nonagricultural and civilian government establishments and are a measure
of the number of persons reported to be on the establishmenta' psyrolls. The
survey excludes proprietors, the self-employed, unpald volunteer or family
workers, farm workera, domestic workers, and military personnel {DOL, 1985).
The OBERS projections are bssed on a more comprehensive definition of employ-
ment that includes self-employed, agricultural production and agricultural
service workers, and military personnel as well as wsege and salary employment
(DOC, 1981b). Employment data from these two sources are thua based on dif~
ferent data bases and definitions. The more comprehenslve OBERS employment
values will exceed those of the ESD in any historical year. All employment
data are by place (l.e., county) of work.

Population data are based on population forecastse prapared by the
University of Nevada, Reno (UNR), for the State Office of Community Services
{(Ryan, 1984a,b). These population forecasts are referred to hereafter as the
UNR populatien forecasts.

Since World War II, Nevada's economy has expanded rapidly, especially
the hotel and gaming industry, for which revenue increaased more than 100
times between 1945 and 1983 (including inflation)., Ditect wage and salary
employment in the hotel, gaming, and recreation industry 1n Nevada was about
120,000 in 1983, accounting for about 30 percent of the total wage and salary
employmant in the State, Some estimates indicate that the same percentage of
other wage and salary employment depends indirectly on thie industry {McBrien
and Jones, 1984), Other major employers include other gservices; transporta-
tion end public utilities; trade; end government (State of Nevada, ESD,
1984). Although the smallest employer in the State in recent years {§tate of
Nevada, ESD, 1984), mining has played a significant role in the Scate's
economy (Dobra et al., 1983),

The Nevada economy 1s gxpected to continue to expand well into the
future, The hotel, gaming, and recreation industry will continue to expand,
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although this sectu¥ 8 share of total Income 1s expected to decline slightly
over the forecast prriod (McBrien and Jones, 1984), ¥Yavada real personal
income 1s expacted r) more than double betwaen 1983 and 2000, growing at an
average annual rate >f 4,6 percent. 8ince local income forecaste are ndt
avallable, this anal -sls is based on multiplying the UNE population forecasts
by the per capita personal Income from the OQBERS prrjactions of the

U.S. Department of Tommerce, Bureau of Economie Analysis (DOC, [985).

3.6.1.1 Nye County

Approxipmately 2 percent of Nevada's wage and salary employment in 980
was in Nye County. In 1980, total wage and salary employment in Nye County
was about 6,700 (State of Nevada, 0CS, 1984). 1In 1983, 29 percent of the
total wage and salary employment of 8,630 in Nye County wae In the mining
industry, the service industry, and civilian government {State of Nevada,
0CsS, 1985b).

As 1in most of the United States, the mervice industry is the largest
employer in Nye County, but the character of the area is better defined by
ita other large employers: mining and government. Although construction is
a conslderably emallar sector, It is alsoc important in an analysils of
employment impacts assoclated with a repository at Yueca Mountaln.

The mining industry has played a malor hietorical role in the ecounomy of
Nye County. Tonopah; the largest community Iin the county as reported by the
1980 census, wae founded ss a silver mining center, and the comuunity and the
county have experlenced boom and bust periods fluctuating with mineratl
demand, Wage and salary employment in the mining industry Iincreasged
198 percent {(an average of nearly 20 percent per year} bstween 1975 and 1981,
from 520 to 1,550 (McBrien and Jones, 1984; State of Nevada, 0OCS, L985b}.

In 1983, @ percent of the Nye County wage and salary employment was in
the government sector (State of Nevada, 0CS, 1985b)., The primary PFederal
Government activities 1n Nye County are located at the Nevada Taat Site (NTS)
and the Nellis Alr Force Range. However, most workers at the NTS are
employed by firme in the private sector that contract with the U.S. Depart-
ment of Energy. Most employees of these facilitles reside in Glark County
and commute to their jobs; only thirteen percent of the NTS workers reportad
ZIP codes in Nye Gounty in 1984 {Table 5-26). Nye Gounty algo has more than
500 county and State government employees providing edecation, police and
fire protection, and other government services {(McBrlen and Jones, 1984).

While not among the largest sectora in the county, agriculture is an
important activity Iin the Pahrump and Amargosa vallays. Primary agricultural
producte of the Pahrump Valley include alfalfa, cotton, hay, and dairy
producte., In 1980 about 6,000 hectares {14,000 acres) of hay and alfalfa
were under cultivation and about 28,000 head of cattle were raised in Nye
County (McBrien and Jones, 1984}).

Baseline employment projections for the mining, conatruction, govern-s

ment, and services sectors are shown in Table 3~12. Table entriee ara based
on (OBERS projections, adjusted to make them conselsteut with more recent UNR
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population forecasts /Ryan, 1984a,b). The employment projections in Table
3-12 indicate that, 1: the absence of the proposed repository project, mining
employment 18 expecta. to increase by about 3.0 percent per year while con-
gtruction is expected to grow at an average annual rate of about 3.5 percent
batween 1985 and 2000. The 1985 value was determined by ?.near interpolation
betwean 1983 and 199",

Table 3~12. Employment in selected induatries in Ny ‘lounty, 1978-2000°

Year
Employment category and growthb 1978° 1983 1983 1990 | 2000
Mining
Number of persons employed ?35d 1,010 1,180 1,470 1,770
Avarage annual growth (%) NA 6.6 6.2 5.2 1.9
Construction L
Number of personsa employed 467 384 435 564 129
Average annual growth (%) NA -3.8 6.4 5.3 246
Government
Number of persons employed 785 897 941. . 1,050 1,260.
Average annual growth (%) NA 2.7 2.4 2.2 1.8
Servicea .
Number of persons employed 3,742 4,630 5,114 - 6,323 §,6019
Average annual growth (%) NA bady 5.1 4.3 3.k

8 Entriea are based on 1985 OBERS regional employment projections (DOC,
1985), appliocd to historlcal Nye County employment estimstes from McBrien and
Jones (1984), and adjusted by the ratio of receunt UNR State population fore-
castp (Ryan, 1984a,b) to QOBERS population projections. S8ee Section 3.6.1,3.

Growth rate applies durlng time interval atarting from year iondicated
in cglumn to the immediate left,

d Data from McBrien and Jones (1984}.

NA = not applicable.

3.6.1.2 Clark County

More than half of Nevada's wage and salary employment in 1980 waa in
Clark County (State of Nevada, OCS, 1984). About one-~third of Clark County's
wage and salary employment, or more than 70,000, was in the hotel, gaming,
and recreatlon industry (State of Nevada, ESD,. 1981). Major employers in
Clark County 1n 1983 were the service industriea, which include hotels,
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gaming, and recreation (49 percent); trade industries (20 percent); govern-
ment (12 percent); tremsportation and public utilities (& percent); and
conatruction (5 percern.). The mining sector in Clark County is relatively
small, with about 0.1 rercent of the 1983 wage and salery employment (Srate
of Nevada, ESD, 1984), The retail trade industry, a primaty component of the
wholesale and retail trade industry in the Las Vegus area, depends heavily on
the hotel and gaming Industry to bring buyers into the r*gion. Wage and
salary employment in 'he mining industry was 500 in 1980 and 300 in 1983
(State of Navada, 0CS, 1984; State of Nevada, ESD, 1984).

As shown 1in Table 3-13, employment in the servic a sector, which
includes the hotel, garing, and recreation industry, 1s ;rojected to more
than double between 1973 snd 2000. Table 3~13 ghows projacted growth in the
construction and saorvices industries through the year 2000. OBERS projec-
tions for the small mining industry in Clark County are not available.
Entries in Table 3-13 are based on OBERS projections, adjusted to make tham
conslstent with more recent University of Nevada, Reno, population forecasts
for the county (see Section 3.6.1.3). DBaseline construct{on employmenL 1s

expected to show very modest growth of 1,6 percent per year between 1985 and
2000.

Table 3~13. Employment in selected industries in Clark County, 1978-2000%

Year :

Employment category and growthb 1978 1985 1990 - 2000
Construction A ' o
Number of persons employaed 14, 909 19,300 20,820 24,610
Average annual growth (2) NAS _ 3.8 1.5 1.7
Services . : ' '
Nuniber of persons emplo?ed h 89,886 131,200 155,000 - 200,000
Average annual growth (%) NA 5.6 3.4 2,6

8Egtimates from 1980 OBERS regional projections, adjusted for the more
recent 1985 OBERS State employment projections and the difference between
1980 OBERS and UNR population forecaats (DOC, 1981c, 1985; Ryan, 1984b). See
Sect%on 3.6,1,3.

Growth rate applies during time interval starting from year indicated in
colusn to the immedliate left,

°NA = not applicable.

3.6.1.3 Methodology

The employment projections appearing in tables 3-12 ‘and 3<13° 1ncorporate
information obtained from reéent projections of economic growth for the State
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and Nye and Clark cuunties. The purpose of the projection method is to make
effective use of th: most recently available economic forecast data and to
produce employment »rojections whose underlying assumpilons are consistent
with those of the pspulation forecasts appearing in Section 3.6.2. This
section describes d.:ta sources and melthods.

No employment projection is directly avallable fc¢~ Nye County. The
employment projectfons that appear in Table 3-12 are b. :ed on the 1985 OBERS
projection of Nevada employment published by the U.8, v:partmeut of Commerce,
Rureau of Economic Analysis (DOC, 1985}, and on histori.al Nye County employ-
ment estimates that appesr in MecBrien and Jones (196:). To project Nye
County employment, State employment growth rates were o::ailned from the 1985
OBERS projectio~ for each ludustry that appears In Table 3-12. These ratas
were applied to hiatorical {1978) estlmates of employment Iin each sector to
project future ¢ounty employment levels whose underlying assumptions are
consistent with those of the 1985 OBERS projection for the State.

Clark County employment projectlions are directly avallable. The 1980
OBERS reglonal projactions publication contains projactions of Clark County
employment for selected years through the year 2000 for ecach industry
represented in Table 3~13, The more up-to-date 1985 OBERS publication does
not contain a Clark County employment projection. To take into account the
more up-to-date economlc growth asgumptions implicit in the 1985 OBERS
projections, the 1980 OBERS Clark County employment projection in each year
was scaled downward by the ratio of the 1985 OBERS projection of total State
employment to the 1980 OBERS projection of total State employment. One of
the major differences in the population data for the two projections 1s that
the 1985 OBERS projections are based on 1980 census counts, while the 1980
OBERS projections are not.

An additional adjustment was made to the Clark and Nye county employment
projections described above to improve their consistency with the Unlversity
of Nevada, Reno (UNR) population forecasts appearing in Section 3.6.2. The
reason for this adjustment is that some of the economic growth assumptions
implicit in the 1985 OBERS projections may be 1nconsistent with those
implicit in the UNR population forecasts that appear In Section 3.6.2. The
UNR forecaeting project did not produce employment forecasta. Thus, the
OBERS~derived employment projections for each year for each industry were
scaled upward by the ratio of the UNR State population forecast to the 1985
OBERS State populatlon projection. Projlections for 1985 are not present in
the 1985 OBERS publication. These were obtainad by linear interpolation.
Note that the terms “forecast” and "projection” are used here as used by the
developers of these data. o

3.6.2 POPULATION DENSITY AND DISTRIBUTION

This sectlion presents data on recent and forecast baseline populatlion in
Nevada and in Nye and Clark countiles,

The prediction 6f future growth of Nevada's State eand county popula-
tions, like any prediction, is subject to increasing uncertainty as the
forecast period increusses, 'Thg_;foygcaa;s shown rely melicitly and
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explicitly on many aasumptions about future aconomic, demographic, and social
conditions. Populatio forecasts presented in this section were prapared by
the Bureau of Business and Economic Research, University of Nevade, Reno
(UNR), for the State o: Nevada Office of Community Services {Ryan, 1984b).
Although the UNR forecast does not extend beyond the year 2000 and has not
yet been published in final form, it is the most recent furecast avajlable
for the two counties, Thus, it was used as the basis for rscimates presented
in chapters 4, 5, and 6.

Recent populatlion date for communities in souther: and central Nye
County and central and western Clark County sre also [ esented in this
section, Population f-recssts for these communities are not available,
Approximate distaices to the proposed location of the surtdce facilities at
the Yucca Mountain site from these communities are also shown in this
section., Aa discussed in Chapter 5, the propoesed access ruvad to the surface
facilities 18 expected to be about 26 kilometers (lé miles) in length, aand
intersect U.S5. Highway 95 approximately 0.8 kilometer (0.5 mile) northwest of
the existing interseclon of U.S. Highway 95 and State Rourte 373. - All other
distances are measured along existing roads as shown in tle Nevada Map Atlas,
fifth edition (State of Nevada, Department of Transportarion, ca. 1984).

3.6.2.1 Population of the State of Nevada

This sectlon prasents data on recent and forecast baseline population of
the State of Nevada. 1In 1984, Nevada had an estimated population of 947,395
{Ryan, 1984b). Nevada's recent historical population growth has been the
greatest of any of the 50 states: 63.8 percent, or an average annual
increase of 5.1 percent between 1970 and 1980. About eighty-four perceat of
this growth came from net migration {State of Nevada, OCS, 1984). In 1980,
14.7 percent of the State's population was clasified as rural. Nevada had a
1980 population of 800,493 with a density of 7.3 persons per square mile
{DOC, 198la).

Historical and forecast Nevada population appear in Table 3=i4.
According to these forecasts by UNR, the State population is expecred to grow
at an average annual rate of 3.5 percent from 1985 to 1990, with the growth
rate declining to an average annual rate of 2.6 percent between 1990 and
2000.



Table 3-14. Population of the State of Nevadsa, 1970-2000"

Year
Sctate of Nevada - : :
population and growt' 1970 1980 1985 1390 2000
Population 488,738b 800,493b 980,597 ', 164,480 1,498,234
Average annual e
growth (%) NA 5.1 4.1 3.3 2,6

8Unless otherwise noted, the entries in this table are based on:Ryan,
(198%b).

Data from Clark County Department of Comprehensive Planning (1983b).

CNA = not applicable, P

3.6.2.,2 Population of Nye County

This aection presents data on recent and forecast baseline population in
Nye County, and data on the recent population in communities nearest to Yucca
Mountain, and their approximate distances from the proposed 1ocat10n of the
surface facilitles.

Nye County had an estimated 1984 population of 17,750 (Ryan, 1984b).
Population growth in Nye County paralleled that of the State until 1980, when
it increased significantly, and the Nye County share of the State population
roge from 1.1 percent in 1980 to 1.9 percent by 1984 (calculated from date-fn
Ryan, 1984b). 1In 1980, all of Nye County's population was clasalfied aa
rural. The 1980 population was 9,048 with a density of 0.5 person per squsre
mile (DOC, 1981a),

The UNR forecast showa that the Nye County population is expected to
increase to 3.0 percent of the State population by 1990 and decline slightly
to 2.8 percent by the year 2000. This baseline population forecast appears
in Table 3-15 and shows extremely rapld average annual population growth
rates between 1980 and 1990, followed by a sharp decline in growth rates
between 1990 and 2000.

For communitiea in southern and central Nye County, 1980 census popu-
lation data are avallable only for Tonopah, a census designated place and
also the county seat. The 1980 populaticn of the Tonopah census designated
place was 1,952 (DOC, 198la). Recent eatimates of the population in com-
munities in Nye County indicate a 1984 population of 2,500 for Tenopah {(Smith
and GCoogan, 1984), However, aince the geographic boundaries associated with
this estimate are not known, 1t may not be strictly comparable with the
Tonopah census designated place. Three unincorporated towns in southern Nye
County that are located closeat to the proposed site are Amargosa Valley,
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Beatty, and Pahrump. f%he community formerly called Lathrop Wells, and now
also called Amargosa Va'.ley, 1o only one of several locatlons where residents
of the unincorporated " of Amargosa Valley are clustered. This settlemont
18 the closest residential population to the proposed location of the surface
facilities at Yurca Mouutain; two other population concentrations of the Townm
of Amargosa Valley freferred to as the Amarpgosa Farm area ~-nd the Amerlcan
Borate housing complevw, are located farther to the south s described in
Section 3.6.4.,1.,1. The three concentrations have estimat 1 populaticas of
45, 1,500, and 280, respectively (Smith and Coogan, 1984 . However, the
population of Amargosa Valley 1s highly variable and deje: .lent upon several
economle factors such ar the base price of minerals (Blac«, 1985), A single
value for total population of the unincorporated town is n % availeble. The
unincorporated tow: of Beatty had an estimated 1984 popula:ion of 800. The
unincorporated town of Pahrump had an estimated (984 populatioa of 5,500
(Smith and Coogan, 1984)., Approximate distances Erom the proposed location
of the surface facilitiea at Yucca Mountaln to the communiiles listed above
are: Amargoea Valley (at the nearest population concentration), 27 kilo-
meters {17 miles); Beatty, 72 kilometers (45 miles); Fahrump, 97 kilometers
(60 miles); and Tonopah, 222 kilometers (138 miles).

Table 3-15., Population of Nye County, 1970-2000%

Year
Nye County
population and growth 1970 1980 1985 1990 2000
Population 5,599" 9,048 20, 190 34,790 42,408
Average annual : '
growth (2) NA® 4.9 17.4 11.5 2.0

%Unless otherwise noted, the entries in this table are based on Ryan
(198gb). :

Data from Clark County Department of Comprehensive Planning (1983h).
®NA = not applicable.

3.6,2.3 Population of Clark County

Thia sectlon presents data on recent and forecast baseline population in
Clark County, data on the 1980 population in Clark County communities nearest
to Yucca Mountaln, and the approximate distances of these communities from
the proposed location of the surface facilities.

The 1984 population of Clark County wes about 549,800 (Ryan, 1984b).
Clark County population grew 69.5 percent between 1970 and 1980 (or an
average annual rate of 5.4 parcent) waking 1t the second fastest growing
metropolitan area in the nation for .that decade. As the County population
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has grown, 1ts rate »f growth has declined over Lhe past 30 years, from 163.0
parcent betwaen 1950 and 1960 (i10.2 percent annual average growth) to [15.2
percent betwasn 1960 and 1970 (8.0 percent amnual averag¢e}, and to the 69.5
paercent figure cited above batween 1970 and 1980. This pattern of declining
growth rates follow. that of the nation (Clark County Twpartment of Compre-
hansgive Planning, !983b). As was the case for the Sts': as & whole, net
migration accounted for B4 percent of county populatior growth In the 1970s
{State of Nevada, (.5, 1984). Although about 96 perce - of Clark County's
1980 population resided {n the Las Vegas Valley, the ec.nty rural population
¢f 9,767 (2.1 percent of the total populatiom) (Clark (.unty Department of
Comprehansive Planning, 1983b) exceedsd the total Nye County population for
that year. Tha 1980 Clark County population was 463,08 with a density of
58.8 persons pe~ gquare mile (DOC, 1981a).

Baseliue forecasts of Clark County’'s population arz gilven in Table 3~l6
and show declining average anoual growth rates through the year 2000. As
shown 1In Table 3~17, these forecasts lie within the range of other population
forecasts developed for Clark County in recent yaars,

Table 3-16, Population of Clark County, 19?0-—-2000a

Year
Clark County K
population and growth 1970 1980 1985 1990 - = - 2000°
Population 273,288°  463,087° 567,150 661,700 889,269
Annnal average
growth (%) NAS

aUnlesa otherwise noted, the entries in thia table are based on
Ryanb(1984b}. ' cintd
Data from Clark County Department of Comprehensive Planning (1983b)
°NA = not applicable. o | : v coe

The Las Vegas Valley, consisting of a number of incorporated cities and
unincorporated towns, had a 1980 population of 443,730 with a density of. 585
persons per square wmile {Clark County Department of Comprehensive Planning,
1983b}. The communities in the Las Vegas Valley are listed below, with their
1980 populatione In parentheses. Incorporated citles in the Las Vegas Valley
include Laa Vegas (164,674}, North Las Vegas {42,739), and Henderson
(24,363). Unlncorporated towns and communities in the Las Vegas Valley are
East Las Vegas, Enterprise, Grandview, Lone Mountain, Paradise, Spring
Valley, Sunrise Manor, and Winchester (combined 1980 population of 207,710).
An additional 4,244 persons lived 1n.other areas of the Laa Vegas Valley.
The remailnder of Clark County, which makes up about 90 percent of its geo-
graphic area, had a 1980 .population density of 2.7 persons per square mile.-
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Table 3-17. Comparison of population forecasts (in thousands) for Clark County, 1380-2000
~ State
Bureau Clark County Planniog
of . Regional mwwsnwdm c McDonald Cooedi- .

2 p, Economic nocnnww - State Water Plan S & natorts U T
Year UNR OBERS~ Analysais Low Medium mhmr Low Medivm High Grefe Office -

1980 463 463 403 420 - 435 - 460 473 483 500 461 411 :
1985 567 547 ND 495 520 555 568 601 635 550 527 .7 .
1990 662 mum " 525 560 600 . 650 662 715 770 664 660 . m

1995 775 D ND 535 680 755 739 810 885 766 757
2000 889 823 628 700 - 750 8590 B16 894 1000 891 867 -

Mooow

Pata from McBrien and Jones (1984).

“Da

4

ta from Table 1-4 in Clark County Department of na!vnmrmnmuqm Pianning (1983a).
= po data.

%pata from Ryano (1984b), except 1995 which was calculated by linear interpolation between 1990 and



Boulder City (1980 population of 9,590) and the unincorporated town of Indian
Springs (1980 popu’ation of 1,446) are located outside of the Les Vegas
Valley. The rewmai-der of the Clark County population outelde of the Las
Vegas Valley was %,321 in 1980 (Clark County Departme:t of Comprehensive
Planning, 1983b).

Indian Spring<, located along U.S5. Highway 95 in northwestern Clark
County 1s the nearsst Clark County community to the ai.... The distance from
the proposed locatilon of the gurface facillities to Inilian Springs is about
95 kilometers {59 miles). The distance from the pro,oted location of the
surface facilities to the Las Vegas Valley (measured fri . the U,S. Highway 95
and Interstate 15 intxrchange) is about 161 kilometers (:00 miles).

3.6.3 COMMUNITY SERVICES

The purpose of this section 18 to preaent a description of community
services in Clark and Nye counties, and to provide a preliminary analysis of
thelr curreat adequacy. The U.S. Department of Energy conducted a coarse
screenling so that detalled studies would not be performed on sites which
ultimately would not be chosen For slte characterization {see also Section
6.2.1.7.4), The extensive primary research which would be necessary for a
thorough evalustion of existing services and projection of future service
needs was therefore not conducted; instead, published information was usead,
whenever possible, to gain insights into the adequacy of the existing
servicea and to provide background iInformation on individual communities 1in
Clark and Nye countiea which might experience impacte from project-induced
population growth. Because recent settlement patterns of the Nevada Test
Site workers indicate that only a small proportion of repository workers and
dependents are expected to settle outside of southern Nye County, Indian
Springs, and the Las Vegas urban ares (Table 5-26), extenslve bsckground
information on community servicas in other parts of southern Nevada was not
consldered necessary for this prelimioary analysis.

The services described in this section include housing, education, water
supply, waste-water treatment, solid waste, energy utilities, public safety
(police and fire services), medical and soclal services, library facilitieas,
and parke and recreation. Future community services requirements were
projected assuming that present ratios of services to population (e.g.,
police officers per 1,000 persons) would be valild in future years (uee
Section 5.4.3). Current community services are described in the following
sections.

The incorporated cities 1n the bilcounty area provide a variety of
community services within theilr boundaries. BServices in the vnincorporated
towns near the repository site, however, are generally not provided by the
town governments. Instead, thay are provided by the Nye and Clark county
commlisslions, county-wide agenclea, local speclal-purpose digtricts, voluntary
organizations, and private firms under contract te the counties,
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3.6.3.1 Housing

Table 3~i8 summarizes 1980 housing characteristice for Clark and Nye
counties. While the aumber of persons per unit is almost equal fhr the two
counties, other characteristics differ significantly, Sye County had a
higher percentage of mobile homes (44 compared to 11 pe::ent), while Clark
County had a higher percentage of multiple family unit: ‘29 compared to
9 percent). The vaicaney rate in [980 was 8.4 percent 'n {lark County and
17.9 percent in Nye County.

3.643.2 Education

Statistics on public end private schools in Clark sid Nye coynties are
summarized in Table 3-19. In Nye County, two of the elementary schonls, a
Juntor high schoeol, aund one of the high sechocle sre located in Tonopah.
Other communities having secondary schoole are Bestty, Gabba, and Pahrump. A
one-room, seven-student contract achool 1a operated at the Fallipi Ranch for
grades !-8 (Research and Educational Planning Genter, 19B4), There are no
private schools in the county. As seen in Table 3-19, ratios of achoola per
1,000 residents are much larger in Nye County thsn in {lark County hacause of
the relatively small size of the schools in Nye County {McBrien and Jonea,
1984). The educstional persounel-to-student ratio is slightly higher in Nye
County.

0f the Clark County echools, 66 elementary, 17 junior high, 10 senior
high, and 2 spec¢ial education scheole are located in the greater Las Vegas
area, Indian Springe, the Clark County community nearest the Yucca Mountain
site, has one elementary school and one combined junior and senlor high
school (Clark County Department of Comprehensive Planning, 1980). The
ptudent-to-teacher ratio in Clark County is about 20 to l. Specific data on
the number of private schooles or thelr operating costs are not avallable.
However, enrollment estimates are included in Table 3-19. Alsoc located in
Clark County are the Universirty of Nevada, Las Vegas (UNLV), and Clark County
Community College (a two—year college) (McBrien and Jones, 1984) with a
combined 1980-1981 enrollment of 18,972,

3.6.3.3 HWater supply

In Nye County centralized water supply services are avallable only in
Beatty, Tonopah, Mercury, and Gahbs (State of Nevada, QCS, [982h), and within
parts of Pahrump. These utilities served about h4 percent of the county
pepulation in 1980. Table 3-20 summarizes avallable information on water
supply sources and amounts 1n thoee areas of Clark and Nye counties near the
Nevada Test Site (NTS). Examination of Amargosa Desert basin well log data
maintained by the Nevada Department of Conservatlon snd Natural Resources
identified 207 domestic water wells In the Amargosa Valley area. More wells
may exist ihan are accounted for in these data. Assuming one well per
household, 2.61 persons per housing unit (Table 3-18), and a use of 6.8 cublc
meters per day {1,800 gallons per day) per well (the maximum allowahle

- 3-85

a“m in N 'n n 2 31 7



Table 3-18. Housing characteristica in Clark and Nye counties, 1980

Clark Nye
Characteristic Countya County
Composition and houusing types
Total housing units 190,6. 7 4,292
Occupied units 173,81 3,434
Vacant units 15,963 768
Seasonal and second homes 747 S 90 -
Units within urban areaa 178,686 0
Units within rural areas - 7,8%c : 4,292
Owner-~occupled units 102,554 2,291
Renter-occupled units 71,336 . : 1,143
Year-round housing types
Single~family units - 114,315 1,916
Multiple~family units 54,815 - 393
Mobile homes : ' 20,730 - 1,893
Peraons per unit ° *© R 2.64 o 2.6% -
Houelng values and renta
Median value: Eor single—family : S o
and mobilé hones: : $ 67,800 $35,600 -
Median monthLY“caahfrent - $ 264 : $ 155
Median value for condominiume 5 73,000 0

Government-assisted housingc

Unita recelving Zonstruection,
operation, or rental payment
assistance 12,732 -

Units trecelving home construction
or purchase asslstance or both
{not including Federal Housing
Administration losns} 4,700 7

Anata from the State of Nevada, 0CS5 {1982a).
Data from the State of Nevada, 0CS (1982b).
“Federal or State assistance during 1981.
Some unita may be counted more than once.
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Table 3-19, Elemeovcary and aecondagy school facilitles and enrollment in
Clark ind Nye counties

Clark County {19B82~1%83} Mye County (1983}
Kumber per 1,goo Number par I,QOO
Charactarigtic Number reaidents ‘amber regidents

PUBLIC SCROOLS
duzber of publie achools

Elsmentary 78 0,151 15¢ 0.710
Junior high 1e 0,035 d
Senior high 159 0.029 4 0.258
Contract achoo.s {K-8) 0 Q t 0.065
TOTAL Ti1 0.215 i3 T.033
Enrollment
Elementary 46,100 85.6 i,653 106.7
Junior high 19,600 38.1 ¢
Senfor high 19,200 37,3 922 39e5
Special education 6,800 13.2 130 8.4
Contract schools {K-8) 0 ] 7 0.5
TOTAL 89, 700 174.2 2,712 ..y 47351
Averags daily attendsnce 86,500 168.0 np° W
Educstional persomnel : s
Administrative staff ATA . 0.338 10 0.646
Elementary school 2,007 3.897
* teachers i ’ : : ¢ b :
Sacondary achool 1,945 3.777 148 9.555
toachers ) ) ] . o
Spacial education 609 1.182 WD b
teachers
TOTAL 4,735 9,194 158 10.200
PRIVATE SCHOOLSS o
Enxollment o R P
Kindergarten 548 1.064 ] . L0
Elepqntary 2,312  4.489 0 D
‘High school 1,852 31.5086 o ¢
Multiplie grade . 3 0,250 0 0

TOTAL 4,841 9.399 0 0

"Ciark County data for public schoole emiimated by McBrien and Jones (1984} from the
1987-1983 Clark County School District Budget, except where otherwige noted. Hye County data
from State of MWevada, OC5 (1982b), Resaarch and Educaetional Planning Center {1984}, and
M. Jghnson (i984). A

Population data from Ryan {19B4a); 1982 population used for Clark Courty, 1983 population
used for Nye County. ) :
dIncludes sone niddle schools. T RO
eIncludes gome combined itunior and senior high schools.
ND = no data,
Includes slamentary and smecondary school teachers.
Bpg-s From State of Nevada, OCS {1985a),
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Table 3~20. Curvrent {1980~1984) water supply accounted for in areas
of Zlark and Nye counties near the Nevadc Test 3ite

Eetimated c
population Katimated water uae
Comuunity accounted for Water source hcre-ft/?r mgd
Amargosa Valleyd 540 Domestic wells 418 0.373
Beattye 1200~ Four municipal wells 165 0.147
1500f
Crystal 42 Domestic wells 160 ft 30 0.03
deep
Indian Springs 912 Municipal well capable of 700 0.6
supplying 0.8 mgd to
53 customers, plus
approximstely 80 domas-
tic wells with unknowm
capacity
Indian Springs 500 Two wells supplying 0.2 mgd 300 0.3
Alr Force Base potable water
Johnnle 28 No data 1 0.001
Mercury 300 Three municipal wells 237 0.212
coupled with a diatri-
b bution system
Nevada Test Site ND S8ix wells supplying 1300 1.2
i 1.2 mgd :
Pahrump 1260 Wells in valley-fill L1700 - " 1.5
aquifer o
TOTAL 4851 4,363

%pata from the MITRE Corporation (1984, tables 2-~11 and 2-12), unless
otheBwise noted. '

Population in this table is not total community population as discussed in
aections 3.6.2.2, 3.6.2.3, and 3.6.4.1.1, Instead, Lt is the population for
which water use data were available, aeé clted in the references to this table.

€1 acre~foot = 1,234 cublc meters; mgd = million gallons per day,
1 mgd = 1,120.55 acre-feet per year. Values for acre-feet are rounded to the
aamednumber of significant digits uas 1in the mgd data.

Alkalil Flat-Furnace Creek ground-water baain area. An additional 220 acre
feet per year are uaed for commercial and quasi-npunicipal purposes (Coache, ca.
19833, but corresponding population data are unavailsble. _

Data from the Beatty Water and Sanitation District (Walker, 1984), An
undefermined amount of water 1s used by persons not aerved by the district.

Twenty famililes.

One family.

ND = no data. :

Data for the Central Nevada Utilitles service ares only (Rogozen, 1985).
Total domestic water use in Pahrump 1s unknowm.
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without a permit) yields the estimates of Amargosa Valley water use and
population served sghown Iin Table 3-20,

A total of B8,4i" cublc meters per day (2,263 millisn gallons per day),
which does wnot i1neciude use at the NTS, wae used by the 3,494 southern Nye
County resldents for whom water data are available. Thus, the water demand
1s estimated to he 7,455 cublc meters per day (0.648 mi:.:loy gallons par day)
rer 1,000 persons. '

Fluoride concentrations 1n three of the four wal,s operated by the
Beatty Water and Sanitation Digtrict exceed the U.S8. i1t ironmental Protection
Agency's maximum contaminant levals for drinking wate:. 740 CFR 141, 1982).
The fourth well produces water of acceptable quality, b .t the UOistrlct has
recently been unable to obtaln sufficlently high flows from 1t {Walker,
1984), The Nye County Commliesion was recently awarded $6,000 in U.8. Housing
and Urban Development block grant funds from the Nevada Office of Community
Services for an engineering and hydrological study to determine the future
water gupply for the Beatty Water and Sanitation Uletrict (Welker, 1985).

The maln areas of exwleting and potential future azricultural water use
are 1n the Amargosa and Pahrump valleye south of the proposed repository site
in Nye County. The total sustalned yleld of aqulfer% in the Amargosa Desert
ground-water basin hss been eatimated to be 30 x 10 .cublc meters (24,000
acre~feet) per year (Morros, [982). Certéfied appropriations for agri-
cultural use in this basin totaled 32 x 10 cubic meters (26,320 acre~feet)
in 1983; however, actual agriculturgl water use (with or without certificated
permita) 1in that year was 11.2 x 10 cublc meters (9,105 acre-feet) (Coache,
ca., 1983). Certificated appropriations andlgevelopment permits for ground
water in the Pahrump valley totaled 112 x 10  cublc meters (91,000 acre-feet)
per year in 1970, although 1in recent years actual exploltation has averaged
about 49 x 07 cublc meters (40,000 acre~faet) per year. 1In the last ten
years, real estate developers have purchased agricultural land {with
appurtenant water rights) for constructing homes in subdivisions, and water
uge has transferred from agricultural to domestic. An overdraft (i.a.,
long~term withdrawal exceedlog replenishment) has exlsted, and the State
Englipreer has opposed certification of new permits for irrigation. However,
agricultural use ls declining rapidly as land is developed for residential
usge.

According to Harrill (1982), the maximum amount of water that can be
wlithdrawn and consumed annually and indefinitely without creating a con-
tinuing ou%fdraft on ground~water storage (safe yleld) in the Pahrump Valley
is 23 x 10 cuble meters (19,000 acre-feet). (Note that this 1s a net
consunptive use.) About 70 percent of the withdrawale for domestic use and
50 percent of the withdrawals for public water supply systems and commercial
use are returned to the valley-~fili aquifer. Assuming that the pregent ratio
between domestic and commercial withdrawals (2 to 5) continues, and using a
method presented by Hargill (1982), 1t may be shown that a sustainable
pumping rate of 53 x 10" cublc meters (42,900 acre-feet) per year may be
achieved if all agricultural uses are converted to domastilc and commercial.
Using the per capita consumption rate of 2.445 cubic meters per day (2,445
per 1,000 persons) (648 gallons per day), it may be shown that the Pahrump
Valley aquifer may support up to about 16,900 resldents with no decline in
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usable storage, Howenver, as noted by Harrill (1982), local effacts, such aa
land subsidence and well interference, could result from sustained develop-
ment .,

Table 3~21 shows sourcea and suppliera of water In metropolitar areas of
Clark County. Lake Me:d on the Colorado River supplies 60" percent and wells
supply 40 percent of the municipal and industrial water for the county
{(Nevada Development ,itthority, 1984). Metropolitan arei3s are served by
7 water systems managed by 22 distribution companies (S5t ..e of Nevada, 0CS,
1982a), while ruresl users rely upon private wells. The :lties of Boulder
City, Henderson, and North Las Vegaa manage thelr indi-iijual distribution
systems, The Las Vegas Valley Water District is the dis tributor for the City
of Las Vegae and unincorporated Clark County (State of Newv ida, NDCNR, 1982)6
The aggregsate cap.city of the metropolitan water systems j= about 2.12 x 10

Table 3-21., Water supply in metropolitan areas of (lark Countya

Maximum Paak
b capacigy . demand
Community Supplier Source -(.mgd) (mgd)
Boulder City Colorado River Lake Maad 14.8 ?QG
Commidsion/Las Vegas
Vallay Water District
Henderson Colorado Rivar Lake Mead 19.3 13.6
Commission/Laa Vegas
Valley Water Diatrict,
BMI
Las Vegasd Colorado River Lake Mead (60Z%) 479.0 195.1
Commission/Las Vegas Wells (40%)
Valley Water District
North Las Vegas Colorado River Lake Mead (60%) 45.9 25.3
Commission/Las Vegas Wells (40%)
Valley Wsater District
TOTAL - 559.0 241.8

a

pPata from Nevada Development Authority (1984).

cData from State of Nevada, NDCNR, {1982),
dmgd = million gallons per day; 1 gallon = 0.003785 cubic meters.
Intludes unincorporated areas of Clark County.
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cubic meteras (559 miliion gallons) per day, Peak demand in 1982 was 1,780
cubic meters (0,469 w.llion gallone) per day per 1,000 persons. Thus, peak
demand represents abtoit 43 percent of capacity.

Availlable rightr to surface water (from H?ke Mead)} in the Las Vegas
metropolitan area ars currently about 321 x 10 ubic muiers (84.8 billlon
gallons) per year or an average of about 878 x 107 cubic »eeters (232 million
gallons) per day (Srite of Nevada, NDCNR, 1982), The prrsent use of ground
water in Las Vegas Valley la about 88 x 10  cubic meter: per year (64 million
gellons, per day), but Lthe State Engineer has adopted a g.al to reduce thias to
62 x 10 cublc meters per year (45 milllon gallons per divy) (State of Nevada,
NDCNR, 1982). Present delivery systeme are adequate far curreant needs.
However, supply may not be sufficlent for the baseline . 2mand projected for
the Las Vegas Valley in 2020 and later years (see Section 5.4.3.3).

3,6,3.4 Waste-water treatment

Waste-water treatment facilities 1n Nye County opevate in Beatty, Gabbs,
and Tonopah; the remalnder of the county uses private .raste-water treatment
systems (e.g., septic tanks) (State of Nevada, 0OCS, 1982b). The Beatty Water
and Sanltation District's oxidation pond system is presently at capacity
(Walker, 1985)., Central Nevada Utilities operates two aerobic treatmetit
plante for the Calvada housing eubdivision In Pahrump. 1In Clark County,
approximately one third of the water consumed enters the county sewage system
(McBrien and Jones, 1984). This waste water 18 treated in 11 facilities
operated {n Boulder City, Henderson, Las Vegas, Overton, and other sites
throughout the county (State of Nevada, 0CS, 1982a)., Tsble 3-22 summarizes
wagte~water treatment {n Clark County and southern Nye County.

3.6.3.5 Scolid waste

Trash collection 1in Nye County 1e handled by private contractors.
County-owned, privately operated landfille are located outside the Town of
Amargosa Valley, Beatty, Pahrump, Toncpah, and Gabbs. Refuse in lLas Vegas,
North lLas Vegas, Henderson, and the unincorporated areas of Clark County is
collected by Clark Sanitation Company, Silver State Dispowal, and Automated
Transfer Services, which form one private collectlon service. Fees are
collected from reaidente by these companies, which pay a percentage 6f the
fees collected to the county and to the cities. The major landfill in the
bicounty area, Sunrise, 1s owned by the Bureau of Land Management, leaswed by
Clark County, and operated and malntained by Clark Sanltation Company: The
landfill's 130 hectares (320 acres) are adequate for current needs. ‘Other
major landfills are located at Boulder City and Nellis Atr ‘Fotce ‘Base.’

Ik

3,6.3.6 Eunergy utilities

Electrical power 1n Nye County i3 dlstributed by the Slerra Pacific
Power Company, Mount Wheeler Power, and the Valley Electric Assoclation, 1In
Nye County, propane is supplied by four distributors and heating oll by three
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Table 3~

22. Waste-wnter treatment facilities in Clark and Nye

a
countles

Max i{um :
capn:igy Peak load
Community Type of facility (my4) {mgd)
Amargoga Valley Septic tanks Vhd ND
Bestty Oxidation ponds 103 ND
Boulder City Facultative {aercbic- :.88 1.0
anaerohic) ponds £
Clark County Advanced secondary 9.0 % 38.0
unincorporated treatment (trickling
hoi filter)
Henderson *? Secondary treatment 6.2 2.3
{aerated lagoon system);
rapid infiltration;
re-~uge facilities under
construction
Indian Springs Evoporation ponds ND ND
Indien Springa Air Primary treatment {Imhoff ND ND
Force Base tanke); sludge disposal
in pitse
Las Vegaas Secondary Ltreatment 37.5 30.0
(trickling Eilters),
chemical treatment
for phosphorus removal
Mercury Oxidation ponds ND ND
Nevada Test Site No information ND ND
North Las Vegas Uses City of Las Vegas nad NA
K plant
Pahrump Aerobic package planta 0.06 ND

for Calvada development,
geptic tanke for rest

8pata from the MITRE Corporation (1984) and the Nevada Development
Authgrity (1984), except where otherwise noted.

mgd = million

c
ND k-
dData
?Data
Dats
%Data
Data
iData
Ina =
Data

no data. .
from Walker (1984).
from Henry :(1985).

from Brown -and Caldwell and Cul

from Bechtel {1985)}.:
from URS Company (1979)
from Billingsley {1985).
not applicable.

from Rogozen (1985).
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distributors. The miin sources of electrical power for Clark County are

the hydroelectric plant at Hoover Dam, Nevada Power Conmpany's fossil-fuel
Clark Generating St tion {(near Las Vegas), and Reld tardner Generating
Station {near Moapa!. Diastributors in Clark County Include the Boulder City
Elactrical Departmert, the Nevada Power Company, and the Overton Power
District. Piped narural gas 1s available only 1in Clar! County. Table 3-23
summarizes electricrl and natural gas aupply services 1: the two counties.

3,6.3.7 Public safety aervices

The Nye County Sheriff's Qffice provides police protectlion for the
entire county except for the Incorporated city of Gabts, The Sheriff’s
Office employs 44 deputies and 14 dispatchers ta govel 5 million hectares
(12 million acres) of the county; Gabbs employs an additional three deputies
{State of Nevada, 0CS, 1982b), Thus, there were about 3.53 commissioned
police officers for every 1,000 people in the ecounty 1in 1982, ‘This
relutively high ratio is explained in part by the large areda of the county
and the long distances between towns (McBrien and Jomes, 1984}.

Nye County has 12 fire departments, which operate 14 flre stations,
staffad by 128 firefighters {all but !4 are volunteers). The largest
statione are the Amargosa Volunteer Fire Department and the Tonopah Fire
Department, which each have 25 firefighters. The Tonopgh Fire Department has
four paid employees. The 12 fire departments own a total of 36 major pleces
of equipment (State of Nevada, 0C5, 1982b). As with police protection, the
number of firefighters (9.6! per 1,000 people in 1982) 18 ralatively high.
This may be attributed in part, to the nature of the volunteer fire depart-
ments snd the regional geographic characteristics (McBrien snd Jones, 1984)}.

The Las Vegas Metropolitan Police Department, which i3 responsible for
the City of Las Vegas and unincorporated areas of Clark County, employs 738
police officers, including 27 in its airport section {LVMPD, 1984). There
are alao 17 officers 1n Boulder City {(McBrien and Jones, 1984}, 4] in
Henderson {McBrien and Jones, 1984), and 97 in North Las Vegas {Fay, 1984).
Thue, the county had 893 police officers for a total 1983 population of
535,150 (Ryan, 19B4a), or about 1,67 commissloned officers per 1,000 tesi-
dents. The four pollce departments operated about 430 wvehicles in 1983
{McBrien and Jones, 1984). According to a recent study by the Las Vegas
Metropalitan Police Pepartment, sheriff stations and detention facilities In
many of the Clsrk County rural communitics are 1lnadequate, especfally in
those areas with a rapld growth in tourism (LVMPD, 1983},

Clark Gounty is served by 24 fire departments through 41 fire statlions.
Five of these fire departments are located on government facilities and at
private Industrial complexes. All but four of the remaining fire departments
are staffed by volunteers. There are 218 volunteer firefighters im the 15
Clark County community volunteer fire departments and 525 paid firefighters
at the 9 private and public etations. Thus, the county had 0.423 volunteer
snd 1.019 pald firefighters for every 1,000 people in the county in 1982,
Fire departments Iin Clark County use 105 major equipment pleces, including
pumpers, tankers, security and emergency Iitems, and squad cars. Most
departments own one or two pleces of equipment, although the Clark County
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Table 3-23., Energy diatributors in Nye and Clark counties®

Capaclity
Maximum daily
Ueility Jervice area Suppliar 1otal use
Bouldar City Joulder City DCE and 2.3 HHb 27.2 MW
Electrical Colorado River
Dapartment Commission

C.P. NHational

Mount ealar
Poue:n

Nevada Power
Company

Ovarton Power
Diatrict

Sierra Pacific

Fowar Coupanya

Bouthwast Gas
Company

Yalley Eloctric
Asscclation

Henderaon

Rorthwest
Nya County

Handerson,
lag Yegaa,
N. Las Vegas,
unincorporated
avsas of
Clark County

Bunkervillas,
Logandelas,
Meaquita,
Cvarton

Northwest and
cantral
‘Nya County

Boulder Cicty,
Las Vegas,
N, Laa Vegaa,
unirncorporatad
arsas of
Glark County

Bestty,
Amargosa
Yallay,
Pahrump,.
Seotty'e
Junction

El Paso Natural
Gas Compsny

Not Knowm

Navada Powar
Company

Colorado
Rivar .
Commialions

Not known

El Paso
~Ratural Gae
Company

Colorado
River

Commissiona

.. wmscep®  npd

ND ND

1792 MW 1328 My

ND 13.735 w
ND o
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%Data from Nevada Davelopmant Authotrity (1984}, except vwhers otherwiss noted,
CHH = magawatt.
MMSCFD = milljion atandard cubic feet per day (natural gas).

ND = ng data.

Data from the Sctate of Nevada, 0CS (1985b}
Summer peak {combinad capacitiea of Parker Dam and Colorado River Storage

Projgut).

Data from the Clark County Cbmprahentlva Energy Plan (Clark County anartntnt'of
Comprahengive Planning, 1982a).
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Fire Department has 33 major pleces of equipment and Nellis Air Y¥orce Base
has 10 {(State of Ne ads, 0CS, 1982a).

3.6,3.8 Medical an! social services

In 1982 there were 6 physiclans in Nye County, or .450 per 1,000 resi-
dents, and 676 *n Clark County, or ).3l per 1,000 reeld~nts. At the end of
1982, Clark County had 215 dentlats, or 0,417 per 1,0 residents, All Nye
County has heen ranked ss a prilority | health-manpowei- shortage area by the
U.,8. Public Health service; i.e. it has the highest pri.rity for allocating
health manpower recruited by the Health Service Corps (State of Nevada,
NSHCC, 1983). Health care services in the three comminities dearest the
proposed wsste repository site are limited. Amargosa Yalley has no resident
doctors or dentists. Ite clinic (s staffed by a full-tima physician's
asslstant provided by the Central Nevada Rural Health Consortium (Longhurst,
1984), The Beatty medical clinic is ataffed by a part-time phyaician'’s
agplistant and visited by a dentist perlodically; there is no doctor in the
town {Thayer, 1984), Pahrump has a county-owned-and-malintained medical
clinlc staffed by a full-time physiclan's aselatant., A doctor visits the
clinic once s week from Las Vegas, and another doctor is In private practice
in the town, All three communities have volunteer ambulance services and
access to the "Flight for Life" helicopter service operated by Valley
Hoaplitel Iin Las Vegasg.

Areas of Clark County having a health manpower priority of 1 include
Searchlight-Davis Dam-Southpoint, Indian Springs, Virgin Valley, Moapa
Valley, Lake Mead, Jean-Goodsprings, Sandy Valley, Blue Diamond-Lee Canyon,
Mount Charleston, and Central and North Central Las Vegas. The Palute Indian
colonles in the Las Vegas Valley end the Moapa Valley have a priority rating
of 4, Priority 4 means that the area does not have as great a health
manpower shortage as priority 1 (State of Nevada, NSHCC, 1983).

Acute care facilities in the two countles are listed in Table 3~24,
along with the average number of beds In various service classes 1in 1982, In
addition, Clark County hsa 11 long-term care facilities having a total of
1,047 beds {(State of Nevada, NSHCC, 1983). Thus, at the end of 1982, Clark
County e¢lvilian hospitals had 3,012 beds, or 5.85 per 1,000 residents. Nye
County had 22 acute care hospital beds and 24 long~term care beds (all at Nye
General Hospital), for a total of 3.45 per 1,000 residents. The Nye General
dospital in Tonopah has been operating at a deficit (Pahrump Valley
Times—Star, 1983), 1In an effort to improve the situatlon, the Nye County
Commission formed a special assessment district in March 1984 (Pahrump Valley
Times—-8tar, 1984a)., Since the towns of Amargosa Valley and Pahrump had voted
overwhelmingly to oppose a "health tax” for the hospiltal, they were not
included within the new district. According to the town councils of Beatty
and Amargosa Valley (Thayer, 1984; Boyd, 1984), very few people in these
communities use Nye General.

An lmportant factor in evaluatirg health csre systems in the area 1s the
impact of the large visitor population on health services. In 1980 the
Las Vegas area had nearlty 12 million visitors who stayéd an average of
4.3 nighte (Las Vegas Review-Journal et al., 1985). Therefore, an average of

395

P T v | N N A9



96-¢

Table 3-24. Bogpital facilitites in Nye and Clark counties, 1982: a
average number of allocated hospital beds per clasgification
B
Total Class
Facility beds® 1 2 3 4 5 6 7 s 9 10 11
COMMUNITY ROSFPITALS
Boalde: Jlr-- 38 31.0 5.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
St. Bose de Lima 78 59.1 14.9 0.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Degert Spriogs 222 179.5 0.0 0.0 18.8 22.8 0.0 0.0 0.0 0.0 0.0 0.0
Southern Nevada
Memorial 356 152.4% 256.8 33.0 35.9 22.0 0.0 0.0 30.0 30.0 i1.6 8.0
Sunrise 670 459.4 56.0 42.0 72.0 0.0 5.0 35.0 0.0 0.0 0.0 0.0
Valley 298 210.0 0.0 12.0 20.0 25.0 0.0 0.0 31.0 0.0 0.0 0.0
Women's 61 40.0 21.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 -
North Las Vegas 168 115.0 0.0 6.0 16.0 0.0 0.0 0.0 0.0 31.0 0.0 0.0
Hye General 22 17.4 2.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Subtotal 1,913 1263.8 125.7 93.0 170.7 69.8 5.0 35.0 61.0 61.0 11.6 8.0
SPECIAL HOSPITALS
Raleigh Hilla 34 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0 0.0 33.5 0.0
Lag Vegas Mental
Health Center A0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 40.0 0.0 0.0 0.0
Subtotal 74 96 o066 068 0.0 0.0 0.0 0.0 &0 0.0 335 0.0
FEDERAL HOSPITALS
Heiiis air Porce Easge e 32.5 0.5 2.5 0.0 0.0 0.0 0.0 2,0 0.0 0.0 0.0
TOTAL 2,022 129%6.3 F26.2 95.5 170.7 695.8 5.0 35.0 103.0 61.0 45.1 3.0

a
b

Data from State of Revada, OHER (1983),
Bed classes are as. follows: 1 = aedical/surgical, 2 = obetetcical, 3 = pediatric, 4 = intensive care uait/cardiac

care unit, 5 = intersediate care, 6 = pediatric intensive cate unit, 7 = neomatal intensive care unit, 8 = psychlatric,
9 = rehabilitation/phyeical medicine, 10 = alcohol treatment, !l = jail (security).

“This column shows total licensed beds 28 of December 31, 1982.

The sum of the average nuaber of allocated beds in

each bed clyag may differ from the total licensed beds for a given r_uavwnwn because more or fewer beds may have been
avajllable during the wpear,
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141,000 vialtors per :ay {mora than 25 percent of the resident population)
may requlire some type of health care, primarily emergency eervices. 1In 1982
about 130 acute-care ospltal beds were allocated for usg by out-af~area
patients (McBrieon and Jones, 1984), The hospital admissicn rate for visitors
te Clark County has huan estimated at 0.5 per 1,000 visli.re. According to
the Nevada State Heal:h Coordinating Council (State of Nevada, NSHCC, 1983),
6.9 percent of the a‘missions to Clark County hoapitals =re cut-of-state
resldenta.

Social services Iin southern Nevada are provided by ¢ variety of State
and local agencies, The Nevada Department of Human Rescurces administers
programa dealing with adoption, child abuee, emergency helter, family
counseling, menta®l health, mental retardation, public heaith ecreening and
education, senlor citizens, vocational training and rehabilitation, and
welfare. Thr Nevada Equal Rights Commission handles comypiaints of discrimi-
nation 1n housing and employment. The Nevada Industriai Insurance System
administers workers compensation programs (Clark County Department of
Comprehensive Planaimg, 1982b).

In southern Nye County, the Nye County GCommission administers an
emergency shelter program, while the Southern Nevada Mental Health Uanit, a
State agency, provides mental-health counseling. The County and the State
jointly maintain a senlor citlzens center in Pahrump.

Local public social service agencles In Clark County 1nclude the 8th
Judicial District Court, the Clark County Health District, Clark County
Social Services, the Economic Opportunity Board of Clark County, and the City
of Lam Vegas' Senlor Cltizens Law Project. Types of services provided
includa alcohel and drug ahuse counseling, burlale, care of child-abuse
victimes, emergency shelters, low-income energy asselstance, famlly counseling,
homemaker asaiatance, public-health secreening, protective services, legal
aid, and a variety of programs for senlor citizens (Clark County Department
of Comprehensive Planning, 1982bh).

3.6.3.9 Library facilities

Nye County does not have a county-wide library system. Individual
libraries are located in Beatty, Gabba, Amargosa Valley, Manhattan, Pahrump,
Round Mountaln, and Tonopah. The new library in the Town of Amargosa Valley
ig staffed by a full-time librarian and an aesistant and is funded by the
town and the Nye County School District., The Beatty library, which 1s also
new, has 12,000 books and a full~-time librarian, About one-third of the
support for the library comes from the Nye County School District, and the
remainder from local tax revenues (Thayev, 1984). A library assessment
district was recently formed in Pahrump {Pahrump Valley Times—Star, 1984b).
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Library services are provided by four library districts in Clark County.
Boulder City, Henderson, and North Las Vegas malntain municipal systems,
while the Clark Couvcty Library District 18 responsible for the Gity of las
Vegas and unlncorporated areas of the county, Branches are located in the
Lag Vegas metropoliran area and in Blue Dlamond, Bunkerville, Goodsprings,
Indian Springe, Mesruite, Mount Charleston, Overton, arag Searchlight. The
four districts have a total of 565,909 books and employ :he equivalent of 102
full-time staff memosers, including professional librari s and administrative
staff {State of Mevsda, NSL, 1984).

3,6,3.,10 Parks and Recreation

Table 3-25 gummarizes the major types of public pavk and regreational
facilities in Nye and Clark counties, Not included irn the table are a
variety of other facilities owned and operated by local governmental agencles
and speclal-purpose districts, such as exercise courses, jogglng tralls,
volleyball courts, gymkhana arenas, picnlc areas, and cawpgrounds.

In southern Nye Gounty, most of the public recreational facilities are
maintained by local speclal-purpose districts, In Pahrump these facilities
are provided by the town board., The Amargosa Valley Improvement Assoclatlon
owns a i6-hectare (40-acre) park, with facllities including a softball field,
a gymkhana arena, and a drag track., Parks and recreation facilities in
Bealty ure considered by the Beatty General Improvement District to be ade-
quate for the present population except that additional basebsll/softball
fields are needed {Growell, 1985). The District Ie currently developing a
ten-year regreation plan. Accordiag to the Pahrump Town Board, park and
recreational facility development iu that community is not keeping pace with
population growth {Moore, 1985}.

According to an analysis by the Clark County Parks and Recreation
Department, demand for facllities for mest recreational activities exceeds
the supply {Clark County Department of Comprehensive Planning, 1984).

The Las Vegas Department of Recreation and Leilsure Activities manages
55 parks, having & combined developed area of about 262 hectares (647 acres)
{Glark County Department of Gomprehensive Planning, 1982b). Of these, 18 are
at schools and are operated through Joint—use agreements with the Clark
County School District. Another 170 hectares (419 acres), most of which are
associasted with Angel Park, are held in reserve for future expansion.

North Las Vegas has 76 hectares {187 acres) of nelghborhood and commu-
nity parks, playgrounds, and sports flelds (including a golf course}. In
addition, & 42l-hectare (1,040-acxe), largely undeveloped regional park is
located in the city. Besldes serving local residents, the parks are used by
residents of Las Vegas and unincorporated Clark County, as well as by
personnel from Nellis Air Force Base. According tc the Superintendent of
Parks, exlsting personnel and facilities are inadequate for the present
pepulation {F.M. Johnson, 1984).
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Table 3-25.

¥ublic parks and recreational facilities i{n Nye and
{.lark counties

Teral
Number rr4a in Base-  Football/ Equipped HRacres- Uankyt-
of hoctares  ball soccar play~ tion Tennis ball Golt
Sarvice provider patks flcrea) fielde fialde Pools grounds cente - courts  COuUTtE  Couraed
NYE COUNTY
Amargoss Valley
Improvemsnt b
AssociaLion 1 1642 k| 0 1] ND NG 2 ) L]
(40)
Beatty Coneral
Improvengnt
Dlegrict 1 2.0 i 1 ! ! 1 1 1 o
(5)
Town of Pahrusp
a0d Pahrump
svlllindeool
District 1 No Dats 2 ¢ t | 0 i 1 0
CLARK COUNTY
Clate¥ Gounty
Commisnion 4D 1323 kI 16 11 25 8 1)) 3 [/
(31275) '
City o‘ Boulder
city 7 6 6 a 0 1 0 ] n 5 1
(16.4)
City of Hendorson® 12 32,1 4 " 2! 3 1 4 s 0
(81.7)
City of Los Vegas" 3  261.8% 383 L) iz 2 10 Mo " 1
. (646.9)
Clty of Norgh
Lt vegaek 6 787 ol ol 3l 6 1 n! 3! 1
(187}

b
¢

*vats from Hogosen (1985).
ND = Wo data.
dﬂntl from Crowsll (1983).

Dlu ftom Moore (198%).
:rnlt. fyow Olavk County Depactmsnt of Farke aad Eacrestlon (1984).

Data fros Nevada Davelopmsent Authorisy (1984},
pata frow Lucas [(1984),
(Data fros Clark County Dapartment of Comprehernsive Planning (1932b).
janother 169.7 hectares (419 acrll) are held Lo vessrve for future expansion.
““hata from Moi (1982).

lblta from F.H. Johdson (L9R4).

Data from Dabney (i984).
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The Headerson parke and Recreation Department manages 12 parks having a
combined area of abcat 33 hectares (82 acres). According to the Department,
thege facilities ar. "understaffed and underdeveloped" {Lucae, 1984).

3.6.4 SOCIAL CONDLI:IONS

This secticn contatne & preliminary descripttion, “ased on available
data, of existing socioeultural characteristicas of sov hern Nevada. Because
actual transportatior routes have not yet been identi {ed, communicies
through which high-le el radioactive waste would be tren.ported have not yet
been identified. The focus of this section is on those communities in the
bicounty area that could be affected by inmigrating repasitory workera. The
data provide the basls for the preliminary assessment of soctocultural
impacts described in chapters 4, 5, and b, Thig type of description:is
gometimes classifled asg describing the quality of life in the affected area
snd lnvolves measuring both objective and subjective components of community
gocial life. A single index of the quality of 1ife has not been determined
for all residents in the study area because southern Nevada, which has
experienced raplid and dynamic change, has a wide diversity of cultures and
social organization. The following sections describe (1) social organization
and structure, {2) culture and lifestyle, (3) community attributes, and {4) 8
preliminary assessment of ceitizen concerns about the reposltory.

3.6.4.1 Existiﬁg soclal organizatlion and soclal structure

The terms soclal organizatlon and soclal structure, as used in the
following seetions, refer to the major soclal groupings and the network of
goclial relationships that exist among residents in a given location. =’

In contrast to the soclal impacts documented in the traditipnal boomtown
literature {Cortese and Jones, 1977; Murdock and Leietritz, 1979; see,
however, Wilkinson et zl., 1982, and Murdock et al., 1985, for a more recent
discussion of this literature}, tha bicounty area of southern Nevada
comprises two distinct soclal settings: {1) a rural component, which includes
all of Nye County and the nonurban sections of Clark County, and {2) an urban
component, which includet about 96 percent of the Clark County population.
Table 3-26 presents selected soclal characterigstics of Nye and Clark
counties, the State of Nevada, Mountain States, Western States, and the U.S,

3.6.4,1.1 Rural soclal organlzation and structure

As [ndicated in Table 3-26, Nye County exhibits a high rate of popula-
tion growth and inmigration, as compared with the national average. In 1980
only 25 percent of Nye County residents were born in the State {(Table 3-26).
Historically, a high rate of inmigration and population turnover agsociated
with boom and bust mining activities has occurred both in the State and in
Nve County (Elliott, 1973; Paher, 1970). These data suggest the absence of
community cohesion, defined as social forces that draw and keep persons
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Table 3-26. Selected social characteristics®

Weatern Mountaln State Nye Clark
Characteristic U.S. States States of Nevad: County County
Number of persons 64.0 24,6 13.3 7.3 0.5 58.8
per square mille
Urban (X) 73.7 83.9 7644 85.2 0.0 95.5
Raclal composition (%)
White 83,4 81.5 88.1 87,7 92.2 84.8
Black 11r7 502 204 60'; 0.3 10-0
American Ind.an, 0.7 1.8 3.3 1.8 4e7 0.8
Eskimo, Aleut
Other ha2 11.5 6.2 4,0 2,8 4.4
Spanish origin (2) 6.5 14.5 12.7 6.8 545 746
Males per 100 94,5 98.0 98.7 102,4 115.7 101.7
females
Age 65 and over (%) 11.3 10.0 9.3 8.2 9.0 7.6
Population increase 11.4 23,9 37.2 63.8 61.6 69.5
1970-80 (%) : '
Born in-state (%) 63.9 45,3 44,1 21.4 24,9 18.5
Owner-occupled bbb 60.3 67.2 59.6 66.7 59.0
homea (X)
One-person 22.7 23.6 21.6 24.6 26.6 24.3
households ﬁZ)
Marriage rat 10.4 2441 29.6 148.9 11.7 116.0
Divorce rateb 5.2 7.6 8.0 16.0 7.7 1644
Sulcide rate 12.8 17.2 17.8 27.8 14.6 22,8
Homicide rate’ 9,7 8.6 8.7 17.0 27,2 19.4
Crime rate€ 5396.5 6923.2 6383.5 8485.1 2980.2 9075.3
gExcept where otherwise indicated, data were obtained from DOC (1983a).

All valuea were calculated from data in Gliovacchinl (1983), Values for
marriage and divorce were calculated from data on page 160 and pages 4-7.
Values for suilclde and homicide for the United States, Western and Mountaln
states and the State of Nevada were calculated from data on pages 165-172.
Yearly rates for each state were averaged over the four years 1977-1980
(inclusive) to arrcive at an overall average rate for the Mountain or Weatern
gtates. Data for Hawali and Alaska are not included 1n the Western states'
averages. Values for gulcide and homiclde for Mye and Clark counties were
calculated from population estimates shown on page 2, aulclde data presented on
pages 100-103, and homicide data premented on pages 110-113. Yearly rates were
averaged for the four yeara 1977-1980 {(1nclusive}. Marriage and divorce races
are expredded as a rate per 1,000 inhabitants; auiclde and homiclde ratea are
expregsed as a rate per !Q0,G00 inhabitants.

Cyalues for the UseSs, Western and Mountain states and Nevada were calcula~
ted from data in U.S. Department of Justice (1978-1980, 1982). Values for Hye
and Clark counties were calculated from data in State of Nevada, Department of
Law Enforcement Assistance (1980) and county population estimates on page 3 of
Glovacchini (1983). Data are expreased as a rate per 100,000 inhabitants, and
repreaent an average of the regpective yearly rates.
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together (Schacter, i%%L8), Based on data in Table 3-26, other indicators
point to a greater deg-ee of soclal coheslon Iin Nye than in Clark County,
although these data shhuld be interptreted with caution irn view of the small
numbers and small popu'ation base. In Nye County, the percentage of owner-
occupled homes was higher than in Clark County; divorce vares and crime rates
were lower, The population was fairly homogeneous in rur#i and taclal compo~
sition {although the c2nsus data also show that in 1980 N:iive Americans con-
stituted almost 5 pervent of the total Nye County populat: an}. Approximately
40 percent of these Native Ametlcans lived on reservation . Nye County had a
relatively high ratio of males to females In 1980,

The most atriking feature of the area surrounding t:e Yucca Mountaln
site ia the sparaeness of population. As shown in Table -26, the 1980 Nye
County populatlon density was only 0.5 person per square mile. The Yucca
Mountaln site is bounded entirely on one side by the Nevada Test Site (NTS);
on the remaining sides, the population 1e dispersed over a wide geographic
area, which is predominantly undeveloped desert or mountainous land. Forms
of aocial organization include several farming communities, isolated ranches
and mining settlements, and a few villages which serve as trade centers
(Smith and Coogan, 1984), 1In sddition, there is a compaay housing complex
for workers at the American Borate Company and temporary housing at Mercury
for workers and visitors at the NTS,

Data on sattlement patterns of recent U.S. Department of Energy and.
contractor employees at the NTS indicate that some rural communities may be
affected by inmigrating repository workers {Table 5-26). Four communities
closest to the proposed repository eite are Amargosa Valley, Beatty, and
Pahrump in Nye County and Indian Springa 1in Clark County. The distinctive
features of these communities are described In the following paragraphs,
Including distances from the proposed location of the surface facilitles at
Yuecca Mountain. All distances presented below are road miles as shows In the
Nevada Map Atlas (State of Nevada, Department of Transportation, ca. 1984},
plus the length of the proposed access road to U.S. Highway 95, which is
expected to be 26 kilometers {16 miles) long {see Section 3.6.2}.

Amargosa Valley 1s the nearest population center to the repository site.
The population of the town 1s spread unevenly throughout approximately
1,036 square kilometers (400 square miles) (Hansen, ca, 1[984) and is highly
variable (see Section 3.6.2,2). Approximately 45 people {Smith and Coogan,
1984) were concenttated aleng U.S, Highway 95 1in the communiLy formerly
called lLathrop Wells, which 1s about 27 kilometers (17 miles) from the
proposed surface facllitites at Yucca Mountaln. There are two other
locations where the town's population 1s concentrated: the Amargosa Farm
area, which {s approximately 18 kilometers {1l miles) south of U.S. Highway
95 and west of State Route 373, and the American Borate housing complex on
Nevada State Route 373, close to the California border. Population In these
locaticne wag estimated to be 1,500 persons and 280 persons, respectively
(Smith and Coogan, 1984), The valley has witnessed growth in receat years.
The Research and Educational Planning Center (1984) estimates that there 1s a
large Hispanic population {approximately 50 percent} and a translent
population of from 20 ro 25 percent. Both mining and ranching are lmpprtant
in the area (Research and Bducational Planning Center, 1984), Much of the
land can be classified as "agriculturally marginal.” Under {rrigation, the
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