land produces some pssture, alfalfa, and small grains, Most of the farms are
cperated on a part—tiwe hasis with the owner working full-time at another job
{DOI, 1975).

Beatty, pepulat;»n 800 (Smith and Coogen, 1984), 1. located approxi-~
mately 72 kilometera {45 miles) northwest of the propos:d locatlion of the
surfaca facilities " Yucca Mountain, Originally estabilshed during the
mining boom of the eurly twentiath-century, Beatty becam an important supply
center to several boomtowns after construction of the To.opah and Tidewater
railroad, Beatty was the only town to surviva after «arly mines were
abandoned {Writer's Program, 1940; DOI, 1975). Mining .e now of minor impor-
tance, and Beatty has “een characterized as beginning to .ecome a retirement
community {Resaarzh and Educational Planning Center, 1984;.

Pahrump, located about 97 kilometers {60 miles) soulh and east of the
proposed leocatlion of the gurface faciiities, has both the land and tax base
to support expansion, Unlike most of Nevada, nearly 5Q percent of the land
1s privately owned; and in the late 1960s and early 1970s, significant
amounts of agricultfural land were subdivided and some pérmanent housing was
conatructed. Between 1976 and 1982, the population grew at an average annual
rate of 16 percent; the 1982 populatior was 3,965 (Mooney et al,, 1982).
Recent eslimates showed a population of 5,500 (Smith and Coogan, 1984), Sur-
veys of community residents indicate that almost 50 percent view the optimum
Pahrump population at between 10,000 and 20,000, and that almost 20 percent
would like to see the population at 20,000 to 40,000 (Mooney, et al., 1982),
The proportion of congtruction and mining employment relative te agricultural
employment increased between 1976 and 1982, and the trend has begn for more
residents to work inm Pahrump or at the NTS rather than in Las Vegas. The
proportion of retirees has alse Increased, while vyounger persons have been
leaving the ares {(Mooney et al., 1976: 1982).

Indian Springs lles on both sides of U.S, Highway 95, adjacent te and
south of the Indian Springs Alr Force Base In northwestern Clark County.
This leocation ie about 95 kilometers (59 miles) southeast of the proposed
Jocation of the Yucca: Mountain surface facilities. The estimated 1984
population was about 1,500 (Smith and Coogan, 1984}, First known as &
camping spot by Califorpnia-~bound 49ers seeking & cuteff from the Spanish
Trall, the community later became known as Mile Post 44 on the Las Vegas-
Tonopah railroad serviag the Bullfrog mining distriet (Nsuert, 1979). The
town has been historically dependant on the NTS and the Air Force Base for
employment (Clark County Department of Comprehensive Planning, 198Q). In
1980, approximately one=-third of the 1,446 residents were military personnel
(Clark County Department of Comprehensive Planning, 1983b). Only limited
commercial facilities are available. However, Las Vegas is within one hour's
drive and the community has benefited from the sharing of some amenities and
gervices by the Alr Force base. Residents have bheen characterized as
committed to the values of small-town rural life {(Nauert, 1979). A State
medium-security prison, which was designed to house 600 inmates upon
completion 1In 1982, (DOIL, 1981), is located near U.S. Highway 95
appreximately 13 kilometers {8 miles) southeast of Indian Springs.
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3.6.441:.2 Soclal organization and structure in urbam Clark County

The most strik.ng features of Clark County are :1ts high population
growth and inmigration rates (Table 3-26). While the Imited States had a
1 percent average arnual population growth rate in tha ‘ecade batween 1570
and 1980, Clark County grew at a 5.4 percent average ranual growth rate
(Clark County Department of Comprehengive Planning, 198:b)., Also notable are
the heterogeneous v iclal and ethnic mix and the relatis iy low percentage of
homeowners. These data, when examined in light of tin dependence of the
economy on gaming and tourism, suggest a complex and tv;.sient social entity.
Indicatore of social etress, such as rates of homicid., divorce, and crime,
which are high relat!ve to national and regional dat: "Table 3-26), are
inflated by the large number of nonresidents. Suicidas rates for Clark and
Nye counties were calculated from data on sulcide hy county of residence, and
therefore are not inflated.

Considerable variation exists among the governmentszl entities that form
urban Clark County, Thair histories have been different, and censua tract
data show that soctal characteristics and indicators of scelal problems vary
{DOC, 1983b). Political snd economic relationships in Clark County are more
formal and bureaucratic than those 1in rural Nye County. Metropolitan Laa
Vegas is the most complex eocial grouping In the study =rea, with numerous
aubgroupsa including civic and social organizations., A9 might be expected,
those groupa having the greateat stake in the economic base have played the
greatest role In formulating the diraction and development of the area
(Greater Las Vegaa Chamber of Commerce, 1981). Also aignificant are four
Federal installations (Hoover Dam, Baslic Magnesium Industries, Nellis Ailr
Force Base, and the Nevada Test Site} that have played an important role in
Clark County growth since 1930 {(Clark County Department of Comprehenaive
Planning, 1962b).

3.604.2 Culture and lifestyle

Culture, as ussed in the following discussion, is defined as the enduring
and deeply felt aet of attitudes and beliefs held by an identifiabla group of
people. The overt part of culture 1s manifegted in sctual behavior in the
inatitutions, associational life, artifacts, traditiona, and overall life-
gtyle of the group. Essentially, however, these are the expressiona of group
i{deas, values, and beliefa. The rich diveraity of culturaa and lifestylea
exhibited in Nye and Clsrk counties 1g ocutlined in the following sections.
The abaence of a homogeneous culture, coupled with the large numbera of
inmigranta who have been asaimilated over the paat few decades, are important
features of the ares. They euggeat that a wide variety of subcultures can be
eaplly asalmilated and accepted and provide the baafa for the aasaessment,
preaented 1in Chapter 5, of the potential impact of inmigrating repository
workers on the existing cultural environment.

3.6.4.2,1 Rural culture

Available data for Nye County suggest an informal, personal organization
and lifestyle. In 1982, the county supported 9 churches, 13 motela or
hotala, 1! service organizations, and 5 fraternal organizations (State of
Nevada, OCS, 1982b, 1985b}, A rich social 1life can be discerned, based on
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less formal organizations. In addition, the Nye County governmsnt is
relatively informal.

Noteworthy aspecia of the rural culture include pride in a westarn heri-
rage; "boom and bust" mining history; and religlous, tirlbal, and ethnic
influences. Pride ir the western heritage is shown by crimemorative celehra-
tions such as Jim Be.ler Days in Tonopah, Amargosa Vallay Days, and the
Harveat Festival Rodvo at Pahrump. There are fregquent rioainders of the boom
and bust assoclated with the mining activities that fig ::ed prominently in
Nevada history; these include railrosds that have been abandoned and ghost
towns such as Rhyeclite, which previously had a populat.cn of 6,000 (Paher,
1970), Nevada has the lowest percentage of church adhersnts in the United
Statea (26.2 per~ent 1n Nye County, 29.7 percent in Clar . County} (Quinn et
al., 1982). The communities of Bunkerville, Overton, uand Logandala in
eaptern Clark County ware settled by members of the Church of Jesus Christ of
Latter Day Saints {(Clark County Department of Comprehensive Planning, 1982b).

Three American Indian reservations are located In rural parts of the
bicounty area (Feciiitators, Inc., 1980), although all are. distant from Yucca
Mountain., The Moapa Palute Reservation in northeastern Clark County had a
1980 population of 185 (DOC, 1982) and 1a located approximately 249 kilo~-
meters (155 miles) from Yucca Mpuntain. The Yomba and Duckwater Shoshone
reservations in northern Nye County, with 1980 populationa of 60 and 106,
respectively, (DOC, 1982), are approximately 322 to 467 kilometers. (200 to
290 miles) and 443 kilometers (275 miles) from tha proposed:site, respec-
tively, Actual distances frem Yucca Mountain depend on routes selected,

D1

3.,6.4,2.2 Urban culture

The most notable aspect of Las Vegas ia its image as “the Entertainment
Capital of the World" (Les Vegas Review-Journal et al., 1985). The "Strip,”
with 1ts high-rises, explosive colors of nightlighting, and reflective
surface materlals, is visually the most dominant feature of the urbanized
area (Clark County Department of Comprehensive Planning, (982b)., Culturally,
the influences of gamlng and tourism are felt throughout the area. Las Vegas
has been characterized ase a city of "open dualities™ (Adams, 1978) snd ae one
where "two faces" are created by resildenks' separation of the gaming city
from the reaidential city in which the emphasis 1s on famlly and neighborhood
values (Elliott, 1973)., The metropelitan area, with 1ts many social and
civic organizations, exhibits cultural characteristics common to cities of
its size. A marked cultural diversity results from the combination of many
out~of-atate visitora and a high percentage of residents born outside Nevada.
In addition, the Lae Vegas Tribe of the Paiute Indians (1980 population [L3
(DOC, 1982)) is located midway between the cities of North Las Vegas and Las
Vegas, just off Main Street (Facilitators, Inc., 1980) and 1s approximately
161 kilometers {100 miles) from the Yucca Mountain site. S
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3.6.4.3 Community sttributes

An important ¢ mponent of the quality of life in any region or community
ig the subjective avaluatlion of persons who live there. Resldents' opinicns
about their communi:y indicate characterigtics that could be negatively or
positively affected by repository activities. From thede attitudes it may be
poasible to anticipate public reaction to repository siring.

The following data are based on two surveys of devada residents’
attitudes toward their State. The first survey was undertaken for the
Governor of Nevada and published in Report of the Goiurzor's Commission on
the Future of Nevada (State of Nevada, Governor's Comnl:saion on the Future of
Nevada, 1980)., The uurvey was not systematically disti 'buted; however, the
number of forms returned was roughly proportional to the population of each
county. The second survey was undertaken by Dr. James ¥rey of the University
of Nevada, Las Vegas, to assess citizens' perceptions of the proposed U. 5.
Department of the Alr Force MY misstle system {(Frey, 1981}, 1In thie survey,
a proportionate stratified random sample of counties throughout the State was
selected. The sample size permitted an overall rural-urban comparison only,
The proposed MX missile aystem would have been a significantly larger
construction project than the proposed repository, employing as many as
22,000 workers at peak (Department of the Alr Force, 1980).

Significant findings from the Governor's survey (State of Nevada,
Governor's Commission on the Future of Nevada, 1980} included:

l. More than 70 percent of Nye and Clark County residents would like
their regilon to grow at a slow or moderate pace,

2+ The three most valued features of Nevada life for Nye County
residents were the open spaces; relaxed lifestyle, freedom, snd
individuality; and clean alr and lack of pollution. For Clark
County residents, these values were climate; open spaces; and
relaxed lifestyle, freedom, and individuality.

3. The most serious problems for Nye County residents were housing
avallability; water and sewage; and roade, transporatioun, and
traffin., For Clark County residents, the problems wete roads,
transportation and traffic; crime; and the envircnment.

4. Changes that Nye County residents would be most unwilling to accept
are reduced access rto the outdoors, a deterioration in air quality,
increased Federal regulation, and water acarcity, Clark County
resldents are most unwilling to accept a daterioratlon 1in sir
quality, water scarcity, reduced access to the outdoors, and
increased traffic congeation.

Findings from the University of Nevada, Las Vegas, survey {Frey, 1981)
inc¢luded:

I. A majority of Nevadans are gsatisfled with their State as a place to

live. Satisfaction 18 particularly pronounced among rural
residents, 79 percent of whom rated Nevada as very desirable,
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2. Urban counties moat often cited crime, drug abune, cost of food and
gervices, ad road conditions as wserious problems facing
communities, rural counties rated the avallability of housing,
medical car-, recreational facilities, and the coet of food and
services ag serious problems,

3. Urban areas rated the friendliness of other residenta, medical care,
and availal{lity of housing as specific nonprch iems. Rural areas
most often rated ailr pollution, friendliness, : Jsing children, and
police protection as specific nonproblems.

4, Although both urban and rural groups welcomed ihe employmant that
the MX project would bring, all other possible impacts of the
proposed project were rated negatively. Rural groups were
particularly opposed to the social disruption (crime and drug abuse,
for example) they feared would accompany the praject,

3.6.4.4 Attitudes and perceptlions toward the repository

Attitudes and perceptions regarding the possible siting of the reposi~
tory are Iimportant both In themselves and because they form the basils from
which social change may occur. Attitvdes are muiti-dimensional and will
comprise a mix of speclal concerns (that is, radiolegical risk)}) and standard
or more general concerns regarding community growth and the expected inmigra-
tion of workers.

No publicly available survey of Nevada citizens' views on the issue of
reposltory siting has been made. However, a recent survey of Las Vegas area
realdents' opinlons on a varlety of toples was undertaken by the University
of Nevada, Las Vegas (UNLV), Center for Survey Research (UNLV, 1984).
Included in the survey was one question that asked whether residents strongly
favored, favored, opposed, or strongly opposed the ldea of locating a nuclear
waste repository "on the Test Site in southern Nevada."” Almost two-thirds
of those surveyed opposed the idea. Complete survey responses were: strongly
favor, 6.4 percent; favor, 23.9 percent; oppose, 26.7 percent; strongly
oppose, 37.4 percent; undecided/don't know, 5.6 percent (UNLV, 1984).

Citizena' views expressed during the March 1983 Las Vegas and Reno
public heariungse on the potentlal repoeltory were reviewed as a means of dis-
cernlng speclfic concerns of Nevada residents. A count of the issues raised,
as reported in the Public Hearings Panel Report {DOE/NVO, 1983), indicates
that concerns related to health and safety, transportation, and soclo-
economics and community impacts, were voilced moat frequently, (Issues ware
counted according to their location throughout Appendix C and were not
Testricted to thelr location under & particular subheading.) Many witnessea
also expressed distrust of the Federal Government and a desire for public
participation, concerns not restricted to the disposal of high-level radio-
active waste.
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3.6.5 FISCAL AND GC\FRRNMENTAL STRUCTURE

This seection dircusses the filscal and governmental structure of the
bicounty reglon surtcunding the Yucca Mountain site. Governmental entities
within Nye and Clark countles include incorporated and w.incorporated touwna,
both rural and urban. Unincorporated towns 1n souther: and central Nye
County include Amarg.sz Valley, Beatty, Pahrump, and Totspah. Incovporated
citles 1in central aod weatern Clark County iInclude La: Vegas, North Las
Vegas, Henderson, Boulder City. Unincorporated towns a.d communities fin
urban Clark County Include East Las Vegas, Enterprisv, Grendview, Lone
Mountain, Paradlse, Spring Valley, Sunrise Manor, and Yinchester. The
unincorporated town ¢ Indian Springs 1e located inm ru al Clark County,
notthwest of the Las Vegas urban area, In 1983 more than half of Clark
County residents and more thanm 90 percent of Nye County residents lived in
unincorporated areas of those countias.

As noted in Section 3.6.3, the incorporated cities are generally respon-
gible for providing public services within thelr boundaries, while counties,
county-wide agencies, and local special-purpose districty are responsible for
providing servicea to resldents in the unincorporated areas. Within the
unincorporated towns, provision of some services 1s coordinated by town
boards, advisory councila, and town advisory boards, which are either pub-
licly elected or appointed by the County Commission. In Nye County, three
county commleeioners are elacted to 4~year terms from individual geographic
districte. Day-to-day government operations are handled by a professional
ranager and staff. In Clark County, seven comniasioners have juriedictlon
over the unincorporated areas of the county. They are elected in even-
numbered years from single-seat geographic dlatricte, three in cone election
year and four the next. .Clark County employa a professional msanager and
astaff to implement commission policy.

Some local governmental entitlaes have been granted the power of taxation
by the Nevada Legialature. For example, in Clark County, specific taxing
authority 1s held by the incorporated citles of Las Vegas, North Las Vegas,
Henderson, Boulder City, and Mesquite; the Clark County School District; and
a varlety of spacial diatvricta, Including library, water, and Eire protection
districta. In addition, several governmental entities Tecelve taxes or other
public revenue but do not have specific taxing authoricy.

Revenue sourcea for some governmental entities in the region are shown
in tables 3-27 and 3-28. Flecal year 1982-83 was chosen to represeat the
nest recent filscal data in light of substantial changes in Neveda tax law
during the previoue legislative seseions. The presence of legalized geming
in Nevada gilves the S5tate a unique fiscal structure. Gaming revenue
contributed almoat $230 million to the State's general fund in the 1982-83
fiscal year (State of Navada, 0OCS, 1984), Thie is about ome~half of the
1982-83 general fund. Other majer aources of State income included aslea and
insurance taxes (Stste of Nevada, 198L).

At the local level, revenue sources for the various governmental units
are similar, although income from theee sources varies widely. Local sources
of revenue include pruperty taxes {(ad valorem tawes on real property); other
taxes (city and county relief taxes, collected by the State and returned to
local governments, snd income from franchisea granted by local governments);
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licenses and pernit fees (e.g., busineea, liquor, and local gaming licenses);
intergovernmental veesurces (e.g., clgarette and liquor taxes, local gaming
taxes, motor vehicle orivilege taxkes); charges for gervices (e.g.,, recrea-
tion, sewer, bullding inapections); flnes and forfeite i{court fines and
forfeited bail); and uiscellaneous revenues,

Table 3-27, School district general fund revenue sour.:s for Nye and Clark

counties
Nve Countya Clark Countyb
Parcentage Parcentage
Revenue gource Amount of budget Amount of budget
State $3,700,000 59.1 $105,900,000 52,2
County 2,400,000 38.4 86,870,000 428
Federal 56,000 0.9 2,170,000 1.1
Other 101,000 1.6 3.8

7,800,000

8pata from the Nye County School District (1983).
Data from the Clark County School District (ca. 1983).
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Table 3-28.

Local governmental revenue sources in millione of dollars

in snutharn Nevada, 1982~19837'

sty
County North Boulder
Revenue Source Nye Clark Las Vegas Las ¥V .As Henderson City
(MM8) (MM$) (M48) (g, ) (MM$) (MM§)
Property taxes J. 819 51.0 9.17 1.2 0,382 0.084
(7%} (14%) (8%) (4% (2%) (1%)
Other taxes 2+34 56.1 6485 4ebE 0.616 1.47
- {20%) {1e%) {6%) (16%} . 3%} (18%)
Licenases and 0.237 34.0 7.07 1,73 © 0.783 0.183
permits (2%) (10%) (6%) (6% {4%) (2%)
Intargovernmental ~é.42 15.9 62.06 11;0. 5.16 .ivGB
resources (21%) (5%) (57%) (36%) (23%) £20%)
Charges for 4,747 13940 19,3 9,38 0 04240 443
services (417%) - (39%) (18%) CIXEY o () o (53%)
Fines and forfeits .07 2.38 2.06 0.964 0.225 0.056
(<% (<% (2%) (3%) (1% (1%}
Miscellaneous 0.838 57,7 3.47 1.33 14.8 0. 481
(7% (16%) (3%) (47) (67%) (6%)
TOTAL 1.5 356.1 110.5 30.5 22.2 8.4

a
Data from Schedule 5-1, State of Nevada Department of Taxation (1983).
All percentages are of total revenue and, because of rounding, may not
add to 100 percent in each column,
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Chapter 4

EXPECTED EFYECTS OF SITE CHARACTERIZATION ACTIVITIES

Before a gite can be finally judged suitable for de-:lopment as a
repository, extensive j;eoleogic and hydrologic data descri'ang it muat be
collected. At none of the nine potentially acceptable sit. i have enough data
been collected to make such a judgment possible. The U-§& Department of
Energy (DOE) will theraefore carry out a program of site thaicacterization to
collect the needed data.* Such a program is required by t:» Nuclear Waste
Policy Act of 1982 {NWPA, 1983) (the Act), by the regulatiows promulgated Eor
repositories by the Nuclear Regulatory Commission in 10 CFR Part 60 (1983),
and hy the implementation guidelines that are included ir the DOE siting
guldelines (10 CFR Part 960, 1984). In accordance with Ch: Act, the program
will be carried out at the three sites ®alected through the process described
in Chapter 1. The impacts that site characterization would oxert on the
environment of the Yucca Mountain site, 1f the site 1s one of the three
selected, are described in this chapter.

A major part of this characterization will be the investigatlions
performed in an exploratory shaft facility. At ecach of the three sites, two
shafts will be sunk deep below the aurface, to approximately the level whera
a repoaltory could be buillt. Underground drifts connecting these shafts and
underground rooms will also e excavated. In these rooma and In the shafts,
the DOE will conduct testa and make experimental measurements that will
aupply data needed for fully characterizing the site.

Other studies of the site will alsc take place during site characteriza-
tions They will include additional geologic, geophysical, and hydrologic
investigations, both at the ground aurface and in boreholas net connected
wich the exploratory shaft facility.,

Concurrently with aite characterization, the DOE will conduct a site
investigation program to collact nongeologle information importaant in deter=-
mining the auitability of the site. Included in this program will be studies
of environmental conditions {e.g., the weather, the quality of the alr, plant

* The Nuclear Waste Polilcy Act of 1982 defines site characterization as
"eew activities, whether in the lahoratory or in the field, undertaken to
establish the geologic condition and the ranges of parametera of a candidate
gite relevant to the location of a repository, including borings, surface
excavations, excavations of exploratory shafts, limited subsurface excava-
tions and borings, and in situ testing needed to evaluate the sultability of
a candidate site for the location of a repository, but not ineluding pre-
liminary borings and geophysical testing needed to assess whether site
characterization should be undertaken ..." (NWPA, 1983).



and animal communit:{~s, and noise levels); archaeoleglcal, culturszl, and his~
torical resourceas; population density and distributlon; the tranaportationm
network; and eocial and economic conditione in the area thst could be
affected by the repo<itory.

Before beginning to sink the exploratory shafts, tii. DOE 1s required by
the Act to prepare s S5ite Characterization Plan that 18 o include a descrip-
tion of the site; &« description of the aite character ~ation activities,
including the extent of planned excavations and plans f. * any onslite testing;
and plans for the decommissioning of the exploratory h.ft facility as well
ag the mitigation of any significant adverse environme ti! impacts caused by
site characterization if the site iz not selected for sve 2dsitory development.
This plan ia to be submitted for review and comment to b2 Nuclear Regulatory
Commission, the Governor and the legislature of the State, and the governing
body of any affected Indlan Tribe; 1t 18 zlso to be made avallable to the
public., Furthermore, the Act requires the DOE to held publie hearings in the
vicinity of the site aelected for characterization to inform the residents of
ths area of the Site Characterization Plan and to receivs thelr comments.

During site characterization, the DOE is required Ly the Act to report
at least once every b months to the Nuclear Regulatory Commission and to the
Stste or any affected Indian Tribe about the nature and extent of the glte
characterization activities snd the information developed from such
activities.

The data-gathering activities planned during site characterization are
described in Section 4,1, The environmental effects expected from these
activities are described in Section 4.2; these effects will be due mainly to
the exploratory shaft facility, the construction of which will require exten-
sive work at the site, The Iast section of this chapter {(4.,3) describes
slternative site characterization activities that might be undertaken to
avold the expected Impacts.

4.1 SITE CHARACTERIZATION ACTIVITIES

This section contains a description of the site characterization activi-
ties currently planned for the Yucca Mountain site. The actlvities consist
primarily of field studies, the construction of the explorastory shaft
facility, and the tests conducted in that facility. Other studies that would
be performed to characterize the site are also discussed, even rthough they
have little or no potential for environmental impacts, All site character-
ization activities are currently scheduled to be completed within 55 months.

4,1,1 FIELD STUDIES

Since 1978, the U,S, Department of Energy (DOE) has been conducting
teets and surveys In the vicinity of the Yucca Mountaln site to obtain
preliminary information om the geologlc, hydrologic, and geophysical
characterigtics of the site and the surrounding area. These tests and
surveys include exploratory drilling and testing, the geomechanical testing
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of core samples, geopnysical surveys, and geologic mapping. Similar tests
and aurveys would continue to be conducted if Yucca Mountain is recommended
for site characterizelon.

4.1,1,1 Exploratory drilling

Exploratory dri’ling and testing activities provide ..ata that allow the
thrtee~dimensional characterization of the geologic, hy'r:logic, and geo-
chemical characteristice of the site and the surroundin, 2reda. By drilling
exploratory holes one ran {1} collect cores, describe tnr geology of the
cores, and analyze the geochemlcal and physical properties of the cores;
{2) investigate geophysical properties below the surface; (3) measure in situ
stress; (4) teet hydrauliec conditicons beneath the water table; (5) test and
monitor the unsaturated zone; and (&) collect water sampies for chemical
analysis.

Since 1978, the Y.,§5, Department of Energy (DOE) hss drilled several
exploratory holes and conducted geologic and hydrologic¢ investigations at
Yucca Mountsin, Because a glte characterization plan has not been completed
for the Yucca Mountaln site, the following assumptions, which represent the
best estimates currently avallable, have been made for the purpose of
asgessing the type and magnitude of impact that might be expected from
further exploratory drilling {f Yucca Mountaln is recommended for site
characterization:

e Twenty new exploratory holes would be drilled from surface~based
drill pads to complete the characterlization of the site's hydrolegic
and geologlc conditiona,

e The new exploratory holes would be drilled within 8 kflometers
{5 miles} of the Yucca Mountain site.

¢ An access road 8 kilometars (5 miles) long would be constructad to
each drili pad, This 1s a worst-case assumption used for
calculating environmental 1mpacts.

e Accesa roads would be hladed smooth, boulders would be pushed aside,
f111 dirt would be added as required, hillside cuts would be made
where required, and some roads would be graveled.

¢ Road width, including shoulders, would average 15 meters {50 feet).

] Roads would be sprinkled with water both to ald in soil compaction
and to provide dust ¢sntrol,

Each drill site must be prepared to accommodate a drill rig and crew.
S8ite preparation activities include clearing and grading the site and staging
area, constructing a ralsed and leveled drill pad, constructing a parking
area and equipment yard, excavating f111 dirt from either adjacent or nearby
areas, and constructing a mud-and-cuttings pit. It 1is assumed that an
average of 1 hectare (2.5 acres) per drilil slte would be disturbed by site::
preparation. After the site has been prepared, an exploratory hole would be

4-3

3ip0 08 0298



drilled, and assoclated geophysical logging and hydrolegic teating would be
performed.

Equipment and facilities that would be used at the drill site include a
diegel-powered dril* rig, pumpas for circulating the driiling fluid, drill
pipe, drilling and coring tools, two traillers for super.sory and laboratory
apace, an electric senerator, and an alr compressor, {o.ld waste would be
hauled from the sit: to an existing landfill on the Ne 1da Test Site (NTS).
The water that would be used for drilling, dust suppres. ton, compaction, and
human consumption would be trucked dailly to the drill s.te, Waste drilling
fluids and cuttlinga would be confined in the mud-and-c:ttings pita,

Some of the downhole geophysical logging would be performed with a
contained and retrievable radlation gource such as cesium-137, aemericium-241,
and beryllivm. The use of such sources 1s a common piectice in geologic
characterization, Logging tools with radlation sources are used to remotely

determine the degree of water saturation, rock density, and other physical
characteristics,

Hydrologic tasts would also he performed using radioactive materials,
The introduction of tadloactive tracer materf{al is a common technique for
investigating the movement of water in geologlc media (Bedmar, 1983; Rao,
1983). The radionuclides ecommonly used as artificial tracers to determine
the movement of ground water include iodine-131, chromium-5{, rubidium-86,
ruthenfum—103, and bromine—~82., These materials have ghort half-lives ranging
from several hours to tens of days. Movement of the tracer through water ot
rock can be determined readily because the background concentration of the
tracer in the water or rock Is zero. In addition, the behavior of radio-
nuclides during transport can be more saccurately predlicted if teats are
conducted with tracers that are known to mimie the behavior of the important
chemical specles present in the radilocactive waste.

Any radiloactive sources used in the logging or hydrolegie tests would be
licensed by the Nevada Division of Radiologic Health. The licensing of these
sources requires that the contractor receive formal training in radiologieal
safety and in the use of the logging tool. 1In addition, the NTS radiation
safety program that governs activitiese at the site has safety and use
requirements that are comparable to those required by the State.

4,1,1.2 Geophvaical surveys

Certain geophyseical surveys provide a means by which to obtain informa-
tion about the subsurface geologlc conditions without drilling deep bere-
heles. The surveys can be usged to map the geometry of geologic structures at
depth and to recognize discontinuities in stratigraphic seguences. Some
geophysical techniques are useful for detecting major changes in rock density
at depth, magnetic or electrical properties that may indicate the presence of
an igneous intrusive body (pluton), or a metallic ore body. The geophysical
techniques demcribed 1in this section include selsmic reflection and refrac—
tion, gravity, magnetic, and alectrical surveys. Each of these techniques
may require land surveying and geologlc reconnalssance either on foot or from
off-road vehicles or alreraft,
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Seismic reflect.on and refraction surveys are made by sendiug sound
waves through earth materials. Either selsmomneters or geophones are then
used to detect, ampl.fy, and record the sound-wave patterns. The sound waves
are reflacted and re“racted when they encounter materials with different rock
properties (e.g., density and eonlc veloclity) as they travel from the seismic
source to the receivar. The resultant esailemic reflecticr and refraction pat-
terns ate mathematically analyzed and ara used to determine the types of rock
materialg and three~limensional structuras that would be expected to produce
the obsecrved patterrs,

Seismic reflection surveys at Yucca Mountain hav  been conducted by
using dynamite charges set off In shot holes that were ¢rilled in a linear
pattern. These holes did not require dri]ll pads; howeve -, Lt was necessary
to clear some vegetatlion for vehlcle access and geophone positioning.
Another type of seismle reflectlon survey was conducted in the eastern
foothills of Yucca Mountain, Low-freguency sound waves were generatad by
uslng large, four-wheel-drive trucks specially designed with large plates
attached to their bottoms. Hydraulic jacks were used to presa the plate
againut the ground while simultaneously lifting and vibrating the truck on
the plaste. Data were recorded from gecphones that were placed in sn array on
the ground surface at specific distances from the trucke. Similar seismic
reflection gtudies may be conducted during site characterization.

A selpmic refraction eurvey was conducted as part of the preliminary
investigatlions of Yugca Mountain. For this survey, a north-south line
approximately B0 kilometers (50 miles) long was selected in the eastern
portion of Crater Flat. A truck-mounted rig was used to drill holes for
emplacing expleosives, which were detonated to generate sound waves, An array
of geophones was deployed to collect the refraction data. Another refraction
survey was conducted east of Yucca Mountsin along the road to Drill Hole
Wash., Small drill pade were constructed and holes were drilled for the
emplacement of exploasives. Similar gelamlc refraction aurveys may be
conducted during site chavacterization,

Gravity surveys are conducted to detect subsurface geologlc atructuras
by measuring small differences in the atrength of the earth's gravitational
field, Positive and negative gravity anomaliea, which are the result of
differences in the density of underlying rock materials, are recorded and
interpreted, Gravity measurements are taken at digcrete locations defined by
a grid system consisting of cells that are typically 60 by 60 meters (200 by
200 feet). Off-road vehicles are used to get to the sites of gravity
surveye, Some gravity surveys have already been made in the Yucca Mountain
area, and additicnal surveys are planned during site characterization.

Magnetic surveys are conducted to measure differences 1n the earth's
magnetic field from place to place and are used to determine the subsurface
configuration of rocks with different magnetic properties. Magnetlc surveys
may be conducted from the ground. OEf-road vehicles are used to get to these
sites. Magnetic surveys may also be conducted from specially equipped air-
craft, Both survey methods have been uped at Yucca Mountain, and additional
surveys are planned during site characterization.

A number of other geophysical tedhnigues may be used to enhance the
understanding of the position a&nd the charscteristics of subsurface rock
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unite. Electrical surveys that measure the characteriatica of earth
materials that atfect the passage of natural and induced electrical currents
(e.g+, resiativity, self«potential) have been made in the vicinity of Yucca
Mountain. Another “echnique, commonly used in the petroleum imdustry, 1is
vertical seilamic prnfiling (V8P). This technique 1s useful for mapping
fractures and for :etermining the extent of interconrection between the
fracturess The at.enuation of high~frequency electromagnetic waves by
fluid-£filled fractures has also been used successfully to mep fractures.
Off-road vehiclea are commonly uged to travel to the s a8 of electrical and
nther surveys.

4.1.1.3 Geologic mapping

Geologic mapping ie conducted to record the surfare features and charac-
teristics of exposad rock in the area. This mapping uses aerial photography
and requires detalled field observationa either on foot or by using off-road
vehicles., OQccasionally, the gurface study is supplemented by shallow subsur~
face investigetione requiring trenching. Typlcally, tte trenches are epprox-
imately 2 meters (7 feet) wide, range from ! to 3 metera {3 to 10 feet) deep,
and are from 30 to 60 meters (i00 to 200 feet) long. The walls of shallow
trenches are kept stralght, smooth, and as nearly vertical se poasible.
Deeper trenches are terraced for safety reasona, and they may be as wide as 8
meters {25 feet). Trenching and additional geologic mepplng would be done
during site characterization.

4414144  Standard operating practices for reclamation of areas disturbed by
fieid atudies

When the [.S. Department of Energy (DOE) determines that an exploratory
hole 1s no longer needed for gathering data, the exploratory hole will be
sealed. State of Nevada requirementa, as well as cooperative agreements with
the Bureau of Land Management (BLM) (BLM/DOE, 1982) and the Department of the
Alr Force (1985), cell for the proper sealing and capping of exploratory
holes upon absndonment or termlnation of DOE activities at the site. All
exploratory holes thst are not currently being used are capped temporarily.
If a declsion 1s made to abandon an exploratory hole, the hole will be sealed
according to accepted practice. If sny epecific seallng requirementa are
necesssry, they would be determined uailng the data obtained during site
characterlization. A permanent marker that gives pertinent data about the
eXxploratory hole would be emplaced after surface restoration.

Standard operating practices for reclamation and habitat restoration
include the following:

1. Removing and disposing of concrete snd surface debris from drill
pads to a laudfill at the Nevada Test Site (NT8).

2. Disking or ripping of the drili-pad area to relieve compaction and
to mix the surface asoil with the underlying scil.
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3. Filling the mud-and-cuctings pit with stockpiled topsoil ufter the
removal of d4-1illing flulde or sludge, as appropriate.

4. Contouring disturbed areas to reestabliah netural drailnage patterns,
to minimize eroslon, and to blend with the su-rounding land
contours .,

5. Diastributing avallable stockplled topsoil over +¢ rm@ontourad Area
in a manner that minimizes ercaion and ence. rages molasture
ratention.

6. Ripping or disking the compacted unpaved roady "hat are no longer
uded and recontouring and stabilizing the discu-bed road area to
minimize eroslon and encourage revegetation.

Bacause reclamation and habitat restoration in fragile, arid ecoaystems
are not completely understood and because long perliods of time are required
to reestablish matuce vegetation asaoclationa, the effectiveness of habitat
restoration 1s not clear. Consequently, each practice previously Ildentified
would be individually evaluated and adjuated in response to continulng
restoration studies. '

About 10 hectares (235 acred) of land surface would be disturbed for
geophysical snd geological surveys. The disturbed exploration areas and off-
road vehlcle paths would be disked to relieve compaction and to encourage
revegetation. Geologlc trenches would be filled with the material removed
during excavation, and the land would be restored to ita original contours,
1f appropriate, the recontoured surface would be treated to encourage

molsture retention and to hagsten revegetation, based upon the results of
habltat-resatoration studies.

4,1,2 EXPLORATORY SHAFT FACILITY

If Yucce Mountaln 1s approved for site characterization, the U,S.
Department of Lnergy {(DOE) will coanstruct an exploratory shaft facility to
provide accese for detailed study of the potential host rock as well as the
overlying and underlyicg strata. The excavation and constructicn of this
exploratory shaft faclility would be the primary source of potential environ-
mental impacts during site characterization. The exploratory shaft facility
would consist of (1) an exploratory shaft large enough for the transport of
people, materials, and equipment {inslide finished diameter of 3.7 meters
(12.1 feet)), (2) underground testing areas, (3) a secondsry egress shaft
{inside diameter of 1.8 meters (5.9 feet)), and {4) the murface facilities
needed to support construction and testing {Figure 4~1), Both shafts would
extend slightly beyond the proposed depth of the repository. The underground
testing areas would be excavated from breakout rooms at three levels. A& main
test facility with drifts and rooms would be excavated into the host rock
from the middte breakout room. The secondary egress shaft would be used for
ventilation and would provide another means of egress from the underground
aregs, " It ‘'would He-‘conneécted to ‘the exploratoery shaft by 4 drift.  Explora~’
tory holes would also be driiled as a part of the exploratory shaft testing
program,
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Figure 4-1, Three-dimensional fllustration of the expleratory shaft facility.
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The exploratory ashaft facility would be located in Coyote Wash on the
eastern side of Yuccia Mountain at an elevailon of abeut 1,300 meters
(4,200 feet). Filgure 4-2 ghows the proposed aite, utiitty lines, and the
access vroad. It alsu shows the administrative boundaries of the Nevada Test
Site, the Nellils Air Force Range, and the Bureau of Lanc¢ Management. This
glte was selected [from five sites that were considered a. possible locatilons
for the exploratory shaft {Bertram, 1984). The eccondar: u2ress shaft would
be located about 85 aeters (280 feet) southwest of the -xploratory shaft.
The site plan at Coyaste Wash 1s shown in Figure 4-3.

Facllity design and construction specifications re'ivire that equipment
and systems meet the requirements set forth by the DOE ,'983); applicable
local, State, and Federal regulations {Section 6.2,1.56}; and natlonal
standards. Tt 1s also required that construction disturb only the minimum
amount of land necessgary to accomplish the project. Design criteria include
considerations of site restoration; the site would be restored to approxi-
mately ite original cormdition Lf Yucca Mountain is elimicated from the iist
of potentia. repository locations. Portiens of the facility may alterna-
tively be preserved ior othar uses. The following sect’ons describe the
presently concelved exploratory shaft facility, the plang for testing, and
the practices being considered to minimize environmental damage.

4.14241 Surface facilitien

Consetruction of the surface facilities 1s expected to take from six to
seven months to complete. The site would first be cleared and graded; then
it would be stabilized with 15 centimeters (b inches) of gravel.

As shown on Filguvre 4-3, two existing natural drainage channels would be
diverted to control potential runoff from a probable maximum precipitation
event, In 1982 the drill pad for the principal borehole, USW G-4, was con-
structed at the exploratory shaft facility location., Site preparation would
require cut and €11l to provide a level pad (the exploratery shaft site pad)
for the surface structures and for the parking area. About 70,000 cubic
meters (2,500,000 cublic feet} of fill materlal would be removed from borrow
areas cast and west of the pad. Both the exploratory shaft and the secondsry
egreas ehaft would be located on this exploratory shaft site pad. In
.addition, an auxiliary pad would he located about 240 meters {(BDD feet) to
the east of the main pad and would be used for a visitor center and to
accommodate support buildings, trallers, and additional parking. The surface
area that would be required for all of the exploratory shaft facilitles 1is
about 8 hectares {20 acres).

The parking area and the access road would be paved with a double oil-
and-chip layer. Access to the exploratpry shaft site pad from the east would
be controlled by a chain-link fence and gates; the natursl terraln provides a
barrier to vehicle access from elsewhere on the siie. The access road from
Jackags Flats hag been improved to the boundary of the Nevada Test Site (NTS)
to accommodate heavy equipment. The" road 1s 7 meters (23 feet) wide, has
I-meter (3-foot) shouldera, and is surfaced with a double oil-and-chip layer.
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The remaining 400 me.ers (1,300 feet) of the rcad to the explorarory shaft
site pad would be co: structed on Fill to maintain a grade that would not be
greater than [0 percent, This road would disturb a path 30 meters (160 feet)
wide, including draicage channel modification.

Prefabricated metal bulldings would he assembled at the &ite on concrete
foundationa to proviie space for shops, a warehouse, he st houses, and the
integrated data system. The main hoist house would ac¢ amodate two holatas.
Another hoist house would be erected near the sgecon'a'y egress shaft,
Several trallers would be located on the exploratory s aft pad and used for
change roome, office and laboratory space, data acquleition, and first aid
room, Showers and lociers would be provided for tha tech-ical staff and for
the mining crew., Most sgtructures would have restrooms, electric space
heating and water heating, and alr conditioning,

Magazines would be required for the storage of explesives. The size and
location of the magazines would depend on the maximum amount of explosives
and detonators to be storved at any time and the provisions of appropriate
regulations {such as the Callfornia Mine Safety Act}.

The utilities and communication systema would consigt of (1} aboveground
electrical supply and underground distribution; {(2) emergency electrical sup~
ply; (3) water supply and distribution; (4} sanitary, industrial, and refuse
waste collection and disposal; and (5) telephone communications. The normal
supply of electrical power would be provided by a substatrion to be con~
structed at the site. Power for ihis substation would be supplied from an
existing 69-kilovolt overhead power line extending from Canyon Substation
in Jackasg Flats to the NTS boundary 10 kilometers (6.2 miles) away
{(Figure 4~2}, The site substation would include a 5-megawatt transformer to
supply 4,lb6~kilovolt power to the holsts and air compressgors, and secondary
transformers to eupply 480-volt, 220-volt, and 1!10-volt power to the other
surface facilities. The subgstation would require cutouts, distribution
panele, cendult and wire, fencing, trenching, and some concrete work., A
second power line would be placed on the same aet of poles as the 69-kilovelt
line to supply 4.16 kileovolts to a booster station to pump water to the site,
Area flood-lights on wood poles would provide night lighting. To provide a
backup source in the event of power fallures, an emergency power generation
system would bhe provided; 1t would consist of two 500~kilovolt-ampere diesel
generators.

The water supply would be pumped from existing Well J-13 on the NTS
through a 10-kilometer (6,2-mile} long, l15-centimeter (b6-inch) diameter poly~
vinylchloride pipe buried about 0.6 meter (2 feel) below grade. The pipe-
line, constructed In the bed of Lhe old access road Lo the NTS boundary, 1s
adjacent to the new paved road. One pumplng station is at Well J-13 and a
booster pumping station is at about the half-way point {based on elevation).
Water would be pumped to a 000-cublic meter (150,000-gallon) water tank
located 500 meters (1,600 feet) west of the site at an elevation of
1,320 meters (4,325 feet). The water distribution system from the tank would
supply water for all needa at the exploratory shaft facllity, including fire
protection.
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Sewage will be Jisposed of by means of collection piping from all build-
inge and trailers i~ & septlc tank and drain field located east of the
exploratory shaft §n2{lity {(beyond the perimeter of th¢ proposed repository
subsurface facility). Rock removed from the underground workings will be
storad in a rock-atu ~age pile. The location of the rock-storage pile has not
yet been determined, but it will be plasced to the east of the exploratory
shaft Facility bey¢iid the perimeter of the proposed rewvosltory subsurface
facility, The rock debris removed from the censtructio- of the shafts, from
breakout rooms, from the drift connecting the two shafrn, and from the main
underground teat facility would be transported to the 3urface and hauled to
the rock-atorage plle, The 0,6~hectare {l.5-acre) ro:.l--storags plle ares
would be sufficieat t>» accommodate the 39,000 cubic met¢:s (1,300,000 cuble
feet) of broken vock that would be produced during shaft and drift mioning.
Dust from the dumping oparation would be controlled by eppropriate wet
guppression technlques., Water and other fluids that would be uped for core
drilling, including alr-water mist, bentoniltic mud with water ¢ontrol agents,
and polymer foam would be disposed of on the rock-storage plle. The rock~-
storage plle will be bermed and lined with an impermeable liner to minimize
discharge of these fluids to the surface or to the grou.d water., This berm
would be dealigned to contailn a volume of 1,400 cuble meters (375,000 gallens)
of liquid. Solid refuse would be hauled to aa existing landfill on the NIS.

A conc¢rete batch plant would be established to provide for storage and
mixing of the materials that would be usad to maeke concrete and grout for
gite characterization activyities, Concrete would be used for bullding
foundationa, drilling pads, and the exploratory shaft liner. Grout would be
used in conjunction with the steel linar in the secondary egress shaft,
Approximately one acre will be cleared for the hatch plant. Aggregate
{cruahed rock), sand, and perhaps cement would be stored in this area, These
materials would be mixed with water to make concrete and greut. Water would
also be used to wash out the trucks that would be used Lo mix and carry the
concrete and grout. Both the washdown water and the batches that do not meet
apecificatiocna would be disposed of on the rock-storage plls. Some equipment
and trucks may be washed down at the batch plant, and the wash water may be
disposed of at the bateh plant site., Approximately 110 cublc meters

(30,000 gallons) of water may be used for washdown during surface and
subsurface construction.

The ventilation fans located at the surface would be capable of
providing 1,135 cublc meters per minute (40,000 cubic feet per minute) of air
to the underground workings. The ventilakion system would meet all the
requiremente of the Tunnel and Mine Safety Orders of the State of California
as specified by the U.S. Department of Energy (DOE) orders 5480.1A and 5480.4
(DOE, 1981, 1984). With a rock temperature of 27°C (80°F) at the 370-meter
{1,200-foot) depth, the system would malntain underground temperatures at a
level that 1s sultable for a work regimen of 75 percent work and 25 percent
rest. The fans would have reverse~flow capabllity to exhauat smoke, fumes,
and dust from blasting in the underground workings. Shaft ventilation after
blasting (smoke=-out) would normally be accomplished by sucking out the gases
produced by the blasting before they have a chance ro diffuse throughout the
drifct, .
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Backup fans any emargency power for the ventilation aystem would also be
provided. Two air ‘ompressore would supply primary and backup capability for
alr drilling of uncerground borsholes. Each would have a capacity to
comprase 40 cuble moters per minute (1,500 cubic feet per minute) of free air
to a gauge pressure of 860 kilopascala (125 pounds per square i1och) on a
sustained basis, This syetem would include foundation:; electrical aupply
controle, and distyibution piping. The air compressore would be located near
the power eubetatinn to sepsrate the ghaft and buildin; . €rom the noilne.

Although large quantities of water are not expec! 2 to be encountered in
the underground facilities, 1t 1m possible that perca:d water gones and
percolation eeepages could release some water to the un.derground facllities
during congtruc’ion and testing. Such water would be collected in a sump and
then pumped to the purface and discharged on the rock-gtorage pile. There
would be a backup sump pump and emergency power., The quantity of water
removed from the shaftd would be estimated and recorded.

4.,1.2.2 Exploratory ehaft and underground workingas

The current plans are to mine the exploratory shaft to a total depth of
about 450 meters (1,480 feet), which 1s about 23 metars {75 feet) below the
contact between the overlying Topopah Spring Member and the underlylng tuff-
aceouns beds of Callco Hilla, This total depth would provide ahout 15 meters
(50 feet) of penetrstion into the pervasively zeolitized iaterior of the
Calico Hills unit and would leave undisturbed a minimum thickness of about
85 meters (280 Feet) of the Calico Hills unit above the water table. The
design diameter of the excavated shaft 1e 4.3 metere (l4.1 feet), and the
finished diameter would be 3.7 merters {12.1 feet),

After the surface fecility has been completed, the exploratory shaft
would be mined using a conventional drill-blast-muck mining technique.
Exploasives would be placed 1into small holes drilled 1in the rock and
detonated; the resulting rubble would be collected and hoisted from the
gshaft. Coaventlonal mining, instead of drilling, was aelected becauae it
would allow geologilc and hydrologic conditions above, below, and within the
candidate hoat rock to be examined during exploratory shaft construction.
Conventional mining would minimize the potentlal introductlion of water and
other coantaminants into the unsaturated zone, thereby reducing the
posalbility of affecting the results of the testa dealgned to measure the
ground-water flux and the undisturbed molsture content of the rock.

The mucking operation may be aomewhat more dusty than it would be in a
typical mine because wminimal amounts of water would be used to suppress dust
in the shafr. HNormally, the rubble would be sprayed with water before
mucking to provide additional dust control. However, in the exploratory
shaft, water would be uaed sparingly so that teste to characterize the
unsaturated zone would not be affected. All water used in shaft construc~
tion, including the water used for meking liner concrete, would be ragged
with a guitable tracer, The quantity of water entering the shaft, the -
humidity in the air eupply, and the humidity in the exhaust ventilation air
would be metered and recorded.
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Breakout rooms would be excavated st the 160~ and 370-meter {520- and
1,200-foot) levels d.ring shaft conastruction. The shaft would be mined to
450 meters (1,480 fe:t) before a final breakout room wculd be excavated at
the bottom of the shaft, The maln underground test facility would then be
mined from the middi« breakout voom at 370 meters (1,2(u feet)., Current
plane are to mine th» undevground test faeility and drifis uging conventional
drill-blast-muck met aods.

4.1.2.3 Secondary egress shaft

The locativn of the secondary egress shaft relative to the exploratory
shaft 1s shown 1in Figure 4-3, According to the curxrent plans, a
200-mlllimecer (B~inch) pilot hole would be drilled from the surface using a
down-hole compressed-alr hammer drill, Because this type of drill uses air
in the drilling process inatead of a water—based drilling fluid, it avoids
introducing water 1ato the howst rock, The pllot hole would be drilled to a
depth of 370 meters {1,200 feet), which La the depth of the maln underground
test facility. A dust-filtering system would be used to catch airborne duat.

The pilot lLole would be expanded from 200 millimeters (8 1inches) to
2.1 meters (7 feet) by raise boring (a mining technique 1involving drilling
upward with the drilling rig at the surface). Before the expansion of the
pllot hole, s 3.7~ by 3.7~meter (12- by 12~foot) drift would be mined from
the exploratory shaft test level to the bottom of the pilot hole, From
there, the pilot hole would be raise bored creating the secondary egress
shaft. The rock debris would be removed through the exploratory ahaft and
would be dumped on the roek—storage pile.

The water necesgary for cooling and for dust suppression durlng driiling
would be tagged with a auitable tracer (probably sodium bromide) to differen~
tiate 1t from any in altu water in the unsaturated zone. Most of the water
would be removed along with the rock debris and depositzd en the rock-storage
pile where 1t would evaporate.

After driliing, the secondasry cegresa shaft would be lined with a ateel
casing. A hoist, head frame, and holst house would then be coustructed.

4.1.2.4 Exploratory ahaft testing program

The goal of the exploratory shaft testing program is to obtaln the
information required to assess the intrimsie abillity of the geologic setting
at Yucca Mountain to 1solate high~level waste. Information would alaso be
acquired that would assist in the design of englneered components, such as
drifte, emplacement holes, and waste disposal containera, The underground
test program ie being designed to provide information needed to address
compliance with Federal regulations related to performance and siting
criteria for high—level waste repositories. Engineering tesat plans would be
prepared for individual tests before the tests are started.
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A number of assumptlons have been established to provide a condistent

basis for planning the 2xploratory shaft testling program. These assumptions
include

!+ The undergrou..i1 workings would bhe restricted to tke unsaturated zone
beneath Yuceca Mountain.

2. The candidats host rock would be the densely wel ied Topopah Spring
Member of the Palntbrush Tuff.

3. The tests that would be conducted would be focu. 2! on obtaining site
characterizatli.n informatlon necessary for licens ng.

4, The tests would be planned to provide timely input for assesslng the
long--term performance of the site.

All exploratory shaft construction, operations, axd maintenance
functlons would be performed in accordance with applicable Federal, State,
and Nevada Test Site (NTS) safety codes and procedures.

The tests Ln the exploratory shaft facility that are being consldered at
this time can be grouped into two ganeral categories

l. QConstruction phasg testis: Testa that would be 1initlated
concurrently with shaft slnking (some construction phase tests would
continue Into the in situ test phase).

2, 1In situ phage testg: Tests that would be initiated after shaft
sinking 1is complete.

Ten construction phase tests are planned. One of the ten tests {shaft-
wall mapping, photography, and hand specimen sampling} would be conducted
routinely after each round of blasting as the shaft is sunk. Three of the
tests require large block gamples that would be collected from 15 to 30 loca-
tions in the shaft. The pore waters that would ba extracted from the large
block samples would be chemically analyzed and dated by using chlorine~36
techniques. Laboratory measutements of geomechanical properties are slso
planned on these samples. The fifth test, unsaturated zone water sampling,
would only occur 1f perched water was found during shaft sinking, which 18
not considered likely.

The basic shaft-wall mapping is expected to require one to two hpurs
after each round of blasting, but 1if large blocks or water samples are to bhe
collected, an additional one to two hours may be required.

The remaining five tests would be at selected depths. These tests
represent nonroutine operations and would require planned pauses in shaft
sinklng operations of from several hours to saveral days., The five tests are
(1) vertical coring; (2) lateral coring to confirm the adequacy of geologic
and hydrologic conditions before constructing breakouts st the 60~meter
{520-foot) level, at the 370~meter (i,200~foor) level, and at the shaft
bottom at 4590 meters (1,480 feet); (3) overcore drilling to measure in aitu
etress conditions; (4) the breakout room tests to assess the constructibility
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and the stability of repository-sized drifts; and (5} shaft—convargence tests
between the 160-metr¢ (520-foot} and 370-meter (1,200~foot) brealouts.

Fifteen in situ phase tests are currently planned, These tests would
begin after the shai® has been completed to the require: depth, Wost of the
in situ tests would be at the 370-meter {1,200-foot)} Jwvel., The in sitn
phase tests c¢an be j5rouped inte éix categories accordin: to the site Informa-
tion that would be abtained., Geologic iInformation on {:acture frequency and
orientation would be obtained by mapping the walls of the drifte In the
testing area., Lateral corlng would provide genloglic (nformation on the
continuity and stiructure of the proposed hoat rock. H:.c¢rologlc data would be
obtained from permeability and infiltration teste both t.. the Topopah Spring
Member and in the underlying tuffaceous beds of Callco Hilla, Geochemical
tests would investigate the potential for retardation nf radionuclide move-
ment by various physical and chemical sorption processea. Geomechanical
teats would aimulate the effecte on the host rock of the temperature
Increases caused by the heat emitted by the emplaced waate, Tests are also
planned to assess the stability of mined openings and to make other in situ
measurasments required to design a safe repository, T‘he tests 1in the
remaining category would lnvestigate the physical and chemical character-
istice of the emplacement environment to provide information necessary for
proper design of waste disposal containers and engineered barriers.

4,1.,2,5 Final digposition

The Nuclear Waste Policy Act {Section 113) (NWPA, [9B3) requires that
the site characterization plan for a candidate slte contain provisions for
the decontamination and decommissioning of the s{te. Radiation sources uaed
in gecphysical logging would be fully contained and retrievable. Radicactive
materials that would be used as tracer material In hydrologic tests have
short half-1lives ranging from several hours to tens of days. The curtent
plans for elite characterization at Yucca Mountain do not include the use of
high~level radicactive materials. Therefore, no decontamination ie expected
to be needed after eite characterization, The final disposition of the
explorstory shaft facility would depend on the results of the site character~
ization prograa and the U.S. Department of Energy (DOE} decisions about sites
for the first and the second repogitory. Thus, there are three pousible
exploratory shaft dispoaitions:

l. The site characterization program may show that Yucca Mountalin is
unguitable for a radloactive-waste repository. In this case, the
exploratory shaft facility would be either decommissioned or
preserved for other uses.

2. The site may be shown to be sultable, but the first repository may
be built at another site. In this case, the exploratory shaft
facility would not be deccommisgioned until a final deeislon was made
as to whether the gite is needed for the second repository.

3. The site may be shown suitable and be selected for the first reposi-

tory. In this case, the exploratory shaft facllity would be incor-
porated Into the repository.
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Because final decislong about techuliques for shaft sealing may require
data from slte charaertzrization, the following decommissioning strutegles are
only representative of those that might be implemented:

1. TE an altercative use for the exploratory sha*: fachlity 1is
identified b.-fore decommissioning, a limlited "stindby decommission~
ing” would .ecur after site characterization., Tue utilities and
ventilation system would be left in place, and i .riodic maintenance
would praserve the structural integrity of the .acility, Adequate
surface physical security would be retainad to p.event unauthorized
access and ac:idents,

2, A secona strategy that would preserve the explor.tory shaft facility
for future use entails removing the utilities and any salvageable
materials from the {nterior of the facility and welding stael covers
over the openings to prevent accidents or unauthorized access.
After reclamation and habitat restoration of the gurface, the sealed
facility would be marked to ldentify pertinent history and detalls
of the excavatlon, This sealing option would require a minimum
degree of security to protect the shafts From vandalism and
accidents.

3. A third decommissioning strategy includes removing all utilities and
salvageable material from the underground workings and closing both
shaftes by backfilling with material removed during the initial exca-
vation. Depending upon the backfill technlque used, about 50
percent of the rock debris removed from the faclility would be used
for backfill. Horizontal and vertical beoreholes in the ehafts would
be sealed with an appropriate cement-based grout as required. The
compogition of sealing grout and the need for it would ba clarified
during site characterization, After the eclosure of the shafts and
restoration of the surface, a small concrete structure containing a
marker would be 1installed to record the pertinent history and
detalls of the excavation,

If the Yueca Mountaln site 1s eliminated from consideration as a
potential repository site and no alternative uses are identifted, then
decommiasioning would begin as scon as poasible after the decisifon. In
addition to the shaft sealing previously described, decommissioning would
include the removal of all buildings, fencea, trailers, electric genarators
and distribution equipment, communications equipment, and explosivea
magazinee. These 1tems would either be reuaed or sold.

A varlety of subsurface utilities, such as the water gsupply line, water
distribution and cecllection plpes, and electrical cables, would have been
installed for the exploratory shaft faellity., The excavation and removal of
these utilities are generally more costly and more environmentally disturbing
than leaving them buried in place. Consequently, if the site 1s abandoned,
any portion of the utilitles that extends above the ground would be cut off
below grade, and the structures would be covered during the reclamation of
the gurface. Other subsurface structures would he backfilled and closed if
no longer needed, using generally accepted procedures.
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4.1.2.6 Standard operating practices that would minimize potentiai envirom~
mental damag.:

Reclamation and uabltat restoration would follow the practices described
in Section 4.l.1,4. in addition te these procedures, th: rock-storage pile
would be stabllized by reducing slope anglee and applyir; elther avallable
topsoll or fill to e courage revegetation.

It is not likely that the improved roads, developed .o provide accede to
the exploratory shaft site, would be raclaimed. Not o:+ly¢ would restoration
be more disruptive to the area than abaudoning the ros.!- but alaso future
activities on the Nevada Test Site (NTS) could heneflt . rom the access
provided by the laproved roadways.

Other gtandard operating practices that would be impiemented during site
characterization inelude the following:

1. Contalning fluids and effluents generated during site characteriza-
tion 1n elther the rock-storage pile or the riwage syslem and

establiahing a leachate menitoring program for the rock~storage
plle,

2. Stockplling topsoil so that during later reclamation the seed bank
and the beneficlal soll microorganisms might be used advantageously
{(1f recommended by future restoration studiea).

3. Controlling slope angles to ninimize erosion and to stabilize
glopes.

4. Using secarification and microtopographic faatures ;to promote
molsture retentlon on diaturbed areas (if recommended by future .
restoration studles).

5. Beeding disturbed areas with native and naturalized winter annuals
and planting natlve ghrub seedlinge (if recommended by future
restoration studiea}.

6, Siting borrow pits where the least damage wauld oceur,

7. Implementing fleld studies before construction activities begiﬁ teo
identify and avold Mojave fishhook cactl and desart tortolses.

8, Reducing dust by spraying with water, by uglug dust-binding agenta,
or by paving some roadsa.

9. Spacing surface facllities and clearing vegetation in the vicinity
of the facilities to reduce fire potential.

10, Avolding or salvaging archaeological sites and establishing a
SO-metar (l60-foor} buffaer zona around significant -archaeological
sites near consttruction locations. Restricting off-road travel and
informing workers of policles regarding archaeological sitesa .and of
the penalties for unauthorized collection and excavation of theage
gites.
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4,1,3 OTHER STUDIES

Some ougoing actlvities, lncluding both field and taboratory studies,
would be continued curing site characterization., These activitles are
perceived to have little or no potentlal for enviromment il {impacts., Among
them are studies of past hydrologic conditions, paleohydiology, tectonics,
peismlicity, volcanism, and ground motion induced by wesp:ns testing. Field
experiments would be conducted In the G-Tunnel facilit{ v at Ralnler Mesa
(Figure 2-7). Laboratory analyses of cores and water fro. borehales would be
made, The repository-sealing technology developed in ti2 laboratory would be
tesited in the field, and techniques for dry horizontal drilling would be
developed to provide that capabilicy if it 1is required i . the exploratory
shaft. Each of these ustudies 1s dlacussed below,.

4,1.,3.1 Geodetic gurveys

Geodetic surveys to monitor any tectonic movements tlat may oeccur in the
Yucca Mountsin area began in 1983 and would he continuad during site
characterization. The surveys use a 70~kllometer (43-mile) level line that
extends from the southwest corner of Crater Flat at U.S. Highway 95 along
existing roade in Crater Flat; crosses Yucca Mountain, Jackass Flats, and
Skull Mountain; and finally ends 1in Rock Valley, In addition, a quadri-
lateral network has been installed across selected faults in the Yucca
Mountain area. Both the installation of bench marks and the {initlal survey
were completed in June 1583, A resurvey was made near the end of 1983, and
yearly resurveys will be made to measure changes, if any, of the Earth's
erust In this area., Wherever poesible, the required bench marks were
installed along existing rocadways, However, some were Installed where no
roads existed. Future accegs to these bench marks would require the use of
either an off-road vehicle or a helicopter.

4.1.3,2 Horizontal core drilling

Experimental horizontal core drilling from the surface was conducted at
Fran Ridge in 1983 to develop prototype dry~drilling techniques for use 1in
the exploratory shaft,. Surface cotre drilling at Fran Ridge requlired a& bladed
road for accese; a drill pad, about 30 by 46 meters (100 by 150 feet), for
emplacement of the horizontal boring machines; and a smaller pad, 18 by
6 meters (60 by 20 feet), for electric power generators. Additional
prototype drilling may be conducted during site characterization.

4.1.3.3 Studies of past hydrologic conditions

Poteutlal future changes I{n the regional ground-water system are being
estimated on the basis of studies of past climates, These atudies Include
investigation of the paleohydrology of the Amargoea Desert, corlng of lake
pediments Iin southern Nevada, and studles of foeellized packrat middens that
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help in describing rtle late Quaternary climates. It 1is expected that these
studies would continue during site characterization,

4.1.3.4 Studles of tectonics, seismicity, and volcanis:i

The potential ‘or faulting, earthquakes, volcanic ‘'ctivity, and accel-~
erated erosion in the Yucca Mountaln arvea 1s belng ass+ sed. These studies
include investigating the rate, intensity, and distribilon of faulting;
moanitoring and interpreting present selsmiclty; atudyiig the history of
volcaniam; and evaluating past rates of erosfon and depy “tien., Volcanic and
tectonic studies focus on the history of Pliocene and Pi:zlstocene activity
within the southern Great Basin and particularly, the Yucca Mountain reglon.
These studles use data from boreholes, trenches, mapplng, gecphysical
purveys, anc¢ seismlc~monitoring statfione, and they would be continued during
site characterization.

4.1.3.5 Studies of seismicity induced by weapons testing

The purpose of these lnvastigations is to meagure the ground motion at
Yucca Mountain caused by underground nuclear exploslons at the Nevada Test
Sire (NTS). These investigations relate ground motlon at Yucce Mountain to
such parameters as the distance to the explosion site, the depth of burial,
and the yileld of the axplosion., Meagsurements are made in boreholes and on
the euxface at Yucca Mountain, These investigations may be continued during
slte characterization. '

4,1,3.6 Fleld experiments in G~Tunnel facilitiee

In situy phyaical and mechanical properties of tuffaceous rocks siwmilar
to those at Yucca Mountaln are currently being measured under simulated
repoeitory conditions in G-Tunnel, which 18 a test facility at the Nevada
Test Site (NTS). G-~Tunnel is being used for preliminary investigations
because 1t 13 in a layer of welded tuff whose thermal and mechanical
properties are similar tc some of the welded tuffs at Yucca Mountaln. The
completed and ongolug tests I{nclude small-diameter heater tests and a
heated~block experiment. The purpcse of these experiments 1s to measure the
thermal and mechanical behavior of welded tuff in situ. Predictions can then
be made of the rock's response te heat that radiocactive waste would Introduce
into a repository. The heated-block experiment used an 1in 8ltu block of
welded tuff 2-meters {6-feet) square bounded by vertical slots. Both stress
and thermal loads were imposed on the bleck to achieve comblnations of stress
and temperature for evaluating deformation, thermal conductivity, thermal
expsnsion, and fracture permeabllity. Moilsture changes wlithin the block were
examined with plezometers, ultrasonic lostruments, and & mneutron probe,
These tests provlide valuable experience for developing instrumentation and
field techniques that can be used for in situ testing during site
characterization.
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4,1.3.7 Laboratory studies

Lahoratory activities necessary to characterlze the tuff st Yucca
Mountain include stwdles Ln geochemistry, mineralogy aund petrology, mineral
gtabllity, and geochronology. Tn addition, methods for gealing shaftes and
boreholes are being deweloped in the laboratory, Moset ' the laboratory worl
for site characteri:.ation and technology development wirld be done using
existing offsite fa:ilitiue and equipment.

4,2 TEXPECTED EFFECTS OF SITR CHARACTER:7 ATION

The affects that might result from rthe site characterigatlion activities
described in Section 4.1 have been divided intc two categovies: the affects
on tha physical environment, described in Saction 4.,2,1, and the effects on
gocloeconomic and transportation conditions, described in Section 4.2.2.
Both positive and negative effects are described In theese two mections. A
brief discussion of resource commitments is provided in Section 4,2,3, and
the activities and environmental effects are summarized in Section 4.2.4.

4.2.1 EXPECTED EFFECTS ON THE ENVIRONMENT

Site characterlzation activities are expected to result in localiead
envirommental effects on geologiec and hydrclogic conditions; land usa;
surface sollse; ecosystems; air quality; noise levels; aesthetic quality, and
cultural, historical, and archaeclogical resources.

4.2.1.1 Geology, hydrology, land use, and surface goils

4.2.1.1.1 Geology

The activities acheduled for silte characterization would have a
negligible effect on the geclogic conditiona at Yucca Mountain., Rock would
be removed physically durlng excavation of the exploratory shaft facility and
from several boreholes, Only minor epalling ia expected to occur along the
insides of these openings (s8se the discusseion of rock-characteristics
gulidelines in sections 6.3.1.,3 and 6.3.3.,2), Radiation sources used in
geophyaical logging would be containad and retrievable. On the bsele of the
information now available, there are no elte characterization -activities
scheduled that would significantly impact the geologic conditions at the
Yucca Mountain site.

4,2.1.1.2 Hydrology

Thera are mno perenhial'aources of surface watér'ataYucca Mountain.
Heavy precipitation may cause locally accelerated eroslon and gullying,
eapecially on steep slopea, Water sprayed on dirt toads or on the
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rock-storage plle will not contribute to erceion because 1t will infiltrate
into the soil or quickly evaporate. Proper deelgn and coastruction of new
access roads and othe facilities would be used to minlmlze accelarated
eroaion and gullying to the extent possible. A signifizant increase in
eroglon ie not expected. None of the runoff from the mouatain 1e used by
humans for any purpose,

Neither the qual:’ty nor the quantity of ground wate:r would be affected
significantly by aite characterization activities. The s. s¢ic tank and drain
field would be located where the ground water is of # €{ clent depth to
minimize the possibility of adversely affecting the grc md-water quality.
Handling of radioactive material would be in strict accord ace with accepted
procedurea, Personnel responsible for handling the materiz! would be tralned
in proper handling procedures, including procedures for ewergencies, The
quantities of material involved generally would be very ernll. In hydrologic
tests, the mazerial would be dispersed rapidly and dilutad by the ground
water, Wherever possible, the teats would be deaigned to :ecover as much of
the radicactive materials as poesible, Additionally, tracers with very ahort
half-1ives would be ured.

The water table is about 533 meters (1,765 feet) below the surface at
the exploratory shaft location, and it is about 85 meters (280 feet) below
the bottom of the proposed exploratory shaft, The water table would not be
gignificantly affected by the exploratery shaft, However, hydrologice
exploratory boreholes would be drilled so that the water table could be
mapped. These wells would be capped and sealed after completing ground-water
atudies. The regional effects of withdrawing ground water for eite charac-
tarization at Yucca Mountain are expected to be negligible, Thordarson
(1983) reports that the water level in Well J-13 has remsined easentially
constant after long perlods of pumping between 1962 and 1980, The large
volume of water produced from thls well (approximately 494,000 cublc meters
(400 acre~feet) per year), along with the minor drawdown during pumping tests
(Young, 1972}, suggests the aquifera underlying Yucca Mountain can produce an
abundant quantity of ground water for long periods without lowering the
reflonel ground-water table (sections 6.3.1.1 and 6,3,3.3). 8Site character-
ization activivies are expected to uee substantially less than 494,000 cubie
merers (400 acre-feet) per Yyear.

4,2,1.1.3 Land use

Tha Yucca Mountaln site 18 located entirely on federally administered
lands that are not being actively used, and there 1s no plan for either
private or public use of rChe lande during the time proposed for site
characterigation, A class I resocurce survey (Bell and Lareon, 1982) found no
evidence of significant mineral or energy resourcaes in the region surrounding
Yucca Mountaln, and therefore future exploration and development {s not
expected. The Department of the Alr Force uses the airspace over Yucca
Mountain to support tactical air wmissions {into and out of the Nellis Air
Force Range, The propoaed site characterization activitiea would not
interfere with uae of the airspace; therefore, no land uese impacte are
predicted. : :
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G.2.1.1.4 Surface sails

Moat field activities to be conducted durlng site charactariration would
occur within 8 kilometers (5 milea) of the Yucca Mountain site, and only a
emall portion of this area would be dlsrupted. Soils would be dlaturbed
during eite preparation for exploratory holes and for t.:a exploratory shaft
facility and during construction of access roads and s:rface facllities.
Assuming constructica of 20 exploratory hole access road:, gach 8 kilometers
(5 milea) long and i5 meters (50 feat) wide, about 24% ..ectareas (605 acres)
of gurface soll may be disturbed. Each of the 20 dril.ing pads with 1tsa
asgsoclated facilities and equipment may disturb an a'dttional 1 hectare
(2.5 acres), for a to-al of 20 hectares (50 acres). A 28timated B hectares
(20 acres) of soll would be clsared and graded ia prepz ation for conatruc-
tion of the exploravory shaft facilitiem. An additienal 0.6 hectare
(1.6 acres) would be covered by the rock-atorage pile. The above activities
would disrupt a total of approximately 275 hectares (6ul; acrea) of surface
goll, 1In additlon, about 10 hectares {25 acrea) in the Yucca Mountain area
may be diaturbed by off~road driving, conatructing emall dril) pads, clearing
and grading areas for geophysical studies, and trenching for fault studies.

Removal and compaction of soils during site characfterization would
disrupt the existing physical, chemical, and biotic eoll proceaaes,
Disturbling the soill would temporarily accelarate wind and water eroslon,
although engineering measures can minimize these potential impacta to some
extent, Reclamation of these disturbed lands would be undertaken; the
effectiveness of reclamation in arid environments is being studied. The
acreage that potentially would be disturbed 1s small compared with the tens
of thousands of acres of relatively undisturhed desert land surrounding the
Yucca Mountain eite.

4.2.1.2 Ecopystems

The major 1mpact assoclated with site characterization activities would
be the removal of wildlife habitat, Drill pads, roads, utility lines,
trenchea, gelsmlc lines, and off-road driving would result either in removal
or compaction of soill and deatruction of vegetatlon with the subsequent
disturbance or destruction of the indigenous wildlife., Approximately 285
hectares (705 acreas) of habitat would be diaturbed throughout the study area,

Aa a sgrandard operating practice, before beginning any activity that
would dieturb an area, field surveys would be conducted to asgeas impacts and
to ensure protection of the desert tortoise and the Mojave filahhook cactus,
Construction activities would be sBited to avoeld the cactus and desert
tortoise whenever possible, When found, tortolses may be relocated from
activity sites 1f aubsequent etudies show relocation to be effective. Cacti
would not be relocated,

Wildlife may be adversely affected by the destruction of natural catch
basine or the contamination of ephemeral water in these basins. Physical

destruction of catch basine could occur during constructlon and the water
could be adversely affected by fugitive dust and other alr pollutants.
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Surrounding vegetation may be adversely affected if fluids =zecape from the
bermed rock-storage piie,

Increased human activity could inerease the potential for range fires
during site characterization activities. The vegetation associationa that
are dominated by black brush are commonly conaldered to pragent the greatest
fire hazard. In wet .ears, the annual graag deaert brome aigo ia a hazard.
Range fires can be ignited by catalytic converters on o “-rocad vehlcles,
especlally in atanda of dry grasses. Flre hazard would he reduced by spacing
buiidinga, removing vegetation 1n work areas, and con rsiling off-road
driving.

Wildlife displaced because of neoise and the movement of heavy equipment
would probably return to the area after the activity ceases.

4-2.103 Alr gualitz

Construction and operation of the exploratory shaft and the concomitant
alte characterization activities would generate particulate and gaseous emis~
slons of air pollutants. Most particulates would be generated by drilling,
blaasting, rock removal and storage, batch concrete plant operation, surface
grading and leveling, wind erosion, and vehicle travel on paved and unpaved
roads, with a small contribution from diesel and gasoline combustion.
Gaseoua alir pollutant emissions would congist of carbon monoxide {(CO),
nitrogen oxides (NO ), sulfur oxides (S0 ), particulate matter (PM)}, and
hydrocarbona (HC). X Thege pollutantsa would be produced by diesel- and
gasoline-~powered conatruction equipment and motor vehicles and by diesel-
powered drilling engines and electric generators.

Conatruction phase emiaalona are not expected to create adverse air-
quality effects because conatruction activities are temporary and the surface
disturbance 1s limited to small areas. Particulate emissions would bhe con—
trolled by watering and by paving the most frequently used troadways ag
described In Section 4.1.2.6. Rock debria mined Erom the exploratory shaft
would be stockplled away from the shaft entrance and would be watered lightly
to control particulate emlssions during and after atockpiling. Combustion-
related emipsions from the conutruction equipment would be minimal because of
the emall amount of activity requlred. The use of commercial line power with
only emergency backup dlesel generators on the site would further minimize
combustion emlssions.

Becauge Yucca Mountain is ip an area where the existing air quality is
congldered to be better than State and Federal ambient air-quality standards,
emissions associated with the operation (in sgitu testing) phase of the
exploratory eghaft would be eublect to examinatlon under the Nevada Department
of Environmental Protection {(NDEP) Prevention of Significant Deterioration
{PSD) regulations.

A acreening-level calculation of operation phase atmoepheric emissions
was made to determlne whether the exploratory shaft would be conslidered a
"major statlonary gource” that would require a full PSD review. Because the
exploratory shaft fa not one of the 28 specific socurce types listed in the
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PS50 regulations, fugitive emlissfone ware not considered in that calculation.
Only nonfuglitive emissions were evaluated.

For all nonfugl:lve eources aseoclated with site characterization, esti-
matea were made of nuch activities as test-drilling freqiency, ventilation
parameters, engine borsepower ratinge, etc. Table 4-]1 ;immarizes the data
used to calculate th¢ operation—phase nonfugitive emissi:ng and presents the
resultant emission rates. For conservatism, the Fug +ive particulate
emissions that would be generated by the underground dr. ling sctivities were
treated aa nonfugitive gince they would be exhgusted fium the exploratory
shaft via the ventilation system. Also, the combustic.. emissions from the
concomitant borehole-¢rilling activities were added to i » exploratory shaft
emlasions even though the drilling-related emisslons a.e likely to Dbe
considered “"secondary emissiong” under PSD regulations 3ince the borghole
drilling is not an iIntegral part of the exploratory shatl operation.

Fven with these conservative calculations, the exploratory shaft
emissions are expected to be considerably lesa than the 250~ton per year
emission threshold level for each pollutant criterla that would classify the
source as major and would trigger the requirement for PSD review and permit-
ting (Table 4-1). However, because the surface area disturbed for the
exploratory ehaft facility may exceed 8 hectares (20 acres), a Nevada
reglstration certificate may be requirad before beginning the site.
preparation activitiesa. A formal PSD applicability determination would be
made by the NDEP at the time of application for any required registrstlon
certificates. That application would require a complete emisslion calculatlon
for both fugitive and nonfugitive scurces using the most recent data,
available along with sir-quality modeling to determine whether amny State or
Federal ambient air quality standards would be violated. The very sgmall
amount of emission-generating activity during in situ testing makes it highly
unllkely that significant air quality impacts would be experienced.

The impact of fugitive particulate emisseions, which are excluded from
the PSD applicabllity determination discussed above, has not been quantified
for the exploratory shaft sctivitlies. This impact, however, 1s expected to
be minimal and in compllance with applicable State and Federal ambient air
quality standards. This conclusion is supported by Information presented In
Sectlon 5.2.5.2, which deals with repository construction. The analysis
presented 1in Section 5.2.5.2 includes both fugltive and nonfugitive
particulate sources (see Table 5~12), and concludes that no amblent standards
would be viclated during repository construction. Many of the activitles
that would be taking place during construction of the exploratory shaft would
be slmilar to the activities aasumed for repesitory construction but on a
smaller ecale (e.g., concrete batching, rock excavation and dumping,
grading). Because the 1mpacts predicted to occur during repository con-
struction include fugitive particulate emisaions and atill are not predicted.
to violate applicable amblent ailr quality standards, violations during
exploratory shaft construction are not anticipated. o .
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Table 4-1.. Su@méry of nonfuglitive -atmospheric emissions from site characterization

o Réfing ' Emiseion rates (toné/year)a
Number per unit Use Load Control —— '
Source of unics (hp) - (hr/yr) factor factor (O HC ’Nox 50, - PM
EXPLORATORY SHAFT |
Generators® 2 systems 700, 52 0.80 - 0.2 0.1 0.9 0.1 0.1
Drilling® 500 holes NA NA - 80 A NA NA NA 0.1
BOREHOLE DRILLING
Orill engiges’ 2 rigs 200 6570  0.75 -~ 23.0 8.5 106.5 7.1 7.6
Gepmerators 2 rigs 469 6570 0.80 - 16.5 6.1 76.1 5.1 5.4
TOTAL 39.7 4.7 183.5 12.3 13.2
8¢0 = carbon wonoxide; HC = hydrocarbons; NOx = nitrogen oxides; SOx x éulfur oxides; P4 = particulate

matter. . .
Emission factors from EPA (1977): CD = 3.03 grams per horsepower—hour, HC = 1,12 grams per horse-

power-hour, NO = 14.D grams per horsepower-hour, SOx

per hor-Isower—hour.

?Emissiou factar for particulate matter is 1.5 1b/hele (PEDCo--Environmental, Inc.,

%A = not appli cable.

1978).

= 0.931 grams per horsepower—hour, PM = 1.00 grams

0
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4,2.1,4 Nolse

Wildlife would b: the only sensitive nolse receptor {a the vicinity of
glte characterization activitiles, The effects of nolse on wildlife are
speculative, Laboratury experiments have shown both temputary and permanent
physical and behavioral effecte 1f the wildiife 1e reperredly exposed to
levels in the 75 dBA :0 95 dBA range (EPA, 1971; Ames, !Y78; Brattstrom and
Bondello, 1983), For 1instantaneous noilse, such as sing-: blasts, levels
exceeding 140 dBA have been tolerated by animals with li.tle or no effect
(Cortereau, 1978), Tor this analysis, the level of rxposBure at which
wildlife could be affected im assumed to be 75 dBA for .catinuous nolse and
140 dBA for exposure to single incidents, such as blasting.

The congtruction of surface facilities in Coyote Wash would produce the
highest sustained noise levels assoclated with site characterization. Other
glite characterizatlion activitles would not contribute significantly to these
sustained nolse lwvels because of their small magnltude, direction, and/or
location. Since congtruction technigues have not yet been specified, it 1s
agsumed that conatruction equipment requirements would be similar to those of
other large facilities. The maximum noise level attributed to each plece of
construction equipment assumed to be used are listed in Table 4~2, This
table also contains the estimated maximum nolee level at 150 meters
(500 fcet) from the foecal polnt of construction activities, Because the
egtimated nolse level at 150 meters (500 feet) 1s based on the highesr levels
poesible, the analysie 1s conservative. Furthermore, the analysis assumes
that the geometric divergence of the sound waves provldes the only attenua-
tion., Agaln, thils analysis 1e conservative because it excludas the possible
attenuation due to absorption and barrier effects. With the estimated noise
level of 88 dBA at 150 meters (500 feet), wildlife may be affected within
0.6 kilometers (0.4 miles) of the construction slte (Table 4-2).

Mining of the exploratory shaft would aleo entall blasting., To assess
the effect of blagting mnoilge on wildlife, a maximum {inetantaneous diecharge
of approximately 32 kilograms (70 pounds) of explosives was assumed, which
would result in a nolse level of 120 to 130 dBA at 150 meters (500 feet).
Since this level 19 substantially below the single blast level assumed to
affect animals (140 dBA), no wildlife impacts are predicted.

During operation of the explorstory shaft facility, the ventilatlon fan
would be used continuously. Because of Occupational Safety and Health
Administration (OSHA) nolse standards, the maximum noise level to which a
worker may be exposed for eight hours must be less than or aqual to 90 dBA,
At 90 dBA, the ventilation fan would be the loudest continuous source of
noise. (However, the estimated nolse levels during the operation phase would
be far less than those during the construction phase g¢ince the boring machine
and drill rig would no longer be in use.) Coneequently, no significant
long-term impacts to wildlife are anticipated.
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Table 4-2, Maximum polse from construction of the exploratory shaft

facilitya
Maximum nolse
Jevel at 15.2 Eeters
{50 fget)"

Equipment Number (dBA)
Alr compressors I 81
Backhoes i 85
Boring machines 1 .98
Bulldozarﬂ 1 ’ Boc T ’
Concrete mixers 1 S 890
Cranes Y v 83
Drill rigs ! 1018
Dump trucks 6 88¢
Earth movers 6 78
Front~end loaders 6 76°¢
Grader scrapers 1 . 88 .
Gravel elevators 1 88
Service vehicles 30 88
Shovels i o B2
Steam trollers 1 75%
Truck handling R

conveyor 1 - . 88

Maximum estimated noise level at 150 metera (500 feer): 88 dBA

gMethods for all calculations are given in Chanlett {1973).
cData estimated from EPA (1974) unless otherwige indicated.
Data from Henningson, Durhsm and Richardson Sciences {1980).

Site characterization could include the use of explosives at the -
surface, Assuming & maximum unconfined surface discharge of 45 kilograms
(100 pounds), noise levels in excass of 140 dBA could occur for up to
1,525 meters (5,000 feet) from the blast site, Hence, if such & charge were
detonated, wildlife could be affected up to almoat a mile away. Becauae the
maximum poesible charge was assumed and because no barrier and absorption
attenustion were assumed, this estimate 1s considered comservative.

The effect of noise 1s expected to be insignificant because, as
explained in Section 3.4.2, the area propoeed to be disturbed during seite

characterization contains no unique or critical habitat and no federally
protected species. In addition, some of the wildlife in the area that 1s
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expected to be subjected to continuous nolige above 75 dBA will have beaen
displaced during clesring and grading for mite preparation. Raesldents of the
nearest town (Amargc:a Valley) are not expected to be affected by noise
produced by site cheiacterization,

4.2,1.5 Aesthetics

The two acc2es roads from Fortymile Canyon to the cop of Yueca Mountaln
can be seen from eastern Jackass Flats and Skull Mount-ia, both of which are
on the Nevada Test Site (NTS), From the ground, the si1:e characterization
activities would not be visible from major population :enters or public
recreation aress, hut may be visible from public highways and some .portions
of Amargosa Valley, The entire project area can also he seen from. the
commercial airline flight path that follows U,S., Bighway 95 south of tha NTS,
Considering this limited public viaual exposure, the visual impact would not
be significant, oo :

4.2,1.6 ‘Archaeological, cultural, and historlcal resources

The Desert Research Institute has conducted an intensive cultural ..
regources gutvey of all areas thst are likely to bhe disturbed by the
characterization and development of the exploratory shaft facility (Pippin
et al., 1982), That survey identified two gsignificant cultural resources
(26Ny2969 and 26Ny2970) in Drill Hele Wash. Two additional cultural
resources (26Ny2993 and 26Ny3039) were recorded along the power line route to
the proposed explovatory shaft facility. Teat excavations at these sltes
revealed that the cultural remains at all four sites were restricted to the
present ground surface and that all four sites were algnificant with respect
to the potential information that those cultural remalns offered concefning
past adaptive strategles of hunters end gatherera (Pippin, 1984)}. all four
gites were eligible for nomination to the National Reglster. The sltes have
been collected in consultation with the Stste Historic Preservstion Officer.

Although direct impacts to the two cultural resources in the immediate
vicinity of Coyote Wash could be avolded during screening activities, it was
determined through consultation with the Nevada Division of Historic
Preservation and Archaeology that both sites were in danger of indirect
impact from those activitiesa. 1t was also determined through consultation
with the same agency that both archaeoclogical sites along the power line
route te the proposed exploratory shaft facility might be directly and
advergely impacted by. the construction of thst powerline. Consequently, 1t
was decided that the systematlc.collection of cultural remains at all four
archaeological sites would adequately mitigate these potential adverse
impacta. Surface collections were conducted during 1984 and a report is
being written: concerning the findings,

S
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Direct impact to other sites both on and around Yucca Mountain may occur
during eite preparatirn for exploratory drilling, geophysical surveys, or
other surface-disturbing activities. Before activities begin, archaeological
or cultural resource sites would be 1dentified 1in affected areas and
evaluated for their signif{cance and National Reglater eligibility. The
standard operating pinctice would be to avoid these sites whenever possible.
If a gite cannot te avolded, it would be salvaged, and the [indings would be
documented. The art facts and important knowledge about the site would be
preserved. Indirect impacts, which result from unauthoy zaed excavation or
the collection of artifacts, can be lnduced by improved .ccess to the area.
However, workers would be prohibited from such excavatl n 2r collection.

4+2.2 SOCIOECONCMIC AND TRANSPORTATION CONDITIONS

The evaluation of the potential socloeconomic effeccs of site character-
izatlon activities coneidered economlc, population, cowmmunity services,
goclal, and fiscal and governmental effecta. The evaluztion of transporta-
tion effecta waa centered on U.S. Highway 95, which wousd be used for the
tranaportation of both workers and materiala to the site., For the soclo-
economic analysis, the affected region is defined as the bicounty area of Nye
and Clark counties {Figure 3-21 and Section 3.6). HMost site characterization
activities would take place at the Yucca Mountain site In southern Nye
County, which is about 16] kilometers (100 miles) by road from the Las Vegas
urban area. Some other Nevada Nuclear Waate Storage Investigations Project
activities would take place 1u the Las Vegas area, including work that would

be performed at the U.S8. Department of Energy (DOE) offices presently in Las
Vegan.

The soclal and economic impacts of site characterization-r=lated popula~
tion increases are expected to be small and insignificant. The fiscal effect
of State and local participation in the repository-related planning processes
may be significant. However, the Nuclear Waste Policy Act provides for

grants to States for the purpose of participating in such activities (NWPA,
1983). L

442.2.1 Economlc conditiona

The assessment of the effect on economic conditlons in the region 18-
based upon an evaluation of site-characterization employment and materials
requirements, and related population effects. As described below, this
effect 18 considered poaltive but inaignificant. -

4e2:2.1.1 Employment

Direct labor requirements for site characterlizatlon coneist of onsite
and offeite workers. Most offsite workera would be Jlocated at the U.S.
Department of Energy (DOE) and contractor offices in the Las Vegas area.
Other offsite workers include employees of national research organizations,
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such as the national laboratories, who would conduct brlef visits to the
aren.

Table 4-3 shows the anticlipated peak number of onsite and offsite
workers directly requlred for the site characterization w:tivities deseribed
in the previous secq¢’ens of this chapter. The table alsc 1ndicates the
number of indirect wurkers that are likely to be assoeir ¢d with the direct
workers. Indirect employment {8 a result of the servi:..a required hy the
direct workers and their familiea. The peak number of _.otal (direct plus
indirect) site chavacterlizstion-related workers 1s eat:ritzed to be about 690.
This represents about 0.3 percent of the historical 1983 Nye and Clark county
total wage and salary employment (State of Nevada ESD, i i4; State of Nevada
0CS, 1985). Any growth 1n baseline wage and salary emplcyment would make the
total site characterizaticn~-related employment an even emaller fraction of
actual employment in the bicounty area in the Iate 198us. Therefore, the
employment lmpact of site characterization 1g considered te be insignificant.

Based con the similarities between the slte characterlzation activitles
described in the previous mections of this chapter, ani construction and
drilling activities currently carrled out by the DOE and its contractors at
the Nevada Test Site (NTS}, it 1s estimated that about 60 percent of the
direct workers shown in Table 4-3 are currently employed In DOE activities.

Table 4~3. Peak number of alte characterization workers

Subsurface
Category of Surface constructiog
worker construction? and teating Testing onlyc

Direct d :

Onsite 72 147 96

Offaite 126 126 126
Total direct 198 273 222
Total indireet® 305 420 ' 342
Total direct and Indirect 503 693 564

iAseumed to take 6 montha,

CAsaumed to take 23 months.

dAaaumed te take 26 montha.

Includes g maximum of 9 dorkers for the conatruction of the Secondary
egress shaft, which was eatimated to take 3 to 4 momths.

Aseumea 1.9%4 indirect workers assoclated with each direct worker {gee
Section 5.4.1.1).
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Accordingly, only about 40 percent of the 273 workers employed during the
peak employment perio-, or 109 workers, would represent new Nevade Nuclear
Waste Storage Investigations Project employees. Using arn indirect multiplier
of 1.54 (see Section 5.4.1.1), the indirect employment effect would be about
168 new Jjobs., Adding these indirect workers to the 10%¢ direct workers
results in a total of ahout 277 new joba 1in scuthern Nev:ila over the first
two years of slte c¢cheracterization. This same 1inerease :ould occur over a
period as brlef as six months under alternative budgets. s scenarios being
consldered by the DOE, 1In either case, the employment impact would be
positive but 1insignificant.

4,2.2.1.2 Materilals

Most of the matarials used in site characterization would be required to
construct the exploratory shaft facility. Table 4-4 diaplays the estimsted
material requirements for the exploratory shaft facility., It 1is expected
that a substantial portion of these materials would be procured through
contractors located ‘in southern Nevada. Materials not available In asouthern
Nevada would ultimately be obtalned from outslde the bicounty region.

4.242.2 Population density and distribution

The estimated maximum population Impact of eite characterization actliv-
ities (assuming 273 new direct workers) would be to incraase the bicounty
population by 2,080, assuming that onalte and offsite employees would bring
an average of 1[.28 dependents and related indirect workers would bring an
average of 2.47 dependents (DOE, 1979; sce also McBrien and Jones, 1984).
This 1s about 0.4 percent of the projected 1985 population (tables 3-15 and
3-16) of the bicounty area, A more reallstic analysis would assume that 60
percent of the workers required to conduct site characterization activities
are already employed in other U.8, Despartment of Energy activities In the
game area. The actual populatlon lacrease due to site characterization
actlivities using this assumption 18 expected to be only about 830 persons.
The population impact in the blcounty area {8 considered to be insignificant
using either assumption.

The estimated maximum population incrsase of 2,080 assoclated with site
characterization would not be significant even when consldered at the
community level. Using recent settlement patterns of Nevada Test Site {NTS3)
workers {Table 5~26}), Table 4-5 shows the expected distribution of thia
maximum population lncrease to Clark and Hye county communities nearest the
Yucca Mountain site. That table also shows recent published population
estimates for those communities and the percent of the historical population
that each community's share of the maximum site characterigatlion population
lncrease represents. These percentages of the maximum population ‘increases
are not considered significant and would actually be smaller when considered
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Table 4-4. Retources committed to the exploratory shaft facilitya

Suhsurface
b Surfaca constructign TesLLFg Decommi g~
Resource construction® and testing®'® only eloning
Energy

Gasoline: gallons 100,000 190,000 19,000 100,000
li.ers 380,000 720,000 720,000 380,000

Dlesel .

fuel: gallons 240,000 230,000 £%,000 120,000

liters 910,000 870,000 246,000 450,000

Electricity: b : B .
MWhr 140 8,600 6,500 . 14D

Explosives:
pounds none 135,000 none none
kilograns 61,000

Materlals

Cement: pounds 130,000 2,500,000 none none
kilograms 59,000 1,100,000

Steel: pounds 300,000 1,120,000 none none -
kilograms 140,000 508,000

Copper wilre: :
pounda 80,000 6,000 none . none..
kilograma 36,000 2,700 Cr

Wood power poles 100 nene none : noné

a'Tranelport:.eut:ion effects in Section 4.2.2.6 were calculated using the
following asaumptions on capaclty per truck: 17,000 kilograms cement; 17,960
kilograms structural ateel; 56,800 liters fuel; 6,800 kilograms explosives;
7,30% kilograma copper wire; and 100 wood poles.

c1 gallon = 3.785 liters; 1 pound = 0.4536 kilograms; MWhr = megawatt-hours

Aspumed to take 6§ months. - :
eIncludas.secondary._eg:ress shaft,
fAssumed to take 23 months.
Assumed to take 26 months.

4=34

.. D = T . T ] N 27 T N8



Table 4-5. Diatribution of maximum population increase assoclated
with aite characterization activities to communities in
Clg 'k and Nye county nearest the Yucca Mountain site

Parcentage of

Historical Maximum p0pulgtion historical

Community population increana population .
Unincorporatad urban 376,628c 1,364 Qud

Clark County rand

Laa Vegas
North Las Vegaa 42,739 208 .0.5.
Indian Springe 1,646% 85 L 5,9
Henderson 24,363 64 B
Boulder City 9,590 8 0.1
Pahrump 5,500 127 | 73
Tonopah 2,500 40 I ";‘1?.6,.;_
Beatty . 800 -. 2_.; | - hl.;_f d;i-”.
Town of Amargosa® 1,825 6 . a3

8Hietorical population estimates for Clark County communities are for 1980
(Clark County Department of Comprehenaive Planning, 1983); those for Nye County
communicies are for 1984 (Smith and Coogan, 1984). Population data from these
sources correspond generally to geographlic areas of ZIP codes reported by
Nevada Test Site workere and eummsrized in Tsble 5-26. However, there may be
cages where the community boundaries and ZIP code boundaries are not
colngident.,

Calculstion based on data in Table 5-26. Note column doee not sum to
2,080 since all zip code areas shown in Table 5-26 are not 1included.

Population of unincorporated Las Vegas Valley plus Las Vegas.

Includes 491 military personnel.

Includes population concentrations in the settlementa of Amargoaa Valley,
the Amargosa Farm area, and the American Borate housing complex,
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relative to the populations of those communities in the late 1980s when site

characterization act lvities are expected to peak. A more reallstlc analysis,
agsuning approximat¢ly 60 percent of the Aite characterigation work force is

already located in the area, would also show that population implActs to these
communities would be Insignificent.

4.2.2.3 Commun.ty services

Effects on comminity services would result from significant changes in
the service—-area population or from smaller population increases in areas
where service capacities have been reached. Because no significant
population changes are projected, the only effects on community services
would be &n exacerbation of the present water-supply problem in Beatty,
described in Section 3.6.3.3, 1if new workers were to scttle there., Howevar,
since only two additional people ave expected to settle 1in Beatty
(Table 4-5), the 1impact of site characterization on this existing problam
would be very small.

4.2.2.4 Soclal Conditions

Social impacts often assoclated with eignificant changes in community
population levels are not expected to occur, because no significant changsee
in either vegional or community population levels are expected to accompany
Yucca Mountain aite characterization activitiea, However, some soclal
effects could result from an increase in the public's awareness of the Nevada
Nuclear Waete Storage Investigations Project. This might result if a
decislon to select Yucca Mountaln for site characterization were to create an
increased local and reglonal controversy and dissent over the prospect of a
high-ievel radiocactive waste repository at Yucca Mountain. The effects might
include changesa Iin soclal organigation that are asseoclated with the formation
of opposition and support groups, digputes within existing groups, and a
focused attention on repository-related lsseues.

4.2.2.5 Flscal and govermmental structure

Effects on fiscal and governmental structure are related to employment,
population, community services, and State and local government agency partic-
ipation 1in site charvacterization activities. Site characterization
activities at Yucca Mountain are not expected to have a significant effect
elther on regional and local employment or on populatfon and community
services. Therefore, no significant fiscal impacts are expected from either
population or employment effecte of site chsracterization. While the social
effects of any changes in the level of controversy surrounding the Nevada
Nuclear Waste Storage Investigations Project may affect the political
organlzation and potentially the governmental structure of the area, such
effects are not expected to be significant.

4~36
3 Y "Y NN ie L Y



A potentially significant effect of recommending Yucea Mountain for site
characterization wov'd be an Increase in State and local particlpation i1In
planning activities. Section [16{c){1){B) of the Nuclcar Waste Policy Act
{NWPA, 1983) explicstly recognizea the fiscal implications of 3tate

participation and piovides a mechaniem for financlal susfstance for the
following purposees:

1. To review the U.S. Department of Energy activ.:ies undertaken to
assegs the potential economic, social, publiec ucalth and safety, and
environmental impacts of a repository.

2. To develop a request for agelstance to alleviat 1impacts assoclated
with th: development of a repository.

3. To engage in any monitoring, teating, or evaluavinmn activities with
respect to aite characterization programs.

4+ To provide information to State residents about State and Federal
actlivities concerning the potential repository,

5. To requeat informatiou from, and to make comments and recommenda-

tions to, the Secretary of BEnergy regarding the elting of a
repository.

Additionally, Section 116{(c){(3) of the Nuclear Waste Policy Act provides
for grante-equal-to-taxes (GETT), to the State and units of general loecal
government in which a site for a repository is located, 1if such site 1is
approved for site characterization {NWPA, 1983).

4.2.2.6 Transportation

During aite characterization, transportation effects would be
concentrated along U.S. Highway 95 as workers and materiala are transported
to and from the site. Table 4~3 indicates that the maximum onsite work force
ig expected to be 147 people. Ag stated In Section 4.2.2.1.1, about &0
percent of these workers currently are employed by the U.S. Department of
Energy and 1{ts contractors. Therefore, little additional traffic is
anticipated. Assuming a woret case 1n which each new worker would drive a
private automobile, the reaulting increment of approximately 60 vehicles
during the evening peak hour from 5 p.m. to 6 p.m. would not cause
the service levels {(Table 3-8) to change on any segment of U.S. Highway 95.

The trangportation of materials would occur during all phases of site
characterization. Material requirements and time frames are listed in
Table 4~4. The per~shipment quantities noted in Table 4~4 sugguest that the
maximum amount of dally shipmente 1e¢ expected to occur during exploratory
shaft facility construction. Assuming 250 work days per year, approximately
one truck shipment per day would be required. Peak shipments may require
several additionmal trucks per day. Thia increase in number of vehicles would
not present any adverse effects on any part of U.S. Highway 95.
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4.2.3 WORKER SAFETY

A prelimlnary estimate of aceldental injuriles and fatalitles during site
characterization was calculated using the expected number and type of workers
te be employed durlrg exploratory shaft facility construction and oparation,
and 1982 statist’ce on worker injuries and fatalitier provided by the
National Safety Coracil (1983}, To obtain an upper-tuund estimate, all
workers 1in the undsrground facility were assumed to Lo miners, although
aclentista, techniclans, and supervisoras sre also exp. 'ted to work in the
itnderground portion of the facility, Approximately 14 injuries could be
expected to result during the exploratory shaft faci 1ky constructlion and
operation perfod of 55 months; less than ona (Q.13) f thege accldents s
expected to result in a death.

Protaction of worker health willl be maintaiped by application of all
appropriate health snd safety yvegulations to the maxiwmum extent; however,
unique developmental requirements {e.g., dry drilling) may require the use of
developing technology.

4.2.4 IRREVERSIBLE AND IRRETRIECVABLE COMMITMENT OF RESOURCES

Most of the resources that would be committed to site characterization
would be devoted to the explaoratory shaft facility., Therefore, thls saction
focuses on rosources compmitted to construction and operation of this facility
{Table 4-4), The quantitias listed in Table 4~4 are estimates. Items such
a8 gasoline consumption are not customarily included as part of engineering
conatruction design studics. The estimates in Table 4-4 were therefore
cbtained by consulting several experieanced engineers, and these estimates may
change as additional information becomes availgble. No adverse effects are
expected to result from the commlitment of these resourcae.,

4.2.5 SUMMARY QF ENVIRONMENTAL RFFECTS

A summary of the characterization activities and their potential impacts
is shown In Table 4-6+ The tabile lists the activitiesr and thelr effecta,
outlines standard eperating practlces top minimize environmental effects, and
evaluates the extent of any environmental impact remaining after atandard.
operating practices have been implemented.

Land-gurface disturbance would result in the most widespread and lasting
impact on the physical enviromment. Repmoving vegetation from approximately
285 hectares {703 acres) is expected to result in adverse 1mpacts on alr
quality, surface hydrology, the local ecosystem, and visual aesthetics. None
of these impacts, however, are conslidered extensive or severe enough either
Individually or cumulatively to be judged as significant.

Equlpment used during site characterizatlon wlll iucrease the emisalons
of hydrocarbons and particulates and will increase the naise levels around.

Yucca Mountain, WNonfugitive emiseions during operation of the exploratory
shaft facility were calculated to be considerably less than the level
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required to classify the alte as a major asource under Nevada and Federal
regulations. Incre:ised noise 1e not expected to have significnant effects
because residents ¢ .oseat to Yucca Mountaln would not hbe disturbed, and the
wildlife that may b. affected would probably already have been displaced by
site~preparation ac-ivicies (clearing).

A qualified archaeologist has surveyed a large ar+a surrounding Yucca
Mountain. I[n addiiion, preconstruction gurveya will * <conducted Lf areas
outside those already surveyed are llkely to be distur.ad by project activ-
ftiea, If identified sites cannot be avolded, the stz will be seclentif-
1cally excavated and documented. Workers will be ag:ised of legislation
prohibiting unauthor: zed collection or excavation of el 5.

The U.S. Department of Enargy (DOE) does not expect sita character-
ization~related population increases to result in any algonlficant adverse
socicaconomlc 1impacts. Approximately 690 direct and 1ndirect Jjobs are
expactad to result from conducting site characterization at Yucca Mountain.
This employment impact {5 considered insignificent eithar at the bicounty or
community level. lomigration 1s not expected to sipnificantly affect
community services or soclal conditions, although support or opposition
groups may form and mobilize in the communities. The costs of 1lncreased
local and State participatlon in the planning process during site character-
ization could be significant. However, the Nuclear Waste Policy Act (the
Act) provides for grants to host etates for these purposes (NWPA, 1083).

If the Yucca Mountain eite 1ie recommended and approved for alte
characterization, the DOE would establish a monitoring program to validatae
the expected socioeconomic impacts of site characterization presented 1in thle
chapter. The DOE would prepare a socloeconomlic monitoring and corrective
action plan to be released after the recommendation and approval process.
Thie monitoring and corrective action plan would (1) describe how the DOE
would monitor site characterization activitles at the Yucca Mountain site,
(2) outline the procesg the DOE would follow to work with States, affected
Indian Tribes, and local governments to share such monitoring information,
and (3) identify thz mechanisms by which the DOE would determine spproprilatce
and timely corrective action for any unexpected significant adverse soclal or
economlc 1lmpacts that are ldentified by the monitering program.

States and affected Indian Tribea may apply for grants under the Act to
engage 1in monitoring activities with reapect to DOE site characterization
activities. Additionally, the State and units of general local government in
which a proposed repository slte has been approved for site characterization
are eligible toc apply for funding under the grante-equal-to-taxes {GETT)
provislons of the Act (Section 116{c)(3)), (NWPA, 1983).

Transportation of workera and materials 1s not expected to affect the
level of service along U.S. Highway 55, and emissions from these vehicles are

not expected to significantly increase air pollution in the U.S. Highway 95
corridor.



4,3 ALTERNATIVE SITE CHARACTERIZATION ACTIVITIES

At-depth 1in ai"u selte characterization 1s mandated by the Nuclear
Regulatory Commissi.n (10 CFR Part 680, 1983). Therefare, alternatives to
developing an exploratory shaft factlity during site cluracterization have
not been addressed. However, there are alternative me.hods to accomplish
at~depth 1in situ site characterization, The major altucaative 1is drilling
(as opposed to mining) the exploratory shaft. Other lternatives include
varying the size, number, and location of underground i..st facilities.

Some variations in the design of surfsce support tacilities and in the
degree cof site disturbance would occur 1f the shaft « re drilled. For
example, precongtruction site disturbance for a drilled shaft would require
sinking two confirmatory boreholes that would be used for geologic and
hydrologic testing. Only one confirmatory hole i{a required 1f the shaft were
to be mined, and this would result in less surface disturbance. In addition,
maintaining access to the additional borehole for future testing would reduce
the area available to optimally site other surface support facilitiles.

Drilling of the exploratory shaft would require the inclueion of a lined
mud pit in which to hold the cuttings and drilling fluid. The size of the
mud pilt would be constrained by the topography of the site. Therefore, 1t
would be necessary to periodically dredge the mud pit by dragline or similar
mechanical means and to transport the cuttings to a second lined pit located
away from the immediate shaft vicinity. Dredging the mud pit may aleo
increase the potential for disturbing the liner and allowing £fluids to
infiltrete into the unsaturated zone.

Ouring the drilling process, the shaft isa partially tilled with a
drillivg filuld consisting of water, clay, and polymer. This fluld provides
hydrostatic support fto the shaft wall, lubricates and cools the drill bits
and reamers, and carriles rock chips to the surface. These construction
practices severely limit the ability to characterize the natural hydrologtic
setting of the unsaturated zone. The most important potentially adverse
impact of drilling would be the potential alteration of existing In situ
moisture conditions due to introduced drilling fluids. Drilling the shaft

would also preclude mapping the shaft wall, which would be done 1f the mining
technique 18 used.

In conclugion, the drilling alternative to shaft mining 18 not
congldered desirable. Varying the size, number, and location of the
underground test facilities would have either little or no Impact on the -
enylronmental conaequences of site characterization.
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Table 4-6.

Summary of environmental effects assoclated with site chatacterization

Impact category

Activity and effects

Regidual impacts
Standard operating practice of significance

Geology

Hydrology

Excavation of the exploratory shaft
facility may result in minor
spailing.

Use of radiatien sources in geo-
physical logging may result in

a release of radiouuwclides ro the
subsurface.

Diverting nmatural draimage chaanels,
bullding surface facilities, and
filling areas (the rock-storage
plle} may concentrate local rumoff
in the event of a heavy rainfall,
resulting in locally accelerated
eroslon and gullying, particularly
on Steep slopes.

Use of radiocactive tracers im sonme
boreholes may have worker health
and safety effects and may intro-
duce radionuclides to the sud-
surface.

Line both the exploratory shaft  None
and the secondary egress shaft,

Drifts in the main test facility

can be supported by conventional
rockbolts, wire mesh, and shot-

crete.

Contain geophysical logging None
sources and ensure sSources are
retrievable, Train workers in

routine handling and emergency
procedures, OQbtain State of

Nevada license for sources.

Use proper eungioneering designs None
for surface facilities aud run-

off diversions., Construct a
containment berm around the
rock—storage pile.

Use proper handling procedures None
and short half-1ife tracers.

FLY
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Table 4-6.

Summary of eaviroumental effects associated with site characterization (countinued)

Impact category

Activity and effects

Residual impacts

Standard operating practice of significance

Byd-aluey
{(Conrtu.ucd;

Land use

Solls

rilling of hydrologlc exploratory
porehe 1+a and ~zcavat{on of the
exploratory shaft may affeet the
quality or quantity of the local
ground water.

Al) activity would occur on Federal
lands aot currently in use.

Coaatruction of access roads and
site preparation for exploratory
holes and the exploratory shafe
facility may disturb soils over
approximwately 273 hectares

{675 acres). An additiounal

12 hectares (30 acres) of sur-
face soils may he disturbed by
rock-gtorage pile, off-road
ariviag, trenching, and geo~
physical studiles.

Minimize amount of ground water  None

withdrawn; cap and seal explora-
tory boreholes after completion
of ground-water studies.

Acquire appropriate permits, None

clearances, and approval for
activities on Bureau of l.and
Management and U.5. Alr Force
lands.

Stockpile topsoil. Use appro- None
priate design to minimize
disruption and the potentlal for
lacreased runoff and erosion.
Establish cratfic corrldors 1n
off-road areas and confine
traffic to these. Hinimlze the
number of corridors and use
existiag tralls where possible.
When access routes are no longer
required, rip or disec rcad
surface and recontour to promote
revegetation.

]
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Table 4-6.

Sumpary of environmeantal effects assoclated with site characterization (continued)

Impact category

Actiwity and effects

Standard operating practice

Residual impacts
of significance

Ecosystens:

Site characterization activities
will result in the removal of

wild {72 habicat {see Solls) and
displacement of the resident popu-
latioms.

Site characterization activities
may expose wlildlife to elevated
noise levels, resulting in dis—
placement of wildlife or behavior
modificattons.

Fugitive dust and other emissfons
may degtroy or contaminate epheneral
water In catch basios. - -

Fiuld escape from rock—storege pile
m..y result 1o adverse effects to
surrounding vegetation. '

Off-road driving and increased human
activity may result in an increased
potential for range fires. '

Conduct preccoastruction surveys
to map resident populatious.
Locste activitles to avold
sensitive species when
possihle. Possihly relocate
desert tortoise if avolidance

is unot possible. Restore
physical hsgbitat and implement
revegetation program.

None

Suppress dust and particulate
resuspension by spraying water.
Minimize emlssions from other
SOAITCAS . :

Berm rock—-storage area.

Control off-road driving; space
buildings adequately; remove
vegetation in working areas.

Significant for
short term ian
affected areas.
Insigunificant over
the long term and
on a reglonal
basis.

None

None

None

Nomie
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Summary of environwental effects associated with site characterization (continued)

Impact category

Activity and effects

Standard operating practice

Resldual impacts
of significance

Alr auality

Noise

Aesthetics

Drilling, blasting, removing and
storiag rock debris, operating the
concrete batch plant, grading and
leveling the surface, wind erosion,
vehicle travel on paved and unpaved
roads, and equipment emissions will
generate particulate and gaseous air

.pollutants,

Construction of surface facilities
will resBult in increased nolse.

Blasting relating to seismic studies
and excavation of the exploratory
shaft will result in increased noise.

Operation of the exploratory shaft
facllity will result in increased
noise.

Site characterization activities
will only be visible from
portious of Amargosa Valley and
U.5. Highway 95.

Control particulate emissions

by sprayling uonpaved roada, rock
debris 1a transit, and the rock-
storage plle., Comhustion--
related emlssions will be
minimal and temporary.

Rone

NHone

Use baffles or silencerse in
response to Occupational Safety
and Health Administration limits
on continmuous nolse.

None

None

None

None

None

None

Y LY
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Table 4-6.

Sumpary of environmental effects

assoclated with site characterization (countinued)

Impact category

Actlvity and effects

Standard operating practice

Residual impacts
of significance

Archaeological,
culigeral, and

SNt ol

resources

Socloeconomics

Surface disturbing activities may
result In destrvction or disturb-
ancz sf sltes,

Indirect impact to sites not
directly affected by surface dis-
turbance may occur due to off—rnad
driving and Increased human
activicty in the vicinity of Yucca
Mountain. '

Site characterization activities
are expected to employ a peak of
690 direct and indirect workers,

which represents about- 8.3 pércent-

of historical Nye and Clark county
rotal wage and salary employment.

State and local participaticn in
planning activities will increase
resulting in Increased costs to
State snd local governmentrs,

Conduct a preconstruction

survey of areas to be disturbed.

Avold sites when possible;
excavate and/or salvage site
and document findings when
avoldaance 1s not possible.

Inform workers of legislation
that protects sites from un-
authorized excavation or other
damage .

None

Provide for tigancial assis-
tance to State and local _
governments Iin accordance with
provisions in the Noclear Waste
Policy Acr {RWPA, 1983).

None

None

None

None
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Summary of environmental effects associated with site characterization (continued)

Impact category

Activity and effec;s

- Standard operating practice”

Residual impacts
of significance

Trarszgortation

Worker safety

Transportation of comstruction
mat2rialis 224 workers along U.S.
Highway 95 may result in 60
additional worker vehicles between
5 and 6 p.m. and one truck shipment
per day.

Excavation of the exploratory shaft
facility may result in approximately
14 worikcer injurles over 55 months.

Nome

Establish worker safety and
training programs. Comply

with the California Tunnel

and Mine Safety Orders.

‘None

Average for the
mining industry.
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Chapter 5

RETONAL AND LOCAL EFFECTS OF LOCATING A
REPOSITORY AT THE SITRE

This chapter presents an evaluation of the regfona! znd local effects
that might result from locating a reposiitory ai Yuc¢. Mountain, This
preliminary evaluation ie based on information about th. environment of Yucca
Mountain and vicinity, Lhe soclal and economic conditicus in the hicounty
area that can be expected Lo experfence the majority o7 the effects of
conetructicon and operation of the repository, the tracy: »rtation system and
access routes that would be used for Lransporting waste .nd other materials
to Lhe repository, aund on the deaign of the repository. A detsilad analysis
of regional and local effects would he performed in coajunciion with eite
characterizatinn activities and will be reported in the snvironmantal impact
gtatement prepared by the U.S. Department of Energy {(0OB) befare the
selection of a repository site,

The repository design 18 not complete, and 1t is aevolving as more data
are gathered and as the design process coniinues., The design that 1is the
hasis for Chapter 5 1s called the (we-stage repository design concept, A
previcus design, the hasis for evaluationsa in the draft Environmental Assess-—
ment (EA), is now calied the reference repository design concept; it is not
used in the final EA except ia & few evaluations where 1t provides an upper
bound Lo the effecis of the later designs.

The two-stage repository design concept is discussed in Seetion 5.1.
This design, however, is continuing to evolve and should be considered a
preliminary step in the design procese. As an {ndication of the way the
design 1is evolving, the Ilantroductory parrt of Section 5.1 contains & discus-
slon of newer ideaa called the current degign concept. Table 5-1 presents a
comparison of the characteristics of the reference repository design concept,
the two-6tage repository design concept, and the current design concept. It
algo provides a reasonable representation of the expected change in environ-
mental, socloeconomic, and transportation related impacts from a repository
fn tuff based on the current design concept as compared to the two~stage
repository design concept. The intention of Table 5~} is to assist the
reader in understanding the evolutlonary process of the repository design;
not to provide a limiting analysis for design and impactsa., As seen from
Table 5-1, the differences In the environmental, socloeconomic, and trans-
portation impacts are comparatively insigniffcant for the compared design
concepts. Both the current design concept and the two-stage repository
deslgn concept call for construction in two atages, and for that reason the
effects of congtruction, egpecially those arising from employment numbers and
gchedules, are expected to be similar.

The description of the two-stage repoaitory design presented in Section
5.1 and the description of the slte presented in Chapter 3 provide the basis
on which the assessment of the potential effects on the environment
{Section 5.2), on transportation systems {Section 5.3}, and on socloeconomic
conditions {Section 5.4) are evaluated. Appendix A presents addicional
information, including the basic assumptions on which the transportation
analyses {Sectlion 5.3) arc based.
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Table 5-1.

Comparison of alternative repository deslgn. concepts

EEFERDCY DESTGR

TWO—STAGE DESTGN

CITRAENT DESIGN COWCRPTS

CHARCES IN INPACTS®
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Table 5-1. Comparison of alterpmative repository design concepts (continued)

TRO-STAGE OESICHM CIMRENT DNESIMAM CONCEPTS - CHANCES IN —I_-u.bn.l_.mu
(FINAL EA) (H15510M BLAN) . Socfo— Enwiron-  Trans—
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5.1 THE REPOSITORY

The function of 4 repository ls the permanent isolition of high-level
radlocactive waste as well as the lsolatlon of radloactlve waste gereratad at
the repusitory from ihe handling of incoming wastes. Tt total quantity of
waste to be emplaced at the repository ie limited by the Juclear Waete Policy
Act of 1982 (the Act; to the equivalent of 70,000 metric v.one uranium (MTU)
until a second repository 1s 1in operation (NWPA, 1983),

Some of the most important features of a repositc'y are 1llustrated in
Figure 5-1. Although it is an artist's rendition of t}» (wo-atage repository
design concept, It serves as a gulde to the Ffollowlng ’lscussion of the
evolution of the Yucca Mountaln repository design, The conceptual design of
the prospective reposlitory conclsts of a surface facility, a eubsurface
facility, and a means of aceess from one to the other. Filgure 5-1 shows
ramps a8 the means of accesa from the surface to the underground repository
where mined access drifts connect with other mined drifis in which the waste
1s emplaced. The waste would be emplaced in holes drilled either horizon-
tally inte the walls of the emplacement drifte or verti-ally into the floore.

As explalned in the general 1introduction to this chapter, three
different design concepts can he identified inm the continuing evolution of
the repository design. 'The first was the reference repository design
described in Jackson (1984). This concept was summarized in Sectilon 5.1 of
the December, 1984 draft Environmental Assessment for Yucca Mountaln, The
second, which 1s the baeis for most of the evaluations found in Sections 5.2
and 5.4 of this document, 1a the two-stage repository design concept
(MacDougall, 1985). This design has evolved through minor changes to a
concept called the current design concept that 1s desecribed in the Mission
Plan (DOE, {985). The characteriatics of and expected differeances in the
three design conceptds are summarized in Table 5-1. The most important
differences among thésa concepts are the proposed waste inventory and the
staging of constructlon and waste-receipt activities., The reference design
concept was a single-stage faci{lity designed to accept a waste inventory of
35,000 MTU spent fuel and 35,000 MTU-equivalent of commercial high~level
waste and reprocessed waste, In the two-stage repository concept, the
repository wouid accept only spent fuel (70,000 MTU) and would be constructed
in two phases and operated in two stages. In the current design concept, the
repository would receive 62,000 MTU of spent fuel and 8,000 MTU-equivalent of
defenge high-level waste (incluﬁing commercial high-level waste from the West
Valley Demonstration Project): it would be constructed in two stages; and it
would be able to recelve spent fuel as early as five years out of the
reactor. S

The two-stage repository design (MacDougall, 1985) is the design for
which the most complete data are available,: This deslgn integrates
preliminary repository concepts embodied in the reference repository deslgn
concept (Jackson, 1984) with recent changes and additions as” described in the
"Generic Requirements for a Mined Geologic Disposal System” (DOE, 1984).
Thia document stipulates the followling design requirements:

. The quantity of waste emplaced in the repository may not exceed
70,000 metric tons of heavy metal (MTHM) as spent fuel, or its

5-4
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equivalent In high-level waate, until a second repositery 18 1in
operation. Although the waste form most likely to be received for
disposal ‘s spent fuel, the design will not preclude t'e capability
to receiv., handle, and disgpose of reprocessed commercial high-
level was e and defense high-level waste.

® The repository will be designed to permit the initistion of wastae
retrieval operations at any time during the » uute-emplacement phase
and up to 50 yesrs after emplacement operat >as have begun, for .
recovery of any or all of the waate.

L] The receipt rate during the first 5 years .+ J1 increase from an
init’al rate of 400 MTHM per yaar to 1,800 MT:M per year. For the
remainder of the emplacement phase it will be 3,000 MTHM per year.,

L] A surface facllity with a surge storage capacity for acrommodating
the equivalent of a three-month accumulation of waste receipts will
be provided, (i.e., 100 MTU equivalent for Stage 1 operation and up
to 750 MTU equivalent for Stage 2 operation), This capabllity will
help to minimize the impact of scheduled or unscheduled interrup—
tions in repository operations on the offsite traneportation system
and waste shippers. The storage facility will be capable of accom=
modating both the waste recelpts from offsite sources and the wasta
packages prepared on the site.

Under the current design concept (DOE, 1985) the repository would
receive defense high-level wasta at a rate of 400 MTU-equivalent per year
beginning in 2003, the sixth year of operation. The waste would he in the
form of horosilicate glaas contained in waste disposal contailneras approxi-
mately 0.6 meter (2 feet} in diameter, 3 meters (10 feet) high, and welghing.
about 1.8 metric tons (4,000 pounds)., Shipment may be by either truck or
rall. If shipment were by truck, this design would result In approximately
three shipments per day for defense waste or 800 waste disposal contalners
per year. In either the two-stage repository concept or the current dealgn
concept, the Stage 1 waate~handling building, designed to receive up to 400
MTU per year, would no longer be used to receive spent fuel after 2002 when
the Stage 2 facility becomes fully operational. In the current design con- .
cept, the Stage 1 facility could then be used for the recelpt and handling of
defense waste beginning in 2003. Since the defense waste has lower thermal
and radiatlion levels than spent fuel, the Stage 1 facility would be totally
suitable to perform this function.

The addition of defense waste to the inventory would have Iittle effect
on the characteristics of the two-stage repository concept. The defenae-
waste disposal containers would be placed into the waste disposal container,
welded, Inspected, transported underground, and placed in the disposal
locastion. Additional personnel would be required [or waste-~handling and
enplacement crewe, but the number required for approximately three additional
packages per day is consldered to be within the uncertalnties of the manpower
estimate for the two—-stage repository concept. The waste~handling ramp into
the repository could accommodate the additiomal packages, and the mining
activities could prepare the emplacement holes on schedule. Since repository
area is based on thermal loading, the overall size of the repository would
not be lncreased.
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The “Standard Cowtract Cor Disposal of Spent Nuclear Fuel and/or High-
Level Radioactive Wae.e"” (10 CFR Part 961, 1985) eatablisheeo the contractual
terms and condlitione under which the U.S. Department oy Energy {DOE) will
make avallable nuclear-waste disposal services to the owners and generators
of agpent nuclear fusi and high-level radiocactive wasts aa provided in
Section 302 of the Nuclear Waste Policy Act of 1982 {NWia. 1983) (the Act).
The contract designa'es apent fuel aged as litcle as % vwara out of reactor
as "..., atandard spent fuel.” The Standard Contract {10 UFR Part 961, 1985)
and the DOE Mission Plan (DOE, 1985) both specify that tne DOE will accept
fuel for disposal on an *,.. oldest first ,.." basis., ‘herefore, for most of
the emplacement phese, the average age will be greater +tan 10 yearsg with an
estimated 5 to 10 percunt aged as little ag 5 years., Th two-stage repogi~
tory concept, described in thie document, ie based on 1Q-year—old fuel,

The DOE has not yet conducted studies to assess the impact of accommo-
dating this amount of 35~year-old waste, These studies will be performed
during the advanced conceptual design phage of the repopltory dealgn process,
Higher thermal and radiation levels could be expected, but can be accommo~
dated by changes in operating procedures and by increased shielding. If a
monitored retrievable storage (MRS) facility (briefly discussed in the
following paragraphs) is approved and huilt, the 5-year-old fuel may be aged
there before 1t is taken to the repository, The extent of future changes in
the repository design may depend principally on decisions regarding a MRS
Factlity,

Section 141 of the Act directs the DOE to study the need for and the
feaslbility of a monitored retrievable storage facility for apent fuel and
high-level waste {NWPA, 1983), The DOE analyzed the provisions of the Act
and programmatic optiens in the June 1985 Mission Plan (DOE, 1985) and ls
evaluating an Integrated waste~management eystem that consists of both
storage and diapesal components, The primary function of the MRS facility 1s
wagte preparation for emplacement in a geologiec repository; it hae a second-
ary role of providing temporary backup storage. Performing the waste-
preparation functions {(i.,e., spent—fuel consolidation and packaging) in an
integrated MRS facllity instead of at the repository may simplify the design,
construction, and operation of the reposltory facllities. By providing a
processing and storage capacity between waste acceptance from the utilities
and emplacement 1o a repository, the MRS facility would help maintain better
and more consistent control over the flow of waste from reactors to reposi-
tory. An integrated MRS facility would also provide a central location for

\_ the management of spent-fuel transportation, cask-fleet operations, and cask-
fleet servieing. However, there are many trade-offs that must be considered
before determining the functions of a MRS facility versus a repository. Con-
sidering that fewer facilitles and activities at the repository site would be
needed 1f an 1ntegrated MRS/repository system was developed slnce waste
consolidation would be accomplished at the MRS eite, the nonradiological
impacts discussed in this EA should encompass those for a repositery design
coupled to the MRS faclility 1f Congreas authorizee the MRS faclility.

Appendix A of this EA pregents general background 1information on
trangportation toplcs and 1issues, Qualitatively, the nonrvadiological
environmental impacts discussed in the EA should encompass those involving
transportation coupled with the MRS facility, 1f Congress authorizes a MRS
facility. The MRS transpeortation analysis 1a found in Appendix A. It ehould

5~7
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be noted that the MRS impacts are not considered in the preparation of
Table 5-1.

The Act directsy the DOE to submit to Congresd & proposal that sstab-
lishes a progrem f.r the esiting, construction, &nd -weratlon of MRS
facilities (NWPA, 1%83). The DOE plans to submit thias n7sposal to Congress
in Jgnuary 1986. 7o provide a technical basis for *he Congreaaional
declaion, the folluwlng documents would be included in or would accompany,
the proposal to flongress! (1) aite-apacific facillity de-igns, (2) a need and
feasibility report, {3) a program plan {funding, inte ra:ion, deployment),
and (4) an environmental aesesement., Studies conducted ‘'uring the summer of
1985 to support the .'mnuary 1986 proposal will define nore precisely the
waste-preparaticn functions that would be performed by a MRS facility in an
integrated waste-management eystem,

Should Yucca Mounteiln be selected for site characterization, the design
of the repository would progress from feasibllitry and conceptual studies, to
Site Charactertzation Plan (8CP) conceptunal design, to advanced conceptusl
design, license application design, and final procurement and construction
design. The SCP conceptual design and advanced conceptual design would
resolve the current uncertaintfies in the design and serve ag the basia for
the environmental impact statement that would be prepared during sgite
characterization.

The design changes that have just been explained will be resolved in the
future. The remainder of this section summarizes the assumptions on which
the evaluation of the Yucca Mountain aite 1gp based.

The Yucca Mountain alte is described in Section 3.1. The aurface facil~
ity would be along the eastern foothille of Yucea Mountain. The subsurface
facility would be located spproximately beneath the ridge line of Yuccs
Mountain. The proposed highway and rall access routes to the site are shown
on Figure 5-2. The proposed highway access would originate at U.S. High-
way 95, approximately ! kilometer (0.5 mile) west of the town of Amargosa
Valley and extend about 26 kilometers (16 miles) northward to the site. The
proposed raill line would originate at Dike Siding, 18 kilometers (11 miles)
northeaet of downtown Las Vegas and extend approximstely 161 kilometers
(100 miles) to the site.

The lifetime of & repository at Yucca Mountaln, before 1t 1s permanently
closed, may be divided into several perlods: construction, operations, and
decommissioning. These periode are discussed In detall in Sections 5.1.1
though 5.1.4 and are illustrated in Flgure 5-3a and 5-3b, Hexre they are
gimply summarized., All of the Stage 1 and a portion of the Stage 2
facilities would be constructed and some of the subsurface facilitiea would
be excavared during the first 4.3 years of the 7.3-year construction period.
The Stage 2 Ffacilities would be completed in the laat 3 years of the
congtructlon period, which would overlap with the first 3 years of the
operations perled. The operations period, which would last for 50 years,
would consist of two phases. Radioactive waate would be recelved and
emplaced during the 28-year emplacement phase, The underground facilities
and surrounding eprviroument would be monitored during this phase. The
22-year caretaker phase would follow completion of waste-amplacewent
operations; the facilities, as well as the surrounding environment, would
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continue to be monitcred, and the retrievability optlon would be maintained
in compliance with duclear Regulatory Commission requirements (10 CFR
Part 60, 1983) for e.suring retrievability at any time up to 50 years after
wagte emplacement berins. If a decision to retrieve Lk waste were made
during the caretaker phase, the lifetime of the projec: would be extended
approximately 30 yea, s during which actual waste retrie -3l would be accom~
plished. A decislor to close and decommission the repo {tory could be made
at any time during the caretaker phase., The decommissi 1ing and closing of
the repository weuld last for an B-yvear period under tle sertical-emplacementg
alternative or a 3~year period under the horlzontal-em; 'scement alternative,

S5¢ls1 CONSTRUGCTION

The construction iperiod begins after construction asuthorization is
received from the Nuclear Regulatory Commiasion. Repository construction
would proceed in two phases that would begiln simultaneounly.

Phase | construction, which takes place from 1993 to 1998, congiste of
construction and acceptance and start-up testing of the Stage ! surface
facility and underground facilitles required to accept and emplace 400 metric .
tons uranium {(MTU) per year. Phase 2 construction, which ends 1in the
year 2000, consists of the completion of all the facilities, including the .
Stage 2 waste~handling building, required to consolidate and accept 3,000 MTU
per vear, It should be noLed that Phase 2 constructlon overlaps the opera-
tions perlod, which begins 1n 1998, Underground excavation, which would
begin In the construction period would continue throughout most of the
operations period.

Moat surface construction would occur at the main surface facilities
complex. Consgtruction of these facilities ia discussed 1in the following
section (Section 5.1.1.1}. Surface construction away from the main surface
factlity complex would include highways and rail connections, mine ventila-
tion huildings, and other ancillacy facilities. Surface facilities
constructed away from the main surface faclility complex are described 1in
Section 5.1.].4.

5.1.1.1 The surface facilitiea

The actual location of the surface facilities has not yet been deter-
mined., However, a candidate location has been identified for the purpose of
preparing this document., The candidate location for these facilities is
along the gently sloping east side of Yucca Mountaln, as shown on Figure 5-4,
The surface facilities. complex proposed at Yucca Mountaln would encompass _
spproximately 60 hectares (150 acres) of land, all of which would be enclosed .
by a security fence. '

A preliminary site plan of the proposed surface facilities at Yucca
Mountain is shown on Figure 5-5. The surface facilities Iin the complex would
be used for waste~handling and packaging operations in support of the under-
ground activities and to provide general repository support services. The
regtricted-access area for waste-handling and packaging facilities would .
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include buildings and equipment for recelving and packaging all Incoming
wastes {see Sectlon .,1.2.1.2 for more details). A facility woulid also be
constructed for procresing all the radioactive waste gencrated by onalte
operations, such as protective clothing, decontamination Fluidse, and
ventilation filters,

Support facilit.es for the repository would include offices for admini-
gtrative, managemeni, and engineering staff; a firehoust medical, training,
and computer centers; a vehicle maintenance and repalr s''op; security build-
inga; a machine and sheet metal shop; and an electric 1 shop. Warehouses
would be conatructed to store bulk materials, equipment. spare parts, and
supplies.

Facilities for environmental and instrument lsgboretnries would also be
congtructed. Surface facilities 1in support of the underground operations
include personnel change-roome and ehowers, as well as apace to atore mining
equipment and vehicles,

Electric transmisaion lines would be extended to 3Iucca Mountain from
existing local utility lines on the Nevada Test Site and a né&w substation
would be eceonstructed at the site, Utilities that support the repository
would include an electric power building with emergency electrical generating
equipment, BSteam generating equipment, compreesor and chiller systems, and
cooling towers with water treatment equipment would be included 1f needed. A
system for treating and distributing potable water and water for fire protec-
tion would be required. New wells with storage provisions are expected to
supply all the water required during conatruction and operation of the
repository., Finally, stations for digpensing gaeoline and diesel fuel would
be required at the site.

Y.1¢1.2 Access to the subsurface

S1x accede openings would connect the subsurface with the surface areas.
These openinga, uaed for ventilation air supply and exhaust, the tranasport of
naterials, and personnel access, a8 curtrently designed for vertical waste
emplacement, are described as follows: '

] The men—-and-materials shaft would be used to transport personnel
and materiale to and from the underground facilities. This shaft
would be 7.6 meters (25 feet) in diameter and approximately 335
meters (1,110 feet) deep.

° The waete~handling ramp would be used to transport waste under-
ground. This ramp would be 7.4 meters (24 feet) In diameter and
approximately 2,042 meters (6,700 feet) long.

. The mined-material handling ramp would be used for the wmined-
material conveyor svetem and as an exhaust outlet for construction

area ventilatifon, The ramp would be 5.8 meters (19 feet) in
diameter and approximately 1,417 metere (4,650 feet) long.
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® The waste~2mplacement area exhaust shaft would serve as the exhaust
outlet fo ventllation during waste emplacemant. This 6.]-meter
{20-foot} diameter ehaft would be approximately 304 meters
(1,000 fert) daep,

. The 3,7-m:ter {(l12~foot) diameter exploratory ghaft, constructed
during =.te characterization, would be used to supply air for
repository waste-emplacemgnt operations. It rould be approximately
450 meters (1,480 feet) deep.

[ The 1,8-meter (6-foot) diameter emergency « vrees shaft of the
exploratory shaft test facility would be used to supply air to the
repository waste~emplacement gupport facilities. This shaft would
be approximately 365 meters (1,200 feet) desp.

Sel.1+.3 The subsurface facllitles

The subsurface facilities would be located within Yugca Mountain,
approximately 1.7 kilometers {1 mile) west of the proposed location of the
gurface facilities complex (Figure 5-4). This facility would encompass
approximately 615 hectaree {1,520 acres) of subsurface ares, The repository
horizon would be more than 230 meters (750 feat) below the surface within the
Topopah Spring Member of the Paintbrush Tuff. The water table in the
vicinity of Yucca Mountain 18 approximately 200 to 400 meters {650 to
1,300 feet) below the potential repository horizon. Except for possible
scattered pockets of perched water, the underground openings are expected to
be dry., An artist’'s rendition of the proposed subsurface facilities Is shown
in Figure 5-6.

The subsurface facilitlies coneist of main access drifts to the
emplacement areas, the emplacement drifts, a:.d service areas near the shsfts
and ramps. The layout of the facilities depends upon whether the waste {8
emplaced vertically or herizontally, For vertical emplacement, waste
digsposal contalners would be emplaced in vartical boreholes in the £loors of
the emplacement drifts. An extraction ratio of 24 percent has been adopted
for the vertical emplacement alternative {(Dravo, 1984a). Cross—sectional
dimensions of these openinge are listed in Table 5-~2, The total amount o:
rock excavated for the facility would be about 21.6 million tons.

For herizontal emplacement, waste diaposal containers would be emplaced
in horizontal boreholes in the draft pillars (walla). The subsurface layout
for horizontal waste-emplacement requires conslderably less excavation. The
total amount of rock excavated for the facllity would be about 6.6 millon
tons., Tabla 5-2 lists the dimenaions of the openings for horlzontal waste
emplacement.

Design work completed to date indicates that area and geometric require-
ments, mine ventilatlon requirementa, the trequirements for stability of the
underground workings, and retrievebility considerations will be eatisfled by
a conventlonal raom and pillar design., Excavation may be cenducted using
either a drill-blast-mucking technique or a continuous mechanical miner.
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Table 5-2. Nimensions of underground opgnings for vertical and
horigontal waste emplacement

Vertical Emplacement Horirmnntal Emplacement
Opening Height Width *aight Width _
meters {feet) meters {feet) mete 3 {feet) meters (feg;)
Access corridors 4.6 (15) 6.4 {21) 4 . & {15) 6.6 (21)
Emplacenent driftes 6.4 (21} 446 {15) _ ﬁ.& (15) W (21)

I

Ed

9pata from MacDougall (19B85).

Conventicnal mining equipment, as well as machinery designed specifi-
cally te transport wastes to the emplacement locations, would be require&
underground. The service areas required underground include medical
facilities, warehouses, personnel change rooms, and maintenance areas,

The excavated rock would be placed near the site in a hypalon-lined rock
storage pile (see Figure 5-4)., The rock~storage pile would be constructed on
the surface using convantional mined-rock handling equipment and would be
sprayed with water toe suppress dust., Runoff from precipitaction would be -
intercepted by dikes, ditches, and liquid-collaction sumps. The present’
design does not require backfilling of the excavated access and emplacement
drifts to maintain the structural integrity of the underground openings. If
backfilling of a portion of the repository is required before clasure and
decommissioning, some of the excavated rock would be uesed for that purpose.

5.1.1.4 Other construction

Construction away from the main surface facilities complex would consist
primarily cof an access route connecting with U,S. Highway 95, a rail line
possibly from Dike S5iding, a bridge across Fortymile Wash, the mined rock
handling and storage facilities, and veatilation facilities above each
exhaust shaft. These facilities, as well as other installations and
construction, are discussed in the following paragraphs.

5.1.1.4.1 Access route
A highway for truck and automobile access would be constructed between

U.$8. Highway 95 and the site (Figure 5-2). The two-lane highway would origi-
nate approximately 1.0 kilometer (0.5 mile) waat of the Town..of -Amargosa
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Valley. The highway would be 9 meters (30 feet) wide and 26 kilomaiers

(16 miles) lomg; 1t would be rared for trucks with a gross welght of

16 merric tona (80,00 pounds)}. Each roadway shoulder would be 2.5 meters
(8 feet) wide. The ¢~tal required right-~of-way would be about 31 wmeters
(100 feat); the total land area needed will be about 79 hectares (195 acres).

The highway wou!-. cross Fortymile Wash via a bridge. The preliminary
repoalitory concept calls for a single bridge carrying be W highway and rail
traffic, although coastruction of two separate bridges mi. ‘ be conaldered,.

5.,1.1.4.2 Rallro=ad

For rail access to the site, a rail spur 1is proposed Lo be constructed
from the Las Vegas area {see Figure 5~2,) The proposed vailhead facility
would be constructed in the vicinity of Dike Siding, approximately 18 kilo-
meters {1l miles) northeast of downtown Las Vegas, The proposed rail
connection from Dike Slding would require approximately 161 kilometere
(100 miles) of track {MacDougall, 1985) and a bridge over Fortymile Wash, A
right-of-way 31 meters (100 feet) wide would be required; the land committed
to tho reil line would total about 486 hectares (1,200 acres). A rallhead
facllity would be constructad at Yucca Mountain to provide for railcar
handling and temporary storage. Detailed plans for this facility have not
been formulated,

The route ghown on Figure 5-2 and described by MacDougall (1985) is the
currently proposed route and could change as additional information Iie
gathered. For example, portions of the rail line may be located on the south
west side of U.S. Highway 95. Other rail access alterngtives are currently
being evaluated.

5.1+41+4.3 HMined rock handling and storage facilities

Surface facilities for receiving the rock mined during construction of
the underground openings would include & surge bin for temporary storage, a
con-veyor system for moviag the mined rock to the rock-storage pile, and &
stacking conveyor for placing the rock on the storage pile,

5.1.1.%.4 Shafts and other facilities

Exhaust shafts for the mine and emplacement aress, described in Secticn
5.1+1.2, would be located away from the surface complex. The exact locations
would depend on the design of the underground facilities, The configuration,
agsuning that ramps for waste-emplacement access and mined material removal
would be useed, 1e shown 1n Figure 5-4, A fenced waste~emplacemant ventila-
tion exhaust and filtration facility would ba installed at the surface and
would require an area of less than 1 hectare (about 1 toc 2 acres). The
exhaust stack at this faeility would extend about 31 metsrs ([00 feet) above



the land surface. lImproved roads would connect this site to the surface
complex.

Other facilitie:r located away from the maln surfave complex include
water ptorage, explo:.ive magazines, mine~shaft areas, and sewage-lLreatment
facilities and efflient evaporation ponds. Approximeiely 10 hectares
(29 acras) would be -aveloped to construct these facllii.ea. Other identi-
fied remote facilitips Iinclude a vieitor center and a ga-itary landfill, The
locations and extent of the vimitor center and sanitax - landfill have not
been defined.

5.1.2 OQPERATIONS

The operations period ia the time following receipt of the first waste
into the repository (after recalpt of the Nuclear Regulatory Conmisalon
license to recelve and possess radloactlive material) until site decommls-
sioning begins, The operations perlod of a repoaltory for radioactive waste
at Yucca Mountain would begia in the fifth year after .he start of facility
conatruction with Stage 1 emplacement operatlouns. Stage 2 emplacement
operations would begin appreximately 7 years after start of construction. As
noted in Sectlon 5.i.l, the operations peried overlaps Lhe completion of the
Stage 2 facllities (end of Phase 2 construciion).

The operations period 1s divided into i{wo phases: a 2B-year emplacement
rhasa followed by a 22-~year caretaker phase, Performance confirmation will
be conducted over the entire operations period.

5¢1.2.1 Emplacement phase

The activities planned to occur during Lhe emplacement phase include
wasle receipt, processing, and placement; continued underground construction
of waste-emplacement rooms end supporting services; the initial retrieval
option perlod; and: storage and management of minad rock for potential uae as
backfill. : :

5.142.1.1 Waste recelpt

Radioactive waste would be phipped to the rapository by rail or by truck
In federally licensed casks., Agsuming 250 operating days per year, the
deaign basis for waste-receiving facllities is four truck and two rail
ahipments per operating day. Thua, the receiving fiacilitles are designed to
accommodate approximately 1,000 truck and 500 rail shipments per year.

During Stage 1 operations, surface and underground  facllities would be
conatructed to re¢eiva and emplace a limited amount (400 metric tons uranium
{MTU)} per year) of spent, unconsolidated fuel. This would be packaged at the
eita for disposal in the repoaitory. The Btage 2 facilties to be completed
3} years later than the Stage 1| facilitles, would have a capacity of 3,000 MTU
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per year and they wowvld be capable of receiving other types of waste and of
consolidating spent %uel., Receipt ratea would graduyally increase 1n the
early years of repoa‘tory operatlon (see Table 5-3).

During Stage 2 operatlons, the repository would receive an average of
4,348 pressurized-weievr—reactor (PWR) and 5,263 bollilnpg-water-reactor {BWR)
aggembliea per year {Table 5-4)., Assuming that 30 perc<rt of these sasem-
blies {1,304 PWR an! t,579 PWR) would be shipped by tr.ckx and 70 percent
(3,044 PWR and 3,684 BWR) would be ahipped by rall snd "t truck casks have
a capacity of 2 PWR and 53 BWR assemblies and rall casl's have a capacity of
14 PWR and 36 BWR assemblies, the repository would re 2:ve 968 truck casks
and 321 rall casks of fuel each year.

The receiving facilities would provide for (1) rail and truck inspection
stations where both lacoming and outgolng traffic would be Lnapected (where,
for example, radiation surveys, securlty inspections, end shippilng document
transsctions would take place); {(2) a suspect storage area where incoming
shipmenta that do not meet repository acceptance standards would be held
until corrective measures are taken; (3) a loading area for incoming and
outgoing shipments; (4) a vehicle washdown facility; <5) a loading and
unloading bay where the shipping packagea would be removed from and loaded
onto their carriers; (6) a decontaminatlon station in the waste-handling
building where waste packages would be checked and decontaminated; and (7) a
station 1in the waste—handling building where caak closure(s) would be
prepared for connecting the casks tc the hot-cell port for unloading
(Figure 5-5).

After the casks are unloaded, the spent-fuel assemblies would be
packaged in the Stage 1 waate-handling bullding, or they may be disassembled
and individual fuel roda consolidated into speclally designed waste packages
in the Stage 2 waste—handling building. This description aaaumes that the
facilitles for consolidating the apent-fuel assemblies would be locatei at
the repogitory aa described in MacDougall (1985}.

5.1.2.1.2 Waste emplacement

Waste emplaced at the repository would conslet predomlinantly of spent
fuel that has been out of the reactor for at least 10 years. In addlcion,
onglte~generated low~level waate would be dispcaed of in the repository.
Estimates are not available at this time, but quantities of these waates are
expected to be small.

Before disposal, spent fuel would be sealed in waste disposal contalners
designed to meet the minimum lifetime requirements set by the Nuclear Regula-
tory Commission (10 CFR Part 60, 1983). To meet these requirements, the
minimum 1life time of the waste packages would be between 300 and 1,000 years
under the expected subsurface environmental couditions in the rapository.
These waste disposal contalners are one component of a system of engineered
barriera, inciuding waste forms, ovetpacks, and packing materiale that may be
used ae pert of the repository system.
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Table 5~3. pent-fuel waste receipts by year, metric tons uranium
eqtlvalent

Repository Calendar Amual Cumulative

year year Stage 1 Stage 2 total total

5 1998 400 NAE 400 400

6 1993 400 N 400 800

7 2000 400 NA 400 1,200

8 2001 400 500 9900 2,100

9 20032 aog 1,400 1,800 3,900

10-30 20032024 NAb 3,000 3,000 69,900

31 2025 NA 100 100 10,000

aData from MacDougall (1985),
NA = not applicable.

Table 5-4, Waate quantities by waste categorya

b Average
Stage Waste type Total quantity annual receipt
(assamblies) (asgemblieg)
1 Spent Fuel - PWR 2,R98 580
Spent Fuel -~ BWR 3,511 700
2 Spent Fuel ~ PWR 101,454 4,348
Spent Fuel -

BWR 122,794 5,263

gReflects 70,000 metric tons of uranium (MTU) as sgpent fuel.
PWR = pressurized water reactor; BWR = bolling water reactor.

After the waste digposal containers have bhaen judged tc be sultable for
emplacement, they would be held temporarily in s surge~storage area. This
surge storage would allow Iincoming waste to he unloaded and prepared for
dlsposal at a faster rate than 1t can be emplaced, thus reducing the yard-
atorage time, The design rate of waste emplacement, however, would be deter-
mined to minimize the length of Lime required for surge storage. After Burge
storage, the waste disposal containers would be transported to the waste
emplacement access ramp by waate traneporters and transferrzd to the under-
ground facilicy. The waste diaposal containers would be placed elther in
vertical holes in the floors-of the storage drifts (vertical emplacement) or
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in long horizontal hoies in the walla (horizontal emplacement). If rhe waste
{8 placed horizontally, each borehole would contain up to 34 waste disposal
contalinera; 1f vertlezlly, each borehole would contain cne waste Jlisposal
container (MacDougall, 1983).

The surface and subsurface facilities at the reposirnry that handle
radiocactive waste wo..ld be opersted at less than atmosrieric pressure.
Exhaust air from the surface facilities would be proceused through a
ptefllter and a saries of high efficlency particulate £1 ' terg before being
discharged into the atmosphere, Exhaust from the underg:ound waste-storage
rooms would be directed to a surface building where tb: uxhaust would be
monitored and filtered 1if necessary prlor to beilng dixcharged into the
atmosphere. The ventiiation systew for the underground (onstruction areas
would be physically separated from the waste~emplacement ventilation circuit,

5.1,2,2 Caretaker phase

The caretaker phase of up to 22 years would begin following the last
emplacement of waste and would continue untll the start of the decommis-
gioning period. This phase would include the balance of the retrieval option
period and possible retrieval time for the emplaced waste,

A decision to close and decommission the repository could be made at any
time during the caretaker phase. If a declesion to retrieve the emplaced
wagte were made during the caretaker phase, the lifetime of the project would
be extended up to approximately 30 years during which actual waste retrieval
would he accomplished,

5.1.3 RETRIEVABILITY

The Yucca Mountaln repository would be designed to allow retrieval of
emplaced waste as required by 10 CFR 60.111 (1983)., The requirements state
thet waste must be retrievable for a period of up to 50 years after waste
emplacement begins., The requirements aiso state that 1f retrleval becomes
necesssry, the waste should be retrieved in ahout the same amount of time
that was devoted to the initial conetruction and the emplacement of the
waste. The capability to retrieve emplaced waste packages would be main-
talned until the satisfactory completion of a performance confirmation
program as stlpulated by 10 CFR 60.111 (1983) and until decommisseioning
activitlies are authorized by the Nuclear Regulatory Commission (NRC) (unless
a longer or shorter time period is specified by the Secretary U.S. Department
of Energy (DOE) and approved by the NRC).

Designs for the subsurface facilitles would i1ncorporate features to
ensure that the openings would remain intact for at least 92 years (which
tncludes a 4-year, Stage 1 construction phase, a 28-year operatlons phase, a
22~year caretaker phase durlng which retrieval could be initlated, a possible
J0-year retrieval period, and/or a 8-year decommissioning period; see figurea
5-3a and 5-3b). These features may include minimizing the extraction ratis,
optimizing rock temperatures through spacing of emplacement holes and
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ventilation, and the uge of steel liners for emplacement holes, In addition,
periodic inspectione and maintenance programs would be used to monitor and
verify the stabiliy: of the subsurface openings throughout the operations
petiod,

The capabllity feor retrieving the waste dlsposal contailnars would be
demonstrated prior to a decision to backfill the emplac>menL drifts and would
be maintained regariless of whether the emplacement dr: ‘¢s have been back~
filled. Therefore, the dacisign to backfill would be kued, in part, om an
evaluation of the advantsges of early backfilling versun the d{gadvantages of
lncreased difficulty of retrieval, '

The DOE developed a poeition on retrievability tc fully describe and
document all design, constructien, cperation, and maintenance equipment
requirements asaoclated with retrievability., An evaluetion of the effects of
these requirements on the repository design and the agsoclated equipment
needs has not been completed at this early stage in the repository design
procesa. These retrieval effects would be analyzed and addressed during the
eite characterization period and subsaquent design phises supporting the
license application,

5.1.4 DECOMMISSIONING AND CLOSURE

After the planned 22-year carataker phase during which retrievabilicy
must be ensured and after the performance confirmation program has been com-
pleted, the U.S. Department of Energy (DOE) would request Nuclear Regulatory
Commission approval for an amended licenae for cleosure of the repository,
After approval had been granted, decommissioning of the repository would
begin. To decommisgglon the subsurface facilitles, salvageable materials
would be brought to the surface. During closure, all subsurface access aregs
{e.g., shafts and ramps) would be aealed using multiple materials and tech-
niques to ensure that the seal offers igolation properties equivalent to or
better than the host rock (Fernandez and Freshley, 1984).

Surface structures would be decontaminated and dismantled. Some contam-
inated material may be placed underground prior to the seallng of sghafts,
The surface areas would be reclaimed. Permanent markers would be erected to
inform future generations about the presence of the reposltory,. Development
of such markers or a marking system is in progress, All records concerning
the repository would be maintained by appropriate Federal, State, and local
agencles, It 1s expe¢ted that the records and markers would be kept tn
perpetuity.

5+145 SCHEDULE AND LABOR FORCE

The propoged schedules for constructing, operating, and decommisaioning
the repository, based aon either a vertical or horizental emplacement configu~-
ration, are shown in Figures 5~3a and 5~3b, The achedules address the three
periods defined in sections 5.1.1, 5.1.2 and 5.1.4 {1i,e., the constructign,
operationa, and decommissiouing periods), The construction and operatilons
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periods overlap in the two-stage repositery design concept. During the first
443 years of the courtruction period, the railroad, highway, surface-support
facilities, and Stage 1 woste-handling building would be completed In prepa-
ration for the fivst cecelpt of waste by January 1998 at 3 rate of 400 metric
tons uranium (MTU) pev year. The €irst receipt of waste narks the beginaing
of the operations per’od., During the same 4,3-year f£irs: construction phase,
the underground portion of the reposltory would be develi el sufficiently to
permit init{al empla -ement of waste, and construction of the Stage 2 waste-
handling building wowuld begin. During the initial porti. v of the operations
period, after the start of Stage 1 operations, the Strgt 2 waste-handling
bullding would be completed In preparatlion For recelpt »¢ waste by January
2001 at a rate of 500 MTU per year, This quantity woul: he increased Lo a
rate of 3,000 MTU per jear by January 2003, at which time -he Stege 1 waste-
handling building would no longer receive apent fuel, as shown in Table 5-1.

The operations period, scheduled to setart in Janvary 1998, would
continue for 50 yeara. As shown in Figures 5-3a and 5-3h, the operations
period 1s divided Into an emplacement phase (28 years) and a caretaker phase
(22 yeara), The emplacement phase ia subdividad into Stage 1 and Stage 2
emplacement activities, laeting for 5 and 25 years, respectively, and
overlapping by 2 yeara. Underground repository development would continue
during the ewmplacement phase, but would be completed 6 yesars prior to the
completion of vertical emplacement, 1f that configuration is used, or
14 years prior to the completion of horizontal emplacement, If it 1is
determined that retrieval of waste 18 necessgary, it could he inftiated at any
time during the operations period. The length of time required for retrieval
would be apprexlmately equal to the elapsed emplacement time plus 5 years, to
allow sufficlent time for required factlity modifications, equipment procure~
ment, and mobllizationm.

The decommissloning perlod begine at the end of the operations period,
contingent upon repository performance confirmation. If all of the
underground rooms and drifte are backfilled, approximately 8 vears will be
required to decommission the repository 1f vertical emplacement 1s used and
3 years if horizontal emplacement is used. The figures and tables in this
subsection are based on the assumption that all of the underground rooms and
drifts will be backfilled. If backfilling of the underground rooma and
drifte 1is not required, 1t is estimated that decommissioning would require
approximately 2 years to complete for elther of the emplacement
configurations,

As stated {n MacbDougall (1985), the aize of the labor Fforce required
during the construction, operatieons, and decommissioning periods depends upon
whether vertical or harizontal emplacement 1@ used. Preliminary estimates of
the average annual number of workers, are summarized in Table 5-5a for the
vertical emplacement method and Table 5-5b for the horizontsl emplacement
method .

For purpases of preparing the estimates, 1t was assumed thst three prin-
cipal organizations would be involved: 1) & surface construction contractor
or contractors who would bulld the raillroad, highway, surface aupport
bulldings and facllities, snd the waste~handling bulldinga; 2) a mining
contractor who would develop all of the underground portions of the
repository; and 3) an operating contractor who would be responsible for all
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Table 5-5a. Average aunual oumber of repository_rélated'ubrkers for vertical gmplaceménta’

I OPERATEONS FERIOD- . i

f e CONSTRYCTION  PERLOD -+ srcamsirin ' [ ~DECOMMIS-
. . STOMING
{-~Ptase | Constructiom—} = [ Explacement Phane 1 f—Carecaker PERLGD— 1§ .
im———- e —Phaae I CONBEPuct o i ) ) Fhane——) -
995 : 2002 - 2020 : 026 2049 .
TEARS 1993 1994 and . 1997 ¥ 1999 2000 . 2001 thrw 2019 thru 2025 thra - 1047 thew 2055
1996 : S 2018 2024 .08 . 2056 :
SEILL OF DIRECT WORKERS
CongErection Conémcr.or(s) . :
Coogtroceion c -4 M6 519 433 s 173 a2 kL 77 39
Constcuction Suppatt 10 39 53 48 42 21 10 : 5 5 -
Mining Coatractor T
Mining 35 140 210 175 149 is9 rag 149 149 5 57 113 57
Mining Suopport Fudl 280 AZD 50 253 233 253 253 232 127 57 13 57
Operating ContracLor
Construction Managevs® 20 81 121 101 82 &1 20
fospectors $2 [1:) 72 &0 &6 23 10 .
Quality Aasurance 12 47 70 .Y # 78 7% KL 84 75 67 37 -] (1] e - a0
Surface Euplscement 54 44 54 54 107 107 07 57 7 8 : .
surface Suppors 529 800 800 936 1,05 1,059 1,058 1,058 574 B9 59 29 15
todergroved Eaplacemens 20 20 40 &40 80 80 80 M 1 4
Underground Support 1A M k] 4 34 34 o0 ‘BG 69 51 s 51 26
Teral dorkers -
nirect 246 k1) 1,470 1,817 1,905 1,683 1,667 1,667 1,765 },532 1.398 781 162 290 412 faiy)
radice - 37%  §,5tt 2,264 2,798 2,934 2,519 2,567 2,567 2,718 2,43 2,153 1,200 249 437 . 6M 322
Total vertical emplacemame 625 2,592 3,734 4,615 4,839 &,155 4,236 4,2M 4,583 4,008 3,551 1,984 alt 731 1,046 531

2pars from MacDougall (1985).
Assumpeicos:r 1. The average anaual nomber of worksry focludes a (0 allowsnce for vacation, aick leave, and other abaenteeisa, plus a 30T contingeacy
allowance. ’
2. 10T of the total number of construction workers are support perponovel.
3. 1.% fedirect worhern for each direcr worker (see Seczion 5.4.1.1%.
c &. Except for September 1993 (start dace) the dates fndicated above are from Janusary through December of the lfsted year.
Data from Horales (1985). The number of workers for the year 1998 co 2001 In categories lodicated differ from those fnmMacDougall (1585) in
order te reflect the latest philosophy of DOE's June 985 Migsion Plan {DOE, [985).
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Table 5-~5b. Average anoual -mumber: of repositaory related workers for horizbntal e::'rplac_'em,enta’b-

[ — QFERATIORS PERTOD e ]

[ e — - CONSTROCTION PERIOD——— i) S [—DECONMIS~
. . SIONING -
i——PRATY | CORSTIIC. JeR—-} - - £rpl t Phames = [———Caret aker PERLOD—}
i PHASE 2 COMSTRICTION———-———-r} Phage—1}
1995 _ 2002 2012 1026 2048 2050
YEARS 1593 1994 and §997 1998 1939 1000 200t thru 2011 thiu 2025 thra 2047 thru
1996 2010 2024 2046 2049
SEILL OF OIRECT WORKERS
CoomiTaction Contrsctor{s)
Cemstroction®” 85 338 507 423 340 173 8s 58 s 58
Construction Support® 9 37 56 47 40 20 1 7 13 7
Minlng Contractor
Mioing 29 115 172 14y 57 £V 7 3 EH 19 57 12 57
Minieg Support 57 229 2 N 287 k1S 64 64 64 4 32 57 13 57
Operatinog Coatractor _ ’
Construction Managers® 18 72 108 % 75 8 19
Ioapectors 11 3 65 54 &5 23 n
Quality Assorance 10 42 63 79 76 (¥4 62 62 67 65 64 35 7 14 21 i
Surface £mplacewent . A4 &4 54 5% 107 107 107 57 7 4 .
Surface Support Si 768 768 885 1,02z 1,022 1,6%2 1,022 556 B9 59 29 © 13
Uaderground Ewplaceweat 23 23 43 45 90 90 50 49 ¥ & ]
Tndergromd Suppork v 1 17 r? 17 7 3 - 53 45 34 36 3& i8
Tarzl Woriers . = . —_—
Pirecc 219 836 1, 3.. 1,651 1,600 1,767 1,30t 1,300 1,804 1,W0 1,336 TAZ 146 - 796 451 283
Indirect 337 1,349 2,025 2,543 2,464 1,950 2,006 2,004 2,162 2,400 2,097 1,143 225 456 679 U3
Total Borfzontal Emplacement 556 2,225 3,340 4,194 4,068 3,218 3,305 3,305 3,566 3,480 3,393 1,885 370 7152 1,170 586

"hata from Machougall (}985),
Asaumptions: |. The sverage asoual momber of workers Includes a 302 ailmnce for vacation, 8ick leave, &nd other abgentesiss, plus a 30Z contingemcy
allowanze.
2. 10T of the votal momber of mstmtim’lﬁorken are nupport personnei.
3. 1.56 indirect workers for each dicéct wirker (See Section 5.4, l‘.l) ' :
4. E-cept for September 1993 (ntarc date) the daten indicaled above are from Jaduary t.l:rough December of the Hated year.
“bData from Morsies (1985). The mmber of workers for the year 199& to 2001 15 categoiies iedicared &iffer From those inﬂacbougall (1985) fo
order to reflect the latest philosophy of DOE'6 June L1985 Mission Plan. (DOE, 1985). | -
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waste-handling and emp!acement functions and support services, mine main-

tenance after the mini.g contract is complete, and caretaking. It was alao
assumed that the opersiing contractor would have adminietrative responsi-

bility for Title II1 services, conatruction management, quality*assurance,

and decommisgloning ac¢tivities, Therefore, eetimates of .ae labor require-
ments for tha operatiny contractor include these activitiew.

The average annusl number of workers required to fil . the commitments of
construction was c¢stimated from the total number of marn- years given 1iIn
MacDougall (1985}, FRsetimates are based on the assumptica of an Increase In
manpower over the firat two years to a peak, which is meintained for two
years and then decredses congtantly during the last f£.ar years of
conatruction,

Workers for operatione are based on unit operations given in Denuls

et al., {1984) and summarized in MacDougall (1985)., Management, ZLnspection
and QA sctivitiese will begin with the start of construecticn, [Emplacement and
surface support workers will arrive before the gtart of waste receipt for
training and preliminary start-up. The number of workerv will increasa for
Stage 1 operations, increase again for Stage 2 operations and remain constant
for the next 24 years of operations, after which they will decrease to a
amall caretaker force until decommissioning and closure begin,

Mining workers sre estimated from the calculationa of the number of
drifts and enplacement holes to be mined (MacDougall, 1985) and experlence
with mining in elmilar media.

Mining would be completed 2] yeara after the beginning of vertical
emplacement. At that time the mining staff would be reduced from 305 to 36.
In the horizontal emplacement alternative, mining would be completed i3 years
after start of emplacement gnd the mining staff would be reduced from 83 to
25. :

Work force is shown by activity in Table 5-5a and 5-5b, The total of
direct workers 1is plotted in Figurea 5-7a and 5~7b. Schedules for these
activitien are shown in Figure 5-3a and 5~3b. '

The number of workers on the site at any one time would vary with the
time of day. Mining activities would be conducted on a three-shift basis for
250 days per year, Although most surface operations would run on a one-shift
bagis, some activities may require two or three shifte. In all instances the
day shift would employ the mosl workers.

5.1,6 HATERTIAL AND RESOURCE REQUIREMENTS

The amounts and types of construction materials for the repository are
only estimates at this time, Because concrete and steel represent the
greateat quantities of construction material, estimates of these are gilven as
an indication of the quantities of materfals that would be required. The
eatimated amounts of energy resources and construction materials that would
be required annually far the repository and the total amounts required are
listed in Table 5-6. Constructlon materials would be shipped to the
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Table 5-6, ReposLtorx Eequirements for power, fuel, and construction
]

mater-.als
1993 Rk 075, JOeT
Raguiremant 1994 19%5 1946 1991 1948 thru ot thry thre  Tetals
F2411. ) e 48 . 054
REQUTHEHENTS — VERTICAL EMPLACEMENT

Annusl Elecrrical Usaga

Hilllons of kWh ) ] H 90 19F 1l 1] i 6 4,302
Anncal Dieael Usage

Thousands of Gatlons 4,310 3,500 3,150 1,880 1,000 1,800 5 1] an 41,570

Truckloads iar a7 5 3 20 W 18 a9 i 1,183

Railcars 4] ] -] (1} 3 F] 1! $ { i
Ammusl Contrecs Usage

Cuble Yerds 54,400 1, 260 L0 21,700 16,600 13,700 o [ F.400 47,300

Truckiosds b, 440 1,020 2,13 Tit (1. 4l 4 ] 102 15,841

Reflcare 0 0 1,359 LEH ii? 81 0 g 3] b1
Annual Stesl Usage

Tons 5,530 8,840 4,140 4,590 1,9%0 Fle 3o g w090

Truckloads 217 [2T 139 8t 60 3] %6 ] 1 1,540

Eallcacs 0 ] 63 1 8 51 15 ¢ 0 1,308
Tatal Annual Shipeents

Truckioads 7,004 L Y3 1,380 833 578 41 H! ] 104 0,672

Riflecarloadn 0 n 1,512 33§ 1468 1 L1 4] 2] 9,927

AEQUIRENENTY = HORIZOWTAL EMPLACEMENT

Annual Blsctrical Usage

Killions of kWh b1 &l 2] H 83 Ty T 1 il 2,74
Annual Diesel Goage

Thousande of Gallone &,310 5,300 1750 LN 10 1%0 10 . 3 o 15,450

Trucklosde 31 150 113 . N ¥ 23 ¥4 Q i b, 73

Rallcars Q ¢ T2 n 14 11 14 o 0 483
Annusl Concrece Usage

Cuble Yerde 63,100 46,900 31,700 &, 400 4,300 4,400 0 4] 9,100 266,700

Trucklosds 5,130 $,990 1,381 % 12% o ¢ 3] 7% 16,628

Ralloare o ¢ 1,006 121 82 Bk [ 0 i74 2,14G
Atdwal Steel Usage

Tany 1,430 1,540 T30 .. 370 1,240 3,040 1] /] &0 80,940

Trucklosde 172 382 10T 34 19 2] 11 G t 1.0

Rsilcars ] a 50 H k] 1 10 0 1] 416
Tocal Annual Shipeents .

Trueklosds 7,01 6,982 1,803 ki 12 w1 41 0 76 0,058

Kallcare 0 0 t,128 L1870 105 19 ta 1] ith 1,699

Stars from HacDougail, 1963, )
Wotas: (i) All quantities loclude & contingency ellcwsnca of 3OTX.
{2) The following assumptions were used {07 abipplog losdw)
Oflwgal: 13,000 gallons pav trucklosd snd 20,000 gellions per ralicar,
Concretat Raw Materials {sand, gravel, and cement} whipped ec 15 cublc yarde per tvuckload snd 33 -eubls yards
pat ralleet, 1.5 cublc yatds of vaw seterisls per cublc yard of coocrete and 0.1 cons of azesl pet cublic yard af
relnforemd conceetn.
Stewlr 20 tons per truckload and i00 tons per ratlcer.
{3} Shipmente qusussd to be by truck only in yeses | and I and 70% by call and J0X by truck fov foligwing vears.
{4) to convert from gallony to Lirers, sultiply by 3.785; ro converc from cublc yards to cuble sstere, wultiply by

0. 763,
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repository, highway, #ad railroad construction sites by highway and rail.
The estimated number ~f annual shipments of materfal over the repository

lifetime 18 shown in Table 5-6.

Significant quen-ities of the bulk materiale and total costs required
For construction of the highway and railrocad have been estimated 1in Table 5-7
{MacDougall, 1985). -‘faterials and total costs for the h:’dge(s) over Forty-
mile Wash are also jacluded in theae estimates. The nurbier of ahipments
required for delivery of these materials to the varion: sites along the

routes are alsgo indicated in the table.

Table 5-7. Highway, bridge, and rallroad conatruct {on materials?

Costb

{millions Units per 'Nnﬁbgr of
of dollars) Quantity Units® ghipnent . ‘slijpments

Highwayd 12,5 3 : o
Asphalt 42,000 ydé 15 - 2,800
Bituminous base 63,700 yd3 45 0 - &,250
Aggregate basa 120,800 yd 15 8,050

Bridge 6,7 3 :
Concrete 4,000 yd 15 270
Precast girders 140 each 2 70

Total Truck Shipments o Ilyf5;4$0

Railroad®f 144
Rails and tie platea 34,000 tons® . .100 340
Tles 300,000 each - 500 600
Ballast : 350,000 tong 100 3,500
Sub-~ballast 600,000 yd 55 13,900

Total Rail Shipments . o 15,340
EData from MacDougall (1985).

Coats 1{nclude labor, materisls, and markup extension, including
contingency.
dl cublc yard (yd3) = 0.7653 cubic meters; 1 ton = 0,907 metric tons,
A contingency allowance of 30%Z wae added to highway and bridge
quangities.
EA contingency allowance of 10% was added to railroad quantities.
Only the major bridge over Fortymile Wash has been included.

o
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During the eat)y years of construction, all shipments would be by truck
while the rallroad s being constructed. Upon completion of the rallroad,
materials would al:» be shipped to the site by train. Because of the volumes
of construction mat:rial required and the remoteness of the site, railroads
would be an efflecicnt means of material supply. Typlc:il equipment require-
ments for the caonairuction of the repositery are shown 'n Table 53-8. Moset of

this equipment wou'd be removed after constructien. Si:12 equipment, however,
would remain duriny the operations phase.

Over the lifetime of this project, various resor.es, such as cleared
land and water, would be required at the repository. Fustlmates of the amount
of these resourcen tequired for two-stage repository ¢ velopment, assuming
vertical empla-ement of waste, are listed in Table 5-%. The commitment for a

rock storage plle and for water would be slightly less for a horizontal
emplacement configuration.

Table 5-8. Hstimated use of conatruction equipment

Typlcal typea of equipment

Bulldozers Earthmovers Dunp trucks iy
Drilling machines Front-end loaders Gravel elevators.:
Graders/scrapers Backhoes Shovels o

Cranes Earth compactors Alr compressors
Concrete mixerws Drill rige Rock handling elevators
Scaling machines Rock bolting mschines Boring machinea

Truck cranes Service vehicles

Equipment use by category

Category Number of units® Fge; coﬁhqﬁbf#bﬁ rateb
(gallons per hour)

Heavy duty (400~hp) | 60 J 30
Medium duty {250-hp) 60 o 1o

Light duty (150~hp) 90 : 6

,'aAésumed aoperating tiﬁg is 1,500 hours per year.
1 gallon = 3,785 liters.
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Table 5--¢. FEatimated repository resource requirementeH

Rasou. e Requirement

—

Cleared land (acreﬂ)b

Main eurface camglexc 150
Other facilitles d 25
Mined rock dispomal, veriical emplacement i1o0
Mined rock diapowval, horizontal emplacement 35
Railroaga 1,200
Highway 195
Total cleared land, vertical emplacement {acrea) 1,680
Total cleared land, horizontal emplacement (acres) 1,605
Controlled area (a.-.‘.rea)g 24,710
Subaurface area (actes) 3 ' ' ' 1,520
Water useh {gallons per year)b 120,000,000

zﬁacDougall (1985), except as noted.

! acre = 0.405 hectares; 1 gallon = 3,785 liters = 3.785 x 10~
metey = 3.07 x 10 acre feet,

Includes a 30 percent contingency. Does not include land to be
developed as a land disposal alte or visitor center,

Aggumes a mined rock plle 100 feet high, Quantities are from MacDougall
(1985): 21,600,000 tona for vertical emplacement and 6,580,000 tons for
horizontal emplacement, including a contingency allowance of 25 percent, The
dena%ty wae assumed to be 90 pounds per cubic foot.

Aggumes a rallroad right-cdf-way 31 meters (100 feet) wide and 161 kilo-
meters (100 miles) long.

Asgumes a highway rlght-of-way 31 meters {100 feet) wide and 26 kilo-
meters (16 miles) long.

gAccording to 40 CFR Part 191, the boundary of the controlled area 18 not
to exceed 5 kilometers (3.1 miles) in any direction from the emplaced waste.

As reported in Morales (1985), water consumplion at the repository will
rige to a peak of approximately 120 million gallona per year during the first
6 years. Use 1s expected to decrease to about 115 million gallons pet year
and remain at this level during the emplacement phase, about 26 years, and
then decrease to approximately 2,500,000 gallona per year during the 22-year
caretaker phase, There would be a moderate increase 1n usage to approxi-
mately 25 million gallonse per year during decommissioning and until closure,

3
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5.2 EXPECTED EFFECTS ON THE PHYSICAL ENVIRONMENT

This section dcacribes the potential local and regional impacts on the
phyaical environmen: that may result from locating a repoasitory at Yucca
Mountain. The topics discussed include passible impacts to the geologlc and
hydrologic environments, land use, ecosystems, air que'ity, noise levels,
seathetice, archaec¢’oglecal, cultural, and historical r«ceources, and back-
ground radiation lwveles., Where necessary, the discur-ion of potential
effects 18 cateporized by repository perind {(i.e., con¢ ruction, operations,
decommigeioning and closure), Effects that would ocer'r luring the caretaker
phase of the operatinns period are not discussed bec uiz2 the effects are
emall compared with +ffeetes that occur during other r#)nsitory phases. The
effects discuss.d are based on the design contained in {1e two-atage reposi-
tory concepts report (MacDougall, 1985). Thie design, however, is undergoing
revision (ree the introduction to Chapter 5), and some impacts could change.
A definitive analysls of potential repository impacts wlll be presented 1n
the final environmental Impact statement prepared in compliance with the
Nuclear Waste Poliry Act of 1982 (NWPA, 1983).

3.2.1 GEOLOGIC IMPACTS

Tocsting a repository at Yucca Mountain is expected to have minimal
impact on the geclogic environment. FExcavation of the repository represents
an Ineignificant diaturbance to the overall competence of the rock unitse at
Yucca Mountain., Studies by Dravo (1984a,b) and Hustrulid (1984) indicate
that a repesitory can be built in the welded tuff of the Topopah Spring
Member at Yucca Mountain using standard conatruction techniques (Section
6.3.3.2). Access drifts and underground openings can be supported by
conventional rockbolta, wire mesh, and shotcrete. Intersections of fault
zoneg and drifte could he supported, if necessary, by steel or by conecrete.
Experience in tunnele 1indicates that additional support would not be
neceasary, Heat and radlation, which would be introduced into the rocka by
decay of radlioactive material in the repository, would affect only a small
volume of rock and would not affect the rock's 1solation caepability,
competence, or structural atability (sections 6.3.1.2, 6.3.1.3, and 6.3.3.2).
Furthermere, there are no Iindicatione that the retrieval of wastes, 1f
required, would be hampered because of the effects of heat and radiation on
the rock. Calculations prediet that only minor thermally induced fracturea
extending less than 10 centimeters (4 incheeg) into the rock may occur around
the waste-emplacement boreholes, Any possible difficulty in retrieving the
wiostes due to thermally induced fracturing could be elther reduced or avolded
by using ateel Aleeves in the waste~emplacement boreholes.

Future exploration and development of any local mineral or energy
resourcesd would be prohibited on approximately 10,000 bectares (24,710 acres)
of Federal land. Literature review and Ffield reaource surveys (Bell and
Larson, 1982; Quade and Tingley, 1983), fleld exploration and geologic
mapping (Christlansen and Lipman, 1965; Lipman and McKay, 1965; Scott and
Bonk, 1984), and geochemical analysis of exploratory borehole cuttings have
ahown that the potential for mineral and energy development at Yucca Mountaln
13 low. Future exploration and development is not anticipated,
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5.2.2 HYDROLOGIC IM*ACTS

Locating a repeiltory at Yucca Mountain {e expectsd to have minimal
impact on the hydro.ogle environment. Potential impacte inc¢lude the
following: the excl.eslon of any future exploltation of Fround water in the
area immediately suirounding the repository; regional diawdown effects from
ground-water withdriisals at Yuces Mountaln; release of r:adionuclides into the
ground water; flash flooding at the reposltory; the d- erted flcod-water
effects on the surrounding environment; and surface-wa.er effecta. The
sccondary effects on municipal water systems from popu a<lon increases caused
by locating a reposltory at Yucca Mountain are discuss.d 1In Sectilon 5.4.3.

Development of =2 repository at Yucca Mountaln wouwid result 1o a
controlled area within which ground-water exploitation would be prohibited,
However, thz character of the land is such that groung-water exploitation
would not be expected. An estimate of ground-water poteatial by Sinnock and
Ferrandez (1982} indlcates that future generations are wmore likely to dril}
for water in Jackass Flats to the east and Crater Flat to the west of Yucca
Mountain than on the mountain itself, primarily because of the greater depth
to ground water beneath Yucca Mountain {see alsc Section 6.3.1,8). Thus, no
slgnificant impact on ground~water exploitation 1s expected.

The regional effects of withdrawing ground water for a repository at
Yucca Mountain are expected to be negligible. It has been estimated that the
water requirements for a repository at Yucca Mountain would average about
432,000 cuble meters (350 acre-feet} per year over a 32-yeayr period that
ineludes the construction period and the emplacement phase assuming vertical
emplacement, {Morales, 1985)., Although thia water can be adequately aupplied
by existing wells, primarily Well J-~13 located on the Nevada Test Site
(Figure 4-2), present plans call for the construction of new wells and
storage provisions to be located at the proposed main Burface facilities
complex {Morales 1985). Thordarson (1983) reporte that the water level in
Well J~}3 has remained egaentially constant after long perlods of pumping
between 1962 and 1980, The large volume of water produced from this well
{approximately 488,000 cubic meters (400 acre-feet) per year), slong with the
minor drawdown during pumping tests (Young, 1972), suggeats the aquifers
underlying Yucca Mountain can produce an abundant quantity of ground water
for long periods of time without lowering the reglonal ground-water table
{sections 6.3.1.] and 6.3.3.3).

Both preliminary assessments of the long-term performance of a repogi-~
tory at Yucca Mountain {Sinnock et al., 1984; Thompson et al., 1984) and pre-
liminary performance analyses described in sectiona 6.3.2 and 6.4.2 of this
environmental assessment indicate .that a repository at Yucca Mountain would
meet the U.S. Enviroomental Protectlon Agency standards for radilonuclide
releases to the accessible environment (40 CFR Part 191, 1985). The analyses
indicate that the naturel barrierg to radionuclide migration at Yucca Moun-
taln, which are 1inherent attributes of the geologic and hydrologlc setting,
would adequately limit exposure to the accessible ground water and fo the
public for tha required period of 10,000 years. Furthermoxe, there is no
evidence to suggest that during the next 10,000 years the woter table will
rige to a level that could flood the repository. The details in Sec~
tion 6.3.1.4 support this conclusion.

5-36

S P R S § T R



Part of the ar-a being consldered for constructisn of the gurface
facilitieg at Yucea ‘fountain could be inundated by the 500-year and reglonal
maximum floods alon;, Fortymile Wash (Squires and Young, 1984}, During
constTuction of the =wurface facilitiers, a combinaiion of gurface grading and
congtruction of both flood barriers and diversion chanreia would be used to
prevent such floodirg (Section 6.3.3.3). The drainage ::ontrol measures could
result in locally {.creased erosion, hut the overall i~usct 18 not expected
to be significant.,

The repository would be designed to be 1in compli nce with Federal and
State laws concerning liquid effluentas, A packaged biickling-filter sewage
treatment syster 1s heing considered for use at the repciitory., The effluaent
will conform to the requirements established by the Nevada State Board of
Health for secondary treatment, Current plans for offdite sanitary sewage-
disposal measures Include septlc tanks with seepaga pite, absorption
trenches, or seepage bads. A hypalon-lined evaporatlve pond would be used
for mine waste-water effluents, These structures would he located beyond the
reposlitory geologlc block, Qutslde the surface complex, runoff from precipl-
tation would be channeled {nto the natural drainage system on Yucca Mountein.
Inside the complex, runoff would be collected and drained into evaporaticn
pouds, Runoff and possible leachates from the rock-storage pile would be
retalned by the hypalon liner and storage~plle berm, Tha water usad for dust
control during the construction of the accees toad and rallroad would not bhe
applied 1n large enough quantities to causs runoff or ponding.

5+2.3 LAND USE

A total of 10,000 hectares (24,710 acresa) of land would be controlled by
the U.3. Department of Energy (DOE) for repository uses {see Table 5-9.).
This land is currently adminlatered by the DOE, the Department of the Air
Force, and the Bureau of Land Management, The DOE portion is currently used
for nuclear research and development purposes., The Nellls Air Force Range
(NAFR) 18 used For mllltary weapons testing and personnel training, The
portion of the range in the immediate viclnity of Yucca Mountailn is reserved
for overflights and provides alr accees to the bombing and gunnery areas
located wnorth and west of Yucca Mountain, Transfer of this land 1s not
expected to advarsely affect 1ts current use of providing access to Air Force
training areas. The Nevada Test Site (NTS) and the NAFR have been withdrawn
from public use for more than 30 years. Continued restriction of public
access 1s not expected to affect elther the curreat or the future economic
and recreational requirements of the people in this region.

In addition to use of NTS and NAFR land, about 2,100 hectares
(5,000 acres) of public land administered by the Bureau of Land Management
(BLM), U.S. Department of Interior, may be withdrawn from public use.
Because Yucca Meuntain is not a prime location for other uses, withdrawing
this laod should have essentially no effact on land use 1n the area,
Conatruction of the rail line would require obtaining a right-of-way on BLM
land (See Figure 5~2), Assuming that access to lands north of the proposed
rail 1ine 1s neither restricted nor reduced, adverse impacts are not expected
to ocecur to uaers of these areas, The proposed new access road would be
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located on the NTS with the exceptlion of a emall segment on BLM land between
the NTS and (1.5, Higb.ray 99,

5.2.4 ECOSYSTEMS

This section deascribes the effects that locating a vaposltory at Yucca
Mountain may have on terrestrial and aquatic vegetat’ a and wildlife.
Possible adverse effects are greateat for the constructi.n period and are a
result of removing vegetation and Ilncreasing transpari.tion in the vicinity
of the site,

The primary ecclogical effect of repository construction would be the
permanent removal of about 680 hectares (1,680 acres} c¢f vegetation. Table
5~9 {temizes the acreage that would be disturbed, Cleanlag thise land is not
expected to be ecoclogically significant hecause the affeucted areas are very
small compared with surrounding undisturbed areas that have aimilar
vegatation,

The ecological effects that may result from construction depend on the
nature, size, location, and duration of the disturbance., If the disturbance
13 restricted to the surfsce without removing the soil, then revegetation
from an exlsting seed source or from root stock could occur within 10 to 20
years (Wallace et al., 1980)}. If the disturbance includes removing the soil,
then natural revegetatlon may require hundreds of years (Wallace =t al.,
1980, The development of new vegetatica {s usually inhibited by the very
low precipitation in the area and is also influenced by soil characteristics
and animal feeding habits.

A secondary ecological effect of removing the vegetation 1is the
alteration of the habitats for wildlife. The vegetation provides wildlife
with food, with structures for nesting, and with shelter from predators and
climatic extremes. When the vegetation of an area 1a destroyed, the wildlife
thset 1s dependent on that area is destroyed or displaced into the surround-
ing, undisturbed areas. Most displaced wildlife will die, however, due to
competition with wildlife that 1inhabit the adjacent undisturbad areas.
However, the net patential effect would probably not be significant bacause
the areas that would be disturbed are not ecologically unusual and because
the potentlally affected blota represents only a very small percentage of the
surrounding, undisturbed biota in this region,

Indirect ecologlcal effects of construction may also be causgsed by
combustion emissions, fugitive dust, sedimentation, and noise. The projected
concentrations of the combustion emissions, which are described in Sec-
tion 5.2.5, are not consldered high evough to cause any significant adverse
effects to the plants and animals in the region. However, fugitive dust
deposition on the leaves of desert shrubs can Iincrease the loss of leaves
(Beatley, 1965}, Over several years, deposition of duat could result in the
death of shrubby vegetation near disturbed areas. Levels of fugitive dust
would be minimized to the extent possible by mitigative measures such as
wetting the surface of the disturbed aresas. Also, erosion of disturbed areas
and sedimentation both during and after etorms could bury the vegetation
surrounding the disturbed areas. However, erosfon of the disturbed areas

5~38
a 010 08 - A2 9 4



would be controlled to -he extent pousible by maintaining moderate alopes and
by applying soil stabi:izers, 1f necessary. Construction noilse may affect
some animal communitie«; potential noise {mpacts are diascussed 1ir, Sec~
tion 5.2.5,

Although there ar: no federally listed threalened or rndangered species
in the vicinity of Yuuica Mountaln, two apecles that ocecu~ in the ares are
being reviewed for iwclusion on the Federal list (G'Far-wll and Colling,
1982). These gpecles are the Mojave £fishhook cactus (Sclerocactus
polyancistrus} and the desert tortolse (Gopherus agese’z '1). The desert
tortolece is aleo a Stite-protected species and {8 des: 4nuted as a rare
specleg. The discribution of thase specles 1s describes 1n Section 3.4.2.
Impacts on the Mojave filshhook cactus during construction are not expected
because the eurface facilities are to be conatructed to the east of Yucca
Mountain where the species does not occur (Q'Farrell and Collins, 1983). The
effects of construction on the desert tortolse would depend directly on the
number of tortoises found in the construction zones, 7Tf a tortoise is
encountered and 1f no other mitigation 1s possible, then it may be moved to a
gafe area, Further atudy of this mitigation method {s wlanned prior to any
relocation., The density of degert tortolsa in the project area (less than
B per square kilometer or 20 per square mile) is lower than in other parts of
its range {Q'Farrell and Collinag, 1983},

Riparian habitats do not exist on Yucca Mountain or in Fortymile Wash
becauge of the absence of peremnnlal surface water. Therefore, 1mpacts to
aquatic ecosystems are nat expected. Ash Meadows, which 18 locatad about
40 kilometers (25 miles) south of Yucca Mountain, containa approximately 30
springsa that have populations of rare fish as well as the habltats of many
unugsual plants {Section 3.4.2.4). Ground-water withdrawals for the
repository are not expected to have any impact on malntaenance of the water
levels 1in the Ash Mesdowe area because Ash Meadows and Yucrca Mountain are in
a different ground~water basin (Sectlion 3.3.2), and impacts to the ecosystems
of the area are not expected (Sectiom 3.3.2).

During operatlons, the transportation of workers, materials, equipment,
and waste to the repository would result in an increased oumber of animals
killed on the rocad. The secondsry effects of repository operations are
pimilar fo those discussed for construction and Include the loss of some
plants and animals from combustion emlssions, nolse, fuglitive dust, and
gedimentation.

During decommissioning and closure, Lhe potentlal effects are expected
to be similar to the effects experienced during repository construction;
however, the magnlitude of the effects should be lower during the decommis-
sloning and closure period,

The long~term ecological effecte of the repository project will be miti
gated to some extent by efforts to restore and revegatate disturbed areas to
approximately their original condition. For some areas, habital restoratlon
could commence upon completlon of the construction period. After decommise~
sloning, efforts to restore surface facllity areas would begin. A restor-
ation technique that would be simllar to those outlined in Section 4.1.1.4
would be used. However, the results of habltat restoration efforts under-
taken in conjunction with eita characterization studies are expected to yield
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information on the best technlques for restoring disturbed habitat in the
vieinity of Yucca ¥.untain.

Heat generated by the wastes would gradually incresse the tdmperature of
the ground at the sorface, The maximum inerease ia expiected to be less than
1°C (2°F) approvimstely 3,000 years after waste emplac:aent (Johnstone et
al., 19B4), and the heat would dissipate aslowly therea: ey, The surface area
thst would be affected by the 1°C disotherm would pro..bly be generaily
¢ircular and will encompase approximately 800 hectare (2,000 acres), which
iacludes the areal extent of the repository. The ecol.gtcal consequences of
increasing the surface and near~surface temperatures o¢..:r the repository
cannot be quantified with the information currently avsilable. However,
significant eco.oglcal impacts would not be expected because of the
relatively small temperature Incresse and slze of the aifected area.

5.2.5 AIR QUALITY

The development of Yucca Mountain as a4 repository would result in emis~-
sions of several substances into the atmosphere, This gection discusses the
applicable regulations as well as the impacte associated with emissions from
constructlion, operations, and subsequent decommissioning of the reposltory
and the relationahip of these 1impacrs to applicable regulations., Only
nonradiological emiseions are considered in this section. Section 5.2.9
discusses the potential for radiological emissions.

5.245+1 Ambient air-quality regulations

Both the State of Nevada and the U.S. Environmental Protection Agency
(EPA} have promulgated regulations designed to protect the air gquality of
Nevada; the regulations are expressed as ambient air-quality standards. The
standards that apply to the development of Yucca Mountain are outlined on
Table 5-10. Before construction can begin, the State of Nevada may require a
registration certificate that outlines limits on, and controls of, the emis-
sions from fac{lities., After operations begin, an operating permit is
required to verify that the source ig operating within the limites of 1its
registration certificate.

Particulate emissions are expected to be of the mest concern in develop~
ment of Yucca Mountain aa a repository., The State of Nevada's tegulatory
intent concerning fugitive particulate emissions is that "no person shall
cauge or permit the handling, transporting, or storing of any material in a
manner which allows, or may allow, contrellable particulate matter to become
airborne” (State of Nevada, 1983}, Compliance with this mandate would be
incorporated into the registration certificate. However, becauge of the
preliminary stage of the repository concept at Yucca Mountain, only uncon-
trolled or minimally controlled {l.e., worat-case) particuiate emisslona have
been assumed in thils analyaees.

In addition to these regulatory requirements, the project could be
subject to review under ‘the Prevention of Significant Deterioratton (PSD)
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Table 5-10., Amblent air-quality standards®

Ambient air-qualit- standard,
micrograms per cubic¢ meter (ppb)

Feders’ Faderal
Time Nevada primar - pecondary
Pollutant period etandard atandald standard
Sulfur dioxide 3 hours 1,300 NS© 1,300
(500} . {500)
24 hours 365 365 NS
(140) {140)
Antinsl 80 80 . 80
arithmetic (30) {39 (30)
mean
Totgl suspended 24 hours 150 260 150
particulates R T P R G L
. - © - Aftnual: Lie : 75t - A 1 R I 1o Ep
“geomatric - - . S - ) D
- mean ' s : ' '
: : . : - v o S T
Oxidant (ozone)} 1 hoiur . - 235 - 235 : 235
{120) - (120} . {120y
Nitrogen Annual 100 100 100
dioxide . arithmetic {50} (50 - {50) "
o mea'
Carbon monoxide 1 hour 40,000 40,000 40,000
{35,000) {35,000) (35,000)
8 hours 10,0009 10,000 10,000
{9,000) (9,000) (9,000}

EData from 40 CFR Part 50 (1983); State of Nevada (1983).

ppb = parta per hillioen. R
SNS = no standard. o : :

At or helow 5,000 feet mgan sea level

provigions of the Clean Alr Act: Amendments of 1%77. Three classgses of areas
were established under the Clean Alr Act to maintain specified levels of air
quality. The classes allow for some 1ndustrial development by specifying
ineremental ipncreases 'in ambient pollutant levels. These inerements are
small percentages of the National Amblent Afir Quality Standards {NAAQS) and
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Table 5-11. Maximum allowable pollutant incremente assvming
Prevention of Significant Deteriovatlon requirements

a
Ivi.raments

Tima (microgrs«s_per cubic meter)

Pollutaat period Class I lass IY Class III
Sulfur dioxlide 3 Tours 25 512 700
24 hours 5 91 182
! yeaar 2 20 40
Particulates 24 hours 10 37 75
1 year 5 19 37

8For any perlod other than annual, lucrease may be exceeded not more
than one day per yene at any one location (State of Nevida, 1983).

are outlined on Table 5-11. Clase I areas are to remain pristine and allow
only limited development, such as for natlonal parks and wilderness areas.
All other psarta of the country that are subject to PSD regulatlons, including
the Yucca Mountain site, were initially designated ae Class II areas, which
allows for moderate Iindustrial development, Class TI] areas are allowed to
reach, but not to exceed, the NAAQS. At present, it {8 not clear whether or
not the repository would be subject to PSD review. The applicablility of PSD
requirements is based on sgignificant emission levels below which PSD review
18 not required. Whern specific details of repository emlsaginng are known,
the State of Nevada would be required to make a determination of applica-
bility of PSD requirements, If review Is required, it would entail & coatrol
technology review and could raquire either air-quality or meteoroioglcal
monitoring.

5.2.5.,2 Construction

A preliminary asgessment of the emiesions and amblent air-quality impacts
of consetruction of the Yucca Mountaln repository has been made by Bowen and
Egami (1983). They determined that emissions may result from site prepara-
tion, repository construction, movement of excavated rock to etorage plles,
wind crosion of stored material, concrecte preparation, and combustion of
foeeil fuels. Bowen and Fgami (1983) assumed a 7~year construction period
and two B-~hour shifts working 260 days per year; eatimates presented in Table
5-12 are based upon a 5-year construction perlod snd three B-hour sehiftse,
working 250 days per year, The estimates for the 5-~year conetruction period
were calculated to determine the potential impacts of constructing a single-
stage repository at Yucca Mountain (see Section 5,1 of the draft Environ-
mental Assessment). The results of the 5-~year construction anslysis can be
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Table 5~12. FEstimated total particulate emlaslons from repository
conat ruckion

Total emissions

over 5 years Emfanion rate
Source {metric tons) ‘grams per sacond)
Surface facilities? 1296 8645
Mine conatruction®
Shaft drilline/blasting P 58 . 0.54
Subsurface drilling/blasting 4,4 0.04
Rock-moviag
Loading . : : 13 o 012
Dumping _ 0.68 o Q,gOﬁ-
Surface rock traaspqrt _ | _ . Ca .
Loading 1500 13.9
Hauling 2700 25.0
Numping 77 0.7
Wind erosion 1I:LQ : .1000 | o o ,_,5,5
Concrete | :. L : B T bty
Batching c. 20 Lo AT 1 293 T
Sand and gravel processing 17 0.15
Transportatlon relafedg - 7.0 o 0;0§ .

%bata from Bowen end Egami,(1983).

‘ metric ton = 2,205 x 10 poungs.

€1 gram per second = 2,205 x 107 ° pounds per second.

Total emisslions and emisslon rate for one~year assumed duration of this
activity; uses emlsslon factors of 2.7 metric tons per hectare per wmonth
(l.ZEtona per acre per month) with an agsumed area of 40 hectare (100 acres).

Conventional drill/blast/muck-removal techniquea have been assumed.

Emissions calculated assuming conventional aubsuyrface controls, -

Bincludes diesel fuel uge.
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Table 5-13. “3Zstimated total potentiglbguseous eulssions during
repository construction '’

Total emigeic

ovar 5 years Emisaion rate
Pollutant (metric tone; _ (grams per second)}
Carbon monoxide 22.0 0.20
Hydrocarbons 8.0 0.07
Nitrogen oxildes 114.4 ' 1.06
Sulfur dioxide 7.2 0.07

4calcuiated using methods from Bowen and Fgami (1983} and diesel fuel
estigates froin McBrien and Jones (1984).
From diesel combuation enginea,

€1 gram per gecond = 2,205 x 10 pounds per second,

considered to overstate the 1mpacts of a 7-yeesr construection period and are
presented in this Section as a bounding analysis. Gaseous emiasions result~
ing from construction are presented in Table 5~13. These eatimates are
modified from Bowen and Egami (1983) by removal of all transportation-related
emisaiong (e.g., commuting, material shipments).

Bowen and Egami (1983) attempted to quantify the ambient impact of
project related emissions by applying the air-~quality simulation model knowm
as Valley., Valley i3 approved by the U.S. Envircnmental Protection Agency
and 18 a complex—terrain model that 1is most frequently used as 8 screening-
level model for 24-hour periods. A acreening-level model ia typically uaed
to determine whether the use of a more sophisticated model 1s necessary.
Many physical parametera are not well known, such aa exact emission rates and
locations, plume rise and velocity, and oneite meteorology. For this reason,
aspumptione are made that result in worst—-caae ambient concentrations.

Por modeling purposes, short—-term worat-case metecrological conditions
are defined as 8 very stable atmoaphere and a constant wind apeed of
2.5 meters per second (8.2 feet per second) in one of 16 compaas directions
for six of 24 hours. Theae conditions would most likely occur during late
evening and early merning, and they do not necessarily correspond to peak
working hours at the repository. 1In fact, emissiona during this stable
period could be at a minimum.

Two poaslble locationa for the repository have been modeled: one 18
along the ridge of Yucca Mountain and the other ia on the ecastern slope of
Tucca Mountain. For modeling purposes, the repository was assumed to be a
square area of 280 hectaree (700 acres) with a uniform emisaion rate over the
entire area. Because the Valley model was developed for evaluating the
impacts from a single, elevated-point source, this assumption ie not entirely
appropriate; however, it provides a screening-level assessment.

In the Valley wodel, amblent concentrations sare directly proportional to
emiggion rates. Thus, the modeled concentratione that had been obtained by
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assuming a 7~year construction period (Bowen and Egami, 1983) could be scaled
to a 5-year constt.ction period., The Valley-predicted maximum 24-~hour
concentrations are .hown on Table 5-14., The worst-case emission acenario, in
which all activities indicated in tablea 5~12 and 5~}3 ccur simultaneously,
i1s also shown in Taule 5-14,

A comparison ran be made of the predicted con ructlon Impacts
(Table 5-14) with -<he amblent ailr-~quality standarde -~resented earlier
(Table 5-11). Such a comparison Indicates that noctr of the predicted
pnllutant concentrations would violate applicable etan ‘ards.

1f the project were subject to PSD raquirements, iaese impacts would
also have to be evaluated against applicable pollutsent increment levels,
Because of the uncertainties involved in many of the enigaion estimates and
modeling aszumptiona, evaluation of PSD~related impacts have not heen
addressed, -

In addition, the analypes described in the precading section have
aaguned that fugitive dust control measures would not be used. However, such
measurea are avalilable and could be used to further reduce emissions. For
example, watering exposed surfaces twice daily would reduce emissions by
about 50 percent, snd the addition of chemical suppresgants can further
reduce emissions by B0 percent on completed cuts and fills (Jutze and
Axetell, 1973), 1In general, by using proper techniques, emisgiows during
conatruction of the repository could be reduced to a level less than one-half
of that assumed in this conseervative analysis.

Emissiona from dirt roads can be reduced by traffic control. They can
also be reduced 85 percent by paving, 50 percent by treating the surface with
penetrating chemicals, and 50 percent by working soil-stabilization chemicales
into the road bed (Bowen and Egami, 198]), Storage plles of waste rock could
be treated with chemicals to inhibit resuspension, and the waste pile area
c¢ould be revegetated,

1n addition to potential impacts on amblent air quality, a potential
health hazard to miners may exist because of the existence of zeolite mineral
types that contain crystal forms similar to those of asbestos. The potential
for health effects from exposure to minerals would be investigated further
during site characterization. :

5.245¢3 Operations

Nonradiolegical emisslons zassoeclated with operation of the repository
include both dust from surfdace handling of mined materials and combustion
products from burning diesel fuel. Emilssions would also occur from commuter
traffilec to and from the site.

Dust emisaions from surface handling of mined materials are dlscussed in
Section 5.2.5.2 and are presented in Teble 5-12. Wind erosion from waste-
rock storage piles would cause resuspension of soma particles: Also, unpavad
roads at the eite would be a source of fugitive dust emissions during
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Table 5~t4, Es.imated maxinum 24-~hour concgntrations of pollatants
fc.m repository construction®?

Predicied impaet
(micrograms »er cublc meter)
EmiBalon rate e i '
Pollutant {grams per aecond)c Ridge locationd Valley 1ocat1i01'1e

Total guspended

particulate : 133
Carbén monoxide .0
Hydrocarbons -0
Nitrogen oxides |
Sulfur dioxide 0

2bata from Bowen .and Egaml (1983). :

Modeled year ineludes sunface facllity construction that would not laat
the duration of the S5-year period, :

I gram per second = 2.205 x 10 ~ pounds par second. .

Maximum concentration occurred L.5 kilometers (1 mile) south-eouLhwest
of *:; repository location,

Maximam concentration occurred 1.0 kilometer (0.6 mile) east~northeast
of t?e repository location,

Sum of emission rates in Table 5-12.

repository operation, The amount of fugitive dust that could be fe.erated
dependa upon the extent of such roadz and the control measures to . be
employed; neither factor is known at this time.

Eastimates of diesel fuel use cited 1In the draft EA were much higher than
those cited in Table 5-6 of this document. Based upon tha higher estimates
of diesel fuel use (Table 5-9 of the Draft EA) and emission factors (URS,
1977), the total emlssiona from coustruction, operations, and decommissioning
are shown on Table 5-15, Use of diesel fuel estimates contalned in the draft
EA did not result in violations of alr quality staandards., Consequently, the
lower estimates of diesel fuel use for the two-stage repository (Table 5-6)
are not expected to violate air quality standards., Furthermore, part of the
diesel emissions would be underground and would be filtered before being
released to the atmosphere; thie would slightly reduce both the amount and
the rate of particulate emissions from that listed in Table 5~15.

Total emlgsions firom commuter traffic have been eatimated on the basis
of gasoline usage estimated In a report by United Research Sarvices (URS,
1977) for a 35-year emission duration, and they are shown 1in Table 5-16.
Considering the diverse area over which emisaions would occur and the long
duration of the emisalons, these emission levels ahould have no signtftcant
impact on ambient air quality.
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Table 5-15. TIstimated emissions during 60 years of repository
¢onatruction, operation, retrievability, and

uecommissioning pbhasea based upon dissel fuel uge?

1v
Pollutant®

Yeara and phase Co HC Nox 802 Particulates
1-5: Construction
Total (metric tons)® 22,0 8.0  1l4.4 7.2 7,0
Emission rate (grams 0.20 0.07 1.06 0.07 0.06
per second)®
6~35: Operations
Totﬂl (metric tonB) 214.5 78.3 1}.14.2 ?0.4 6?.9
Emission rate {grams 0.33 0.12 1,72 0.11 .10
per decond)
36~55: Retrievability
Total (metric tons) 7.8 2.8 40,4 2.6 2.5
Emisslon rate (grams. 0.02 0.0 0.09 0.01 0.01
per second)
56-60:_.Decohﬁlssion1ng
Total (metric_tons) 8.1 3.0 42,3 2.7 2.6
Emission tate {grams 0.11 0.0 0.60 0.04 0.04

per second)

4calculated using methods from Bowen and Egami (1983) and diesel fuel
estimates from McBrien and Jones (1984).

CO = carbon monoxide; HC = hydrocarbons; NO, = nitrogen oxides; 50, =
gulfur dioxide, 3 '
! metric ton = 2,205 x 10”7 pouunds,
eAssuming three 8-hour shifts, ggo days per year.
fl gram per pecond = 2,205 x: 10 - pound per second.
Agsuming two B-hour shifts, 250 days per year.

o
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Table 5-16. Estimated totel emisslons, over 35 yeary,
from commuter traffic

"Total emissione

Poll stant (netric toms)
Carbon nonoxide T 27,075
Hydrocarhbons 946
Nitrogen oxides B 11
Sulfur dioxiues 36
Total suspended particulates T50

8gased on data from URS (137?).
1 metric ton = 2,205 x 10” pounds.

Trangportation of radloactive wastes to the repoeitory would reeult in
emigsions from trucks and trains. Because the amount of waste to be trans-
ported by each mode 1s not known at this time, it was sesumed that emissions
would be generated either 100 percent by rail or 100 percent by truck. Using
egtimates of diesel fuel consumption (Table 5-~9 of the draft EA) and related
emiesion factors (URS, 1977; EPA, 1977), emisaion estimates from transporta-
tion of waste to the aite were calculated and are ehown in Takle 5-17. The
estimated emisgions, when distributed over total shipping distances during
the life of the project, should have a negligible effect on ambient air
quality.

Table 5-17. Estimated emisaions, over 30 years, from transportation of
radioactive waetes ;

100% rail tranepprt "100% truck trangport
Pollutant (metric tona) (metric'tohsﬁ'
Carbon monoxide ' ' 3,290 ' 8,630 .
Hydrocarbons 2,390 i 3,130
Nitrogen oxides 9,370 44,800
Sulfur oxides 1,440 2,830
Total suspended particulates 630 2,730

®Based on data from URS (lg??).
1 metric ton = 2,205 X 10° pounds.
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5,2,5.4 Decommissinning and Closure

The decommissloring and closure period could consist of partially back-
filling the mined shafte and drifts with material from the etorage piles,
similar to its origl-al topography. This would cause fuviitive duat emiasions
from loading, hauli~ng, dumping, and surface restoratisi, Gaseous and
particulate emission: would occur from construction equipzent and commuter
traffic (Bowen and lgami, 1983}, No particulate emissl. « rate other than for
diesel fuel combuation (Table 5-15) can be determlned & +this time. 1o any
crse, thea extent of these activities would be limitel .in comparison to
consiruction activities, and they are not expected te ureate significant
amblent impacta when .\pread over 8 yeara,

5.2.6 NOISE

Investigatore studying incremental noise levele that affect humans have
concluded that an aunual increment of 5 dBA should be congidered significant
(EPA, 1974). Assuming that small towns in the vicinity of Yucca Mountain
experience an annual average nolse level of 50 dBA, thls lLlncrement would
increase the annual level to 55 dBA for the emall towns charactetized 1in
Chapter 3. A composite annual dey/night noise level (L, ) of 55 dBA has been
declared to be the level thal will protect public healtﬂnand welfare (EPA,
1974). Therefore, this analysis wlll uge an annual L of 55 dBA ag the
level above which people in residential areas may begfﬁ to experience some
anhoyance., E

Other than repoeltory workers, who are protected by worker safety regu-
lations, wildiife ia the only sensitive noise recaptor in the vicinity of
Yucca Mountain. The effects of nolse on wildlife are apeculative. Labora-
tory and fleld experiments have shown both permanent and temporary physical
and behavioral effecta at levels in the 75 dRA to 95 dBA range (EPA, 1971;
Ameas, }1978; Brattatrom and Bondello, 1983). For purposes of this analysis,
75 dBA nolse was asgumed to be the level at which wildlife would be affected,

5,2,6.] Conatruction

Construction nolee sources include the use of construction equipment,
blasting, and the transportation of workere and materials to the site., Con-
struction activities that would produce noise include building the surface
facilitiea, rail line, bridge over Fortymile Wash, accese road, tranemisaion
1{ne, and mining the repository shaftas. All eix of these activitlep are
expected to occur simultaneously during the first 2 years of repository
construction.

Since construction techniques have not yet been specified, it ie assumed
that the equipment would be eimilar to that required in the consetruction of
other large facilities. Maximum noise levels attributed to each piece of
construction equlpment postulated are listed in Table 5~18. Table 5-19 lista
the area that could be affected, sensitive receptors, and the expected
composite noise levele at 150 meters (500 feet) from the focal point of
construction activities,. '
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‘Table 5-18. Nolisé ,S_oi_'irjé_eg" during: rgposi_r.orj; on_’:i-sl_:'ruction

_.ansﬁif'uction_ acti?ity'fandfh&mber of equipment -units’ Lo

Maximum Noise - - - -

level at - . _ : _
15.2 meters L . . ' ’ -
{50 fazi) Surface: . Bach Access Rail spur 'Tfaq_s'l__iiégibn
Equipnent {dBA) factlities = shaft road Rall spur bridge © 1line” s

AiT compressors - 812 1 i 0 0 0 Q. _{:D
Backhoes 85b S 1 0 0 0 0 o
Boring wmachines a8 1 1 0 0 1 1
Bulldozers 80¢ B 1 5 5 5 0 e
Cencrete mixers 85, 1 1 5 5 2 0
Cranes 83" 1 1 2 3 2 1 =
Drill rigs 101° i 1 0 0 0 0
Dump trucks 88°< 6 1 5 5 5 i3
Earthmovers 78¢ 6 1 3 5 5 0
Front-end laaders 765 6 1 5 ) 5 0
Graders 88° 0 0 -5 3 2 0 @
Grader/scrapers BBE 1 1 0 0 0 "0 ' o
Cravel elevators 88b ¥ ] 0 0 0 0 :
Pile u.ivers 101 0 . 0 0 0 3 s -0 ~
Rollers 80, G 0 5 5 0 o T
Service vehicles 88 30 5 10 10 5 - 2 By - S
Shavels 82b i 1 2 5 5 ' 0.
Steam rollers 75E 1 11 0 0 0 0 s
Truck handling conveyors 88 1 1 0 0 0 0

®assumes that the transmission line is placed along the right~of-way for the rail line and that can-
strugtion follows clearing for the rail line..

Data estimated from EPA (1974).

Data estimated from Henningson, Durham and Richardson Sclences (1980).
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Table 5"’190

Summary of maximum nnisE'inp;cts'fkonjconstruction aétivitiesa

Expected -

maximwm ° = Radius Radius
nolse of impert of impact
level at., . zone for _zone fot
150 meters humans_ - wildlife Receptor
Locatien ot a- - sity {dBA) (kilomete¥s)  (kilometers) Area affected affected
Repository
Surface facilitles 85 NA® 0.5 desert wildlife.
Shafts = B4 ' "NA 0.4 desert wildlife
Access road 82 - 1.4 0.3 desert wildlife
Town of Amargosa Valley humans
Rail spur 282 - 7 . L& 0.3 desert wildlife
s . " Indian Springs, Hhrcury bumang
Rail spur bridge 86 NA 0.5 desert wildlife
Transmission line 79 1.3 . _ “0.2. desert : wildlife
: - Indian Springs, Hercuryf humans
AMethods for all calculations can be found in Chamlett (1973). .
1mpacts were assumed at nolse level above an annual

i meter = 3.28 feet; 1 kilometer = 0.621 mile.,

day/gight noise level of 55 dBA for hun&ns and 75 dBA for wildlife.

HA = Not applicable.
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Because the nois¢ levels expected at 150 meters {500 feet) have been
developed assuming the maximum noige level of each plece of equipment 18 sus-—
talned throughout the comstruction day, the analysis 1s conservative, Fur-
thermore, the analysi. assumes that geometric divergence of the &ound waves
provides the only atienuation. Again, this represents a conservative
analysie because It excludes poasible attenuation due tu absorption and
barrier effects, Tab'e 5~19 summarizee the noise levels from conatruction
and 1indicates the railal distance required to attenuate the construction
noise to below 75 dBA (the level asaumed to affect wild):fe) or 55 dBA {the
level asoumed to wffect humans). In developing the radia: distance required
to achieve an annual day/night noise level (L, } of 55 LA, it was assumed
that construction woull laat 10 hours per day, 250 dayr per year, for all
construction away from the surface facilities complex., !2pository-related
conatruction activities at the surface facilities complex are agsumed to
continue 24 houre per day, 250 days per year, Blaasting nolse assoclated with
mining of the shgfts would be similar to the blast noise considered iun
Section 4.2,1.4, As wan found in Section 4.2,1.4, no slgnificant noise
impacts from blasting are expected,

The radial distances assoclated with reaching an aanual L lavel of
55 dBA suggests that impacts may occur. The access road is expe QEed to pasa
within 0.8 kilometer (0.5 mile) of the Town of Amargosa Valley. The radial
digtance of 1.4 kilometers (0.9 mile) for the access road suggests that sgome
reaidents may experilence nolae-related annoyance while construyction opera-
tions are within 1.4 kilometers (0.9 mile) of town. Construction of the rail
llne also carries a 1.4 kilometers (0.9 mile) impact radius. This would
affect residente In Indian Springs. People in Mercury and users of Floyd R.
Lamb (formerly Tule Springe) State Park should not he affected by noipe
because the rail line will probably not pass within 1.4 kilometers (0.9 mile)
of Mercury or the park. Impacts Lo wildlife should be 1limited to the
immediate vicinity of the construction site,

Nolse would also ocecur during transportatlon of workera to and from the
#ite and from transportation of materials to the site. Worker Ctransport
during the day shift would have the greatest nolse ilmpact because of the
number of workers and construction trucks ueing U.S. Highway 95. Incremental
noise has been estimated and 19 baged on the following: '

1. Existing or baseline noise, which uses the 1996 projacted traffic
flows.,

2. The average speed of vehicles is 80 kilometers per hour (50 miles
per hour). .

3. Nevada Teet Site traffic patterne would persist.

Based upon these aseumptions, incremental nolse 1s calculated to be
approximstely 4 dBA, using methods Ffound in Henningson, Durham, and
Richardson Sclences (1980). It is generally accepted that 4 dBA 1s Just over
the value at which people begin to perceive a nolse change and below the
slgnificant level of 5 dBA established by the U.5. Environmental Protectlon
Agency. Therefore, no slgnificant nolse problems due to worker traneport{ are
anticipated at eithar the Town of Amargoaa Valley ot at Indian Springs. It
13 estimated that wildlife within 325 meters (1,070 feeL) of the road would
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experience nolse levels in excess of 75 dBA during periode of high traffic
flow; therefore, they nay be affected.

5.2.6.2 Operations

During repository operalions, major nolse sourcee w..uld include rock-
handling equipment, rail and truck waste transportation, snd worker trans-
poti, Table 5~20 lists the type and number of vehicles é&xpected tc be used
at Yucca Mountaln during operations, the equipment nolse levels, the area
affected, the sgensitiv> receptors, and the resultant w lae levels at
150 meters (500 f.et). Aasuming a maximum resultant composite noise level of
82 dBA at 150 meters {500 feet), wildlife could be affected up to approxi-

mately 3,000 metevs (1,120 feet) from the repository surface facilities
complex.

Table 5~20. Maximum nolse levels from operation of the repository

Maximum noise
level at 15.2 meters

Equipment (50 feat) (dBA) Number of vehicles
Bulldozers 8o -2
Earthmovers 788 : 5
Pront—end loaders 764 5
Rock elevators BSE 2
Service vehicles 88 25

Maximum estimated nolse level at 150 meters {500 feet}; B2 dBA
Area affected: wuninhabited desert
Receptors affected: wildlife

;Henningson. Durham and Richardason Sciences (1980).

EPA (1974).

Rall transport would conelat of a locowmotive and up to ten cars carrying
radiocactive waste and construetlon material. Maximum noigse levels at
30 meters (100 feet) have been establiashed by the U.S, Environmental Protec-
tion aAgency (EPA) as 90 dBA for moving locomotives and 93 dBA for rail cars
exceeding 72 kilometers per hour {45 miles per hour) (40 CFR Psrt 201, 1983),
For a train with one locomotive and ten cars, the noige level at a distance
of 150 meters (500 feet) would be approximately 89 dBA., This would result in
maximum levels of approximately 69 dBA at Indlan Springs, Floyd R. Lamb State
Park, and Mercury. The level would begin to mask outdoor human communication
where people were more than !} meter (3 feet) apart {(EPA, !974). Human indoor
activities should not be disturbed by the resultant levels; however, if rail
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shipments oeccur at urght when people are moet sensitive to intrusive noise,
more severe problem: should be anttcipated i{n nearby communtties, The
resultant radius at «<hich there would be no ilmpacts tc wildlife would be
approximately 844 me.ers (2,580 feetr),

During the operatlions period, combined worker ana material Cranspert
would be less than it would be during construction. Pui :hermore, background,
or existing, traffir le expected to increaese with regi. .al growth. There~
fore, lnecressed nolse due to an fincremental traffic Lln..ease would be leas
ti:an that predictad Ffor the construction period. As 'i.h the constructtion
perlod, however, no significant impacts are expected w{.her for the commun-
ities of the Town of \mergosa Valley or Indian Springa. The resultant radius
to avold impactr to wildlifa along the access road is 47 meters (150 feet)
assuming a truck noise level of 85 dBA at I5 meters (50 feet).

5+2.6.3 Decommissinning and closure

Deconmlssioning and closure operations would result in elevated noise
levels from operation of consiruction equipwent and from worker transport,
The postclosure period would not contribute to nolse.

Congtruction equipment that could be used during this phase is listed in
Table 5~21,., This table also indicates the location and number of construc-—
tion vehicles, noise levels of the equipment, resultant neclse levels at
150 meters (500 feet), and the areas and the sensitive receptors that could
be affected. Based upon these values, the resultant impact radius is
300 meters (1000 feet) for decommissioning and clasure of surface facilities
and 150 meters {500 feet) for decommissioning of shafts.

Worker and material transport during this phase will be approximately
one third of that praviously analyzed for construction activities. Based on
that analyses (Section 5,2.6.1), no impacts on the human population are
predicted. Wildlife may experience noise levels above 75 dBA within about
47 meters (150 feet) of the road when trucks with a noise level of 85 dBA at
15 meters {50 feet) are paasing by.

5.2.7 AESTHETIC RESQURCES

The conatruction and operation of a repository and ita supporting facil-
itles would have an impact on the visual aesthetica of the area, However,
this impact is not .expected to be either significant or controversial.

During the construction of the railway and access road, equipment and
construction crews would be visible along U.S. Highway 95. When they are in
place, the raill line, the transmiesion lines, and the paved access road would
be visible to travelers along U.S. Highway 95, Most of the construction
crews and equipment at Dike Siding would be far from population centers. In
addition, the repository .surface facilitles would be constructed in a
limited-access area and would probably not be visible from U.§. Highway 95.
Overall, aesthetic impacts would be minimal.
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Table 5-21. Noise levels from decommiseioning operatlunsa

Maxlimum nolse lavel Nur*er and location
Equlpment at 15.2 meters (50 feet) of wehioles anticipated
{dBA) Surface “seilities  Each shaft

Bulldozers 80b £ 1
Concrete mixers 85; ' I
Earth movers 78 1 i
Graders 88; 1 1
Dump trucks 88 4 1
Cranes 83§ i 1
Front~end loaders 78 ! 1
Shovels 82¢ i 2
Service vehicles 88°¢ 12 2

Maximum estimated nolse lavel at 150 meters {500 feat):
Surfaca fecilities: 81 dBA
Each shaft location: 75 dBA
Areas affected: uninhabited desert
Raceptors affected; wildlife

®Methods for all calculations are given In Chanlett (1973).
Data from Henningson, Durham and Richardgon Seciencaes (1980}.
Data from EPA (1974},

5.2.8 ARCHAEOLOGICAL, CULTURAL, AND HISTORICAL RESOURCES

The development of Yucca Mountaln es a repository for high-level radio-
active waste may have both direct and indirect effeets on significant
cultural resources in the region, Destruction, vandalism, and unauthorlzed
excavation of sites are examples of direct and indirect effects that may
occur, Direct effects may result from scheduled activities, such as the
construction of roads, drill pads, borrow pita, and railways, that are
related directly to the construction, operations, caretaking, and decommis-
sloning phages of the repository. Indirect effects might result from
increased activity due to reposltory development and operatlion, but that is
neither scheduled nor planned to contribute to repository development or
operation. Whether or not these potential effacts become adverss lwpacts to
gignificant cultural resources depends on the sgpecific cultural resources
lovolved, the nature of the particular disturbance processes, and the
procedures followed to identify and mitigate those potential impacts.

The fdentification and miiigation of potential direct impacts to signif-

icant cultural resgurces in the Yucca Mountain area are straightforward.
Construction activities are planned, scheduled, and approved by the Nevada
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Test Site Support Office (NTS0) before any land disturbance. The NTSO
consults with a qual’ fled archaeologist who conducts o preconstruction
survey, 1f necesaary, and determines {f a potentlal exiats for adversely
affecting significant cultural reasources., Much of the arca surrounding Yucca
Mountain has been systematically surveyed and cultural r:i:ources {n the area
have baen ldantified and evaluated as to thelr significar«e and potential for
adverse ilmpact (Pippin et al., 1982; Pippia 1984). Arch =»clogical activities
are reviewed in consultation with the Nevada State His. 'ri¢ Preservation

Of ficer (SHPOY.

A Programmatic Memorandum of Agreement will be dev loped between the
U.S. Department ~f Energy {(DOE), Nevada SHPO, and Natlcenil Advisory Council
on Historic Preservation to provide for reviewing cultural impacta and deter-
mining appropriste mitigation strategies. If at all poasible, mitigation of
adverse impacts during repository construction would be¢ accompliished by
avolding all identified significant cultural resources. Thie avoildance would
be enhanced by inelvding at least a 50-meter {l164-foct) buffer zone arouand
aignif{cant archaeological sites and having a profeaeional archaeologiact
monitor all construction near sensitive locations, If complete avolidance of
significant cultural resources is not posslble, then advarse Ilmpacts would be
avolided by the sclentific study of that cultural resource prior to Iits
disturbance.

As currently planned, the construction of the repository may directly
affect 12 cultural resources. Site 505184RR6 la located in the area plsnned
for surface facilities and muck hsndling. It is unlikely that this site
could be avoided, because of {its large slze (9.1 sguare kilometers} (3.5
square miles); however, adveree impacts to thie site would be mitigataed by
the sclentific study of an approximate 10 percent sample, Direct impacts to
sites 26Ny2969 and 26Ny2970, located near the currently proposed men-and-
materials shaft entry, have been mitigated wunder cultural reasources
management procedures described in Section 4,2.1.6., However, nine small
rockshelters, sites 26Ny3008, 26Ny3009, 26Nyl016, 26Ny3017, 26Ny3018,
260Ny3019, 26Ny3020, 26Ny3021, and 26Ny3022, occur directly acrosds from the
proposed men-and-materlals shaft entry and could be adversely impacted by
activities in this aresa. Firnally, cobstruction of the rallway, power lines,
and access roads could directly impact a series of cultural resources located
adjacent to Fortymile Wash.

The ldentification and wmitigation of potential indirect effects to
significant cultural resources are more difficult than for direct impacts.
Because these effects are due to uctivities that are neither planned nor
sckheduled by the DOE, 1t is not posaible to mitigate them om a case-by-czse
basis as with the conatructlion sctivitiegs., Although it may be safely assumed
that indirect impacta to significant cultural resources within the Yucca
Mountain Project area will be minimal during site characterization activi-
ties, 1f Yucca Mountain is selected aa the repository location, these
indirect impacts can no longer be assumed to be minimal. Therefore, 1if
selected for repository development, indirect impacts to significant cultural
resources within the project area will be avoided by a systematic program of
data trncovery that focuaee on an adequats, representative sample of classes
of cultural resgurces., Becauae this program would treat the project area as
4 whole rather than a series of unrelsated activities, it would ensure that a
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representative sample 3f all cultural resources 1s preserved and, thereby,
would mitigate any advrrse impacts regardless cof their nature.

Areass around Yucse Mountailn that are made more acceanible during reposi-
tory characterizatlon and development {auch aa the lower maches of Fortymile
Canyon) will be subjc¢cted to a sample reconnailssance 8o -hat the nature of
cultural reaources 1it thoae areaa can be assessed and onyoiag ilmpacte can be
evaluated. If it should be determined that significant dverse lmpacta are
occurring to important cultural regsources in thoae outly ag areas, measures
will be taken to mitigite or otherwlse pravent those im 2:ts.

Potentlally adverse impacte to significant urchaeolugical and historic
gites outside of the Nevada Tast Site (NTS) by Project personnel can not be
completely evgluated or avolded. These cultural resources, most of which
have not been identified through cultural resources sutveys, are also
accesslble to realdents of communities around the NTS wiho would not be
affiliated with the repository. Consequently, 1t would be impossible to
differentiate the impacts due to repository personnel from those due to
local, long-term reaildents; but 1t 4o reasonable to asaume that the
population Influx aseociated with the repository would result in a greater
potential for adverse impact. To mitigate possible adverse impacts,
employeas of the repository will be informed of legislation {Archeeclogical
Reacurces Protection Act of 1979) and the penalities regarding unasuthorized
collection and excavation at these sites,

5,2.9 RADIOLOGICAL EFFECTS

Thia section discusses tha possible radiclogical effects from repository
construction and operation. Since much of the followlng discussion focuses
on radiological effects, a8 brief review of the relevant terminology is in
order.

A curdie (C1) 1e e unit used to describe the number of at?Bs undergoing
radicactive decay per unit time. One Ci 1ls equal - to 3.7 % 10~ disintegra-
tions per second. The mass of .a 1-C1 amount of radiocactive material can vary
dramatically depending on the half-life (i.e., the time 1t takes for one-half
of the atoms initially present to decay) of the material. For example, 1 Ci
of cobalt-60 1s equsl to less than 1 milligram, 1 C1 of radium-226 1s 1 gram,
and 1 C1 of uranium~238 is about 3,000 kilograms (6,600 pounds)}. The acti-~
vity of a unit mass of s radicactive wsterial 1s referred to as specific
activity, and the unit of specific activity 1s curle per gram.

Absorbed radiation dose 18 a measure of the amount of ionizing radiation
that is deposited in s glven mass of absorbing medium. The unit of absorbed
radiation dose 1s the rad; ! rad is equal to 100 ergs per gram.

Since the blological damage 1laflicted by different types of radiation
can vary, the quality factor (Q) 1s used as a measure of the relative
blological effectivenzas of a given type of radiation. The quality factor 1ia
directly related to the linear energy transfer (LET) of the radiation, which
is the energy deposited per unit of path length. The unit of LET is
thouaande of electron volts (keV} per micron. Densely lonizing (high-LET)
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particles, such as protons, neutrons, and alpha particles, are assigned
quality factors of 0 to 20, while sparsely ionizing (low-LET) radiation,
such ap beta partlcizs, X-rays, and gamma rays, are assigned a quality factor
of 1. In essence, ¢his means that densely fonizing radiation 14 approxi~-
mately 10 to 20 timey as effective at Inflicting blolog ral damage per rad as
aparsely lonizing reilation.

The concept of dose equivalent is used to describe the effectiveness of
a given unit of absorbed radiation dose. The unit of dcae equivalent is the
rem; 1} rem is the product of 1 rad and the quality fe tst for the radfation
in question. Thus, £n ahsorbed dose of | rad of gammu rays 18 equal to s
dose equivalent of | vem, and a dose of I rad of alpha p.rticles 18 equal to
a dose equivaleu: of 20 rem, If radfoactive material is taken into the body
(e.g., by Inhalation or ingestion}, some fraction will be deposited in
various organe or tlssues depending on the chemical and physicel nature of
that material, The amount of deposited material will be reduced by a
combination of physical and hiclogical mechaniemse, and the time required to
eliminate half of the deposited material 1s called the affective half-life.
Effective half-lives may range from a few days {(e.g., soluble forms of
tritium (H-3)) to many years (e.g., Insoluble forms of uranium or plutoniwm
isotopes), The cumulative rediation dose equivalent that an individual
recelves as a result of intake and subsequent deposition is referred to as
the dose commitment, The unit of dose commitment is the rem, and the period
of time over which the dose commitment {s integrated is usually 50 years.

Two additlonal concepts often applied in radiological assessments are
those of population dose and maximum individual dose. The population dose,
which i¢ sometimes refered to as collective dose, I8 gimply a summation of
the doees recelved by individuals in an exposed population., The unit of
population dose is man-rem or peraon-rem. For example, 1f each member of a
population of 1,000 individuals received a dose of 0.1 rem, the populaticn
dose would be 100 man-rem. The maximum individual dose 1s a dose received by
a hypothetical individual whose location and habita are such that the dose
received is the maximum expected to result from some given operation or
acecident. For example, the maximum (or maximally exposed) individual in an
atmospheric radionuclide release accident acenario would be a pereon situated
at the downwind location who would be expected to receive the highest level
of radiation exposure as a result of the accident,

5.2.9.1 Constructicn

When the underground parts of the repository are mined, the breaking and
crughing of rock will release pome radloactive material that exists naturally
in the rock, Two families of radlogctive heavy elements (the uranium and
thorium series) are found in moat rocka and solls, and they acecount for about
one~third of the natural background radlation to which humans are exposed.
For example, the concentyration of uranium in roeks ranges from more than 300
parts per million in phosphatic rocks {n South Carolina, to from 1 to 4 parts
per million in other sedimentary rocks. Some of the radicactive decay
products of theae heavy elements are gaaeous. Normally, they cacape from the
rock only through fractures and pores, The breaking and ecrushing of rocks,
guch 83 that which oceurs in mining operations, may release these gaseous
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Yucca Mountain to axtive at the Yucca Mountain site construction duses clted
above. By comparigor, the estimated regional population of 19,908 people
within an 80-kilomete: {50-mlle) radlus of Yucca Mountain (Jackaon et al.,
1984) will receilve 2. annual doase of about 1,790 man-rem from natural
background radiation raleulated on Lhe basia of the 400 nun~rem received by a
population of 4,600 paople (Patzer et al., 1984). The ciilective dose to the
construction work for:e, which i@ also estimated on the hhasis of the DOE RIS,
would be about 1,500 man-rem for vertical emplacement ¢:d 450 men-rem for
horizontal emplacement, The 19,908 people reaiding wic.in 80 kilometera
(50 mllea) of the propoased repository was conservative:ry astimated by iden-
tifying the counties within theat radius and dividing the 1980 county
population by the coun.y area to obtain the population de sity. Once county
population densities were determined, the county area within the 80-kilometer
(50-mile) radius was multiplied by that county's density to estimate
population, The resulte for each couniy were then gummed. If population
centeres {(i.a.,, cities or unincorporated placea) are accounted for, the popu-
lation within 80 kilometsrs (50 milseas) of the proposad repository 1is
estimated to be 11,674 (Morales, 1985},

5.2.9.2 Qperation

During the 28-year emplacement phase, workers would be exposed to radia-
tion from receiving, handling and packaging, and emplacing of waates. The
permissible dose equivalent limit for worker exposure is 3 rem per quarter,
not to exceed 5(N-18) rem where N 18 the age of the individual 1In years
(10 CFR Part 20, 1983), The facilities would be designed with the objective
of reduclng the annnal exposure to Individual workere and to the total
repogitory work force to the lowesat levels raasonably achlevable,

For purposes of this analyais, two principal types ol high-level wastes
are assumed to be shipped to the Yucca Mcuntain repository: apent reactor
fuel and defense high-level waste (DHLW). The repoaitory is being designed
to accept ‘the equivalent of 70,000 metric Lona of heavy metal, The occupa-
tlonal exposures that have been calculated and reported in the following
paragraphe are for an assumed waste compogition of 50 percent spent fuel and
50 percent commercial high-level wgate, These dose estimates will not change
aubstantially if other waste compoaitlions (e.g., 89 percent aspent fuel and 11
percent DHLW) are asgumed.

542,9,2.1 Worker expoeure during normal operation

Specific operations were identifled, individual taske were ligted, and
operation times were allocated so that estlmates could be made of the radia-
tion explosure to workers at the repository during the receipt, handling, and
emplacing of high-level waates (Dennls et al., 1984). The number of indivi-
dual workers assigned to crew positions was estlmated from the annual waste
recelpte and expected faclility operation time, The annual worker exposure
for each task and each individual was calculated from the expected operation
time, the estimated worker exposure times for each task, the radiation field
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products t£o the atmusphere in much larger quantities Lhan those that escape
naturally.

Tha quantities of these decay products that would b»e released annually
to the atmosphera because of the mining of the repositery are esiimated in
Table 5-22. The quintity released is directly proportiirel to the volume of
rock that is mined annually. In the vertical waste-em:incement repository
design, approximately 9 times as much rock is mined a in the horizontal
waste~emplacement esign. Values in Table 5-22 were ertimated from those
given for a repository constructed in granite (DOE, :-780), which has
approximately the same uvanium and thorium content as Yuceca Mountailn rocks,
by scaling with the tatio of total mined volume,

Table 5-~22. Estimated annual releases of naturslly occurring -
- radionuclides to the atmosphere from repoaitory

construction '
Releases
(curies per year)

Radionuclidae : ‘Horieontal emplacement Vertical :emplacement
RﬂdO'ﬂ"ZZU 108 kE 509 )
Radon~222 147 A 5.6 : "4' '
Lead~210 ' o 1.4 x 10_3 4.7 x 10_3-
Lead-212 : 2.7 x 10 8.8 x 10 7 1o
Lead-214 1.7 5.6

1-? 506 )

‘Blemuth-210

The enhancod releases of naturally occurring radionuclides are estimated
to result 1in maximum whole-body dose commitments of 0.09 man~rem to the
reglonal population for the horizontal waste—emplacement design and 0.3 man-
rem for the vertical waste-emplacement design, These estimates are deter—
mined uaing the method described in the U.S. Department of FEnergy (DOE) final
environmental impact statement (EIS) on the management of commercially
generated radioactive waste (DDE, 1980). This method involves the use of a
teference eite for purposes of radiological impact assessment, The reference
Blte method used in the DOE EIS 1is extremely conaervative in that the
resulcant doses are much higher than those that would be expected around
Yucca Mountain. This 18 due to the assumption of an agricultural land use
getting and a high regional population density (2,000,000 pecple within a
radius of 80 kilometers (30 miles) from the site) for the reference site.
The population doses estimated in the DOE EIS were sgcaled by the . differences
in excavated volume and population density . between the reference site and
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in which the operation was perfermed, and the annual reeceipt and handling
ratas of spent fuel &:d commercial high-level waste (CHLW}.

Gamma~ray and neutron source Intensitles were calculated using the
isotope generation and depletion code ORIGEN2. Shipping cask designs were
used in conjunctisn +vith the three-dimensionsal radiaticr~transport code,
PATH, to davelop doa- rate maps around epent fuel and ¢H.W ehipping casks.
The regults of these analyses are presented in Table 5-2 .

Table 5-23. Hummary of expected occgpational ex;osures from
repository operation

Average Collective
Number of worker dose worker dose
Operation workers {rem per vear) {man~rem per yeatr)
Recelving a5 1.28 44,8
Handling and packaging 16 0.43 6.9
Surface storage to '

amplacement horizon 14 0.43 6.0
Emplacemant : S
Vertical 18 0.69 - 12.4
Horlzontal 7 1.25 8.7

®pata from Dennis et al. (1984).
See text for assumptions.

The total annual worker population dose at the repository is estimated
to be about 70 mun~rem during receipt, handling, and emplacing of high-~level
radicactive wastes., Over the 28-year life of the repository, the: esfimated
eollective worker radiation dose 1s about 2,000 man-rem.

5.2.9,2.2 Public exposure during normal operation

The two principal pathways by which the offsite population may ba poten-
tially exposed from normal (nonaccident) repository operation are external
expogure to direct radlation during receipt, handling, and emplacing nuclear
waste and exposure to alrberne effluents. The former pathway would result in
insignificant public exposures both because of the shielding and packaging
meaaures that would be taken to reduce occupational exposures and because of
the large distance (several miles) that separates the waste from the public.
Expesure to alrborne effluents is not significant because of the negligtible

5-61



quantities of theaa: emissions coupled with the dilution of effluent concen-
trations over the L—angporl distance. 1In light of these facts, a quantita-
tive estimate of pu'lic exposures resulting from normal repository operation
was not made.

5.2+9.2.3 Accldeunvsl exposure during operation

The probability of accidental radionuclide relea e: that can result in
radiation exposure of the general public and of re.ozitory operations
personnel 1s a funct'on of the following: (1)} Lhe pr.bability thar an
accident wiil o-cur and (2) the probability that there will be a release if
an accident were to occur. Accldental releases can be divided into three
categories: natural phenomena, external man-made eveniLs, and operational
accidents (Tables 5~24 and 5-25). Under natural phepomena, three scenarios
are postulated that could cause radionuclide releases: floodlng, tornadoes,
and earthquakes, The axternal man-made events that could cause a release are
aircraft impact and underground wuclear weapons testlng, which could cause
severe ground motion at the repository surface facility complex (Jackson et
al., 1984}). The five operational accidents considered to be potential
gources of radlionuclide release are {1) a fuel assembly drop 1in & hot cell;
(2) & transportation accldent and fire outside the lecading dock invelving
spent fuel; (3) a transportation accldent outside the loading -dock inveolving
commercial high-level waste; {4) a transportation accident and fire on the
waste-handling ramp; and (5) a transportation accident and fire in an
emplacement drift, '

The principal exposure pathway for the accldent aecenarios analyzed is
atmospheric transport. Tmmersion in contaminated flood water 1is an exposure
mechanism only for workers in the floodiung scenarios. No significant water
ingestion pathway was {dentifled. Ingestion of meat, milk, snd crops grown
on land contsminated by radionuclides 1Is considered to be s minor exposure
pathway for the general public becsuse of the low level of agricultural
activity In the surrounding area. Fifty-year dose commitments were calcu-
lated for the maximally exposed individual, for the general public, and for
operations personnel for each of the 10 accident scenarios. The maximally
exposed individual i1a a member of the public whose location and habits tend
to maximize the radiation dose he receives from a postulated accident. In
this analysis, this individual is located 4 kilometers (2.5 miles) directly
west of the proposed repository surface facility complex.

The results of the accldent analysis (Jackson et al., 1984) are
presented in Tables 5-24 and 5-25. All exposures to tbhe maximally exposed
individual and to the general public are less than the radiation exposure
limit aet (0.5 rem per accident for defining systems important to safety) by
the Nuclear Regulatory Commission {i0 CFR Part 60, 1983}, The most asevere
expogure to the maximally exposed individual 13 0.328 rem from the postulated
alrcraft impact scenarlo. These accidental exposure analyses do not reflect
the most recent (two—-stage repository) design information. However, because
the maximum wsste receipt rate has not changed, these reaults are not
expected to change substantiaglly. :
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Table 5-24. Preltminagy population dcse commitments from postulated
accldents

Maximally
exposed
individual®  Gewcal population
Whole-body Whole-body
Probability equivalent Pogp alatlion equivalent
b of occurrence dose €xposed dose
Scenatrio (events per year) {rem) (number) (man-ren)
Natural phenomiena -2 -11 d -9
Flood 1.0 % 10_3 2.8 x 10-4 96 1a2 % 10_3
Earthquake <1.3 x 10_11 2.4 x 10_4 13,908 3.1 x 10_3
Turnado 9.1 x 10 2.4 x 10 13,908 ) J.1 x 10
Man-made external events
Underground nuclear -3 " ' -3
expleosives test 1.0 x 10 2.4 x 10 19,908 3.1 x 10
Alrcraft impact 2.0 x 1070 6.8 x107% 19,908 1.1 x 10°
Operational accidentes
Fuel asesembly drop -1 -8 -5
in hot cell 1.0 x 10 5.3 % 10 19,908 8.0 x 10
Tranaportation
accident and fire
at loading dock -7 -2 -3
Speng fuel <1.0 x 10_7 2.1 x 10__3 19,908 6.8 x 10_4
CHLW <1.0 x 10 3.6 x 10 19,908 9.2 x 10
Tranaportation
accldent and fire
on waste handling ' -7 -7 -7
ramp _ <.0 x 10 1.8 x 10 19,908 4.8 %10
Transportation
accident and firve
in repository -3 -7 - 7
emplacement drift <1.0 x 10 1.8 x 10 19,908 4.8 x 10

8Data from Jackson et al. {1984).

Except for the trenaportation accident outaide facility where beoth spent
fuel and commercial high~level waste are evaluated, all scenarics are based
on agent fuel.

Radiation safety levels in 10 CFR Part 60 (1983): 0.5 rem whole-body
doae per accldent for defining syateme important to safety.

Only population in the zone directly south of Drillhole Wash i3 exposed.

Commerclal high-level waste.
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Table 5-25+ Preliminary worker dose commitments from postulated accidents®

Single worker

whole-body
b equivalent dose
Scenario {rem)
Natural phenomena d ~10
Flood dS.O X lO_l
Earthquake d3,? X 10_l
Tornado 3.7 10
Man~made external events 4 : -1
Undaerground nuclear axpleosives test e3.7 x 100
Afrcraft impact 5.5 % 19
Operational accidents ¢ -4
Fuel assenbly drop in hot cell 8.1 x 10
Transportatlon accident and fire '
at loading dock 0
Spent fuel 83,5 x 10_,
89,9 x 107
Commercial high~level waate s6.0 x 10"3
ﬁl.s x 1077
Transportation accldent and fire ' '1614-x 10 .l
and fire on waste handling ramp ' 1’j4;? x 10Il
’11.2 X 10~8
3 k:13s8 % 50
Trangportation accident and fire : j’kx.e x-lOl
in repoaitory emplacement drift "pledox 10_4
2,8 x 10

dpata from Jackson et al. (1984).

Except for the transportation accident and fire at the loading dock where
both spent fuel and commercial high-level waste are evaluated, all scemnarios
invelve spent fuel.

Worker normal operational exposure limit in 10 CFR Part 20: 5.0 rem per
year i 3 rem per quarter.

Only waste—handling facility workers are assumed to he exposed.

All surface waste-handling facllity workers are assumed to be killed by the
crash; therefore, doses for the workers are not calculated. OQther surface and
subsyrface personnel are assumed to be exposed as a conaequence of the accident.

All surface and subsurface personnel are asaumed to be exposed equally as a
consequence of the accident.

Buorkers at the waste-handling facility lecading dock receive the maximum
dose; remaining personnel recelve the amaller dose.

Workers in the waste~handling ramp area receive the maximum dose.

Haste emplacement workers receive a smaller dose than workera in the ramp
areaj Remaining personnel above ground receive the smallast dose.

Horlzontal emplacement of waste canisters requires an estimated 40 subsur-
face workers; vertical emplacement reguires an estimated 60 subsurface workers.

Waste emplacement workers receive a greater dose than aboveground oparations
personnel.,
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5.3 EXPECTED EFFECTS OF TRANSPORTATION ACTIVITIES

The two major subdivisions of thie section discuss effects from two
sources: (1) use of the transportation network to mov.. people and materials
to and from the prcposed Yucca Mountain repoeitory sii.. {Section 5.3.,1) and
(2) use of the %raieportation network to move radioact .ve wasta through the
State to the site (Section 5,3.2). This section di:.usses the expected
effects of thesa two activities during repository con..ruction, operations,
and decommissioaing pericds ag described in Section & 1.

5.3.,1 TRANSPORIATION OF PEOPLE AND MATERIALS
The impacts of {ncreased traffic volumes on highway and railroad

transportation networks during the constructinon, operaticns, and
decommissioning phases are discussed in the following ecctions.

5¢3.1,1 Highway lmpacts

5.3.1.1.1 Construction

During the construction perlod, two peak highway traffic conditions may
occur. The first peak condition would occur in 1995 when the greatest number
of truck deliveries would occur. The second would occur in 1998 when the
greatest number of workers would travel to and from the site. Both condi-
tiong are analyzed in this section assuming

1. The waste would be emplaced in the vertical mode.

2. The distribution of day-shift workers by category would be minera,
one-third of Tabla 5-5 estimatas; emplacement, one~half of
Table 5-5 estimates; and all others three-fourths of Table 5-5
estimates.

3, Truck deliveries would be evenly distributed over B-hour days for
250 daye per year.

4. The access road and rall line would be constructed over the first
2 years of construction.

5. Constructlion equipment would be uniformly delivered :for 6 months to
coincide with the most intensive period of truck deliveries in
1995. - - -

6. Each truck carrying nuolear waste would be accompaniad by an escort
vehicle. : T




Based on these nsgumptions and the informat{ion presented in Section 5.1,
the following condit.ons would result:

1. In 1995, B40 day-shift employees would travel -o and from the sita.
Eight trucks per hour would travel 1n each ..rectiopn, (To be
congervatire, the analysis uses ten trucks ;e¢r hour in each
direction.) -

2. In 1993, 1,237 day-shift employees would travel to and from the
site, One-half truck would travel par hour L. each direction as
well as two escort vehicles per day. (To ULt conservative t(he
analysia uses one truck per hour in esch direciion.)

The projected travel patterns of Lhese day-shift workers are derived
from recent Nevada Test Site employee residence patteins as shown in
Table 5~26, Figure 5-8 indicates that U.S. Highway 95 hetween the Junction
with the site access road and Las Vegasg would be the most heavily.used, road
in the region by repoaitory related traffic, This highway would carry up Co
98 percent of the day-shlft employees. Seventy-six percent of the work force
would terminate their trip in Las Vegas, and another 6 percent would travel
beyond Las Vegas. :

It 18 assumed that travel by these workers would occur during the eve-
ning rugh hour thereby producing worst-case conditions. For trucks, 1t is
agspumed that all repository—~related traffic will travel along 0.5, Highway 95
between Lasg Vegas and the gite,

The projected repository traffic must be evaluated againet likely condi-
tione 1in 1995 and 1998. As noted in Section 3.5, evening peak~hour. traffic
flow 1s of critical importance. Tables 5-27 and 5~28 compare 1995 snd 1598
t.raffic patterns on U.S. Highway 95 with and without the repository during
the evening peak hour. In developing these tables, several of Lhe highway
segments shown on Figure 5~8 were subdivided. This waa done to account for
traffic volumes that were not related to the repository and to account for
varying road conditions, both of which would affect the leval of service,
(The level of seivice categorien are dilscussed in Section 3.5.)

Tables 5~27 and 5-28 1indicate that the level of service would decline
beginning at State Route 160. The decline between State Route 160 and CLhe
Mercury interchange (segment E) approaches undesirable conditiors. (See
Table 3~9 for definitions of service levels), Baseline traffic for segment E
has the lowest level of service for 1995 and 1998 along any of Lhe evaluated
segments of U.,5. Highway 95. Furthermore, the Iincremental traffic due tc the
repository would not be as great for this segment as for gegments B and C.
This suggests rthat baseline traffic volumes and road conditions are prime
factors contributing to a low service level. Thie two-lane road segment has
very poor passing capabllitiese. There will alac be a slight reduction in the
level of service in 1998 between the Mercury interchange- and Las Vegas as
noted in Table 5-28. D
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Table 5-26f, Settlement patterns of Nevada Test Site employeeaa

Parcentage of
emplor'es reporting ZIP
Location - codes ‘1 thege locations

- T

Unincorporated urban Clark County and
Las Vegas '
North Las Vegas
Indian Springs
Henderson
Boulder City
Other Clark County
Pahrump
H.ercuryc
Tonaopah .
Beatty
Town of Amargosa Valley
Al amo
' Other Lincoln County
Other Nevada'Countieaaﬂ_i
California
Utah
Arlzona
Qther States

= h

QOO OOQOOQ QI OO W OWw

s w W @ & 8 @® % & & B w4 = " &
N D O] BT ] R e WD R e B e e OO O

.

dpata based on ZIP codes of NTS contractors, 1984,
Totals may not add to one hundred percent due to rounding.
“There are no permanent regidents at Mercury.
Includes Pouglas, Lander, Lyon, and White Pine counties, and
Carson City, a consolidated municipality.

As can be seen from the preceding discussion, repository construction
traffic would have 1ts greatest impact on U.S. Highway 95 between the site
accesa road and Las Vegas. Predicted accldents for 1995 and 1998 =along
U.5, Highway 95 both with and without repoaitory-related traffic are shown in
tables 5-29 and 5~30. These predictions were calculated by asauming a linear
relationship between vehicle-miles traveled and number of accidents
(Predere, 1983}, These tables show that under predicted conditions approxi-
mately nine additional accidents per year may be expected due to peak
construction-related traffic. These additional accldents could respult in
five additlonal injurles, Two additional deaths may cccur in 1995. The
accident rstes suggest that the most likely place for accideants is segment E,
which i{g between State Route 160 and the Mercury interchange. This
projection is consistent with the resulta shown on tables 5-27 and 5-28,
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Table 5-27. Projected traffic patterus on U.S. Highway 95 during evening peak hour (5-6 p.m.), 1995

b Without repository (baseline)® With repository
Highway segment Number of HNumber of Service legel Number of Number of Service level
(see Figure 5-8) cars trucks obtained cars trucks obtained

69-%

Site access road to the Town _ y

:F %xwy e Valley 115 24 B 280 62 B
Town o _.zargosa Valley to

5 mlles east of the Town : : :

of Amargosa Valley 148 28 B 311 67 B
5 miles east of the Town

of Amargosa Valley to

S.R. 160 148 28 B 311 67 B
S.R. 160 to NRDA Road 152 29 B/C 305 66 D
NRDA Road to Mercury inter-

change 181 22 B/C 334 60 D
Mercury interchange to Indian

Springs 308 79 B 453 105 B
Indian Springs to S.R. 156 325 83 B 463 109 B
S5.R. 156 to northern city

limits of Las Vegas 365 93 B 503 119 B

3nata from Pradere (1983).
;SQR. = State Route; NRDA = Nevada Research and Development Area road (see Figure 2-7).
See Table 2-¢ for definition of service levels.
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Table 5-28. Projected traffic patterns on U.S. Highway 95 during evening peak hour (5-6 p.m.), 1998

Highway segmentIJ

Without repository (baselir.e)a

With repository

Vumber of Nomber of Service level HNumber of WNumber of Service level

{see Flgure 5-8) cars trucks obtained® cars trucks obtained®

B 3ite ac- .x road to the

Town of Amargosa Valley 125 26 B 368 55 B
c Town of Amargosa Valley -

to 5 miles east of the

Town of Amargesa Valley 163 31 B 404 60 B
C 5 miles east of the Town

of Amargosa Vallev to

5.R. 160 163 31 B 404 60 B
E S.R. 160 toe NRDA Road 166 32 C 392 59 D
E NRDA Road to Mercury

interchange 200 25 C 425 52 D
F Mercury interchange to _ _

Indian Springs 339 87 B 552 112 B/C
G Indian Springs to S.R. 156 357 92 B 560 115 B/C
G S.R. 156 to northern city

limits of Las Vegas 399 102 B 602 126 C

Data from Pradere {1983).

o m

S.R. = State Toute; NRDA Road = Nevada Research and Development Area Road (see Figure 2-7).
See Table 3-9 for definition of service levels.
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Table 5-29. Projectad annual acclidents on U.S. Highway 95, 1995

Hitbout repository (baaeline) With repository
Thous=nds of * - < The e=st foThopsaadsof 1oL
vehicle miles Accidents InJuries Fatalities vehicle miles Accidents Injuries Fatalitles

b
Highway segment
{see Figure 5-8)

14—

B Site ac.wss rroed fo
the Townm of Amargosa

Valley 429 0 0 0 495 0 0 o
C The Town of Amargosa :

Yalley to 5 mlles

east of the Toum of

Amargosa Valley 5,467 4 3 1 6,121 5 3 1
C 5 ailes east of the

Toun of Amargosa .

Valley to S.R. 160 12,684 11y} 6 3 14,200 11 7 3
E S.R. 16D to NRDA Road 5,361 9 5 5 5,961 10 5 &
E ERDA Road to Mercury

interchange 3,658 6 3 -1 4,021 6 3 1
F  Mercury interchange . - . Lol : :

to Jaedian Springs 33,212 32 16 1 35,415 34 17 I
G Ipdian Springs to

S.R. 156 25,090 .22 .17 2 26,618 23 ¢ 18 3
G S.Re 155 to aorthern

city llalts of

Las Vegas 29,420 29 17 2 31,018 30 18 2
TOTAL 112 &7 15 119 71 17

b

%pata from Pradere {(1963).
$.R. = State Route; NRDA Road = Nevada Research and Developnent Ares and (see Plgure 2- 7).
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Table 5-30. Projected annual accidents ca U.S. Bighway 95, 1998

b Without remitory (baseliue) With repoasitory
Bigiway segment Thousands of - -Thousands of .
(see Figure 5-8) velilcle miles Accidents Injuries ?atalitiea vehicle miles Accl.dents Iajuries Fatalities
B Site zotess voad to
R T LY L Wigose
v::lle'y' 467 o 0 0 537 1 0 0

C The Toww of Amargosa

Valiey to 5 miles

east of the Toun of

Amprgosa Valley 6,019 5 3 i 6,706 5 3 1
¢ 5 mles eagt of the

Town of Amargosa

Velley to S.R. 160 13,9635 11 7 3 15,559 12 8 3
E S.BR. 160 to ¥RDA Road 5,876 10 5 6 6,496 1t 6 &
E NEDA Eoad to Mercary

interchange 4,013 6 k| H 4,398 7 3 1
F Hercory loterchange -

to Tedlan Springs 36,529 35 17 1 38,768 37 18 1
G Indian Springs to

S.R. 156 27,536 24 - 19 3 29,067 26 20 3
G S.R. 156 to northerm

clty limits of

Lag Vegas 32,170 v 19 3 33,771 33 20 3.
TOTAL 123 73 i8 132 78 18

:Data from Pradere (1983). :
S.R. = State Route; HRDA Road = ¥zvada Research and Development Area Road (see Figare 2-7).
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which indicate that tlis segment has the lowest level of service efther with
or without the repository. TFor this segment, peak repoaitory-related
construction traffic 'vould be expected to cause an addittenal two accidents,
which would include vre injury during 1998 and one additional death during
1995,

5.3.1,1+2 Operations

During operatione, the moat intensive use of U,S., ilghway 95 would occur
in 2003 when both the number of workers and trucke wou:c peak. Using the
same assumptions previously noted for construction {Secti:n 5,3.l.1,1} and by
agsuming all nuclear waste 1s shipped directly to the repository, the follow—
ing conditlons are expected to occur in 2003:; 1,102 dsy-shift employees
would travel to and from the site, Approximately two and one-half trucks per
hour would travel in each directlon as well as nineteen escort vehlcles per
day. (To be conpervative the analysis uses four trucka per hour in each
direction,} '

Table 5-31 projects evening traffic for 2003, both with and without
repository-related traffic, Values in this table indicate that incremental
traffic due to operations of the repository would cause a drop in the level
of service achleved for segment E {between State Route 160 and the Mercury
interchange), This segment would drop to service level D, as 1is expected
during peak construction activities. There would also be a slight degra-
dation In the level of service from the Mercury interchange to las Vegas. As
repository-related traffic remains conatant over the 28-year emplacement
period of the repository, the regional traffiec along the s¢gment would grow.
Therefore, the lncremental traffic impacts due to repository operationa would
diminish over time, which would make thils first year of full operations a
worat~case for the operations ataga.

Traffic aceidenta for this first year of full repository operations are
projected in Table 5-32, The Incremental repository traffic ls estimated to
cause an additional elght accidents Including slx injuries and two deaths
over thias one-year period. As noted previously, these lncremental traffic
effects would become relatively smaller durlng the operations stage of the
facility.

5.3.1.1.3 Dacommissgioning

Decommigseloning of the reposlitory would involve fewer workers and truck
shipments than prevlously analyzed. Trafffc along U.S. Highway 95 will have
increased because of reglonal growth, The increment of this work force on
the regional highway network is not expected to create any algnificant
effects as this increment 1s only one-fifth of that which was previously
analyzed for construction activitles in 1998,
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Table 5-3t. Projected traffic;panterné on ﬂ.s;?ﬁighuay 95 during evenidgfpeak.hour {(5-6 p.m.), 2

003

b Without repository (baselipe)” B Hith repository
Highway segment Number of WNumber of Service level Number of - Number of: Service levell

(see Figure 5-8) cars trucks. .abtained carg” ttuclts obtained

[ B ]

Site acicus road Co

the Town of Amargosa _ oo ' : . L

Valley 142 29 B 360 S Y B
The Towm of Amargosa : '

Valley to 5 miles

east of the Towm of - L .

Amargosa Valley 188 - 3% - B L B
5 miles east of the ' T

Town of Amargosa

Valley to S.R. 1&0 188 36 B 404 73 B
S.R. 160 to NRDA Road 191 36 - C 393 . CooT72 D
NRDA Road to Mercury ' - _ _ .

interchange 230 28 o 32 - 64 D
Mercury interchanges _ -

to Indian Springs 390 100 B 581 . . -130 C
Indian Springs to : o

S.R. 156 §10 - 105, C ‘B : 592 - 134 C
Z+7. 156 to northerm _

city li=mirs Las Vegas £56 117 B 637 145 c

2pata from Pradere (1983).
s R. = State Route; NRDA road = Nevada Research -and Development Area Road {see Figure 2-7).
“See Table 3-9 for definition of service levels.
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Table 5-32. Ptojecthd'anﬁuql“accidéntsfon U.S. Higﬁﬁqy_SS, 2003

a Without repoeltpfy (baseltue) I N o With -repository
Highway segment Thoasands of N Thousauds of b i < v oo .
(see Figure 5-8) vehicle miles &ccxdeuts Induries Patdlities - wehicle wiles Accidenta Injuries - Fatalities
3 LRix guremnovaad
the Icwm o .
Amargosa Valley 531 1 o 1] 602 1 o 0

[ The Towo of Amargosa

Valiey to 5 miles

east of the Town

of Amargosa Valley 6,940 6 3 } 7,650 6 4 2
c 5 miles east of the

Town of Amargosa

Valley tc S.R. 160 i6,100 13 8 3 17,747 14 £ 4
E S.R. 160 to NKRDA Road 6,735 i 6 7 7,381 12 6 7
E NEDA Road to Mexrcury

interchaange 4,632 7 3 ] 5,022 8 4 1
F  Mercury interchange . :

to Indian Springs 42,059 40 20.. 2 44,406 42 21 2
G Indian Springs to .

S.R. 156 31,619 28 22 3 33,228 29 23 3
G 5.R. 156 to northern

cicy iimits of

Las Vegas 36,759 36 21 3 38,442 38 22 3

TOTAL 142 a3 20 ' 150 89 22

an'an g

3R = State Route; NEDA Road = Nevada Research and Development Reoad (zee Figure 2- 7),
Data from Pradere {1983).
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5.3.1.2 Rallroad Impncts

Maximum use of ¢le rall line during construction le axpected Lo occur in
1996, when the rell 1ine 18 completed to the site. Proj=sctions of. future
Union Pacific rail us. without the repository are unaval.aible. The incre-
mental rail use due Lo repository requirements is evaluated against the
maximum Union Pacific rail usge over the past 6 years, [oring 1996 1t 1sa
eatimated that eix vall cars per day would be required - gupply the site
with material (assuming vertical emplacement, see Sectieon 5.1). A8 before,
250 dellvery daye per year have been assumed. In 1981 :he Union Pacific
line carried an average of 19.2 freight trains per day #'th an average of
66 cars per freight train {Section 3.5.2), or 1,257 rali - arg per day. The
increment of 6 rafl cars per day is an incresse of less than 0.5 percent of
that usge, Since the Incremental traffic 1s 80 small, no Iimpacts are
predicted,

During the years of repository operations, the rallroad may be used to
tranaport beth construction materials and nuclear waste. The maximum number
of shipments of constructlion material le estimated to be Jspproximately 1 rdil
car per day (Section 5.1}, '

The number of rall cars carrying nuclear waste will vary depending upon
whether a monltored retrievable storage (MRS) facility {8 part of the waste-
management system, Asguming all nuclear waste 1a shipped by rail and that
the defenge sites and West Valley always ship directly to the repository (a
deciplion to ship defense and West Valley high-level waste through a MRS.
facility has not yet been made), the number of rail cars per day 1s estimated
to be

l. 1.6 cars of consolidated spent fuel and secondary weste (assuming
MRS casks of 100-ton capacity with overpack, resulting fn the moat
shipments). Secondary waste is byproduct material produced during
spent fuel consolidation (see Appendix A for more detall),
Although no decieion has been made to include such by-products in
the repository, they are considered here so that potential Impacta
are not underesiimated.

2. 0.6 care of defense and West Valley waste.

3. 1.4 cars of apent fuel being shipped directly from the reactors,

Either with or without a MRS faecility, the rail line will experience
about the same amount of use. The resultant number of rafl cars per day is
glightly legs than that which 1is expected during construction. No impacts

due to the incremental rail traffic are expected.

During decommissioning, rallroad use 1s expected to drop to less than
one railcar per day (Section 5,1). At that level, no impacts are predicted.
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5.3.2 TRANSPORTATION JF NUCLEAR WASTES

This section adrresses the radiological, nonradiociogical, sand cost
impacte of transporting spent fuel, defense high—level waste, and West Valley
high-level waste from thalr point of origin to the reposf.ory. Both natfonal
and regilonal risk impracts are assesaed, while transportaifon coste are adses—
sed only on a natioun:l basls. Descriptions of the key e’ zwents pertaining to
nuclear waste transportation are presented Iin Appendix !, Theae inelude
cask design, trensportation cost and riek aspessment . athodology, regu~-
lations, routing, liabllity, emergency response, and ct}ors. This section
provides a synopoils o the Information contained in Ap aidix A as it relates
to the Yucca Monntaln site, and presenta the methods ~nd rasults of a
detalled risk analyeils of nuclear waste transportation c-curring within che
State of Nevada.

Because of the early devalopmental stage of the program, several in-
state routing options and shipment scenarios are presaentad in the following
aactions in &n attempt to realistically but conservatively describe the
possible risk due to nuclear waste tranasportation.

3.3.2.1 Shipment and routing of nuclear waste shipments

Assumed conditions about the number and types of shipments from each
waste origin point to interim and final destipations play an 1lmportant role
in the risk and cost assessment. This subsection describes the shipment and
routing assumptions underlying the coast and risk aasessments on both national
and regional scales,

5.3.2,1.,1 Natlonal shipment and routing

Speciflic routing requirements apply to packages containing quantities of
radiocactive material that are designated as 2 highway route controlled
quantity. These requirementa (49 CFR Part 177, 1983) would apply 1f the
wagtea are shipped by truck to Yucca Mountain. Pederal regulations epecify
driver training requirements (49 CFR 177.825) and require that a written
route plan be submitted that lists specifics such as planned stops, estimated
departure and arrival times, and telephone numbers for emergency assistance
in each state, Variations from the route plan are allowed only under certain
clrcumatances, and muet be reported as soon as possible within 30 days fol-
lowing the deviation. Appendix A describes these regulations in more detail.,

The rationale underlying routing regulations and the role of State and
local governments in selecting a route that maximlzes safety are explained in
a notice in the Pederal Register (DOT, 1981) and in Appendix A, The overall
goal is to reduce risk by reducing the amount of time the radioactive
material is in transit. Therefore, interstate highways have been selected as
preferred routes for truck trensport. In addition to reducing the amount of
the time in translt, interstate highways in general have lower accldent rates
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than do other routes. However, State routing agencles &s defingd in

49 CFR 171.8 (1983), r:ay designate alternate preferred routes. A State-
designated alternate preferred route is one that 1s selarted 1n accordance
with the Department o¢ Transportation (DOT) guldelines (DOT, 1984} or an
equivalent routing anslyele that adequately conaiders ov:rall risk to the
public, Designatlon rust have been preceded by subetantiv: consultation with
affecred local jurisc ictions and with any other affectec u:ates to ensure
conalderation of all impacts and continuicty of designate  routas, The DOT
guidelines requirc State routing agencles to consider all categorles of risk
and not aimply the high-conaequence, low~probabllity cicegoriea, For
exampla, travel througk population centers should bhe cori:dared {f ic caan be
demonstrated that the yisks in the arga are lower than L. wel chrough less
populated areas. Appendix A describes the routing guideliies which were used
in poatulating routes from origin points to Yucca Mountair.

For the natlonal 8ssespment, several different shipping sacenarios
involving various combinatione of waste origin, incerim destination, and
ghipping mode were cunsidered., Two general cases of ghlpment on s national
scale were coneldered. One case assumed no monitored retrievable storege
{MRS) facility, wicth all nuclear waste generators shipping directly to the
repository by either truck or rail. The second case assumes the exlstence of
a MRS facility as an interim destination for spent fuel. The shipping
gecenarios for these cases are as followa:

Without MRS

1. All reactors would ehilp spent fuel directly to the. repository - by
truck. TLegal wedght caaks having a capacity of 'preasurized-
watar~reactor {(PWR) or 5 bolling-water-reactor (BWR) sdpent Ffuel.
assemblies would be used,.

2., All reactors would shlp spent fuel directly to the repository by
rall, with caske having a capacity for 14 PWR or 36 ‘BWR spent fuel
asgsemblies,

Eastern Reactors To MRS

3. All western reactors . {those weat of 100° longitude) would .ship spent
fuel to the repository by truck; easterr reactors ship spent fuel to
the MRS facility by truck. Caek capacities would be the pame as
gcenario 1 above. TR

4, All western reactors (those west of 100° longitude) would ship: spent
fuel to the repoeltory by rall; eastern reactors ship aepent fual--bo
the MRS facility by rail. Cask capacities would be the same as
gcenario 2 above. S

All Reactors to MRS

5. All reactors would ship spent fuel to the MRS facllity by truck.
Cagk capacities would be the same as scenario 1 ebove, '

6. All reactors would ship spent fuel to the MRS faeiliry by rail,
Cask capaclties would be the same as scenario 2 above.
5~78
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Defense and West Valley Waste

7. All defense high-level waste (DHLW) and West Valley high-level waste
{WVHLW) wou.d be shipped directly to the reposifory by truck. Truck
ghipments w.:uld contain one csnister per truck, Rallcars would
carry 5 canisters of DHLW or 7 canlsteras of WVELW.

8, All DHLW ard WVHLW would be shipped directly i{- the teposaitory by
rail, Shipment capacities would be the same as scenario 7 sbove,.

Consolidated Fuel From MRS

9., All coraolldated spent fuel and secondary waste would be shipped
from the MRS facility to the repository by ratl, Secondary waste
conglats of material generated or discarded during the spent-fuel
consclidation proceas am described in Appendix A, Casks would weigh

100 tons with overpack, carrying either 18 PWR or 42 BWR consoli-
dated spent fuel assemblies.

The expected number of shipments for each scenariv 1s presented 1n
Table 5~33, The assumptions used Iin estimating the number of ghipménts for
these scenarios are described in Appendix A.

5.3.2.1.2 Reglonal shipment and routing

In Nevada, the State routing agency (as deacribed in 49 CFR 171.8, 1983)
18 composed of three members who are all elected public officlals. They
include the Governcor, the Attorney General, and the State Comptroller. To
date, the State Routing Agency has designated U.S. Highway 93 between Las
Vegas and Beatty, Nevada, as a preferred route, No other routes or entry
pointa into the State have been so designated by the State of Nevada.
However, examination of the locations of waste origination and information
regarding the current network of regional and interstate highways and
mainline rail systems indicates the prin¢lpal candidate routes into the
areas,

Two routing scenarios were postulated In which nuclesr waste shipments
would enter the State and travel to the repository on one of several
candldate routes. S5ix postulated truck routes and two rsil routes were
evialuated for these scenarios. Descriptions of the postulated truck routes
are as follows:

1. Interstate 15 southbound - Waste shipments would enter Nevada at
Mesquite and travel southbound on Interstate 15 for 130 kilometers
(81 miles) to the intersection of U.%. Highway 95 in Las Vegas.
The postulated route would then take U.S5. Highway 95 northbound for
a distance of 135 kilometers (84 miles) to the intersection of the
repoeitory sccess road, located 0.8 kilometer (0.5 mile) north of
the Town of Amargosa Velley. Travel would then be northwest on the
U.8. Department of Energy (DOE) access road for a distance of 26
kilometers (16 miles) to the repository.
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Table 5-33. Summary of national nuclear waste ahipments

Number of shipments (scenario)

Origin/NDestination Truck Rail
All reactors/repoaliory 70,553 (1) 3,927 (2)
Western reactorab/rmpoaitory 5,612 (3) 770 (4)
Ail reactors/MRs® 70,568 (5 9,934 (6)
Eastern reactors/MRS® 65,297 (3} 9,183 (4)
HLwd generators/repository {7) (8
Hanferd, Washington 2,250 450
Idaho Falls, idaho 9,000 1,800
Savannah River, South Carolina 11,600 2,320
Weat Valley, New York 800 115
Total HLW generators/repository 23,650 4,685
MRS/Reposgitory e
(9
Spent fuel from all reactors (CSF) NA 8,050f
Spent fuel from eastern reactors {CSF) NA 7,536
SW from all reactors Na 2,?93f
SW from eastarn reactors NA . 2,615

See daefinition of scenarios in Section 5.3.2.1.1.

Western reactors are defined as those resctors west of 100 degrees
longitude. .

MRS =~ monltored retrievable storage.

CSF = consclidated spent fuel,

SW = secondary waste. Secondary waste is consolidation by preducts
congiscing of hardware, high activity and transuranic (TRU) waste as
described Iin Appzandix A.

dNA = not applicable.
HLW = Defense and West Valley High-Level Wasteeg.
e

Aspumes uge of 100-ton cask.

Exsct shipment numbers not available; eatimates are based on the ratio
of radiological risk of consolidated fuel shipmenta from the MRS faclility to
Yucca Mountain for eastern reactor case to all reactor case.
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2,

3.

Interstate }5 northbound ~ Waste shipments would enter Nevada from
California ]8 kilometers (}] miles) south of the town of Jean,
Nevada, Tr:uvel would be northbound on Interstake 15 for a diatance
of 66 kilom:ters (41 miles) to the intarsectlon of U.S, Highway 95
in Las Vegu#s, Nevada. The postulated route -would then take
UsS. Highwav 95 northbound Ffor a distance of |35 kilometers

(84 miles) o the intersection of the repositorw accesa road,
located 0, kilometer {0,5 mlle) north of the Town of Amargosa
Valley. Travel would then be northwest on the ME access road for
a distance of 26 kilometars (16 miles) to the r-posltory.

U.S. Highway 93 northbound - Waste shipments wo 1ld enter Nevada at
Hoover Dam. Travel would be northbound on U.S5. Highway 93 for a
distance of 60 kilometers (37 miles) to the interaection of
U.S. Highway 95 in Las Vegas. The postulated route will then take
U.5 Highway 95 northbound for a dlatance of 135 kilometers (84
miles) to the Intersaction of the repository access road, located
0.8 kilometer (0.5 mile) north of the Town of Amargoaa Valley.
Trauvel wou'd then be northwest on the DOE access road for a
distance of 26 kilometera {16 miles) to the repssitory.

Interstate 80 eastbound - Waste shipments would entar Nevada at
Verdi proceeding east on Interstate 80. The postulated route would
continue east on Interatate 80 for a distance of 61 kilometers
(38 miles) to the intarsectfon with U.S. Highway 50 Alternate,
Travel would continue eastbound on U.S. Highway 50 Alternate for
47 kilometera {29 miles) tg the junction of U,35, Highway 95 eouth
in Fsllon. The route would travel south on U.S. Highway 95 a
distance of 218 kilometers (135 milee) to the town of Coaldale. 1In
Coaldale, U.S, Highway %5 south merges with U.S. Highway 6 east,
Travel would continue on Lhis route feor 66 kilometers (41 miles)
until U.5. Highway 95 eeparates frow U.S5, Highway 6 in Tonopah. At
thie polnt, the projected route would continue southbound on U.S.
Highway 95 for a distance of 197 kilometers (122 mileas) to the
intersection of the access road located 0.8 kilometer (0.5 mile)
north of the Town of Amargosa Valley. Travel would continue for a
distance of 26 kilometers (16 miles) on the DOE access road to the
repoaltonry.

U.5. Highway 95 acuthbound - Waste shipments would enter Nevada at
McDermitt and proceed aouthbound on U.S, Highway 95 for a dilstance
of 118 kilometers (73 miles) to the junction of Interstate 80 in
Winnemucca. The postulated route then would travel eastbound on
Interstate 80 for a distance of 87 kilometers (54 miles) to Lhe
intersection of State Route 305. Travel would continue southbound
on State Route 305 for a distance of 144 kilometers (89 miles) to
the intersection of [.S5. Highway 50 1in Austin. The route would
proceed eastbound on U.S. Highway 50 for 19 kilometers (12 milea)
to the junction of State Route 376. Travel would continue gouth-
bound on State Route 376 for 16] kilometers (100 miles) to the
junction of U.S. Highway 6. The route then would proceed westbound
for 10 kilometera (6 miles) to the intersection of U,S$. Highway 95
in Tonopah. Travel would continue southbound on U.S. Highway 95
for 197 kilometars {122 miles) to the intaereection of the DOE
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6.

accugs tond, located 0,8 kilometar (0,5 mile) north of the Town of
Amargosa “allay on U,S. Highway 95. Travel would then proceed
north and west on the DOE access road for a dlstance of 26 kilo-
meters {(1f. miles)} to the DOE repository.

State Rowte 373 northbound - Waete shipments would enter Nevada
11 kilomeiers (7 miles) north of Death Valley ,unction, California.
Travel woild be northbound along State Route 73 for a distance of
26 kilometers {16 miles) to the Intersectien F U,8. Highway 95 in
Amargosa Valley. The route would continue £{. 0.8 kilometer (0.5
mile) northbound on U.5. Highway 95 to the 1iaiersection of the
access roa’, Travel would continue north or ! west on the DOE
access road for a distance of 26 kilometers °16 miles) to the
repository.

Only the Union Pacific 1s postulated as the main line railroad that
would carry nuclear waste into and within the State. Descriptlons of the
wastbound and easthound Union Pacific line routes are as followa:

1.

Union Pacific westbound ~ Waste shipments would enter Nevada from
Utah in Linecoln County near State Route 319. The tracks follow
Clovar Creek south and west for 61 kilometers (38 niles) to
Caliente., The tracks are accesaible from unimproved roads for part
of this route, From Cdliente, the tracks run south and scuthwest
through Meadow Vallay Wash for 102 kilometers (63 miles) to a
junction at 'Moapa. State Route 317 follows the sama route and 1s
paved, turning into unimproved road as it goes south, The tracks
enter Clark County 1% kilometers (12 miles) north of Moapa. At
Moapa, a spur s8plits to the southeast. The main line continues
southwest for 23 kilometers (14 miles) to Crystal where it meets
Interstate 15. The line then essentially parallela Interstate 15
for 32 kilometers (20 miles) southwest to Dike Siding where a spur
to the site would be bullt. From this polnt, the train route would
travel along the proposed spur lime to the repository,

Union Pacific eaatbound -~ Waste shipments would enter Nevada from
falifornia on the Union Pacifie lines 1n Clark County near
Interstate 15. The tracks run north-northeast along Interstate 15
for 61 kilometers {38 miles) to Arden. The main line continues 6
kilometers (4 miles) northeast to metropolitan Las Vegas, The line
continues for. 13 kilometers (8 miles) through iIncorporated citiee
and then 11 kilometers {7 miles) through unincorporated land to
Dike Siding where a epur to the ‘site would be built. From this
point, the train route would travel along the proposed spur line to
the repository. '

As in the national aasassment, two genaral cases of shipment were con-

gidered.

One case assumed no monitored retrievable storvage {MRS) facility,

with all nuclear waste generatora shipping direetly to the repository by
either truck or rail, The second case assumes the eoxistence of a MRS
facility, with all eastern reactors shipping spent fuel to the MRS faclility,
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while spent fuel from western reactors, 28 well as defense high-level wasgte

and West Valley hig' -level waste {8 shipped directly to the repository, Each
of thege casee has :wo routing ecenarios {called Scenario I and Scenario I1)

as descrihed below.

The postulated zruck and rail routea assigned to scenarios I and II
reapectively are t7.ustrated in flgurees 5-9 and 5~10. ¥or truck shipments,
Scenario I includes all six postulated routes describ ! above, For Sce-
nario IT, only the Interstate 15 and U.S, Highway 93 vortes were considerad.
For reactor to repository rail shipments scenarios I awuwd II are the same,
assuming all waste I8 shipped directly to the reposit»ry with shipments
asgigned to the Unica Pacific westbound or Union Pacif.c eastbound routes
depending on th.ir point of origin. For shipment from a MRS fscility, 1t was
assumed that spent fuel in IN0~ton casks with overpack {which maximizes the
number of enipments} enters the State on Union Pacific weatbound route. All
gcenarios are summarized in Table 5-34, with the number of rail and truck
shipments postulated, Table 5~35 divides the shipment numbers onto the
poatulated routes comprising the respective scenarilos.

5.3.2.2 Radiological impacts

This section addresses the radiological Iimpacts assoclated with the

. transportation of nuclear waste on both a national and regional scale. The
nuclear waste mixture for which these impects are assessed conslsts of spent
fuel that has been out of reactora for a 5~year period 1f ‘shipped directly
from reactors and 10 years if shipped from a menifored retrievable storage
(MRS} facility, wastes generated by the West Valley Plant, New York, and
~defense wastes from the Savannah River, South Carolina; Idsho Falla, Idahg;
. and Hanford, Washington gites.

The bounding scenarios asdessed hereln aseume that the repository would
receive 73,825 metrlc tons uranium (MTU} of waste comslating mainly of spent
fuel with lesser amounts of West Valley high-level waste (WVHLW) and defense
high-leval waste (DHLW), and that the waste 1@ shipped according to the
- various scenarioe previouely described. This volume of waste 1s slightly
~higher than the assumed 70,000 MTU capacity of the repository, and ie used

~here to assure that the shipping ecenarios underlying the impact analyses are
- congervative 1n nature, '

Under accident-free operating circumstances, no radloactive material
would be released from the shipping contalners during transport. Neverthe-
less, because a small fraction of the radlation emitted by certaln components
of the radiocadtive wastes penetrates the cast shielding, people In the
- vicinity of the ghipping containers would be exposed to low levels of
- radiation, Since the maximum level of radiastion allowed by transportation
" regulstions ie 10 millirem per hour at a distance of 2 meters (6.6 feet) from
the waste vehicle, this level of radiation was asgsumed for the purpose of
analysia, In the actual case, however, radiation levels around waste
vehicles could be significantly lower, and this analyels 1s conservative in
thia reapect,
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Table 5-34.

Summary of regional ship:n"t'ant_-_,}j and routing scenarios

Yithout MRS

NMumber of Caésk Shipments
S With MRS

. 1007 - - 100% . Dlrect to Repository
Routing scemarios Truck Rall All Speni Fuel Eaetern Spent Fuel 1001 Truck 1001 Rail
Scenazic ¥ o Western Yestern
Speat Fuel Spent Fuel Spent Fuel Spent_Fuel
70,553 9,927 - R/A N/A 5,682 770
BL® CHEN n/a /A HLY HLY
" 23,650 4,685 BiA N/A 23,650 4,685,
Scenarlo ild Weatern Western
: Spent Fuel Spent Foel Spent Fuel Spent Fuel
70,553 9,927 R/A N/A 5,612 770
L L W/A N/A ALY BLM
23,650 4,685 23,650 4,685
a Spent Fuel’ i Spent Fuel
Roote from MRS HA RA 8,050 7,536 N/A N/a
Sécondary Sacondary
__daste Waste
Unioa Pacific .
weo tbound NA WA 2,793 2,615%

= monitored retrievable storage; RA = not applicable.

Sums

bﬂ'l.H = defense and West Valley high-level waste.
CScenario I = b highway routea; 2 rail routes.
Sceario I1 = 3 highway routes; 2 tail routes.




Table 5-*3, Summary of waste routing scenarice used for

reglonal impact analysis

¥Without morltored

ratrievalhl: atorage Nugber of a1%puents
100% T17ICK
Highwaya ' Scenario I b Scenaric II
Routy Spaent fuel HLW Spant fuel HLW
1-1%8 36,583 9,800 38,574 12,0350
1-£5N 7,546 0 9,722 0
.8, 9N 22,257 11,600 22,257 11,600
1-B0E Bo7 0 0 0
U.3., 958 1,991 2,250 0 0
S.Re J73H 1,31 0 0 0
TOTAL 70,553 23,650 70,553 23,650
1002 RATL

Raild Scenario I Scenario II
route Spant fuel HLW Spent fuel HLW
UPW 7,298 4,685 7,298 4,605
UPE 2,629 0 2,629 0
TOTAL 9,927 4,683 9,927 4,685
With monitorad *

ratreivable dtorage

s 100% TRUCK
Highway Scanario [ Scenartio 1Y
route Spent fuel HLW Spent fual HLW
I-158 0 %,800 1,991 12,050
I-15N 1,643 0 3,621 0
U.S. 93N 0 11,600 0 11,800
1-80E 807 0 0 0
U.S. 958 1,991 2,250 0 0
S+Re 373N 1,371 0 0 0
TOTAL 5,612 23,650 5,612 23,650
100% BAiIL

Rail, Gecanario 1 Scenario 11
route _ Spant Fuel HLW Spent Tuel HLY
UPH 235 4,685 235 4,685%

UPE 535 0 335 0
UPW~GSF 8,050 - 8,050 -
UPW-SW 2,793 - 2,793 -
TOTAL 11,613 4,685 11,613 4,685

81 » Interstate Highway; U8 = U.3, Highway; S.R. = Stste Route

cHLW = Defense and Weat Valley high-leval wsste

dLaat: latter in route dosignatign dengtes directicn of travel.
UP = Union Paclfic; CSF = consolidated end overpacked spent fuel;

SW = secondary wagte,
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Transportation daccldents severe enough to release radloactivée materials
from a shipping container are extremely unlikely, However, because there is
a small probabiiity that some releases may occur that would expose pecple Lo
radiation, the analy:ie in this section includes the radiological 1idpacts of
tranasportation accivents,

Potentlal radi»tion dosea from transporting nuclea- waste are presented
for each of the fo.lowing categories: (1) tramsportat ..n workers, (2) the
general population along the transportation route, {3} :arious categories of
individuale in the public referred to as maximally exwsed individuaie, and
(4) workers responding to a radiological accident. Tie nonoccupational
maximally exposed individuals include various categori & of people who,
because of their ocecupation or the location of thelr rewsldence, are consld-
ered to receive the maximum potentlal radiatlon exposure.

5:3.2.2.1 National impacts

To assess radiological impacts on a natlonal scale, the RADTRAN-II com-
puter program {Taylor and Danial, 1982) was applied to the shipmeant scenarios
degeribed above. Detalls of the assumptions and methods used by the RADTRAN-
II program are presented in Appendix A, The general method used to calculate
radiclogical risk from the transportdation of nuclear waste through a popu-
lated zone can be summarized as follows:

tisk = unilt risk factor x number of shipments x kilometers per shipment

The unit risk factor is calculated by the RADTRAN~IT computer cocde and
18 a measure of the riask to the reference population for each. kilometer of
transport. Unit risk factors will vary depending on transport mode (truck or
rail), population zone (urbam, suburban, or rural), and waste type (spent
fuel, defense high-level wasta (DHLW), or West Valley high-level waste
(WVHLW)); they are calculsted for both workers and the general population.,
In addition, unit risk factors are calculated for both normal transport
conditions and acctdents. The unlt risk factora used for the national
aggessment are presented in Appendix A,

The results of the national impact analyses are presented in Table 5-36.
These results indicate that, in the option not 1including a monitored
retriavable storage (MRS) facility, the shipment of spent fuel by truck
results in a greater radiolcgical risk than does shipment by rail, Highway
shipment of spent fuel from all reactors directly to the repository results
1n an escimated population dose of 46,000 man~rem, while the shipment of the
same amount of spent fuel by rail results in_f population dose of about 1,200
man—-rem, Using the assumptlion that 2 x 10 latent cancer and genetic
effects are produced per man~rem, hereafter referred to as fatalitiea, these
dogses, which are for the entire 28-year shipping period, would be expected to
result in a maximum of about 9 fatalities for truck shipment or less than }
fatelity for rell shipment, TIn the case Involving & MRS facility, the
asgoclated transportation impacts are lesas, For example, i1f spent fuel from
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Table 5-~36. Summary of national radiological impacts of nuclear waste
transortation

Transportation Populaticn
Mode and dose Total

Waste Type {man~rem) Yatalities

WITHOUT MONITORED RETRIEVABLE STORACE

100% Truck
Spent fuel 46,000 9.2
Defense and vest Valley
high~level waste 11,000 2.1
TOTAL 57,000 11.3
100% Rail
Spent Fuel 1,200 0,22
Pefense and West Vallay
high-level waste 400 0408
TOTAL 1,600 0,32
WITH MONITORED RETRIEVABLE STORAGE
100% Truck (c) £d) e} . (d)
Spent fuel 18,000 {15,400) 3.6 (3.1)
Defense and West Valley
high-level waste 11,000 ¢11,000) 2.1 (2.1)
TOTAL 29,000 {26,400) 5.7 {5.2)
100% Rail
Spent fuel 700 (643) 0.4 (0413)
Defense and West Valley
high-level waste 400 (400) 0.08 .(0.08)
TOTAL . 1,100 (1,043) 0.22 - (0.21)
Rail from monitored retrievable
storage : : R
Spent fuel 296 (220) 0.05 (0.04)
Secondary waste 183 (135) 0.03 (0.03)
TOTAL 479 (335) 0.08  {0.07)
Total from origin N
Truck 29,500 (26,800) 5.7 {5.3)
Rail 1,600 (1,400) 0.30 (0.28)

a1ncludea occupational and nouoccupational exposure from normal and
accigent conditions (see Appendix A for more detail).
Includes genetic effects to future generations.

‘Results in this column assume all raactors ship spent fuel to the MRS
facllicy.

“Results 1in parentheses assume westerm reactors ship spent fuel direct to
repository; eastern reactors ship spent fuel to the MRS facilicty.
Assumes 10-car dedicated train with 100-ton casks.
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all reactors 13 shipped to the MR3 facility by truck, consollidated and
overpacked at the Mu§ facility, and shipped to the repository in 100~ton
casks on dedicated tralus, the resultant population dose would be about
18,500 man—-rem (abo-t 4 fatalities}, If rell is used ror the shipment of
spent fuel from all reactors to the MR8 facility and th:n to the reposltory,
the resultant dose would be about 1,100 man-rem (less than 1 Ffatality), The
shipment of DHLW fvom Hanford, Washington; Idaho Fall:, Idaho; Savannah
River, South Carcllia; and WVHLW from Weat Valley, New Iork directly to the
repository (regardiess of the existence of a MRS faclli.y) would result in a
population dose of ahout 11,000 man-rem (about 2 fat 1ittea) by truck or
about 400 man-rem (less than 1 fatality) by rall. Frc.1 these results, it is
evident that the radiological impacis aseocilated with iy :ck shipment are much
greater than these for rall, and that the use of a MRS facility would reduce
the total radiological impact of transporting nuclear wastes, especially if
rall is used as a shipping mode batween the waste generation point and the
MRS facility.

It 18 also notable that the radiologlcal risks agsnciated with accidents
are much lower than the radiologlical riske aseociated with incident~free
transport, This 18 because it 18 very unlikely that an accldent resulting 1in
a release of radioactive material would occur and because experimental
evidence suggests that the consequences would not be great should such an
acclident occur (Wilmot et al., 1981; Sandoval and Newton, 1982), Neverthe-
lesa, because 1t 18 important to bound the consequences of a credible
accldent ecenario, an assessment has been performed on a postulated accident
in which radionuclides are dispersed to the surrounding environment, The
basis for this accident assessment is described in Appendix A along with the
results. o S

5¢3.2.2.2 Reglonal impacts

For the regionsl impact anelysis, the unit risk factors were modified to
make them more appropriate for assessing risk on transportation routes within
the State of Nevada. Specifically, thls involved replacing the natlonal
average population density values used by RADTRAN~ITI with route-specific
population denslity data. Thege data were determined as Follows:

Each route was broken down into segments, with a segment defined as the
length of a given route over which the conditiomns do not change signifi-
cantly. For example, changes in population zone or county are conditiona
which would delineate route segments. Table 5-37 illustrates this delinea-
tion method by presenting a listing of the segments comprising the Inter-
state 15 northbound route. Once each route was broken down into segments,
population densities were determined for each segment according to the method
described below, The reader should note that the terms urban, suburban, and
rural are used to specify differences in pdpulation denseity and do not
correspond to definitiong used by the U,S5. Bureau of the Census,
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Tabla 5-37. Identificatlon of highway segments used 1in transport risk

asgesgsm.nt

Popu~
Segment latipn Segment
No . Descr. . ption Highway® zone  Ccomiy  length (km)€
1 California Border to Las Vegas I-15 R “letk 48
2 t.as Vegas I-15 U clark 42
U.S. 95 :
3 Las Vegas to Indian Springs U.5. 95 R | Clark - 43
4 Indian Springs U.8s 95 S Clark 3
5 Indian Springs ., to Nye = U.8. 95 R.:. Clark, . 16
County Line o
6 Nye County Line to access road U.S5. 95 R Nye 39
7 U.S. 95 to repoaitory " Access R Nye 24
s ' road :
;I~15 = Interstate 15; U.8, 95 = U.8. Highway 95

cR = rural, 8 = suburban, U = urban
1 kilometer {(km) = 0.6214 mile

Urban Population Density - Oonly Las Vegas and Reno, Nevada, are
conaidered urbanized areas for the purpose of risk analysia.
Population figures for these areas were obtained from the U.S.
Department of Commerce (DOC, 1982). Population denslty was
determined by dividing the population by the area of the Las Vegas
or Reno Urbanized. Area, which waa aleo obtained from the U.S.
Department of Commerce (DOC, 1981).

Suburbano Population Denslty - All towns for which populatlon data
were avallable :were consldered suburban population . zones. Two
sources were uaed to obtain population data: (]) DOC .(1982), and
(2) CACI (1984). The areas of towns were determined from State of
Nevada, Department of Transportation (ca. 1984).. -
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3. Rural Populanion Density - It would not be appropriate to use rural
population dJensity values basad on total c¢county area. This i1s
because mos#t countiee in Nevada contain large uninhabited areas,
Therefore, "he assumptiou was made that all rural residents of a
given county are distributed within 1.6 kilometers (1 mile) on
either side »f major highways. Rural populaticis for each county
were determined by obtaining county populations from DOC (1982),
and subtraci ing the populations of urbanized ar.:a3 aad towns,

The population distribution pattern along rall rou.. s was assumed to
follow that determined for highway routes, That 18, fc- a given population
zone within a given county, the same population density s assumed for rail
and truck routea.

The radiological unit riek factors used for the naticnal asoesament are
presented in Asppendilx A while those used for the regiona. analyses are pre-
sented in Table 5-38.

Table 5-38. Radiological ¥iak factors for tramsportation of
nuclear waste within Nevada

Fatalities per 100,000 shipmentsa

Route’ csFC sw? gF® Lt
Truck x
I-158 NA® NA 1.10 0.99
I-15N NA NA 0.89. 0,79
U.S. 93N NA NA 0.84 0.75
I-80E NA NA 2,20 1,90
U.S. 958 NA NA 2,60 2,30
S.R. 373N NA NA 0.17 0.15
Rail
UPW 0.40 0.252 0.40 - 0,37
UPE NA NA 1.30 1.07

9Includes latent cancer fatalities to occupational and nonoccupaiional
exposures from normal transportation and accldents; assumes 2.0 x 10 " cancer
fata%ities per man-rem, See Appendix A for more detail.
I = Interstate Highway; U.S. = U.S. Highway; S.R. ~ State Route;
V) ncUnion Pacific (last letter of acronym lndicatee direction).
dCSF » Consolidated: and overpacked spent fuel,
esw = Secondary waste.
SF = Spent fuel,

fHLW = Defense and West Valley high-level waste.
8BNA = not applicable,



These risk facters are presented 1o terms of radiological-related
Eatalities per shipme. t of a given waate type on a given route. For example,
the greatest radiolo;ical trisk per shipment of spent fuel by tuvuck is
incurred along the U.3. Highway 95 southbound route {the longest route),
while for rall shipme.ts, the Unlon Paciflc eastbound rouvte has the highest
risk on a per shipmert basis, because of the population rzmsity along that
route,

The results of the assessment of tadiological risk ivom nuclesr waate
tranaportation within the State of Nevada are presented ‘n Table 5-39. The
following coonclualons can be drawn from these results. First, for the case
involving no monitore. retrievable storage (MRS) facilits, the total radic-
logical risk resalting from nuclear waste transportatio: within Nevadas is
very low, and there is little difference in the magnitude of the risk between
routing sceuarios I and I1. 1In either scenario, about cne cancer fatality
would be expected from the population dose asaociated with truck shipments,
The largest single component of radiological risk in eirher scenario is the
truck shipment of wistes on the Interstate 15 southbound route. This route
not only has a relatively high risk per shipment because the population
density is higher than on other postulsted routes but aleo has the largest
number of shipments. Also, as In the case of national impact, it ig avident
that radiological riek from truck shipment 1s significantly greater than for
rail shipment.

For the case assuming the existence of a MRS facility, there Is also a
low total radiological risk, with little di{fference between scenarics. For
example, the total population dose assuming truck shipment from waste origin
to a MRS facility or the repository is about 1,800 man-rem for Scenario T and
1,400 man-rem for Scenario II. These dose levels are well below that which
would be expected to produce one cancer fatality. When rail shipment from
waate origin to a MRS facillity or repository is assumed, the doses are very
low: about 500 man-rem for Scenario I and Scenario II. From the above, it
can be concluded that the radiological risk asaociated with transportation of
nuclear waste within the State of Nevada 18 very low and falrly conatant for
all postulated cases of routing and Interim destinations.

Although the radiological risk from accidents is small, it should be
noted that the riske may be overstated for the Nevada region for vrall, That
is, the rall accldent retes used In the RADTRAN-IT modeling may be greater
than that experienced In Nevada by the Union Pacific raillroad. ng exsmple,
RADTE%N—II uvaed rallroad accldent rates vanglng between !.0 x 10 ° and 1.5
x 10 accldents per rsil car per kilometer depending upon whether the
location waa_gural or urban. The subutrban accident rate uged in RADTRAN-II
was 1.9 x 10 “. In Nevada, the Union Pacific line had an accident rate of
6.88 x 10 ~ accldents per rail car per kilometer over the periocd 1978 through
1983 (thie does not include 1982 for which rall car per kilometer data was
not avallable) for which rail equipment damage exceeded certain monetary
limite {DOT, 1985b),. 'This accident rate is one sixty-ninth of the lowest
accident rate used 1n RADTRAN-II. Furthermore, the Union Pacific rail system
overall had a lower than average accldent rate for Claes I main line rail-
roadg in the United States during 1984, with an accident rate equal to
78 percent of the average (DOT, 1985a).
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Table 5-39. Summary of regional radiological impactaa of
nuclear waste transportation

TOTAL PATALITIES

Route Scenario I Secenario IX

WITHOUT MONITORED RETREIVABLE 9TCRAGE

Truck”
I-ISS 0-50 0- 55
I-154 0.07 0.09
V.8, 93N ’ 0.27 0.27
1~-80E 0.02 0.00
U.5. 935 0.11 : 0.00
S8.K, 373N .00 000
TOTAL 0.97 0.9
Rail® : .
UPW 0.05 0.05
UPE : 0.03 0.0}
TOTAL 0.08 0.08
WITH MONITORED RETREIVABLE BTORJ\GEd
Truc_kb )
I-155 0.10 0.1}
I-15N 0.01 C0.03
U.5. 93N 0.0% 0.09
1-80E 0.02 0.00
UeS. 958 . 0.11 0,00
 §.R. 370N 0.00 0.00
TOTAL ' 0.1] 0.25
Ra1l®
UPW (1) P
Spent fuel & high-level waste 0.02 _ 0.02
Consclidated and overpacked 0.04 0,04
' gpent fuel ‘and seddndaty waste : :
. UPE: v I : 0.01 ) ST 0,01
TOTAL . o L : \ ' 1
Cage 1 £ ' 0.37 0.29
Case 11 ' 0.07 0,07

8¢ncludes occupational and nonoecupaticnal exposure due to. normal and
accigent conditions (See Appendix A for more detail). )
I = Interstate highway; V.S = U.S. Highway; S.R. = State Routa. Last
letter in route desighnation denotes direction of travel,
€Up = Union Pacific.
Assumes weptarn reactors ship directly to the repogitory.
Assumes 100X truck tranaport aof western reaccors and high-levael waste from
defepse and West Valley wsites to repository,
Assunes 100X rail transport of western reactors and HLW from dafense and
West Yalley gitea to repository.
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For transportation via truck, the opposite condition may exist., That
is, RADTRAN-II may understate vehicle accident conditions in Nevada. This
tentative conclusion 1s baaed on overall desth rates (dweaths per one hundred
million vehicle aile: For all vehlcles) which indicates that Nevada was 40
percent above the national average in 1983 (National Safety Council, 1984).
Actual aceident ratss for the types of vehicles of frileredt are not
publiehed. During site characterization such rates will! Le determined.

5.3.2.2.3 Haximally exposed individual impacts

The estimated doues to the various categoriea of .aximally exposed

individuals fron normal ouclear waste transportation are preaented in
Appendix A. These results indicate that, in general, truck or train
aervicing pecsonnel have the highest potential for expoaure.

5.3.2.3 Nonradiologicasl Impacts

Aside from the radiological rieks described above, certain nonradio-
logical risks are inherent in any large-scale transportation program, regard-
less of whether nuclear materiala are iavolved or not. Nonradlologlical
effects include the potential induction of cancer by nonradiocactive pollut-
ante emitted by the truck or train and the fatalities or injuries resulting
from truck or rallcar accidents. Nonradlological riska are expressed in
terms of latent cancer fatalities per kilometer of incident-free travel and
fatalities and injuries expected from accidents per kilometer of travel.

5.3.2.3,1 National impsats

The factors used to estimate nonradiological risk on a netlional basis
are calculated as deacribed in Appendix A. The origin of the data utilized
to determine the factors is alao f{dentified in Appendix A via the reference
clited therein. '

The nonradiologlcal impacts assoclated wirth truck and rall tramsport on
a national scale are presented in Table 5-40. These results follow the same
general pattern as that of radiological impacte for the direct to repository
gcenario Iin that truck ahipments represent a greater risk than do rail
shipments. This fact becomes obvious when one considera that accldents are
the douinant causes of nonradiological impacts. In the direct-to-repoeitory
case, truck shipments would result in about 36 fatalities and 463 injuries,
whereas rall shipments would produce about 3 fataliltfes and 29 injuries.
In the case where all reactors ship spent fuel by truck to a MRS facility for
congsolidstion, overpack, and shipment by traftnm to Yucca Mountain, the total
nonradiological impsct ie estimated at 42 fatalities and 483 injuries, If
rall is used as a shipping mode for the reaator~to~MRS component of this
scenario, about 27 fatalitiea and 287 injuries would be expected.
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Table 5-40, Summary nf natfonal nouradiological impacts of nuclear waste
transportation

Total fatalities® Total injuries

W1'HOUT MONITORED RETRIEVABLE STORAGE

100% Truck
Spent Fuel 29 320
Defense and West Valley
high-level waste Teod 93
TOTAL 36.4 463
100% Rail
Spent fuel 2.4 23
Defense and West Valley
high~level waste 0.6 6.4
TOTAL 3.0 - 29. 4
WITH MONITORED RETRIEVABLE STORAGE
(v) (c) ™. (e

100% Truck from ordgin : - o
Spent fuel : ! 9.1 (8.5) 124 - {L10)
Defense and West Valley ; . B

high~level waste 7eb (7.4) .93 (93)
TOTAL 16.5 15.9 217 (203)
100% Rail from origin
Spenl‘. fuel 0-9 (0087) 8-4 (?.B)
Defense and West Valley
- ‘high~level waste - 0.8 (0.84) 8.3 (8.3)
TOTAL : 1.8 1.6 16,7 (16.1)
Rail from MRSS 25 (24) 270 - (250)
Total from origin : : :
- Truck : 42 (39) ' 480 (440)
- Rail - - 27 (25) 289 (270)

dFatalities resulting from accldents and potential induction of cancer by
nonrgdioactive pollutants emitted by the train or truck.
Results in this coluun assume all reactors ship spent fuel to a MRS
facility. '
“Results in parentheses assume wastern reactors ship spent fuel directly
to rﬁpository and eastern reactors ship spent fuel to a MRS facility.
Assumes 10-cav 'dedicsted train with 100-ton casks.
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5.3.2.,3.2 Reglonag)l impacts

As in the case of radiologlcal impact analysias, nronradtological unit
risk factors were m:difled to make them more appropriate for the reglonal
analysis. This was done by applying route-specific population denslity data
to the formula used to calculate the risk factors as priviously descrihed.

The regional-specific nonradlologicsl risk factors generated in thig maoner
are presented In Ta.le 5-4l.

Using the route-specific population densities and vae routing scenarios

previously described, results of the regional assessme 1t were obtained and
are presented in Tabla 5-42.

For the reglonal csse involving no momitored retrievable storage (MRS)
facility, the following conclusiona are drawn:

1. The total nonradlological riek is low and thrre 19 not much
difference in risk between scenarics 1 and 11.

2. The nonradlological risk assoclated with truck shipments lg greater
than that for train shipments,

3. The largest fractlon of the risk for truck shipments is incurred on
the Intergtate {5 southbound route,

If a MRS facility is assumed, the following conclusicns are drawn:

l. The total nonradiological risk is low, and the risk for Scenario I
{(truck only) 1s slightly higher than for Scenario II, bhecause the
trip distance within the State 18 longer.

2. The nonradiologlcal risk asscclated with train shipments is greater
than that for truck shipments.

3. The largest fraction of the truck-related risk is fncurred on the
U,8. Highway 95 southbound route for Scenario 1 and the
Interstate 15 sgouthbound route for Scensric II, becauae of trip
length. For train shipments, almost all of the riek is Incurred on
the Union Pacific westbound line, upon which moat of the rail
shipments would be transported.

5.3.2.4 Risk aumﬁarz

9.3.,2.,4.1 National risk summary
This sectilon summarizes total risk as s function of the number of ship~
ments made and whether a monitored retrlevsble atorage (MRS) Facility 1s used

in the wagste-management system. In all csses, nonradiological fatalities and
1njuries far exceed those due to the radiclogical nature of the cargo.
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Table 5-4f, Nonradiological risk factors for transportationa of nuclear
waste within Nevada

Route CSF & SW° SFd HLWe

FATALITIES ‘PER 100,000 SHIPMENTS

Truckb P . .
I-158 NA 1.62 1.62
I-15N N& 1.27 1.27
I--80OE NA 4,07 Y 8407
Ra11®
UPW - T1.6 1.02 o ' 1.02
UPE NA 1743 e 17.3
INJURIES PER 100,000 SRIPMENTS
Truckb : : : N T
I-158 NA 18.2 18.2
I-15N o NA 121 S 1241
U.S. 93N : o - NA - 13:0 - R 13.0
1-80F © NA 504 - - 50.4
U.S. 958 NA 63.6 63.6
S.R. 373N = - oo T NA 4.3 4.3
Railg
UPW o 76 1 i0.8 10.8

81ncludes occupational and nonodcunational exposure due to accldent and
normgl conditons. {See Appendix A for more detail.) '
= Interatate highway; U.S. = U.5. Highway; S.R., = State Route (last
letter of acronym indicate direction).
CSF = Consolidated avnd overpacked spent fuel; SW = Secondary Waste.
d = Spent fuel.
HLW Defense and West Valley high—level waste.
NA = Not applicable.
= Union Paclfic (last letter of acronym indicates direction).



Table 5~42. Summary of regional nonradiological impacr.sa of nuclear
wasle ! cansportation

Total Fatalities Total Injirien

Route Jcenario 1 Scenario II Scenario I Seenario IT

WITHOUT MONITCRED RETRIEVABLE STORAGE

Truck b
1-158 (.75 0.82 B.45 9.22
I~15H 0.10 0.12 0.91 l1.18
U.5. 93N 0.36 0.36 4.41 4,41
I-80E 0.03 0.00 Qsdil 0.00
U.S. 958 0.22 0.00 2.69 0.00
$.R. 373N 0.00 0.00 0.06 0.00 .
TOTAL 1.46 1.30 16.92 . 14,81
Rai1€
UPW 0.12 0.12 1.28 1.28
UPE 0.45 D.45 0.19 0.19
TOTAL 0,57 0.57 Lad? 1.47
WITH. MONITORED RETRIEVABLE STORAGE
Truckh _
I-158 .16 0.29 ' 1.78 2.55
I-15H 0.02 0.05 0.18 0.44
U.5. 93N 0.12 0.12 1.51 1.81
1~80E 0,03 0.00 Dedl .00
U.8. 95§ Q.40 0,00 2.69 ¢.00
SaR. 373N 0.00 0.00 0.06 0.00
TOTAL. 0.73, . Q.4g 6.63 4.50
Rai1®
UPW {1}
- Spant- fuel &
high-level
waste 0.05 0.05 0.53 0.53
Consglidated
spent fuel &
secondary SR
wapte 1.15 1.15 12.19 12.19
© UPE o 0.09 - 0.09 0.04 - 0.04
TOTAL : . .
Case ] 1.88 1.61 18.82 16.69
Case IIL 1.29 1.29 12.76 12.76

B1nciudes occupational and nonoccupational exposure due to accident and
normgl conditions (see Appendix A for more detafl).
I = Interstate highway; U.S5. = U,5, Highway; S.R. = State Route. Last
letter of route designation indicates direction of travel.
UP = Union Pacific. Last letter of route designation indicates direction
of travel. s .
Western reactors plus defense and West Valley high-level waste.
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Over the 28 years during which nuclear waste will be trauaported,
approximately 47 fatalities and 463 injuriea are predicted nationally if all
nuclear waste is trrngported by truck. If rail 18 used, the fatalities drop
to about 4 and the "njurtes to 29. Inclusion of a MRS facllity in the system
glightly increases -isk over the direct-to~repository ity truck scenario to
48 fatalities and 453 injuries 1f all spent fuel 1s trausported to the MRS
facilicy by truck. If raill 18 used to tranaport the sjpeut fuel to a MRS
facility, the fatallties drop to 27 and the injuriee to 287.

5¢3.2.4.2 Regilonal risk summary

From a regional standpoint the safest acenario 18 direct transport from
origin to Yucca Mountain by rail. The highest risk 1s associated with direct
transport of western fuel from origin to Yucca Mountain by truck with eastern
fuel being transported from the monitored retrievable storage facllity by
dedicated rail. Howaver, as previcusly noted, all sceparios produce
extremely low risk within the State of Nevada.

5.3.2.5 Costs of nuclear waste transportation

Tule section assesses the total costs assoclated with the transportation
of nuclear waste over the life of the repository. The coat results preaented
here are based on the nethods and data presented in Appendix A.

The total transportation cost assoclated with spent fuel, defenae high
level waste, and West Valley high level waste 18 the sum of costs incurred
for each of the following items:

l. Capital costs, which are the costs of the traneportation packaging
and associated trailer or rail car.

2. Maintenance costs, which are costs assoclated with maintenance and
licensing activities.

3. Shipping coeta, which are based on studies of publiéhed'tariffs or
conservative estimates of actual shipping rates.

The results of thls cost snalysls sre presented in Table 5-43., These
regults indicate that the total transportation cost would be about $1.54 bil-
lion for 100 percent truck shipments or $1.35 billion for 100 percent rail
shipments if a monitored retrievable storage (MRS) facility is not conaid-
ered. In the MRS facility case, the total transportation cost would be about
$1.83 billion 1if origin—to-MRS truck shipment is assumed or 1.89 billion If
origin-to~MRS rail shipment {e assumed. These costs are for a repoaitoryof
70,000 wmetric tons uranium capacity at Yucca Mountain and are expressed as
1985 dollara. : : -
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Table 5~45. Summary of total tramsportation costs

Transportation Total Trauaportation Oost -
Mode and Waste Type {millions of dollars)

WLTHOUT MONITORED RETRIEVABLE STORAGE

100% Truck

Spent fuel .. 1286
Defenae high~level waste 237
West Valley hish-level waste 15
TOTAL - : 1538
100% Rail - . R — .
Spent fuel ' - S 1024 . i
Defense high-level waste - = . - <3080 o s
West Valley high<level. wagte - : L 12 .
TOTAL - : 1345

WITH MONITORED RETRIEVABLE STORAGE

_ (a) (b)
100% Truck from origin -
Spent Fuel 600 {533)
Defense high~lavel waste : .97 231y
‘West Valley high-level waste 15 - {15
100% Rail from origin S : o :
Spent Fuel R ST 593 £551) .
Defense high~level waste o 308 {308)
Weat Valloy high-level waste - 12 12
100-ton Rail cask from MRS : . : . SRR
Spent Fuel (overpacked) y 800 - - (725)
Secondary Waste - ¢ : 174 . (163)
“Total from originm - : - : o -
Truck s : . 1828 - (i674)

Rail ' : 188 = (1760).

3Results without parenthesis assume all reactors ship spent fuel to a
monigored retrievable storage {(MRS) facility.

Results Iin parenthesis assume western reactors ahip spent fuel direct to
repository and eastern reactors ship spent fuel to a MRS facility.
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One additionsl coat element that warrants assessment 18 the cost
incurred for the centrol and cleanup of an uncontroiled release of
radioactivity. The iikelilhood that such an accident will occur is very low,
but it is useful t¢ assess the cost of such an event. The basis for and
results of this cost egtimate are provided in Appendix A.

5.3.2.6 Emergency response

Traditionally, it has been the responsibility of :tate and local govern-
ment to respond to transportation aceidents; the role 3f the Federal Govern-
ment In the event of accldents during the transportatinc of civiiian radfo-
active waste 18 usually one of supporting the State's lead role. In Nevada,
the State Health Division is designated by law (Nevada 3evised Statute 459,
1981) ag the State radiation control agency. The Nevada Division of
Emergency Management (DEM) 1s responsible for coordinating sll disaster and
emergency reaponse activity. The DEM has a Memorandum of Understanding for
hazardous materials that delineates responsibilitiea of State and Federal
agencies in responding to radiological accidents. The DEM 18 alao
responsible for preparing the State Emergency Operations Plan, which includes
regponse to a radliological accident. The DEM also provides rsdiological
monitor training for state and local emergency response peraonnel.
Asslstance 1s avallable, as neaeded, from other govarnment agencies and 1s
coordinated by the U.S. Department of Energy (DOE). A State Radiological
Emergency Plsn 1s currently in effect {State of Nevada, Department of Human
Resources, 1983).

The Department of Energy Nevada Operstions Qffice hae a unique capabll-
ity in the area of radiological response. The DOE maintains a 24-hour manned
emergency telephone station in Las Vegas that serves as the initial notiff-
cactlon contact for emergencies and response coordination for radiological
asglistance. Under s Memorandum of Understanding with the State of Nevada
(revised, 1984), the Department of Energy Nevada Operations Office will
immediately notify the Health Division and the DEM of any emergency and will
reapond until State pergonnel take action (DQE/NVQ, 1985). In aouthern
Nevada, a Radiological Assistance Team, with a 24-hour rotating duty officer
and a speclally equipped vehlcle, can be called upon immediately. In
northern Nevada, the State of Nevada Emergency Response Team, composed of
qualified State and univereity personnel, is available. 1In addition, flret-
on-the-acene tralning couraes hsve been developed and conducted for ambulance
operators, flre departments, and Nevada State law enforcement persoonel by
the Reyanolds Electrical and Engineering Co. Inc., Environmental Sciences
Department. Civil defense radiation monitoring kits have been given to each
State highway patrolman who completes the course, and the kits are regularly
maintained.

5.4 EXPECTED EFFECTS ON SOCIQECONOMIC CONDITIONS
This section describea the potential economic, demographic, community

service, and soclal impacts of locsting a repository at Yucca Mountaln.
Factors that are considered in the assessment of potential social and
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economic effects are discussed in this section. These factors 1nclude the
local availabllity of workers, the extent of inmigration, worker settlement
patterns, expenditures in the local area, and the publi-.'s perceptions and
attitudeg about the safety of high-level radicactive waste transportation and
disposal. Radiologiral safety is a major considerstion of the preclosure
guidelinea and 135 d'scussed in Sectlons 6.2.1.2, 6.4,:, and 6.2.2.1,
However, for this aralysis, it has been assumed that sai‘2ty questions about
transportation and «dieposal would be resolved before s . a2pository would be
constructed. '

Thea anslysis of thege potentlal impacts i1s limited fo the bicounty area
{(i.e. Nye and Clark counties) identified in Section 3.6 As discussed 1in
that section, because of the similar geographlc location and similar worker
skills, historical settlement patternsa of workers (as mecasured by reported
ZIP codes) at the Nevada Teat Site (NTS) provide a reasonable indication of
where repository workera and thelr families would settle. 1In the absence of
detailed information sbout worker skill mix, a worst-case analysia of
demographic effects apsumes that all prolect workers world come from ocutaide
the blcounty area of Clarlt and Nye countles. Thie ascumption has been
modified Iin the economle conditions section, which providee a preliminary
evaluation of local labor availability.

Although fisgcal impacts have not yet been quantified, preliminary
estimates of the potential effects on community services do suggest the
magnitude of potential fiscal effects. Section 5.4.5 presents a discussilon
of the Federal Government's commitments to provide financial and technical
aasistance for impact mitigation under the Nuclear Waate Policy Act of 1982
(NWPA, 1983). Other types of impact mitigation, such as mitigation by
avoldance, would be ldentified as part of the ongolng studies. Factors that
affect aocloeconomic impact estimates would be the subject of more detailed
analyseg ap part of studies carried out in the preparation of an environ-
mental impact statement,

5.4.1 ECONOMIC CONDITIONS

The potential economlc impacts that relate to labor, materials, income,
iand use, and tourism are described In this sectlon. Only private aector
activity will be considered here (public sector implicstions are digcusaed 1n
sections 5.4.3 and 5.4.5). This analysia ie based both on preliminary edti-
matea of the demand for project labor and materials amnd on preliminary
studles of future baseline market conditions., It 1e expected that repogitory
construction would begin in September of 1993, and as a result, the bicounty
araa would begin to experlence significant 1increases in demend for mine
workerg, construction workers, other skilled workers, and materials.

S«4+1.1 Labor

As shown 1in Flgure 53-7a for vertical emplacement, the demand for direct
workers would peak in 1998 and decline sharply at four pointa in the 63-year
project schedula. Those polnts are (1) near the end of construction in [999;
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(2) at cthe phese dovy and completion of mining between 2018 and 2020
(3) between the phase down of emplacement in 2024 and the beglnniag of the
caretaker phase in Z(0¢6; and (4) at the end af the decommlesioning perliod in
2055, Figure 5-7b stiows that the number of workers for horizontal emplace~
ment would peak 1n 1947 and also decline at four points 1 the 58~year proj=-
ect schedule. Thoar points are (I) unear the end of corstruction in 1999
(2) at the phase down and completion of mining betwee: 2010 and 2012;
(1) between the phase down of emplacement in 2024 and t e beginning of the
caretaker phase in 20263 and (4) at the end of the decomrissfoning peried in
2050, Unless southern MNevada were experiencing rapid growth during these
years, these periods wpuld probably resemble similar pa-iode of slower eco-
nomic growth thet the biecounty area has experienced dur.ng previous fluctu-
ations in the mining and conmatraction industries.

Tables 5-58 and 5-5b present preliminary estimatea of the project's
labor requirements by skill for vertical and horizontal emplacement,
respectively. Assuming vertical emplacement, the projectiona in Table 5~5a
suggest that the rapository would amploy about 250 direct workers in the
firgt year of construction, 1993, This number would lucrease to a peak of
about 1,900 direct workers in 1998. Mining employment would incresee from a
1993 level of approximately 105 to a peak of about 630 direct workers in 1995
and 1996. Neatr the end of construction in 1999, direct repository workers
would decline to },636. This number includes 235 construetion workers
(1ncluding construction managers) and 402 mining workers. The number of
mining workers would be mailntained at this level throughout most of the
remainder of the emplacement phase of the operations period (1.e. through
2018). Near the end of the emplacement phase, after 2024, the work Eorce
would be reduced from 1,398 to 162 for the caretaker phase, which would begin
1n 2026. WNear the end of the caretaker phase, employment would be increased
to 412 for the srart of the decommiasioning period, and finally drop to
209 workers for the last year of decommissioning in 2035. No workers would
remain at the site on a regular basls sfter 2055. A similar pattern is shown
in Table 5-~5b for horizontal emplacement.

Local purchases of repository materlals, and expenditures by repository
workers would result in increased demands for local goods and servicea.
Indirect employment is defined as the increase in trade, service, and other
employment that can be attributed to the increased demand for goods and
gervices. The project's total employment effect is the aum of the direct
repository workers and Iindirect project employmei:t. Tables 5-5a and 5-5b
provide estimatas of the Indirect employment effect based on the assumption
that L.54 lodireet jobs would be created for each direct job (White et al.,
1975; see aleso McBrien and Jones, 1984). The indiract employment multiplier
of 1.54 was estimated, using data presented in White et al., as the average
ratio of nonbasic {indirect) to basic {(direct) employment in the Clark County
area between 1961 and 1974. The asonual ratio was fairly constant over that
time interval. Baslc employment was defined as the combined total employment
of the resort lndustry, the Nevada Test Site, Nellis Alr Force Base, and part
of the manufacturing industry. Nonbasic employment was defined aa total
employment Iin the Las Vegas Standard Metropolftan Statistical Area minus
baslc employment (White et al., 1975). It should be noted that White et al.
(1975) calculated a. total ewployment multiplier of 2.54 rather than an
iodirect employment multiplier of 1.54 using the ratio of total employment to
basic employment. The same total employment change results, however, whether
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indirect employwent iju estimated uaing the indirect employment multiplier and
ia then added to dirret employment, {(as swhown in the ansiysea presented 1in
this chapter); or th: total employment change 15 calcuiated directly by
applying the total employment multiplier to the change in direct employment.
A total employment multiplier of this slze has bean applied in sevaral past
studies of Las Vegas and Clark Countty economies. The metnod discusged above
results in a multiplier {either indirect or total) that §: downward-biased to
the extent that Nevaua Test Site (NTS) employees reside 1 Nye County and to
the extent that the resort industry serves the local popuration {i.e. 18 not
totally a basic induatry).

Total employment (i.e., direct and indirect} induece by the project
would increase anl dacline over time in relation to the size of the direect
project work force. The total annual employment would reach s peak of about
4,800 jobs ip 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 next 25 years, through 2024, Although not
reflected in tables 5-5a& and 5-3b, the project aleo would employ direct
workars during the operations parliod for traffic escory and control,
emergency preparedness, road and rail maintenance, and operation of lpcomo-
tives, trucks, and other vehicles. Estimates of employment levels for these
activities are not yet avallable.

Recent settlement patterns {as measured by reported ZIP codes) of NTS
employees are shown In Table 5-26, These data suggest that about 79 percent
of the repository work foree would reside in the lLas Vegas metropolitan area,
and about 14 percent of the work force would locate in the smaller commun-
ities of Indian Springs, Pahrump, Tonopah, Amargosa Valley, Beatty, and other
southern Nevada communities. The settlement patterns of NTS employeas alao
{ndlicate that workers have been drawn from a labor market that includes
resideants of Clark, Nye, and other Nevada counties, as well as from
California, Arizona, and Utah.

Potentlal labor market ilmplicationes of the project would include inmi-
gration of workers having mining and construction skills, There might be an
incresse of wages and salaries to ipnduce these workers to relocate to the
area. Labor warket impacts would depend upon the local and regional
avallability of workers at various periocds of the project, especially during
the construction pericd (from 1993 through 2000) when direct work force
requirements would reach their peak. Using actual 1983 wage and salary
employment (State of Nevada, ESD, 1984; Btate of Nevada, 0CS, 1985) and
estimated 1983 population (Ryan, 1984), employment to population ratios for
Clark and Nye counties csn be calculated. Applying these to projected 1998
baseline population for each county (calculated from tablea 3-~15 and 3-16
uging linesr interpolation}, and summing, reaults in an estimate of about
661,000 for the 1998 bicounty baseline total wage and salary employment. The
peak number of direct repository workers (Table 5-5a for vertical emplace-
went) in 1998 would be less than one percent of this estimated baseline
bicounty wage and salary employment in that year.

Estimates of  project labor requirements indicate thet a significant
demand would exist for construction and mining workers, The peak requirement

for construection workers {(including comnstruction managers) would be about 700
for vertical emplacement, ss shown in Table 5-5a. This represents about a
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3 percent increase over 1995 bhageline construction employment levels
projected for the bicounty area, The peak requirement for mining workera for
vertical emplacemen: would be about 630 and would represent nearly a

40 percent fncrease uver the projected 1995 Nye County bseeline employment in
that industry. (Bae~line employment for 1995 i{g interpclated from 1990 and
2000 employment projwctions sghown In tables 3-12 and 3-1t,) Declining to
about 400 in 1998, ttis level of mining employment would it maintained for
the next 20 yearse an:i represemts about a 23 percent int'esse over mining
employment projected for Nye County for the year 2000. As noted in
Section 3.6.1.2, employment projections for Clark Count;'s semall mining
sector are not avallable. This projection indicates th t zhe development of
a reposltory at Yucea Mountaln (assuming vertical empls: uent) would place
significant demands on the loesl mining sector and moders-e demands on the
local construction sector. Although the horlzontal emplarcement mathod would
generate only about 80 percent as many mining jobs, the conatruetion work
force requirement would ba about the game 88 for vertical smplacement. Many
mining and consetruction workers would come from outside the bicounty area.
The extent to which this would occur depends upou the presenca in the area of
other large projects in the early 1990s, the state of th« national economy at
that time, and the unemployment rates in thase skill areas.

5.4.1.2 Materials and resources

The average annual requirements for some construction materials aud
resources are shown in Table 5-8., 1In addition to electricsl power, a
preliminary analysis of materials supplies in southern Nevada indicates that
it is reasonable to aasume that concrete and fuel would be purchased in the
area {McBrien and Jonesa, 1984). Howevaer, many of the materisls that even-
tually would be required may not be availsble In southern Nevada. The
caretaker phase would generate only a emall requirement for power and fuel.
During the decommiesioning period, the project would require heavy equipment
and materials, both to sesl the shafts and tunnels and to dismantle surface
facilities.

5.4.1.3 Cost

Preliminary cost estimates for the construction, operation, and decom=-
missloning of a repository at Yucca Mountaln are summarized in Table 5-44.
The cost estlimates in Table 5«44 agre preliminary and are useful for thig
analvaig, but they are not appropriate for budget projections. Conceptual
cost estimates cannot be completed until engineering designs have been
developed further and until construction, operating, and decommigsioning
requlrements have been asgessed in grester detail. All costs are shown in
1984 dollars. Estimates shown include allowances for engineering, design,
and inspection; contlngency; conatruction management; and quality assurance.

The cost estimates are baded on the emplacement of single spent fuel
waste disposal containers in vertical holes in the floor of the emplacement
drifts. For horizontal emplacement, the c¢oste for underground workings and
rock handling would be lesa; other costs would be about the same as for
vertical emplacement. However, the total savings that could be reallzed have

o :
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Table 5-44. Preliminary coet estimates for the Yucca Mountain repoeitory
asgum’ng vertlical emplacement

Cost e: inates
(millione of ("3 dollars)

Engineering and Degon-

Category construction Operatio, missioning Total
Waste preparation 395 1546 i8 1979
Repository uyatem

Site 182 0 0 i82

Waste handling and 134 1138 1 1273
emplacement

Underground workinge and 198 425 2 625
rock handling _

Ventilation 88 298 3 389

Support/utilities 134 2433 0 2567

TOTALS ' 1131 5840 L 7015

8pata from MacDougall (1985), Appendix A, tables 2.16A through=2.16E.f

not yet been determined for horizontal emplacement. Facllity operations
coats are based upon receiving a total of 70,000 metric tons of heavy metal
(MTHM) as spent fuel during a 28-year emplacement phase., It has been assumed
that the maximum annual receipt rate would be 3,000 MTHM per year.

5.4.1.4 Income

Increases in the U.S. Department of Energy (DOE) spending on labor and
materials during the construction and operation of a repository at Yucca
Mountaln would contribute to growth in the region. Labor and materials
suppliers would experience a direct increame in demand for thelr resources.
Also, increased DOE spending would generate growth in support sectore, auch
ag the trade and services induatries.

Table 5-45 shows the total increase in wages that might result from

project employment, assuming vertical emplacement of the waste. The same
information 1s shown in Table 5-46 for horizontal waste emplacement. These
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Table 5~45. Potentlal annual wage expenditures assoclated aith vertical emplacenent

(miilions of 198-3 doliars).

{ -——— ~—~OFERATIONS PERIOD
t - Eaplacesent Phage——==v-s—sre————r {|[-Caretaker
: Phase———]
[—-—-——-————CONSTRUCTION PERIOD—--———————~}
- {--DECCHRe1S-
. —Pasr ; Cecsoruceion—] STONING
i = Phage 2 Comstructlon——~-——---] FERIOD—] -
1995 2002 2020 2026 2048 -
thra thru thru thru thru
Category 199) 1994 1996 1997 1998 1999 2000 2001 2018 2019 2024 2025 2046 2047 054 2055
Direct regolll:orf :
worke re 8.91 35.51 53.21 65.78 -68.96 59.22 60.35 60.35 61.30 57.27 50.61 28.27 5.B6 10.50 §4.91 7.57 _'
Indlvact llorkersb 5.31 21.15 3i.70 39.i7 41.08 35.27 35.94 35.94 38.05 34.10 30.14 16.84 3.49 6.26 B.88 4.51
TOTAL 146.22 $6.66 BA.91 I04.95 110.04 94.49 96.29 96.29 I0t.95 91.37 80.75 45.11 9.35 16.76 23.79 12.08
:usu-es an _average samual wage of $36,200 {McBrien and lones, 1984).
Assumes an average asnual sslary of $14,000, the average asnual wage of persons in the trade Industry in southern Nevada

(Mcirien and Jdones, 1984).
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Table 5-46. Porential anoual wage. expendll:ures assoclated with horizontal

(n.illiona of 1983 dollars)

emplacement

{ ; ~QPERATIONS PERIOD--—

|
[ Emplacewent -Phase ]{Cxretaker
- Fhase—~—~}
[t e  CORSTRICTION PERIOD - == | o
- {~~DECOMMI S~
i~ Phage ¥ <oumgtructlien—i SIONING
{ P 2. Conmtruction-sm——rm—n=n } PERIGD—]
1995 2002 2020 2026 2048
chru thru thru thru thru
Category 1993 1994 i9%6 1997 1998 1999 2000 2041 018 2039 2024 202% 2046 2047 2049 2050
Mrect regosltory . B
workers 7.93 31.7y 47.6D 59.77 57.921 4%.87 AT.10 47,10 50,82 49-_60_ 48.36 26.86 5.29 10.72 15.96_- B.07
Indirect workers® 4.72 18.87 28,35 35.6 34.50 27.31 28.06 28.06 30.27 29.5 28,80 16.00 3.15 6.38 9.5@I &.80
TOTAL 12,65 50.58 75,95 95.37 92,42 73.18 75.16 75.16 81.09 79.10 I17.16 17.00 35,47 12,87

42.86 8.44

bhﬂ-es an average anoual uage of 536,200 -({McBrien and Jones, 1984).
Ageumes En average annuzl salary of $14,000, che aura.gz annual wage of

{McBrien snd Jooes, 1984).

persons in .the trade .

fadustry in southern Revada

0 4 4 4
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projections are based vn preliminary studles that estimate an annual wage of
$36,200 for direct reuository workers and $14,000 for indirect workers in
1983 dollars (McBrien and Jones, 1984)., The peak annual direct economic
stimulus of repository spending on wages alone would be 3110.04 million in
1998 under vertical emplacement and 5$95.37 million in 199} under horizontal
emplacement.

5.4,1.5 Land use

Land-use requirements for a repository at Yucea Mountain would involve
the withdrawal of public land along with the associated murface and subaur-
face righte. 1t 1s unlikely that land in the Yucca Mountaln area would be
uged for grazing even if it were not withdrawn for a reposltory. Range lands
in the area are from low to medium grade, on which 250 hectares {630 acrea)
are requlred to auppcrt one head of cattle for one year (Collins et al.,
1982). The area immediately surrounding the site has very limited, if any,
potential for energy and mineral resource development (Bell and Larson,
1982). Withdrawing mineral rights ie not expected to result in loss of
significant resources (Seetion 3.2.4).

50401.6 Touriam

Because of the importance of the tourlsm Iindustry to the State and locsl
economles, even emall changes in touriem levels could have a significant eco-
uwomic impact. Public comments indicate a concern thst the potential for
adverse public perceptlion of a repoeltory and its assoclated waste transpor-
tation could adversely affect the touriam industry. The importance of publie
perception lies in the attractiveness of the image of Las Vegas to potential
visltore. Concerns have been expressed that this lmage could be affected by
the visibility of the repository and waste shipments and by safety concerns
regarding the high-level radioactive waste-dispoeal program, particularly
when accompanied hy extensive media attention. Preliminary research to date
concerning the potentlal effect of a repository on tourism is inconclusive;
therefore further studies will be conducted. Thie sectlon diecussea the
expected visibility of a reposltory and waate transportation, as well as the
approach taken in a preliminary study of the relatlionship of tourism and
nuclear-related and nonnuclear-~related safety concerns.

Although the Yucca Mountain repoaitory would be visible from parta of
Amargosa Valley and U.S. Highway 95, the site 1s far from major population
centers (Section 3.6.2.3). The repository ltself would not be visible from
metropolitan Clark County or 1its tourist areas. Coustruction of the proposed
rall line from Dike Siding to Yucca Mountaln would be vigible from highwaye,
realidences, and Floyd Lamb State Park. High-level nuclear waste transporta-
tion shipments, which would be placarded, would be visible while 1in transit
through the blcounty area. Actual tranaportation routes have not been iden-
tified; however, some of the postulated routes discuased 1in Section 5.3.2.1.2

pase through Las Vegas. None of those postulated routes include the Las
Vegas "Strip”. !



A preliminary sindy performed for Lthe U,S. Department of Energy (DOE)
(SAIC, 1985) examined 8 variety of cases which exhibited elements nnalogous
to the Yucca Mountsir site: nuclear-related activites; perceived safety
concerns, particularly when accompanled by broad media attention; and a local
tourism industry. Fi.st, examples of published case studies examining the
effect of nuclear facilities on tourism were reviewed. ;:cond, other cases
were examined where considerable media attention wae givi:a to an actual or
percelved safety haz:rd and where tourism was a suffici-atly important or
observable part of the economy that data on changing tc.rism levels were
aviilable., For these cases, data on a variety of indic. t..re of tourism were
collected and analyzed. For example, the effect of th. aceldent at Three
Mile Island was examinvd by an analysis of data on convi: “lon attendance in
the Harrisburg arze end data on attendance at Hereheypsr., which 18 near
Three Mile Island, Analysis of the effect of the fires at the Las Vegaa MGM
Grand and Hijiton hotele 1ncluded both a qualitative reriew of comments
regarding the potential for effects on hotel-casino stock pricea in general,
and a quantitstive amalysis of actual changes in specific stock prices. The
latter included analvele of changea 1n stock prices of #GM Grend Hotels,
Ing.; stock prices of seven other corporations with eubstantial Las Vegaa
hotel-casino holdings; and the New York Stock Exchange Composite Indicartor.
Finally, the effect of activities at the Nevada Teat Site was examined, using
a time series econometric analysis of the relationship among Clark County
gaming revenues, U.S. economic activity, and the number of weapons tests each
year from 1955 through 1982.

The cases examined included a variety of indlcators of touriem, per-~
celved and actual hazards, and facilities. The findinge of thesa cases were
mixed, with regard to short-term impacte on tourism. In some cases, ahort~
term impacts were notlceable, although It was not always poaaible to attri-
bute effects on tourism solely to the presence of a nuclear facility or a
perceived or actual safety threst. In other instsnces, short-term lmpacts
could not be diacerned. Long~term impacts on tourism were nob appsrent in
any of the cases examined, although there was variablility in the time perilods
covered by these cases.

However, the evidence from this preliminary review and analysis of
analogous caseg examined to dste does not deny the possiblity of adverse
effects on tourism. The DOE recognizes public concerns regarding safety and
potential Impacts on tourlam, the importance of the tourism sector to the
local and State economies, and the preliminary nature of this analysis. For
these reasons, further investigations will be undertaken.

5.4.2 POPULATION DENSITY AND DISTRIBUTION
Teble 5-47 shows a preliminary forecast of the maximum population
increase that would be associated with locating a repository st Yucca

Mountaln, assuming vertical waste emplacement. Table 5-48 summarizes the
maximum population Increase expected under horilzontal emplacement. This
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Table 5-47. Maximum population increase for vertical emplacement® and bicounty population forecast
with and without the repository

Pericd, Phase,- and Year

14 -OPLRATIONS PERIOD !
I Eoplacesent Phase ]  [Cerstaker
_ S Phase~—
i CORSTRUCTION PERLOD i
[—DECoMMIS—
{rm—————Phage ! Consrruction—-—-——-=} S SIONING -
i Phase 2 Construction 1 i PERIOD—]
MAXIMIN POPULATION INCREASE
2002 2020 2026 2068
1993 i 1995 1996 1997 1998 1999 2000 2001 thru 2019 thew 2025  thru 2047 chru 2055
2018 2024 2046 2054
rect project workers 246 381 1470 L4 7D i817 1905 ta1s 1667 1174 1765  15R2 1298 781 162 290 452 m
Direct projeci workera : :
depeodents 315 1256 i5a2 1882 2226 4705 4041 4118 4ty £360 3908 3453 19719 w00 Tia 527 248
Indiract wockers 379 1511 164 2264 2798 2934 1519 2567 2567 2718 436 2153 1203 245 447 634 izz
Todirect workers” dapendects 935 3732 5592 5592 6911 Feav 6722 5341 6341 6713 601 S3I§ 2971 6L% 1104 156& 793
Maximm popvlatios tncrease of
project 1876 JaB) E1,2G8 1,208 k3,852 16, 79t 14,418 14,693 14,8693 (5,556 13,943 12,322 688 1426 2557 3139 1594
NYE AND CLARK COUNTIES®
Total papulattor forecast TOR BAT 797 746 B14,BLb BAB,I62 874,419 900,758 921,999 945,782
with project - 2 :
Amnuasl growth rate, I 3.4 3.8 3.4 2.9 31 3.0 2.4 2.6 Following conpletion of conetruction, population growth
Bagselime population forscast TET 046 790,565 814,084 B37,602 861,121 BO4, 639 908,158 931,677 with the project wduld vary befween 2.5 and 1.0 percent
without project a4 anoually. Without the project; growch would vary
Aoncal growch rat- I 3.2 3.1 3.0 2.9 2.8 2.7 2.7 2.6 between 2.3 and 1.1 percent.

aassmptions: i. 2.47 dependents per operafions period direct and all indirecc workers: 1.Z8 dependents per all other ditect
wotkers; (DOE, §979);
2. 1.54 iedirect lobs geperated by each direct job (Section S.é.l.1};
3. All workers come from ocutaide the area:;
b 4. Construction begime fm 1993,
Agsumes that 13 and 83 percent of inmigrants would sectle In Mye and Clark councies, respectively {see Table 5-26).
d?ercem’. zhange over population fa previous years.
ePl:ojt!t‘lzeri 1992 population without repository is 743,528,
Based oo liraar excrapolation of populatiom forecasts presented Ln Tableg 3-15 and 3-]6.
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Table 5-48. Maximum population increase for horizontal emplacementa and bicounty population forecast
with and without the repository

£11-¢

Perfcd, Phaxe, and Year

H ~OPERATIONS FERIND-==--—— e ommmmmmmmmem ]
{ Emplacement Phage-——~——o--mmueoo 1 [~Caretaker
Phase—--]
i —CONSTRICTION PERIOD-——-r=—m e~ —rmmmmae H
[——DECOMMIS-
[—- Pluse | Construction——-—-] SIONTING
i Fhase ? Constructiow ! FERTOD—-]
MAXIMM POPOLATION INCREASE
2002 2020 016 1048
thru thru thru thru

1992 1994 1595 1996 1997 1993 1999 2000 2001 2018 2009 2024 2025 2046 2047 2049 2030

Direct project workerwn 219 876 1,315 J,3t5 1,65f L, 600 1,267 1,30F 1,301 i,406 1,370 1,3} 742 b46 296 &4E 223
Direct project workers’ :
dependents 280 t,121 1,683 1,683 2,112 3,952 3,130 3,214 3,214 3,468 3,384 2,300 1,833 361 73: 365 285
Indirect workars 337 1,9 2,025 2,025 2,543 2,464 1,951 2,004 2,004 2,62 2,110 2,057 1,143 225 456 679 . 343
Indirect workers® dependents 83z 2,332 5,002 5,002 6,28l 6,085 4,819 4,950 4,950 5,340 5,212 5,08] 2,823 556 1,126 1,677 : 847
Maximum popuiation f{ncrease of
project 1,668 6,678 10,025 10,025 12,588 14,102 11,167 11,459 11,469 12,374 12,076 11,774 6,541 1,208 2,609 3,362 1,698
NYE AND CLARK COUNTIES®
Total populatior forecast 758,647 796,976 &23,708 047,226 873,205 858,177 918,878 942,687 Following completion of contructiom, population
with profect e a growth with the project would vary between 2.5 and
Annual growth rate, X LA 3.7 3.4 1.9 3.1 2.9 2.3 2.5 1.1 pereent sonoally. #thout the project,
Bagelime populatign forecazt 767,046 790,565 814,084 837,602 861,121 884,639 908,158 911,677 growth would vary between 2.5 and 1.1
withouat project < d percent .
Annual growth rat=, I 3.2 3.1 3.0 2.9 2.8 2.7 2.7 2.6

acsmptions: [.  2.67 dependents per operations perfod dicect wmd all inditect workers; .28 dependentz per all other direct
workerw; (DOE, 197%2);
Z. 1.5% imdirect jobe gepersted by each direct job (Sectiom 5.4.1.1);
J.  All workers come from omiside the ates;
4. Corstruction begine in 993,
Asvumes Chat 1) and 83 percect of trmigranta would settle in Rye aod Clark Counties, reapectively (see Table 5-25).
Percent change over pupularion Iin previons yesr.
Projected 1992 population without repository is 743,528,
Eaged on liaear extrapolation of popolatico forecaste presented 1o Tablem 3-15 and 3-1é.
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forecast 1s based on the conservative assumptionm that all workers would come
from and return to a-eas other than Nye and Clark counties and that each
household has only ¢.e labor market participant. Thus, it overstates the
likely upward {or downward) responses of bicounty population to changes in
project labor requir:imente. These conservative apsumpi:ong are used in
Section 5.4.3 to est/.mate the worst-case Impacts on comm:iity services.

During peak emjp-ioyment for vertical emplacement, iy 1998, the repository
project could cause a maximum population iIncrease of 10.79] {(Table 5-47).
Ninety—-alx percent of this population increase 18 expe tved to settle in the
bicounty area. This 96 percent (16,119) represents ai !ncrease of about
2 percent over the bacellne population forecast without :he project, for
1998, shown in T ble 5-47. If direct and indirect workers follow the settle~-
went patterns of workers recently employed by the U.S. Cepartment of Energy
and its coantracters at the Nevada Test Site, Clark County would receive 83
percent of the maximum annual project~related population increase or a maxi-
mun cf about 13,940 people. HNye County, which would receive about 13 percent
of the total, would experience a maximum influx of abcut 2,180 people.
Assuming vertical weste emplacement, between 1999 and 2024, the annual
bicounty project-related population increment would average about 14,170
people: about 12,250 would realde in Clark County and about 1,920 would
reside in Nye Qounty., The maximum annual population growth rate with the
repository would occur between 1993 and 1994 and would be about 3.7 percent
for Clark County, and about 4.0 percent for Nye County., Without the
repository, the population growth rates between these two years are forecast
to be about 3.1 percent for Clark County and about 2.1 percent for Nye
County; this forecast 1s based on linear interpoletion of forecasts shown In
tables 3-16 and 3-15. Annual population growth rates forecast for the
bicounty area, with and without the repository, are ahown in the lower
portions of tables 5-47 and 5-48 for vertical and horizontal emplacement,
respectively.

The percentages of Nevada Test Site (NTS) workers reporting ZIP codes in
other Nevada counties (as summarized in Table 5-26} can be applied to the
maximum repesitory-related population increase for vertical emplacment shown
in Table 5~47 to estimate the repository-related population expected to
settle in those rounties. Using baseline population forecasts {and linear
interpolations therefrom) prepared by the University of Nevada, Reno for
those counties {Ryan, 1984}, the population growth rates with the repository
are not expected to be significantly different than basellne growth rates
wlthout the repository for Douglas, Lander, Lyon, and White Pine counties and
for Carson City, a consolidated municipality. TIf approximately 1.3 percent
of the repository-related population were to settle In Lincoln County {as
shoun Iin Table 5-26) the population growth rate between 1993 and 1994 {i.e.
the maximum anaual rate) with the repository would be about 3.} percent, and
is forecast to be about 2.,] percent wilithout the repository in this same
peried. The potential repository-related maximum population growth rates are
not significantly different than expected baseline growth rates in five other
countiles or county-equivalents for which recent NTS workers reported thelr
ZIP codes. While population growth rates for Lincoln County are expected to
be greater with the repository than under bageline forecasts, the maximum
annual growth rate expected with the repoaitory (i.e. 3.1 percent} 1s less
than expected for the bicounty area {i.e. 3.B percent shown in Table 5-47).
For these reasons, the potential repoqitogy—related community service and
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social impacts in these other counties would be expected to be negligible or
less than those expecrtrd in the bicounty area, and are not discussed 1n the
following sections.

5.4,3 COMMUNITY SERVTES

Increased population growth typlcally results in en fncrease in the
demund for local, state, and regional public services. T-ese lncreases are
of particular conocern to public planners either because 5% a corresponding
requirement for new fac'litles or because exlsting capacit: must be expanded
earlier than autiripated, This section discusses county-.avel ilmpacts for
Nye and Clark countiea, Generally, community services in the unincorporated
towns Iin Nye und Clark counties that are nearest to Yuccs Mountsin are not
provided by town goveruments. As discussed 1In Section 3.6.3, services are
provided by the Nye and Clark County Commisseions, county-wide agencies, loecal
special purpose districts, and volunteer organlizations. Therefore,. potential
impacte would be mainly on county-wide service providers :hat are more likely
to have resources for managing growth. However, available information on the
current adequacy of community servicea (See Section 3.6.3) indicatese that
repository relsted population growth in the sparsely populated areas of Nye
and Clark counties could contribute to existing community service supply
problems in eome communitles. Reposltory related population growth impacts
on community services would likely be small in urban areas of Clark County.

The preliminary analysis of potential impacts on community services
discussed in thia saction consisted of both quantitative and gualitative
approaches. The quantitative approach recognized that populatlon growth
rates are manifested In lncreasee In certain rveadlly quantifiable measurea of
services demand, such as the number of police officers and millions of
gallone of drinking water per day. The qualitative approach consisted of
vslng the information presented in Section 3.6.3 to identify potentially
significant community aervices issuesa and drawing preliminary concluseicns aa
to thelr significance in the face of repository-related population growth.

Per capita service ratios wete calculated for each type of service in
Nye and Clark counties., These ratioa, along with the references upon which
they are based, are summarized 1in Table 5-49. It wasa also assumed that
existing service ratios would be valid in future years; that is, that service
providers, such as police departments and school districts, would ilncrease
thelr gservices in proportion to the population Increases iIn thelr service
areas, No assumptions were made as to the timing of the service expansion,
except that the necegsary number of facilities and persoamnel would be avail-
able during each perlod. Incremental service requirements were calculated by
multiplying per caplta service ratios by the forecast increments in the popu-
lation of HNye aud Clark counties that would be induced by the repository;
this calculation provides a set of service requirements that would be over
and above those that are due to projected basaline population growth.

This analysis aasumes that 100 percent of the jobs created by the
repository would be filled by inmigrating workera. This extreme assumption
permits the identification of maximum impacte on all community services in
the region.
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Table 5~49, Per capite ratios used to forecast communlty service
requi rements

Clark County . _Nye County
Base b _" Base b

Type of service Ratio® yvear Source Ri- 10% year Source
Elementary schools (1151 1982 1 2710 1983 8
Secondary schools ¢ U064 1982 1 0. 158 1983 8
Teachers and staff 9.194 1982 1 10.200 1983 9
Police officers 1.669 1983 3 3.529 1982 2
Police vehicles 04804 1983 4 ND¢ WD ND
Volunteer 0.423 1982 4 8.558 1982 2

firefighters
Pald firefighters £.019 1982 4 F+051 1982 2
Fire equipment pleces  0.204 1982 4 L.703 1982 2
Physicians 1.313 1982 4 (. 450 1982 5
Hospital bads 5.848 1982 5 J.453 1982 6
Water (million 0.469 1982 6 0.648 (4} (e)

gallona per day)
Library books- (1000} 1.057 1983 7 ND ND ND
Library staff 0.191 1983 7 ND ND ND

“Number per 1,000 residents. Population values for calculating ratios
were, obtained from Rysn {1984).
Data from: 1. McBrien and Jones (1984) from the 1982-1983 Clark County
School District Budget
2. State of Nevada, 0CS (1982)
3. LVMPD {1984); Fay (1984); McBrien and Jones {1984)
4. McBrien and Jones (1984)
5. State of Nevada, OHPR {1983)
6. Nevada Development Authority {1984)
7. Nevada Library Directory and Statisties 1984 (State of
Nevada, NSL, 1984)
8. Research and Educational Planning Center {1984)
c 9, M. Johnson {1984},
ND = no data on which to compute a ratio.
Service ratio based on data from 1980-1984.
Based upon ratio between reported use and number of people served by
public and private water systems {see Table 3-20).



The size and prrbable community settlement patterns of the inmigrant
population are unceriain; thua, the impaet on communits gervieces 18 slso
uncertain. The folleowing dlscussion aummarizes service f{mpacts under the
assumption that 83 purcent of the Inmigrating repository-related population
would settle in Clsrir County and that 13 percent would rsttle in Nye County
{Table 5~26)}., Projeitions of the maximum one-year reposirory-related pervice
demand during each ¢/ the three reposltory perlods, and ulke overlap of the
construction and opexations period, are shown {n tablea %-50 and 5-51, for
vertical and hori{zontal emplacement, respectively.

The gervice requirements shown in tablea 5-50 and “-51 apply to the
incremental repository-related population {i.e., the popualation over and
above the projecved bageline) expected to reaide In each county. Once a
service 1s provided, it is asaumed to be available to hslp satisfy service
requirements for aubsequent years. For example, the maximum of two
elementary schools required for Clark County during conetruction would also
be available to help meet the maximum projected demend during the operations
period.

Except for the last 8 years of the project {l.e. the decommiassioning
period), aervice requirements {n Nye County would be greater for vertical
emplacenment, The maximum service requirements increase over those projected
for the future baseline would be sbout 5 percent in 1998. During moat of the
project, service requirements would be less than 4 percent higher than the
projected baseline Ievels., These incremental percentages are higher than
those for Clark County, mainly because the projected inmigrating population
represents a higher percentage of the projected baseline population.

It is not expected that the requirements for incressed services in Clark
County would exceed forecast baseline service levels by more than 1.7 percent
during the perliod of greatest Iimpact, which is the combined construction-
operations period from 1998 to 2000. In other periods, the Iincremental
service requirements assocliated with the repository In Clark County would
range from about 0.l to 1.4 percent over those expected due to projected
baseline growth.

The following discusslon describes some of the potential impacts on
community services that could result from the repository project, given the
estimated population increases described in Section 5.4.2. Impacts that, 1n
light of currently available Information, do not appear tc be of concarn will
not be discussed. For example, both Nye and Clark counties appear to have
ample near- and long-term future capacity to accommodate disposal of an
lncreased volume of solid waste.

5+4.3.1 Housing
Housing 1impacts are qualitatively different from other community

gervices impacts because housing services typicslly are provided by the

private sector, Therefore, the isgue is whether the market would be gble to
accommcedate increased housing demand. Ample land for expansion of houalng ia
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Table 5-50. Maximum service requirements associlated with the location of a repository
at Yucca Mountaln during any one year in each period (vertical emplacement)

~ = ¥ncremental service regufrements

Clark Gounty - - o - Nye. Counly.
Congtruc~ - Comatruc— . .- © - Comstruc—  €onstruc— o —_—
tion tien and .- Operatlons. Decommis- - tiom "tion and ~ Operations . Decommia-
Service only  operations. ° only  sioning . only operations " ooly  sdioning
Education oo
Sclicols _
T aentary i 2 2 0 i 2 1 0
Secotuscy 1 o 1 ‘1 o o 1 1 o
Teachers and staff 106 128 : 119 24 18 22 21 4
Police
Otficers 19 23 22 4 Gb 8 7 1
Vehicles 9 11 10 2 NC NC NC NC
Fire
Volunteer Fire
fighters 5 6 5 14 15 19 17 z3
Pald fire fighters | 14 i3 3 2 2 2 =0
Trucks and other -
equipment 2 3 3 1 5 6 5 i
Medical services T .
Doctors 15 ig 17 3 i 1 1 ‘ 0
Hospital beds 67 82 76 i5 i) 8 7 I
Water {millions of
gallons per day) 5 7 6 1 | 1 I -0
Library services _ : -
Baoks {thousands) 12 15 14 - 3 NC CNC HC . NC

Staff 2 3 2 1 NC NC NC NC

rFiY

3construction 1s sssumed 1o begin in 1993, construction continues and operations begin ip 1998, operatioos only {n

2001b and decommissioning in 2048.

NC = Not calculated because service ratio was unavallable.
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Table 5-5i. Maxipm service requirements sssoctated with the location of & repository _
at Yut:ca Mountain during any one year 1n ‘each period (horizontal emplacement)a

Increnenul gervice requi:e‘entu

Clntt Cosaty - .. . - Nye County
Copstruc—  Comstruc— T Conatric— : T
tion tiom and Op:tations Decommi a— Congtruc— tion and Operations Decoamig-
Saxvica only operastfons © . aniy ' sioning tion operattons only sfonfng"
Edocation
Schools
Elementary 2 2 2 0 1 1 1 0 -
Secondary 1 I 3 0 Q o Q o
Teachers and staff 96 108 94 26 17 i9 16 4
Police
Officers i7 20 - 17 5 6, ] 6 x
Vehiclen 8 g 8 2 NC RC NC NC
Flre : =
Volunteer fire fighters & 5 4 1 14 16 14 4
Paid fire fighters il i2 10 3 2 2 2 Q
Trucks and other
equipment 2 2 2 1 4 5 4 1
Medical servives
Doctors 14 15 13 & i i 1 o
Baspital beds €1 68 <60 1& 6 6 6 Z
Water (millions of :
gallons per day) 5 5 . 5 1 1 1 N 4]
Titrere services '
Books {thousands} 11 12 il 3 NC NC - HC NC
Staff 2 2 2 1 NC NC NC NC

%Construction 1s assuned to begin in 1993, ‘construction and operations in 1998, operations only in 2001, and decommis—
sion%ug in 2048. .
NC = Not cslculaied because service ratio was unavailable.



available in the rural towns closest to the repository site. Future baseiine
housing demand {in Clar:. and Nye counties is shown in Tabkle 5~52; it wase
angumed that the average ratio of populaticn to housing units would remain
constant, Repository-related impacts on projected housing demand in the area
would follow forecast population changes asaociated with t:2 project. During
the i{nitial constructisn period, housing demand would in:recase with the
Influx of workers and dependents. Potential outmigratior of workers ae
conatruction le completed could produce a slight decline .21 housing demand.
During the decommissioning period, the incremental {mpac. would he amall
enough to allow the forecast housing units to easily abyvip the additional
repository-related population.

This qualitat.ve analysls reflects preliminary assessnents of effecta on
the housing market, which are related directly to the growth or decline of
population and to the overall level of economie activity 1i the study regfon.
The current uncertalnty as to the location, ctype, price, and quality of
available housing aud the locational and other preferences of Iindividuals who
might {nmigrate make estimates of housing effects uncertain. As this
uncertainty becomes resolved, mitigative measures, such a: temporary housing
during the conetruction period, may be {dentified that would avoid
potentially significant housing effects.

5.4.3.2 Education

Under vertical emplacement, 8 maximum of 3 sdditional schools and 22,
additional teachers would be required by the repoa{tory-related population
expected to settle in Nye County. Under the same emplacement scenaric, a
mnaximum of 3 schools and 128 teachers would be required in Clark County. The
extent of impacts on local schools {n rural areas would depend on the timely
allocation of resourcea by the Nye and Clark County achpol districts during
the first few years of the prolect, although enough time will bhe avallable
before the start of construection to enable these gervice providers to plan
for the additional requirements. In general, the effeet on Clark County
educational services could be small. 1If no teachers above the hbaseline
forecast requirem2nts were to be hired, then an average of 0.4 student per
class could be added to existing classrooma. ' :

5.4.3.3 Water supply

At pregent, the size of municipal and private utility systems in moat
Nye County communities wnear Yucca Mountain appears adequate for current and
future population levels, although some water systems need to be expanded.
The main problema presently assoclated with the expansion of existing water
systems are ldentifying additional potable-water sourcea and obtsining
adequate development capital. Impacts on water supply services in Beatty
will depend upon how many inmigrantas settle there aund on the extent to which
a new high-quality water source may be found and utfilized. As was discussed
in Section 3.6.3.3, the principal effect of an increase 1ln population In
Pahrump due to the project would be a shortening of the time before which the
maximum sustainable rate of pumping from the valley-fill aquifer would once
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Table 5-32. Projected Egture baseline (without repository) housiog demand in Clark and Nye counties,
1980-2000°*

Hovsing units

Clark County Nye County
Type of housing 1980 1985 1990 2000 1980 1985 1999 2000
Single family units 114,315 140,003 163,343 219,520 1,916 4,275 7,367 8,980
Multipie family units 54,815 67,133 78,325 105,262 393 8§77 1,51 1,842
Mobile homes 20,730 25,388 29,621 39,808 1,893 4,224 7,279 8,872
TOTAL 189,860 232,524 271,289 364,590 4,202 9,376 16,157 19,694

;1980 Data from McBrien and Jonea (1984).
Housing demand for other years was calculated by scaling the 1980 demand ta the population
projections presented ia tables 3-16 and 3-15.
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again be reached. Although a basin-wide decline in usable storage would not
likely occur until well Into the next century, local effects, such as land
subsidence and well irncerference, could repult from susatsined deveclopment
{Harrtll, 1982). In rummary, water supply impacts due t» project-related
population growth would be significant only {f (i)} Beatty were unable to
expand its supply of high-quality water and (2) 1mmigreits to Pahrump
increased the total pogulation beyond about 17,000 resideria.

As discussed in Section 3.6.3.3, the total sustained -<feld of aquiflers
In, the Amargosa Deaert ground-water basin has been estimacred to be about 33 x
107 cublc meters {26,800 acre-feet) per yeer, of whiet .agricultural and
domestic uses currently consume 12 x 10  cubilc meters (9,573 acre—feet). The
repository Is estimated to require 432,000 cuble meters ( 50 acre-feet) per
year. Thus, the project would Increase water use in the basin hy sbout 3.7
percent.. Potential physical effects on wella of other water ugers in the
basin appear, on the basls of avallable 1luformation, to be Insignificant.

According to an investigation sponsored by the State of Nevads, Depart=
ment of Conservation and Natural Resources (State of Nevala NDCNR, 1982), if
present rates of water use contlnue, there are both legal and technlcal
uncertaintiea as to the ability af existing sources to provide additioenal
capaclty to meet Increased water demande in the Las Vegas valley beyond the
year 2020, or when the population would reach about | million people.
Several recommendations have been made to extend and increase the .water
supply. These include Increased conservation, reliance upon ground water for
peak demand, and the use of aquifers for storage of temporary surface water
surpluses,

H26.3.4 Waste-water trestment

Additional treatment facllities may be necessary In the smaller commun-—
ities to accommodate the 1ncreased water uge associated with repoaltory-
related populatlon 1Increases. In Nye County, sewage 1la either disposed of
through private septlec tanke and package plants or discharged from sewage-
collection systems to evaporation pite In the desert. The capacity for
wastewater treatment Is not llkely to be affected more severely than that of
water—supply systems. However, extensive settlement close to the repository
site 1n Nye County could Increagse the need for additional faclilities.
Waste-water treatment systems 1n Clark County probably would be adequate for
the increased demand resultlng from reposltory-related population growth. =

5.4.3.5 Public safety services

Special trailning and other assistance would be necessary to prepare
local police and fire departments to respond to potential accidents involving
high-level radiocactive waste transportation. Hawever, the quality of law
enforcement and fire protection would not be affected significantly by the
population increase assoclated with constructiom of a repository. Increased
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police and fire service requirements are likely to be accommodatel by normal
expansion plans that are commensurate with anttclpated yrowth. However, as
noted {n Section 3.t.3,7, present police facilities in many Clark County
rural communities ai.~ inadequate. Additional personnel nay be required 1f
the project work force were respongible either for commi.ting greater numbers
or different types - f crimes than those usually accompa'ying similar growth
in the existing population, During both the operation: -paly and decommia-
sicning periods of the project, the demand for services would be less than
that expected in the construction/operations period ('e> tables 5~50 and
5"51)0

5.4,3.6 Medical services

A small increase in the demand for health-care facllitiea and perscunnel
would result frow rapository construction, operatlion, and decommissioning.
Under vertical emplacement, the additional population e:pected to settle in
Nye County would require approximately one additional doctor and up to 8
additional hospltal beds, The i{ncremental population expected to aettle in
Clark County would require from 3 to L8 more doctors and from 15 to 81
additional hospital beds (Table 5-50.) This projection assumes that the mix
of health care needa of the repository workers and their dependents would be
similar to those of the preagent residents. The significance of these demand
increases would probably be greatest in smaller communities 1un whieh rela-
tively few medicsl facilities are available. As noted in Sectieon 3.6,3.8,
many of the rural communities have been ranked as high priority health-
manpower~shortage areas.

S5¢4.3.7 Transportation

Major improvements to existing highway eystems are planned for U.S.
Righway 95 through metropolitan Las Vegas. This highway will he rebuiir
completaly from Rallroad Pase to Interstate 15 and will become Interstate 515
along one section. The new freeway was scheduled to be completed to Russell
Road by 1992; the entire freeway was planned to be completed to Rallroad
Pasg by the year 2000. That schedule has been meved up as actual construc~
tion is taking place, Despite lmprovements, it 18 projected that a number of
gtreets, Including sections of Interstate 15 and U.5. Highway 95, would be
elther at or over capacity during peak-hour use for the baseline population
levels expected by the year 2000 (Clark County Transportation Study Policy
Committee, 1980).

To estimate the effeacts of repoaltory~related traffic in Las Vegas, the
annual average dally traffic levels for the in-town portions of U.S. High-
way 95 and Interstate 15 have been compared both with and without the
repository, for 1998, the peak year for direct employment.

Baseline traffic levels were eatimated by multiplying 1982 craffic
counts {Pradere, 1%83) by the ratfo betwesen the estimated 1998 Las Vegas
Valley population and the estimated 1982 population of the seme area. The
area generating this traffic was assumed to comprisae the clties of Las Vegas,
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North Las Vegas, and henderson, and unincorporated urban Clark Couvnty. The
combined population o those communities in 1980 represenied about 96 percent
of Clark County's 19&" population {(Section 3.6.2.3}. For purposees of this
analysias, it was assuwed that thle percentage would remein conatant. To
estimate the Las Veges Vallaey population in 1982 and 1994, thia ‘percentage
wag applied to Clark ‘ounty's estimated 1982 and 1998 pep-lstions, which were
obtained, respectively, from Ryan (1984} and linear int. :polation of the
population forecasts presented in Table 3~16. Baselin: {(i.e., without
repository) traffic projections for U.S., Highway 95 and Titerstate 15 in the
L.ag Vegas Valley are shown 1n tables 5-53 and 5-54, respictively.

To eatimate the number of vehicles 1n 1998 expected with the repository,
the incremental repository~related population expected to eettle in the las
Vegas Valley wsa added to the projected 1968 baseline popalation. The total
populstion increase in 1998 under vertical emplacement waa estimated to be
16,791 (Table 5-~47). Data on recent settlement patterns of NTS workers
(Table 5-26) were used to estimate the percentage of repogitory-related
inmigrants that would settle in the Lss Vegas Valley. The 1982 traffie
counts were multiplied by the ratio of total repository-related population
{(project baseline plus inmigrants) to projected baseline population in 1998
to obtain the "with repository” values in tablea 5~53 and 5-54.

These projections indlcate a 1.6 percent incresse due to repository-
related population growth. This lncrement 1s not considered significant.
Rail capacity would be adequate to meet additional dewands for mservice caused
by baseline and project-related growth.

S5.4.4 SOCIAL CONDITIONS

The following 18 a preliminary aseessment of potential social effecta
that may be expected to occur 1in the bicounty area. The assessment 1s
preliminary because of the limited data base (Chapter 3) and because of
uncertainty about the number snd location of expected inmigraunts and the
actual transportation mode and routing of high-level radicactive waste.

A distinction is made between standard and apecial effects that may
accompany nuclear projects {(Hebert et al., 1978; see also Murdock and
Lefstritz, 1983). Standard effecta reault from the influx of population that
typically accompanies the construction of large projects in rural areas.
Special effects stem from concerns about radiocactive material. Because
high-level radioactive materials would be tranaported through the region,
these special effects may occur in both rural and urban areaa. The concerns
include the following: (1) the effects on health and safety; {(2) the fairness
of the site selection process; (3) the ipstitutionel issues related to
security, handling, and transportation; and {4} public participation and
monitoring {Hebert et al., 1978; eee also Murdock and Lelatritz, 1983).
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Table 5~-53. Projected annual average daily traffic on U.S. Highwav 95 in Las Vegas, 1998

Without repository (baseline) With repository
Number of Number of Number of Number of
Highway segment cars trucks Total vehicles cars trucks Total vehicles

Decatur to Valley View 71,233 2,204 73,437 72,397 2,240 74,637
Vari-s 70 10 " ulho 82,151 2,541 84,462 83,494 2.5813 86,077
Rancho to Hi_,! .iind 96,135 2,974 96,109 97,707 3,022 100,729
Highland to I-15 Interchange 107,847 3,336 111,183 109,610 3,390 113,000
I-15 Interchange Lo

Casino Center Blwvd. 78,189 1,596 79,785 719,467 1,622 81,089
Casino Center Blvd. to

Down Town Exp. 36,285 741 37,026 36,878 753 37,631
Down Town Exp. to

Las Vegas Blvd. 37,409 763 38,172 33,020 776 38,796 _
Las Vegas Blwd. ro Charleston 34,960 714 35,674 35,531 726 36,257
Charleston to Sahara 66,109 2,045 68,154 67,189 2,078 69,267
Sahara to Lamb 65,791 2,035 67,826 66,866 2,068 68,934
Lamb to Flamingo 66,521 2,058 68,579 67,609 2,091 69,700
Flamingo te Nellis 66,521 2,058 68,579 67,609 2,091 69,700
Kellis to Tropicana a 49,422 1,529 50,951 50,230 1,554 S1.784
Tropicana to Las Vegas NLV 51,965 1,607 53,572 52,815 1,633 54,448
Las Vegas NLV to NUL Heunderson 48,692 1,506 50,198 49,488 1,530 51,018
NUL Henderson to Sunset Rd. 48,692 1,506 50,198 49,488 1,530 51,018
Sinset Ri. to S.R. 146° 58,232 2,426 60,658 59,183 2,466 61,649
S.R. 145 ro Henderson 34,1062 2,181 36,343 34,720 2,216 36,936

2NLV = North Las Vegas.

YNUL = Northern Urban Limits.

CS.R. = State Route.
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Table 5-54. Projected annual average daily traffic on Interstate 15 in Las Vegas, 1998

Without repogitory {(baseline)

With repository

Number of Nuaber of

Number of NWumber of

Righway segment cars trucks Total vehicles cars trucks Total vehicles

Cr=i{a ro pasih 7 city limits

0f Leo Wer<eD 8,432 2,24) 10,673 8,570 2,278 10,848
Craig te Cheyenne 18,827 3,322 22,149 19,13 3,377 22,512
Cheyenne to Lake Mead 35,328 3,925 39,253 35,906 3,99 39,89
Lake Mead to D and Washington 64,577 5,616 70,1913 65,632 5,708 71,340
D & Washingrton to Dowm

Town Exp. 76,185 6,103 76,288 71,332 6,202 77,534
bDowm Town Exp. to Charliesteon 124,224 7,929 132,153 126,256 8,059 134,313
Charleaton to Sahara 132,509 8,459 140,968 134,675 8,597 143,272
Sahara to Spring Mountain 126,798 7.710 128,508 122,773 7.836 £30,609
Spriog Mountsin te

Dunes Flamingo 92,095 6,932 99,027 93,601 7,045 100,646

Dunes Flamiogo to Tropicana 59,485 5,883 65,368 60,457 5,979 66,436
Troplicana to Las Vegas Blvd. 18,238 4,559 22,797 18,536 4,634 23,170




S+4.4.1 Socilal structure and socilal organization

The early stud’is cited 1in Seetlon 3.6:4.1 have nuted standavd effects
on soclal structure uand organization in rural areas that may include con-
flicts between inmig- ating workers and existing residents; changes from an
informal, neighborly lifestyle to a more formal bureaucratlc mode; and socilal
disruption during t'e transition. Speclal effects may »e evident in the
mobilization {that la, commitment of resources) and for-ition of copposing and
supporting groupd.

5.4.4.1.1 38tandard effeets on asocial structure and social organizatilon

If receut Nevada Test Site sectlement patterns are followed, most aof the
population influx would be absorbed by urban Clark Councy. 1In light of the
small size of the Increment relative to the projected basellne population and
the complex nature of the exlsting social astructure 1n arban Clerk County,
the overall effects are not expecited to be significant. Further atudy is
required to aasess whether there could be impacta on particular communities.

Nye County 13 a rural area in which previocus experience indicates that
gignificant standard effects could occur. However, preliminary aesessment
suggests that i1omigrating construction workera could become assimilated
within the existiug county siructure. Relevant factors in this assesament
include the compatibility between inmligrating workers and the communities of
Nye County and the long lead-time thst permits adequate planoing.

Certain characteriatices of the existing rural structure, which would
reduce the possibility of conflict between existing and ilnmigrating groups,
appear to be compatible with inmigration {(see Section 3.6.4.1.1)., Rasidents
in Indian Springs and in Nye County communities inciude employees Erom the
Navada Test Site (NTS)., Hiatorically, Nye County communities have also had
large percentages of miners and wmining continues to be important in the area.
A recent trend i1n Pahrump has been an increase in construction and mining
work relative to agricultural employment. Some residents of the town of
Amargogsa Valley depend on employment outside of the immediates area to
supplement their Earm 1income. In additien, separate emplovee housing
complexes, such as temporary housing avallable at Mercury for Nevada Teat
Site (NTS) workers and the American Borate housing complex, appear to he
accepted features of the cxlating soelal structure.

Increasingly formal relationships, which may occur as rural communitieg
grow, may be particulsrly likely if growth is concentrated in any one rural
community. The pogeibility that growth may be accompanied by an increase in
gocial problems is a valld concern in a region that hae had negative effects
from rapid growth cycles. Local institutlions may be eapeclally strainad if
the long project lead-time causes perdons, motivated by expectations of
well~-pald employment, to inmigrate in advsnce of the actual construction
period. However, the posalbllity of aocial problems may be reduced because
the long lead-time, combined with an impact mitigation process, should allow
adequate time to plan for 1nitial population increases and for changes that
may occur over the entire repoaitory lifecycle. Moreover, it 1is likely that
reposltory congtruction and operation would provide employment stabllity. Ae
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nocted in Section 3.6.4.1.1, at least one rural Nye County communlity uappears
to seek expansion. Th- degree to which each community 1is prepared for and
willing to adapt to 1lnsigration and growth 1s a factor in influancing project
effects (Murdock and jeistritz, 1983; Branch et sl., 1984; Cortese, 1979),

Se4.4.1.2 8pecial efiects on soclal structure and soclal srganilzation

Concerns aboul radioactive material provide the Ya:'s for posasible
changes 1n exlsting soclal structure and soclal organi:etion. Special
effects may 1include the mobilization and formation of gr-ups that either
oppose or support the repository, As noted by the Nationa: Research Council
In & recent report, a possible mujor adverse effect could be community
conflict during the site selection and planning stage ra*her than the more
conventional effecta that could occur during construction and operation
(National Research Counclil, 1984). These effects have beven occurring since
the State of Nevada waa notifled of the potential siting of the repository
and public hearings were held (DOE/NVO, 1983). Opposifiion groups have
formed, and several area organizatlons have made public statements elther
aupporting or opposing the repoaltory. Networkas exiat through which
mobilization of groupe could occur, such as those formed to oppose siting the
MX Mimsile System in Nevsda and Utah (Albrecht, 1983).

5.4.4.2 Culture and lifestyle

Because of the diveraity of the existing cultural environment (eee
Section 3.6.4.2), inmigrating workers would be able to select a compatible
cultural environment and are Iilkely to be readily assimilated inte the .
community, Those conatruction workers who continue to be employed during the
operations period would be the most completely assimilated. However, it 1s
poesihle that repository activitiea could affect certain cultures in the
area. As discussed in Section 3.6.4.2, American Indlan reservations are
unlikely to be affected by immigrsting workers because of thelr distance from
Yucca Mountain. However, both Paiute reservations 1o Clark County are near
postulated trsnsportation routes discussed in Section 5.3.2.1.2. Natlve
Americans could interpret threats to their land as threata to thelr cultural
identity 1f actuel tranaportation routes traverse their communities (for a
related discussion, see Knack, 1980; Stoffle et al., 1982). Therefore,
further assessment of potential impacts would be required following identifi-
cetion of actual routes within the State.

5.4.4.3 Attitudes and verceptions

Attitudes and perceptions are sn integrsl pert of the soclal impact
process and are factors in the social group mobilization that was previously
discussed. The formation of attitudes toward the repository can be under-
stoed in the context of the way that sn individual selects and integrates new
information in light of current bellefs, values, preferences, and goals
(Otway et al., 1978; Mitchell, 1984). The following preliminary sssessment
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identifies conditigms that are unique to southern Nevada and that may
interact with the spe:ific concerns outlined in sections 3.6,4.3 and 3,6.4.4
to affect the develcgument of attitudes on the reposltory issue., Thesa
conditions include pret experience, the sallence of the fesgue to an indivi-
dual or to a group, aud the issue's relationship to other issues about which
an attitude has alresdy been formed.

Several experisnces may be particularly relevant v the formation of
attitudes on the repository iasue. The MX siting proces: and the publiecity
surrounding the Beatty low-level waste site have sensi{ lfged southern Nevada
residents to the subjects of radioactive waste transpor.eiion and disposal aa
well as to Federsl Governmental procedure, In addition, -he legal sction and
the publicity frum early atmospheric testing may either introduce or rein-
force apprehension of both civilian and military uses of nuclear material.
Conversely, the identification of familiar and voluntariliy accepted activi-
ties sre important elements in the perception of riak aud, by extension, of
nuclear risk {Slovie, 1976; Slovic et al., 1984; Douglas and Wildavsky, 1982;
Gtouch and Wilson, 1982). For citizens who have lived nlongside the Nevada
Tast Site for many years, nuclear technology may be viewed as more familiar
and be more likely to be accepted.

Economic coneiderations and the potential for changes in lifestyle also
contribute to the formation of publie attitudes {(for further discuasion, see
Section 3.6.4,3). Preliminary analysis asuggests that the repository could be
consldered more economically beneficial by Nye County communities than by
Clack County cormunities; however, there may be varled reactions within
either county. Towns such as Amargoaa Valley and Pahrump could welcome the
potential for growth and increased employment, particularly for the akilled
workers and young persona who might otherwise leave the area. Note, however,
that indications of Nye County support should be tempered by the survey find-
ings, cited in Section 3.6.4.3, that demonstrate a desire for growth without
social disruption. This support may depend on the extent to which Nye County
reaidents are convinced that growth can be managed and that problems can be
nitigated.

In contrast, urbsn Clark County resldents could view the repositery,
espaecially high-level radioactlve waste trsnaportation, as negatively
affecting the tourism image on which the economy is based. Moreover, It is
posaible that repository~related traffic (other than waste} could be
perceived as aggravating the transportation problems that have been cited
already by residents {State of Nevada, Governor's Commission on the Future of
Nevada, 1980; Frey, 198l). Las Vegas newspapers and the 1984 Universicy of
Nevada, Las Vegas, survey {INLV, 1[984) suggest that many Clark County resi-
dents may oppose locating a repository at Yucca Mountain.

The following issues may also be related to the formation of public
attitudes about the repository: (1) resentment of the high percantage of
federally controlled land, which was symbolized by the Sagsbrush Rebellion
{Brodhead, 1980): {2) the belief, which ia evident in the public hearings,
that Nevadans have “"done thelr share” by giving land for Nevada Tesat Site
activities and ahould not have to accept waste from other states when Nevada
produces none; (3) distrust of the Federal Government, which i3 also evident
in the hearings and is reinforced by the perception of a dual role played by
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the government in mansging both the development of nuclear power and the
disposal of high~levei radicactive waste, Thia laast iseue may be particu~
larly important becaure of the role that cradibility plays in the formation
of attitudes.

5.4+5 FISCAL CONDITIONS AND GOVERNMENT STRUCTURE

The location of a repogitory at Yucca Mountain wou d {ncreage both the
revenues and the expenditures ¢f State and locsal governye 't entities in the
affected area. Although no quantitative estimates of potratial net Fiscal
effects are presently available, this section describes some of tha qualita-
tive revenue and expenditure Iimplications. All demogrophic, economic,
conmunity services, and social impacte deseribed in Sections 5.4.]1 through
Sebe4 could have fiscal implications and thus would be the subject of future,
motre detailed investigations, the results of which would appear in an
environmental impact statement. A description of key fiucal impact mitiga-
tion provisions of the Nuclear Waste Policy Act (the Act) is also provided.

State, county and local governments already have incurred repogitory-
related expenges for the increased planning activities to enable affected
government entities to prepare for and participate Iin a decision to locate a
repository at Yucca Mountain. In order £o offaset the costs of this planning
effort, the U.S. Department of Energy (DOE) has given grant funds to the
State, which has in turu passed funding along to several local government
entities, At the onset of construction in 1993, an influx of workera from
outside the area would incresse the demand for community services, as
degcribed In Section 5.4.3. During repository operation, additinnal outlays
would be associated with road maintenance, traffic escort and control, and
emergency preparedness, These would be offeet, at least partially, by
Increases 1in government revenues at the State level through increased sales
and use taxes, motor fuels taxes, and other highway use and general fund
revenues; and they would be offset at the local level through Increased
sales, property and other tax revenues, and user fees.

In addition, to ensure mitigation of any potentlally adverse fiscal
effects of a repository, the Act explicitly provides a number of different
ways for State snd local governments and Indian Tribes to obtain financial
agslatance. The Act recognizes the fipcal implications of preconstruction
planning activities, as well as the fiscsl effects of the phyaical presence
of the repository and its related work force. Uuder the Act, the Secretary
of Energy must make grants to a State that has been notified that a reposi-
tory may be located within its boundaries sec that the State cean participate
in the review of asscessments of the econecmle, social, public health and
safety, and environmental implications of a repoaitory {Section 116, NWPA,
1983). Similar provisions for financlal assistance to affected Indian Tribes
appear in Section [18. Provisious of Section 116(c)(1)}{B) (NWPA, 1983)
raelating to purposes for which grants may be made to states have been
parsphrased below:

1. To review activities undertaken with regard to repesitary siting to

asgegs potential economic, social, public health and asafety, and
environmental impacts.
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2. To develop a request for impact assistance assoclated with the
development «<f a repository.

3, To engage lu any monitoring, teatlng, or avaluation activicies with
respect to s'te characterization programs.

4, To provida i.formation to residents about activi{ius concerning the
potential repoasitory.

5. To requegt information from and to make commen.s and recommendations
to the Secretary of Energy regarding the eitiny «f a repoairory.

Section 116(c)(2)(A) of the Act provides for financial and technical
agsistance to the state in which repository conetruction is authorized for
purposes of mitfgating the impacts of repository developsant (NWPA, 1983).
In addition to this financial assistance, the Act (Secti¢n 116(c)}{(3) requires
that the Federal Government make grants equal to taxes tn the State snd unita
of general local government in whose juriadictions a repesitory site has bheen
chosen for site charecterization, Theaes payments must be equal to the amount
the State and units of general local government would receive {f they were
authorized to tax site-characterization development and operation as they
would tax any other real property and industrial activities occurring in
their jurisdictions.,

In addition, Section 117{(c){5) requires that, pursuant to a Consultation
and Cooperation Agreement negotiated with States selected for character-
ization, DOE is to asgist both the State and units of general local govern-~
ment In resolving a number of offsite concerns, such as State liability
arieing from accidentr; necasgary road upgrading and accaesa to the seite;
ongolng emergency preparedness and emergency response; monltoring of
transportaticn of high-level waste and spent nuclear fuel through the State;
the conduct of baseline health studies of inhabitsnts in neighboring
communities near the repeository site, and reasonable perlodic monitoring
thereafter; and monitoring of the repository site upon decommissioning and
cloaure {NWP4a, 1[983).

The repository could also have fiscal impacts through increased demsnds
on community service providera. The sgignificance of these Ilmpacts would
depend on the extent to which workers would Inmigrate from outside southern
Nevada, the community settlement patterns of these workers, and the capa-
bilities of service providers to handle increased service requirements. The
agsgedsment of community services {wmpacte 1in Section 5.4,3 suggests that
community-service~-related fiscal effects might be observable yet Insignifi-
cant for the urban areaa of Clark County. Although service requlirements in
unincorporated towns near the repository site could i1ncrease at rates
proportional to repository-related population growth, the potential impacta
on fiscal conditionsa would generally be at the level of county-wide gervice
providers which would likely have more resources for dealing with growth than
town governmentg. It 1s poesible, that as some small communities grow as 8
result of repository related inmigration, their form of governmental organi-
zation could change. Further informatifon on fnmigration and settlement
patterng will be required to accurately quantify these impacte for purposes
of identifying a detalled approach to fiscal and governmental impact
mitigation.
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5.5 SUMMARY OF ENVIRONMENTAL EFFECTS

Table 5-55 summ4i. lzes the environmental effects assvclated with locating
a repoditory at Yucca Mountain. The table lists the activities aasociated
with the construction, operatlion, and decommissloning per.:ds of the reposi-
tory and the potentia! effects of these activities, The :sble also ocutlines
sctandard operating p-actlces that could be used to minicze environmental
effects and presents preliminary evaluations of the exte : of any residual
environmentsl impact remalning after standard operating practices have been
implemented.

Land=surface disturbance would result in the most wid:)aspread and lasting
impact on the physical environment since vegetation would be removed from
approximately 680 hectares (1,680 acres)., Locating the repository at Yucca
Mountain is ziso expected to result in geolegic, hydrologlec, ecologic,
aesthetic, and trsnsportation impacts, but none of thess fmpacts ia consi-
dered extensive or severe enough to be judged as significant.

Inmigration of workers could contribute to exlsting watar supply
problems in Beatty.

All radiological exposures to the public are expected to be below the
exposure limits specified by the Nuclear Regulatory Commilssicon and the
U.S. Environmental Protection Agency, but under extremely unlikely accident
scenarlos, radlological rteleases could result In significant doses to
individual workers. Although all possible effects of locating a repoaltory
at Yucca Mountain will be subject to further study should the sita be
selected for site characterization, Table 5-55 indicates that not enough is
presently known about alx possible effects to evaluate thelr potential
significance. These aix are (1) the effect of the LInhalation of zeolite
mineral dust on minera, (2) the effect of trailm nolse on residents in Indian
Springs, vieltors to Floyd R. Lamb State Park, and people In Mercury,
(3) effeces of population increases on demand for housing in the bicounty
area, increased demand for educaticnal services in Nye County, and on rural
communities' waste~waster treatment capscity (4) the effect on eulturea and
lifestyles, (5) the potentlal for public concerns regarding high-level
radioactive waste disposal to result In community controversy, and {(6) the
effect on the revenues and expenditures of State and local governments.
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Table 5-55.

Summary of environmental effeckts associated with the construction, operations, and
decomnissioning perfods of the repcsitory

Impact category

Activity and effects

Standard operating practice

Residual 1apacts
of significance

Geology

Hydrology

Kepository excavation slightly
disturbs overall coapetence of
rock units.

Bepository development would
exclude future exploration and
developnent of lecal afneral or
energy resources on approxi-
mately 42 hectares (104 acres)
Federal land.

Ground water withdrawn duriag
the constructrion, operarion,
and decommissioning pericds
way cause reglonal draw down
although warer table appears
able to supply adequate water
w.ih negligible eifects.

Radionuclide release during the
operation and decoamissioning
perlods may cause contaminarion
of ground waters.

Use standard constructiom and
mining Support techniques and
equipment , including rockholrs,
wire mesh, and concrete sprayed
on walls.

None.

Monitor ground water for re-
glonal effects on the water
table. ’

Use natural and engineered
barriers to prevent and sub-
seqently retard radicnuclide
migration; implement radio-
logical monitoring of local and
regional .ground—water supplies.

Mone.

None; there ls no
evidence of signi-
tiicant rescurces
on these lands.

None.

None.
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Table 5-535.

Summary of environmental effects assocliated with the construction, operations, and
decomaissioning periods of the reposttory (continued)

Impact category

Activity and effects

Standard operating practice

Residual impacts
" of significance

Hydrolcgy
{continued)

Land use

Ecosysteas

Heavy precipitation may cause
flash flooding of surface facili-
ties at Yucca Mountain.

Withdrawal cof public land (approx—
imately 5,000 acres) administered
by the Bureau cof Land Management.

Permanent removal of over
639 hectares (1,680 acres)
of vegetation to construct
surface faciliries.

Altevration of wildlife habitats
through removal of vegetation for
construction purposes,

Combustion emissions may Indir-
ectly affect biofa near surface
faciliiries.

Use engineered surface grading
to construct standard drainage
system and diversion channels
{see Ecosystems).

Apply for and complete’ proper
legal procedures for land
wichdrawal.

Stockpiling topsoil when possi-
ble.

Implement habitat restoration
program followling deco.nission'
ing.

None.

None.

None; Yucca Moun—-
tain is not a prime
locacion for other
usSes.

None; affected
areas are- véry"

‘'small compared with

similar surrounding
undisturbed areas.

None; habitat wilil
be lost for more

-than 60 years, but

areas disturbed are
not eceologically
unusual and sur-
rounding areas
provide similar
habitats.

None.

£
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Table 5-55.

Supmary of eanvironmental effects associated with the construction, operatioms, and
decommissioning periods of the reposltory (continued)

Impact category

Ecosysters
(continued]

Ac:iiity and effects

Standard operating practice

Residual impacts
of slgnificance

Fugltive dust deposiction on the

leaves of desert shrubs near the
surface facilities may indirectly
conge death of Individual plants.

Increased erosion and sedimentation,
during and after storms, as a result
of grading operations may indirectly
affect plant comssunities.

Coﬁat:uction_noisé in the area may
affect individual animals or animal
coamunities.

Clearing activities for construc-
tion could affecet individual Mojave
fishhook cactus plants (candidate
for Federal listing as a threatened
or endangered species).

Mianimize Juat when possible by
wetting surfaces of the dis-
turbed areas.

Control erosion by maintaining
moderate slopes and applying
soil stabilizers 1f necessary.

Nope.

Relocatlen of individueal plants
encountered.

None; although some
individual plaats
asy be damaged or
destroyed in areas
1f dust is not con—
trolled.

None.

None; the effects
of noilse on wild-
life are specula-
tive (Section
5.2.6). Also,
wildlife is expec-
ted to be displaced
from most -noise
sources during
clearing opera-
tions. =

None; although re-
located plants may
be traumarized.



Table 5-55.

Summary of environmental effecta associated with the construction, operations, and L
decommissloning periods of the repository {continued) e

Impact category

Activity and effects

Standatrd operating practice

Reaidual iqpacts
of significance

Ecosystcas
{continued)

Alr qualicy

Clearing activities for construc—
tion could affect individual desert
tortoises (candidate for Federal
iisting as a threatened specles).

Increased cuambers of transperta-—
tion, service, and personnel
vehicles could cause increased
animal kills on roads.

Construction activities (such as
site preparatlon, mine comstruction,
movement of mined rock, wind ero-
slon, and concrete preparation) and
operation activities (such as . .
vebhicle traffic and wind erosion of
stored rock pilles) could resulﬁgih
increased suspeeded particulates

and fugitive dust emissions,'uhich
cnuld affect amblent alr quality.

Zeolite mineral dust from mining
operations could pose a possible
health hazard to miners from in—
halation.

Possibly relccate to a safe
area. Further study of this
pracilce 1s necessary.

Avoid animals in road when
possible and when safety of
transportation is not jeopar—
dized.

Water exposed surfaces using
chemical suppressants on cuts
and fills, control trafffic on
dirt roads, pave roads using

s0il stabilization chemicals on

road beds, and revegetate ex-

. _posed surfaces.

The possible hazard will be
further studied during site
characterization and 1f deemed
hazardous, flltering or dust
suppressant techniques will be
used.

géﬁé,f: 

None.

None; none of the
prédicted pollutant
concentrations 1is

tfexpected to violate
fapplicable Stah-'
;1dards,”f_fﬁp .

‘May be significant;
‘subject to further
study.

[
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Table 5-55.

Summary of environmental effects assoclated with the construction,

decommissloning periods of the repositery (continued)

operations, and

impact category

Alr qualicy
( continued)

Noise

&ctivity and effects

Standard operating practice.

Residual impacts
of significence

Construction and operation activi-
ties, such as heavy equipment uvse;
coamuter worker amd service traffic;
and nuclear waste transpartation by
trucks or trains could possibly
affect amblent air quality (combus—
tion products from burning fosseil
fuels).

Coustruction noise could affect
residents of the Towm of Amargosa
Valley (access rvad) snd Indian
Springs (rail lime construction}.

Nolse could affect wildlife in the
iamediate vicinity of construction
sites and passing trains and trucks.

Filter diesel emissions where
necessary (underground).

None.

None.

None; comparlsons
and studieg 1indi-
cate thst combus-
tion product emls-
slons will have a
negligible effect
on ambient ailr-
quality standards.

May be significant
when levels are
greater than 55 dBA
and receptor is
within affected
radius (Section
5.2.6.1).

May be significant
when levels are
greater than 75 dBa
and receptor 1is
wvithin affected
radius (Section
5.2.6.1), although
the effects of
noise on wildlife
are speculative,
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Table 5-55.

Summary of environmental effects associated with the construction, operatlons, and
decommissioning perlods of the repository (continued}

Impact category

Activity and effects

Standard operating practice

Noige

L inmeAl

Aestheric
resources

Gel~g

Archaeological,
cultural, and
historical
reoo2fces

- Noisze from trains (1f rail crans—
. purcation 18 used). could affect

residents in Indian Springs,
vigitors to Floyd R. Lamb State
Park, and people in Mercury.

Comstruction and coperation of a
reposicory would be visible from
the Nevada Test Site and may be
vigible from portiomns of :U.5. High-
way 95 and the Town of Amargosa
Valley. Construction and use of
the raill line and -access road would

..be wiglble to the public along
D.8. H.ighllay 95¢ :

Repository constructiloen, operation,
and deccmmissioning could poren—
tially destroy archaeological
sires.

Unauthorized individuals couvld
potentially collect or destroy
artifacts.

None.

None.

Avold or preserve sfignificant
cultural resources that would
be affmed. . TELTLILE e

Restrict off7road travel and
make employees aware of the
importance of archaeological
sites and the penalties re
sulcing from disturbing such
sites. .

LTS

,H_ay -be :sign}iicant

__:£Sectipn 5,2.6.2).

" Subject to further
_3qux,.

. §5“¢3.“
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Table 5-55.

Summary of environmental effects associated with the coastructlion, operations, and
decommisstoning perlods of the repository (continued)

Impact category

Activity and effects

Standard cperating practice

Residual lmpacts
.of significance

Radiciogic.»
effects

Handling, packaging, and emplacing
waste during repository operations
@aay expose workers to radlioactivi-

ty.

Recelving, handlipg, and emplacing
waste during normal operations could
result in radiation exposure to the
public.

Operational accidents during han-
dling, packaging, and emplacing
vaste may cause radionuclide re-
leases to general public and workers
{Section 5.2.9.2 and Tables 5-24 and
5-25).

Provide radiological monitoring
to warn of amounts exceeding
permissible levels; use appro-
priately engineered shielding
and packaging measures; provide
protective clothing; and provide
ventlilation and filter systems.

Use appropriate engineered
shielding and packaging
measures. Fllter gaseous
effluenrs and keep liquid
effluents onsite Lo evaporate.
Monitor for radiologfcal
releases.

Use appropriately englneered
shielding and packaging mea-—
sures, use approved standard and
and emergency operating proce-
dures, establish facility and
aurrounding area evacuatlon
plans, and monitor for radio-
logical releases.

Hone.

None; 1n addicion
to the protection
provided by the
standard operacting
practices, several
mlles separate the
general public from
facilities.,

Significant doses
to individual work-
ers could occur
under. some unlikely
.accident. scenarios
(see Table 5-25).
A1l exposures to
the public are
below Nuclear Regu-
latory Commission
standard (see Table
5-27}.
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Table 5-55.

Suamaary of environmental effects associated with the construction, operations, and
decommisstoning perfods of the repository (continued)

Impact category

Activity and effects

Standard operatliog practice

Reeldual impscts

of sigﬁificﬂnce

Iranspertsiiar

Transportation
{eontiogued)

foestruct ing, operating, and deccs—
migeloning a repository at Yucca
Mountain would locrease traffic
volume caueing a slight lacrease in
the number of highway accidents.

Conetructiag, operating, and decom
minsioning a reposirory would in—
crease the mumber of frelghr cars
and traine on the existing line.

Nuclear waste transport would
expose people near the cask to
radiation.

A transportation accident might
result tn a release of radiocactive
material, although it iIs highly
unlikely that an accident severe
enough to cause a release would
occur (See Appendix A).

Nuclear waste transport would
result in nonradiolcgical deaths
or injuries (e.g., caused by
rollisions or exhaust emissions.

None.

None .

Use licensed shipplng casks:
follow all applicable regula-
tions; perforam radlation
surveys (See Appendix A).

Use licensed shipping casks;
comply wicth DOT routing,
inepecticon, driver training,
and other adpplicable guide~
lines; establish emergency
preparedness prograas.

(See Appendix A.)

Comply with DOT inspection

and driver traloing guidelines,

and routing requiremears for
avolding dangerous Troutes.
(See Appendix A.)

None.

None.

A maximum of [}
fatalities nation~
ally over 2B8-year
operating lifetime.

A maximum of 22
fatalities should
such a highly
unlikely event
occur (See Appean-—
dix A).

A maximum of 42
fataliries nation-
ally and 480
injuries over
28-year operating
lifetime.

™y
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Table 5-55. Summary of envirommental effects assoclated with the construction, operations, and
decommigsioning periods of the repository {continued)

Llapact category

Transportation
{continued)

Socioceconomics

Activity and effects

Standard operating practice

Residual lmpacts
of gignificance

People and materiali transport to
Yucca Mountain results in more
cougestion along U.5. 95 High-
way between Lag Vegas and the
the Town of Amaragosa Valley.

Repository construction would in-

crease the demand for construction
and mlaing workers in the bicounty
area.

Constructing, operating, and decom-
missioniog the repository would
facreage the demand for some
materiala and resources.

None.

Recruit personnel from iocal
area job market when possible.

Purchase materials in local area
econoay where possible.

A maximum of 8
additional traffic
accidents resulting
in 2 deaths snd 6
injuries during the
peak year of 2003.

Local employment in
these sectors would
increase; miners
and comstruction
workers could
inmigrate.

Increases in .
Departmeat of -
Energy speading on
tabor and materials
during construction
and operatlon of
the repository
.@ould contribute to
income and growth
in the reglon.
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Table 5-33.

Summary ~f eavironmental effects associated with the construction,

decommissioning periods of the repository (continued)

operations, and

Impact category

Activity and effects

Standard operatiag practice

Hestdwal  impacts
of significance

S5ocitece.. Ales
{continueg)

Focaiisg @ repoBlidry’ at Yucca
Mountain could- possibly af‘fect the
local tourisa’ :lndustry.- :

Constructicn worker inmigration
would increase demand for housing
im Hye and’ CIark‘ counl:ies.

Construction worker iu-.ig‘ratlon
would resvlt in lvereased dewand for
educational services (f.e., new
schools and teachers) in Nye County.

Inmigration of workers would resulc
in an {acreased demand on water sup-
ply syatems in Beatty and Pahrump.

Inaigration of workers could result
in loncreased demand on Waste-water
treatment facillties in the smaller
communiries.

Ncone.

None.

None.

None.: -~

Nene; Nevada. Test
Site activicies do
not appear to have
affected the tour~
1se industry,
nevertheless, re-
search on the sub-
ject to date is
ionconclugive and
will be continueed.

Subject to further
study. -

Subject to further
stu.dy.

Potentlally signi-
ficsnt in Beatty
1f water supply
systems are not up-
graded or expanded.

Subject to further
study.
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Table 5-55.

Supmary of environmental effects assoclated with the construction, operations, and
decomaissioning periods of the repository (continued)

Impact category

Activity and effects

Standard operating pracrice

Residual ilmpacts
of significance

The potential for accidents Involv-
ing nuclear waete transportation
would reeult in increased demand for
public safety services.

Repository comstruction could result
in sa2ll increase in demand for med-
1cal services.

Horker inmigration may affect the
soclal structure and orgamization
1n urban Clark County.’ ' '

Worker inmigration may affect the
soclal structure and organizatlion
io rural communities of Nye and
Clark Councy.

Repository activities may affect
certain cultures and lifestyles in
the area (e.g. Native Americans may
interpret threars to their land as
threatening their cultural identiry}.

Prepare personnel for identified
scenarios through special crain-
ing and other assistance.

Mone.

None.

None.

None.

None.

None; although
smaller communities
may require addi-

~tional faecilities.

None; complex
soclal structures

“exlat in the base-

1line- population.:

-Poténtially signi-

3fiébht,iifﬁgibuth
18 concentrated: 1n

any one community;
although inmigraants
sre likely to be

" ¢ompatible with

existing saclal
structure.

Subject to further
study.
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Table 5-55.

Summary of envirommental effects associated with the construction, operations, and

decommissioning periods of the repesitory (continued)

Impact category

Activity and effects

Standard operating practice

Residual ispacts:
of ‘gignificance

fublic concerns regarding waste
disposal and tramsportatifon could
result in commnity controversy.

Locating a repository at Yucca
Mountain may increasse revenues and
expenditures of State and local
governments in the affected arez.

None.

None.

Potentially signi-

Eicant; sublect to

further study.

Sublect to futther
5tudy'o
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