
land produces some l'u"'ture, alfalfa, and amall gra1ns. Most of the farms are 
operated on a part-t:hte basis with the owner ~o•orking full--time at ;mother job 
(DOl, 1975). 

Beatty, populnt.i"'ln 800 (Smith and Coogan, 1984), i.; located approxi
mately 72 kilomett~no~ (45 miles) northwest of the propoa-:.-1 location of t~e 
surface faciUtie~ ;_·'· Yucca Mountain. Originally ~stabiir;hed dudng the. 
mining boom of the ~.rrly twentieth century, Beatty becam an important supply 
center to several boomtowns after construction of the Tv.10pah nnd Tidewater 
rai.lroad. Beatty was the only town to survive after t.arly mines were 
abandoned (Writer' a Program, 1940; DOl, t975). Mini.ng .s now of minor impol':' ... 
tance, and Beatty ht1s 1een characterized as beginning tu ecome .a retirement 
community (Resear::h and Educational Planning Center, 1984,. 

Pahrump, located about 97 kilometers (60 miles) south and east of the 
proposed loe<>.tion of the surface facilities, has both tb:J land and tax base 
to support expansion. Unlike most of Nevada, nearly 50 percent of the land 
is privately owned; and in the late 1960s and early 1910s, signf.flcant 
amounts of agricultural land were oubdivided and some pE·rmanent housing was 
constructed. Between 1976 and 1982, thP. population grew at an average annual 
ntte of 16 percent; the 1982 population was 3,965 (Mooney. et al., 1982). 
Recent esl!mates showed a population of 5,500 (Smith und Coogan, 1984). Sur
veys of community residents indicate that almost 50 pereent 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 construction and mining employment relative to agricultural 
employment 1ncrea9ed between 1976 and 1982, and the trend has be~n for more 
residents to work in Pahrump or at the NTS rather than in Las Vegas. The 
proportion of retirees has also increased, while younger persons have been 
leaving the ares (Mooney et al., 1976; t982). 

Indian Springs lies on both sides of u.s. Highway 9.'l, adjacent to and 
nouth of the Indian Springs Air Force Base in northwestern Clark County. 
This location is about 9.5 kilometers (59 miles) southeast of the proposed 
location of the Yucca· Mountain surface facilities. The estimated 1984 
population was about 1,500 (Smith and Coogan, 1984). First known as a 
eamping spot by California-bound 49ers seeking a cutoff from the Spanish 
Trai.l, the ~ommunily later became known as M:Ue Post 44 on the Las Vegas
Tonopah railroad servit1g the Bullfrog mining district (Nauert, 1979). The 
Lown has been historically dependent on the NTS and the Air Force Base for 
employment (Clark County Department of Comprehensive Planning, 1980). In 
1980, approximately one-third of the 1,446 residents were military personnel 
(Clark County Department of Comprehensive Planning, 1983b). Only limited 
commercial facili ti~s oro available. However, Las Vegas is within one hour's 
drive and the community has benefited from the sharing of some amenities and 
services by the Air Force base. Res!denla have been characterized as 
committed to the values of small-town rutal life (Nauert, 1979). A State 
medium-security prison, which was designed to house 600 inmates upon 
completion in 1982, (DOl, 1981), is located near U.S. Highway 95 
approximately 13 kilometers (8 miles) southeast of Indian Springs. 
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J.-6.4.1.2 Social <1rJanizRtion and structure in urban Ch.rk Count}• 

The most strik •,ng features of Clark County are ::t.a high population 
growth and inmigrat:.on rates (Table 3-26). While the United States had a 
1 percent average ~:~nnual populRtion growth rate in the ,<ecade between 1970 
and 1980, Clar.k Covtlty greW' at a 5.4 percent average 1 onual growth rate 
(Clark County Department of Comprehensive Planning, 198.'Jt). A!Bo notable are 
the heterogeneoua 1: ;1cial and ethnic. mix and the relath ·l';' low percentage of 
homeowners. These data, when examined in light of th• dependence of. the 
economy on gaming and tourism, euggeat a complex and t •:~ .1sient social entity. 
Indicators of social streEis, such as rates of homicid., divorce, and crime, 
W'hich are high relat tve to national and regional datr. ':Table 3-26), are 
inflated by the large number of nonresidents. Suicide r'ltes for Cllllrk and 
Nye counties were calculated from data on suicide hy county of residence, and 
therefore are not inflated. 

Considerable variation exists among the governmentl'i'l entities that form 
urban Clark County. Their histories have been different, and census tract 
data show that social characteristics and indic.ators of socf.al problems very 
(DOC, 1983b). Political and economic relationships in Clark County are more 
formal and bureaucratic than those in rural Nye County. Metropolitan Las 
Vegas is th~ moat complex social grouping in the study e~ea, with numerous 
subgroups including civic and social organizations. As might be expected, 
those groups having the greatest stake in the economic base ha•,re played the 
greatesl role in formulating the direction and development of the ares 
(Greater Las Vegaa Chamber of Commerce, 1981 ). Also significant are four 
Federal installations (Hoover Dam, Basic Magnesium Industries, Nellis Air 
force Base, and the Nevada Test Site) that have played an important role in 
Clark County growth aine:e 1930 (Clark County Department of Comprehensive 
Planning, 1982b). 

3.6.4.-2 Culture and lifestyle 

Culture, as used in the following discussion, iB defined sa the enduring 
and deeply felt aet of attitudes and beliefs held by an identifiable group of 
people. The overt part of culture is manifested in actual behavior in the 
institutions, at:>sociational life, artifacts, traditions, and overall life
style of the group. Eesentially, however, these are the expreasiona of group 
ideas, values, and beliefs. The rich diveraity of cultur~a and lifestyles 
exhibited in Nye and Clark counties is outlined in the following sections. 
The absence of a homogeneous culture, coupled with the large numbers of 
inmigrant& who have been aaaimilated o~er the past few decades, are important 
features of the areEI• They euggeat that a ~ide variety of subcultures can be 
easily assimilated and accepted and provide the baaia for the assessment, 
presented in Chapter 5, of the potential impact of inmigrating repository 
workers on the existlng 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 chur-ches, 13 motels or 
hotels, 11 service organizations, and 5 fraternal O['ganizations (State of 
Nevada, OCS, 1982b, 198Sb), A rich social life <"-an be discerned, based on 
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lesA formal organiz,g~ ions. 
relatively informal. 

In 11ddition, the Nye County governmant !a 

Noteworthy aspec·,-a of the rural culture. include prida in a weRtarn heri
tage; "boom and bust" mining history; and religious, t.1:Lbe.l, snd ethnic 
influences. Pr!de in the western heritage is shmro by cr..,·,Jmemorative cele~ra
tions such as Jim B•!.:ler Days in Tonopah, Amargosa Val..•JY Days, and the 
Harvest Festival RoC.•:o at Pahrump. There are frequent rnrd.nders of the boom 
and bust associated with the mining activities that fig· ·~"l)d prominently in 
Ne~·ada history; these include railroads that have been .:Jbandoned and ghost 
towns such as Rhyolite, which pre<Jiously had a populat c,:l of 6,000 (Paher, 
1970). Nevada has th'l' lowest percentage of church sd1h-r-'!nts in thi! United 
States (26.2 per":ent in Nye County, 29.7 percent in Clm- County) (Quinn et 
al., 1982). The communities of Bunkerville, Overton, and Logandale in 
eastern Clark County wet'e 8ettled by members of the Church of Jesu8 Christ of 
Latter Day Saints (Clark County Department of Comprehensive Planning, 1982b). 

Three American Indian reservationo are located in t"ural parts of the 
bicounty area (Fe.ciUtators, Inc., l9BO), although all nre distant from Yucca 
Mountain. The Moapa Paiute Reservation in northeastern Clark County had a 
1980 population of 185 (DOC, 1982) and is located approximately 249 kilo
meters (155 miles) from Yucca Mountain. The Yomba and Duckwater Shoshone 
reservations in northern Nye County, with 1980 populations of 60 and 106, 
respectively, (DOC, 1982), are approximately 322 to 467 kilometers (200 to 
290 miles) and 443 \tilometers (275 miles) from the proposed:_site, respec
tively. Actual distances from Yucca Mountain depend on routes selected. 

3.6.1._2.2 Urban culture 

The moat notable aspect of Las Vegas ia its image ao "the Entertainment 
Capital of the World" (Las Vegas Review-Journal et al., 1985). The "Strip," 
with its high-rises, explosive colora of nightlighting, and reflective 
surface materials, is visually the most dominant feature of the urbanized 
area (Clark County Department of Comprehensive Planning, 1982b). Culturally, 
the influences of gaming and tourism are felt throughout the area. Las Vegas 
has been characterized as a. city of "open dualities" (Adams, 1978) snd as one 
where "two faces" are created by residents' separation of the gaming city 
from the residential city in ~...-hich the emphasis is on family and neighborhood 
values (Elliott, 1973). The metropolitan area, with its 111any social and 
ci<Jic organizations, exhibits cultural characteristics common to cities of 
its size. A marked cultural diversity results from the combination of many 
out-of-state visitors and a high percentage of residents born o.utside Ne<Jada. 
In addition, the La(t Vegas Tribe of the Paiute Indians (1980 population 113 
(DOC, 1982)) is located midway between the cities of North Las Vegas and Las 
Vegas, just off Main Street (Facilitators, Inc., 1980) and is approximately 
161 kilometers (100 miles) from the Yucca Mountain site. 
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3. 6.4. 3 Community:_Y.t tributes 

An important c mponent of the quality of life in any region or community 
is the subjective <eYaluation of persons who live there. Residents' opinions 
about their communl~y indicate characteriatics that could be negatively or 
positively affected by repository activities. From thfi'dll attitudes it may be 
possible to anticip,,te public reaction to repository s:ft.ing. 

The following data are based on two surveys ot Nevad1:1 residents' 
attitudes toward their State. The first survey W"as undertaken for the 
Governor of Nevada and published in Report of the GO\ ·~:_!'!_;or's Commission on 
the Future of Nevada (State of Nevada, Governor's Comml·:oion on tho Future of 
Nevada, 1980). The uurvey was not systematically distt·.buted; however, the 
number of fonns returned was roughly proportional to the population of each 
county. The second survey was undertaken by Dr. James f'rey of t.he University 
of Nevada, Las Vegas, to assess citizens' perceptions 0f the proposed U. S. 
Department of the Air Force MX missile system (Frey, 19Hl). In this survey, 
a proportionate stratified random sample of countles throughout the State was 
selected. The sam~le size permitted all overall rural-urban comparison only. 
The proposed MX missile system would have been a sitn1f1cantly larger 
construction project than th~ proposed repository, employing as many as 
22,000 workers at peak (Department of the Air Force, 1980). 

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

1. More than 70 percent of Nye and Clark County residents would like 
their region 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; r~laxed lifestyle, freedom, snd 
individuality; and clean air 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 
availab:l.Uty; water and sewage; and roads, tranaporation, and 
traffir.. For Clark County residents, the problems were roads, 
transportation and traffic; crime; and the environment. 

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

Findings from the University of Nevada, Las Vegas, survey (Frey, 1981) 
included: 

1. A majority of Nevadans are satisfied with t.heir State as a place to 
live. Satisfaction is partiC'.ularly pronounced among rural 
residents, 79 percent of whom rated Nevada as very desirable. 
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2. Urban counci~s most often cited crime, drug abuoe, cost r.d food and 
services, ll"ld road conditions os serious problems ta.cing 
communitierl, rural counties rated the avail4hility of housing, 
medical car,,, recreational hcilitiea, and the coat of food and 
services <l!i serious problems. 

3. Urban ar>Jcw rated the friendliness of other reslc'f'ntfl, medical care, 
and availnl Llity of housing as specific nonpr.c 1;i.r-Jms. Rural areas 
most often tated air pOllution, friendliness, r :Ising children, and 
police ~rotection as specific nonproblems. 

4. Although bot II urban and rural groups ~elcomed I ~e employment that 
the MX project would bring, all ot.her posaiblt· impacts of the 
proposeci project were rated negatively. Rural groups were 
pRrticularly opposed to the social disruption (erime and drug abuse, 
fat· example) they feared would accompany the pnlject.. 

3. 6. 4, 4 Attitudes and perceptions towa.rd the repository_ 

Attitudes and perceptions regardi.ng the possible siting of the reposi ... 
tory are important both in themselves and because they form the basia from 
which social chonge may occur. Attitudes are multi-dimensional and will 
comprise a mix· of special concerns (that is, radiological 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 
residents' opinions on a variety of topics 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 idea of locating a nuc.lear 
w-aste repository "on the Test Site in southern Nevada," Almost two-thirds 
of thos~ surveyed opposed the idea. Complete survey responses were: 6trongly 
favor, 6.4 percent; favor, 23.9 percent; oppose, 26.7 percent; strongly 
oppose, )7.4 percent; undecided/don't know, 5.6 percent (UNLV, 1984). 

Citizens' views expressed during the March 1983 Las Vegas and Reno 
public hearings on the potential repository were reviewed av a means of dis
cerning specific 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 socio
economics and community impacts, were voiced most frequently. (Issues were 
counted according to their location throughout Appendix C and were not 
re~tricted to their location under a particular subheading.) Many witnesses 
also expressed distrust of the Federal Government 4nd 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 GO\ _r.:RNMENTAL STRUCTURE 

This sect.ton d.lt cusses the fiscal and governmental structure of the 
bicounty region surt·cunding the Yucca Mountain site. Gl·wernmental entities 
within Nye and Clarll: .:.ountles include incorporated and wo-tnc~>rporated to\lllls, 
both rural and urban. Unincorporated towns in souther·\ t~nd central Nye 
County include Amar.f!.JSll Valley, Beatty, Pahrump, and Tof·.op;gh, lnc.orporated 
cities in central sod westt!rn Clark County include La< Vegas, North Las 
Vegas, Henderson, Boulder City. Unincorporated towns a od communitie~> in 
ur Can Clark County include East Las Vegas, Enter prist , Grendview, Lone 
Mountain, Paradise. S·j)ring Valley, Sunrise Manor, and (':l.nchester. The 
unincorporated town cL Indian Springs is located in n.1 ,11 Clark County, 
northwest of th& Las Vegas urban area. In 1983 more tt.8n half of Clnrk 
County residents and more than 90 percent of Nye County residents Lived in 
unincorporated areas of those counties. 

As noted in Section 3.6.3, the incorporated cities ere generally respon
sible for providing public services within their boundaries, while counties, 
county-wide agencies, and local special-purpose district.J are responsible for 
providing services to residents in the unincorporated .areas. Within the 
unincorporated to\lllls, provision of some services is coordinated by town 
boards. advisory councils, end town advisory boards, which are either pub
licly elected or appointed by the County Commission. In Nye County, three 
county commissioners are elected to 4-year terms from individual geographic 
districts. Day-to-day government operations are handled by a professional 
manager and staff. In Clark County, seven commissioners have jurisdiction 
over the unincorporated areas of the county. They are elected in even
numbered years from single-seat geographic districts, three in one election 
year and four the next. Clark County employs a professional manager and 
staff to implement commission policy. 

Some local governmental entities have been granted ~he power of taxation 
by the Nevada Legislature. For Bllample, in Clark County, specific taxing 
authority is held by the incorporated cities of Lao Vegas, North Las Vegas, 
Henderson, Boulde.t" City, and Me~;~quite; the Clark County School District; and 
a variety of special districts, including library. water, and fire protection 
districts. Iu addition, several governmental entities receive taxes or other 
public revenue but do not have specifie taxing authority. 

Revenue sources for some governmental entities in the region are shown 
in tables 3-27 and 3-28. Fiscal year 1982-83 was chosen to represent the 
most recent fiscal data in ligbt of subHantial changes in Nevada ta~ law 
during the previous legislative sessions. The presence of legalizerl gaming 
in Nevada gives the State a unique fiscal structure. Gaming revenue 
contributed almoat $230 million to the State's general fund in the 1982-83 
fiscal year (State of Nevada, OCS, 1984). This is about one-half of the 
1982-83 general fund. Other major sources of State income included sales and 
insurance taxes (State of Nevada, 1981). 

At the local level, revenue sources for the various governmental units 
ar~ oimilsr, althougb income from these sources varies widely. Local sourc.es 
of revenue include pr,1perty taxes (ad valorem ta~es on real property); other 
talles (city and county relief taxes, collected by the State and returned to 
local governments, end in~ame fro~ franchises granted by local governments); 
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licenses and permit f~es (e.g., businees, liquor, and loc&l gaming licenses); 
intergovernmental res)urces (e.g., cigarette and liquor taxes, lo~al gaming 
taxe.s, motor vehicle privilege taxes); l.'harges for eerv!·.r~es (e.g., recrea
tion, sewer, buildill¥; inspections); fines and forfeits \court tines and 
forfeited bail); and ;,liscellaneous revenues. 

Table 3-27. School district general fund revenue sou~~1s for Nye and Clark 
counties 

Nze Countx:8 Clark Countz:b 
Percentage Perc:ent·age 

Revenue source Amount of budget Amo~ut of budget 

State $3,700,000 59.1 $105,900,000 52.2 
County 2,400,000 38.4 86,8'·10,000 4z.e 
Federal 56,000 0.9 2,170,000 1. 1 
Other 101,000 1. 6 7,800,000 3.8 

~Data from the Nye County School District (1983). 
Data from the Clark County School Distrtct (ca. 1983). 
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Table 3-28. Loc~tt govermnental revenue so~r6es in mHlions of dollars 
in fl'lllthern Nevada, 1982-1983 ' 

·.:it 
Count~ North Boulder 

Revenue Source Nye Clark :..as Vegas Las \' .;f\s Henderson City 
(MH$) (MH$) (~!$) (MM:~ _\ (MH$) (MM$) 

Property taxes .).819 51.0 9.!7 1. 2 0.382 0.084 
(7%) (14%) (8~) (4%~ (2%) (!%) 

Other taxes 2. 34 56. 1 6.85 4.6~ o. 616 1.47 
(20%) (16%) (6%) (16t) (3%) (18%) 

Licenses ::md 0,237 34 .o 7.07 1.73 o. 783 Od83 
permits (2%) (10%) (6%) (6%1 (4%) (2=) . ,.,, 

Intergovernmental 2,42 15.9 62.6 11.0 5.!6 1.68· 
resources (21%) (5%) (57%) (36%) (23%) (20%) 

Charges for 4.74 139.0 19.3 . 9.38 Oe:240 4·43 
serviC'.es (41%) (39%) (18~) (JU) •(l%)' • . (53%) 

Fines and forfeits 0.07 2.38 2.06 o. 964 o. 225 0.056 
( <1%) ((1 %) (2%) (3%) (U) ( (17,) 

Miscellaneous 0.838 57.7 3. 4 7 1. 33 14.8 o. 481 
...Q!L (16%) (3%) (4%) ( 67%) (6%) 

TOTAL 11.5 356. l 110.5 30.5 22. 2 8.4 

a 
bData from Sr.hedule S-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 EPECTS OF SITE CHARACTERIZATION ACTI':JI'rlES 

Before a site can be finally judged suitable for de-"!lupment as a 
repository, extensive .~eologic and hydrologic data descrl'·tng it must be 
collected. At none of the nine potentially acceptgble sit 1 have enough data 
been collected to make such a judgment: possible. The U S Department of 
Energy (DOE) will thm:efore carry out a program of site h ,.~a:cterization to 
collect the needed data. o1! Such a prog>:"atn is required by t. ".l Nuclear Waste 
Policy Act of 1982 (NWPA, 1983) (the Act), by the regulati_Ol;-~ promulgated for 
repositories by the Nuclear Regulatory Commission in 10 Cl~R Part 60 (1983), 
and by the implementation guidelines that are included iT: the DOE; siting 
guidelines (10 CFR Part 960, 1984). In accordance with th<: Act, the program 
will be carried out at the three sites e~lected through the process described 
in Chapter 1. The impacts that site characterization would exert on the 
environment of the Yucca Mountain site, if the site is 011e of the three 
selected, are described in this chapter. 

A major part of this characterization will be the in'lestigations 
performed in an exploratory shaft facility, At 13ach of the three sites, two 
shafts will be sunk deep below the surface, to approximately the level where 
a repository could be built. Underground drifts connecting these shafts and 
underground rooms l'lill also be excavated. In these rooms and in the shafts, 
the DOE will conduct tests and make experimental measurements that will 
supply data needed for fully characterizing the site. 

Other studies of the site will also take place during site characteriza
tion. They will include additional geologic, geophysical, and hydrologic 
investigatlons, both at the ground surface and in boreholes not connected 
with the exploratory shaft facility, 

ConcurrentlY with site characterization, the DOE will conduct a site 
investigation program to collect nongeologic information important in deter
mining the suitability of the site. Included in this program will be studies 
of environmental conditions (e.g., the weather, the quality of the air, plant 

* The Nuclear Waste Policy Ace of 1982 defines site characterization aa 
••• activities, whether in the laboratory or in the field, undertaken to 

establish the geologic condition and the ranges of parameters of a candidate 
site relevant to the location of a repository, including borings, surface 
excavations, excavations of exploratory shafts, limited subsurface excava
tions and borings, Bnd in situ testing needed to evaluate the suitability of 
a candidate site for the location of a repository, but not including pre
liminary bdrings and geophysical testing needed to assess whether site 
characterization should be undertaken .,," (NWl'A, 1983). 
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and animal communi·~ l1·S, and noise levels); archaeological, cultur~l, and his
torical resources; p<')pulation de.nstty and distribution;, the tranoportation 
network; and sodat and economic conditionfl in the a-rea that could be 
affecte.d by the repo·~itory. 

Before beginninJ to sink the exploratory shafts, t!; DOE is required by 
the Act to prepa1e !I Site Characterization Plan that is :;,) include a deecrip
t:ion of the site; r. description of the site character·"ation activities, 
including the extent of planned excavations and plans f. • any onsite testing; 
and plans for the decommissioning of the exploratory h. ft faciHty as well 
as the mitigation of any significant adverse environme. t:ll impacts caused by 
site characterization if tho site ie not selected for ~:e:·::.sitory development. 
This plan is to be submitted for review and comment to tt.'J Nuclear Regulatory 
Commission, t.he Governor and the legislature of the Statt~, and the governing 
body of any affected Indian Tribe; it is also to be ma.1~ available to the 
public. Fm.·thermore, the Act requires the DOE to hold p•Jblic hearinga in the 
vicinity of the site selected for characterization to inform the residents of 
the area of the Site Characterization Plan and to rece1v.a their comments. 

During site characterization, the DOE is required Ly the Act to report 
at least once every 6 months to the Nuclear Regulatory Commission and to the 
State or any affected Indian Trf be abmJt the nature and extent of the site 
characterization activitiea and the information developed from such 
activities. 

The data-gathering activities planned during site characterization are 
described in Section 4.1. Tho environm€lntal effects expected from these 
activities are described in Section 4.2; these effects will be due mainly to 
the exploratory shaft facility, the constt"uction of which will require exten
sive ~1ork at the site. The last section of this chapter (4.3) describes 
alternative site characterization activitiea that might: be undertaken to 
avoid the expected impacts. 

4.1 SITE CHARACTERIZATION ACTIVITIES 

This section contains a descdption of the site characterization activi
ties currently planned for the Yucca Mountain site. The activities consist 
primarily of field studies, th~ construction of the exploratory shaft 
facility, and the tests conducted in that facility. Other studtes that would 
be performed to characterize the aite are aleo discussed, even though 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 S'l.'UDIES 

Since 1978, the u.s. Department of Energy (DOE) has been conducting 
teats and surveys in the vicinity of the Yucca Mo•.mtain site to obtain 
preliminary information on the geologic, hydrologic, and geophysical 
characteristics of the site and the aurrounding at"ea. These tests and 
surveys include exploratory drilling and testing. the geomechanical testing 

; 
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of core samples, g~ovnysical surveys, and geologic mapping. 
and surveys would continue to be conducted if Yucca Mountain 
for site charactedz.e :ion. 

4.1.1.1 ExplordtO!L~ .. drill~ 

SimHar tests 
is u~co111mended 

Exploratory driUing and testing activities provide- ,,ata that allow the 
t.hre'i"-dimensi.onal characterization of the geologic, hy.'t'.'logic, and geo
chem:f.cal characteristic~> of thE'. site and the surroundin1, "..rea. By drilling 
exploratory holes one r.an ( l) collect cores, describe tn~ geology of the 
cores, and analyze th~ geochemical and physical vropertiev of the cores; 
(2) investigate gnphysical properties below the surface; (3) measure in aitu 
stress; (4) test hydraulic conditiona b~ne.ath the water t~~oble; (S) test and 
monitor the unsaturated zone; and {6) collect water samples for ch~mical 
analya!s. 

Since 1978, the 1J.s. Department of Energy (DOE) has drilled several 
exploratory holes and conducted geologic and hydrologic investigations at 
Yucca Mountain. Because a site characterization plan has not been completed 
for the Yucca Mountain site, the following assumptions, which represent the 
best estimates currently available. have been made for the purpose of 
assessing the type and magnitude of impact that might be expected from 
further exploratory drilling if Yucca Mountain is recommended for site 
characterization: 

• Twenty new exploratory holes would be drilled from surface-bas~d 
drill pads lo complete the characterization of the site's hydrologic 
snd geologic conditions. 

• The new exploratory holes would be drilled within 8 kilometers 
(5 miles) of the Yucca Mountain ijite. 

• An access road 8 kilometers (5 miles) long would be constructed to 
each drill pad. This is a worst-case assumption used for 
calculating environmental impacts. 

• Access roads would be bladed smooth, boulders would be pushed aside, 
fill dirt would be added 11s required, hillside cuts would be made 
where required, and some roads would be graveled. 

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

• Roads would be sprinkled with water both to aid in soil compaction 
and to provide dust control. 

Each drill site must be prepared to accommodate a drill rig and crew. 
Site preparation activities include clearf.ng and grading the site and staging 
area, constructing a raised and leveled drill pad, constructing a parking 
area and equipment yard, excavating fill dirt from either adjacent or nearby 
areas, and constructing a mud-and-cuttings pit. It is assumed that an 
average of 1 hectare (2.5 acres) per drill site would be disturbed by sit~
preparat!on. After the site has been prepared, an exploratory hole would be 
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drilled, and assod.Hted ~eophysicA.l logging and hydrologic telltlog would bu 
performed. 

Equipment and fc~r:ilities that would he used at the -:trill sit~ include a 
diesel-powered driJ.' rig, pumps for circulllting the ddlling fluid, drill 
pipe, drilling and t:oring tools, two traiie·rs for super • ,sory and laboratory 
space, an electric ~ .. enerator, and an air compressor. •J,~td waste would be 
hauled from the sit::· to an existing landfill on the Nl?' 1da Teat Site (NTS). 
The water that "'ould be used for drilling, dust suppre~ (on, compaction, and 
human consumption would be trucked daily to the drill v"te. Waste drilling 
fluids and cuttings would be confined in the mud-and-c. 't t.ings pits. 

Some of the downhole geophysical logging would be performed with a 
contained and retrievable radiation source such as cesium-137, americium-241, 
and beryllinm. The use of such sources is a common plectice in geologic 
charncterization. Logging tools with radiation sources a.re uRed to remotely 
determine the degree of water saturation, rock denaity, and other physical 
characteristics. 

Hydrologic tests would also be performed using radioactive materials. 
The introduction of -radioactive tracer material is a <:(Jmmon technique for 
investigating the movement of water in geologic media (Bedmar, 198:3; R.a.o, 
1983). The radionuclides commonly used as artifici.al tracers to determine 
the movement of ground water include iodine-131, chromium-51, rubidium-86, 
ruthenium-103, and bromine-82. Th!!se materials have short half-lives ranging 
from several hours to tens of days. Movement of the tracer throu~h water o-r 
rock can be determined readily because the background concentration of the 
tracer in the water or rock is rr.ero. In addition, the behavior of radio
nuclides during transport can be more .sccurately predicted if tests are 
conducted with tracers that are known to mimic the behavior of the important 
chemical species present in the radioactive waste. 

Any radioactive sources used in the logging or hydrologic tests would be 
licensed by the Nevada Division of Radiologic Health. The licensing of these 
sources requires that the contractor reee:lve formal training in radiological 
safety and in the use of the logging tool. In addition, the NTS radiation 
safety program that governs activities at the site has safety and use 
requirements that are comparable to those required by the State. 

4.1.1.2 Geophysical surveys 

Certain geophysi<:al surveys provide s means by which to obtain informa
tion about the subsurface geologic conditions without drilling deep bore
holes. The surveys can be used to map the geometry of geologic structures at 
depth and to recognize discontinuiti.es f.n stratigraphic sequences. Some 
geophysical techniqu~s 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 described in this section include sei.smic reflection and refrac
tion, gravity, magnetic, and electrical surveys. Bach of these techniques 
may require land surveying and geologic reconnaissance either on foot or from 
off-road vehicles or ait·craft. 
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Seismic refled ... on nnd refraction surveys are made by send1t<g sound 
W"aves through eatt.ll materiala. Either aelsmo1·aeters or geophones are then 
used to detect, ampl·".fy, and record the sound-wave patterns. The sound \ol'aves 
are reflected and H!';racted when they encounter matarf.als with different rock 
propert.tes (e,g,, de;"'.s::lty and sonic velocity) as they tr/\vel from the seismic 
source to the recei\"~r. The resultant seismic reflectf(,.f. and refraction pat
terns are mathematically analylled and are used to deterrr.l.nl!! the types of rock 
materiala and three~.Jimensional structuros that would btl expected to produce 
the observed patterr a, 

Seismic reflection aurveys nt. Yucca Mountain hav been conduned by 
using dynamite charges set off in shot holes that were i·dlled in a linear 
pattern. These holes did not requit·e drill padsj howeve "1 lt was neceF:Isary 
to clear some vegetAtion for vehicle access and geoph1>nc positioning. 
Another type of seismic reflection aurvey WEJB conductPd in the eastern 
foothills of Yucca Mountain. Low-frequency sound waveR were generated by 
uBing large, four-wheel-drive truclta specially designeri W'ith large plates 
attached to their bottoms, Hydraulic jacks W"ere used to press the plate 
against the ground 1\Thile aimultaneoualy lifting and vibJ'sting the truck on 
the plate. Data wer~ recorded from geophones that were t•laced in an array on 
the ground surface at specific distances from the trucks. Similar seismic 
reflection studies may be conducted during site characterization. 

A seismic refraction survey was conducted as part of the prC!liminary 
investigations of Yucca Mountain. For this sutvey, a north-south line 
approximately 80 kilometers (50 miles) long was selected in the eastern 
portion of Crater Flat, A truck-mounted rig W"as used to drill holes for 

~.· emplacing explosives, which were detonated to generate sound WEJves. An array 
of geophon(!S was deployed to collect the refraction data. Another refraction 
survey was conducted east of Yucca Mountain along the road to Drill Hole 
Wash. Small drill pads were constructed and holes were drilled for the 
emplacement of explosives. Similar seismic refraction surveys may be 
conducted during site characterization~ 

Gravity surveys are conducted to detect subsurface geologic atructutes 
by meaauring small differences in the strength of the earth's gravitational 
f'leld. Positive and negative gravity anomalies, which are the result of 
d:lfferencee in the density of underlying rock materia!R, are recorded and 
interpreted. Gravity meaaurementa are taken at discrete locations defined by 
a grid system consiF:Iting 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 
survey~. Some gravity surveys have already been made in the Yucca Mountain 
area, and additional surveys are planned during site characterization. 

Magnetic surveys are conducted to measure differences in the earth's 
magnetic field from place to place and are used to determine the subsurface 
configuration of rocks with different magnetic properties. Magnetic surveys 
may be conducted from the ground. Off-road vehicles are used to get to these 
sites. Magnetic surve)'S may also be conducted from specinlly equipped air
craft. Both survey methods have been used at Yucca Mountain, and additional 
surveys are planned during aite characterization. 

A number of other geophysical t·edhniques may be used to enhance the 
understanding of the position and the characteristics of subsurface rock. 
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unite. Electric':ll surveys that measure the characteristics of earth 
mAterials that affeC":t the passage of natural and induced slectrit~sl currents 
(e.g., resistivity, self··potetltial) have been made in the vicini.ty of Yucca 
Mountain. Another •.echnique, commonly used in the peU:oleum ii'1Ciuetry, ie 
vertical seismic p::ofiling (VSP). This technique ie qseful for mapping 
fractures and for ·totermining the extent of interconrH!~t1on between the 
fractures. The a·r.¥enuation of high-frequency elactrc·!'PtRnetic waves by 
fluid-filled fract~.res hne also been used eucceesfull~ r.o map fractures. 
Off-road vehicles are commonly uned to traveJ. to the s ./fJS of electrical and 
r:>ther surveys. 

4.1.1.3 Geologic mapping 

Geologic mapping is conducted to record the surface features and charac
teristics of exposed rock in thQ area. This mapping u~ee aerial photography 
and requires detailed field observations either on foot or by using off-road 
vehicles. Occasionally, the surface study is suppleme1.1ted by shllllow subsur
face investigations requiring trenchinp;. Typically, t!1e tronchea are approx
imately 2 meters (7 feet) wide, range from 1 to 3 meters (3 to 10 feet) deep, 
and are from 30 to 60 meters (100 to 200 feet) long. The walls of shallow 
trenches are kept straight, smooth, and aa nearly vertical ae possible. 
Deeper trenches are terraced for safety reasons, and they may be as wide as 8 
meters (25 feet). Trenching and additional geologic mapping would be done 
during site characterization. 

Standard operating practices for reclamation of areas disturbed by 
field studies 

When the U.S. Department of Energy (DOE) determines that an exploratory 
hole 1e no longer needed for gathering data, the exploratory hole will be 
sealed. State of Nevada requirements, ~a well as cooperative agreements with 
the Bureau of Land Management (BLM) (BUt/DOE, 1982) and the Department of the 
Air Force (1985), call for the proper sealing and capping of exploratory 
holes upon abandonment or termination of DOE activities at the site. All 
exploratory holes that are not currently being used are capped temporarily~ 

If a decision is made to abandon an exploratory hole, the hole will be sealed 
according to accepted practice. H any specific sealing requirements are 
necessary, they would be determined using the data obtained during site 
characterization. A permanent marker that gives pertinent data about the 
e.xploratory hole would be emplaced after surface restoration. 

Standard operating practices for reclamation and habitat restoration 
include th~ followiog: 

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

2. Disking or ripping of the drili-pad area to relieve compaction and 
to· mix the surface soil with the underlying soil. 
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3. Filling the ii>ud-and-·r..utt'Lngo pit with stockpiled topsoil !i.fter the 
removal of d·illing fluids or sludge, as appropriate. 

4. Contouring d·laturbed areas to rt!establiah natural drainage patterns, 
to minimize ~~rosion, and to blend with the s:•.~rounding land 
contours. 

5. Distributing available stockpiled topsoil over u:· raaontoured Rrea 
in a rnannQr that minimizes eroaion and enc( .. rages moisture 
retention. 

6. Ripping or d·lsking the compacted unpa.ved r-oa<hJ ·nat nre no longer 
used ami recontouring and stabilizing the dis(u.·bf!d road 11rea to 
minimize erosion and encoura~c revegetation. 

Because reclamation and hab.ltat restoration in fragtle~ arid ecoHystems 
are not completely understood and because long periods of time are required 
to reestablish matu;:e vegetation associations, the effectiveness of habitat 
restoration is not clear. Consequently, each practice r-reviouely identified 
would be lndividually evaluated and adjusted in responee to continuing 
reetoration studies. 

About 10 hectares (25 acre~) of land surface would be disturbed for 
geophysical and geological surveys. The disturbed exploration areas and off
road vehicle paths would be disked to relieve compaction and to encourage 
revegetation. Geologic trenches would be filled with the material removed 
dllring excavat:l.on, and the land would be restored to ita original contours. 
If appropriate, the recontoured surface would be treated to encourage 
moisture retention and to hasten revegetation, based upon the results of 
habitat~restoration stud:l.es. 

4.1.2 EXPLORATORY SHAFT FACILITY 

If Yucca Mountain is approved for site characterization, the U.s. 
Department of ~nergy (DOE) will construct an exploratory shaft facility to 
provide accese for- deta:l.led study of the potential host rock as well as the 
overlying and underlying strata. The excavation and construction of this 
exploratory shaft facility would be the primary source of potential environ
mental impacts during site characterization. The explot·atory shaft facility 
would consist of (1) an exploratory shaft large enough for the transport of 
people, materials, and equipment (inside finished diameter of 3.7 11.eters 
(12.1 feet)), (2) underground testing areas, (3) a 'secondary egress shaft 
(inside diameter of 1.8 meters (5.9 feet)), and (4) the surface facilities 
needed to support construction and testing (Figure 4-l). 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' fadlity with drifts and rooms would be excavated into the host rock 
from the middle breakout room. The secondary egress shaft would be used for 
ventilation and would provide another means of egress from the underground 
areas. It ·would b'e .. connected' to the exploratory shaft by a drift. Explora
tory holes would also be drilled as a part of the exploratory shaft testing 
program, 
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NO SCALE 

Figure 4-1. Three-dimensional illustration of the exploratory shaft facility. 
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The explor-atory abaft facility would be located in Coyote Wujj;h on the 
eastern side of Yucc;-l Mountain at an eleva:..lon of abt',ut 1,300 meters 
(4,200 feet). Figur' 4-2 shows the proposed site, utF1ty lines~ and the 
access road. It also shows the administrative boundarie~ of the N~::vada Test 
Site, the Nellis Air l'~orc.e Range, end the Bureau of LanC Management. This 
site was selected frcv,! five sites that were considered <h possible locations 
for the exploratory Ei 1laft (Bertram, 1984). The seconder; ·~.~ress shaft would 
be located about as ·~eters (280 feet) southwest of the --~~.ploratory shaft. 
The site plan at Coy,:1te Wash is shown in Figure 4-3. 

Facility t;fesign and construcr.ion spec.ifications rt: 'lire that equipment 
and systems meet the requirements set forth by the DOE , '983); applicable 
local, State, and Fed~ral regulations (Section 6.2.1.6~, and national 
standards. It is also required that construction disturb only the minimum 
amount. of land neces~ary to accomplish the project. DeaiJ;n criteria include 
consideratior.s of site restoration; the site "'auld be ret;t.ored to approxi
mately ita original condition if Yucca Mountain is ellmir.atl;'!d from the list 
of potentia._ repository locations. Portions of the fadlit.y rnaj nlterna
tively be preser-ved \·or other uses. The following sect;'one describe the 
presently conce.ived e11.ploratory shaft facility, the planO fpr testing, and 
the practices being considered to minimize environmental d<!mage. 

4.1.2.1 Surface facilitiea 

ConstruC'.tion of the surface facilities is expected to taka from six to 
seven months to complete. The site would first be cleared aod graded; then 
it wou1d be stabilized with 15 centimeters (& inches) of gravel. 

As shown on Figu·re 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-t., Wa6 con
structed ;::t the exploratory shaft facility location. Site preparation would 
require cut and fill to provide a level pad (the exploratory shaft site pad) 
for the surface structures and for the parking area. About 70,000 cubic 
meters (2,500,000 cubic feet) of fill materJ.al would be removed from borrow 
areas east and west. of the pad. Both the explor<~tory shaft and the secondary 
egress shaft would be located on thi.9 exploratory shaft site pad. In 
addition, an auxiliary pad would he located about 240 meters (800 feet) to 
the east of the main pad and would be used for a visitor center and to 
accommodate support buildings, trailers, and additional parking. The surface 
area that would be required for all of the exploratory shaft facilities is 
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 eKploratpry shaft s:f.te pad from the east would 
be controlled by a chain-link fence and gates; the natural terrain provides a 
barri~r to vehicle access from elsewhere on the aite. The access road from 
Jackass Flnts has been improved to the boundary of the Nevada Test Site (NTS) 
to accommodate heavy equipment. The road is 7 meters (23 feet) Wide, has 
1-rueter (3-foot) shoulders, and is surfa~ed ~ith a double oil-and-chip l$yer. 
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'Figure 4-2. LocatiOn of proposed exploratory shaft' facility and utilities. 
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The remaining llOO me~ers (1,300 feet) of the road to the exploratory shaft 
site pad would be co· structed on fill to maintain a gra!Je that would not be 
greater than 10 pere~rtt. This road would disturb a path 50 meters (160 feet) 
wide, including drair.age channel modification. 

Prefabricateri m1•tal buildings would be assembled at tl-·e site on concrete 
foundationR to provJ,/e space for shops, a ware.house, he· ~t houses, and the 
integrated data system. The main hoist house would ac(' ~1modate two hoists. 
Another hoist housE! would be erected near the secon.1a ·y egress ohaft. 
Se.:;eral trailers would be located on the exploratory s att pad and used for 
change rooms, office rmd laboutory space, data acquis~t 1on, and first aid 
room. Showers and loc..<ers would be provlded for tha tec:h·•ical staff and for 
the mining crew. Most structures would have rest rooms, electric space 
heating and water heating, and air conditioning. 

Magazines would be required for the storage of explosives. The size and 
location of the magazines would depend on the maximum amount of explosives 
and detonators to be stored at any time and the provisions of appropriate 
regulations (~uch as the California Mine Safety Act). 

The utilitf.es and communication systems would consist 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 provtded by a substation to be con
structed at the site. Power for this substation would be supplied from an 
existing 69-kilovolt overhead power line extending from Canyon Substation 
in Jackass Flats to the NTS boundary 10 kilometers (6.2 miles) away 
(F.£gure 4-2). The site substation would include a 5-megawatt transformer to 
supply ll.l6-kilovo1t power to the hoists and air compressors, and secondary 
transformers to supply 480-volt, 220-volt, and 110-volt power. lo the other 
surface facilities. The sub!ltation would require cutouts, distribution 
panels, conduit and wire, fencing, trenching, and some cotlcrete wor-k. A 
second pow-er line would be placed on the same aet of poles as lhe 69-kilovolt 
line to supply 4.16 kilovolts to a booster station to pump W9ter to the site. 
Area flood-lights on wood poles would provide night Hghting. To provide a 
backup source in the event of power failures, an emergency power generation 
system would be provided; it would consist of two 500-kilovolt-·ampere diesel 
generators. 

The water ~>upply would be pumped from existing Well J-13 on the NTS 
through a 10-kilometer (6.2-mile) long, IS-centimeter (6-inch) diameter poly
vinylchloride pipe buried about 0.6 meter (2 feel) below grade. The pipe
line, constr-ucted in the bed of the old access road to the NTS boundary, is 
adjacent to the new paved road. One pumping 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 600-cubic meter (150,000-gallon) water tank 
located 500 meters ( 1,600 feet) west of the site at an elevation of 
1,320 meters (ll,325 feet). The water distribution system from the tank would 
supply water for all needs Bt the exploratory shaft facility, including fire 
protection. 

··+- ..... 
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Sewage will b~ 1lisposed of by means of collection J:oiping froJU all build
ings and trailers t<' e. septic tank and drain field loctlted east of the 
exploratory shaft b1~ility (beyond the perimeter of thv proposed repository 
subsurface facilltyJ. Rock removed from the undergrouu•J workings will be 
stored in a rock-at~.o "age pile. The locat.ion of the rock"9torage pile has not 
yet boen deterrn1ned 1 but it will be placed to tho east of the exploratory 
shaft facility beyc;·,d the perimeter of the proposed re1.Mitory subsurface 
facility. The rock debris removed from the conatructio-- of the shafts, from 
breakout rooms, from the drift connecting the two ahah~o, and from the main 
underground teat facility would be transported to the 1nrface and hauled to 
the rock-storage p!le. The 0.6-hectare (1.5-acre) ro• r ·storaga pile area 
would be sufficient t) accommodate the 39,000 cubic met~ ::s (1,300,000 cubic 
feot) of broken rock that would be produced during abaft and drift mining. 
Dust from the dumping operation would be controlled by appropriate wet 
suppression ::echnlques. Water and other fluidtJ that would be uBed for care 
drilling, including air-water miBt, bentonitic mud with weter ~ontrol agents, 
and polymer foam would be disposed of on the rock-storage pile, The rock
storage pile will b0. bermed and lined IY"ith an impermeable liner ta minimize 
discharge of these tluids to the surface or to the grou.ld water. This berm 
would be designed to contain a volume af 1,400 cubic meters (375,000 gallons) 
af liquid. Solid refuse would be haul~d to an existing landfill on the NTS. 

A concrete batch plant would be established to provide for storage and 
mixing af the materiale that would be used to make concrete and grout for 
site characterlzation activities. Concrete would be used for building 
foundstiana, drilling pads, and the exploratory shaft liner. Grout would be 
uaed in conjunction with the steel liner in the secondary egress shaft • 
Approximately one acre will be cleared for the batch plant. Aggregate 
(crushed rock), sand, and perhaps cement would be stared in thiB area. These 
materials would be mi:Ked with water to make concrete and grout. Water would 
also be used to wash out the trucks that would be uaed to mix and carry the 
concrete and grout. Both the washdown water and the batchefl that do not meet 
specifications would be disposed of on the rock-storage pila. Soqe equipment 
and trucks may be washed down at the batch plant, and the wash water lllBY be 
disposed of at the batch plant site. Approximately 110 cubi.c meters 
(30,000 gallons) of water may be used for washdawn during surface and 
oubsurface construction. 

The ventilation fans located at the surface would be capable of 
providing 1,135 cubic meters per minute (l10,000 cubic feet per minute) of air 
to the undet·ground workinge. The ventilation system would meet all the 
requirement~:> of the Tunnel and Mine Safety Orders of the State of Callfornia 
as specified by the U.S. Department of Energy (DOE) orderB 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 maintain underground temperatures at a 
level that is suitable for a work regimen of 75 percent work and 25 percent 
rest. The fans would have J:everse-flow capability to exhaust smoke, fumes, 
and d,ust 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 to diffuse throughout the 
drift. 
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Backup fans an~ emergency power for the ventilation 3ystem would also be 
provided. Two atr ·ompressore would supply primary and backup C131pab1lity for 
air drilling of un,,erground boreholes. Each would have a capn.c!ty to 
compress 40 cobic '1\~)ters per minute (I, 500 cubic feet pl'r minute) of fr.ee air 
to a gauge pressurf>. of 860 kilopascala (125 pounds pet square inch) on a 
sustained bas is, 'l'hh system would 1.nclude foundation·! 1 electrical supply 
controls, and distl·Lbuti.on piping. The air compressoJ;'<> w-ould be located near 
the power substatiiJn to separate the shaft and build ill! from the noise, 

Although la:tge quantities of water are not expec: u, to be encountered in 
the underground i!acilities, tt h possible that pert'·l·d water zones and 
percolat:f.on seepages could release some water to the ur..lerground feci U ties 
during construe· f.on and teRting. Such water would be collected in a sump and 
then pumped to the aurface and discharged on the rock-t~torage pile. There 
would be a backup sump pump and emergency power. The quantity of water 
remo"~d from the shaftS would be estimated and recorded, 

4.1.2.2 Exploratory shaft and underground workings 

The current plana are to mine the exploratory shaft to a total depth of 
about 450 meters (1,480 feet), which is about 23 meters (75 feet) below the 
contact between the overlying Topopah Spring Member and the underlying tuff
aceous beds of Calico Hilla, This total depth would provide shout 15 meters 
(.50 feet) of penetration into the pervasively ~~::eolttized intedor of the 
Calico Hills unit and would leave undisturbed a minimum thickness of about 
85 meters (280 feet) of the Calico Hills unf.t above the water table. The 
design dlamcter of the excavated a haft !a 4. 3 meters ( 14.1 feet), and the 
finished diameter would be 3.7 meters {l2.1 feet). 

After the surface facility has been completed, the exploratory shaft 
would be mined using a convent.f.onal drill-blast-muck mining technique. 
Explosives would be placed f.nto small holes drilled in the rock and 
detonated; the resulting n1bble would be collected and hoisted from the 
shaft. Convent.tonal mining, instead of drilling, waa selected because it 
would allow geologic and hydrologic conditions above, below, and within the 
candidate host rock to be examined during exploratory shaft construction. 
Conventional mining would minimize the potential introduction of water and 
other contamina'.lts into the unsaturated zone, thereby reducing the 
posaibility of affecting the results of the testa designed to measure the 
ground-water flux and the undisturbed moisture content of the rock. 

The mucking operation may be aomewhat more dusty than it would be in a 
typical mine because minimal amounts of water would be used to suppress dust 
in the shaft, Normally, the rubble would be sprayed with water before 
mucking to provide additional dust control. However, in the exploratory 
shaft, water would be used 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 making liner concrete, would be tagged 
with a suitable tracer, The quantity of water entering the shaft, the 
humidity in the air supply, and the humidity in the exhaust ventilation air 
would be metered and recorded. 
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Breakout roome -,;:auld be excavated at the 160- and 370-meter (520- and 
1,200-foot) levels d .. r.ing shaft construction. The shaft would b~:: mined to 
laSO meters ( 1 ,la80 fc••t) before a final breakout room wc•Jl.d be excavated at 
the bottom of the sh<..~ft. The maio underground te~:~t facUlty would then be 
mined from the midd't•.:: breakout room at 370 meterG (1,2lt' feet). Current 
plans are to mine th-1 underground test facility and drULe uaing conventional 
drill-blast-muck m~~~ itods. 

4.1.2.3 ~ttdary eg£'esa shaft 

The locatio>l of the secondary egress shaft relative to the exploratory 
shaft is sho1t1n in Figure la-3. According to the cunent plans, a 
200-millimecer (8-inch) pilot hole would be drilled from the surface us:lng a 
down-hole compressed-air hammer drill. Because this ty~w of drill uses air 
in the drilling process instead of a water-based drilling fluid, it avoids 
introducing water Ltto the boat rock. The pilot hole 11o'ould be drilled to a 
depth of 370 meters (1,200 feet), which Ls the depth of the main underground 
test facility. A dust-filtering 5yst~m would be used to catch airborne dust. 

The pilot hole would be expnnded from 200 millimeters (8 inches) to 
2.1 meters (7 feet) by raise boring (a mining technique involving drilling 
upward with the dri lli.ng rig at the surface). Before the expanHion of the 
pilot hole, a 3.7- by 3.7-meter (12- by 12-foot) drift would be mined from 
the eK.ploratory 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 rock-storage pile. 

The water necessary for cooling and for dust suppression during drilling 
would be tagged with a suitable tracer (probably sodium bromide) to differen
tiate it from any in situ water in the unsaturated zone. Host of the water 
would be removed along with the rock debris and deposited on the rock-storage 
pile where it would evaporate. 

After dril:ing, the secondary egress shaft would be lined with a steel 
casing. A hoist:, head frame, and hoist house would then be constructed. 

la.l.2.la Exploratory shaft testing program 

The goal of the exploratory shaft testing program h to obtain the 
information required to assess the intrinsic ability of the geologic setting 
at Yucca Mountain to isolate high-level waste. information would also be 
acquired that would assist in the design of engineered components, such as 
drifts. emplacement holes, and waste disposal containers. The underground 
test program 1B being designed to provide information needed to address 
compliance with Federal regulations related to performance and siting 
criteria for high-level waste repositories. Engineering test plans would be 
prepared for individual tests before the teste are started. 
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A number of assuHir_ltions hnve been eatabliehed to provide a corwistent 
basis for planning the ::!xploratory shaft te.9tlng pL"ogram. These 8/HP.lnlptions 
include 

t. The undergrout.1 workings would be restricted to t'~-.-e. unsaturated zone 
beneath Yucca Mount<~in. 

2. The candidatl! host rock would be the densely wel ied Topopah Spring 
Member of the PaintbruSh Tuff. 

3. The tests that would be conducted would be focu. 8,~ on obtaining site 
characterizati'. n information necessary for llcern :1g. 

4. The tests would be planned to pmvide timely input for aiHH!SSing the 
long~·term performance of the site. 

All exploratory shaft construC".tion, operations, ar.d maintenance 
functions would be peL"formed in accordance with applicable Federal, State, 
and Nevada Test Site (NTS) safety codes and procedures. 

The tests in the exploratory shaft faci.lity that are being considered at 
this time cAn be grouped into two geneL"al categories 

1. Construction phasa tests~ Testa that would be i.nitiated 
concurrently with shaft sinking (some construction phase tests would 
continue into the in situ test phase). 

2. ln situ phase teets: 
sinking is complete. 

Testa that would be initiated after shaft 

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 ns the shaft i.s sunk. Three of the 
tests require large block samples that would be collected from 15 to 30 loca
tions in the shaft. The pore waters that would be extracted from the large 
block samples would be chemically analyzed and dated by using chlorine-36 
techniques. Laboratory measurements of geomechanical properties are also 
planned on these samples. The fifth test, unsaturated zone water sampling, 
would only occur if perched water was found during shaft sinking, which is 
not considered likely. 

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

The remaining five tests would be at selected depths. These teats 
represent nonroutine operations and would require planned pauses in shaft 
sinking operations of from several hours to several days. The five tests are 
(1) vertical cor-ing; (2) lateral coring to confirm the adequacy of geologic 
and hydrologic conditions before constructing breakouts at the 160-meter 
(520-foot) level, at the 370-meter (1,200-foot) level, and at the shaft 
bottom at 450 meters (1,480 feet); (3) overcore drilling to measure in aitn 
stress conditions; (4) the breakout room tests to assess the constructibility 
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and the stability (•J' repository-shed drifts; and (5) ehaft-convo~rge.nce testa 
between the 160-met.H (5.20-foot) and 370-meter (1,200-foot) breakouts. 

Fifteen in sit:~ phase testa are currently pl<tnned. These tests would 
begin after the ahRL ':. has been completed to the require,; depth. Most of the 
in situ testa would be at the 370-meter (1 ,200-foot) l!~.v~l. The in sit•1 
phase tests can be r~rouped into six categories accordin.1 l;o the site informa
tion that would be ~Jbtained. Geologic inform£\tion on •' blcture frequency and 
orf.entation would be obtained by mapp:f.ng the walls of the drifts in the 
t<>:sting area. Ll!teral coring would provide geologi( l'1formation on the 
continuity nnd steucture of the prorosed host rock. H:.-C-:ologic data WOllld be 
obtained from permeabqity and infiltration testa both 1 · the Topopah Spring 
Member and in t'"'e underlying tuffaceous beds of Calico Hilla. Geochemical 
tests would investigate the potential for retardation of radionuclide move
ment by various physical and chemical sorption procesfileR. Geomechanical 
tests would simulate the effects on the host roclt of the temperature 
increases caused by the heat emitted by the emplaced waste. Tests are also 
planned to assess the stability of mJned openings and to make other in situ 
measurements required to design a safe repository. ~,'he tests in the 
remaining category would investigllte the physical and chemical character
istics of the emplacement environment t:o provide infonnatJ.on necessary for 
proper degign of waste disposal contatn~rs and engineered barriers. 

4.1.2.5 Final disposition 

The Nuclear Waste Policy Act (Section 113) (NWPA, 1983) requires that 
the site characteri~ation plan for a candidate sit~ contain provisions for 
the decontamination and decommisnioning of the site. Radiation sources used 
in geophysical logging would be fully contained and retrievable. Radioactive 
materials that: would be used as tracer material in hydrologic tests have 
short half-lives ranging from several hours to tens of days. The current 
plans for site characterization at Yucca Mountain do not include the use of 
high-level radioactive materials. Therefore, no decontamination is expected 
to be needed after site characterization. The final disposition of the 
exploratory shaft facility would depend on the results of the site character
ization program and the U.S. Department of Energy (DOE) deci.sions about sites 
for the first and the second repos1tory. Thus, there are three possible 
exploratory shaft dispositions: 

1. The site characterization program may show that Yucca Mountain is 
unsuitable for a radioactive~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 suitable, but the first repository may 
be built at another site. In this case, the exploratory shaft 
facility would not be decorumissioned until a final decision was made 
as to whether the site is needed for the second repository. 

J. The site may be sho1r1n suitable and be selected for the first reposi
tory. In this case, the exploratory shaft fllcilit:y would be incor
porated into the repository. 
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Because final d1~dsione about techniques for shaft sealing lllf.l)l require 
data from site charat~!.~rization, the following decommissioning str£1tegies are 
only representatlve of those that might be implemented: 

1. U an alterl'tative use [or the eKploratory sha~:: facUlty is 
identified b.'[ore decommissiont.ng, a limited "st!.n(l.by decommission
ing" would 'ccur after site characterh.ation. "fll~ utilities and 
ventilation system would be left in place, and 1 .r-iodic maintenance 
would pr.~serve the structural integrity of the s.cility, Adequate 
surface physical security would be retained to p,evcnt unauthorized 
access and ac~idents, 

2, A secona strategy that would preserve the explor.~tory shaft facility 
for future use entails removing the utilities a11d any salvageable 
materials from the interior o[ the facility and •.qelding steel covers 
over the openings to prevent accidents or una·,.lthorized access. 
After reclamation and habitat restoration of thf! aurface, the eealed 
facility would be marked to identify pertinent history and details 
of the excavation. This sealing option would require o minimum 
degree of seeurity to protect the shafts from.t vandalism and 
accidents, 

3, A third decomm.t.ssioning strategy includes remov.ing all utilities and 
salvageable material from the underground workings and closing both 
shafts by backfilling with material removed during the initial exca
vation. Depending upon the backfill technique used, about 50 
p~rcent of the rock debris remo~ed from the facility would be used 
for backfill. Horizontal end vertical boreholes in the shafts would 
be sealed with an appropriate cement-based grout as tequired. The 
composition of sealing grout and the need for it would be clarified 
during site characterization. After the closure of the shafts and 
restoration of the surface, a small concrete structure containing a 
marker would be installed to record the pertinent history and 
details of the excavation, 

If the Yucca Mountain site is eliminated from consideration as a 
potential repository site and no alternative usee are identified, then 
decommissioning would begin as soon as possible after the decision. In 
addition to the shaft sealing previously described, decommissioning would 
include the removal of all buildings, fences, trailers, electric generators 
and distribution equipment, communications equipment, and explosives 
magazinee. These items would either be reused or sold. 

A variety of subsurface utilities, such as the water supply line, water 
distribution and collection pipes, and electrical cables, would have been 
installed for the exploratory shaft facility. The excavation and removal of 
these utilities are generally more costly and mor.e environmentally disturbing 
than leaving them buried in place. Consequently, lf the site is abandoned, 
any portion of the utilities that extends above the ground would be cut off 
below grade, and the Btructures would be covered during the reclamation of 
the surface. Other subsurface structures would bP. backfilled and closed if 
no longer needed, using generally accepted procedures. 
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4. 1. 2. 6 Standard op~.!a t ing practices that would mi nimiz~_ potential .!!_nvi ro.E_
mental damae:_: 

Reclamati.on anrl ;,abitat restoration would follow the practices described 
in Section 4.1.1.4. In addition to these procedures, th.~ rock-storage pUe 
would be stabilh£~d [·.y reducing slope angles and applyini:; either available 
topsoil or fill to e courage revegetation. 

It is nat liltely that the improved roads, developed .. o provide accesa to 
th.:. exploratory abaft site, would be reclaimed. Not o, 1.• would restoration 
be more disruptive to the area than <tbandoning the roB.! but alao future 
activities on the Nev,•,da Test Site (NTG} could henefH rom the access 
provided by the ~.nproved roadways. 

Other s:.andard operating practices that would be impi.emented during site 
ch<tracterization include the following: 

1. Containing Ouids and effluenta generated during site characteriza
tion in either the rock-storage pile or the s·~wage syatem and 
establishing a leachate monitoring J>rogram for the rock-storage 
pile. 

2. Stockpiling topBoil so that during later reclamation th~ seed bank 
and the ben$f1cial soil microorganisms might be used advantageously 
(if recommended by future restoration studies}. 

3. Controlling slope angles to minimiZe erosion and to t~tabiUze 
slopes. 

4. Using scarification and minotopographic features to promote 
moisture retention on disturbed areas (if recommended by future 
restoration studies). 

5. Seeding disturbed areas with native and naturalized winter annuals 
and planting native shrub seedlings (if recommended by future 
restoration studies). 

6. Siting borrow pits where the least damage would occ11r. 

7. Implementing field studies before construction activities begin to 
identify and avoid Mojave fishhook cacti and desert tortoises. 

8, Reducing dust by spraying with water, by using dust-binding agent8,. 
or by paving some roads. 

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

10. Avoiding or salvaging archaeological sites and establishing a 
50-meter ( 160-foot) buffer zona around significant -archaeological 
sites near construction locations. Restricting off-road travel and 
informing workers of policies regarding archaeological siteA' and of 
the penalties for unauthorized collection and exc~vation of the.ae 
sites. 
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4,1,3 OTHER STUDIE3 

Some ongoing act lvities 1 including both field and laboratory studies, 
would be continued n·,,ring site characterization, Thea(;! ac.tivith!s are 
perceived to have little or no potential for environment:::,}. impacts, Among 
them are studies of past hydrologic conditions, pateohyd1.ology, tectonics, 
seismicity, volcar.is·u·,, and ground motion induced by we&.p: n.~ testing. Field 
experiments would be conducted in the G-Tunnel faciliti 'j at Rainier M.esa 
(Figure 2-7), Laborntory analyses of cores and water fr._,,( boreholes would be 
made, The reposiCory-sealing technology developed in to';! l.aboratory would be 
te&l:ed in the field, and techniques for dry horizontal cl,.illing would be 
developed to provide t·lat capability if it is required i the exploratory 
shaft. Each of these ~tudi.es is dhcussed below, 

4,1.3.1 Geodetic surveys 

Geodetic surveys to monitor any tectonic movements tl·at may occur in the 
Yucca Mountain area began in 1983 and would be continued during site 
characterization. The surveys use a 70-kUometer (43-mile) level line that 
extends from the southwest corner of Crater Flat at U.S. Highway 95 along 
existing roads in Crater Flat; crosses Yucca Mountain, Jackass FlatB, and 
Skull Hountainj and finally ends in 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 initial survey 
were completed in June 1983. A resurvey Wll8 made near the end of 1983, and 
yearly resurveys will be made to measure changes 1 if any, of the Earth' e 
crust in this area, Wherever possible, the required bench marks were 
installed along existing roadways. However, some were installed where no 
roAds existed. Future access to these bench marks would require the use of 
either an off-road vehicle or a helicopter. 

4,1.3.2 ~zontal core drilling 

Experimental horizontal core drilling from the surface waB conducted at 
Fran Ridge in 1983 to develop prototype dry-drilling techniques for use in 
the exploratory shaft. Surface core drilling at Fran Ridge required a bladed 
road for access; 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. Additionfll 
prototype drilling may be conducted during site characterization. 

4.1.3.3 Studies of past hydrologic conditions 

Potential future changes in the regional ground-water system are being 
estimated on the basis of otudtes of past climates. These studies include 
investigation of the paleohydrology of the Amargosa Desert, coring of lake 
sediments in southern Nevada, and studies of fossili~ed packrat middens that 
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help in describing t:te late Quaternary climate~:~. It is eKpecteO that these 
studies would contfnt1e during site characterization. 

4.1.3.4 Studies o,!_;_et'.tonics, seismicity, and vo~I·~ 

The potential ·or faulting. earthquakes, volcanic 'Ctivity, and accel
erated erosion in t·ue Yucca Mountain area is being aS.'ll sed. These studies 
includ~ invcstlg.:~.ting the rate, intensity, and distrt 1H.don of faulting; 
mc:.nlitoring and interpreting present seismicity; stud; l.Lf, the history of 
volcanism; and evalual·ing past rates of erosion and dspJ ttion. Volcanic and 
tectonic studies focuo on the history of Pliocene and PLdstocene activity 
within the southtirn Great Basin and particularly, the Yu,:ca Mountain region. 
These studies use data from boreholes, trenches, maPt'·~ng, geophysical 
surveys, ancl seismic-monitoring stations, and they woul6 be continued dut•ing 
site characterization. 

4.1.3.5 Studies of seismicity induced by weapons testing 

The purpose of these I.nvestigationfl is to measure the ground motion at 
Yucca Mountain caused by underground nuclear explosions at the Nevada Test 
Site (NTS). These investigations relate ground motion at Yucca Mountain to 
such parameters as the diatance to the explosion slte, the depth of burial, 
and the yield of the explosion. Measurements are made in boreholes and on 
the surface at Yucca Mountain. These investigations may be continued during 
site characterization. 

4.1.3.6 Field experiments in G-Tunnel facilities 

In situ physical and mechanical properties of tuffa.c.eou8 rocks similar 
to those at Yucca Mountain are currently being measured under simulated 
repository conditions in G-Tunnel, which is a test facility at the Nevada 
Test Site (NTS). G-Tunnel ts being used for preliminary investigations 
because it is in a layer of welded tuff whose thermal and mechanical 
properties are similar to some of the ~lded tuffs at Yucca Mountain. The 
completed and ongoing tests include small-diameter heater tests and a 
heated-block eKperlment. The purpose of these experiments is to measure the 
thermal a11d mechanical behavior of welded tuff in situ. Predictions can then 
be made of the rock's response to heat that radioactive waste would introduce 
into a repository. The heated-block experiment used an in situ block of 
welded tuff 2-meters (6-feet) square bounded by vertical slots. Both stress 
and theL·mal loads were imposed on the block to achieve combinations of stress 
and temperature for evaluating defon:nat.ion, thermal conductivity, thermal 
expansion, and fracture permeability. Moisture changes within the block were 
examined with piezometers. ultrasonic instruments, and a neutron probe. 
These tests provide vsluable experience for developing instrumentation and 
field techniques that can be used for in situ testing during site 
characte~ization. 
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''· l. 3. 7 Laboratort __ Htudies 

Laboratory acf:,·iities nE!cessary to characterize the tuff o~t. Yucca 
Mountain include st~··dies ln geochemi1:1try, mineralogy and petrology, mineral 
stability, and geochronology. ln addition, methods for sealing shafts and 
boreholes are being developed in the laboratory. MoElt ··11' the laboratory worlc 
for site charact~rL at ion and technology development w·idd be done using 
existing offsite h.'.iliti~Js and equipment. 

4.2 EXPBC'fBD EFFECTS OF SITF.: CHARACTBR:i.I"A.'fiON 

The effects that might result from the site characterization activities 
described ill. Section 4.1 have been divided into two cat:'i!gories: the effects 
on the physical environment, described in Section 4.2.1, and the effects on 
socioeconomic and transportation conditions, described "in Section 4.2.2. 
Both positive and negative effects are describE>.d in theoe two sections. A 
brief discussion ot resource commitments is provided i1.1 Section 4.2.3, and 
the activities and environmental effE!cta are summarized in Section 4.2.'+• 

4.2.1 EXPECTED EFFECTS ON THE ENVIRONMENT 

Site characterization activities ar:e expected to r:esui.t in localizsd 
environmental effects on geologic and hydrologic conditionsj land use:j 
surface soils; ecosystems; air quality; noise levels; aesthetic quality; and 
cultural, historical, and archaeological resources. 

4.2.1.1 Geology, hydrology, land use, and surface soils 

4.2.1.1.1 Geology 

The activities scheduled for site chat·acterization would have a 
negligible effect on the geologic conditions at Yucca Mountain. Rock would 
be removed physically during excavation of the exploratory shaft facility and 
from several boreholes. Only minor epalling ia expected to occur along the 
insides of these openings (sse the discussion of rock-characteristics 
guidelines in sections 6.3.1.3 and 6.3.3.2). Radiation sources used in 
geophysical logging would be contained and retrievable. ·On tihe basis o.fi the 
information now avatlable, there are no site characterization -activities 
scheduled that .would significantly impact th~ geologic conditions at the 
Yucca Mountain site. 

4.2.1.1.2 Hydrology 

There are no perennial sources of surface water at Yucca Mountain. 
Heavy precipitation m.ay cause locally accelerated erosion and gullying, 
especially on steep slopes. Water sprayed on dirt roads or on the 
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rock-storage pile wi 11 not contribute to erosion because it will i!'1Hltrate 
into the soil or quictc.Jy evaporate. Proper design and construction of new 
access roads and othe facilities would be used to mim~mlze accelerated 
erosion and gullying t.o 
erosion is not expect~;•d. 

humans for any purpost1. 

the extent possible. A signifie,!Jnt incre.JUJe in 
None of the runoff from the mou,'l.tain is used by 

Neithar the qual:' ty nor the quant:i.ty of ground wate:· would ba affected 
significantly by site characterization activities. The e. H:ic tank and drain 
field would be lo(' at~'!d where the ground bl'ater is of st f! ~dent depth to 
minimize the possib:Uity of adversely affecting the gn .U!I.!-water quality~ 

Handling of radioactive material would be in strict accor·-:1 ':tee with accepted 
procedures. Personnel L'esponsible for handling the mater!~' I. would be train~d 
in proper handlins procedures, inc.tudi ng procedures for emergencies, The 
quantities of material involved generally would be very sr•nll. In hydJ:ologic 
teats, the ma.:erial would be dispersed rapidly and dilut·~d by the ground 
water, Wherever possible, the testa would be designed to ·:ecover as much of 
the radioactive materials as possible, Additionally, trac.l~re with very short 
half-lives would be u~ed. 

The water table is about 535 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 
significantly affected by the exploratory shaft, However, hydrologic 
exploratory boreholes would be drilled eo that the water table could be 
mapped, These wells would be capped and sealed after completing ground-wator 
studies. The regional effects of withdrawing ground water for site charac
terization at Yucca )olountoin are expected to be negligible, Thordaraon 
(1983) reports that the water level in Well J-13 has remained essentially 
constant after long periods of pumping between 1962 and 1980, The large 
volume of water produced from this well (approximately 494,000 cubic meters 
(400 acre-feet) p~r year), along with the minor drawdown during pumping teats 
(Young, 1972), suggests the aquifers underlying Yucca Mountain can produce an 
abundant quantity of ground water for long periods without lowering the 
l:'e/~ionel ground-water table (sections 6. 3 .1, 1 and- 6. 3, 3, 3), Site character
iution activities are expected to uee substantially less than 494,000 cubic 
mer.ers (400 acre-feet) per year. 

4,2,1,1.3 Land use 

The Yucca Mountain site is located entirely on federally administered 
lands that are not being actively used, and there is no plan for either 
private or public usc of the lands during the time proposed for site 
characterization. A class I resource survey (Bell and Larson, 1982) found no 
evidence of significant mineral or energy resources in the region surrounding 
Yucca Mountain, and therefore future exploration and development is not 
expected. The Department of the Ait" Force uses the airspace over Yucca 
Mountain to support tactical air missions into and out of the Nellis Air 
Force Range, 'The proposed site characterization activities would not 
interfere with use of the airspace; therefore, no land use impacts are 
predicted. 
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!1.2.1.1.4 Surface solls 

Most field act.\dties to be conducted during atte c.haractsrhation would 
occur withln 8 kUomf-ters (5 miles) of the Yucca Hounta~\1 site, .and only a 
small portion of thh are.a would be disrupted. Soils would be dJ.aturbed 
durf.ng site preparat.~on for exploratory holes and for t;;~ eKploratory shaft 
facility and during construction of access roads and s·>:face facilities. 
Assuming con»truct.iun of 20 exploratory hole access ronr,1 , each 8 kilometers 
(5 miles) long and 1.5 meters (50 feet) wide. about 245 ·ectares (605 acres) 
o.f surface soil may be disturbed. Each of the 20 drilJing pads with its 
associated facilities and equipment may disturh an a .1d1.tionel 1 hectare 
('2.5 acres), for. s to~al of 20 hectares (SO acres). A. ·.•stimated 8 hectares 
(20 acres) of soil would be cleared and graded in prepa ~tion for construc-
tion of the exploratory shaft fA.cilit:lee. An additional 0.6 hectare 
(1.6 acres) would be covered by the rock-storage pile. the above activities 
would disrupt a total of approximately 275 hectares (6UQ acres) of surface 
soil. In addition, about 10 hectares (25 acres) in th~ Yucca Mountain area 
may be disturbed by off-road driving, constructing small dr:I.U peds, clearing 
and grading areas for geophysical studies, and trenching· for fault studies. 

Removal and compaction of soils during site characterization would 
disrupt the existing physical, chemical, and biotic soil processes. 
Disturbing the soil would temporarily accelerate wind and water erosion, 
although engineering measures can minimize these potential impacts 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 WQuld be disturbed is small compared with the tens 
of thousands of acres of relatively undisturbed d~sert land aurrounding the 
Yucca Mountain site. 

4.2.1.2 Ecosystems 

The major impact assoc:iated with site charactert.zation activities would 
be the removal of wUdlife habitat. Drill pads, roads, utility lines, 
trenches, seismic lines, and off-road driving would result eitt,er in removal 
or compaction of soil and destruction of vegetation with the subsequent 
disturbance or destruction of the indigenous wildlife. Approximately 285 
hectares (705 acres) of habitat would be disturb~d throughout the study area. 

As a standard operating practice, before beginning any activity that 
would disturb an area, field surveys would be conducted to assess impacts and 
to ensure protection of the desert tortoise and the Mojave fishhook cactus. 
t:onstruction activities would be sited to avoid the cactus and deoert 
tortoise whenever possible. When found, tortoisea may be relocated from 
activity sites if subsequent studies show relocation to be effectiva. Cacti 
would not be relocated. 

Wildlife may be adversely affected by the destruction of natural catch 
basins or the contamination of ephemeral water in these basins. Physical 
destruction of catch basins could occur during construction end the water 
could be adversely affected by fugitive dust and other air pollutants. 
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Surrounding vegetation may be adversely affected if fluidq escape from the 
bermed rock-storage pile, 

Increased human nc.tivity could increase the potential for range fires 
during site character~ .:;ation activities. The vegetation M:Jsociations that 
are dominated by bJ ac\t brush are commonly considered to P''F~sent the greatest 
fire hazard. In wet ·.·ears, the annual grass desert brornF. ulso is a hazard. 
Range fires can be ignited by catalytic converters on o :··road vehicles, 
especially in stands of dry grasses. Fire hazard would hE reduced by spacing 
buiidinga, removing vegetation in work areas, and con r·; Uing off-road 
driving. 

Wildlife die·..,laced because of noise and the movement of heavy equipment 
would probably return to the area after the activity ceases. 

4.2.1.3 Air quality 

Construction and operation of the exploratory shaft and the concomitant 
site characterization activities would generate particulate and gaseous emis
sions of sir pollutants. Most particulates would be generated by drilling, 
blasting, rock removal and storage, bt~Uh concrete plant opetation, surface 
grading and leveling, wind erosion, and veh:l.cle travel on paved and unpaved 
roads, with a small contribution from diesel and gasoline combustion. 
Gaseous air pollutant emissions would consist of carbon monoxide (CO), 
nitrogen oxides (NO), sulfur oKides (SO ), particulate matter (PM), and 
hydrocarbons (HC). x These pollutants w-o~] d be produced by diesel- and 
gasoline-powered construction equipment and motor vehicles and by diesel
powered drilling engines and electric generators. 

Construction phase emissions are not expected to create adverse air
quality effects because construction activities are temporary and the surface 
disturbance is limited to small areas. Particulate emissions would be con
trolled by watering and by paving the most frequently used roadways as 
described in Section 4.1.2.6. Rock debris mined from the exploratory shaft 
would be stockpiled away from the shaft entrance and would be watered lightly 
to control particulate emissions during and after stockpiling. Combustion
related emissions from the con~truction equipment would be minimal because of 
the small amount of activity required. The use of commercial line power with 
only emergency backup diesel generators on the site would further minimize 
combustion emissions. 

Because Yucca Mountain is in an area where the existing air quality is 
considered to be better than State and Federal ambient air-quality standards, 
emissions associated with the ope!'ation (in situ testing) phase of the 
exploratory shaft would be subject to examination under the Nevada Department 
of Environmental Protection (NDHP) Prevention of Significant Deterioration 
(PSD), regulations. 

A screening-level calculation of operation pha!le atmospheric emissions 
was made to determine whether the exploratory shaft would be considered a 
"major stationary source" that would require a full PSD review. Because the 
exploratory shaft ia not one of the 28 specific source types listed in the 
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PSD regulations, fug:l.tive emissions were not considered in that cto.lculat.f,ono 
Only nonfugitive emir;eions were evaluated. 

For all nonfugU !ve sources associated with site ch.o.racteriz.ar.ion, esti
mates were made of f11JCh activities as test-dril.ling fre'llency, ventilation 
parameters 1 engine tNrsepower ratings, etc. Table 4-1 ; lmi!Jarizes the data 
used to calculate th1 operation-phase nonfugitiv~ emissL!•£, and presents the 
resultant. emission r.ates. For conservatism, the fu~~ ~tve particulate 
emissions that would be generat~d by the underground dr·. ling activities were 
treated as nonfugitive since they would be exhausted r;lJm the exploratory 
shaft via the ventilation system. Also, the combust!<,· emissions from the 
concomitant borehole-('rilling activities were added to :.:· ··! exploratory shaft 
emissions even though the drilllng-related emissions a:.~ likely to be 
considered "secondary emissions" under PSD regulations 3ince the borehole 
drilling is r.ot an integral part of the exploratory shaft operation. 

Even with these conservative calculations, the e.<ploratory shaft 
emissions are expected to be considerably less than the 2.50-ton per: year 
emission threshold level for each pollutant criteria that would classify the 
source as major and would trigger the requirement for PSD revie¥ and permit
ting (Tablt: 4-l). However, bE:!cause the surface an~a disturbed for l:.he 
exploratory shaft facil.ity may exceed 8 hectares (20 a<;re~), a Nevada 
registration certificate may be required before beginning the site 
preparation sctiV'ities. A, formal PSD appl:lc;;ability cleterminat1on \f'Ould be 
made by the NDEP at the tim!;! of application for any required regir;~l:.ratlon 
certificateo. That application would require a com~lete emission C(llculat:ion 
for both fugitive and nonfugiti.ve sourcea using the most recl;!nt dat.a 
available along with air-quality modeling to determine whether any State or 
Federal ambient air quality standards would be violated. 1'he very small 
amount of emission-generating activity during in situ testing makes it highly 
unlikely that significant air quality impacts would be experienced. 

The impact of fugitil{e particulate emissions, which are excluded from 
the PSD applicability determ~nation discussed above, has not been quantified 
for the ex.ploratory shaft activities. This impact, however, is expected to 
be minimal and in compliance with applicable State and Federal ambient air 
quality standards. This conclusion is supported by informati.on presented in 
Section 5.2.5.2 1 which deals with repository construction. The analysis 
presented in Section 5.2.5.2 includes both fugitive and nonfugitive 
parttculate sources (see Table 5-12), and concludes that no ambient standard!' 
would be. violated during repository construction. Many of the activitie~ 

that would be taking place during construction of the exploratory shaft would 
be similar to the activities assumed for repository construction but on a 
smaller scale (e.g., concrete hatching, rock excavation and dumping, 
grading). Because the impacts predicted to occur during repository con
struction include fugitive particulate emisa.ions and still are not predicted 
to violate applicable ambient air quality standards, violations during 
exploratory shaft construction are not anticipated. 
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Table 4-l~ S~ry Qf nonfugitive-atmospheric emissions from s~te cbaracterlzation 

Rating Emission rates (tons/year)a 

Source 

b Generators 
Drillingc 

b 
Dri 11 eogiges 
Generators 

TOTAL 

Number 
of units 

2 systems 
500 holeo 

2 rig-s 
2 r~gs 

per tinit Use Load Control 
(hp) (hr/yr) factor factor 

EXPLORATORY SHAFT 

700d 52 0.80 -
NA NA - 80% 

BOREROLE DRILLING 

700 6570 0.75 -
469 6570 0.80 -

co HC NO so PH 
X X 

0.2 0.1 0.9 0.1 0.1 
NA NA NA NA 0.1 

23.0 8.5 106 .. 5 7.1 7.6 
16.5 6.1 76.1 5.1 5.4 

- - - -
39.7 14.7 183.5 12.3 13.2 

aCO = carbon aonozide; HC =hydrocarbons; NO =nitrogen oxides; SO ~sulfur oxides; PH ~ particulate 
X X 

matt!r. 
~Emission factors from EPA (1977): CO ~ 3.03 graas per horsepower-hour, HC ~ 1.12 grams per horse

oower-hour, NO ""' 14.0 grams per horsepower-hour, SO = 0.931 gt:ai!IS per horsepowei-hour, PH"" 1.00 grams . L X 
l?P.~- hox.,_;::_~awer-llour. 

7Emis~ion factor for particulate matter is 1.5 lb/hole (PEDCo--Environmental, Inc., 1978). 
~A= not appli~able. 

C'~ 

M 

0 

ro 
0 

0 

0 
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4.2,1,4 Noise 

Wildlife would b' the only sensitive noise receptor i.n the vicinity of 
site characterizatiml activities, The effects of noise on wildlife are 
speculative, Laboratu·y experimento have shown both temp,;n~ry and permanent 
physical and behavioral effects if the wildlife ia repeu.edly exposed to 
levels in the 75 dBA :o 95 dBA range (EPA, 1971; Ames, l'PA; Brattstrom and 
Bondello, 1983), Fol' instantaneous noise, such as sing '0 blBsts, levels 
exceeding 140 d'BA have been tolerated by animals with t.~.._tle or no effect 
(Cot:tereau, 1978), For this analysis, the level of 'XJ.'0Bure at 11hich 
wildlife could be affected is assumed to be 75 dBA for ,.c:ltinuous noise and 
140 dBA for exposure tn single incidentR, such as blastint. 

The construction of surface facilities in Coyote Wash would produce the 
highest susta~ned noise levels associated 11ith site characterization, Other 
site characterization activities would not contribute significantly to these 
sustained noise hwels because of their small magnitude, direction, and/or 
location. Since com'truction techniques have not yet bet~n specified, it is 
assumed that construction equipment requirements would be similar to those of 
other large facilities. The maximum noise level attributed to each piece of 
construction equipment assumed to be used are listed in Table 4-2, This 
table also contains the estimated maximum noise level at 150 meters 
(500 feet) from the focal point of construct.f.on activities. Because the 
estimated nois_e level at 150 meters (500 feet) is based on the highest: levels 
possible, the analysis is conservative. Furthermore, the analysis assumes 
that the geometric divergence of the sound waves provides the only attenua
tion, Again, this analysis is conservative because it excludes the possible 
attenuation due to absorption and barrier effects, With the estimated noise 
level of 88 dBA at 150 meters (SOD 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 also entail blasting, To assess 
the effect of blastlng noise on wildlife, a maximum instantaneous discharge 
of approximately 32 kilograms (70 pounds) of explosives was a9sumed 1 W'hich 
would result in a noise level of 120 to lJO dBA at 150 meters (500 feet). 
Since thin level is substantially below- the singie blast level assumed to 
affect animsl8 (140 dBA), no wildlife impacts are predicted. 

During operation of the eKplorstory shaft facility, the ventilation fan 
would be used continuously. Because of Occupational Safety and Health 
Administration (OSHA) noise standards, the maximum noise level to which a 
worker may be exposed for eight hours must be less than or equal to 90 dBA. 
At 90 dBA, the ventilation fan would be the loudest continuous source of 
noise. (However, the estimated noise levels during the operation phase would 
be far less than those during the construction phase since the boring machine 
and drill rig would no long«r be in use.) Consequently, no significant 
long-term impacts to wildllf~l are anticipated. 



Table 4-2. Maximun: noise from construction of the expoloratory ehttft 
fac111tf1 

Maximum noise 
Jevel at 15.2 ~eters 

(50 feet) . . 
Equipment Number (dBA) 

Air compressors I 81 
Backhoes I 85 
Boring machines I 98 
Bulldo?.ers I soc .. 
Concrete mixars I 85' 
CraneB 6 83 
Drill rigs l 101<~ 
Dump trucks 6 88c 
Earth movers 6 78c 
Front-end loaders 6 76c 
Grader scrapers I ,88 
Gravel elevators I 88 
ServicQ vehicles 30 8B 
Shovels I 82 
Steam ·rollers I 7.5¢ 
Truck handling 

conveyor I 88 

Maximum ~stimated noise level at 150 meters (500 feet): 88 dBA 

~ethods for all calculations are given in Chanlett (1973). 
Data estimated from EPA (1974) unless otherwise indiCated. 

cOat a from Henningsen, Durham and Richat·dson Sciences ·( 1980). 

Site characterization could :f.nclude the use of explosives at the 
surface. Assuming a maximum unconfined surface dischargl.'l of 45 kilograms 
(100 pounds), noise levels io exc~ss of 140 dBA could occur for up to 
1,525 meters (5,000 feet) from the blast site. Hence, if Yuch a charge were 
detonated, wildlife could be affected up to almost a mile away. Because the 
maximum possible charge was assumed and because no barrier and absorption 
attenuation were assumed·, this estimate is considered conservative. 

The effect of noise is expected to be insignificant because, as 
explained in Section 3.4.2, the area propoeed to be disturbed during site 
characterization contains no unique O[" critical habitat and no federally 
protected sp-ecies. In addition, some of the wildlife in the area that is 
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expected to be subJected to continuous noise above 75 elBA will have been 
displaced during clearing and grading for site preparati~n. ·Residents of the 
nearest town (Amar8_C·Ja Valley) are not expected to be affected by noise 
produced by site ch~.~·acterization, 

4,2,1,5 Aesthetics 

The two acc.~ss roads from Fortymile Canyon to the '-JP of Yucca Mountain 
can be seen from eastern Jackass Flats and Skull Mount -i.,, both of which are 
on the Nevada Teal Site (NTS), From the ground, the ,i.·:e characterization 
fH'_tivitiea would not be visible from major population :enters or public 
recreation areaH, hut may be visible from public highwa)'~J and some portions 
of Amargosa Valley, The entire project area can also be seen from .the 
commercial airline flight path that follows U,S, Highway 95 south of th.~ NTS, 
Considering this limited public visual exposure, the visual impact would _not 
be significant, 

4,2,1,6 ~haeological, cultural, and historical resources 

The Desert Research Institute has conducted an intensive cultural 
resources survey of all areas that are likely to be disturbed by the 
characterization and development of the exploratory shaft facility (Pippin 
et al., 1982). That survey identified two significant cultural resoutC'i!S 
(26Ny2969 and 26Ny2970) in Drill Hole ~!ash. 1\lo additional cultural 
resources (26Ny2993 and 26Ny3039) were recorded along the power line route to 
the proposed exploutory shaft facilicy. Teat excavations at these sites 
revealed that the cultural remains at all four sites were re~tricted to the 
present ground surface and that all four sites were significant with respect 
to the potential information that thoae cultural remains offered concerning 
past adaptive strategies of hunters a~~ gatherers (Pippin, 1984). All four 
sites were eligible for nomination to the National Register. The sites have 
been collected in consultation with the State Historic Preservation Officer, 

Although direct impacts to the two cultural resources in the immediate 
vicinity of Coyote Wash could be avoided during screening activities, it was 
determined through consultation with the Nevada Division of l:listoric 
Preservation and Archaeology that both sites were in dange~ of indirect 
impact from those activities. It was alBa determined through consultation 
with the same agency thAt both archaeological sites along the power line 
route to the proposed exploratory shsft facility might be dil:'ectly and 
adversely impacted by the construction of that powerline. Consequently, it 
was decided that the systematic collection of cultural remains at all four 
archaeological sites would adequately m:l.tigate these potential adverse 
impacts. Surface collections were conducted during 1984 and a report is 
being written ,concerning the findings. 
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Direct impact to other sites both on and around Yucca Mountain may occur 
during site preparatif•n for e.xploratory drilling, geophy8i::al survey~>, or 
other aurface-distur·b·,ng activities. Before activf.ties hegin, arc!1aeological 
or cultural resource sites would be identified in aff~cted areas and 
evaluated for their !'<ignificance and National Register eUgibility. The 
standard operating p1:1ctice would be to avoid these sites ~rhenever possible. 
If a site cannot be .a·•oided, it would be salvaged, and tl>t\ findings would be 
documented. The art· facts and important knowledge about: the site would be 
pL·eslo!rved. Indirect impacts, which result from unautho) ZGd excavation or 
the collection of artifacts, can be tnduced by improver!. dccess to the area. 
However, workers would be prohibited from such exc11Vati ·n ')r collection. 

4.2.2 SOCIOECONOMIC AND TRANSPORTATION CONDITIONS 

The evaluation of the potential socioeconomic effeccs of site character
ization activities considered econom:l.c, popu.lati.on, community services, 
social, and fiscal and governmental effects. The evaluttion of transporta
tion effects waa centered on u.s. Highway 95, which wou.d be used for the 
transportation of both workers and materials to the sit~. For the socio
economic analysis, the affected region is defined as the bicounty area of Nye 
and Clark counties (Figure 3-21 and Section 3.6). Most site characterization 
activities would take place at the Yucca Mountain site f.n southern Nye 
County, which is about 161 kilometers (100 miles) by road from the Las Vegas 
urban area. Some other Nevada Nuclear Waste Storage Investigations Project 
activitieFJ would take place in the Las Vegas area, including work that would 
be perfor:ned at the U.S. Department of Energy (DOE) offices preRently in Las 
Vegas. 

The social and economie impacts oE stte charact€rization-tQlated popula
t:l.on increases are expected to be small and insignificant. The fis(;cJ.l 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). 

4.2.2.1 Economic conditions 

The assessment of the effect on economic conditions in the region is 
based upon an evaluation of site-characterization employment and materials 
requirements, and related population effects. As described below, this 
effect is considered positive but insignificant. 

4.2.2.1.1 Employm~nt 

Direct labor requirements for site characteriz.;~tlon coneist of onsite 
and offsite workers. !1o1;0t offsite workers would be located at. the u.s. 
Department of Energy (DOE) and coutrac~or of.t'ices in the Las Vegas a}:ea. 
Other offsite workers include employees of national research ~rganizations, 
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such as the national laboratories~ who would conduct brief viaitl'l to the 
area. 

Table 4-3 shows the antidpated peak number of onnite and offsite 
workerB directly required for the site characterization 1.•.tivit:tes described 
in the previous sec•c.".ons of this chapter. The table a!.so indicates the 
number of indirect W)rkers that are likely to be associ~ ··t1d with the direct 
worker!!. Indirect employment is a result of the servi• 8 required hy the 
di-rect workers and their families. The peak number of .. otF.J.l (direct plus 
indirect) site chaxacterizstion-related workers is estl1tted to be about 690. 
This represents about 0.3 percent of the tristoricat 19E. 1 lilye and Clark county 
total wage and salary employment (State of Nevada ESD, 1'.· l4; State of Nevada 
OCS, 1985). Any growth in baseline wage and sala:ry emplcyment would make the 
total site characterization-related employment an even ~maller fraction of 
actual employment in the bicounty area in the late 198()~. Therefore, the 
employment impact of site characterization is considered to be insignificant. 

Based on the similarities between the slte characterization activities 
described in the previous sections of this chapter, arl"i construction and 
drilling activities currently carried out by the DOE and its contractors at 
the Nevada Test Site (NTS), it is 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 site characterization ~orkers 

Category of 
worker 

Direct 
Onsite 
Offsite 

Total direct 
Totlll indirecte 

Surface 
construction8 

72 
126 

198 
305 

Total direct and indirect 503 

a 
bAssumed to take 6 months. 

Subsurface 
constructiog 
Md testing 

147d 
126 

273 
420 

693 

Testing onlyc 

96 
126 

222 
342 

•• 'L' 

564 

Assumed to take 23 months. 
~Assumed to take 26 months. 

Includes s maximum of 9 ~orkers for the construction of the secondary 
egress shaft, which was estimated to take 3 to 4 montha. 

e 
Assumes 1.54 indirect workers associated with each direct worker (see 

Section 5.4.1.1). 
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Accordingly, only abo,-,t 40 percent of the 273 workers ett:ployed during the 
peak employment perio , or 109 workers, would represent new Nevadi'~ Nuclear 
Waste Storage Invest"l{.::t.tions Project employees. Using m·. indirect multiplier 
of 1.54 (see Section ).4.1.1), the indirect employment effect would be about 
168 new jobs. Adding these indirect work(~rs to the 10~ direct workers 
results in a total of about 277 new jobs in southern Nev<~.la over the fi.rst 
two years of site ch1 cacterization. This same increase :Ollld occur over a 
period as brief as f,l)C months under altBrnative budget~·- 1 scenarios belng 
considered by the DOE. In either case, the employment .tmpact would be 
positive but insignific6nt. 

4.2.2.1.2 Materials 

Most of the materials used in site characterization would be required to 
construct the e)Cploratory shaft facility. Table 4-4 diRpbys the estimated 
material requirement.J for the exploratory shaft facility. It is expected 
that a substantial portion of these materials would be procured through 
contractors located in southern Nevada. Materials not ava11-o:hle in southern 
Nevada would ultimately be obtained from outside the bicounty region. 

4.2.2.2 Population density and distribution 

The estimated maximum population impact of site characterization activ
:l.ties (assuming 273 new direct workers) would be to lncroase the bicounty 
population by 2,080, a.saumin.g that onaite and offBite employees would bring 
an average of 1.28 dependents and related indirect workers would bring an 
average of 2.47 dependents (DOIT., 1979; see also McBrien and Jones, 1984). 
This is about 0.4 percent of the pr0jected 1985 population (tables 3-15 and 
3-16) of the bicounty area. A more realistic analysis would assume that 60 
percent of the workers required to conciuct site characterization activities 
are already employed in other U.S~ Department of Energy act1vitie8 in the 
same area. The actual population increase due to Bite characterization 
activities using this assumption is expected to be only about 830 persons. 
The population impact in the bicounty arefl. is considered to be insignificant 
using either assumption. 

The estlmated maximum population incr~ase of 2,080 associated with site 
characterization would not be significant even when considered at the 
community level. Using recent settlement patterns of Nevada fest Site (NTS) 
workers (Table 5-26), Table 4-5 shows the expected distribution of this 
maximum population increase to Clark and Nye county communities nearest the 
Yucca Mountain site. That table also shows recent published population 
estimR~C8 for those communities and the percent of the historical population 
that each conununity's share of the maximum site charsctet'i~?;ation popul_stion 
increase represents. These percentages of the maximum populati'on increases 
are not considered significant und would actually be smaller when considered 
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Table 4-IJ. a R(Wourcee coro.rn!tted to the exploratory shaft fa;~ility 

---------·----------

Resourceb 
Surface 

constructionc 

E:lergy 

Gasoline: gallons 100,000 
lLera 380,000 

Diesel 
fuel: gallons 240,000 

liters 910,000 

Electricity: b 
MWhr 140 

Explosives: 
pounds none 
lc:ilograms 

Materials 

Cement: pounds 130,000 
kilognms 59,000 

Steel: pounds 300,000 
kilograms 140,000 

Copper wire: 
pounds 80,000 
kilograms 36,000 

Wood po..,er poles 100 

Subsurface 
conetructi~ne 

and testing • 

190,000 
720,000 

230,000 
870,000 

8,600 

135,000 
61,000 

2,500,000 
1,100,000 

1,120,000 
508,000 

6,000 
2,700 

none 

H•. )000 
72G,OOO 

f-5,000 
246,000 

6,500 

none 

none 

none 

none 

none 

Decommis
sioning 

100,000 
380,000 

120,000 
450,000 

140 

none 

none 

none. 

none. 

none 

aTransportation effects in Section 4.2.2.6 ""'ere calculated using the 
following assumptions on capacity per truck: 17,000 kilograms cement; 17,960 
kilograms structural steel; 56,800 liters fuel; 6,800 kilograms explosives; 
7,30~ kilograms copper wire; and 100 wood poles. 

1 gallon • 3.785 liters; 1 pound • 0.4536 kilograms; HWhr • megawatt-hours 
~As~umed to take 6 months. 

Includes secondary eg:ress shaft. 
~Assumed to take 2J,,montbs. 

Assumed to tsk~ 26 months. 
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Table 4-5. Di:~r-.ribution of maximum population increase assor:.Lated 
wit-'' site characterization activities to communities in 
CLs· ·k and Nye county nee rest the Yl.lcca l~oQntain aHe 

Percentage of 
Historical Maximum popul~tion historical 

Community population8 increase population . 

Uni•1..::orporated urban 376,628c 1, 364 0.4 
Clark County rnd 
Las Vegas 

North Las Vegas 42. 739 208 o .• s 

Indian Springs 1,446d 85 5.9• 

Henderson 24,363 64 0.3 

Boulder City 9,590 8 0.1 

Pahrump 5,500 127 2.3 

Tonopah 2,500 40 J, 6 . ' 

Beatty 800 2 o.,3 

Town of Amargosa • 1,825 6 0.3 

aHiatorical population estimates for Clark County communities are for 1980 
(Clark County Department of C~mprehensive Planning, 1983); those for Nye County 
communities are for 1984 (Smith and Coogan, 1984). Population data from these 
sources correspond generally to geographic areas of ZIP codes reported by 
Nevada Test Site workers and summarized in Table 5-26. However, there may be 
cases where the community boundaries and ZIP code boundaries are not 
coin6ident. 

Calculation baaed on data in Table 5-26. Note column doee not sum to 
z.oag since all zip code areas show in Table 5-26 are not included. 

dPopulation o£ unincorporated Las Vegas Valley plus Las Vegas. 

ei~~~~~=: ~!~u~!;;~~r~o~~~~~~:~~~ns in the settlements of Amargosa Valley, 
the Amargosa Farm area, and the American Borate housing complex. 
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relative to the popu'l.ations of those communiti~s in the late l980a when site 
characterization activities are expected to peak. A mL~r~ realist·ic analysis, 
assuming approximatd.y 60 percent of the Rite character·~r.ation wot:k force is 
already located in t.he area, would also show that pot,ultltion impActs to these 
communities would b~- insignificant. 

4.2.2.3 Commun~.ty service~-

Effects on comm.mity services would result from .!:!g:niflcant changes in 
the service-area population or from smaller population increases in areas 
where service eapacities 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 l'roblem in Beatty, 
described in Section 3.6.3.3, if new workers were to settls:! there. However, 
since only two additional people are expected to settle in Beatty 
(Table 4-S), the impact of site characterization on this existing problem 
would be very small. 

4.2.2.4 Social Conditions 

Social impacts often associated with significant changes in community 
population levels are not expected to occur, because no significant changes 
in either regional or community population levels are expected to accompany 
Yucca Mountain ette characterization activities. However, some social 
effects could result from an increase in the public's awareness of the Nevada 
Nuclear Waste Storage Invastigations Project. This might result if a 
decision to select Yucca Mountain for site characterization were to create an 
increased local and regtonal controversy and dissent over the prospect of a 
high-level radioaccive waste repository at Yucca Mountain. The effects might 
include changes in social organization chat are associated with the formation 
of opposition and support groups, disput.es within edsting groups, and a. 
focused attention on repository-related issues. 

4.2.2.5 Fiscal and governmental structure 

Effects on fiscal and governmental structure are related to employment, 
population, community .services, and State and local government agency partic-
ipation in site characterization activities. Site characterization 
activities at Yucca Mountain are not expected to have a significant effect 
either on regional and local employment or on population and community 
services. Therefore, no significant fiscal impacts are eKpected from either 
population or employment effects of site chsr.acterization. While the social 
effects of any changes in the level of controversy surrounding the Nevada 
Nuclear Waste Storage Investigations Project may affect the polittcal 
organization and potentially the governmental structure of the area, such 
effects are not expected to be significant. 
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A potentially significant effect of recommending Yucc11 Mountain for site 
characterization wo~··'.d be an increase in State and lo!:sl particlpation in 
planning activitiefl, Section 116(c)(l)(B) of the Nuclc.n Waste Policy Act 
(NWPA, 1983) explicdly recognizes the fiscal implic.Hions of State 
participation and p·,,wides a mechanism for financial l.·.~1sistance for the 
follo~ing purposes: 

1. To review !:he u.s. Department of Energy a'!tiv d.es undertaken to 
assess the potential economic, social, public il.!alth and safety, and 
environmental impactH of a reposito'l"y. 

2. To develop a request for assistance to allcvidt impacts associated 
with t\-_~ development of a repository. 

3. To engage in any monitoring, testing, or evslua~ion activities with 
respect to site characterization programs. 

4. To provide information to State resident:s about State and Federal 
activities concerning the potential repository. 

s. To request informacion from, and to make comments and recommenda
tions to, the Secretary of Energy regarding the siting of a 
repository. 

Additionally, Section 116(c)(3) of the Nuclear Waste Policy Act provides 
for grants-equal-to-taxes (GETT), to the State and units of general local 
govemment in which a site for a repository is located, if such site is 
approved for site characterizati.on (NWPA, 1983). 

4.2.2.6 Transportation 

During site characterization, transportation effects would be 
concentrated along u.s. Highway 95 as workers And ~ateriala are transported 
to and from the site. Table 4-3 indicates that the maximum onsite work force 
is expected to be 147 people. As stated in Section 4.2.2.1.1, about 60 
percent of these workers currently are employed by the u.s. Department of 
Energy and ita contractorR. Therefore, little additional traffic is 
anticipated. Assuming a worst case in which each new worker would drive a 
private automobile, the resulting increment of approxims.tely 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 9.5. 

The transportation 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 sugg~et that the 
maximum amount of daily shipments is expected to occur during ex,ploratory 
shaft facility construction. Assuming 250 work days per year, approximately 
one truck shipment per day would be required. Peak shipments may require 
several additional trucks per day. This 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 preliminary f~·'ltim.tte of accidental injuries and fl;ltal-itieR- during site 
characterization was cal.culated using the expected numb1:1r and type of wor\<,ere 
to be employer.! duri:· ~ e~ploratory shaft. facility constru(!tion and operation, 
and 1982 statistJ.CP on worker injuries and fatalitie\·, provided by the 
National Safety CoP.\Cil (1983). To obtain an upper-h.-.und estimate, all 
1•10rkero in the undagt"ound facility were asaumed to l·' miners, although 
scientists, technicians, and supervisoro are also exp. ·.t~d to work in the 
~.nderground pord.on of the facility. Approximately 14 injuries could be 
expected to result during the exploratory shaft fad Hy consttuction and 
operation pl!riod of 15 rnonthFJ; less than ona (0.13) .-f these acc:l.dents is 
expected to res!\lt in a death. 

Protec-.tion of worker health will be maintained b}' applicnt:l.on of all 
appropriate health and safety J;egulatlons to the madmum extent; however, 
unique developmental requirements (e.g., dt"y drill:l.ng) may require the use of 
developing technology. 

4.2.4 I.RREVERSIBLg AN[) IRaETRII!.VABLE COMMITMENT OF RESOURCES 

Most of the resources that would be committed to sf te characterization 
would be devoted to ~h@ exploratory sh~ft facil:l.ty. rherefo~e, thi6 s~ction 
.Cocusos on rosources committed to construction and Op6ration of this facility 
(TablC!. 4-4). The quantities listed in Table 4-4 are esttmates. ltems such 
as gasoline consumption are not ~;ustomarily included as part of engineering 
construction design studies. The estimates in Table 4-4. were therefore 
obtained by consulting several experienced engineers, and these estimates may 
change as additional infot"mation becomes available. No adverse effects are 
expected to result from the comm.itment of these reaourcee. 

4.2.5 SUMMARY OF ENVIRONMENTAL ~FfECTS 

A auromary of the characterization activities and the:l.r potential impacts 
is shown in Table 4-6. The table lists the activities and their effects, 
outlines etandard operating praC'.tices to minimize environmental effecte.! and 
evaluates the extent of any environ!llental i!llpact remaining after standat:d 
oper8ting practices ~ave been i!llplemented. 

Land-surface disturbance would result in the most widespread and lasting 
impact on the physical environment. Re!lloving vegetation from approximately 
285 hect<~.res ( 705 acres) is expected to result in adverse impacts on air 
quality, surface hydrology, the local ecosystem, and v:l,sual aesthetics. None 
of these impacts, however, are considered ex~ensive or severe enough either 
individually or cumulatively to be judged as significant. 

Equipment used during site characteri?.atlon will increase the emissions 
of hydrocarbons and particulates and will increase the naise ~evels around 
Yucca Mountain. Nonfugitive emissions during operation of the exploratory 
shaft faciUty lil'ere calculated to be considerably less than the level 
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required to classify the site as a major source under Nevada a111.1 Federal 
regulations. Iner£1-tsed noise is not expected to have. significnnt effects 
because residents c .osest to Yucca Moontain would not l)e disturbed, end the 
wildlife that may b,. affected 11100ld probably already hn"e been displaced by 
site-preparation ac"ivities (clearing). 

A qualified ar--_!haeologist haa surveyed a large ar'a surrounding Yucca 
Mountain. [n addition, preconstruction surveys will ~ .::onducted 1f areas 
outside those already surveyed are likely to be distut·, ed by project activ
Ities, If identified sf.tes cannot bu avo:l.dcd, the t=. 1X~ will be scientif
ically excavated and documented. Workers will be 110 'hed of legislation 
prohibiting unauthor. ii:ed ~ollaction or excavation of a!, ·~a. 

The u.s. Department of Energy (DOE) does not expect site character
ization-related population inct:easea to result in any aignificant ad~·erae 

soctoeconomic impacts. Approximately 690 dit:ect and indirect jobs are 
expected to result from conducting situ characterizatirJn at Yucca Mountain. 
This employment impact is considered insignificant either at the bicounty or 
community level. lnmigration is not expected to si~nificantly affect 
community services or social conditions, although support or opposition 
groups may form and mobilize in the communities. The costs of increased 
local and State participation in tha planning process during site character
ization could be significant. However, the Nuclear Waate Policy Act (the 
Act) provides for grants to host states for these purposes (NWPA, 1983). 

If the Yucca Mountain site is recommended and approved for site 
characterization, the DOE would establish a monito~ing program to validate 
the expected SO('.ioeconornic impacts of site characterization presented in this 
chapter. The DOE would prepare a socioeconomic monitoring and corrective 
action plan to be released after the recommendation and approval process. 
This monitoring and conective action plan would (1) describe how the DOE 
would monitor site characteriii:ation activities at the Yucca Mountain site, 
(2) outline the p~oeess the DOE would foll~w to work with States, affected 
Indian Tribes, and local governments to share such monitoring information, 
and (3) identify the mechanisms by which the DOE would determine appropriate 
and timely corrective action for any unexpected significant adverse social or 
economlc impacts that are identified by the monitoring program. 

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

Transportation of workers and materials is not expected to affect the 
level of service along u.s. Highway 95, and emissions from these vehicles are 
not expected to significantly increase air pollution in the u.s. Highway 95 
corridor. 
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4.3 ALH~RNA'l'IVI!: SI'rE CHARACTERIZATION ACTIVITIES 

At-depth in el·:·u site characterization is msndat:Hci by the Nuclear 
Regulatory CommissL· n (10 CI•'R Part 60, 1983). Thet·efore, alternatives to 
d~veloping an explo~ atot'Y shaft facility during Bite clt.racterizst1on have 
not been addressed· However, there. are alternative me.h0de to accomplish 
at-depth in situ sl.t.e characterization. The major alt1~o:'•t1Btiv'e is drilling 
(as oppose.d to mining) the exp,loratory shaft. Other lcernatives 1.nclude 
varying the size, nun1be!', and location of undeTground ;.. .. at facilities. 

Some variations in the design of surface support !acilities and in the 
degree of site dlBturbance would occur if the shaft II). re drilled. For 
eKample, pre construction site disturbance for a drilled shaft would require 
sinking tv.; confirmatory boreholes that would be used for geologic and 
hydrologic testing. Only one confirmatory hole ia requLred if the shaft were 
to he mined, and this would result in less surface disturbance. In !!ddition, 
maintaining access. to the additional borehole for futuY:e testing would reduce 
the area available to optimally site other surface support facilities. 

Drilling of the exploratory shaft would require the includon of a lined 
mud pit in w-hich to hold the cuttings and drilling fluid. The siZe of the 
mud pit would be constrained by the topography of the site. Therefore, it 
would be neceAsary to periodically dredg~ the mud pit by dragline or similar 
mechanical me~ns and to transport the cuttings to a second lined pit located 
away from the immediate shaft vicinity. Dredging the mud pit may also 
increase the potential for disturbing the line.r and allowing fluids to 
infiltrate into the unsaturated zone. 

During the drilling process, the shaf.t is partially filled With a 
drilling fluid consisting of water, clay, and polymer. This fluid provides 
hy-drostatic support to the shaft wall, lubricates and cools the drill bits 
and reamers, and carries rock chips to the surface. These construction 
practices severely limit the ability to characterize the natural hydrologic 
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 it1troduced drHling fluids. Drilling the shaft 
would also preclude mapping the shaft wall, which would be done if the mining 
technique is used. 

In conclusion, the drilling alternative to t~haft mining is not 
considered desirable. Varying the size, number, and location of the 
underground test facilities would haV'e either little or no impact on the 
envtronmental consequences of site characterization. 

4-40 

B 0 0 q a o J a 



~ 

' ~ -

Table 4-6. Summary of environmental effects associated with site characterization 

Impact category 

Geoloey 

Hydrology 

Activity and effects 

Excavation of the exploratory shaft 
Fa.c:'-lity may result in minor 
spalling. 

Use of radiation sources in geo
physical logging may result in 
a release of radionuclides to the 
subsurface. 

Diverting natural drainage channels, 
building surface facilities, and 
filling areas (the rock-storage 
pile) may concentrate local runoff 
in the event of: a heavy rai.i::tf8:ll, 
resulting in locally accelerated 
erosion and gullying, particularly 
on steep slopes. 

Use of radioactive tracers in some 
boreholes may have worker health 
and safety effects and may intro
duce radionuclides to the su~
surface. 

Standard operating practice 
Residual impacts 
of significance 

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 
sources and ensure sources are 
retrievable. Train workers in 
routine handling and emergency 
procedures. Obtain State of 
Nevada license for sources. 

Use proper engineering designs 
for surface facilities and run
off diversions. Construct a 
containment berm around the 
rock-storage pile. 

Use proper handling procedures 
and short half-life tracers. 

None 

None 

None 
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Table 4-6. Summary of environmental effects associated with site characterization (continued) 

Impact category 

Hy<Jc·:- l,.ult!:Y 

( Cont!l..t-... ...:i) 

Land use 

Soils 

Activity and effects 

nrilling of hydrologic exploratory 
ooreht 1~ an!! '"AcMation of the 
exploratory shaft may affect the 
quality or quantity of the local 
groi'IDd water. 

All ~tiYity wonld occur on Federal 
Lands not currently in use. 

Construction of access roa-ds and 
site preparation for exploratory 
ho-les and the exploratory shaft 
facility may disturb soils over 
approxi~tely 273 hectares 
(675 acres). An additional 
12 hectares (30 acres) of sur
face soils ~ay be disturbed by 
rock-storage pile, off-road 
Q.cirlng, trenching, and geo
physical studies. 

Standard operating practice 
Residual impacts 
of significance 

Minimize amount of ground water None 
withdrawn; cap and seal explora-
tory boreholes after completion 
of ground-water studies. 

Acquire appropriate permits, 
clearances, and approYal for 
activities on Bureau of Land 
Management and U.S. Air Force 
lands. 

None 

Stockpile topsoil. Use appro- None 
priate design to mdnimize 
disruption and the potential for 
increased runoff and erosion. 
Establish traffic corridors in 
off-road areas and confine 
traffic to these. Minimize the 
number of corridors and use 
existing trails where possible. 
When access routes are no longer 
required, rip or disc road 
surface and recontour to promote 
revegetation. 
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Table 4-6. Summary of e~vironmental effects associated with site characterization (continued) 

Impact category Activity and effects 

&osy~ Site characterization. acti.vit-ies 
~11 result in the removal of 
~lcl~i~~ habi~at (see Soils) and 
di~lacement of the resident popu
l..ati.ons. 

Site characterization activities 
may expose wi.1dLife to elevated 
noise levels, resuLt_i.ng in dis-: 
placement of wildlife or behavior 
modifi.catL:ms. 

F1.1git:i ve dust and other emissions 
may destroy or contaminate ephemeral 
wate.1. in catch basins. -

Fluid escape f~om rock-storage pile 
m~y result in adverse effects to 
surrounding ve;:~etation. 

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

Standard operating practice 

Conduct preconstruction surveys 
to map resident populations. 
Locate activities to avoid 
sensitive species when 
possible. Possibly relocate 
desert tortoise if avoidance 
is not possible. Restore 
physical habitat and implement 
revegetation program. 

None 

Suppress dust and particulate 
resuspension by.sprayingwater. 
Minimize emissions from other 
saurce. • 

Berm rock-storage area. 

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

Residual impacts 
of significance 

S,:!ognificant for 
short term in 
affected areas. 
Insignificant over 
the long term and 
on a regional 
basis. 

None 

None 

None 

None 
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Table 4-6. Summary of environmental effects associated with site characterization (continued) 

Impact category 

Air auality 

Noise 

Aesthetics 

Activity and effects 

Drilling~ blasting~ rel:IO'i"ing and 
11tor-h-.g rock debris~ operating the 
concre~e 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 result in increased noise. 

Standard operating practice 

Control particulate eQ!ssions 
by spraying unpaved roads~ rock 
debris in transit, and the rock
storage pile. Combustion
related emissions will be 
minimal and temporary. 

None 

Blasting relating to seismic studies None 
and excavation of the exploratory 
shaft will result in increased noise. 

Residual impacts 
of significance 

None 

None 

None 

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

Use baffles or silencers in None 

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

response to Occupational Safety 
and Health Administration limits 
on continuous noise. 

None· None 
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Table 4-6. Summary of environmental effects associated with site characterization (continued) 

I111pact category 

Archaeological~ 

cu!i:!.?ral~ and 
;-.. ~· .. _., ... 
resotJrce£. 

Socioeconomics 

Activity and effects 

Surface disturbing activities may 
result !n destr~ction or disturb
ancr. :.f sites. 

Indirect impact to sites not 
directly affected by surface dis
turbance may occur due to off-road 
driving and increased human 
activity in the vicinity of Yucca 
Mountain. 

Site characterization activi~ies 
are expected to employ a peak of 
690 direct and indirect workers_, 
which represents about- 0.3' percent 
of 'hist.orlcal Nye and ClaTk CO'llnty 
~otal wage and salary employment. 

State and local participation in 
planning activities will increase 
resulting in increased costs to 
State 4nd local governments. 

Standard operating practice 
Residual impacts 
of significance 

Conduct a preconstruction None 
survey of areas to be disturbed. 
Avoid sit~s when possible; 
excavate and/or salvage site 
and document findings when 
avoidance is not possible. 

Inform workers of legislat_ton None 
that protects sites from un
authorized excavation or other 
damage. 

None None 

Provide for tinancial assis
tance to State and _local 
governments in accordance with 
provisions in the Nnclear Waste 
Policy Act (NlJPA, 1983). 
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Table 4-6. Summary of environmental effects associated with site characterization (continued) 

Impact category Activity and effects 

Tra~~~rtatfon Transportation of construction 
aa~~~ials ~~ ~orkers along u.s. 
Bigbway 95 .ay result in 60 
additional .orker vehicles between 
5 aad 6 p.a. and one truck shipment 
per day. 

Worker safety Excavation of the exploratory shaft 
facility may result in approximately 
14 worker injuries over 55 months. 

Standard operating pracU'ee .-

None 

Establish worker safety and 
training programs. Comply 
with the California Tunnel 
and Hice Safety Orders. 

Residual i~acts 
of significance 

None 

Average for the 
mining industry. 
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Chapter 5 

Rfo:, IONAL ANn LOCAL EFFECTS OF LOCATIN1~ A 
REPOSITORY AT THE SITg 

This chapter pr~sents an ev;iluation of the regiona~ r.nd local effects 
that might result t :rom locating a repository at Yuce, ~·{ountain. This 
preliminary ev<~luation l.s based on information about th, environment of Yucca 
Mountain and vicini.ty, the social and econom.tc condittc.1s in the bicounty 
area that can be ex:pected to experience the majority ·?·' the effects of 
construction and oper1tion of the repository, the traou: ._rtation system and 
acce:;s rout1~s thl-lt would he used for transporting W"aste ;.nd other materials 
to the repository, and on the design of the repository. A detailed analysis 
of reg.i.onal nnd local effects would he performed in c0-1junct.ion with eite 
characteriz<ttion activities and will be reported in the •~nvironmental impact 
statement prepared by the u.s. Department of Energy (DOE) before the 
selection of a repository site, 

The repository design is not complete, and it is avolv.i.ng as more data 
ar~ gathered and ns the design process continues. The design that is the 
hasis for Chapter 5 is called the two-stage repository design concept. A 
previous design, the hasis for evaluations in the draft EnvironmentAl Assess
ment (EA), is now called the reference repository design concept; tt is not 
used in the final EA except in ft few evaluations where it provf.d~s an upper 
hound to the effects of the later designs, 

The two-stage repository design concept is discussed in Section 5.1. 
This design, however, is continuing to evolve and ohould be considered a 
preliminary step in the design process. As an indication of the way the 
design is evolving, the introductory part of Section 5.1 contains a discus
sion of newer ideas called the .£_~rent_ deRign concept. Table 5-l presents a 
comparison of the characterisU_cs of the reference repository design concept, 
the two-stage repository design concept, and the current design concept. It 
also provides a reasonable representation of the expected change in environ
mental. socioeconomic, and transportation related impacts from a repository 
f.n tuff based on the current design concept as compared to the two-stage 
repository desl.gn concept. The intention of Table S-1 is to assist the 
l-eader in understanding the evolutionary proceso of the repository design; 
not to provide a limiting analysis for design and impacts. As seen from 
Table 5-l, the differences in the environmental, socioeconomic, and trans
port&tion impacts are comparatively insignificant for the compared desf.gn 
concepts, Both the current design concept and the two-stage repository 
design c:oncE>pt c:R.ll for c:onstrur_tion 1n two .qtR.ges, a:nd for that reason the 
effects of construction, especially those arising fro~ employment numbers and 
schedules, are expected to be similar. 

The description of the two-stage repository design presented in Section 
5.1 and the description of the site presented in Chapter 3 provide the basis 
on which the assessmenl of the potential effects on the environment 
(Section 5.2), on transportation systems (Section 5.3), and on socioeconomic 
conditions (Secti.on 5.4) are evaluated. Appendh A presents additional 
information, including the basic assumptions on W"hich the transportation 
analyses (Section 5.3) arc based. 
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5.1 THE REPOSITORY 

The function ot i! repository is the permanent isol•ttion of "high ... level 
radioactive waste as well as the isolation of radioactiv~~ waste generated at 
the repository from lhe handling of incoming wastes. Tt-·. total quantity of 
waste to be emplaced at the repository is limited by the .{uclenr Waste Policy 
Act of 1982 (the Act; to the equivalent of 70,000 metri{ ons uranium (MTU) 
until a second repouitory is in operation (NWPA, 1983), 

Some of the most important features of a repositu ") are illustrated in 
Figure 5-1. Although it is an artist's rendition of t\ ~ two-stage repository 
deslgn concept 1 it serves as a guide to the following · iscusaion of the 
evolution of the Yucca Mountain repository design, The cwnceptual design of 
the prospeetive repository conGists of a surface faeillty, a subsurface 
faciltty, and a means of access from one to the other. Figur~ 5-1 shows 
ramps as the means of lJ.CCess from the surface to the underground repository 
where mined access drifts connect with other mined drifts in which the waste 
is emplaced. The waste would be emplaced ln holes drilled either horizon
tally into the walls of the emplacement drifts or vert1 .. ~ally into the floors. 

As explained in the general introduction to chi.<~ chapter, three 
different design concepts can he identified in the continuing evolution of 
the repository design. The first was the L"efet:ence repository deaign 
described in Jackson (1984). This concept was summarized in Section 5,1 of 
the December, 1984 draft Environmental Asseosment for Yucca Mountain, 'The 
second, which is the basis fot most of the evaluations found in Sections 5.2 
and 5.4 of this document, is the two-stage repository design concept 
(MacDougall, 1985). This des:f.gn has evolved through minor changes to a 
concept called the current design concept that is described in the Mission 
Plan (DOE, 1985). The characteristics of and expected differences in the 
three design concepts are summarized in Table 5-l. The most important 
differences among these concepts are the proposed wa!lte inventory and the 
staging of construction and waste-receipt activities. The reference design 
concept was a single-stage facility 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 woul.d accept only spent fuel (70,000 MTU) and would be constructed 
in two phases and operated in two stages. In the cu-rrent design concept, the 
repository would receive 62,000 MTU of spent fuel and 8,000 MTU-equivnlent of 
defenHe high-level waste (including commercial high-level waste from the West 
Valley Demonstration Proje,et); 'it would be constructed in two stages; and it 
would be able to receive spent fuel as early HS five years out of the 
reactor. 

The two-stage repository design (MacDougall, 1985) is the design for 
which the most complete data are available, Thh design integrates 
preliminary repository concept~ embodied in the refarenee repository design 
concept (Jackson, 1984.) with recent changes and additi"ons a;a-·described in the 
"Generic Requirements for a Mined Geologic Disposal System" -(DOE, 1984). 
Th18 document stipulates the following design requir~ments: 

• The quantity of wSs'te emplaced in the repository may not exceed 
70,000 metric tons of heavy metal (MTHM) as spent fuel, or its 
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equivalent in high-level waste, until a s~cond repository is in 
operation Although the waste form most like!.y to be t•eceived for 
disposal · s spent fuel, the design will not pr.eclude t'te capability 
to receiv handle, and dispose of reprocesil~d commerc:f.al high-
level wa8·e and defense high-level waste. 

e The repo.-;Ltory will be designed to permit th·2 ~.nitistion of wasta 
retrieval. operations at any time during the •· •~~:~te-emplacement phas.e 
and up to 50 years after emplacement opP.rat .>T'IS have begun, for 
recovery of any or all of the waste. 

e The rece11:t rate during the first 5 years .·t' 1.1 increase from an 
1nit 4 al rate of 400 MTHM per year to 1,800 MT.;M per year. For the 
remainder of the emplacement phase it will be 3,000 MTHM per year. 

e A surface facility with a surge storage capacJ.ty for acr..ommodating 
the equivalent of a three-month accumulation of waste rer.eipts will 
be provided, (i.e., 100 MTU equivalent for Stage 1 operation and up 
to 750 M.TU equivalent for Stage 2 operation). This capability will 
help to minimize the impact of scheduled or unscheduled interrup
tions in repository operat.1.ons on the offsite transportation systeJD 
and waste shippers. The storage facility will be capable of accom
modating both the waste receipts from offsite sources and the waste 
packages prepared on the site. 

Under the current de&ign concept (DOE, 1985) the repository would 
receive defense high-level waste 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 glass contained in waste disposal containers approxi
mately 0.6 meter (2 feet) in diameter, 3 meters (10 feet) high, and weighing, 
about 1.8 metric tons (4,000 poundf1). Shipment may be by either truck or 
rail. If shipment were by truck, this design would result in approximate~y 
three shipments per day for defense waste or 800 waste disposal containers 
per year. In either the two-stage repository concept or the current design 
concept, the Stage 1 waste-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 desf.gn con
cept, the Stage 1 facility could then be used for the receipt and handling of' 
defense waste beginning in 2003. Since the defense waste has lower thermal 
and radiation 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 little effect 
on the characteristics of the two-stage repository concept. The defense
waste disposal containers would be placed into the waste disposal container, 
welded, inspected, transported underground, and placed in the disposal 
location. Additional personnel would be required for waste-handling and 
emplacement crews, but the number required for approximately three additional 
packages per day is considered to be within the uncertainties of the manpower 
estimate for the two-stage repository concept. The waste-handling ramp into 
the repository could accommodate the additional packages, and the mining 
activities could prepare the e.mplaceroent holes on schedule. Since repository 
area is based on thermal loading, the overall size of the repository would 
not be increased. 
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The "Standard Ccn1tract for Disposal of Spent Nuclear Fuel ar\d/or High
Level Radioactive WaE .. e" (10 CFH Part 961, 1985) establishe~ the contractual 
terms and conditionu 1mder 1o.1hich the u.s. Department ol' Energy (DOE) will 
make available nuch·ar-waste disposal services to the o1o.1ners and generators 
of spent nuclear fu:'li and high-·level radioactive wasu as provided tn 
Section 302 of th~ f\\cclear Waste Policy Act of 1982 (NWfA, 1983) (the Act), 
The contract desf.gnfl'.e.s spent fuel aged as little as 5 \•:·at"s out of reactor 
as "•o• standard spent fuel." The Standard Contract (lG -..:FR Part 961, 1985) 
and the DOE Mission Plan (DOE, 1985) both specify that tne DOF.: will accept 
fuo::l for disposal on an " ••• oldest first ,. ," basis. ~t--erefore, for most of 
the emplacement phase, the average age wLll be greater d·::On 10 years with 1m 
estimated 5 to 10 pen~nt aged as little as 5 years. 'l'h two-stage reposi
tory concept, deocribed in this document, is based on IO-year-old fuel, 

The DOE has not yet conducted studies to assess the impact of accommo
dating this amount of 5-year-old waste. These studies tiill be parformed 
during the advanced conceptual design phase of the repository design process, 
Higher thermal and radiation levels could be expected, i•ut can be accommo
dated by changes in opet·ating procedures and by increased shielding. If a 
monitored retrievable storage (MRS) facility (briefly discussed in the 
following paragraphs) is approved and built, the 5-year-old fuel. may be aged 
there before it .ls taken to the reposito-,:y. The extent of future changes in 
the repository design may depend principally on decisions regarding a MRS 
facility. 

Section 141 of the Act directs the DOE to study the need for and the 
feasibility 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 options in the June 1985 Mis9ion Plan (DOE, 1985) and is 
evaluating an integrated waste-management system that consists of both 
storage and disposal components. The primary function of the MRS facility is 
waste preparation for emplacement in a gt!ologlc repository; it has a second-
ary role of providing temporary backup storage. Performing the waste-
preparation functions (i.e., spent-fuel consolidation and packaging) in an 
jntegrated MRS facility instead of at the repository may simplify the design, 
C'.onstruction, and operation of the repository facilities. By providing a 
processing and st"orage capacity between waste acceptance. from the utilities 
and emplacement in 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 servicing. 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 facilities and activities at the repository site would be 
needed if an integrated MRS/repository system was developed since waste 
consolidation would be accomplished at the MRS site, the nonradiological 
impacts discussed in this EA should encompass those for a repository design 
coupled to the MRS facility if Congress authorizee the MRS facility. 

Appendix A of this EA presents general background information on 
transportation topics and issues. Qual.itatively, the nom:adlological 
environmental impacts discussed in the EA should encompass those involving 
transportation coupled with the MRS facility, if Congress authorizes a MRS 
facility. The MRS. transportation analysis ia found in Appendix A. It should 
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be noted that the l'hlS impacts are not considered in the preparation of 
Table S-1. 

The Act direct.L the DOE to submit to Congress a p~··opoMl that estab
lishes a program f.:r the siting, construction, and ')')&ration of MRS 
facilities (NWPA, 1983). The DOE plane to submit thia :l:'"'·'lpoeal to Congress 
in January 1986. n.o provide a technical basis for .. he Congreaaional 
decision, the foll(Ming documents would btl included in 0r would accompany, 
the proposal to Congress! (1) aite-apeciftc facility rlf!''igns, (2) s need and 
fP.ssibility report, (3) a program plan (funding, inte~ rv.ion, deployment), 
and (4) an environmental assessment.. Studies conducted Juring the summer of 
1985 to support the ;:anuary 1986 proposal will define l"lllre precisely the 
waste-preparatic1 functions that would be performed by s MRS facility in an 
integrated Wllste-management system. 

Should Yucca Mountain be selected for site characted:z:ation, the design 
of the repository would progress from feasibility and conceptual studies, to 
Site Charscterizati{'n Plan (SCP) conceptual design, to ~dvanced conceptual 
design, license application design, and final procurement and construction 
design, The SCP conceptual design and 8dvanced conceptual design "auld 
resolve the current uncertsi11t"ies in the design and serve as the basis for 
the environmental impact statement that would be prepared during site 
characterization. 

The deeig11 changes that have just been explained will be resohed in the 
future. The remainder of this section summarizes the assumptions on which 
the evaluat:l.on of the Yucca Mountain site iR based, 

The Yucca Mountain site is described in Section 3.1. The surface facil
ity would be along the eastern foothills of Yucca Mountain. The subsurface 
facility would be located approximately beneath the ridge line of Yucca 
Mountain. The proposed highway and ra:l.l access routes to the site are shown 
on Figure 5-2. The proposed highway access would originate at u.s. High
way 95, approximately 1 kilometer {0.5 mile) west of the town of Amargosa 
Valley and extend about 26 kilometers {16 miles) northward to th~ site. The 
proposed rail line would originate at Dike Sidlng, 18 kilometers (11 miles) 
northeast of downtown Las Vegas and extend approximately 161 kilometers 
(.tOO miles) to the site. 

The lifetime of a repository at Yucca Mountain, before it is permanently 
closed, may be divided into several periods: construction, operations, and 
decommissioning. These periods are discussed in detail in Sections 5.1.1 
though 5.1.4 and are illustrated in Figure 5-3a and 5-3b, Here they are 
simply summarized. All of the Stage 1 and a portion of the Stage 2 
facilities would be constructed and some of the subsurface facilities would 
be exr.avated during the first 4, 3 years of the 7. 3-year construction period. 
The Stage 2 facilities would b~ completed in the last 3 years of the 
construction period, which would overlap lorl.th the first 3 years of the 
operations period. The operations period, o;,rhich would last for 50 years, 
would consist of two phases. Radioactive waate W'OU!d be received end 
emplaced during the 28-year emplacement phase, The underground facilities 
and surrounding environment would be monitored during this phase. The 
22-yesr csretak(!r phase would follow completion of waste-emplacement 
operations; the facilities, IJB well as the surrounding environment, would 
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conttnue to be monit('red, and the retrlevabiltty option would be maintained 
in compliance with 'luclear Regulatory Commission req1d.remente (10 CFR 
Part 60, 1983) for e·,auring retrievahility at any time up to 50 yoars after 
waste emplacement be~rins. If a decision to retrieve lh waste were made 
during the cAretaker phase, the lifetime of the projec~ would be extended 
approximately 30 fE!H, s during which actual \JaSte retrie··1.l would be accom
plished. A decisior, to close and decommisflion the repn "i.t:ory could be made 
at any time during the caretaker phase. The deconunissi ,!ng and closing of 
the repository wc .. uld last for an 8-year period under t! e /ertical-emplacement 
alternative or a 3-year period under the horizontal-em~ :.c. cement alternative. 

5.1.1 CONSTRUCTION 

The construction :period begins after construction authorization is 
received from the Nucll!ar Regulatory Comm:iasion. Repoa.ttory construction 
would proceed in two phases that would begin s.lmultaneou:Jly. 

Phase 1 construction, which takes place from 1993 to 1998, consists of 
construction and acceptance and start-up testing of the Stage 1 surface 
faci.l:l.ty and underground facilities .required to accept and emplace 400 metric 
tone uranium (MTU) per year. Phase 2 construction, which ends in the 
year 2000, consists of the completion of all the facilities, including the 
Stage 2 waste·-handling building, required to consol:l.date and accept 3,000 MTU 
per yeAr. It should be noted that Phase 2 construction overlaps the opera
lions period, which begins :in 1998. Underground excavatl.on, which would 
beoin in the construction poriod, would continue throughout most of the 
operations period. 

Moat surface construct.ion would occur at the main surfBce facilities 
complex. Construction of these facilities iA discusAed in the following 
section (Section 5.1.!.1). Surface construction away from the main surface 
facility complex would include highways and rail connections, mine ventila-
tion huildings, and other anc:lllary facilities. Surface facilities 
constructed away from the main surface facility complex are described in 
Section 5.1.1.4. 

S.l.l.l The surface facilities 

The actual location of the surface facUlties 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 Mountain, as shown on Figure S-4. 
'fhe surface facilities complex proposed at Yucca Mountain would encompass 
approximately 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 in the complex would 
be used for waste-handling and packaging operations :l.n support of the under
ground activities and to provide general repository support services. The 
re~_tricted-a~cc.se. area __ f9r ~aa~e-:-]:)~,Il4Ji.ng a~~- pac;~aging_ ft~c1.11t.i,e.$ ,~9,~;l,,cl 
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include buildings and equipment for receiving and packaging all incoming 
wastes (see Section .1.2.1,2 for more details). A facility would also be 
constructed for proc.'ssing all the radioactive waste gNlerated by onsite 
operations, such ati protective clothing, decontamination fluids, and 
ventilation filters, 

Support facilf.t .es for the repository would ine:ludl"' offices for admini
strative, management, and engineering staff; li firehourH medical, training, 
and computer cenferH; a vehicle mai11tenance and repair s'•-,p; security build
ings; a machine and stteet metal shop; and an electric 1 9hop. Warehouses 
would be constructed to store bulk materials, equipmet.t. spare parts, and 
supplies. 

Facilities for environmental and instrument lsboratl)ries would also be 
constructed. Surface facilities in support of the undr:.-rground operations 
include personnel change-rooms and showers, as well as srace to store mining 
equipment and vehicles. 

Electric transmission lines would be eKtended to luccs Mountain from 
existing local utility lines on the Nevada Test Site .and a n~w substation 
would be constructed at the sHe, Utilities that support the repository 
would include an elet'.tric power building with emergency electrical generating 
equipment, Steam generating equipment, compressor and chiller systems, and 
cooling towers w-ith water treatment equipntent would be included if needed. A 
system for treating and distributing potable water and water for fire protec
tion would b~ required. New wells with storage provisi6nn a~e eKpected to 
supply all the water required during construction and operati.on of the 
repository. Finally, stations for dispensing gasoline and diesel fuel would 
be required at the site, 

:J .1 .1, 2 Access to the ·subsurface 

Six access openings wotild connect the subsur·fAce with the surface areas. 
These openings, used for ventflat1.on air supply and exhaust, th!.! transport of 
materials, and pl".!rsonnel access, as currently designed for vertical waste 
emplacement, are described as follows: 

• The men-and-materials shaft would be used to tranHport personnel 
and materials to and from the underground facilities, This shaft 
would be 7.6 meters (25 feet) in diameter and approdmately 335 
meters (1,110 feet) deep, 

• The WliSte-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 mined
material conveyor system and as an exhaust outlet for construction 
area ventilati-on, The ramp would be 5.8 meters (19 feet) in 
diameter and approximately 1,417 meters (4,650 feet) long. 
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• The wasc~~-amplacement area exhaust shaft would set·ve a.l'l the exhaust 
outlet f.J, ventilation during waste emplacem~Jnt. Thl1:1 6.1-rneter 
(20-foot) diameter shafl would be approximately 304 meters 
(l,OOO fu·~t) deep. 

• The 3.7-·cr~.~ter (12-foot) diameter explorator~ 
during 8. te characterization, would be used 
reposito~y waste-emplacement operations. It 
450 mete~s (1,480 feet) deep. 

qhaft 1 constructed 
t!> supply air for 
rould be approximately 

• The 1.8-me':.er (6-foot) diameter emergency •li r·ees shafl of the 
exploratory shaft test facility would be used i'".o supply air to the 
repos~tory waste-emplacement support facilitiP.s. This shaft would 
bP- approximately 365 meters ( 1,200 feet) deal'~ 

5.1.1.3 The subsurface facilities 

The subsurface facilities would be located withln Yucca Mountain, 
approximately 1.7 kilometers (1 mile) west of the proposed location of the 
surface facilities complex (Figure 5-4). This facility would eocompass 
approximately 615 hectaree (1,520 acres) of subsurface area. The repository 
horizon would be more than 230 meters (750 feet) below the Btlrface within the 
Topopah Spring Memher of the Paintbrush Tuff. The water table in the 
vicinity of Yucca Mountain is 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 propo~ed subBur-face facilities is show-n 
in Figure 5-6. 

The subsurface facilities consist of main access drifts to the 
emplact~ment areas 1 the emplacement drifts 1 a<<d service areas near the shafts 
and ramps. The layout of the facilities depends upon whether the waste is 
emplaced vertically or horizontally. For vertical emplacement, waste 
disposal containers would be emplaced in vertical boreholes in the floors 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 openings are listed in Table 5-2. The total amount oi 
rock excavated for the facility would be shout 21.6 million tons. 

For horizontal emplacement, waste disposal containers would be emplaced 
in horizontal boreholes in the draft pillars (walla). The subsurface layout 
for horizontal waste-emplacement requires considerably less excavation. The 
total amount of rock excavated for the facility w-ould be about 6.6 millen 
tons. Tabla 5-2 lists the dimensions of the openings for horizontal waste 
emplacement. 

Design I'IOrk completed to date indicates that area and geometric require
ments, mine ventilation requirements. the requirements for stabUity of the 
underground workings, and retrievsbil1.ty considerations will be eatisfied by 
a convention.Rl r.oom and pillar design. Excavation may be conducted using 
either a drill-blast-mucking technique or a continuous mechanical miner. 
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Table 5-2. l'.lmensions 
Joorizontal 

of underground openings 
a 

waste emplacement 
for vertiCRl and 

Vertical Emplac~~~ .!:!2.!J.::..n.!!.tal Emplacement 
Opening Height Width ".dght Width 

meters (feel) meters (feet) mete 1 (feet) meters (fe~_t) 

Access corridors 4 .6 (IS) 6.4 ( 21) (IS) (21) 

Emplacement drifts 6.4 (21) (IS) (IS) 6.4 (21) 

------------------------------------------------~ 
aData from MacDougall (1985). 

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

The eKcavated rock would be placed ne,ar the site in a hypalon-Uned rock 
storage pile (see Figure 5-4). The rock-storage pile would be constructed ··on 
the s1.1rface using convflntional mined-rock handling equipment and would be 
sprayed with water to suppress dust. Runoff from precipitation would be 
intercepted by dikes, ditches, and liquid-collection sumps. The present 
design does not require backfilling of the eKcavated access and emplacement 
drifts to maintain the structural integrity of the underground openings. If 
backfilling of a portion of the repository 18 required before closure and 
decommissioning, some of the excavated rock would be uBcd for that purpose. 

5.1.1.4 Other construction 

Construction sway from the main surface facilities complex would con3ist 
primarily of an access route connecting with u.s. Highway 95, a rail lin~ 
possibly from Dike Siding, a bridge across Fortymile Wash, the mi11ed rock 
handling and storage facilities, and ventilation facilities above each 
exhaust shaft. These facilt.ties, as well as other installations ond 
construction, are discussed in the following paragraphs. 

5.1.1.4.1 Access route 

A highway for truck and automobile access would be constructed betwe~n 
U.S. Highway 95 and the site (Figure 5-2). The two-lane highway would origi
nate approximately 1.0 kUome~er (0 .5 mile) Wtt:st of th9 'Iown,.,Qf -Aaargosa 
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Valley. The highway l•',:lUld be 9 meters (30 feet) wide and 26 kilomrJi:ers 
(16 miles) long; it "'';uld be rated for trucks with a gross weight of 
16 metr1.c tona (80,0{)1 pounds). Each roadway shoulder w01Jld be 2.5 meters 
(8 feet) wide. The ~;.~tal required right-of-way would bP about 31 meters 
(tOO feet); the total land area needed will be about 79 ho:-ctaree (195 acres). 

The highway wou: ·, croHe Fortymile Wash vie a bridge 
repository concept Cl'llls for a single bridge carrying br. 
traffic, although construction of two separate bridges n11. 

5.1.1.4.2 Railro·~d 

Th~ preliminary 
·\l highway and rail 
' be considered. 

For rail access to the site, a rail spur is propOf:IE.·.-1 to be constructed 
from the Lae Vega11 area (see Figure S-2.) The proposed r.ailhead facility 
would be constructed in the vicinity of Dike Siding, app':Oxlmately 18 kilo
meters (ll miles) northeast of downtown Lee Vegas. The proposed rail 
connection from Dike Siding would require approximately· 161 kilometers 
(100 miles) of track (MacDougall, 1985) and a bridge over Fortymile Wash. A 
right-of-way 31 meters (lOO feet) wide would be required; the land committed 
to tho rail line would total about 486 hectares (1,200 acres). A railhead 
facility would be constructed at Yucca Mountain to provide for railcar 
h6ndling and temporary storage. Detailed plans for this facility have not 
been formulated. 

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

51.1.!.1;.3 Mined rock handling and storage facilities 

Surface facilitieB for receiving the rock mined during construction of 
the underground openings would include a surge bin for temporary storage, a 
con-veyor system for mo~ing the mined rock to the rock-etornge pile, and a 
stacking con~eyor for placing the rock on the storage pile. 

5.1.1.4.4 Shafts and other facilities 

Exhaust shafts for the mine and emplacement areas, described in Section 
5.1.1.2, would be located away .from the eurface complex. The exact locations 
would depend on the design of the underground facilities. The configuration, 
assuming that ramps for waste-emplacement access and mined material removal 
would be used, is shown in Figure S-4. A fenced waste-emplacement ventila
tion exhaust and filtration faci-lity would be inetdled at the surface and 
would rElquire an area of lees than 1 hectare (about 1 to 2 acres). The 
exhaust stack at this fadlity would extend about 31· meters (100 feet) above 
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the land surfa~e. Jmt1roved roads would connect thie site to the surface 
complex. 

Other faciliti.fH locatet:l away from the main surfa~Je complex include 
water storage, explo: tve magazines, mine--shaft areas, anrl sewage-Lrea,tment 
facilities and effhent evaporaLion pond9. ApproximfltP.ly 10 hE!ctares 
(25 acr13S) would t:le ·;eveloped to consLtur.t these fac:l.lir..il.ea~ Other identi
fied remote facilit.Jf!S include a Vhir:.ot center and a t~a:,itary landfill, The 
locations and eKtent. of the viaitor center and sa.nltax land.flll have Qot 
bf4~n defined. 

5 .1. 2 OPERATIONS 

The operations perlod :1.~;~ the time following rece.f.pt of the first w-aste 
into the repoeitory (after receipt of the Nuclear Regulatory ConiiD.isaion 
license to receive and posaeas radioactive material) u·ntil site decommis
sioning begins, The operations period of a repoattory for radioactive waste 
at Yucca MouQtafn would begin in the fifth year after ~he atart of facility 
construction with Stage 1 emplacement: operations. Stage 2 emplacement 
operations would begin approx!mately 7 years after atart of consttuctton. As 
noted in Section 5,1,1, the oper.ations period overlapa Lhe completion of the 
Stage 2 facilit.f,ea (end of Phase 2 construction). 

The operations period ia di.;ided into two phases: a 28-year emplacement 
phesa followed by a 22-yee.r caretaker phase. Performance confirmation will 
be conducted over 4h~ ~ntlre operation~;~ period. 

5.1.2.1 Emplacement phaae 

The activities planned to occur during Lhe emplacement phaae include 
waate receipt~ proceaaing, and placament; continued l,mdeJ;g:round construction 
of waste-emplacement rooms and supporting aervic.ea; the initial retrieval 
option period; and' atQrf:l.ge and m.,nagement of mined roc,k for potential, use as 
backfill. 

5.1.2.1.1 Waste receipt 

Radioactive waste would be shipped to the repository by tail or by truck 
in federally licensed casks. Asa1,1ming 250 operating days per year, the 
design baais for waat.e-raceiving facilities is four , t-ruck. and two rail 
shipments per operatfng day. Thus, the raceiv.i,ng liac:l.lities are designed to 
accommodate approximately 1,000 truck and 500 rail shipments per year. 

During Stage 1 operations, surface and underground., facil:l,tie.s would be 
con~tructed to recetva and. emplace a lim.f.ted amount (400 metric tons uranium 
(HTU) per year) of spent, uneonaolidated fuel. this would be packaged at the 
site for disposal in the repository. The Stage 2 facilties to be completed 
3 years later than the Stage 1 facilities, would have a capacity of 3,000 HTU 
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per year and they IW\•ld be capable of rec.eiving other types of wa,ate and of 
consolidating spent ~uel. Receipt rates would gradually increane in the 
early years of repoi!·· tory operation (see Table 5-3). 

During Stage 2 operations, the repository would ren!J.Ve an average of 
4, 348 preasurized-wv c.er-reaetor (PWR) and 5, 263 boilinr,"·..,ater-reactor (BWR) 
assemblies pet· yuar (Table 5-4). Assuming that 30 perc''rl' of these assem
blies (1,304 PWR an.t 1,579 PWR) would be shipped by tr .. ~k and 70 percent 
(3,044 PWR and 3,684 BWR) would be shipped by rail and tat truck casks have 
a capacity of 2 >?WR and 5 BWR assemblies and rail cas~-s have a capacity of 
14 PWR and 36 BWR aasemblies, the repository would rc• e·.:,•e 968 truck easks 
and 321 rail casks of fuel each year. 

The receiving facilities would provide for (1) rail and truck inspection 
stations whe~e both incoming and outgoing traffic would be inapected (where, 
for example, radiation surveys, security inspect.ions 1 end shipping document 
transactions would lake place); (2) a suspect storage mea where incoming 
shipments thllt do not meet repository aeceptance standards would be held 
until corrective measures are taken; (3) a loading area for incoming and 
outgoing shipments; (4) a vehicle washdown faeility; \5) a loading and 
unloading bay llt'here the shipping packages would be removed from and loaded 
onto their carriers; (6) a decontamination station in the waste-handling 
building where waste packages would be checked and decontaminated; and (7) a 
station in the waste-handling building where cask closure(a) would be 
prepared for connectJ.ng the caaks lo the hot-cell port for unloading 
(Figure .5-S). 

After the casks are unloaded, the spent-fuel assemblies would be 
packaged in the Stage 1 waste-handling building, or they may be disassembled 
and J.ndividual fuel rods consolidated into specially daeigned waste packages 
in the Stage 2 waste-handling building. This description assumes that the 
facilities for consolidating the spent-fuel assemblies would be locatei at 
the repository sa described in MacDougall {1985). 

5.1.2.1.2 Waste emplacement 

Waste emplaced at the repository would consiet predominantly of spent 
fuel that has been out of the reactor for at least 10 years. In addition, 
onsite-generated low-level waste would be disposed of in the repository. 
Estimates are not available at this time, but quantities of these llt'aates are 
expected to be small.. 

Before disposal, spent fuel would be sealed in waste disposal containers 
designed to meet the minimum lifetJ,me requirements set by the Nuclear Regula
tory Commission (10 CFR Part 60, 1983). To meet these requirements, the 
minimum life time of the waste packages would be between 300 and 1,000 years 
under the expected subsurface environmental conditions in the repository. 
These waste disposal containers are one component of a system of engineered 
barriers, including waste forma, ove~packs, and packing materials that may be 
used ae pert of the repository system. 
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Ttlble 5-3. :·;pl·nt-fuel Wtlste receipts by yetlr, metric tons uranium • ~qliY"alent 

Reposltory Calendar Annual Cumulat:lve 
year 

5 
6 
7 
8 
9 

!0-30 
31 

• Data 
bNA • 

Stage 

I 

2 

year Stage 1 Stage ?. total 

!998 400 NAb 400 
!999 400 N~ 400 
2000 400 NA t.oo 
2001 400 500 qoo 
2002 40~ I ,400 I , ArlO 

2003-2024 
~~ 

3,000 3,000 
2025 !DO 100 

---
from MacDougall (1985), 
not applicable. 

Table 5-4. Waste quantities by waste category~ 

Waste type b 

Spent Fuel - PWR 
Spent Fuel - BWR 

Spent lo'uel - PWR 
Spent Fuel - BWR 

Total quantity 
(assemblies) 

2,898 
3 '511 

101,454 
122,794 

total 

400 
BOO 

1. 200 
2' 100 
3,900 

69,900 
70,000 

Average 
annual receipt 

( assembHes) 

580 
700 

4,348 
5,263 

~Reflects 70,000 metric tone of uranium (MTU) as spent fuel. 
PWR .. pressurized water reac·tor; BWR ,., boiling water reactor. 

After the waste disposal containers have been judged to be suitable for 
emplacement, they would be held temporarily in B surge-storago area. This 
surge storage would allo111 incoming waste to be unloaded and prepared for 
disposal at a faster rate than it can be emplaced, thus reducing the yard
storage time, The design rate of waste emplacement, however, would be deter
mined to minimize the length of time required for surge storage. After surge 
storage • the waste diaposal containers would be transported to the waflte 
emplacement acceaa ramp by waste transporters and transfe~:~J to the under
ground facility. The waste disposal containers would be placed either in 
vertical holes in the floors·of the storage drifts (vertical emplacement) or 
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in long horizontal hates in the walla (horizontal emplacement). tf t;he waste 
1a placed horizontally., each borehole would contain up to 34 waste diaposal 
containers; if verttc.dly, each borehole would contain cne waste .Hspoaal 
container (MacDougall. 1985). 

The surfac.e and 1ubsurface facUlties at the reposir.?ry that handle 
radioactive waste wo·.,td be operated at leas than Atl'liOSf·\v>.ric pressut'e. 
Exhausl air from th<! surface faciliUes would be prOC"!IS·ed through a 
prf'filter and a s,~ries of high efficiency particulate ft 'ters before being 
discharged into tlw atmosphere, Exhaust from the unde"g .. 'lund waste-storage 
rooms would be directed to a surface building where ft! · "xhaust would be 
monitored and filtereJ if necessary prior to being d!.~i i1arged into the 
atmosphere. The 11entilation system for the underground ,;:~nstructfon areas 
would be physically separated from the waste-emplacement ventilation circuit, 

5 .1. 2. 2 Caretaker t.h~! 

The caretaker phase of up to 22 yeara would begin following the lsot 
emplacement of waste and would continue until the start of th2 decommis
sioning 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 co~ld be made at any 
time during the caretake1' phase. If a decision to retrieve the emplaced 
waste were made during the caretaker phase, the lifetime of the project would 
be extended up to approximately 30 years during which S(',tual waste t'etrieval 
would be accomplished, 

5.1.3 RRTRIEV~BILITY 

The Yucca Mountain reposi.tory would be designed to allow retrieval of 
emplaced waste as required by 10 CFR 60.111 (1983). The requirements state 
that waste must be retrievable for a period of up to 50 years after waste 
emplacement begins. The requirements also state that if retrieval becomes 
necessary, the waste should be retrieved in ahout the same amount of time 
that was devoted to the initial construction and the emplacement of the 
waste, The capability Lo retrieve emplaced waste packages would be main
tained until the satisfactory completion of a performance confinnation 
program as stipulated by 10 CFR 60.111 (1983) and until decommissioning 
activit:l.es are authorized by the Nuclear Regulatory Commission (NRC) (unless 
a longer or shorter time period is speclfied by the Secretary U.S. Department 
of Energy (DOE) and approved by the NRC), 

D~signs for the subsurface facilities would incorporate features to 
ensure that the openings would remain intact for at least 92 years (which 
includes a 4-year, Stage l construction phase, a 28-year operations phase, a 
22-year caretaker phase during which retrieval could be initiated, a possible 
JO-yP-ar retrieval period, and/or a 8-year decommissioning period; see figures 
5-3a and 5-3b). These features may include minimizing the extraction ratio, 
optimf.zing rock tempe~atures through spacing of emplacement holes and 
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ventilation, and t~1e 

periodic inspect lonE 
verify the stabili~ 

period. 

use of steel liners for emplacement holes. In adrliti0n, 
and maintenance programs would be us~d to ~r.onltor and 
of the subsurface openings throughout the operations 

The capability for retrieving the waste disposal .:ontainers would be 
demonstrated prior to a decision to backfill the emplac.!~~ent drifts and would 
be maintained regta'.lless of wh~ther the emplacement dr· .:~--~~ have been back
filled. Therefore, the decision to backfill would be ~~Jed, in part, on an 
evaluation of the advantages of early backfilling ven-1u11 the d.teadvantages of 
increased difficulty of retrieval. 

The DOE developed a position on retrievability to- fully describe and 
docwnent all design, construction, operation, and maintenance equipment 
requirements associated with retrievability. An evaluetion of the effects of 
these requirements on the repository design and the agsoc:tated equipment 
needs has not been completed at this early stage in the repository design 
process. These retrieval effects would be analyzed and addresseq during the 
site charactertzatlon period and subsequent design phHses supporting the 
license application. 

5.1.4 DE:COMMISSIONING AND CLOSURE 

After the planned 22-year caretaker phase during which retr.ievability 
must be ensured and after the performance confirmation pro~ram has been com
pleted, the U.S. Department of Energy (DOE) would request Nuclear Regulatory 
Commission approval for an amended license for closure of the repository. 
After approval had been granted, decommissioning of the repository would 
begin. To decommission the subsurface faci.lities, salvageable materials 
would be brought to the surface. During closure, all subsurface access areas 
(e.g., shafts and ramps) would be sealed using multiple materials and tech
niques to ensure that the seal offers isolation 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 sealing of shafts. 
The surface areas would be reclaimed. Permanent markers would be erected to 
inform future generations about the presence of the repository. Development 
of such markers or a marking system is in progress. All records concerning 
the rQ:pository would be maintained by ll:Ppropriate Federal, State, and local 
agencies. It is expe!j::~ed th11t. the records and markers would be kept in 
perpetuity. 

5 .1. 5 SCH!WULE AND LABOR FORCE 

The propose.d schedules for constructing, operating, and decommissioning 
the repository, based an either a vertical or horizontal emplaceiJlent configu
ration, are shown in Figures 5-3~ and 5-3b. The schedules addr~ss th~ three 
periods defined in sections 5.1.1, 5.1.2 and 5.1.4 (i.e., the constru~ti9n, 
operations, and decommissioning_ periods). The construction and operations 
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periods overlap in the two-stage repository d£!sign concept. Durin[.{ the first 
1•.3 years of the cow t.:ruction period, the railroad, highway, surfi~ce-support 

facilities, and Stagv 1 waste-handling building would be completed in prepa
ratton for the first. receipt of waste by January 1998 at 1 rate of 400 metrtc 
tons uranium (MTU) rc..· yenr. The first receipt of waste 1.a.rks the beginning 
of the operations per.'.od, During the sa.me 4.3-year firs. construction phase, 
the underground porti.)n of the reposllory would be devd( ),~j suff.tciently to 
permit initial empla ament of waste, and construction o~ the Stage 2 waste
handling building wo·.~ld begin. During the initial porti \ of the operations 
period 1 after the start of Stage 1 operations 1 the Stl'~l 2 waste-handling 
bu.llding would be completed in preparation for roc.eipt )r waste by January 
2001 at a rate of 500 HTU per year, This quantity woulr: '~e increased to a 
rate of ),000 MTU p£!r ;.ear by January 2003, at which time ~_he Stage 1 waste
handling building would no longer receive spent fuel, as ebown in Table 5-J, 

The oper.-alions period, scheduled to start in Jam;,'flry 1998, would 
continue for SO years. As shown in Figures 5-Ja and 5-3b, tho operations 
period is divided into an emplacement phase (28 years) and a caretaker pl:aase 
(22 years), The emplacement phase is subdivided into Sta.ge 1 and Stage 2 
emplac.ement act!v!t!es, lasting for 5 and 25 years, reapect!vely, and 
overlapping by 2 years. Underground repository development would continue 
during the emplacement phsse, but would be completed 6 years ptior to the 
completion of vertical emplacement, if that configllration is used, or 
14 years prior to the completion of horizontal emplacement. If it is 
determined that retrieval of waste ts necessary, tt could be intthted at any 
time during the operations period. The length of time required for retrieval 
would be apprcximately equal Lo the elapsed emplacement time plus 5 years, to 
allow sufficient time for required factlity modifications, equipment procure
ment, and mobilization. 

The decommissioning period begins at the end of the operations period, 
contingent upon repository performance confirmation. If all of the 
underground rooms and drifts are backfilled, approximately 8 years wilJ, be 
required Lo decommission the repository if vertical empla:cett~ent .ts used and 
J years if horizontal emplacement is used. The figures and tables in this 
subsection are bBsed on the assumption that all of the underground rooms and 
drf.fts will be backfilled. If backfilling of th£! underground rooms and 
dri.fts is not required, it is estimated that decommissioning would require 
approximately 2 years to complete for either of the emplacement 
configuratl.ona, 

As slated in MacDougall (1985), the size of the labor force required 
during the construction, operations, s.nd decommissioning periods depends· upon 
whether vettical or hQrizontal emplacement is used. Prelim.tnary estimat~s of 
the avP.rage annual number of \ol'orkers 1 are summarized in Table 5-Sa for the 
vertical emplacement method and Table 5-Sb for the horizontal emplacement 
method. 

For purposes of preparing the estimates, it was assumed thst three prin
cipal organizations would be involved: 1) a surface construction contractor 
or contractors lo'ho would build the railroad. highway, surface support 
buildings and facilities, snd the waste-handling buildings; 2) a mining 
contractor who would develop all of the underground portions of the 
repository; and J) an operating cOntractor who would be responsible for all 
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Table 5-Sa. Average annual ou.ber of repositor:r related vorkers for vertical emplacetnenta,b 
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waste-handling and emp.1 acement functions and support services 1 mitw main
tenance after the mini .g contract ia complete, and caretaking. It was also 
assumed that the oper>J.:.:Lng contractor would have adminf.E·t.rative responsi
bility for Title III services, construction management, quality•assurance, 
and decommissioning a<:•.tvitiea. Therefore, estimates of .<H:l labor require
menta for the operati.11,_~ contractor include these activiti€'1 .• 

The average annu,;.l number of workers required to fil the commitments of 
construction was (.St lmated from the total number of mar.· years given in 
MacDougall (1985). Ratimates are based on the assumpti1 '1 of an increase in 
manpower over the ftrst two years to a peak, which La n; 1·1 ntained for two 
years and then decreaoes constantly d\tring the last f, ~It years of 
construction. 

Workers for operations are based on unit operations given in Dennis 
et al., (1984) and summarized in MacDougall (198.~). Man3gement, inBpection 
and QA sctivitiea will begin with the start of construction. Emplacement and 
surface support workers will arrive before the start of waste receipt for 
training and preliminary start-up. The munber of ,.,.orken will increase for 
Stage 1 operations, increase again for Stage Z operations and remain constant 
for the next 24 years of operations 1 after which they will docrease to a 
small caretaKer force until decommissioning and closure begin. 

Mining ~orkers sre estimated from the calculations of the number of 
drifts and emplacement hates to be mined (MacDougall, 1985) and experience 
with mining in similar media. 

Xining would be completed 21 years after the beginning of vertical 
empl~cement. At that ttme the mintng staff ,.,.auld be reduced from 305 to )6. 
In the horizontal emplacement alternattve, mining would be Cl'}mpleted 13 years 
after start of emplacement and the mining staff would be reduced from 83 to 
25. 

Work force is shown by act.tvity in Table S-5a and 5-Sb. The total of 
direct w-orkers is plotted in Figures S-7a and S-7b. Schedules for these 
activitieB are shown in Figure S-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 conduct~j on a three-shift basis for 
250 days per year. Although moat surface operations uould run on a one-Shift 
basis, some activities may require two or three shifts. In all instances the 
day shift would employ the most workers. 

5.1.6 MATERIAL AND RESOURCE REQUIREMENTS 

The amounta and types of construction materials for the repository are 
only estimates at this t:l.me. 'Because concrete and steel represent the 
greatest quantities of construction material, estimates of these are given as 
an indication of the quantities of materials lhat would be required. The 
estimated amounts of energy resources and construction materials that would 
be =equired annually far the repository and the total amounts required are 
listed in Table S-6. Cot1struction- materials would be shipped to the 
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Table S-6. Repos!.torx 5equirements for power, fuel, and const;:ouction 
mater·.als ' 
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repository, highway, iHlc\ railroad construction sites by htghway and rail. 
The estimated number ,. f annual shipments of material over the repr.oitory 
lifetime is shown in 'tlble 5-6, 

Significant quan"fttes of the bulk materials and tot-'ll costs r.equired 
for construction of the highway and railroad have been eetimated in Table S-7 
(MacDougall, 1985). ·1aterials and total coats for the b~ "Jge(s) Qver Forty
mile Wash are also J 11cluded in these estimates. The ne 1l~r of shipments 
required for deUvery of these materials to the varim,' s!tea along the 
routes are also indicated in the table. 

Table 5-7. Highway, bt:idge, and railroad conatruc1 ton mat~r.1.ale 8 

Costb 
(millions Units per N'um'ber of 
of dolla'ra) Quantity Unttac shipment .shtW~ents 

-
Highwayd 12.5 

yd) Asphalt 42,000 15 2,8~0 3 Bituminous_ base 63,700 yd3 .\5 4·,2 0 
Aggregate base 120,800 yd 15 _8,050 

Bridge 6,7 
yd3' Concrete 4,000 15 270 

Precast girders 140 each 2 70 
,·; 

Total Truck Shipments 1'5,440 

Railroade,f 144 
Rails and tie plates 34,000 tonsc 100 340 
Ties .'\00,000 each 500 600 
Bal.last 350,000 ton~ 100 3,500 
Sub-ballast 600,000 yd 55 10,900 

Total Rail Sh.ipments 15,340 

~Data from MacDougall (1985). 
Costs include labor, mate-rials, and markup extension, including 

contingency. 
c 3 
dl cubic yard (yd ) • 0.765 cubic rnetera; 1 ton • 0.907 metric tons. 

A contingency allowance of 30% was added to highway and bridge 
quantities. 

e 
fA cont1.ngency allowance of 10% was added to railroad quantities. 
Only the major bridge over Fortymile Wash has been included. 
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During the eat)y years of construction, all shipments would be by truck 
while the railroad ~a beiog constructed. Upon c.ompletion of the railroad, 
materials would ale 1 be shipped to the site by train. Because of the volumes 
of construction mst.!rial required and the remoteness of the site, railroads 
would be an effich .1.t means of material supply. Typic<l eq1,1ipment require
ments for the construction of the repository are shown .n Table 5-8. Most of 
this equipment wou.1d be removed after constructton. SU!I•?. equipment, however, 
would remain during the operations phase. 

Over the lifetime of this project, various reso1r.es, auch as cleared 
land and water, would be required at the repository. E,.HiJnates of the amount 
of these resourceB ~equlred for two-stage repository c·velopment, assuming 
vertical empla~ement of waste, are listed in Table 5-9. The comm~tment for a 
rack storage pile and far water would be slightly leas for a hor.;Lzontal 
emplacement configuration. 

Teble 5-8. Estimated use of construction equip~~rt 

Bulldozers 
Drilling machines 
Graders/scrapers 
Cra11es 
Concrete m1xert3 
Scaling machines 
Truc.k cranes 

Category 

Heavy duty 
Medium duty 
Light duty 

(400-hp) 
(250-hp) 
(150-hp) 

Typical types of equipment 

Earthmovers 
Front-end loaders 
Backhoes 
Earth campactora 
Drill rigs 
Rock bolting machines 
Service vehicles 

Equipment use by category 

Number of un1ts 8 

60 
60 
90 

•• bAssumed operating time i.a 1,500 hours per year. 
1 gallon • 3.785 liters. 
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Dump trucks 
Gravel elevators. 
Shovels 
Air compressors 
Rock h8ndUng elevators 
Boring machines 

. b 
fi.Je.l COJlB.4Jilpt.ion rate 

(gallons p~r hour) 

30 
)0 

6 
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Table 5-·9, Estimated repository resource requirementa" 

Resoth ~e Requirement 

Cleared land (acr(HJ)b 
Main surfac~ comglexc 
Other facilities 
Mined rock dispoRal, vertical emplacementd ~ 
Mined rock dh·po,, al, horizontal emplacement 
Railroa~8 
Highway 

Total cleared land, vertical emplacement (acrea) 
Total cll!ared land, horizontal emplacement (acres) 
Controlled area (a.o~res)g 

Subsurface area (aCres) 

Water useh (gallons per year)b 

150 
25 

110 
35 

l '200 
195 

l ,680 
1 ,605 

24,710 

1,520 

120,000,000 

a bMacDougall (1985), except as noted, 
3 I acre .. 0.4Q6 hectares; 1 galion .. 3.785 liters ,. 3.785 x 10- cubic 

mete~ a 3.07 x 10 acre feet, 
Includes a 30 percent contingency. Does not include land to be 

deveaoped as a land disposal alte or visitor center. 
Assumes a mined rock pile 100 feet high, Quantities are from MacDougall 

( 1985): 21 ,600,000 tone for vertical emplacement and 6,580,000 tons for 
horizontal emplacement, .tncluding a contingency allowance of 25 percent, The 
density was assumed to be 90 pounds per cubic foot. 

e 
Assumes a railroad right-of-way 31 meters (100 feet) wide and 161 kilo-

metef8 (100 miles) long. 
Assumes a highway right-of-way 31 meters (100 feet) wide and 26 kilo

meters (16 miles) long. 
8According to 40 CFR Perl 191, the boundary of the controlled area is not 

to eAceed 5 kilom~ters (3.1 miles) in any direction from the emplaced waste. 
As reported in Morales (1985), water consumption at the repository will 

rise to a peak of approximately 120 million gallons per year during the first 
6 years. Use is expected to decrease to about 115 million gallons per year 
and remain at this level during the emplacement phase, about 26 years, and 
then decTease to approximately 2,500,000 gallons per year during the 22-year 
caretaker phase. There would be a moderate increase in usage to approxi
mately 25 million gallons per year during decommissioning and until closure. 
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5. 2 EHEC'l'ED E~FECTS ON 'l'HE PHYSICAL F.NVlRONMEN't 

This section ch>~cribes the potential local and regJonal in'lpflCts on the 
phy!lical environment that may result from locatt.ng a l"l:'pository at Yucca 
Mountain. The topic> discussed lnc.lude poasible impact"' to the geologic and 
hydrologic environm<ents, land use, ecosystems, air qut_.1 ity, noise levels, 
sesthet ice, archae.<,·· ogicul, cultural, and historical I <:·c0urces, and back
ground radintion l·:·11els. Where necessary, the discur··=ion of potential 
effects is categorized by repository period (i.e., com ruction, operations, 
d~commissioning and closure). Effects that would OCC~"I" 'luring the caretaker 
phase of the operatinns period are not discussed bee u-~·~ the effects are 
small compared with ~ffects that occur during other r"'! '"'6itory phases. The 
effects discuss .d arP. based on the design contained in lte two-stage reposi
tory concepts report (MacDougall, 1985). This design, however, is undergoing 
revision (r.ee the introduction to Chapter 5), and some J1.mpacts could change. 
A definitive analysis of potential repository impacts ,,,Ul be presented in 
thP. final environmental impact statement prepared in ('Ompltance with the 
Nuclear Waste Polt.-~y Act of 1982 (NWPA, 1983). 

5.2.1 GEOLOGIC IMPACTS 

t..ocsting a repository at Yucca Mountain is expected to have mini-mal 
impac.t on the geologic environment. Excavation of the repository repreaents 
an insignificant disturbance to the overall competence of the rock units at 
Yucca Mountain. Studies by Drovo (l984a,b) and Hustrulid (1984) indicate 
that A repository can be built t.n the welded tuff of the Topopah Spring 
Member at Yucca Mountain u!!ing standard construction techniques (Section 
6.3.3.2). Access drifts and underground openings can be supported by 
conventional rockbolta, wire mesh, and shotcrete. Intersections of fault 
zones and drifts could be supported, if necP.asary, by steel or by concrete. 
Experience in tunnels indicates that additional support would not be 
necessary. HeAt and radiati.on, which would be introduced into the rocks by 
decay of radioactive material in the repository, would affect only a small 
volume of rock and would not affect the rock's isolation capability, 
competence, or structural stability (sections 6.3.1.2, 6.3.1.3, and 6.3.3.2). 
Furthermore, thE're are no indications that the retrieval of wastes, if 
required, would be hampered because of the effects of heat and radiation on 
the rock. Calculations predict that only minor thermally induced fractures 
extending less than 10 centimetera (4 inches) into the rock may occur around 
the waste-emplacement boreholes. Any possible difficulty in retrieving the 
wastes due to thermally induced fracturing could be either reduced or avoided 
by using steel sleeves in the waste-emplacement boreholea. 

Future exploration and development of any l0cnl mineral or energy 
resources would be prohibited on approximately 10,000 hectares (24,710 acres) 
of Fede.ral land. Literature review and field reaource surveyB (Bell and 
Larson, 1982; Quade and Tingley, 1983), Held exploration and geologic 
mapping (Christiansen and Lipman, 1965; Lipman and McKay, 1965; Scott and 
Bonk, 1984), and geochemical analysis of exploratory borehole cuttings h8ve 
shown that the potential for mlneral and energy development at Yucca Mountain 
is low. Future exploration and developmtnt is not anticipated. 
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5.2.2 HYDROLOGIC 111'=-·ACTS 

Locating a rep1~.1itory at Yucca Mountain is expect~:J to tlave minimal 
impact on the hydro.ogic environment. Potential imp<Kts include the 
following: the excl .. sion of any future explo!tatiOii of ~round water in the 
area immediately surrounding the repository; regional cit .!!~-•down effects from 
ground-water withdr,,,.a!,q at Yucca Mountain; release of l.!.(Uonuclides into the 
ground water; flash flooding at the repository; the d· e1:ted flood-water 
effects on the nurrounding environment; and aurface-w"' .el: effects. The 
s~.-condary effects on municipal water systems from popu·a'.ion increases caused 
by locating a repositQry at Yucca Uountain are discuss-.d in Section 5.4.3. 

Development of ':1. repository at Yucco Mountain W0'.1Ld result in a 
controlled area within which ground-water exploitat:l.on would be prohibited. 
However, th~ character of the la.nd is such that gtouno·-·watet exploitation 
would not be eoxpec.ted. An estimo.te of ground-w-ater pot~CJtial by Sinnoci~ and 
Fernandez ( 1982) indlcateB that future generations are more likely to drill 
for water in Jackas'l Flats to the east ~nd Crater Flat Lo the west of Yucca 
Mountain than on the mountain itself, primarily because of the greater depth 
to ground water beneath Yucca Mountain (see also Section 6.3.1.8). Thus, no 
significant impac.t on ground-water exploitatlon is expe~ted. 

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 fot' a tepository at Yucca Mounta.tn would average about 
432,000 cubic meters (350 acre-feet) per year over a 32-yeat· period that 
includes the const~:uc.tion period and the emplacement phaRc ass1-1ming vertical 
emplacement, (Morales, 19~5). Although this water can be adequately. supplied 
by existing wellt~, prlm~rily Well J-13 located en the Nevada Test Site 
(Figure 4-2), present plcms call fo~: the construction of. new wells and 
storage provisions to be located at the proposed ma:ln surface facilities 
complex (Morales 1985). Thordarson (1983) reports that the water level in 
Well J-13 has remained essentially constant after long periods 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), along with the 
minor drawdown during pumping testa (Young, 1972), suggests the aquifers 
underlying YuccA Mountain can produce an abundant quantity of ground water 
for long periods of time without lowering the regional ground-water table 
(sections 6.3.1.1 and 6.3.3.3). 

Both preliminary asseasmentB of the long-term performance of a reposi
tory at Yucca Hountai~ (Sinnock ot al., 1984; Thompson et al., 1984) and pre
liminary performance analyses described in sections 6.3.2 and 6.4.2 of this 
emdronmental assessment indicate that a repository at Yucca Mountain would 
meet the u.s. Environmental Protection Agency standards for radionuclide 
releases to the accessible environment (40 CFR Par.t 191, 1985). The analyses 
indicate that the natural barriers to radionuclide migration at Yucca Moun
tain, which are inherent attributes of the geologic and hydrologic setting, 
would adequately limit exposure to the accessible ground water Bod to the 
public for the required period of 10,000 years. Furthermore. there is no 
evidence to suggest that during the neKt 10,000 years the water table will 
rise to a level that could flood the repository. The details in Sec-
tion 6.3.1.4 support this concluston. 
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Part of the ar".a being considered for construction c,f the eurface 
facilities at Yucca 'fountain could be inundated by the 500-year and regional 
maximum floods alont, Fortymile Wash (Squires and Young, 1984). During 
construction of the '>urface facilitieEI, a combination of surface grading and 
contJtructfon of both flood barriers and diversion chanr·r'l"' would be used to 
prevent such floodin5 (Section 6.3.3.'3). The drainage :··>ntrol measures could 
result in lc,cally ·1 ·1creased erosion, but the overall t~ ~8.ct is not eltpected 
to be significant, 

The repos1t01ry would be des:l.gned to be in compli :rH,:.e with Federal and 
State laws concerninf liquid effluentB, A packaged ld c:kllng-filter sewage 
treatment systef" ia being considered for use at the rep<.. dtory. The effluent 
will conform t.o thf! requirements established by the Nevada State Board of 
Health for decondary treatment, Current plans for ofhite unitary sewage
disposal measures include septic tanks with seepage pita, absorption 
trenches, or seepage beds, A hypalon-lined evaporatiV(' pond would be used 
for mine waste-watP:r effluents. Thel'le structures would be located beyond the 
repository geologic block, Outside the surface comple:x, runoff .from precip1-
tat1.on would be channeled into the natural drainage systerr. ~:-: Yucca Mountain. 
Inside the complex, runoff would be collected and drained into evaporation 
ponds. Runoff and possible lef!chates from the r.ock-stonge pile would be 
retained by the hypalon liner and storage-pile berm. The water used for dust 
control during the construction of the access road and railroad would not be 
applied in large enough quantit!es to causQ runoff or ponding. 

5.2.3 LAND USE 

A total of 10,000 hectares (24,710 acres) of land woulc1 be controlled by 
the U.S. Department of Energy (DOE) for repository uses (see Table 5-9.). 
This land is cuHently administered by the DOE, the Department of the A!r 
Force, and the Bureau of Land Management. The DOE portion is currently used 
for nuclear research and development purposes. The Nellis Air Force Range 
(NAFR) is used for military weiJpons testing and personnel training. The 
portion of the range in the immediate vicinity of Yucca Mountain is reserved 
for overflights and provides a.tr access to the bombing and gunnery areas 
located llOrth and west of Yucca Mountain, Transfer of this land is not 
expected to adversely affect its 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 year1:1. Continued restriction of public 
access is not expected to affect either the current or the future economic 
and recreational requirements of the people in this region. 

In addition to use of NTS and SAFR 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 Mountain is not a prime location for other uses, withdrawing 
this land should have essentially no effect on land use in the area, 
Construction 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 propoBed 
rail line is neither restricted nor reduced, adverse impacts are not expected 
to occur to users of these areas. The proposed new access road would be 
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loc.ated on the NTS -with the exception of a small segment on "BLM h·,,..,d between 
the NTS and U.S. Higl"' 1ay 95. 

5 .2.4 ECOSYSTRMS 

This section dc,~cribes the effects that locating <1 \·opository at Yucca 
Mountain may have on terrestrial and aquatic vegetat.i n and wildlife. 
Possible advenJe effects are greatest for the construr.':i Jll period and are a 
result of remo'ling vanetation and increasing transp'lrl .t 1:>n in the vicinity 
of the site. 

The primary ecological effect of repository construction would be the 
permanent r(!moval of about 680 hectares ( 1,680 acres) c..f vegetation, Table 
S-9 itemizes the acreage that would be disturbed, Cleadng this land is not 
expected to be ecologically significant because the aff•~cted areas are very 
small compared wit'1 surrounding undistul:'bed areas thnt have aimilar 
vegetation, 

The ecological effects that may result from construction depend on the 
nature, si~e, location, and duration of the disturbance, If the disturbance 
iS restricted to the surface without removing the soil, then revegetation 
from an existing 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 nntural revegetation may require hundreds of years (Wallace et al., 
1980). The development of new vegetati~n is usually inhibited by the '/ery 
low prE:!cipitation in the area and is also influenced by soil characteristics 
and a.n:l.mal feeding habits. 

A secondary ecological effect of removing the vegetation is the 
alteration of the habitats for wildlife. The vegetation provides wildlife 
with food, with structures for rtesting, and 'lolith shelter from predators and 
climatic extremes. When the vegetation of an area ia destroyed, the wildlife 
that i~ dependent on that area in clestroyf!d or displaced lnto the surround
ing, undisturbed areas. Most displaced wildlife will die, however, due to 
competition With ~ildlife that inhabit the adjacent undisturbed areas. 
However, the net potential effect would probably not be significant because 
the areas that -would be disturbed are not ecologically unusual and because 
the potent tally affected biota represents only a very small percentage of the 
surrounding, undisturbed biota in this region. 

Indirect ecological effects of construction may also be caused by 
combustion emissions, fugitive dust, sedimentation, and noiRe, The projected 
concentrations of the combustion emissions, which are described in Sec
tion 5.2.5, are not considered high enough 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 increase the loss of leaves 
(Beatley, 1965), Over several years, deposition of dust could result in the 
death of shrubby vegetation nea~ disturbed areas, Levels of fugitive dust 
would be minimi~ed to the extent possible by mitigative measures such as 
wetting the surface of the disturbed areas. Also, erosion of disturbed areas 
and sedimentation both during and after storms could bul:'y the vegetation 
surrounding the disturbed areaBt. However, erosion of the disturbed areas 
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would be controlled to ·:he extent. poBsible by maintaining moderate Rlo')pes and 
by applying soil otabl izera, if necessary, Construction noise may affect 
some anf.mal communiti<>•t; potential noise impacts are dL>l'.uesed ic Sec
tion 5.2.6, 

Although there ar ~ no federally listed threatened or "Hdangered species 
in the vicinity of YiJ:.~ca Mountain, two speciea that. occu .. in the area are 
being reviewed for inclusion 011 the Federal list (O'Far··,t]l and Colline, 
1983). These species are the Moja\le fi~hhook cactua (Sclerocactus 
polyanciatrus) and the desert tortoise (Gopherus agsss~!.'1)• The desert 
tortoise is a leo a Sll:· te-prot.ected species and ia des. sn;tted as a rare 
species, The distributi.on of these species is describe<'. in Section J.4.z. 
Impacts on the Mojave fishhook cactus during construction are not exp~cted 
because the "!Llrface facilities are to be constructed to Lhe east of Yucca 
Mountain where the species does not occur (O'Farrell and Collins, l983). The 
effects of construction on the desert torLoise would dept:md directly on Lhe 
number of tortoises found in the construction zones, Tf a tortoise is 
encountered and 1f no other mitigation :l.s possible, then it may be moved to a 
safe area, Further study of this mitigation method is '.)lanned prior to any 
relocation, The density of desert tottoise in the proJ(!Ct area (leas than 
a per squ~re kilometer or 20 per. square mile) is lo~er than in other parts of 
its range (O'~'arrell and Collins, 1983). 

Riparian habitats do not exist on Yucca Mountain or in Fortymile Wash 
because of the absence of perennial surface water. Therefore, impacts to 
aquatic ecosystems are not expected, A.sh Meadows, which is located about 
40 kilometers (25 miles) south of Yucca Mountain, contains approximately 30 
springs that have populations of rare fish as well as the habitats of many 
unusual plants (Section 3 .I~. 2.4). Ground-water withdrawals for the 
repository are not expected to have any impact on maintenance of the water 
levels in the Ash Meadows area because Ash Meadows and Yucca Mountain are in 
a different ground-water basin (Sectton 3.3.2), and impacts to the ecosystems 
of the area are not expected (Section 3.3.2). 

During operations, the transportation of workers, materials, equipment, 
and waste to the repoaitory lJ'ould result in an increased number of animals 
killed on the road. The secondary effects of repos.ttory operations are 
similar to those discussed for construction and include the loss of some 
plants and animals from combustion emissions, noise, fugiti\le dust, anrl 
sedimentation. 

During decommissioning and closure, the potential effects are expected 
to be similar to the effects experienced during reposHDl:y construction; 
however, the magnitude of the effects should be lower during the decommis
sioning and closure period, 

The long-term ecological effecta of the repoaitory project wtll be miti
gated to some extent by efforts to restore and revegetate disturbed <;~.reas to 
approximately their original condition. For some areas, habitat restoration 
could commence upon completion of the construction period, After decommis
sioning, efforts to ~estore surface facility areas would begin. A restor
ation technique that would be similar to those outlined in Section 4.1.1.4 
would be used. However, the :t:esults of habitat restoration e;fforts under
taken in conjunction wi"th site characterization studies are expected to yield 
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infor.mation on the best technlques for restoring disturbed habi.tat in the 
vicinity of Yucca l' .• untain. 

Heat generated by the wastf!S would gradually incn..~ae the t&nperatura of 
the ground at the £.•1rface. The maximum increase is expected to be leas than 
l°C (2°F) approY.imetely 3,000 years after waste emph~·~m.ent (Johnstone et 
al., 1984). and th't heat would dissipate slowly therea) er. The surface area 
that would be affE::ded by the l °C isotherm would pro ... toly bo generally 
circular and wi :.1 encompass approximately 800 hectare 1 ~2,000 acres), which 
i<Icludes the areal eKtant of the repository. The ecol..•~tcal consequences of 
increasing the surfa,:e and near-sur.face temperatures O· .~r the repository 
cannot be quantHied with the information currently SVJ.d.lable. However, 
significant eco;_ogical impacts would not be eKpected because of the 
relatively small temperature increase and size of the a:O:fected ares. 

5,2,5 AIR QUALITY 

The development of Yucca Mountain as a repository ~rould result in emis
sions of several substances into the Rtmoaphere. This section discusses the 
applicable regulations as well as t.he impacts aasociated with emissions from 
construction, operations, and subsequent. decommissioning of the repository 
and the relationship of these impacts to applicable regulations. Only 
nonradiological emissions are considered in this section. Section 5.2.9 
discusses the potential for radiological emissions • 

.5.2.5.1 Ambient air-quality regulations 

Both the State of Nevada ami the U.S. Environmental Protec=:tion Agency 
(EPA) have promulgated regulations designed to protect the air qualit-y of 
Nevada; the regulations are expressed as ambient air-quality standards. The 
lltandards that apply to the development of Yucc.a 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 facilities. After operations begin, an operating permit is 
required to verify that the source is operating within the limits of its 
registration certificate. 

Particulate emissions are expected to be of the most concern in develop
ment of Yucca Mountain as a repository. The State of Nevada's regulatory 
intent concerning fugitive particulate emissions is that "no person shall 
cause or permit the handling, transporting, or sloring of any material in a 
manner which allows, or may allow, controllable particulate matter to become 
airborne" (State of Nevada, 1983). Compliance with this mandate would be 
incorporated into the registration certificate. However, because of the 
preliminary stage of the repository concept at Yucca Mountain, only uncon
trolled or minimally controlled (i.e., worat-case) particulate emissions have 
been assumed in this analyees. 

In addition to these regulatory requirements, the project ·could be 
subject to review under -the ·,rrevention of Significant Deterioration (PSD) 
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Tabl~ 5-10. Ambient air-quality standard~8 

-----------···--·---

Pollutant 

Sulfur diol\ide 

Total suspended 
p8rticulattU:I 

Oxidant (ozone) 

Nitrogen 
dioxide 

Carbon monoxide 

Time 
period 

3 hours 

24 hours 

AnrmF.Il 
arithmetic 

mean 

24 hours 
> •,il' I 

Annual· 
geotnetric 

mean 

1 hour 

.Annual 
ar:Lthmetic 

mean' 

1 hour 

8 hours 

Ambient air-qualit•l standard, b 
~ro.s:rams per cub1<,_'1!eter (ppb) 

Nevada 
standard 

1, 300 
(500) 

365 
( 140) 

80 
(30) 

150 

76, 

235 
(120) 

100 
(50) 

40,000 
(35,000) 

to,oood 
(9,000) 

Federe· Federal 
primat 
etan~a1·-t 

NS' 

36) 
(140) 

80 
(3.J) 

260 

75 

235 
(!ZO) 

100 
(SO) 

40,000 
(35,000) 

10,000 
(9,000) 

secondary 
standard 

1, 300 
(500) 

·i. 

NS 

80 
(30) 

150 

60 

235 
(120) 

lOO 
(50) 

40,000 
(.15,000) 

10,000 
(9,000) 

~Dat.a from 40 CFR Part 50 (19!:13); State of Nevada (1983). 
ppb .. parts per billion. 

~NS ~ no standard. 
At or ~elow 5,000 feet mean 8ea level 

provis:!-ons of the Clean Air Act: Amendments of 1977. Three classes .of areas 
were- established under the Clean Air M.t: to TMintain specified levels of ail· 
quality. The closses allow for some induGtrial developnlent by specifying 
incremental increases in ambient· pollutant levels. These increments are 
small percentages of the National Ambient Air Quality Standards (NAAQS) and 
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Table 5-lt. Maximum allowable pollutant incremMtl'l asEH·minij' 
Prevention of Significant Deterioration require1nents 

Iv•. r<lmenta • 
Time (microsr.H,{~ per cubic meter)_ 

Pollutant period Class I ·~lass I I Class III 

suTIUr dioxide ·-3 hours 25 512 700 
24 hours 5 91 182 

1 year 2 20 40 

Particulates 24 hours 10 37 75 
1 year 5 19 37 

a For any period other than annual, increase may be exc.eeded not more 
than one day per yeor at any one location (State of Nevt•da, 1983). 

are outlined on Table 5-ll. Class I areas are to remain pristine and allow 
only limited development, such as for national parks and ~ilde~ness areas. 
All other parte of the country that are subject to PSD regulations, including 
the Yucca Mountain site, were initially designated as Class II areas, which 
allows for moderate industrial development. Class III areas are allowed to 
reach, but not to exceed, the NAAQS. At prest!nt, it is not clear whether or 
not the repository would be subject to PSD review. The applicability of PSD 
requirements is based on significant emission levels below which PSD review 
f.s not required. When specific details of repository emissions are known, 
t.he State of Nevada would be required to make a deter:mination of applica
bility of PSD requirements. If review is required, it would entail fl. control 
technology review and could require either air-qual:l.ty or meteorological 
monitoring. 

5.2.5.2 Construction 

A preliminary assessment of the emissions and ambient air-quality impacts 
of construction of the Yucca Mountain repository has been made by Bowen and 
Egami (1983). They determined that emissions may result from site prepara
tion, repository construction, movement of ~xcavated rock to etorage piles, 
wind erosion of stored material, concrete p~:eparation, and combustion of 
fossil fuels. Bowen and Egami (1983) assumed a 7-year construction pertod 
and two 8-hour shifts working 260 days per yearj estimates presented tn Table 
5-12 are based upon a 5-year construction period and three 8-hour ahifts 1 

working 250 days per ye~r. The estimates for the 5-year construction period 
werP. 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). 1~e results of the 5-year construction analysis can be 
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Table 5-12. particulate emission~ from repository 

Source 

Sur:~ce factlitiesd 

Mine conatructione 
Shaft drillin~/blasting: f 
Subsurface drilling/blasting 

Rock-::aoving 
LoadJ.ng, 
Dumping 

Surface rock transpQrt 
Loading 
Hauling 
!lumping 

Wind erosion 

Concre~e 

Hatching 
Sand and gravel processing 

Transportation relatedg 

Total emissions 
over 5 

(metric 

1296 

yearsb 
tons) 

58 
4.4 

1500 
2700 

77 

)000 

20 
17 

7.0 

• boats from Bowen ~nd Egami 3(~983). l metric ton "' 2.205 x 10 pounds. 
c -3 

Em1.ss1on rate c 
fgrams per second) 

0.54 
0.04 

0.12 
Q.,oo~ 

13.9 
25.0 
0.7 

6,5 

0,06 

dl gram per second ~ ~.205 x 10 pounds per second. 
Total emissions and emission rate for one-year assumed duration of this 

activity; uoes emission factor.s of 2.7 metric tons per hect&re per month 
(1.2 tons per acre per month) with an assumed area of 40 hectare (100 acres). e 

fConventional drill/blast/muck-removal techniques have been assumed. 
Emissions calcul-ated assuming: cquvenr;.ional subsurface control a. 

g'i.ncludes diesel fu~j!l use. 

_ii 
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Table 5-13. ·~stimated total potentillbg11seous Cillissions during 
repository construction ' 

Pollutant 

Carbon monoxide 
Hydrocarbons 
Nitrogen o:tides 
Sulfur dioxide 

Total emissic ··• 
over 5 years 
(metric tone.~ 

22.0 
s.o 

114.4 
7. 2 

Oo20 
0.07 
!. 06 
o.o1 

aCalculated using methods from Bowen and Egam! (1~83) and diesel fuel 
eati~ates from McBrien and Jones (1984). 

From diesel combustion engines.
3 c -1 gram per second • 2.205 x 10 pounds per second. 

considered to overstate the impacts of a 7-yee.r construction period and are 
presented in this Section as a bounding analysis. Gaseous ellliaBions result-
ing from construction are presented in Table 5-13. These estimates are 
modified from o·oW"en and Egsmi (1983) by removal of all transportation-related 
emissions (e.g., commuting, material shipments). 

BoW"en and Egami (1983) attempted to quantify the ambient impact of 
project related emissions by applyJ.ng the air-quality silllulation model known 
as Valley. Valley ia approved by the U.S. Environmental Pn,tection Agency 
and is a complex-terrain model that is most frequently used as a screening
level model for 24-hour periods. A screening-level model ia typically used 
to determine W"hether the use of a more sophisticated model is necessary. 
Many physical parameters are not well known, such as e~act emission rates and 
locations, plume rise and velocity, and oneite meteorology. For this reason, 
assumptions are made that result in W"Orst-caae ambient concentrations. 

For modeling purposes, short-term worst-case meteorological conditions 
are defined as s very stable atmosphere and a constai'It wii'Id speed of 
2.5 meters per second (8.2 feet per second) in one of 16 compass directions 
for six of 24 hours. These conditions would most likely occur during late 
evening and early morning, and they do not necessarily correspond to peak 
working hours at the repository. In fact, emissions during this stable 
period could be at a minimum. 

Two possible locations for the repository have been modeled: one is 
along the ridge of Yucca Mountain and the other is on the eastern slope of 
Yucca Mountain. For modeling purposes, the repository W'BS assumed to be a 
square area of 280 hectares (700 acres) with a uniform emission rate over the 
entire area. Because the Valley model was developed for evaluating the 
impacts from a single, elevated-point source, this assumption is not entirely 
appropriate; however, it p~ovides a screening-level assessment. 

In the Valley model, ambient concentrations are directly proportional to 
emission rates. Thus, the modeled concentrations that had been obtained by 
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assuming a 7-year c~nstruction period (Bowen and Egami, 1983) eould be scaled 
to a 5-year constr· ction period. The Valby•predicttld maximum 24-hour 
coneentrations are ,.hmm on Table 5-14. The worst-cas€ e1nission scenario, in 
which all activ!tiat' indicated in tables 5-12 and 5-13 ~.::cur dmultaneously, 
is also shown in Tovla 5~14. 

A comparison r.an be made of the predicted con• ·:ruction impac.ts 
(Table 5-14) with ·~he ambient air-quality standards t:es~;~nted earlier 
(Table 5-11)~ Such a comparison indicatee that nor,1 cf the predicted 
pl'lllutant concentrations would violate applicable stan 'aL"ds. 

lf the project here subject to PSD requirements, t.<ese impaats would 
also have to be evaluated against applicable pollutant increment levels. 
Because of the uncertainties involved in many of the erui.saion estimate8 and 
modeling as::sumptions, evaluation of PSD-related impRcte have not been 
addressed. 

ln addition, t"le analyses described in the preceUng section ha\"e 
assumed that fugitive dust control measures would not be used. However, such 
measures are available and could be used to further reduce emissions. For 
example, watering exposed surfaces twice daily would reduce emissions by 
about 50 percent, and the add! tf.on of chemical suppressants can further 
reduce emissions by 80 percent on completed cuts and f'ills (Jutze and 
Axetell, 1973). In general, by using proper techniques, emiasion·s during 
construction of the repository could be reduced to a level less than one-half 
of that assumed in this conservative analyeis. 

Emissions 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 chemicals 
into the road bed (Bowen and Egami, 1983). Storage piles of waste rock could 
be treated with chemicals to inhibH reauspension, and the waste pile area 
could be revegetated. 

ln addt~ion to potential impacts on ambient air quality, a potential 
ht!alth hazard to miners may exfst 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. 

5.2 .• 5.3 Operations 

Nonradiological emissions associated with operation of the repository 
include both dust from surface handling of mined materials and combustion 
products from burning diesel fuel. Emissions would also occur from commuter 
traffic to and from the site. 

Dust emissions from surface handling of mined materials are discussed in 
Section 5.2.5.2 and are presented in Table 5-12. Wind erosion from waste
rock storage piles would cause reauspenaion of some particles. Also, unpaved 
roads at the site would be a source of fugitive dust emissions during 
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Table 5-14, Es.imatod maximum 24-hour co~cgntrations of pollutants 
f'c . . [II repository construction ' 

---------------------------~=~~~~-----Predi~\ed impa~t 

(micrograms .•er cubic meter) 

Pollutant 

Total suspended 
particulate 

Carbon monoxide 
Hydrocarbons 
Nitrogen oJI.:ides 
Sulfur dioxide 

a 

EmiB.don rate 
(gums per second)c Ridge locationd 

133.7f 130 
0.2 0.2 
0 .I 0 .1 
I .I 1.1 
0 .I 0 .I 

Valley locat~one 

132 
0.2 
0 .I 
lol 
0.1 

bData from Dowen and Ega~i (1983). 
Modeled year inc.ludes sut'faoe· facility constructim\ that would not laat 

the duration of the 5-year period. 
3 c -

dl gram per second ~ 2.205 x 10 pounds per second. 
Mal(.imum concentration occurred 1.5 kilometers (1 -mile) south-southwest 

of ;!~~·repository location. 
Maximum 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 r:e •. erated 
depends upon the extent of such roads and the control measures t.o be 
employed; neither factor is known at this time. 

Estimates of diesel fuel use cited in 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 emiesionB from construction, operations, and decommisstoning 
are shown on Table 5-15. Use of diesel fuel estimates contained in the draft 
EA did not result in violations of nir quality standards. 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; this would slightly reduce both the amount and 
the rate of particulate emissions from that listed in Table 5-15. 

Total emissions flrom commuter traffic have been estimated on the basis 
of gasoline usage estimated in a report by United Research Services (URS. 
1977) for a 35-year emission duration, and they are shown in Table 5-16. 
Considering the diverse area over which emissions would occu·r and the long 
duration of the em:Lssions, these emission levels should have no signif.icant 
impact on ambient atr quality. 
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Table 5-15. E~ttmated emtsaiona during 60 years of repository 
c,matruction, operation, retrievabi.lity, and 
vecommisaioning phases baaed upon di?.ael fuel use 8 

Years and phase 

'J Pollutant·· 
---;;c;;o----;H;;C;---"~ NO x - ,. __ So 

2
--;P;:a::r:::t-;1-:c"u'l:-a-::t e::-:os 

1-5: Construct1.on 

6-35: Operations 

Toto! (metric tons) 
Emission rate (grams 

per second) 

36-55: Retrievabi.lity 

Total (metric to,na) 
.E;miss;ion rate (grams 

per second) 

56-60: Oecommtssiontng 

Total (metricftons) 
Emission rate (grams 

per second) 

22.0 
0.20 

214.5 
0.33 

7.8 
o.oz 

8.1 
0.11 

8,0 
0.07 

78.3 
0.12 

2 ,ij 
o.o 

3.0 
o.o 

114.4 
1.06 

1114.2 
1,72 

40.4 
0.09 

42.3 
0.60 

7.2 
0.07 

70.4 
0.11 

2.6 
o.o1 

2.7 
0.04 

7.0 
0.06 

67.9 
0.10 

2.5 
0 .o 1 

2.6 
0.04 

8 Calculated using methods from Bowen and Egami (1983) and diesel fuel 
eati~ates from McBrien and Jones (1984). 

CO ~ carbon monoxide; HC ~ hydrocarbons; NOx ~ nitrogen oxides; so2 a 

sulfgr 4ioxic;te. 
3 dl metric ton = 2.205 x 10 pounds, 

eAssuming three 8-hour shifts, ~jO days per year. 
fl gram per second • 2.205 x 10 pound per second. 

Assuming two 8-hour shifts, 250 days per year. 
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Table ')· 16. Estimated totel emissions, oVi'i!t' 35 year.-, 
from commuter traffic

8 

Poll .Jtont 
car~~xe>id.-e ______________________________ __ 

Hydrocarbons 
Nitrogen oxirlas 
Sulfur c'liox1.u.es 
Total SLlapended p'articulates 

~Based on data from URS (1~77). 
1 metri.c ton .. 2.205 x 10 pounds. 

· ~otal emissiogs 
(ruetric tons) 

27,075 
946 
804 

)6 
so 

Transportation of radioactive wastes to the repository would result in 
emissions from trucks and trains. Because the amount of waste to be trans
port~d by each modE:! :La not known at this time, it was assumed that emia'sions 
woulc'l be generated either 100 percent by rail or 100 percent by truck. Usi-ng 
eDtiruates of diesel fuel consumption (Table 5-9 of the draft EA) and related 
emission factors (URS, 1917; EPA, 1977), emission eotimatea frOm transporta
tion of waste to the site were calculated and are shoo;m in Table 5-17. The 
estimated emissions. 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 emiaaions, over 30 years, from transportation of 
a radioactive wastes 

Pollutant 

COrban monoxide 
Hydrocarbons 
Nitrogen oxides 
Sulfur oxides 
Total suspended particulates 

100% rail transpgrt 
(metric tons) 

3,290 
2,390 
9,370 
1,440 

630 

a 
bBased on data from URS (1~77). 

1 metric tone 2.205 X 10 pounds. 
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5,2,5,4 Decommissi~?,.~~ing and ClosurP.. 

The decommisR:I .. )I' ing 11nd closure period could consi1;t of partitllly back
filling the mined sh.1fts and drifts with material from the storage pilea, 
sim.tlar to its ol'igi ··al topography, This would cause h•\ itive duet emissions 
from loading, hauli-tg, dumping, and surface restoratL11, Gaseous and 
particulate emissio'1·~ would oc.cur from construction equJ t>:t.ent and· commuter 
traffic (Bowen and Jo,gami, 198.3), No particulate emissi .. , rate other than for 
diesel fuel combnatl.on (Table 5-15) can be determined ~· this time, In any 
cr.se, the extent of these activities would be limite\ ..:.n comparison to 
construction acthities, and they are not expected tc. ,:reate significant 
ambient imp!lcla when 1pread over IJ years, 

5,2,6 NOISE 

Investigators .'.ltudying incremental noise levels thnt affect hwnans have 
concluded that an aunual increment of 5 dBA should he CClnSidered significant 
(EPA, 1971~), Assuming thal small towns in the vicinity of Yucca Mountain 
experience an annual average noise level of 50 dBA, this increment ~auld 
increase the annual level to 55 dBA for the small towns characterized in 
Chapter 3. A composite annual day/night noise level (L ) of 55 dBA has been 
declared to be the level that will protect public heal't~11and we.lf11re (EPA, 
1974). Therefore, this analysis will uRe an annual Ldn of 55 dBA as the 
level above which people in residential areas may begfn to experience some 
annoyance. 

Other than repository workers, who ure protected by worker safety regu
lations, wtldtlfe is the only sensltivc noise receptor in the vicinity of 
Yucca Mountain. The effects of noise on wildlife are speculative, Labora
tory and field experiments have shown both permanent and temporary physical 
and behavioral effects ~t levels tn the 75 dFA to 95 dBA range (EPA, 1971; 
Amea, 1978; Brattatrom and Bondello, 1983), For purposes of this analysis, 
75 dBA noise was assumed to be the level at which wildlife would be affected, 

5,2,6.1 Construction 

Construction noise sources include the uee of construction equipment, 
blasting, and the transportation of workers and materials to the site, Con
struction activities that would produce noise include building the surface 
facilities, rail line, bridge over Fortymile Wash, access road, tran8JIIisaion 
lln~, and mining the repository shafts. All six of these activities are 
expected to occur simultaneously during the first 2 years of repos.itory 
construction. 

Since construction techniques have not yet been specified, it is assumed 
that the equipment would be similar to that required in the construction of 
other large facilities. Maximum noise levels attributed to each piece of 
construction equipment postulated are listed in Table 5-18. Table 5-19 lists 
the ares that could be affected, eensitive receptors, and the expected 
composite noise levels at 150 meters (500 feet:.) from the focal point of 
construction activities, 
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Table 5-18. No:lse_ .sorir~es· _guring,- r~pository_ Construction 

Consq··uction activity ·aod·~nUmber of equipment _un;its 

Equipr.~ent 

Air compressors 
Backhoes 
Boring machines 
Bulldozers 
Concrete mixers 
Cranes 
Drill rigs 
Dump trucks 
EarthmoY"ers 
Front-end loaders 
Graders 
Grader/scrapers 
G~avel elevators 
Pil~ ,;._tvers 
Rol~_ers 

Service vehicles 
Shovels 
Steam rollers 
Truck handling conveyors 

Maximum Noise 
level at 

15.2. meters 
(50 f.:;c_;_) 

(dBA) 

S1b 
ssb 
9Sb 
so< 
85~ 
S3° 

!Ole 
SSe 
7Sc 
76c 
SSe 
SSe 
ssb 

101 b 
sob 
8Sb 
S2b 
7Sc 
ssb 

_-sUrface-: 
·facilitieS 

1 
I 
I 
I 
1 
I 
I 
6 
6 
6 
0 
I 
l 
0 
0 

30 
1 
1 
1 

Each 
shaft 

I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
0 
1 
1 
0 
0 
5 
I 
I 
I 

Access 
road 

0 
0 
0 
5 
5 
2 
0 
5 
5 
5 
5 
0 
0 
0 
5 

10 
2 
0 
0 

Raii spur 

0 
0 
0 
5 
5 
5 
0 
5 
5 
5 
5 
0 
0 
O-

S 
10 
5 
0 
0 

Rail spur 
bridge 

0 
0 
I 
5 
2 
2 
0 
5 
5 
5 
2 
0 
0 
3 
0 
5 
5 
0 
0 

Traosaiissi·on 
--linea. 

0 
0 
I 
0 
0 
J 
0 
o
o 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 

aAssumes that the transmission line is placed along the right-of-way for the rail line and that con
stru~tion follows clearing for the rail line. 

Data estimated from EPA (1974). 
cData estimated from Henningsen. Durham and Richardson Sciences (1980). 
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Table 5-19. Suiii!Diary of·- maximum noise- iapacts froe -construction acttvities3 

Locatioc ut a~,·~lty 

Repository-
Surface facilities 
Shafts 

Access road 

Rail spur 

Rail spur bridge 

Translll.ission line 

ExPected 
m.aximl!!D.

L'i:oise 
l~vel at:_~ b 

150. meters 
<dBA) 

85 
'84 

82 

82 

86 

79 

Radius 
of imp8'l!t
zooe foT 

bum.ans_ b 
(kilometers) 

NAc 
NA 

1.4 

1.4 

NA 

1.3 

Rad:ius 
of illlpact 
zone_- fct 
-.nldtHe 

(-k.Uometers) 

0.5 
0.11 

0.3 

0.3 

0,5 

0.2 

Area affected 

desert 
desert 

desert 
Town of Amargosa Valley 

desert 
Indian Springs,- Mercury 

desert 

desert 

Receptor 
affected 

wildlife-
wildli-fe 

wildlife 
humans-

wildlUe 
bum.anS 

wildli-fe 

wildlife 
Indian Springs, ~rcury. humans 

~thorls for all calculatio~ cau be found in Cha~lett (1973). 
l meter ~ 3.28 feet; l kilometer 2 0.621 mile. -~mpa~s were as~umed at noise level above an annual 

day/~igbt noise level ot 55 dBA for buma~s_ and 75 dBA for wildlife. 
NA ~ Not applicable. 
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Because the no~~!:l(· levels expected at 150 meters (500 feet) hnve been 
developed assuming the max.tmum noise level of each piece nf equipmomt ia sus
tained throughout thB construction day, the analysis is conservat;·.ITe. Fur
thermore, the analyst~ assumes that geometric divergence of the aound waves 
provides the only at\:enuation. Again, this represents a conservative 
analysis because f.t ~~xcludes poaaible attenuation due t,) absorption and 
barrier effects. Tab 1.e 5-19 summarizes the noise levels from construction 
and indicates the rll llal distance required to attenuate ':he construction 
noise to below 75 dBA (the level assumed to affect wildJ fe) or 55 dBA (the 
level asoumed to <:Lfft~ct humans). In developing the radia, distance required 
to achiel!'e an annual day/night noise level (Ld ) of 55 .lJ.',A, it was asrmmed 
that co1strucLion wouU last 10 hours per day,

0 
250 dayr t)er year, for cill 

construction away from the surface facilities complex. : .. ·~poaitory-related 
conRtruction acti,rities at the surface facilities complex are assumed to 
continue 24 hours per day, 250 days per year. Blasting noise associated with 
mining of the shafts would be similar to the blast noise considered in 
Section 4.2.1.4. As was found in Section 4.2.1.4, no algnificant noise 
impacts from blasting are expected, 

The radial distances associated with reaching an a.mual L level of 
55 dBA suggests t.hat impacts may occur. The access road is eKpe4~ed to pass 
within 0.8 kilometer (0.5 mile) of the Town of Amargosa Valley. The radiul 
distance of 1.4 kilometers (0,9 mile) for the access road suggests that some 
residents may experience noise-related annoyance while constrUction opera
tiona are within 1.4 kilometers (0.9 mile) of town. Construct!on of the rail 
line also carries a 1.4 kilometers (0.9 mile) impact radius. This would 
affect residents in Indian Springs. People in Mercury and uaers of Floyd R. 
Lamb (formerly Tule Springs) State Park should not be affected by noise 
because the rail line will probably not pass w.tthin 1.4 kilometers (0.9 mile) 
of Mercury or the park. Impacts to wildlife should be lirilited to the 
immediate vicinity of the construction site. 

Noise would also occur during transportation of workers to and from the 
uite and from transportation of materials to the site, Worker transport 
during the day- shift: would have the greatest noise impact because of the 
number of workers and construction trucks using U.S. Highway 95, Incremental 
noise has been estimated and is based on the following: 

1. Existing o~ baseline noise, which uses the 1996 projected traffic 
flows. 

2. The average speed of vehiclee is 80 kilometers per hour (5.0 miles 
per hour). 

3. Nevada Test Site traffic patterns would persist. 

Based upon these a_ssumptions, incremental noise is calculated to be 
approximately 4 dBA, using methods found in Henningsen, Durham, and 
Richardson Sciences (1980), It is generally accepted that 4 dBA is just over 
the ITal:.te at which people begin to perceive a noise change and below the 
significant level of 5 dBA established by the u.s. Environmental Protection 
Agency. Therefore, no significant noise problems due t_o worker transport are 
anticipated at either the Town of Amargosa Valley ot at Indian Springs. It 
!s estimated that wildlife within 325 meters (1 ,070 feel) of the road would 

5-52 



experience noise lP.veb in excess of 75 dBA during periods of high traffic 
flow; therefore, they nay be affected. 

5.2.6.2 Operation~ 

During repositov·~r operations, major noise sources -.;o. ·.lld includ~ rock
handling equipment·, ~:ail and truck waste transportation, .md worker trans
par::. Table 5-20 li.sts the type and number of vehicles e.~tpected to be used 
at Yucca Mountain duri':lg operations, the equipment nohe levels, the area 
affected, the senaiti\'2 receptors, and the resultant no. ~ae levels at 
ISO meters (500 f_et). Assuming a maximum resultant compo&ite noise level of 
82 dBA at 150 meters (500 feet), wildlife could be affected up to approxi
mately 3,000 metet·s ( 1,120 feet) from the repository sud ace facilities 
complex. 

Table 5-20. Maximum noise levels from operation of the repository 

Equipment 

Bulldozers 
Earthmover& 
Front-end loaders 
Rock elevators 
Service vehicles 

Maximum noise 
level at 15.2 meters 

(50 feet) (dBA) Number of vehicles 

2 
5 
5 
2 

25 

Maximum estimated noise level at 150 meters (500 feet): B2 dBA 
Area affected: uninhabited desert 
Receptors affected: wildlife 

a bHenningson, Durham and Richardson Sciences (1980). 
EPA (1974), 

Rail transport would consist of a loconlOtive and up to ten cars carrying 
radioactive waste and construction material. Maximum noise levels at 
30 meters (100 feet) have been established by the U.S. Environmental Pr·otec
tion Agency (EPA) as 90 dBA for moving locomotives and 93 dBA for rail cars 
exceeding 72 kilometers per hour (45 miles per hour) (40 CFR Part 201, 1983). 
For a train with one locomotive and ten cars, the noise 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 Indian Springs, Floyd R. Lamb State 
Park, and Mercury. The level would begin to mask outdoor human communication 
where people were more than 1 meter (3 feet) apart (EPA, 1974). Human indoor 
act.tvities should not be disturbed by the resultant levels; however, if rail 
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shipment!l occur at rnght when people are most sensitive to intrtHiive noise, 
more severe problemt shoold be anticipated in ne3rby C-'lflmunit1l~IJ. The 
res•Jlt:"nt radius at ,;rhich there would be no impacts tc- wildlife would be 
approximately 844 me'..erR (2,580 feet), 

During the operstl.ons period, cotabined worker ana !!h1terial transport 
would be less than lt: would be during construction. Fo! .lt>ermore, background, 
or existing, traffie. is expected to increase with regi· ,fll growth. Tbere
fot'e, increased noioe due to an incre!llental traffic ln ..... ease would be less 
t::an that predicted for the construction period. As ·i .. h the construction 
period, however, no si.gnUic.ant impacts are expected d. her for the collmun
ities of the To\rin of ,\Jnergosa Valley or Indian Springs. The resultant radius 
to avoid impat!tr to wildlHe along the access road ia 4J meters (150 feet) 
assuming a truck noise level of 85 dBA at 15 meters (50 feet). 

5.2.6.3 Decommissi•lning and closure 

Decommissioning and closure operations would result in elevated noise 
levels from operation of construction equipment and from worker transport. 
The postclosure period would not contribute to noise. 

Constroction equipment that could be used during this phase is listed in 
'fable 5-21. This table also indicates the location and number of construc
tion vehicles, noise levels of the equipment, resultant noise levels at 
ISO 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 closure 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 previously 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 passing by. 

5.2.7 AESTHETIC RESOURCES 

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

Duri.ng the construction of the railway and access road, equipment and 
construction crews would be visible along U.S. Highw-ay 95. When they are in 
place, the rail line, the transmission linea, and the paved access road would 
be visible to travdera along u.s. Highway 95. Moat of the construction 
crews and equipment at Dike Siding would be far from population centers. In 
addition, the repository surfaee· facilities would be constructed in a 
limited-access area and would probably not be visible from U.S. Highway 95. 
Overall, aesthetic impacts would be minimal. 
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Table 5-21. Noiee levels from decommissioning operationsa 

Maxlmum. noiso lctvel NuF~'·er and location 
Equipment at 15.2 meters (50 feet) of •rth:olea anticipated 

(dBA) Surface ~ .. C-tTftieS Each &haft 

Bulldozers 
Concrete mixers 
Earth movers 
Graders 
Dump trucks 
Cranes 
Front-end loaders 
Shovels 
Service vehicles 

MaKimum estimated noise lElvel at ISO meters 
Surface facilities: 81 dBA 
Each shaft location: 75 dBA 

Areas affected: uninhabited deGert 
Receptors affected: wildlife 

,, 
I 
1 
1 
j 

1. 
I 

I 2 

(500 feat): 

a 
bMethoda for all calculations 

cg:~: ~~~: ~~~n~~~;~~: Durham 

are 
and 

given in Chanlett (1973)o 
Richardson Sciences (1980). 

5.2.8 ARCHAEOLOGICAL, CULTURAl., AND HISTORICAL RE:SOURCES 

I 
I 
1 
I 
I 
I 
I 
I 
2 

The dev~lopment of Yucca Mountain as a repository for high-level radio
active waste may have both direct and indirect effects on significant 
cultural resourc~s in the region. Destruction, vandalism, and unauthori~ed 
excavation of sites are examples of direct and indirect effects that may 
occur. Direct effects may result from scheduled activitiea, such ~a the 
constructlon of roads, drill pads, borrow pits, and railways, that are 
related directly to the construction, operations, caretaking, and decommis
sioning phases of the repository. Indirect effee.ts might result from 
increased activity due to repository development and operation, but that is 
neither scheduled nor planned to contL1.bute to repository development or 
operation. Whether or not these potential effects become adverse impacts to 
significant cultural resources depends on the specific c.ultut"al resources 
involved, the nature of the particular disturbance processes, and the 
procedures followed to id~ntify and mitigate those potential impacts. 

The identification and mitigation of potential direct impacts to signif
icant cultural resources in the Yucca Mountain area are straightforward. 
Construction activities are planned, scheduled, and approved by the Nev-ada 
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Test Site Support Offi.ce (NTSO) before any land disturbance. The NTSO 
consults with a qual .. fled archaeologist who conducts o preconstt'uction 
survey. if necessary, and determines if s potential exhts for adversely 
affecting significant cultural resources. Much of the an·a surrounding Yucca 
Mountain has been syGtematically ,gurveyed and cultural r.:. ources in the area 
have been identified rmd ovaluated as to their signlficat <:,~ and potential for 
adverse impact (Pippf.n et al •• 1982; Pippin 1984). Arch ·~c;·logical activities 
are reviewed in r..oni:Jult~;~.tion with the Nevada State His- 't"iC Preservation 
Of~icer (SHPO). 

A Programmatic Ml;.morandum of Agreement will be d6!7 1,oped between the 
U.S. Department rf Energy (DOE), Nevada SHPO. and Nationd Advisory Council 
on Historic Preservation to provide for reviewing cultural impacts and deter
mining appropriate mitigation strategies. If at all poa.ltble, mitigation of 
adverse impac.ts during repository construction would b!:; accomplished by 
avoiding all identified significant cultural resources. 1~ia avoidance would 
be enhanced by incll•ding ar. least a 50-meter (164-foot) buffer zone around 
significant archaeological sites and having a professional archaeologist 
monitor all construction near sensitive locations. If complete avoidance of 
significant cultural resour~es is not possible, than adv~rse impacts would be 
avoided by the scientific stucly of that cultural resource prior to its 
disturbance. 

As currently planned. the construction of the repository may directly 
affect 12 cultural resources. Site 505l84RR6 is located in the area planned 
for surface facilities and muck handling. It is unlikely that this site 
could be avoided, because of ita large size (9.1 square kilometers) (3.5 
square miles); however, adver~• impacts to this site would be mitigated by 
the sc:ientific 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 under cultural resources 
management procedures .described in Section 4.2.1.6. However. nine small 
rockshelters. sites 26Ny3008. 26Ny30:)9, 26Ny3016, 26Ny3017, 26Ny3018, 
26Ny3019. 26Ny3020, 26Ny3021. and 26Ny3022. occur directly across from the 
proposed men-and-materials shaft entry and could be adversely impacted by 
activities in this area. Finally. construction of the rail~ay, power lines, 
and access roads could directly impact a series of cultural resources located 
adjacent to Fortymile Wash. 

The identification and mitigation of potential indirect effects to 
significant cultural resources are more difficult than for direct impacts. 
Because these effects are due to tl.ctivities that are neither planned nor 
scheduled by the DOE. it is not possible to mitigate them on a case-by-case 
basis as with the construction sctivitie&. Although it may be safely assumed 
that indirect impacts to significant cultural resources within the Yucca 
Mountain Project area will be minimal during site characterization activi
ties, if Yucca ~untain is selected sa the repository location. these 
indirect impacts can no longer be assumed to be minimal. Therefore, if 
selected for repository development, indirect impacts to significant cultural 
resources ~!thin the project area will be avoided by a systematic program of 
data r~covery thst focuses on an adequate, representative sample of clasoes 
of cultural resources. Because this program would treat the project area as 
a whole rather than a series of unrelated activities. it would ensure that a 
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representative sample Jf all cultural resources is preserved and, thereby, 
would mitigate any odv .•rae impacts regardlesa of their nature. 

Areas around Yue:~:-t. Mountain that are made more acceac•ible during reposi
tory characterizat1on and development (such as the lower ·.-,lschee of Fortymile 
Canyon) will be aub_iE.,:ted to a sample rec.onnaiasance so '·.ll!l:t the nature of 
cultural reaourC'.es 111 those areas can be assessed and ont·~·ing impactfl cnn be 
evl"luated. If .i.t should be determined that significant dveree impacts are 
occurring t.o important cultural resources in those out'y· 'lg areas, measures 
will be taken to mitig·1te or otherwise prevent those 1m ·a-·:ts. 

Potentially adverse impacts to significant urchueol.~...~iC'.al and historic 
sites outside of the Nevada Test Site (NTS) by Project personnel can not be 
completely evaluated or avoided. These cultural reeour'('.ee, most of which 
have not been identified through cultural resources surveys, are also 
accessible to residents of communities around the NTS 'ltbo would not be 
affiliated with the repository. Cons(!quently, it would be impossible to 
differentiate the impacts due to repository personnel from those due to 
local, long-term residents; but it is reasonable to assume that the 
population influx associated with the repository would result i~ a greater 
potential for adverse impact. To mitigate possible adverse impacts, 
employees of the repository will be infonned of legislation (Archaeological 
Resources Protection Act of 1979) and the penalities regarding unauthori~ed 
collection nod excavation at these sites. 

5,2.9 RADIOLOGICAL EFFECTS 

Thia section discusnes the possible radiological effects rrom repository 
construction and operation. Since much of the following discussion focuses 
on radiological effects, a brief review of the relevant terrninolog-y is in 
order. 

A curie (Ci) ie a unit used to describe the numbe~ of st?5s undergoing 
radioactive de..:ay per unit tiroe. One Ci is equal· to 3. 7 x 10 di!Sintegra
tions per second. The mass of .a 1-Ci amount of radioactive material can vary 
dramatically depending on the half-life (i.e., the time it takes fo~ one-half 
of the atoms initially present to decay) of the material. For example, 1 Ci 
of cobalt-60 is equal to lees than l milligram, 1 Ci of radium-226 is 1 gram, 
and 1 Ci of uranium-238 is about 3,000 kilograms (6,600 pounds). The acti
vity of a unit mass of a radioactive material is referred to as specific. 
activitz, and the unit of specific activity is curie per gram. 

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

Since the biological damage inflicted by different types of radiation 
can vary. the quality factor (Q) is used as a measure of the relative 
biological effectiveness of a given type of radiation. The quality factor is 
directly related to the linear energy transfer (LET) of the radiation, which 
is the energy deposited per. unit of path length. The unit of LKT is 
thousands of electron volts (.keV) per micron. Densely ionizing (high-LET) 
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particles, such aH protons, neutrons, and alpha parti<:!lca, are assigned 
quality factors of 0 to 20, while sparsely ionizing (low-L&T) radiation, 
such aEJ beta particj ... ~s, X-rays, and gamma rays, are assigned a que.lity foetor 
of 1. In essence, <:his means that densely ionizing ratiation i~ approxi
mately 10 to 20 time~ o<~e effective at inflicting biolog'.1~al damage per rod aa 
sparsely ionizing rtdiat1.on. 

The concept of dose equivalent fa used r.o describe i:he effectivenesl'l of 
a given unit of .!J.bsorbed radiation dose. The unit of dc•\e equivalent is the 
~; l rem is the product of 1 rad and the quality fa t·'i'.:' for the radiation 
in question. Thuo, t.n absorbed dose of l red of gamm<.-. rays is equal to s 
dose equivalent of l l'em, and a dose of l red of alpha p rticles is equal to 
a dose equivalertt of 20 rem. If radioactive material is taken into the body 
(e.g., by inhalation or ingest.! on), some frac:tion will be deposited in 
various orgBns or tissues depending on the chemical ann physical nature of 
that material. The amount of deposited material will be reducod by a 
combination of physical and biological mechanisms, and the time required to 
eliminate half of the deposited material 19 called the effective half-life. 
&ffectivc half-lives may range from a few days (e.g., solu~forms of 
tritium (H-3)) to many years (e.g., insoluble! forme of uranium or plutonium 
isotopes). The cumulative radiation dose equivalent that an indivfdual 
receives 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 pedod 
of time over-which the dose commitment is integrated ts usually SO years. 

Two additional concepts often applied in radiological assessments are 
those of population dose and maximum individual dose. The population dose, 
which is sometimes refered to sa collective dose:-TS simply a summation of 
the doses received by individuals in an exposed population. The unit of 
population dose is man-rem or peraon-rell!• For example, if each member of a 
population of 1,000 individuals received a dose of 0.1 rem, the population 
dose would be 100 man-rem. The maximum individual dose is a dose received by 
a hypothetical individual whose location and habits are such that the dose 
received is the maximum expected to result from some given operation or 
accident. For example, the maximum (or maximally expo~:>ed) indhidual 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 Construction 

When the underground parts of the repository are mined, the breaking and 
crushing of rock will release some radioactive material that exists naturally 
in the rock. Two families of radioactive heavy elements (the uranium and 
thorium series) are found in most rocks and soils, and they account for about 
one-third of the natural background radiation to 1o1hich humans are exposed. 
For example, the concentration of uranium in rocks ranges from more than 300 
parts per million in phosphatic rocks in South carolina, to f~om 1 to 4 parts 
per million in other sedimentary rockg. Some of the radioactive decay 
products of these heavy elements are gaseous. Normally, they eacape from the 
rock only through fractures and pores, The breaking and crushing of rocks, 
such ss that which occurs in mining operations, may release these gaseous 
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Yucca Mountain to a:rnve at the Yucca Mountain site construction doses cited 
above. By comparisor, the estimated regional population of 19,9,)8 people 
within an 80-kilometl': {50-mile) radlus of Yucca Mountal.n (Jackson et at., 
1984) will receive <L. annual dose of about 1,790 man-l·em from natural 
background radiation :Rlculated on the basis of the 400 r •. m1-rern received by a 
population of 4,600 p<!ople (Patzer et al., 1984). The C(·j.lective dose to the 
construction work fo~.:e, which is also estfrnated on the h.~eis of the DOE !:US, 
would be about 1,500 man-rem for vertical emplacement i d 450 man-rem for 
horizontal emplacement. The 19,908 people residing wi~:; ,in 80 kilometers 
(Sf\ miles) of the proposed repository was conservative.' y AStimated by iden
tifying t;he counties within that rsdil!s end div'iding tl-te 1980 county 
population by the coun, y area to obtain the population Je· sity. Once county 
population densit~es were determined, the county area withfn the SO-kilometer 
(50-mile) radius was multiplied by th!ll county's density to eetimate 
population. The results for each county were then summed. If population 
centers (i.e., cities or unincorporated places) are accounted for, the popu
lation within 80 kilometers (50 miles) of the proposed repository is 
estimated to be 11,674 (Morales, 1985). 

5.2.9.2 QEeration 

During the 28-year emplacement phaae, workers would be exposed to radia
tion from receiving, handling and packaging, and emplacing of wastes~ The 
permissible dose equivalent limit for worker exposure is 3 rem per quarter, 
not to exceed S(N-18) rem where N is the age of the individual in years 
(10 CFR Part 20, 1983). The facilities would be designed with the objective 
of reducing the annual exposure to individual workers and to the total 
repository work force to the lowest levels reasonably achievable. 

For purposes of this analysis, two principal types of high-level wastes 
are assumed to be shipped to the Yucca Mountain repository: spent reactor 
fuel and defense high-level waste (DHLW). The repository is being designed 
to accept the equivalent of 70,000 metric tone of heavy metal. The occupa
t:lonal exposures that have been calculated and reported in the following 
paragraphs are for an assumed waste composition of 50 percent spent fuel and 
50 percent commercial high-level waste. These dose estimates will not change 
substantially if other waste compositions (e.g., 89 percent spent fuel and 11 
percent DHLW) are assumed. 

5.2.9.2.1 Worker exposure during normal operation 

Specific operations were identified, individual tasks were listed, and 
operation times were allocated so that estimates could be made of the radia
tion explosure to workers at the repository during the receipt, handling, and 
emplacing of high-level wastes (Dennis et al., 1984). The number of indivi
dual workers assigned to crew positions was estimated from the annual waste 
receipts and expected facility 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 to the atmu.o;aphere ln much larger quantities than those that escape 
naturally. 

The quant!tieH of these decay products that would 'le released annually 
to the atmosphere b.: cause of the mining of the repositc ·r·y are est•imated in 
Table 5-22. The qu.!ntity released is directly proportbr-8'1 to the volume of 
rock that is mined .mnually. In the vertical waste-err·l'ittcement repository 
design, approximatl':d.y 9 times as much rock is mined a :ln the horizontal 
waste-emplacemer;t <'lesign. Values in Table 5-22 were e"'timated from those 
given for a repository constructed in granite (DOE, ·- 080), which has 
approximately the san:.e. ur-anium and thorium content as r ·.tees Mountain rocks, 
by scaling with the tatio of total mined volume. 

Table 5-22~ Estimated annual releases of natut•olly occurring 
radionuclides to the atmosphere from repository 
construction 

Releases 
(curies per year). 

Radionuclide Horizontal emplacement Vert:ilcal .'enl~lacement 

Radon--220 1.8 5.9 
Radon-.222 l. 7 5.6 ' 

10-4 -4 Lead-2-10 1.4 X 4.7 X 10_,3 
Lead-212 2.7 X 10-3 8.8 X 10 ,., 
Lead-214 1.7 5.6 
·Biamuth-2!0 l. 7 5.6 

The enhanc~d releases of naturally occurring radionuclides are estimated 
to result in roaximum whole-body dose commitments of 0.09 man-rem to the 
regional population for the horizontal waste-emplacement design and 0.3 man
rem for the vertical waste-emplacement design. These estimates ere deter
mined using the method described in the U.S. Department of Energy (DOE) final 
environmental impact statement (EIS) on the management of commerciAlly 
generated radioActive waste (DOE, 1980). This method involves the use of a 
reference site for purposes of radiological impact assessment. The reference 
site method used in the DOE EIS is extremely conaervative in that the 
result:ant doses are much higher than those that would be expected around 
Yucca Mountain. This :is due to the aesumption of an agricultural land use 
setting and a high regional population density (2,000,000 people within a 
radius of 80 kilometers (30 miles) from the site) for the reference site. 
The population doses estimated in the DOE EIS were scaled by the differences 
in excavated volume and population density between the reference site and 
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in which the operaU.ol'\ was performed, and the annual re,~eipt and handling 
rates of spent fuel e. 1d commerctal high-level waste (CHl.W). 

Gamma-ray and n8utron source intensities were calc'Jlated using the 
isotope generation aihi depletion code ORIGEN2. Shippin? cask designs were 
used in conjunct bn ··.rl. th the three-dimensione.l radiat lP~-transport code, 
PATH, to develop doa·, ratF.! maps around spent fuel and c~·.,\,1 shipping casks. 
The results of these analyses are presented in Table 5-:1 ·• 

Table 5-23. Summary of expected ogc~pational P.x,.oaures from 
repository operation ' 

Number of 
Operation workers 

Receiving " Handling and packaging l6 
Surface storage to 

emplacement horizon t• 
Emplacement 

Vertical l8 
Horizontal 7 

~Data from Dennis et al. (1984). 
See text for assu1nptions. 

Average Collective 
worker dose worker dose 

(rem per year) (man-rem per year) 

1.28 ••• 8 
o.•J 6.9 

o.•J 6.0 

0.69 l2.4 
l.25 8.7 

The total annual worker population dose at the repository is estimated 
to be about 70 mt~n-rem during receipt, handling, and emplacing of high-Level 
radioactive wastes. Over the 28-year life of the repository, the estimnted 
collective w-orker radiation dose is about 2,000 man-rem. 

5.2.9.2.2 Public exposure during nonnal operation 

The two principal pathways by which the offsite population may be poten
tially exposed from normal (nonaccident) repository operation are external 
exposure to dtrect radiation during receipt, handling, and emplacing nuclear 
waste and exposure to airborne effluents. The former pathway would result in 
insignificant public exposures both because of the shielding and packaging 
measures that would be taken to reduce occupational exposures and because of 
the large distance (several miles) that separates the waste from the publlc. 
Exposure to airborne effluents is not significant because of the negligible 
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quantities of lhfHH! emissions coupled wiLh the dilution of effliWOt concen
trations over the t··ansporl distance. ln light. of Lhesc facts, a quantita
tive estimate of pu: lie eKposures resulting from norma] repository operation 
was not made. 

5. 2. 9. 2. 3 Ace idem. Ill eKposure durlng operation 

The probability of acc.ldentB.l radionuclide relea e3 that can result in 
radiation exposure of the general public and of rer!Pitory operations 
personnel is a funct'.on of the following: (1) the pr· bnbility that an 
acc.ident will a-cur and (2) the probability that there ulll he a release if 
an accident were to occur. Accidental releases can be divir\ed into three 
categories: natural ph~nomena~ eKternal mnn-made evel"ll.s, and operational 
accidents (Tables 5-24 and 5-25). Under natural pheno.1lCnR, three scenarios 
are postulated that could cause radi.Oili.Jc.Ude releases: flooding, tornadoes, 
and earthquakes. The external man-made events that c.ould cause a release are 
aircraft impact and underground nuclear weapons testlnr, whic.h coold cause 
severe ground motion at the repository su1·face facility compleK (Jackson et 
al., 1984). The five oper/l.t1onal accidents considered to be potential 
sources of radionuclide rel.ease are (1) a fuel assembly drop in a haL cell; 
(2) a transportation acddent and fire outaide the loading dock involving 
spent fuel; (J) a transportation accident outside the loaGing dock involving 
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 accident scenarios analyzed is 
atmospheric transport. Immersion in contaminated flood water is an eKposure 
mechanism only for workers in the floodlng scenarios. No significant water 
ingestion pathway was identlfied. Ingestion of meat, milk, and crops grown 
on land contaminated by rsdionuclides is considered to be a minor exposure 
pathway for the general public because of the low- level of agrlcultural 
activity ln the surrounding area. Fifty-year dose commitments were calcu
lated for the maximally eKposed individual, for the general public, and for 
operations personnel for each of the 10 accident scenarl.os. The maximally 
exposed indlvidual iR n member of the publlc 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 mUes) directly 
w-est of the proposed repository surface facility complex. 

The reAults of the accident analysls (Jackson et a!., 1984) are 
presented in Tables 5-24 and 5-25. All exposures to the maximally exposed 
individual and to the general public are less than the radlation exposure 
limit e.et (0.5 rem per accident for defining systems important to safety) by 
the Nuclear Regulatory Commission (10 CFR Part 60, 1983). The most severe 
exposure to the maximally exposed individual is 0.328 rem from the postulated 
alrcraft impact scenario. These accidental eKposure analyses do not reflect 
the most recent (two-stage repository) design information. Howover, because 
the maKimum waste receipt rate has not changfld, theoe ree.ults are not 
expected to change substantially. 
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Table 5-24. Prelt1dnary population dose commitments from postulated 
acch{Pnts 8 

Scennriob 

Natural phenorr.ena 
Flood 
Earthquake 
T0rnado 

Man-made external events 
Underground nuclear 

explosives test 

Aircraft impact 

Operational accidents 
Fuel aeeembly drop 

in hot cell 

Transportation 
accident and fire 
at loading dock 

Spen~ fuel 
CHLW 

Transportation 
accident and fire 
on waste handling 
ramp 

Transportat;ion 
accident and fire 
in repos!tory 
emplacement drift 

Probability 
of occurrence 

(events per year) 

lo0 X 
<lo 3 X 
(9 o 1 X 

1.0 X 10-3 

(2.0 X 10-lQ 

-1 
(l.OxlO 

(lo0 X 

(1o0 X 

Maximally 
exposed 

individual c 
Whole-body 
equivalent 

dose 
(rem) 

2.4 X 10-4 

6o!J X 10-2 

-6 
5o3 X 10 

2 l l 0
-2 

• X J 
3o6 X 10-

-7 
lo 8 X 10 

_J!t .. :.!!,cal poeulation 

Pq .Jlation 
"~~;posed 

Crtumber) 

96d 

19' 908 
1'1,908 

19,908 

19,908 

19,908 

19,908 
19,908 

19' 908 

19,908 

Whole-body 
equivalent 

dose 
(man-rem) 

-5 a.o x 10 

-3 6.8 x to_
4 9o2 X 10 

~Data from Jackson et al. (1984). 
Except for the transportation accident outside facility where both spent 

fuel and c.ommercial high-level waste are evaluated, all scenarios are based 
on agent fuel. 

Radiation safety levels in 10 CFR Part 60 (1983): o.s rem whole-body 
doaedper accident for defining systems important to safety. 

Only population in the zone directly south of Drillhole Wash is exposed. 
e 
Coo~ercial high-level waste. 
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Table 5-25. • Pr,~1<..minary worker dose commitments from postulated accidents 

Scenariob 

Natural phenomena 
Flood 
Earthquake 
Tornado 

Han-made external events 
Underground nuclear explosives 
Aircraft impact 

Operational accidents 

test 

Fuel asRembly drop in hot cell 
Transportation accident and fire 

at loading dock 
Spent fuel 

Commercial high-level waste 

Transportation accident and fire 
and fire on waste handling ramp 

Transportation accident and fire 
in repository emplacement drift 

• 

Single worker 
whole-body c 

equivalent dose 
(rem) 

-1 
X 100 
' 10 

bOats from Jac.kaon 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 scenarios 
involve spent fuel. 

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

Only waste-handling facility workers are assumed to he exposed. 
' All surface waste-handling facility workers are assumed to be killed by the 

crash; therefore, doses for the workers are not calculated. Other surface and 
subs~rface personnel are assumed to be exposed as a consequence of the accident. 

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

gWorkers at the waste-handling facility loading dock receive the maximum 
dose~ remaining personnel receive the smaller dose. 

iWorkers in the waste-handling ramp area receive the maximum dose. 
~aste emplacement workers receive a smaller dose than workers in the ramp 

areaj Remaining personnel above ground receive the smallest dose. 
Horizontal emplacement of waste canisters requires an estimated 40 subsur

facekworkers; vertical emplacement requires an estimated 60 subsurface workers. 
Waste emplacement workers rec.cive a greater dose than aboveground operations 

personnel. 
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5.3 P.~PECTEO EFFECTS OF TRANSPORTATION ACTIVITIES 

The two major sobdivisions of this aection discuss effects from two 
sources: (1) use f.'f the transportation network to mov,· people and materials 
to and from the pre-posed Yucca Mountain repository sit:: (Section 5.3.1) and 
(2) use of the ~rm sporlation network to move radioac1 ·.vi.! waste through the 
State to the aHa (Section 5,3.2), This section di• usses the expected 
effects of those L!ro activities during repository con .... ruction, operations, 
and decommissio,'ling periods as described in Section !, l. 

5,3,1 TRANSPOKfATION OF PEOPLE AND MATERIALS 

The impacts of increased traffic volumes on highway and railroad 
transportation networks during the construction, operations, and 
decommissioning phases are discuased in the following EIHCtions. 

5.3.1.1 Highway impacts 

5.3.1.1.1 Construction 

During the construction period, two peak highway traffic conditions may 
occur. The first peak condition would occur in 1995 when the greatest number 
of truck deliveries would occu':", The second would occur in 1998 when the 
greate!lt n•1mber of workers would travel to and from tha site. 'Both condi
tions are analyzed in this section as~uming 

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

2. 'fhe distribution of day-shift workers by category would be miners, 
one-third of Tabla 5-5 estimates; 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 a-hour days for 
250 daya per year. 

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

5. Construction equipment would be uniformly delivered' -for 6 months to 
coincide with the most intenehe period of truck deliveries in 
1995. 

6. Each truck carrying nuclear waste would be accompanied by an escort 
vehicle. 
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Based on these o"'ls~umpt:ions and the informs.tion preij:ented in Sec.tion 5,1, 
the following condit cons would result: 

1. In 1995, R40 day-shift. employees \'Iould travel ··o aqd from the site, 
Eight t:ruclta per hoUJ: would travel in each ,!'.rect!ort; (To be 
conservati re, the analysis uae~ ten t~·uck.e ;~t h;;aur in e11ch 
dtrecti.on.) 

2. In 199,~, 1,237 day-shift employees would tx.1-..e1 to and from the 
site, One-half truck would travel per hour 1.1, aach directi.on as 
well as two. escort vehicles per day. (To lA conservative the 
analysis uses one truck per hour in each direct ~on,) 

The prujected travel patterns of these day-shift ~1orkers are derived 
from recent Nevada Test Site flmployee residence patteJ..'[lS as shown in 
Table 5-26. Figure 5-8 indicates that u.s. Highway 95 between the junction 
wilh the site acces6' road and L11s Vegas would be the most fleavUY·LlSed, rqad 
in the region by repository related traffic, This highwny would carry up to 
98 percent of the day-shift 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 is assumed that travel by these workers would occur during th~ e.ve
ning rush hour thereby producing worot-case conditions. For trucks, it is 
assumed that all reposi.t.ory .... related traffic will t-ravel. along I,J.S. Hig-hway 95 
between Las Vegas and the· site. 

The projected repository lraffic must be evaluated against likely condi
tions in 1995 and 1998. As noted in Section 3.5, evening peCtk-hour traffic 
flow is of critical importance. Tables 5-27 and 5-28 compare 1995 and 1998 
traffic patterns on u.s. Highway 95 with and without the repository during 
t:he evening peak hour, In developing these tables, several of the highway 
~Jegments shown on Figure 5-8 were subdivided. This waR done to account for 
t. raffle volumes that were not related to the repository and to account for 
varying road conditions, both of which would affect the level of service, 
(The level of setvice categorf.e!l arc diacussed in Section 3.5.) 

Tables 5-27 and 5-28 indicate that the level of service would decline 
beginning at State Route 160. The decline between State Route 160 and t:he 
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 the evaluated 
segments of u.s. Highway 95. Furthermore, the incremental traffic due to the 
repository would not be as great for this segment as for segments B and C. 
This suggests that baseline traffic volumes and road conditions are prime 
factors contributing to a low service level. T'his two-lane road segment has 
very poor passing capabilities. There will also be a slight reduction in the 
level of servica iq 1998 between· the Mercury interchange, and ;Las Vegas as 
noted in Table 5-28. 
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Figure 5-8. Employee travel patterns for the Yucca Mountain repository. 
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Table 5-26, Settlement patterns of Nevada Test Site employeeaa 

--------------------~·---~--~---J' ~rcentage of 

Location 
emplo;''.eS reporting ZIPb 

codes · ·1 t~eee locatione 

------··---------· ---· 
Unincorpor11ted urban Clark County and 

Laa VegaB 
North Las V(~gas 

Indian Springs 
Henderson 
Boulder City 
Other Clark CountY' 
Pahrump 
Mercury c. 
Tonopah 
Bc,g.tty 
Town of Ame.rgosa Valley 
Alamo 

.'Other. Lineal? County d. 
Other Nevada Counties , 
Californili 
Utah 
Arizona 
Other States 

--·----

65.6 
10.0 

4 .l 
3. 1 
0.4 
0.4 
6 .1 
4.6 
1. 9 
0.1 
0.3 
0.6 
0.7 
o.z 
o. 7 
0.6 
0.4 
0.5 

~Data baaed on ZIP codes of NTS contrllctors, 1984. 
Totals may not add to one hundred percent due to rounding. 

c 
dThere are no permanent residents at Mercury. 

Includes Douglas, 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 its greatest impact on U.S. Highway 95 between the site 
access road and Las Vegas. Predicted accidents for 1995 and 1998 along 
U.S. Highway 95 both with and without repository-related traffic are shown in 
tables 5-29 and 5-30. These predictions were calculated by assuming a linear 
relationship between vehicle-miles traveled and number of accidents 
(Pre.dere, 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 accidents could result in 
five additional injuries. Two additional deaths may occur in 1995. The 
accident rates suggest that the most likely place for accidents is segment E, 
which ls between State Route 160 and the Mercury interctaage. This 
projection is consistent with the results shown on tables 5-27 and 5-28, 
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Table 5-27. Projected traffic patterns on u.s. Highway 95 during evening peak hour (5-6 p.m.), 1995 

b 
Without reEository (baseline)a With repositor~ 

Highway segment Number of Number of Service level Number of Number of 
(see Figure 5-8) cars trucks obtainedc cars trucks 

~ite access road to the Town 
~ ~ -~. "':::Ct_: -<> Valley 115 24 B 280 62 

Tc1rr--n 0..- -.~rgosa Valley to 
5 miles east of the Town 
of .~rgosa Valley 148 28 B 311 67 

5 miles east of the Town 
of Amargosa Valley to 
s.R. 160 148 28 B 311 67 

s .. R. 160 to NRDA Road 152 29 B/C 305 66 
NRDA Road to Mercury inter-

chao.ge 181 22 B/C 334 60 
Mercury interchange to Indian 

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

limits of Las Vegas 365 93 B 503 119 

~ata from ~adere (1983). 
-s.R. ~ State Route; NRDA ~ Nevada Research and Development Area road (see Figure 2-7). 
cSee !able 3-g for definition of service levels. 

Service level 
obtainedc 

• 
B 

B 
D 

D 

B 
B 

B 



~ 

I 
~ 
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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 segmentb 
(see Figure S-8) 

Without 
~umbe-r of 

cars 

rep~sito_~ 

Nn•hir of 
trucks 

(baselir.e) 3 

Serv-ice leVel 
obtainedc. 

Numbe:r of 
cars 

With rep~sitory 
Number of SerYtce level 

trucks obtainedc 

------------------------------~--------------------------------
B 

c 

c 

E 

E 

F 

G 
G 

5ite ar- ~~ ~oad to the 
Town of Amargosa Valley 

T~ of Amargosa Valley 
to 5 miles east of the 
Town of Amatgosa Valley 

5 miles east of the Town 
of Amargosa Valley to 
S.R. !60 

S6R. 160 to NRDA Road 
NRDA Road to Mercury 

interchange 
Mercury interchange to 

Indian Springs 
Indian Springs to S.R. 156 
S.R. 156 to northern city 

limits of Las Vegas 

!25 

!63 

!63 
!66 

200 

339 
357 

399 

26 

3! 

3! 
32 

25 

87 
92 

!02 

B 

8 

8 
c 

c 

B 
B 

B 

368 

404 

404 
392 

425 

552 
560 

602 

55 

60 

60 
59 

52 

1!2 
ll5 

!26 

;nata from Pradere (1983). 
S.R. ~ State ~oute; NRDA Road = Nevada Research and Development Area Road (see Figure 2-7). 

cSee Table 3-9 for definition of service levels. 
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Table 5-29. ~roject2d annual accidents on U.S. Highway 95, 1995 

• 
b 

Vitbout re~sito!I (basel1oe) With repository 
Highway segment ThouA'Dds -of · · - . _,, ~ - 0' . 

-- 0 ' ~'Thousand$, Of 
(see Figure S-8) vehicle tiles Accidents Injuries Fat.al1ties vehicle aUes Accidents Injuries Fatalities 

• :ii(e a.._._.._,_s ,.,..,~<:" to 
the Town of Amargosa ... 
Valley 429 0 0 0 .. , 0 0 0 

c The Town of Amargosa c 
Valley to S tiles ... east of the T~ of 
Amargosa Valley .5~~57 4 3 1 6,121 ' 3 1 -c S atles east of the ~ 

Town of A:alargosa 
Valley to S.R. 160 12,684 10 • 3 14,200 11 7 3 

~ • s.R. lbO to NR.DA Road .5,361 9 , , .5,961 10 , • 
' E SUM. 'Road to Mercury 
~ - interchange 3,.658 6 3 1 -li,021 • 3 1 

-~ • Mercury interchange -
to Indian Springs 33,212 32 16 1 35,415 34 17 1 c 

G Indian Springs to 
s.&. 156 25~090 22 .11 2 26,6!8 23 18 3 -G S .R. 156 to oorthern ~ 

dty Ulllits of c 
Las Vegas 29,420 29 17 2 31,018 30 18 2 

" 
:roTA!. 112 67 15 !19 71 17 

~t.a fr0111 Pradere (19b~)~ 
S.l. • Sute Route; NRDA load • Nevada Research and Developaent Ares II.Qad (see Figure 2-7). 



Table 5-30. Projected annual accidents oa u.s. Highway 95, 1998 

• With re~dto!I b Vitbout repoaito!:l (baseliM} 
B1.gRN.r ses-ot Ybouaaud• of ' _ 'lbouaanda of 
(see Figure 5-8) vehicle IIi lea Acctdeata Injuries Fatalttie11 vehtele ailes Accidents lojurtes FataUtiea 

8 Site ~~~esa Toe~ to 
-:::--·- "C ~=' ;.~ • .:&o::::a 
Vdley 467 0 0 0 537 I 0 0 

c ~ Tow of Aaa:rgoss ,... 
Valier to 5 .ties 
Yilt of tbe "tooro of c 
Aaargosa vane,. 6,019 5 3 I 6,i06 5 3 I 

c 5 Idles east: of tbe ·"1:1" 
TOtfiJ of .Aaa.r"B:oea 
Valley t:o s.K. 160 n. 965 II 1 3 15,S59 12 8 3 0 

.... • S.R. 160 to 8RDA Road 5.876 10 5 6 6,496 II 6 • I E tam.\ Road to ,..ttury -... ioterehange 4,623 • 3 I 4,398 1 3 I 

• Mercury ioterd~;~~oge 
to Indian SpTiags 36,529 35 11 I 38,768 31 18 I 

G Indian Springs to <0 

S.R. 156 27,536 24 19 3 29,067 26 20 3 0 
G S.R. 156 to northern 

city Haits of 
0 Las Vegas 32,17(). 32 19 3 33,771 33 20 3 .. -<.:···· 

0 

tm:AJ. 123 13 18 132 78 18 
.. ---
co 

:nata from Pradere (1983). 
S.R. • State Rou~e; ~~ Road • ~vaOa Researeb aad Develo~nt Area Road (see Figare 2-7). 



which indicate that tU.EI segment has the lowest lev!!l of service either with 
or without the reposttory. For thta Begment, peak repoaitory-related 
construction traffic ••auld be expected to cause an addit!.onal tr.~o accidents, 
which would include D,""':e injury during 1998 and one additional death during 
1995. 

5.3.1.1.2 Operations 

During operatf.ons, the most intenBive use of U.S. (i.~hw-ay 95 would occur 
in 2003 when both the number of workers and trucke r.~ou,(· peak. Using Lhe 
same assumptions previously noted for construction (SecU •n 5.3.1.1.1) and by 
assuming all nuclear waste is shipped directly to the repository, thE! follow
ing cond!tior.s are expected to occur in 2003: 1,102 d'ly-shift employees 
w-ould travel to and from the site. Approximately tw-o an:'l Qne-helf trucks per 
hour would travel in each direction as well as nineteen escort vehicles per 
day. (To be conservative the analysis uses four trucks per hour in each 
direction.) 

Table 5-31 projects evening traffic for 2003, both with and wHhout 
repository-related traffic. Values in this teble indicate that incremental 
traffic due to operations of the repository w-ould cause a drop in the level 
of service achieved for segment E (betw-een State Route 160 and the Mercury 
interchange). This segment would drop to service level D, as 1s 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 constant over the 28-year emplacement 
period of the repository, the regional traffic along the a~gmcnt would grow-. 
Therefore, the incremental traffic impacts due to repository operations w-ould 
diminish over time, which w-ould make this first year of full operations a 
w-orat-case for the operations stags. 

Traffic accidenta for this first year of full repository oper~tions are 
projected in Table 5-32. The incremental repository traffic is estimated to 
cause an additional eight accidents including six injuries and tw-o deaths 
over this one-year period. As noted previously, these incremental traffic 
effects w-ould beCO!Qe relatively smaller durir.g the operations stage of the 
facility. 

5.3.1.1.3 Decommissioning 

Decommissioning of the repodtory w-ould involve few-er workers and truck 
shipments than previously analyzed. Traffic along u.s. Highw-ay 95 w-ill have 
increased because of regional grow-th. The increment of this w-ork force on 
the regional highway n~twork is ·not expected to create any significant 
effects as this increment is only one-fifth of that which was previously 
analyzed for construction activtttes in 1998. 
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Table 5-31. Pr-ojected traffic patternS on u·.s. _Highway 95 during even!Dg -peak hour (S-6 p.m.), 2003 

b Highway segment 
(see Figure 5-8) 

Site ac ... t~ii road· to 
the Town of Amargosa 
Valley 

The Town of Amargosa 
Valley to 5 miles 
eaSL of the Towo of 
Amargosa Valley 

5 miles east of the 
Town of Amargosa 
Valley to S.R. 160 

S .. R. 16(\ to NRDA Road 
NRDA Road to Mercury 

interchange 
Mercury interchanges 

to Indian Springs 
Indian Springs to 

S.R. 156 
s.~ 156 to northern 

city li=its Las Vegas 

Without 
Number- o-f 

car So 

14l 

18& 

188 
191 

230 

390 

410 

456 

reposit9_cy {baseline)
8 

NUmber -of· Serv-ice level 
tru("_ks..- obl:a-ioed("_ 

29 

36 

36 
36 

28 

100 

105 

117 

• 

B 

B 
c 

c 

B 

• 
• 

With re:Po~_i__to__rr 
Number of -- Number of:: Service level-

~arg trUcks' obtainedc 

36(> 

404 

404 
393 

432 

581 

592 

637 

67 

73 

73 
72 

64 

130 

134 

145 

B 

B 

B 
D 

D 

c 

c 

c 

:nata from Pradere (1983) .. 
S .. R. = State Route; NRDA road = Nevada Resea-rch··aad Development Area Road (see Figure 2-7) .. 

cSee Table 3-9 for definitioa of service levels .. 



Table .5-32. Projected annual ac.eide'nts on u.s. Rig~ 95, 2003 

Highway segmenc8 Without re~.it'p~ (bueline) With ""~dt:_9_Q'_ 
Thoasaoda of b 'thousands _of b 

(see Figure 5-8) vehicle ailes Acc!d-ta lajaries Patilllt:te .. vehicle •Ue& A£"cid~ts Inju~ies FatalU:ie& 

• ::.i.:...! C.c·~--·, -c-·:oc' _, c tbe !Gim Qc-

AJaargosa Valley 53! I 0 0 602 I 0 0 
c The Towo of ~rgosa 

Valley to 5 Miles 

"" east: of the Town 
of Amargosa Valley 6.940 • 3 I 7,650 • ' 2 

0 c 5 miles east of Cbe 
Tovn of Amargosa 
Valley to S.R. 160 16..100 13 8 3 17,747 14 9 • 

E S.R. 160 to NRII.1 Road 6,735 II • 7 7,381 12 6 7 

"' E NRDA Road to Mercury 

' interchange 4,632 7 3 I s ,022 8 4 ] ~ 

"' "' F Mercury interchange 
to Indian Springs 42,059 40 20. 2 44,406 42 21 2 

0 G Indian Springs to 
S.R. 156 :H,619 28 22 3 33,228 29 23 J 

G S.R. 156 to norther<~ C' 
city limits of 

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

"" IOTA!. 142 83 20 ISO 89 22 

• bSR ~ State Route; MRDA Road ~ Nevada Research and Develo~nt Road '(see Figure 2-7). 
Data froa Pradere (198)). 



5,3.1.2 Railroad 1mi!f.l_cts 

Maximum ut=~e of cl e rail line dur.tng construction is e.xpected to occur in 
1996, when the rail 1:.ne is completed to the site. Proj"lctiona of~ futur-e 
Union Pacific rail us .. · without the repo~:~itot'y are unavai· .. 1ble. The incre
mental rail use due ;;o repository requirements is eval~..:~ted against the 
maximum Union Pac!flc rail use over the past 6 years. I ~ring 1996 it is 
estimated that six r11 1.1 ears per day would be required 1 supply the site 
with material (aRsuming vertical emplacement, 9ee Section 5.1). As before, 
250 delivery days per year have been assumed. In l981 .:·he Union Pacific 
line carried an average of 19.2 freight trains per day ;.~:.th an average of 
66 cars per freight. trtdn (Section 3.5.2), or 1,2.57 rail au per day. The 
increment of 6 ra.-fl cars per day is an increase of less than 0.5 percent of 
that use, Since the incremental traffic is so small, no impacts are 
predicted, 

During the years of repository operations, the railroad may be used to 
transport both construction materials and nuclear waste, The maximum number 
of shipments of const•uction material is estimated to be ... lpprodmately 1 ntil 
car per day (Section S,l), 

The number of rail cars carrying nuclear waste will vary depending upon 
whether a monitored retrievable storage (MRS) facility ia part of the ~sate
management system. Assuming all nuclear waste is shipped by rail and that 
the defense sites and West Valley always ship directly to the repository (a: 
decision to ship defense and West Valley high-level waste through a MRS 
facility has not yet been made), the numher of rail cars per day i$ eetimated 
to be 

1. 1.6 cars of consolidated spent fuel and secondary waste (assuming 
MRS casks of 100-ton capacity with overpack, result:f.ng in the most 
shipments), Secondary waste is byproduct material produced during 
spent fuel consolidation (see Appendix A for more detail). 
Although no decision has been made to include such by-products in 
the repository, they are considered here so that potential impacts 
ar.e not underestimated. 

2. 0.6 cars of defense and West Valley waste. 

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

Either with or without a MRS facility, the rail line will experience 
about the same amount of use. The resultant number of rail cars per day is 
slightly less than that which is expected during construction. No impacts 
due to the incremental rail traffic are expected. 

During decommissioning, railroad use is expected to drop to less than 
one railcar per day (Section 5.1), At that level, no impact.9 are predicted. 
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5. 3. 2 TRANSPORTATION ')F NUCLEAR WASTES 

This section adcresses the radiological, nonradio:·~'.'gical ~ ~;nd coat 
impacts of transporti~g spent fuel, defense high-level waPte, and w~at Valley 
high-level waste ft'on•. their point of origin to the repoaJ·.ory. Both national 
and regional risk impacts are assessed, while tT'ansporta~. ron costs are asses
sed only on a nat1otHl basis. Descriptions of the key e.''. ~.unts pertaining to 
nuclear waste transportation are presented in Appendix l. These inelude 
C&tlk design, transportation cost and risk assessment '!thodology, regu
lations, routing, liability 1 emergency response 1 and (_ ~:!· Jrs. This section 
provides o synopois o·' the information contained in Ap 1 13:',ltliK A as it relates 
to the Yucca Mo•mtain site, and presents the method~:~ ''\d results of a 
detailed risk analysts of nuclear waste transportation c ~curd.ng within the 
State of Ne.,..ada .• 

Because of the early developmental atage of the pr·ogram, several in
state routing options and shipment scenarios are presented in the following 
sections in &11 attempt to realistically but conaervatlvely describe the 
possible risk due to nuclear waste transportation. 

5.3.2.1 Shipment and routing of nuclear waste shipments 

Assumed conditions about the number and types of shipments from each 
waste OT'igin point to interim and final destinations play an important role 
in the risk and cost asaessment. This aubaection describes the shipment and 
routing assumptions underlying the cost and risk assessments on both national 
and regional scales. 

5.3.2.1.1 National shipment and routing 

Specific routing requirements apply to packages containing quantities of 
radioactive material that are dl!signated as a highway route controlled 
quantity. These requirements (49 CFR Part 177, 1983) would apply if the 
wastes are shipped by truck to Yucca Mountain. Federal regulations specify 
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 c~rtain 
circumstances, and must 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 maximizes safety are explained in 
a notice in the Federal 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 transport. In addition to reducing the amount of 
the time in transit, interstate highways in general have lower accident rates 
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than do other route9. However, State routing agenc:l.e:e ae defim;d in 
49 CFR 171.8 (1983), l:ay designate alternate preferred routes. A State
designated alternate ro:-eferred route ie one that is sele·~ted in accordance 
with the Department o~ Transportation (DOT) guidelines (DOT, 1984) or an 
equivalent routing an~lyeie that adequately considers ov ~;:-all risk to the 
public. Designation uust have been preceded by subatantiul consultation with 
affected local juriuc lct.iona and with any other affectP.<i u,;ates to ensure 
consideration of All :lmpacts and <~ontinuity of designate· l;'Outes. The DOT 
gui.delines require: State routing agonc:ies to consider aL'.. categories of risk 
and not simply the high-consequence, low-probability ~~ cegortaa~ For 
example 1 travel throug~. population centers should be cor :: ~:Jred if it can be 
demonstrated that the :.:leks in the ar.os are lower than l.l ·vel through lees 
populated araa.B. Appendix A describes the routing gu:l.delL;es which were used 
in postulating routes from origin points to Yucca Mounta.ir~. 

For the national assessment 1 several different shipping scenarios 
involving various corobinati.ons of waste origin, interim destination, and 
shipping mode were Clonsidered. Two general cases of shipment on 1:1 national 
scale were considered. One case assumed no monitored r-etrievable atoreg~ 

(MRS) facility, with all nuclear waste generators shippi.ng directly to the 
repository by either truck or rail. The second case assumes the eKistence of 
a MRS facility as an interim destina.tion for spent fuel. The shipping 
scenarios for these cases are as fellows: 

Without MRS 

1. All reactors would ·ship spent ftiel directly to the repository ·by 
truck. Legal weight casks havins a capacity or · pnasurhed-· 
water-reactor (PWR) or 5 boiling-water-reactor (BWR) spent fuel 
assemblies would be used. 

2. All reactors would ship spent fuel directly to the repository by 
rail, with casks having a capacity for 14 PWR or 36 BWR spent. fuel 
assemblies. 

Eastern Reactors To MRS 

3. All weatern·raactors (thosa west of 100° longitude) would.ship spent 
fuel to the repository by t.ruck; easterr reactors ship spent fuel to 
the MRS facility by truck. Cask capacities would be the same as 
scenario 1 above. 

4. All western reacto.r.s (those west of 100° longitude) would ship, spent 
fuel to the repository by rail; eastern reactors ship spent fuel· b6 
the MRS facility by rail. Cask capacities would be the same as 
scenario 2 above. 

All Reactors to MRS 

S. All reactors w~mld ship spent fuel to t.he MRS facility by truck. 
Cask capacities would be the same as scenario 1 ebove. 

6. All reactors would ship spent fuel to the MRS facility by rail. 
Cask capacities would be the same as scenario 2 above. 
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Defense and West Vf.il_!:er Waste 

7. All defense high-level waste (DHLW) and West Valley high-level waste 
(WVHLW) wou>.d be shipped directly to the repoaHory by truck, Truck 
shipments \'O,"•Jld contain one csniater per truck, Railcars would 
carry 5 can"!.aters of DHLW or 7 canisters of WVl'.LW. 

8, All DHLW ar.d WVHI.W would be shipped directly 1 
rail, Shipment capacities would be the same as 

Consolidated Fuel From MRS 

the repository by 
scenariO 7 shove, 

9, All cor·101ldated spent fuel and seconchu:-y waste would be shipped 
from the MRS facility to the repository by rail, Secondary waste 
concdsts of material generated or discarded dur.ing the spent-fuel 
consolidation process as described in Appendix Ao Casks would weigh 
tOO tons with overpack, carrying either 18 PWR or 42 SWR consoli
dated spent fuel assemblies. 

The expected number of shipments for each scenario 'ls presented in 
Table 5-33. The assumptions used in estimating the number of shipments! for 
these scenarios are described 1.n Appendix A. 

5.3.2,1,2 Regional shipment and routing 

In Nevada, the State routing agency (as described in 49 CFR 171,8, 1983) 
is composed of three members who are all elected public of f1c1als, They 
include the Governor, 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 
points 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 syst:ema indicates the principal candidate routes into the 
area4. 

Two routing scenarios were postulated ln which nuclear waste shipments 
would enter the State and travel to the repository on one of se11eral 
candidate routes. Six postulated truck routes and two rail routes were 
evaluated for these scenarios. Descriptions of the postulated truck routes 
are as follows: 

1. Interstate 15 southbound- Waste ahip~ents would enter Nevada at 
Mesquite and travel southbound on Interstate 15 for 130 kilometers 
(81 miles) to the intersection {)f U.~. Highway 95 in Las Vegas. 
The postulated route would then take u.s. Highway 95 northbound for 
a distance of 135 kilometers (84 miles) to the intersection of the 
repository access road, located 0,8 kilometer (0.5 mile) north of 
the Town of Amargosa Valley. Travel would then be northwest on the 
U.S. Department of Energy (DOE) access road for a distance of 26 
kilometers (16 miles) to the repository. 
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Table 5-n. Summary of notional nuclear waste shiprnentD 

Origin(Destination 
~N~u~m~b~e~r~o~f~a~h~i~s (scenario) 
· Truck ---Rill---

All reactora(rep;;It;-r~-----------------,7°0~,7575o3-r(1~)~ 

b Westet:n reactors (rl~poaitory 5,612 (3) 

Ail reactors(MRSc 

c 
Easter~ reactors/MRS 

d HLW generators/repository 
Hanford, Washington 
Idoho Falls, idaho 
Savannah River, South Carolina 
West Valll:!y, NeH York 

Total HLW generators/repos.ttory 

MRS(Repository 

Spent fuel from all reactors (CSF) 
Spent fuel from eastern reactors (CSF) 
SW from all reactors 
SW from eastern reactors 

• 

70,568 (5' 

65,297 (3) 

(7) 
2,250 
9,000 

11 t 600 
800 

23,650 

NA 
NA 
NA 
NA 

9,927 (2) 

770 (4) 

9,93/o (6) 

9,183 (4) 

450 
1,800 
2,320 

115 

4, 685 

8,osof 
7' 536. 
2, 793f 
2 ,.615 

(8) 

(9). 

bSee definition of scenarios in Section 5.3.2.1.1. 
Western reactors are defined ss those reactors west of 100 degrees 

longitude. 
e MRS "' monitored retrievable storage. 
CSF • consolidated spent fuel. 
SW = secondary waste. Secondary waste is consfllidBtion by products 

consisting of hardware, high activity and transmanic (TRU) waste as 
descrlbed in App2ndix A. 

dNA a not applicable. 
eHLW = Defense and West Valley High-Level Wastes. 
{Assumes use of 100-ton caRk. 
Exact shipment numbers not available; estimates are baaed on the ratio 

of radiological risk of consolidated fuel shipments from the MRS facility to 
Yucca Mountain for eastern reactor case to all reactor case. 
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2. Interstatt.< J 5 northbound - Waste sh::l.pments would enter Nf'.vada from 
California 18 kilometers (11 miles) south of the town of Jean, 
Nevada. Tr: .. .vel would be northbound on Interet'3te 15 for 11 distance 
of 66 kilolll:.cters (41 miles) to the inter9ection of u.s. Highway 95 
in Las Veg.•ts, Nevada. The postulated route -rould then take 
u.s. Highw&:! 95 northbound for a distance of 135 kilometers 
(84 miles) •:o the intersect1.oo of the :r:eposito1·::1 -'lccesa road, 
located 0,,·, kilometer (0,5 rnile) north of the- f•>wn of Amargosa 
Valley. Ttavel would then be northwest on the lOE access road for 
a distance of 26 kilometers ( 16 miles) to the r•·pository. 

3. U.S. Highway 93 northbound - Waste shipments or:•<:~ 1td enter Nevadu at 
Hoover Dam. Travel would be northbound on U.S. Highway 93 for a 
dietanc~1 of 60 kilometers (37 miles) to the intersection of 
U.S. Highway 95 in Las Vegas. The postulated i'Oute will then take 
u.a Highwuy 95 northbound for a distance of 1J5 kilometers (84 
miles) to the intersection of the repository access road, located 
0.8 kilometer (0.5 mile) north of the Town of Amargosa Valley. 
Travel wou.'.d then be northwest on the DOE access road for a 
distance of 26 kilometers (16 miles) to the rev.')sitory. 

4. Interstate 80 eastbound - Waste shipments would enter Nevada at 
Verdi proceeding east on Interstate 80. The postulated route would 
continue east on Interstate 80 for a distance of 61 kUometers 
(38 miles) to the intersectf.on ~o~ith u.s. Highway 50 Alternate. 
Travel would continue eastbound on U.S. Highway 50 Alternate for 
47 kilometers (29 miles) to the junction of u.s. Highway 95 south 
in Fallon. The route would travel south on u.s. Highway 95 a 
distance of 218 kilometers (135 mile8) to the town of Coaldale. In 
Coaldale, u.s. Highway 95 south merges with u.s. Highway 6 east. 
Travel would continue on this route for 66 kilometers (41 miles) 
until U.S. Highway 95 separates from U.S. Highway 6 in Tonopah. At 
thie point, the projected route would continue southbound on u.s. 
Highway 95 for a distance of 197 kilometers (122 miles) 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 
repositnry. 

5. U.S. Highway 95 southbound - Waste shipments would enter Nevada at 
McDermitt and proceed southbound on u.s. Highway 95 for a distance 
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 the 
intersection of State Route 305. Travel would continue southbound 
on State Route 305 for a distance of 144 kilometers (89 miles) to 
the interaC!ction of U.S. Highway 50 in Austln. The route would 
proceed eastbound on u.s. Highway 50 for 19 kilometers (12 miles) 
to the junction of State Route 376. Travel would continue south
bound on State Route 376 for 161 kilometers (100 miles) to the 
junction of U.S. Highway 6. 'rhe route then would proceed_ westbound 
for 10 kilometers (6 miles) to the intersection of U.S. Highway 95 
in Tonopah. Travel would continue southbound on U.S. Highway 95 
for 197 kilometers (122 miles) to the intersection of the DOE 

5-Bl 



accoss EH'Li, located 0.8 kilometl!r (0.5 mila) north of the Town of 
Amargosa ·ualley on U.S. Highway 95. Travel would thnn proceed 
north anJ west on the DOE access road for a "ietance of 26 kilo
meters (H. miles) to the DOE repository. 

6. State Rout:P. 373 northbound - Waete shipmentG would enter Nevada 
11 kUomfll.ers (7 miles) north of Death Valley ,lt;nction, California. 
Travel ~'-'f.Hlld be northbound along State Rout~l :-73 for s distance of 
26 kilometers (16 miles) to the intersection f U.S. Highway 95 in 
Amargosa Valley. The route would continue f{ ~· 0.8 kilometer (0.5 
mHe) northbound on U.S. Highway 95 to the i:l!:ersection of the 
access ro·a<1, Travel would continue north <Jr ·: west on the DOE 
accesq road for a distance of 26 kilomcteru ~16 miles) to the 
repository. 

Only the Union Pacific is postul!!.tod as the main Jine railroad that 
would carry nuclear waste into and within the State. Descriptions of the 
westbound and eastbound Union Pacific line routes are an follows: 

1. Union Pacific westbound- WaRts shipments would enter Nevada f~om 

Utah in Lincoln County near State Route 319. The tracks follow 
Clover Creek south and wee~ for 61 kilometers (38 miles) to 
Caliente. The tracks are acceRsible from unimproved roads for part 
of this route. From Caliente, the tracks run south and southwest 
through Meadow Valley Wash for 102 kilometers (63 miles) to a 
junction st 'Moapa. State Route 317 followR the same route and is 
p6ved, turning into unimproved road as it goes south. The tracks 
enter Clark County 19 kilometers (12 miles) north of Moapa. At 
Moapa, a spur splits to the southeast. The main line continues 
southwest for 23 kilometers (14 miles) to Crystal where it meets 
Interstate 15. The line then essentially parallels Interstate 15 
for 32 kilometers (20 miles) southwest to Dike Siding where a spur 
to the site wOuld be built. From this po'int, the train route would 
travel along the proposed spur line to the repository. 

26 Union Pacific eastbound - Waste shipments would enter Nevada from 
Calil.'ornia on the Union Pacific lines in Clark County near 
Intert=~tate 15. The trackE! run north-northeast along Inte.rstate 15 
for 61 kilometers (38 miles) to Arden. The main line continues l'i 
kilometers (4 miles) northeast to metropol::l.tan· Las Vegas. The line 
eontinues for 13 kilometers (8 miles) through incorporated cities 
and then' 11 kilometers (7 !'flUes) through unincorporated land to 
Dike Siding w-here a spur to the :site would be built. From thie 
point, the train route would travel along the proposed spur line to 
the repository. 

As in the national assessment, two general cases of shipment were con
sidered. One case assumed no monitored retrievable storage (MRS) facility, 
with all nuclear waste generators shipping directly to the repository by 
either truck or rail. The second case assumes the e:c1stence of a MRS 
facility, ,.,ith all eastern reactors shipping spent fuel to the MRS facility, 



while spent fuel fr,,m western reactors, as well as defense high·· level waste 
and West Valley h1g' -level waste ia shipped directly tn the repo.;~i.tory. Each 
of these cases has , wo routing scenarios (called Scenario I and Scenario II) 
as described below. 

The poatulaterl tru(:k and rail routea assigned to 'J~enarios I and II 
respectively are C ·.ustrated in figures 5-9 and 5-10. ·ti'or truck shipments, 
Scenario I include•; all six postulated routes describ· l above. For Sce
nar.io n, only the Interstate 15 and U .. S. Highway 93 ':'O''tes were considered. 
F~r reactor to repository rail shipment!'! scenarios I a·-d II are Che same, 
assumlng all waste fa shipped directly to the reposlt ,ry with shipments 
assigned to the Unio,J Pacific westbound or Union PecH c eastbound routes 
depending on th.ir point of origin. For shipment from a MRS fscility, it was 
assumed that spent fuel in 100-ton casks with overpack (which maximizes the 
number of Filipments) enters the State on Union Pacific westbound route. All 
scenarios are summarized in Table 5-34, with the numbeJ:" of rail and truck 
shipments postulated. Table 5-35 divides the shipment numbers onto the 
postulated routes comprising the respective scenarios. 

5.3.2.2 Radiological impacts 

This section addressee the radiolog.tcal impacts associated with the 
transportation of nuclear waste on both a national and regional scale. The 
nuclear waste mixture for wh.1 ch these impacts are assessed consists of spent 
fuel that has been out of reactors for a 5-year period H 'Shipped directly 
from reactors and 10 years if shipped from a monitored retrievable storage 
(MRS) fllcility, wastes generated by the West ValLey Plant, «ew York, and 
defense wastes from the Savannah River, South Carolina; Idaho Falla, Idaho; 
and Hanford, Washington sttes. 

The bounding scenarios assessed herein assume that the repository would 
receive 71,825 metric tons uranium (MTU) of waste consiHti.ng mainly of spent 
fue1 with lesser amounts of West Valley high-level waste (WVHLW) and defense 
high-level waste (DHLW), and that the waste 1a shipped according to the 
various scenarios previously described. This volume of waste ia slightly 
higher than the assumed 70,000 MTU capacity of the repository, and ia used 
here to assure that the shipping scenarios underlying the impact analyses are 
conservative in nature. 

Under accident-free ope_rating circumstances, no radioactive material 
would be released from the' shipping containers during transport. Neverthe
less, be·cause a small fraction of the radiation emitted by eertain components 
of the radioactive wastes penetrates the cast shielding, people in the 
vicinity o~ the sh.tpping containers would be exposed to low levels of 
radiation. Since the maximum level of radiation allowed by transportation 
regulations is .tO millirem per hour at a distance of 2 meters (6.6 feet) from 
the waste vehicle, this level of radiati.on was assumed for the purpose of 
analysis. In the actual case, however, radiation levels around waste 
vehicles could he significantly lower, and this analysis is conservative in 
this ret~pect, 
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5-85 

s on o a 0 4 2 0 

\ • 

' 



~ 
I 
~ 

"' 

'- ~--' ,-

Table 5-34~ Summary of regional shipment_,,and routing scenarios 

Nu•ber of Cnk Shlpaents 
Without MRS

11 With HitS 
100% 100%. TrOISI MftS Direct to Repository 

Rout.ing scenarios Truck btl Jo-11 c: ......... ..__, ¥ ... .-...... c: ............... 1 ltv\'1 "T-r-n.-lr lnn'l .. .,,., 

Scena::::;..:;. y"' 

Scenario lid 

Route f r~ MRS 

Union Pacific 
westbouod 

Speat. hel 
70.553 

HUib 

23.650 

Spent Fuel 
70.553 

..... 
23.650 

... 

.. 

Spent. Flie 1 
9.927 

~ 

4.685 

Spent. Fuel 
9.927 

..... 
4.685 

.. 

.. 

.,. .,. 
M/A 

.,. .,. 
SIH!nt -Fuel: 

8,050 

Secondary 
ilaste 

2.793 

~ • .ooitored ~et.rtevable storage; NA • not. applicable. 
b8"LW * defense and West 'Valley bigb-level -st.e. 
~Scenario I • & hlgbvay routes; 2 rail routes. 

Sce.:::ario 11 • 3 btgbvay routes; 2 rail routes. 

.,. .,. .,. 

.,. 

., . 
Spent Fuel. 

7.536 

Secondary 
Waste 

2.615 

Western 
Spent Fuel 

5.612 

RUl 

23,650 

llest.em 
Spent. Fuel 

5.612 

HUl 

23.650 

.,. 

Yest.em 
Spent Fuel 

770 

____!!YL 

4,685. 

llester"n 
Spent Fuel 

770 

HLII 

4.685 

.,. 

··-·-· 

f 

( ,. 
c 

:, 

.£o 
' :~ 
-oC 

( 
~ 

fie 
..:c 



Table 5·-.''·J, Summary of waste routing scenarios uaed for 
regional impact analysis 

\tlithout mc,r<ltored 
retrievab\1 atorage 

High~o~o/ 
Rout' 

I-158 
I-15N 
IJ, S, 93N 
1-80£ 
u.s. 958 
S,R, J13N 

TOTAL 

UPW 

"" 
TOTAL 

With 110nl.tored' 
ttitreivable •torege 

H1ghway8 

route 

l-15S 
I-15N 
U.S, 93N 
1-BOE 
u.s. 958 
S,R, 373N 

TOTAL 

UPW 235 
UPE 535 
UPW'-CSF 
UP!J-SW 

tOTAL 

Number of .., 1 !.p111ents 

llrenario I b 
Spent fuel HLW 

36,583 9,800 
7,,44 Q 

22,257 11,600 
807 0 

1,991 2,250 
I ,371 0 

70,553 23,650 

Scenario I 
Sp!]!!,£ fy!l !ILW 

7,298 4,685 
2,629 0 

9,927 4,685 

Scenario [ 

Spent fuel KLW 

0 'J,BOO 
1 ,443 0 

0 11,600 
807 0 

1,991 2,250 
1 ,371 0 

5,612 23,650 

Seenar.iO [ 
Spent Fuel HLW 

4,685 235 
0 "' 8,050 

2, 793 

11,613 4,685 

1001 lUlL 

100% TRUCK 

100% BAiL 

Scenario II 
Spent fuel HLW 

38,574 12,050 
9,7~2 0 

22,257 11,600 
0 0 
0 0 
0 0 

70,553 23,650 

Scenario II 
Spent fuel HLW 

7,298 4.~~5 
2,629 0 

9,927 4,683 

Seenerto 1[ 

Spent fuel KLW 

I, 991 12,050 
3,621 0 

0 II ,600 
0 0 
0 0 
0 0 

5,612 23,650 

Scenario ,, 
Spent Fuel KLW 

4,685 
0 

8,050 
2,793 

11,613 4,685 

:1 • Interstate Hishvay; US • u.s, Highway; S.R. • State Route 
cHLW' • Defenae and W'Ut Valley high-level we1te 
dLast letter in route doeignati!)n denqtea direction of tnvel. 

UP • Union Pacific; CSF • coneolidated end overpacked spent fuel; 
SW • secondary waate. 
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Transportatio:1 ..tccidents severe enough to release radioncti<rt~ materials 
from a shipping contJ.iner are extremely unlikely. Howt':VIH 1 becac.ae there is 
a small probabiiity that some releases may occur that 1erJuld expose people to 
ra.dia.tion, the anal) lis in this section includes the radiological ilftp&cts of 
transportation llCcf.,·'~nts. 

Potential racU"·tion doses from transporting nuclea·- \iBSte are presented 
for each of the fc, .. lowing categories: {1) trsnsportat· .o workers, (2) the 
general population ulong the transportation route, 0) , .uious categories of 
individuals in the public referred to as maximally ex 1(Hed individuals, and 
(4) workers responding lo a radiological accident. r:lt! nonoccupational 
maximally exposed in,livf.duals include various categod s of people who, 
because of their occupation or the location of their retddence, are consid
ered to receive the maximum potential radiation exposure. 

5.3.2.2.1 National impacts 

To as.'less radiological impacts on a national scale, the RADTRAN-II com
puter program (Taylor and Daniel, 1982) was appUed to the shipment scenarios 
described above. Details of the assumptions and methods used by the RADTRAN
II program are presented in Append!~ A. The general method used to calculate 
radiologica.l risk from the trsil'sport8.tion of nuclear waste through a popu
lated zone can be summarized as follows: 

risk = unit risk factor x number of shipments x kilometers per shipment 

The unlt risk factor is calculated by the RADTRAN-II computer code and 
is a measure of the risk to the reference population for each kilometer of 
transport. Unit risk factors will vary depending on transport mode (truck or 
rail), population zone (urban, suburban, or rural), and waste type (spent 
fuel, defense high-level waste (DHLW), or West Valley high-level waste 
(WVHLW)); they are calculated for both workers and the general population. 
In addition, unit risk factors are calculated for both normal transport 
conditiont~ and accidents. The unit risk factors used for the national 
assessment are presented in Appendix A. 

The r~sults of the national impact analyses are presented in Table 5-36. 
These results indicate that, in the option not including a monitored 
retrievable storage (MRS) facility, the shipment of spent fuel by truck 
results in a greater rsdiolcgical risk than does shipment by rail. Highway 
shipment of spent fuel from all reactors directly to the repository results 
in ~n estimated population dose of 46,000 man-rem, while the shipment of the 
same amount of spent fuel by rail results in_C population dose of about 1,200 
man-rem. Using the assumption that 2 x 10 latent cancer and genetic 
effects are produced per man-rem, hereafter referred to as fatalities, these 
doses, which are for the entire 28-year shipping period, would" be e:tpected to 
result in a maximum of about 9 fatalities for truck shipment or less than 1 
fatality for rail shipment. In the c(lse involving a MRS facility, the 
associated transportatlon impacts are less. For example, if spent fuel from 
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Table 5-36. SumrMl'Y of nat1onal rad1olog1cal impacts of nuclear. waste • tranw, ortation 

Transportation 
Mode and 

Waste Type 

Population 
dose 

(man .. rem) 
•rotal b 

~ata.lities 

---·· "--·----
WITHOUT MONITORED RETRIEVABLE STORAGE 

100% Truck 
Spent fuel 
Defense and .:est Valley 

high-level waste 
TOTAL 

100% Rail 
Spent Fuel 
Defense and West Valley 

high-level waste 
TOTAL 

46,000 

1!,000 
57,000 

1,200 

400 
1,600 

WITH MONITORED RETRIEVABLE STORAGE 

100% Truck 
Spent fuel 
Defense and West V~lley 

high-level waste 
TOTAL 

100% Rail 
Spent fuel 
Defense and West Valley 

high-level waste 
TOTAL 

Rail from monitored retrievable • storage 
Spent fuel 
Secondary waste 

TOTAL 
Total from o~igin 

Truck 
Rail 

(c) (d) 
18 ,ooo (15,400) 

11. ,000 (11,000) 
29,000 (26,400) 

700 (643) 

400 (400) 
1 '100 (1,043) 

296 (220) 
183 (135) 
479 (355) 

29,500 (26,800) 
1,600 (1,400) 

9.2 

2.1 
11.3 

0.22 

0.08 
0.32 

(c) 
3 .6 

2.1 
5.7 

Od4 

o.oa 
0.22 

0.05 
o.oJ 
0.08 

5.7 
O.JO 

(d) 
(3 .1) 

(2.1) 
( 5. 2) 

(0.13) 

.(0.08) 
(0.21) 

(0.04) 
(0.03) 
(0.07) 

(5.3) 
(0.28) 

8 Includes occupational and nonoccupational exposure from normal and 
acci~ent conditions, (see Appendix A for more detail). 

Includes genetic effects to future generations. 
cResults in this column assume all r2actors ship spent fuel to the MRS 

fac.i]tity. 
Results in parentheses assume western reactors ship spent fuel direct to 

repository; eastern reactors ship spent fuel to the MRS facility. 
e Assumes 10-car dedicated train .with 100-ton casks. 
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all reactors is sh~_.1ped to the MR3 facility by truck, C':Onsolidated and 
overpacked at the Ml:S facility, and shipped to the repoaitory :·,n 100-ton 
(~asks on dedicated trainR, the resultant population doae would be about 
lA,SOO man-rem (abc. .. t 4 fatalities). If rail is used for the shipment of 
spent f.uel from all reactors to the MRS facility and th.ltl to the repoYitory, 
the resultant dose '•JOUld be about 1,100 man-rem (less t! .. nn 1 fatality). The 
shipment of DHLW hom Hanford, Washington; Idaho Fall:!, Idaho; Savannah 
River, South Carol.l1a; and WVHLW from West Valley, Ne\1 l'-'l'k directly to the 
repository (regardless of the existence of B MRS facU~ .. y) would result in a 
population dose of about 11,000 man-rem (about 2 fat l.'ties) by truck or 
about 400 man-rem (less than 1 fatalfly) by rail. Frc .. t these results, it is 
evident that the rad:l.ological impacts associated with Ll-. :ck shipment are much 
greater than those for rail, and thAt the use of a MRS facility would reduce 
the total radiological impact of transporting nuclear wastes, especially if 
rail is userJ as a shipping mode between the waste generation point and the 
MRS facility. 

It is also notable that the radiological risks asa,ciated with accidents 
are much lower than the radiological risks associated W'lth incident-free 
transport. This ls because it is very unUkcly that an accident resulting in 
a release of radioactive material would occur and because experimental 
evidence suggests that the consequences would not be great: should such an 
accident occur (Wilmot et al., 1981; Sandoval and Newton, 1982). Neverthe
less 1 because it is important to bound the consequences of a credible 
accident scenario, 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: dong w-ith the 
results. 

5.3.2.2.2 Regional impacts 

For the regional impact analysis, the unit risk factors were modified to 
make them more appropriate for assel!lsing risk on transportation routes Within 
the State of Nevada. Specifically, this involved replacing the national 
average population density values used by RAOTRAN-II with r.oute-speciftc 
population density data. These 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 conditions do no:: change signifi
cantly. For example, changes in population zone or county are conditions 
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 !)Opulation density and· do not 
correspond to definitions used by the U.S. Bureau of the Census. 
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Table 5-37. Identif·~cation of highway segments used io tratJsport t·isk 
assesEOmLnt 

Segment 
No. Desc.1· :.ption 

Popu
lattgn 
zone Cc·n1ty 

Segment 
length (ktn)c 

I 

2 

3 

4 

5 

6 

7 

California Border to Las Vegas I-15 

l-as Vegaa I-15 

Las Vegas to Indian Springs 

Indian Springs 

Indian Springs . t;o Nye 
County Line 

u.s. 95 

u.s. 95 

u.s. 95 

u.s. 95 

Nye County Line to access road u.s. 95 

U.S. 95 to repository Access 
road 

R ·;J trk 48 

u Cl.lrk 42 

R C.l t'rk 43 

s Clark 3 

R c.~~rk, 16 

R Nye 39 

R Nye 24 

• bl-15 = Interstate 15; u.s. 95 ~ u.s. Highway 95 
R ~ rural, S • suburban, U ~ urban c . 
1 ~ilometer (km) = 0.6214 mile 

1. Urban Population Density - Only Las Vegas and Reno, Nevada, are 
considered. urbanized areas for the purpose of risk analysis .• 
PopulatiOf! ·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 U-rbenized. 4\rea, which was also obtained from the UoS. 
Department of Commerce (DOC, 1981). 

2. Suburban Popu~ation Density - All towns for which p_opulatlon data 
were av-ttilable were considered suburban population zones. Two 
sources were used to obt&in population data: 0) 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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J, Rural Populal.'.ion Density - It would not be appropriate to use rural 
population r'!~nsi ty values based on total eounty area. This ia 
because mo1:1t count1ee in Nevada contain large uninhabited areas, 
Therefore, ·~he assumption was made that all rurul resf.dents of a 
given county are distributed within 1.6 kilometers {1 mile) on 
either side :1f major highways, Rural populatin,s for each county 
were determi.ned by obtaining county populatiOnl:i from. DOC ( 1982), 
and subtree.: ing the populations of urbanized ar.~aa and towns, 

The population distribution pattern along rail rou• .. & was assumed to 
fol!ow that determined for highway routes, That is, fc· ~given population 
~one 1dthin a given county, the same population density -IH assumed for rail 
and truck routes, 

The radiological unit t'isk factors used for the llati<mlll assessment are 
presented in Appendix A while those used for th~ regions;. analyses are pre
sented tn Table 5-38. 

Table 5-38. Radiological r-isk factors for transportation of 
nuclear waste within Nevada 

Fatalities per 100,000 shiementsa 

Route 
b CSFc swd sF• HLWf 

Truck 
I-158 NAg NA 1.10 0.99 
I-15N NA NA 0.89 0.79 
U.S. 93N NA NA 0.84 0.75 
I-SOE NA NA 2.20 1.90 
u.s. 95S 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 

alncludes latent cancet' fatalities to occupational snd nonoc~up~fional 
exposures from normal transportation and accidents; assumes 2.·0 x 10 cancer 
fataSities per man-rem. See Appendix A for more detail, 

I a Interstate Highway; U.S, • U.S, Highway; S.R, • State Route; 
UP a Union Pacific (last letter of acronym indicates direction). 

c 
dCSF • Consolidated• and overpacked spent fueL 

SW = Secondary waste. 
e 
fSF = Spent fuel, 

HLW ~ Defense and West Valley high-level waste. 
gNA = not applicable, 
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These risk fact.crs are presented in terms of radiological-r8lated 
fatalities per shipme t of a given waBte type on a given route. Fo~ example, 
the greatest radiolo~. ical risk per shipment of spent J'uel by tr:uck is 
incurred along the u .. s. Highway 95 southbound route (the longest route), 
while for ra11 shipm~c~ts, the Union Pacific eastbound ro1 te has the highest 
risk on a per shirmeT·t basia, becauRe of the population d~msit.y along that 
route. 

The results of the assessment of radiological riek r·t"om nuclear t.:rnste 
transportation within the State of Nevada are present.e-i •n Table 5-39. The 
following conclusions can be drawn from these result~;~. First. for the case 
involving no monitore··, retrievable e.torage (MRS) facilH .,, the total radio
logical ri.ak reb:Jlting from nuclear waRte transportatio•· within Nevada is 
very low, and there is little difference in the magnitude of the riak between 
routing sceuurios 1 and 11. In either sc.enario, about one cancer fatality 
would be eKpected from the population dose associated li.-"i.th truck shipments. 
The largest single component of radiological risk in eHher scenario is the 
truck shipment of W"tstes 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 postulated routes but also has the largoat 
number of shipments. Also, as in the case of national :tmpact, it 19 evident 
that radiological risk from truc.k shipment is significantly greater than for 
rail shipment. 

For the case assuming the existence of a MRS facility, there is also a 
low total radiologic.al risk, with little difference between scenarios. For 
example, the total population dose assuming truc.k shipment from waste origin 
to a MRS facility or the repository is about 1,800 man-rem for Scenario I and 
1,400 man-rem for Scenario II. These dose levels are well below that which 
would be e~pected to produce one cancer fatality. When rail shipment from 
waste origin to a MRS facility nr 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 associated with transportation of 
nuclear waste within the State of Nevada is very low end fairly constant for 
all postulated cases of routing and interim destinations. 

Although the radiological risk from accidentl:l is small, it should be 
noted that the risks may be overstated for the Nevada region for rail. That 
is, the rail accident rates used in the RADTRAN-II modeling may be greater 
than that experienced in Nevada by the Union Pacific railroad. F27 example, 
RAOT~N-Il uaed railroad accident rates ranging between 1.0 x 10 and t.S 
x 10 accidents per rail car per kilomet:er depending upon whether the 
location was_5ural or urban. The suburban accident rate uGed in RADTRAN-II 
was 1.9 x_ao . In Nevada, the Union Pacific line had an ac.cident rate of 
6. 88 x 10 acddents per rail car per kilometer over the period 1978 through 
1983 (this does not include 1982 for which rail car per kilometer data was 
not available) for which tail equipment damage exceeded certain monetary 
limits (DOT, 1985b). This accident rate is one sixty-ninth of the lowest 
accident rate used in RADTRAN-II. Furthermore, the Union PaGific rail system 
overall had a lower than average accident rate for Class I main line rail
roada in the United States during 1984~ with an accident rate equal to 
78 percent of the average (DOT, 198Sa). 
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Table 5-3~. 

Route 

Truck b 

I-1 Ss 
I~I5N 

U, S, 93N 
I~80E 

u.s. 95f, 
S.R, 37JN 

TOTAL 

Raile 
VPW 
VrE 

TOTAL 

Truclt;b 
I~ISS 
I~l5N 
U.S, 9:3N 
I-BOE 
UoS• 95S 
S.R, 373N 

TOTAL 

Rail c 
UPW (1) 

Summary of regional radiological 
nuclear waste transportation 

TOTAL FATALITIES 

Scenario I 

WITHOUT MONITORED R!TREIVABLE 9TORAOE 

o. 50 
CJ.07 
0.27 
0.02 
0.1! 
o.oo 
0,97 

o.o~ 
0.03 

o.oa 

WITH MONITORED RETR!IVABLE STORAGEd 

0,10 
0.01 
0.09 
0.02 
Q.ll 
o.oo 

O.JJ 

Spent fuel & high-level waste 
Coneolidated and 'oye'rpacked 

epent fuel 'and Be'(:CJndah· waste 

0.02 
0.04 

UPE· 

TOTAL 

o.o1 

o. 37 
0.07 

• impacts of 

Scenario IX 

o.ss 
0.09 
0.27 
o.oo 
o.oo 
o.oo 

0,91 

o.os 
0.03 

0.08 

0,13 
0,03 
0.09 
o.oo 
o.oo 
o.oo 

o. 25 

o.ot 
0,04 

0.01 

o. 29 
0,07 

alncludes occupationol and nonoccupational exposure due to nor111al and 
accigent conditions (See Appendix A for ~ore detail), 

I .. Interstate high11a_y; U.S • u.s. Highway; S.R ... State Route. Last 

lett~~/~ ~~~~~ ~:~!~~~~ion denotes directioll of traYel. 

eAaaumas 11eatarn reactors ship directly to the repository. 
Assumes 1001 truck trenaport of western reactora and high-level wnste from 

defepse and West Valley sitae to repository. 
Asau~ea 100% rail transport of W"li!Stern reactors and HLW from defense and 

West Valley sites to repository. 
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For tranaporta!:t.on via truck, the opposite condition may exf:H. That 
ts, RADTRAN-II may u,nderatate vehicle accident conditior.s in Nevada. This 
tentative conclusion is baaed on overall death rates (d•?,'Jths per one hundred 
million vehicle :nih·; for all vehicles) which indicate8 that Nevada was 40 
percent above the nationd average jn 1983 (National Saf'!ty Council, 1984). 
Actual accident rai:Ji•<> for the types of vehicles of ft·:.ereat are not 
published. During a•t:e characterization such rates will t·f' determined, 

5,3,2.2.3 Maximally exposed individual impacts 

The estimated doues to the various categories of t·.aximally exposed 
individuals fran. normal nuclear waste transportation at'e presented in 
Appendix A. These results indicate that, in general, truck or train 
servicing pecaonnel have the highest potential for exposure. 

5,3.2.3 Nonradiologicsl Impacts 

Aside from the radiological risks described above, certain nonudio
logical risks are inherent in any large-scale transportation program, regard
less of whether nuclear materials are involved or not. Nonradiological 
effects include the potent1.al induction of cancer by nonradioactive pollut
ants emitted by the truck or train and the fatalities or injuries resulting 
from truck ot railcar accidents. Nonradiological risks are expresaed in 
terms of latent cancer fatalities per kilometer of incident-free travel and 
fatalities and injuries expected from accidents per kilometer of travel. 

S.3.2.3,1 National impacts 

The factors used to estimate nonradiologicsl risk on a national basis 
a.re .calculated as described in Appendix A. The origin of the data utU1r:ed 
to determine the factors is nlao identified in Appendix A via the reference 
c.ited therein. 

The nonradiological impacts associated wi~h truck and rail transport on 
a national scale are presented in Table 5-40. These results follow the same 
general pattern as that of radiological impacts for the direct to repository 
scenario in that truck shipments represent a greater risk than do rdl 
shipments. This fact becomes obvious when one considers that accidents are 
the do~inant causes of nonradiological impacts. In the direct-to-repository 
case, truck shipments would result in about 36 fatalities and 463 injuries. 
wher~as rail sh1pments would produce about 3 fatalities and 29 injur1ea. 
In the case where all reactors ship spent fuel by ttuck to a MRS facility for 
consolidation, overpack, and shipment by tra1n to Yucca Mountain• the total 
nonradiologica.l impact !9 e_~timated at 42 fatalitie9 and 483 injuries, If 
rail is used as a shipping mode for the r.:,C~ator-to-MRS cqmponent of this 
scenario, about 27 fatalities and 287 injuries would be expected. 

5-95 

( 0 8 0 4 3 0 



Table 5-40. Summar.Y !1f nat.t.onal nonradiological impacts of nuclE'!at· waste 
transportation 

• Total fatalities 

m ' .. 'HOUT MONITORED RETR IE:VABLE STORAGE 

100% Truck 
Spent Fuel 
Defense and West VaUey 

high-level weste 
TOTAL 

100% Rail 
Spent fuel 
Defense and West Valley 

high-level wastt 
TOTAL 

29 

7.4 
36.4 

2.4 

0.6 
3.0 

WITH HONI'l'ORED RETRIEVABLE STORAGE 

100% Truck from origin 
Spent fuel 
Defense and West VHlley 

hi-gh-level waste 
TOTAL 

100% Rail from origin 
Spent fuel 
Defense and West Valley 

·high-level waste 
TOTAL 

Rail from MR.Sd 

Total from origin 
Truck 
Rail 

(b) 

9.1 

7.4 
16.5 

0.9 

0.8 
1. 8 

25 

42 
27 

(c) 

(8.5) 

(7 .4) 
15.9 

(0.87) 

(0. 84) 
1. 6 

(24) 

(39) 
(25) 

Total injuries 

370 

93 
463 

23 

6. 4 
29.4 

(b) 

124 

93 
217 

8.4 

8.3 
16.7 

270 

480 
289 

(c) 

(UO) 

(93) 
(203) 

(7. 8) 

(8.3) 
(16.1) 

(250) 

(440) 
(270) 

8 Fatalities resulting from accidents and potential induction of cancer by 
nonrgdioactive pollutanta emitted by the train or truck. 

Results in this column assume all reactors ship spent fuel to a MRS 
facility. 

cResults in parentheses assume western reactors ship spent fuel directly 
to rapository and eastern reactors ship spent fuel to a MRS facility. 

Assumes 10-car dedicated train with 100-ton casks. 



5.3.2.3.2 Regional impacts 

As in the cas€ of radiological impact analysis, nonradiolos:tcal unit 
risk factors were rc••dified to make them more appropriate for the regional 
analysis, This wae dane by applying route-specific POl-!olation density data 
to the formula used to calculate the risk factors as pl·.;viously described. 
The regional-spedftc nonradiologicsl risk factors gene.ra.t.ed in this manner 
are presented in T£1.1.le 5-fd. 

Using the r·:>ute-specific population densities and l:'!e routing scenarios 
previously described, results of the regional assessmt. 11 were obtained and 
are presented in Tab!.~ 5-42, 

For the regional esse involving no monitored retriii!vable atorage (MRS) 
facility, the following conclusions are drawn: 

1. The total nonradialogical risk is low and th1~re 19 not much 
difference in risk between scenarios I and II. 

2. The nonradiological risk as!lociated with truck Bhipments is greater 
than that for train shipments. 

3. The largest fraction of the risk for truck shipments is incurred on 
the Interstate 15 southbound route. 

If a HRS facility is assumed, the following conclusions are drawn: 

1. The total nonr(ldiological risk is low, and the risk for Scenario l 
(truck only) is slightly higher than for Scenario II, because the 
trip distance within the State is longer. 

2. The nonradiological risk associated with train shipments is greater 
than that far truck shipments. 

3. The largest fraction of the truck-related risk is incurred on the 
u.s. Highway 95 southbound route for Scenario I and the 
Interstate 15 southbound route for Scenario II, because of trip 
length. For train shipments, almost all of the rie~ !s incurred on 
the Union Pacific westbound line, upon which moat of the rail 
shipments would be transported. 

5.3.2.4 Risk summary 

5.3.2.4.1 National risk summary 

This section summarizes total riak as a function of the number of ship
ments made and whether a monitored retrievable storage (MRS) facility is used 
in the waste-management system. In ~11 cases, nonradialogical fatalities and 
injuries far e~ceed those due to the radiological nature of the cargo • 

.. 
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Table 5-41. NonJ"a('iologic.al risk factors for tranapcrrtation8 of nucleat' 
waste •,yithin Nevada 

Route 

T'.:'uck 
b 

I-15S 
I-1SN 
U.S. 93N 
I ·~BOE 
u.s. 953 
S.R. J73N 

Railg 
UPW 
UPE 

Tt'UCk 
b 

I-ISS 
I-lSN 
ll. S. 93N 
l-BOE 
U.S. 9SS 
S.R. 373N 

Railg 
UPW 
UPE 

FATALITIES ·PER 100,000 SHIPMENTS 

NAf 1.6~ 

NA 1.27 
NA 1. OS 
NA 4.07 
NA s. 19 
NA O.JS 

71.6 1. 02 
NA J7o3 

INJURIES PER 100,000 SHIPMENTS 

NA 18.2 
NA 12. 1 
NA 13•0 
NA 50.4. 
NA 63.6 
NA 4.3 

76.1 1 o.s 
NA 7. 1 

1.62 
1.27 
1. OS 
4.07 
Sol9 
o.3s 

j, 02 
1 7. 3 

18.2 
12ol 
13.0 
50.4 
63.6 
4.3 

8 Includes occ.upational and nonoccu?ational exposure due to accident and 
nonngl conditons. (See Appendix A for more detail.) 

I = Interstate highway; u.s. = u.s. Highway; S.R. = State Route (last 
letter of acronym indicate direction). 

c dCSF ~ Consolidated and overpacked spent fuel; SW = Secondary Waste. 
SF = Spent fuel. 
~HLW = Defense and West Valley high-level waste. 

NA = Not applicable. 
gOP = Union Pacific (last letter of acronym indicates direction). 
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Table 5-42. Summary of regional nonradiological 
waste ltansportation 

• impacts of nuclear 

Totat FatalitieY Total lnjrriea 

Route .~ :enario I Scenario II Scenario I 5ccnario II 

WITHOUT MONITORED RETRIEVABLE STORAGI-: 

Truck b 
I-ISS (lo 75 0.82 8.45 9.22 
I-ISH 0.10 0.12 0.91 1.18 
u.s. 93N 0.36 o. 36 4.41 4. 41 
I-80E 0.03 o.oo O,ll} o.oo 
u.s. 95S 0.22 o.oo 2.69 o.oo 
S. R. 373N o.oo o.oo 0.06 o.oo 

TOTAL 1.46 1. 30 16~ 92 l4~8J 

Raile 
UPW 0.12 0.12 1.28 J, 28 
UPE 0.45 0.45 0.19 0.19 

TOTAL flo 57 o. 57 !.47 1.47 

~JITU "ONil'OR.ED ~T.RIEVA.BLE sroRAGE 

Truckb 
I-ISS 0.16 0.29 1.78 2.55 
I-15N 0.02 0.05 0.18 0.4t. 
u.s. 93N 0.12 0.12 1.51 I. !11 
1 .. 8QB 0,0) o.oo 0.41 o.oo 
u.s. 955 0.40 o.oo 2.69 o.oo 
SaR• 373N o.oo o.oo 0.06 o.oo 

TOTAJ,. o. 7.3. 0·"6 6.63 4. 50 

Raile 
UPW (1) 

Spel1t fuel & 
high-level 
waste o.os o.os 0.53 0.53 

Cons~.~.1.\lated 
spent fuel & 
secondary 
waste 1.15 1.15 12ol 9 12.19 

UPE 0.09 0.09 0.04 o.ot. 
TOTAL 

Case I lo 88 !.6! 18.82 16.69 
Case II I. 29 1.29 12.76 12.76 

8 Includes occupational and nonoccupational e~posure due to accident and 
normgl conditions (see Appendix A for ~ore detail). 

I • Interstate highway; U.S. • U.S. Highway; S.R. • State Route. Last 
letter of rout~ designation indicates direction of travel. 

cUP • Union Pacific. Last letter of route designation indicates direction 
of taavcl. , . 

Western reactors plus defense and West Valley high-level waste. 
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Over the 28 yt!ars during which nuclear waste will be tranaported, 
approximately 47 f<Jt',alities and 1+63 injuri~a are predi!!ted natio•1ally if all 
nuclear waate h t.r• nsported by truck. If rail is used, the fatalities dt•op 
to about 4 and the ··~ljuries to 29. Inc.luaion of a MRS facility iu the system 
slightly increases ···isk over the direct-to-repository Lv truck scenario to 
48 fatalities and 463 injuries if all spent fuel ls trtl•laported to the MRS 
facility by truck. If rail is used to transport the SJ:E:ilt fuel to a MRS 
facility, the fstcJlties drop to 27 and the injuries t~. 287. 

5,3,2.ll,2 Regional risk summary 

From a regional standpoint the safest scenario is direct transpor;t from 
origin to Yucca Mountatn by rail. The highest risk is ddsociated ~ith direct 
transport of western fuel from origin to Yucca Mountain by truck with eastern 
fuel being transported from the monitored retrievable Litorage facility by 
dedicated rail. However, as previously noted, sll s·cenarios produce 
extremely low risk \l'ithin the State of Nevada. 

5.3.2.5 Costs of nuclear waste transportation 

TI1is section assesses the total costs associated with the transportation 
of nuclear w~ste Over the life of the repository. The cost results presented 
here are based on the 111ethods and data presented in Appendix A. 

The total transportation cost associated with spent fuel, def.enBe high 
level waste, and West Valley high level waste is the sum of costs incurred 
for each of the followtng items: 

1. Capital costs, which are the costs of the transportation packaging 
and associated trailer or rail car. 

2. Maintenance costs, which are costs associated with maintenance and 
licensing activities. 

3. Shipping costs, which are based on studies of published' tariffs or 
conservative estimates of actual shipping rates. 

The results of thLa cost analysis ere presented in Table 5-43. These 
results 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 consid
ered. In the MRS facility case, the total transportation cost would be about 
$1.83 billion if origin-to-MRS truck shipment is assumed or 1.89 billion if 
origin-to-MRS rail shipment is assumed. These coats are for a repoaitoryof 
70,000 metric tons uranium capacity at Yucca Mountain and ar:e expressed as 
1985 dollars. 

,,,.,. 
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Table 5-43-, Summary of total transportation costs 

-----------------------------
Transportation 
Mode and Waste Type 

Total 'tranflport-ation Oost 
(million 4 of dollaca) 

WLTHOUT MONITORED RETRIEVABLE STORAGE 

100% Truck. 
Spent fuel 
Defense high-level ·~·astfi 

West Valley hi,.{h-level waste 

TOTAL 

100% Rail 
S~ent fuel 
Defense high•leve'l waste· 
West Valley high~level waste 

TOTAL 

1286 
237 

IS 

1538 

1024 
308 

12 

l345 

WITH MONITORED RETRI&VABLE STORAGE 

100% Truck from origin 
Spent Fuel 
Defense high~level waste 
West Valley high-~evel Waste 

100% Reil from origin 
Spent Fuel 
Defense high_.level- waste· 
West Vall~y·htgh-level'waste 

100-ton Rail cas~ from MRS 
Spent Fuel (overpacked) 
Secondary Waste 

Total from origin 
Tru~k 

Rail 

(a) (b) 

600 
237 

15 

593 
308 

12 

800 
-174 

1828 
1889 

(533) 
(23)) 
~15) 

(551) 
(308) 

12 

(725) 
( 163) 

(1674) 
(1760) 

3 Results without parenthesis assume all reactors ship spent fuel to a 
moni5ored retrievable storage (MRS) facility. 

Results in parenthesis assume western reactors ship spent fuel direct to 
repository and eastern reactors ship spent fuel to a MRS facility. 
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One additiont~l coat element that W"arran~:s assessment is the cost 
incurred f.or the c.cntrol and cleanup of an uncontrolled rele.<~.ae of 
radioactivity. The likelihood that aur.h an accident w111 occur 1!1 very low, 
but it is useful tc assess the cost of auch an event. The bf.lais foe and 
results of this cos~- estimate are provided in Appendb: -"·· 

5.3.2.6 Emergency ~·esponse 

Traditionally, it has been the responsibility of :tate and local govern
ment to respond to transportation acddentSj the role d the Federal Govern
ment in the event of accidents during the transportatior: of civilian radio
active waste is usually one of supporting the State's lead role. In Nevada, 
the State Health Division is designated by law (Nevada :l.evi.sed Statute 4.S9, 
1981) sa the State radiation control agency. The Nev~da Division of 
Emergency Management (OEM) is reaponaible for coordinating all disaster and 
emergency response activity. The OEM has a Memorandum of UnderDtanding for 
hazardous materials that delineates responsibilities of State and Fedenl 
agencies in responding to radiological accidents. The OEM h also 
re.sponsible for preparing the State Emergency Operations Plan, w-hic:h includes 
response to a radiological accident. The DI::M also provides radiologic:al 
monitor training for state and local emergency response per9onnel. 
Assistance is ~vailable, as needed, from other government agencies and La 
c.oordinated by the u.s. Department of Energy (DOE). A State Radiological 
Emergency Plan is currently in effect (State of Nevada, Department of Human 
Reaourcea, 1983). 

The Department of Energy Nevada Operations Office hae a unique cap3bll
ity in the at'ea of radiological response. The DOE maintains a 24-hour manned 
emergency telephone station in Las Vegas that serves as the initial notifi
cation contact for emergencies and response coordination for radiological 
assistance. Under a Memorandum of Understanding with the State of Nevada 
(revised, 1984), the Department of Er1ergy Nevada Operations OHic.e will 
immediately notify the Health Division and the DEM of any emergency and will 
respond until State personnel take action (DOE/NVO, 1985). In southern 
Nevada, a Radiological Assistance Team, with a 24-hour rotating duty officer 
and a specially equipped vehicle, can be called upon i111111ediately. In 
northern Nevada, the State of Nevada Emergency Response Team, composed of 
qualified State and university personnel, is available. In addition, first
on-the-scene training courses have been developed and conducted for ambulance 
operators, fire departments, and Nevada State law enforcement personnel by 
the Reynolds 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 ere regularly 
maintained. 

5.4 EXPECTED EFFECTS ON SOCIOECONOMIC CONDITIONS 

This section describes the potential economic, demographic, community 
service, and social impacts of locating a repository at Yucca Mountain. 
Factors that are considered in tht'J assessment of potential social and 
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economic effects are ,-Iisc.ussed in this section. These fectors int'ludc the 
local availability n! workers, the extent of inmigration, worker settlement 
patterns, eKpenditul.'•? . .') in the local area, and the publi'.' 1·a perceptions and 
attitudes about the safety of high-level radioactive waste transportation and 
disposal. Rsdiologir-al safety is a maJor consideration ,')f the prec.losure 
guidelines and ia d\scussed in Sections 6.2.1.2, 6.4. , and 6.2~2.1. 

However, for this m.<llyeia, it has been assumed that Slll"."!ty questions about 
transportation and d'lepoaal would be resolved before s \!-poaitory would be 
conatruc.ted. 

The llnslysl.s of these potential impacts is limiteC, !'') the bicounty area 
(i.e. Nye and Clark counties) identified in Section 3.6 As diacuosed in 
that section, because of the similar geographic location and similar worker 
skills, historical settlement patterna of workers (as measured by reported 
ZIP codes) at the Nevada 'l'eat Site (NTS) provide a reaeonable indication of 
where repository workers and their families would settl~:c. In the absence of 
detailed information about worker sk.ill mix, a worst-case analysis of 
demographic effects assumes that all project workers wot:ld come from outside 
the bicounty area of Clark and Nye counties. Thia as-.:umption has been 
modified in the economi-c conditions section, which provides a preliminary 
evaluation of local labor availability. 

Although flscal 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 discussion 
of the Federal Government. 1 a commitments to provide financial and tec.hnical 
assistance for impact mitigation under the Nuclear Waste Policy Act of 1982 
(NWPA, 1983). Other types of impact mitigation, such as mitigation by 
avoidance 1 would be identified as part of the ongoing studies. 'Fac.tors that 
affect socioeconomic impact estimates would be the subject of more detailed 
analyses as part of studies carried out in the preparation of an environ
mental impact statement, 

5.4.1 ECONOMIC CONDITIONS 

The potential economic impacts that relate to labor, materials, income, 
land use, and tourism are described in this section. Only private sector 
activity will be considered here (public sector implications are discussed in 
sections 5.4.3 and 5.4.5), This analysis is baaed both on preliminary esti
mates of the demand for project labor and materials and on preliminary 
studies of future baseline market conditions. It is expected that repository 
construction would begin in September of 1993 1 and as a result, the bicounty 
area would begin to experience significant increases in demand for mine 
wor\l:era, construc.tion workers, othet• skilled workers, and materials. 

5.4.1.1 Labor 

As shown in Figure 5-7a for vertical emplacement, the demand for direct 
wor\l:ers would peak in 1998 and decline sharply at four points in the 63-year 
project schedule. Those points al'e .(,l) near the end of construction in 1·999; 

l 



(2) at the phase dm-.l and c.ompletion of mining between 2018 and 2020i 
( 3) between the phas;~~ down of emplacement in 2024 and the beginnL1g of the 
caretaker phase in ZO.l6; and (4) at the end of the decommissioning period in 
2055, Figure S-7b 13h.:>ws that the number of workers for iorizontal emplace
ment would peak i'l tn97 and also decline at four points I'~ the 58-year proj
ect sc.hedule. Tho~ I' po:l.nts are ( 1) near the end of cor.<Jt'C'uction in 1999; 
(2) at the phaee d(Jin\ and c.ompletion of mining betwe-.p·! :w10 and 2012; 
( J) between the phase doloffl of emplacement in 2024 and t ~ begi.nning of the 
caretaker phase in 2026; and (4) at. the end of the dec'lmdaaioning period in 
2050, Unless southern Nevada were experiencing rapid 'rowth during these 
years, these periods ,.ould probably raaemble sim1lar p!l· iods of slower eco
nomic growth thnt the bicounty area has experienced dur, ~g pre11ioua fluctu
ations in the mining and c.onatt:uction industries. 

tables 5-5a and 5-Sb present preliminary estimatf;'s o[ the project's 
labor requi.rements by skill for 11ertical and horizontal emplacetaent, 
respectively. Assllming vertical emplacement, the projt~ctiona in Table. S-5a 
suggest that the repository would employ abo1.1t 250 diJ:ect workers in the 
first year of conatruc.tion, 1993, This number would h1creas'l! to a peak of 
about 1,900 direct workers in 1998. Mining employment would increase from a 
1993 level of approximately 105 to a peak of about 630 direct workers in 1995 
and 1996. Near the end of construction in 1999, direct repository workers 
would decline to 1 ,636. This number includes 235 constl'uction workers 
(including conetruction managers) and 402 mining Wol'kers. The numbel:' of 
mining workers would be maintained at th-J.s level throughout moat of the 
remainder of the emplacement phase of the operations period (i.e. through 
2018), Near the end of the emplacement phase, after 2024~ the work force 
would be reduced from 1,398 to 162 for the caretaker phase, which would begin 
in 2026. Near the end of the caretaker phase, employment would be increased 
to 412 for the start of the decommissioning period, and finally drop to 
209 workers for the last year of decommissioning in 2055, No workers would 
r~main at the site on a regular basis after 2055. A similat: pattern is shown 
in Table 5-5b for horizontal emplacement. 

Local purchases of repository materials, and expenditures by repository 
workers would result in increased demands for local goods aT\d services. 
Indirect employment is defined as the increase in trade, service, and other 
employu~ent that can be attributed to the increased demand for goods and 
services. The project's total employment effect is the sum. of the direct 
repository workers and indil'ect project employmer1t. Tables 5-5a and 5-Sb 
provide estimates of the indirect employment effect based on the assumption 
that 1.54 indil'ect jobs would be created for each direct job (White et al., 
1975; see also Mc.Brien and Jones, 1984). The indirect employment multiplier 
of 1.54 was estimated, using data presented in White et al., as the average 
ratio of nonbaaic (indirect) to basic (direct) employment in the Clark County 
area between 1961 and 1974, The sanual ratio was fairly constant over that 
time interval. Basic employment was defined as the combined total employment 
of the resort industry, the Nevada Test Site, Nellis Air Force Base, and part 
of the manufacturing industry, Nonbasic employment was defined sa total 
employment in the Las Vegas Standard Metropolitan Statistical Area milluE! 
basic employment (White et al., 1975). It should be noted that White et al. 
(1975) calculated a total employment multiplier of 2.54 rather than an 
indirect employment m4ltiplter 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 employment :!<J estimated using the indirect empluyreent mult:lplier and 
is then added to diU..!t employment, (as ~hown in tha analysaa praeented in 
thifl chapter); or t.t•! total employment change is calcu.tated directly by 
applying the tote.! eu:,)loyment multiplier to the change in direct employment. 
A total employment m• l_tfplier of this size has bettn $pp1 AF2d in sevual put 
studies of Las Vegas .<md Clark County economies. The metr1od disc.ussed abo11e 
results in a multipltH (either indirect or total) that i ,~downward-biased to 
the extent that Neva~~a Test Site (NTS) employees reside ·1 Nye County and to 
the extent that the resort industry serves the local popu1ation (i.e. is not 
totally a basic industry). 

Total employment (i.e. 1 direct and .tndirect) induce by the project 
would inc.resse awl decline over time in relation to the ai.ze of the direct 
project work force. The total annual employment would r~Rch a peak of about 
4,800 jobs ip 1998. Near t.he end of tha construction per:f.od in 1999• this 
number would decline to about 4, 150. The averaga level of total employment 
would be about 4,260 for the next 25 years, through 2024. Although not 
reflected in tables s-sa and S-5b, the project also woold employ direct 
workers during the operations period for traffic escor,: and control, 
emergency preparedness, road and rail maintenance, and operation of locomo
tives, trucks, and other vehicles. Estimates of employment levels for these 
activities are not yet available. 

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 force would reside in the Las Vegas m~tropolitan area, 
and about 14 percent of the work force would locate in the smaller commun
ities of Indian Springe, Pahrump, Tonopah, Amargoso Valley, Beatty, and other 
southern Nevada communities. The settlement patterns of NTS employea$ also 
indicate that workers ha,ve been drawn from a labor market that includes 
residents of Clark, Nye, and other Ne11ada counties, as well as from 
California, Arizona, and Ut.~h. 

Potential labor market implications of the project would include inmi
gration of workers having mining and construction skills. There might be an 
increase of wages and salaries to induce tht!se workers to relocate to the 
area. Labor market impacts Would depend upon the local and regional 
availability of workers at various periods of the project, especially during 
the con at ruction period (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; State of Nevoda, OCS, 1985) and 
estimated 1983 population (Ryan, 1984), employment to population ratios for 
Clerk and Nye counties csn be calculated. Applying these t.o projected 1998 
baseLI.ne population £or each county (calculated from tables 3-15 and 3-16 
using linear interpolation), and summing, results in an estitnat.e 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
ment) in 1998 would be lees than one percent of this estimated baseline 
bicounty wage and salary empJ.oyment in that year. 

Estimates of project labor requirements indicate that a significant 
demand would exist for construction and mining workers. The peak requir.ement 
for construction workers (including construction managers) would be about 700 
for vertical emplacement, as shown in Table 5-5a. This represents about a 
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3 percent increase o·•er 1995 baseline construction employment levels 
projected for th~ b1.cPunty area, The peak requirement fot mining workers for 
ve!':'tical emplacemeni~ would be about 630 and would rep·reeent neatly a 
40 percent increase o·•er the projected l995 Nye County bl!i(leline ellrployment in 
that industry. (Bae~·line employment for 1995 is interpol'lted from l990 and 
2000 employment p!:oj~·cti.(InB shown in tables 3-12 and 3-! i.) Declining to 
about 400 in 1998, tUs level of mining employment would l:t: maintained for 
the next 20 years em:! represents about a 23 percent im •e.ue over mining 
employment projected for Nye County for the year 2000 As noted in 
Section 3.6.1.2, emrloyment projections for Clark Cou"''t,'s small mining 
sector are not svaf.lable. This projection indicates th t :he development of 
a repo!litory at Yucca Mountain (aesu!!ling vertir.al emph~ ·.1ent) would place 
significant demands on the local mining sector and modere~e demands on the 
local constructioil sector. Althongh the horizontal empla~::ement method would 
generate only about 80 percent as many mining jobs, tht. construction work 
force requir~m~nt would ba about the same as for vertical ~mplacement. HBny 
mining and construction workers would come from outside ~he bicounty area. 
The extent to which this would occur depends upou the prf~senca in the area of 
other large projects in the early 1990s, the state of tht~ national economy at 
that time, and the unemployment rates in these skill areas. 

5.4.1.2 Materials and resouraeB 

The average annual requirements for some construction materials and 
resources are shown in Table 5-6, In addition to electrical power, a 
preliminary analysis of materials supplies in southern Nevada indicates that 
it is reasonable to aasurne that concrete and fuel would be purchased ln the 
area (McBrien and Jones, 1984). However, many of the materials that even
tually would be required may not be available in southern Nevada. The 
caretaker phase would generate only a small requirement for power ant] fuel. 
During the decommissioning period, the project would require heavy equipment 
and materials, both to seal the shafts and tunnels and to dismantle surface 
fac!Uties. 

5~4.1.3 Cost 

Preliminary cost estimates for the construction, operation, and decom
missioning of a repository at Yucca Mountain are summarized in Table 5-44. 
The cost estimates in Table 5-44 are preliminary and are useful for this 
analysis, but they are not appropriate for budget projections, Conceptual 
cost estimates cannot be completed until engineering desi.gns have been 
developed further and until construction, operati.ng, and decommissioning 
requirements have been assessed in greater detail. All costs are shovn in 
1984 dollars. Estimates shown include allowances for engineering, design, 
and inspection; contingency; construction management; and quality assurance. 

The cost estimates are baaed on the emplacement of single spent fuel 
waste disposal containers in vertical holes I.n the floor of the emplacement 
drifts. For horizontal emplacement, the coste for underground workings and 
rock handling would be lese; other costs would be about the same as for 
vertical emplacement. However, the total savings that could be realized have ., 
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Table 5-44. Prelil'linary cost estimates for the Yucca Mountain repoaitory 
aaaum.'ng vertical emplacement

8 

Category 

Waste preparation 

Repository uyatem 

Site 
WaE~ote handling and 

emplacement 

---------------------------------
Cost e.; ito.lltes 

(millions of l ''1\VI dollars) 

Engineering and De~;om-

construction Operatic. miasiontng 

395 1546 38 

182 0 0 
134 11]8 I 

Total 

1979 

182 
1273 

Underground workings and 198 425 2 625 
rock handling 

Ventilation 88 298 l 389 
Support/utilities 134 24ll 0 2~67 

TOTALS 1131 5840 44 7015 

8 0ata from MacDougall (1985), Appendix A, tables 2.16A through· 2.16E. 

not yet been determined for horizontal emplacement. Facility operatiol)s 
eosts are based upon receiving a total of 70,000 metric tons of heavy metal 
(MTHH) as spent fuel during a 28-year emplacement phase. It has been assumed 
that the maximuq 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 
mat~rials during the construction and operation of a repository at Yucca 
Mountain would contribute to growth in the region. Labor and materials 
suppliers would experience a direct increase in demand for their resources. 
Also. increased DOE spending would generate growth in support. sectors, such 
as the trade and services industries. 

Table 5-45 shows the total increase in wages that might result from 
project employment, assuming vertical emplacement of the waste, The same 
information is shown in Table 5-46 for horizontal waste emplacement. These 
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Table 5-45,. Pot:~ntlal annual wage expenditures assocta~ed _wi:t:h vertiCal emplacement 
(.tlUone of l98J dollan). -

(---------------~RATlOMS -l'Eill:lOD------------------) 
(- - .. place.ent ~e----------------1(-Caretak~r 

PM•e----J 
1----------mNSTaUCTIO. ~Ioo-----------1 

1-f!.&S~ l Cc=~r.x:tloD-1 
( -----'-----~ee :2 _-Coaet-rucUon---------1 

199~ 2002 2020 ZOZ6 
tbru tbn• thru thru 

!993 1994 1996 1"7 1993 1999 2000 2001 2018 2019 20Z4 2025 20'6 2047 

{ -DECCNIIS-: 

2Q4S 

··~ 20>'o 

SIOiillNG 
I'U.IOD-- I -

2055 

Dt rect rero•t tory 
11110rken 8.91 15.~1 ~l-21 65..11 -66.96 59.22 60.35 60.}5 63.90 57.27 50.61 28.27 ~.86 10.50 14.91 7.57 

lndtract ~rkera • 5.31 21.15 31.70 l9.17 41.08 3~.27 35.94 3~.9" 38.0~ 34.10 30.14 16.84 3.49 6.26 8.88 4.~1 

TOTAL 14.22 56.66 84.91 104-..95 110.04 94.49 96.29 96.29 l0l.95 91.37 80.75 4~.11 9.3~ 16.76 23.79 12.08 

. ~ 

b&sa.-s an.average 1111nual wage of $36.200 (Helrlen and Jones, 1984). 
As-• aa average aanua1 salary of $14 0 000, -It~ average aanual vage of persona in the trade Industry in southern Nevada 

(lk:Brtea aad JoQea, 1984). 
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Table 5-46. Po~ential anoual wage-expeoditutes associated wfth horizontal emplacement 
(milliOn& Gf 1983 dOllars) 

Cacegos::y 

Di ~ecr. rerosltory _....,. . 
Indirect worke~ab 

TOTAL 

[-----~-----------<IPEU.TtOICS ~KlOD-------------------J 
( --~-----P.IIpbc-Dt -Pb."se------------1 i --c..r-etaltn 

Phase---) 
1---------coNS'n.OCfiON PEUOD----------1 

1--~•ae t ~netruc~lcn--i 
( ---Pba-. 2 Co nat. nctlon--------1 

... , 1995 
<bru 

1994 1996 1997 1998 1999 2000 2001 

200Z 2020 2026 

{--m:~lS

SIOfHNG 
Pf:IIOD-- I 

2048 
thna thr-u thru th~u_ 

201! 2019 2024 202~ 2046 2047 2049 20SO 

7.93 31.71 47.6D ~9.77 57.92 4~.87 47.10 47.10 S0.82 49.60 48.16 26.86 5.29 10.12 15.96-8.07 

4.72 18.87 2£.35 35.6 34-.so- 27.)1 28.06 28.06 30.21 2-9.5 28..80 16..00 3.15 6.38 9.51 4.80 

12.65 50.~ 75..9-5 95.37 "92.4t 73.18 75.16 7~.16 "81.09 79.10 17.16 1,2.86 8.44 17.10 25.47 12.117 

auau.ea aa aver-age anoual -ge of $16.200--(~B~ien aod Jooes, 1984). 
bAa•~• ltQ_ average aonu.al &alary of $1 .. 0000~ r:be -•-~.agee Nlllual wage of periiOII8 in .the t::ade industry in southern Nev-ada 

(HCB~ien End Jaoes. 1984). 
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projections are baaed ,,n preliminary studies that estimate an annua1. wage of 
$36,200 for direct nn JSitory workers and $14,000 for ir1direct wo,·:kers in 
1983 dollars (McBrien .qnd Jones, 1984). The peak annual direct economic 
stimulus of repository spending on wages alone would be $110.04 million in 
1998 under vertlcal emylacement and $95.37 111.illion in 199~ under horizontal 
emplacement. 

5.4.1.5 Land use 

Lend-use reql.lrements for a repository at Yucca Mountcdn would involve 
the withdrawal of public land along with the associated ~urface and subsur
face rights. It is unlikely that land in the Yucca Mountbin area would be 
used for grazing even if it were not withdrawn for a repoaitory. Range lands 
in the area are from low to medium grade, on which 250 heetaree (630 acres) 
are required to auppcrt one head of cattle for one year (Collins et al., 
1982). The area itnmedtately surrounding the site has ver.y limited, if any, 
potential for energy and mineral resource development (Rell and Larson, 
1982). Withdrawing mineral rights is not expected to result in loss of 
significant resources (Section 3.2.4). 

5.4.1.6 Tourism 

Because of the importance of the tourism industry to the State and local 
economies, even small changes in tourism levels could have a significant eco
nomic impact. Public. comments indicate a concern that the potential for 
adverse public perception of a repository and its associated waste transpor
tation could adversely affect the tourism industry. The importance of public 
perception lies in the attractiveness of the image of Las Vegas to potential 
visitors. Concerns have been expressed that this image could be affected by 
the visibility of the repository end waste shipments and by safety concerns 
regarding the high-level radioactive waste-disposal program, partieularly 
when accompanied hy extensive media attention. Preliminary research to date 
concerning the potential effect of a repository on tourism i!l inconclusive; 
therefore further studies will be conducted. This section diecusses the 
expected visibtlity of a repository and waate transportation, as 'Aell as the 
approach taken in a preliminary study of the relationship of tourism and 
nuelear-related and nonnuclear-related safety concerns. 

Although the Yucca Mountain repository would be visible from parts of 
Amargosa Valley and u.s. Highway 95, the site is far from major population 
centers (Section 3.6.2.3). The repository itself would not be visible from 
metropolitan Clark County or ita tour-tat areas. Construction of the proposed 
rail line from Dike Siding to Yucea Mountain would be visible from highways 1 

residences, and Floyd Lamb State Park~ High-level nuclear waste transporta
tion shipments, W"hich would be placarded, would be visible while 1.n transit 
through the bieounty area. Actual transportation routes have not been iden
tified; however, some of the postulated routes discussed in Section 5.3.2.1.2 
pass through Las Vegas. None of those postulated route!! include the Las 
Vegas "Strip". 
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A prelim1nary St!ldy performed for the u.s. Department of Ener.gy (DOE) 
(SAIC, 1985) examined s variety of cases which exhibited elements nnalogous 
to the Yucca MountsiP site: nuclear-related activ!tes; perceived safety 
concerns, particular).:,· when accompanied by broad media attention; and a local 
tourism industry. FL·st, examples of published ease atw\l.ea examining the 
ef:fect of nuclear fscJ.lities on tourism were reviewed. :~cond, other cases 
were el:amined where ,- Jns!derable media attention was giv.:~ to an actual or 
perceived safety haz.~1rd and where tourism was a suffici ··1tly important or 
observable part of the economy that data on changing tc·. dam levels were 
avuilable. For these cases, data on a variety of indic t·,rs of tourism were 
collected and analy·zed~ For example, the effect of th accident at Three 
Mile Island was examinvd by an analy~is of data on convu· ·.ion attendance in 
the Harrisburg ar :!8 and data on attendance at Hersheypo.r .• which is near 
Three Mile Island. Analysis of the effect of the fires ut the Las Vegas MGM 
Grand and Hilton hotels included both a qualitative re •lew of comrnents 
regarding the potential for effects on hotel-casino stock prices in general, 
and a quantitative analysis of actual changes in specific stock prices. The 
latter included anslvsis of changes in stock prices of MGM Grand Hotels, 
Inc.; stock prices of seven other corporations with subslantial Las Vegas 
hotel-casino holdings; and the New York Stock Exchange Composite Indicator. 
Fin~!ly, 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 numbe-r of weapons teats each 
year from 1955 through 1982. 

The cases examined included a variety of indicators of tourism, per
ceived and actual hazards, and facilities. The findings of thesa cases were 
mixed, with regard to short-term impacts on tourism. In some cases, short
term impacts were noticeable, although it was not always possible to attri
bute effects on tourism. solely to the presence of a nuclear facility or a 
perceived or actual safety threat. In other instances, short-term impacts 
could not be discerned. Long-term impacts on tourism were not apparent in 
any of the cases examined, although there was variability in the time periods 
covered by these cases. 

However, the evidence from this preliminary review and analysis of 
analogous cases examined to date does not deny the possibl:lty of adverse 
effects on tourism. The DOE recognizes public concerns regarding safety and 
potential impacts on tourism, the importance of the tourism oector 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 

Table 5-47 shows a prelimlnary forecast of the maximum population 
increase that would be associated ~i.th locating a repository at Yucca 
Mountain, assuming vertical waste emplacement. Table 5-48 summarizes the 
maximum population increase expected under horizontal emplacement. This 
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Table 5-47. Maximum population increase for 
with and without the repository 

a vertical emplacement and bicounty population forecast 

Direct project workers 
Dtr.,.ct proJect ...,rk.,.rs 

d"'pe...Sent!!. 
Iltd.lr<!ct ..ork..rs 
Indirect worlr.ers' d .. .-n.:l..,.ts 
~~1.ua popu!at1oe tncrea~ of 

prnj,.ct 

'total J>OI"'latlon forecast 
..tth pro}'""t 

P•riod, Phase, aDd Year 

I-----------------.QP\;;!l..\TlOMS I'ERIOf)-----------------1 
-----------E=plac.......,t Phase----------1 [-ca~u.ter 

Phue--! 
1--------coMS:'I.UCTIOM: E'U.lOD-----------1 

! ··---p- ! Coast ruction---} 
1---------Phase 2 Co<>Struct!o ---1 

II,UIMliK I'OPULIITIOI'I UICR£ASE 

2002 2020 2026 
1993 .... 1995 "" 1997 1998 1999 "'"" "'"' 

,_ 
2019 thru 202!> ·~· 20~7 

2018 2024 "'" 

"' 
,., 1470 147\1 1817 "'" 1616 !667 t667 !165 1~82 1398 '" '" '" 

m 12~6 '"" 1882 2326 4705 .,,., 4!18 4113 4)60 )908 )453 1929 '"" "' "' 1511 '"' 2264 2798 2934 2519 2567 2567 2718 2436 2153 Ul)) 249 "' '" 3732 5592 5592 69ll 7247 '"' 6341 6HI 6713 6017 SJJ8 2971 "' ""' 
1676 '""" 11,2otl 11,208 t1,8SZ 16,791 14,418 14,693 14,693 15,556 13,943 12,322 , ... '~' 2557 

~ MID ClMlt COIJNTlESI> 

768,64.1 797,746 824,S44 s<i8,362 874,419 900,758 92l,i99 945,782 

[--D!COII'IlS-
SIO!flNG 
Pf..trOD-1 

2048 

"~ 2055 
205lo 

412 "" 
"' '" '" "' 156~ "' 

JIJ9 1594 

A.rmual grool'th rate, Z<; 
111...,11""' population for,~ast 

A<>~~=~o:~j~~~- ~" 

J-4" '·' '·' '·' '·' '-' '·' '·' H::7,046 790,Sfi5 SI4,0Bio 837,602 861,121 884,639 908,158 931,6f7 

).ld '·' '·' '·' '·' '·' '·' '·' 

follov!ng c<>lllpletion of c~fl8truction, pep<~lation ~~;roon:h 

>lith the project >IOUld v.ory b-etween .2.5 .ond 1.0 pe~.,...nt 
ano.,...lly.- 'l'ithout the proje~t, ICt"Ovth 100uld -var7 
""t""'"" 2.5 and \.1 per~ent. 

"Ass.,.pUons: 1. 7..47 deper><lents pe>: oo-ranans period dtreet and ali t...Strect 100r1ten: !.28 dependenu per alt other dtreet 
_.-ke•<>; (DO£, i979); 

2. !.:;4. indirect jobs. gelll"rated by each direct Jab (So!ctioll 5.4.1.1); 
). All vorkers c._ fr<a ouuld.e the area; 
4. C<ons;:ruction begins !., 1993. 

b.U!IUII!es that !3 and 83 1>-!rcent of illllligrants ooould ""'ttle in My., and Clark eouotles, re,.pectlve!y <-e Table 5-26). 
' d!'erceal: cbange over population in previous years. 
!'roJe~ted !992 poJ"'lat.lon ..tthodt T"1"0s1tory is 743,528. 

"!lased oo Hr.ear extrapolation of populstion forecasts pre..,.nted 1n !'able~ )-IS and l-16. 
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Table 5-48. Maximum population increase for horizontal emplacementa and bicounty population forecast 
with and without the repository 

- ·- ----- -

Olr..~t proje~t ..., .. t.,rs 
Dir~t project work<'fs' 

d.,poor>dents 
Ir>dtr .. .,t -rk .. rs 
Indlre~t workers' d<'poondents 
!!AI!..,. ~~lat!on !n~rease of 

I"<"OjeH 

Period, Pl>a~e, ar>d y.,., .. 

1-----------------------------oPERATlONS ~R!OD----------------------J 
C ---------------------£apta~..-.. t Phase-------------- I f -c~r .. taker 

·------<:OIISTltiON P'P:R!OD----------------J 

[--------P~a., 1 Construction------! 
(-------------------~~ 2 Constr~tioe-----------------1 

JUJ:UIUM POPOl.ATIOIII IIICII:US£ 

"" 
,,. 

"" "" n97 1998 "" "'" """ 
"' "' t,3!S l ,J.lS 1,651 1,600 I ,267 I ,JOI l ,301 

"" 1,121 1,6.83 1,1583 2,1!3 3,952 J.,IJO ],216 3,214 
337 1,349 2,025 2,025 2,563 2,664 !,951 '.""' '·~ 
"' 3,332 '·""' 5,002 6,281 6,0S.& 4,819 4,950 h,9SO 

1,668 15,678 I0,02S 10,025 !2, 5.!18 14, !02 11,167 11,4!i9 I 1,469 

lrT!. AIID CLUJ: munt.Esb 

Phas .. --- i 

""" 2020 2026 
thr" thru thru 
2018 2019 2024 2025 2046 ,~, 

1,404 I ,)70 l • J lfi '" "' '" 
3,468 1,384 J,lOO 1,833 "' 73< 
2,1152 2,1:0 2,057 1,143 zzs "' 5,340 5,212 5,081 2,823 556 1,126 

12,374 12,076 11,774 6,S6! 1,288 2,609 

!--D!COMMIS
SIOII'IHG 
PERIOD--] 

"'" thru 
,~. 2050 

... "' 
'" "' '" "' 1,677 ; "'' 

3,362 1,698 

To~~hr;~;:!:gn for~ast~ 
Ann"'"! gr.,..r_tt note, I 

76.'1,667 7%,976 823,708 847,2215 873,205 898,177 918,8713 942,687 

,_,, 
'·' 

,_. ,_, 
'·' ,., '·' 

,_, 
Following ~-pletioft of ~ontruct(,.., population 
gn>vth with ti'oe p't"Oj<'~t """ld vary bet-en 2.5 snd 
1.1 poore .. nt :onnOUillY- Without the prnje~t, 

a..s .. une popul~ttton for""'"'"t. 7&7,066 790,565 8U,08& 817,602 861,121 88lo,6J9 901'1,158 931,677 
without pn>ject~ ~ 

3-2d '-' '·" "' '·' '"' Annu•l growth ..-~~~. % '·' ,_, 
growth ...,uld very bet-en 2,5 end 1.1 
poor cent."-' 

~A:;:,...,.,:;thm•;: 1- 2.47 d.,P<'I>d...,ts poor operstlana P<'r'iod dicect - 1tll tndit<'Cl workers; J.ZS <lo!poondents per all otlwr d{re~t 
-rken; (DOE, 19"7,)o 

2. ~.~~ 110111~t jobe ~rated by ea~h dtr .. ~t job (Se.,t!an 5,4.1.1); 
). loll .......... u c.- t ..... """-dde ti'oe are .. ; 

b 4. Constru<:tlon begtu• in J99J • 
.... ,....., that !) ~tnd 83 poo:-<:fnt of inmigrant• .,...ld ,...ttl., in !lye al>d C.l .. rk Countt .. s, C<'spoo<:t!vely (e"e Teble 5-2&). 

~""'r<:ent chanse over pupul•~lon b1 pr...,tomo ,.. .... 
Projerted !992 populat1ot1 without r"1"""ttory lo; 743,528. 

"&~~sed on Itn.,ar "-'"trapol•tton of popolatloa for .. CIOSUI p't"..,...nted 1ft T•hle11 J-15 ar>d J-16. 



forecast is based on the coilservat:tve assumption that all workers would come 
from and return to fl ·-eas other than Nye and Clark counties and that each 
household has only c .• e labor market participant. Thus, it overstates the 
likely upward (or d,y.,nward) responses of bicounty popul<lt;ion to changes in 
project labor requlr.:ments. These conservative assumpi .. •.ons are used in 
Section 5.4.3 to est.:-.mate the worst-case imp<!Cta on commwi.ty services. 

During peak emr,~oyment for vertical emplacement, h 1998, the repository 
project could cause a maximum population inereuae of lo.79I (Table 5-47). 
Ni!"lety-aix pereent of this population inerease is expe t•!d to settle in the 
bicounty area. This 96 percent (16,119) represents a1. ~ncrease of about 
2 percent over the ba,:eline population forecast without ,.he project, for 
1998, shown in T ble 5-47. If direct and indirect workers follow the settle
ment patterns of workers recently employed by the U.S. Department of Energy 
and its coot:cactors at the Nevada Teat Site, Clark County would receive 83 
percent of the maximum annual project-related population increase or a maxi
mum of about 13,940 people. Nye County, which would receive about 13 percent 
of the total, would experience a maximum influx of abc.-ut 2,180 people. 
Assuming vertical waste emplacement, between 1999 and :!024, the annual 
bicounty project-related population increment would average about 14,170 
people: about 12,250 would reside in Clark County and about 1,920 would 
reside in Nye County. 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 is based on linear interpolation of forecasts shown in 
tables J-16 and 3-15. Annual population growth rates forecast for the 
bicounty area, with and without the repoa:l.tory, are shown in the lower 
portions of tables 5-47 and 5-48 for vertical and horizontnl e10placemcnt, 
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 repository-related population increase for vertical emplacment shown 
:ln Table 5-47 to estimate the repository-related population expected to 
aettle in those r:ounttes. Using baseltne population forecasts (and linear 
interpolations therefrom) prepared by the University of Nevada, Reno for 
those counties (Ryan, 1964), the population groltlth rates with the repository 
are not expected to be sign:l.ficantly different than baseline growth rates 
without the repository for Douglas, Lander, Lyon, and ~~ite Pine counties and 
for Carson City, a consolidated municipality. If approximately 1.3 percent 
of the repository-related population w-ere to settle in Lincoln County (as 
shown in Table 5-26) the population growth rate between 1993 and 1994 (i.e. 
the maximum annual rate) with the repository would be about 3.1 percent, and 
is forecast to be about 2.1 percent without the repository in this same 
period. The potential repository-related maximum population growth rates are 
not significantly different than expected baseline growth rates in five other 
counties or county·equiqalents for which recent NTS workers reported their 
ZIP codes. While population growth rates for Lincoln County are expected to 
be greater with the repository than under baseline forecasts, the maximum 
annual growth rate expected with the repository (i.e. 3.1 percent} is less 
than expected for the bicouuty area (i.e. 3. B percent shown in Table 5-47). 
For these reasons, the potential repository-related community service and 
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social impacts in thea<• other counties would be expec.ted to be negligible or 
lese then those expecud in the bic.ounty area 1 and are not disr.ussed in the 
following sections. 

5. 4. 3 COMMUNITY SERv·.r ·.:es 

Increaat!d population gt·owth typic.ally results in an lncrease in the 
dem~nd for local, atate, and regional public services. T·~se increases are 
of particular concern to public planners either bec.suae o·: a corresponding 
requirement for new fac 1 lities or bet•.a.use existing c.apac.(t' must be expanded 
earlier than autiripated, This section discusses county-~ ·~vel impacts for 
Nye and Clark. r;:ountit!a, Genen:1lly, community aervlc.es in lhe uoim::orponated 
tows in Nye <.nd Clark counties that are nearest to Yucc;·! Mountain are not 
provided by town governments. As discussed in Sec.tion 3.,6,3, services are 
provided by the Nye and Clark County Commfssions, county-wide agencies, local 
special purpose districta, and volunteer organizations. Therefore, potential 
impacts would be mainly on county-wide service providers :hat are more l!kely 
to have resources for managing growth. However, availablE.· information on the 
current adequacy of community services (See Section 3.6.'3) indicates that 
repository related population growth in the sparsely populated areas of Nye 
and Clark counties could contribute to existing community service supply 
problems in some communities. Repository related population growth !~pacts 

on community services would Hkely be small in urban areas of Clark County. 

The preliminary analysis of potential impacts on community services 
discussed in thia sac.tion consisted of both quantitative and qualitative 
approaches, The quantitative approach recognized that popull;t.tlon growth 
rates are manifested in increases in certain readily quantifiable measures of 
services demand, such as the number of police officers and millions of 
gallons of drinking water pet day. The qualitative approach consisted of 
using the information presented in Section 3.6.3 to identify potentially 
significant community services issues and drawing preliminary conclusions as 
to their significance in the face of repository-related population growth. 

Per capita service ratios ware C'.alculated for ea<".h type of service in 
Nye and Clark counties. These ratios, along with the references upon which 
they are baoed, are summarized in Table 5-49. It was also assumed that 
existing aervice ratios would be valid in future years; that is, that service 
providers, such as police departments and school districts, would increas.e 
their services in proportion to the popu.lation increases in th.eir service 
areas. No assumptions were made as to the timing of the service expansion, 
except that the necessary number of facilities and personnel would be avail
able during each period. Incremental service requirements were calculated by 
multiplying per capita service ratios by the forecast increments in the popu
lation of Nye and 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 assumes 
repository would be filled 
permits the identification 
the region. 

that 100 percent of the jobs created by the 
by inmigrating workers. This extreme assumption 
of maximum impacts on all community services in 
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Table S-49. Per t:'lpita ratios ueed to forecast communit-y aervtce 
requ:, cements 

Clark County ·--~County -- Base 
b 

Bas{! 
Type of service Ratio8 yeat' Source R• lo

8 year. Source 

Elementary schoole 0.151 1982 l J 710 1983 8 
Secondary schools 0.064 1982 l o. ,~58 1983 8 
Teachere and staff 9.[94 1982 1 10.<00 1983 9 
Police officers 1.669 1983 3 J,529 1982 2 
Police vehicles o. 804 1983 4 NDC ND ND 
Volunteer 0.423 1982 4 0.558 1982 2 

firefightere 
Paid firefighters [.019 1982 4 j'. 051 1982 2 
Fire equipment pieces 0.204 1982 4 :..~703 1982 2 
Physicians 1.313 1982 4 ().450 1982 5 
Hospital beds 5.848 1982 5 J.453 1982 6 
Water (million 0.469 1982 6 o.Ma (d) (e) 

gallons per day) 
Library books· (1000) 1.057 1983 7 ND ND ND 
Library staff o. 191 1983 7 ND ND ND 

Population values for calculating ratios 

b 

8Number per 1,000 residents. 
werebobtained from Ryan (1984). 

Data from: 1. McBrien and Joneo (1984) from· the 1982-1983 Clark County 
School District Budget 

2. State of Nevada, OCS (1982) 
3. LVMPD (1984); Fay (1984); McBrien and Jones (1984) 
4. McBrien and Jones (1984) 
So State of Nevada, OHPR (1983) 
6. Nevada Development Authority (1984) 
7. Nevada Library Directory and Statistics 1984 (State of 

Nevada, NSL, 1984) 
8. Research and Educational Planning Center (1984) 
9. M. Johnson (1984). 

~ND a no data on which to compute a ratio. 
Service ratio based on data from 1980-1984. 

e Based upon ratio between reported use and number 
public and private water systems (see Table 3-20). 
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The size and pr,..·bable community settlement patterns of the inmigrant 
population are unc.er sin; thus, the illlpact on commonit:1 services is also 
uncertain. The follo:-il'ing discussion summarizes service impacts onder the 
assumption that 83 p•.~rcent of the inmigrating repository~related population 
would settle in Clark County and that 13 percent would c"'·ttle in Nye County 
(Table 5-26). Projt!\ t:ions of the maximum one-year repoa !.rory-related IJervice 
demand during each ,~,; the three repository periods, and die overlap of the 
construction and opl:!rrations period, are sho\lill in tables ·>·~50 and 5-51, for 
vertical and horizontal emplacement, respectively. 

The service requf.rementa aho\lill in tables 5-50 aM '···51 apply to the 
incremental repository-related population (i.e., thll! pot,ulation over and 
above the projec •. ed baseline) expected to reside in each county. Once a 
service is provided, it is assumed to be available to h~lp satisfy service 
requirements for subsequent years. For e~eample, the maximum of two 
elementary schools required for Clark County dur.ing construction would also 
be available to help meet the maximum projected demand during the operations 
period. 

Except for the last 8 years of the project (i.e. the decommi.ssioning 
period), service requirements in Nye County would be greater for vertical 
emplacement. The maximum service requirements increase over those projected 
for the future baseline would be about 5 percent in 1993. During moat of the 
project, service requirements would be less than 4 percent higher than the 
projected baseline levels. 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 increased services in Clark 
County would exceed forecast baseline service levels by more than 1.7 percent 
during the period of greatest impact, which is the combined construction-
operations period from 1998 to 2000. In other periods, the incremental 
aervice requirements associated with the repository in Clark County would 
:range from about 0.1 to 1.4 percent over those expected due to projected 
baseline growth. 

The followbg discussion 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, in 
light of currently available information~ do not appear to be of concern will 
not be discussed. For example, both Nye and Cla~k counties appear to have 
ample near- and long-term future capacity to accommodate disposal of an 
increased volume of solid waste. 

Housing impacts are qualitatively different from other community 
services impacts because housing services typically are provided by the 
private sector. Therefore, the issue is whether the market would be able to 
accommodate increased housing demand. Ample land for expansion of housing is 

,, 
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Table s-so. 

Service 

Edccation 
Sc~wol~ 

~e:Jtal:"! 

Secoi' . ..;<.<<"Y 
Teachers and staff 

Police 
Officers 
Vehicles 

Fire 
Volunteer fire 

fighters 
Paid fire fighters 
Trucks aad other 

equip!llent 
Medical services 

Doctors 
Hospital beds 

Water (millions of 
gallons per day) 

Library services 
Books (thousands) 
Staff 

- -

Maximum service requirements associated with the location of a 
at Yucca Mountain during any one year in each period (vertical 

:: .Ini:-~ntal se.rdce reqUlreli.ents 
Clark GoUnt-y Nye.. CouOty 

Construe:- co·ns_truc- Construe £oostruc-
tion ticn and Ope_ratlons_ Deccamis- tion tion and 
~·y operations- -only stoning only operations 

2 2 2 0 l 2 
l 1 l 0 0 l 

106 128 "' 24 18 22 

" 23 22 4 6 8 

' ll lO 2 NCb NC 

, 6 , l IS " 12 14 I3 3 2 2 

2 3 3 l , 6 

IS 18 l7 3 1 1 
67 82 76 IS 6 8 

, 7 6 l l 1 

12 IS 14 3 oc NC 
2 3 2 l NC NC 

repository 
emplacement)8 

Operations De~o~e-
only sion~g 

l 0 
l 0 

21 4 

7 l 
NC NC 

l7 ~ 3 
2 ~- 0 

, 
l 0 
7 

l 0 

NC HC 
NC NC 

a 
Co~atnu:~_tion is ~ss~d to begin in lt;9J. construct!Ofl continues and operations begin in 1998. operations only j,n 

2001& and decommissioning in 2048. 
NC = Not calculated because service ratio was unavailable. 



Table 5-51. Maximum service requirements assoct&ted.vith the location of a repository .. , ., -- a 
at Yucca Mountain duriug anY ~ne ~ear in each period (hor,izontal ·emplacement) 

InCre.io:Dtal· .Service re~uir~ata 
Clad: Coootr Nye Couaty 

Construe- Construe-· Coast rue-
tion ttoa a}Ml Operatioos Deca..is- Coost"ruc- tiOR and Operations Deco.ais-

~rvic.~ only oper~fonil ailly IJioniog tioa operattons only sioniog· 

--
Edocatiou 

~hoals 

Ele.eotary 2 2 2 0 1 1 1 0 
Secondary 1 1 1 0 0 0 0 0 
Teachers sod staff 96 108 94 26 17 19 16 4 

Police 
Officers 17 20 17 5 6 6 6 • 

~ Vehicles 8 9 8 2 NCb NC NC NC 

' - Fire - Volunteer fire fighters 4 5 ' 1 14 16 14 4 
~ Paid fire fighters i! 12 10 3 2 2 2 0 

Trucks and otber 
equi~nt 2 2 2 1 ' 5 ' 1 

Ned.ical services 
Doctors 14 15 13 ' 1 1 1 0 
Rospital beds 61 .. 60 16 6 6 6 z 

~ater (•illiooa of 
gallons per day) 5 5 5 1 1 1 1 0 

;:.:P-r~:r services 
Boo~S {thousands) i! 12 i! 3 NC NC NC NC 
Stsff 2 2 2 1 NC IIC NC NC 

8Coostructioo is assuoed to begin in 1993, construction and operations in 1998, operations only in 2001, and decommls-
sion~ag in 2048. 

HC • Hot calculated because service ratio was unavailable. 



available in the rural towns closest to the repository site. Futur<~ baseline 
housing demand in Clar.-, and Nye counties is shown in Table 5-52; it was 
aasumed that the averare ratio of population to housirlg ur:its would remain 
constant. Repast tory-·r elated impacts on projected housing demand in the area 
would follow forec.ast rupulation changes associated with t'.~::: project. During 
the initial constrt:ct.t·>n period, housing demand would in:.rcase with the 
influx of workers an.rl dependents. Potential outmigratf.O' uf workers as 
construction is compl,:ted could produce s slight de~line :1 housing demand. 
During the dec.ommi.3Sioning period, the incremental imps~;. would be small 
enough to allow the forecast housing units to easily abb1IO the additional 
repository-related popu?.at ion. 

This qualitaL.ve analysis reflects preliminary asaesan:(<nts of effects on 
the housing market, which are related directly to the growth or decline of 
population and to the overall level of economic ac~tivity l.l~ the study regf.on. 
The current uncertainty as to the location, type, price, and quality of 
available housing and the locational and other preferences of individuals who 
might inmigrate make estimates of housing effects uncertain. As this 
uncertainty hecomes resolved, mitigative measures, such a1· temporary housins 
during the construction period, may be identified that would avoid 
potentially significant housing effects. 

5.4.3.2 Education 

Under vertical emplacement, a maximum of J additional schools and 22, 
additional teachers would be required by the repoattory-rel.!lted popUlation 
expected to settle in Nye County. Under the same emplacement scenario, a 
~axtmum of J schools and 128 teachers would be required in Clark County. The 
extent of impacts on local schools in rural areas would depend on the timely 
allocation of resources by the Nye and Clark County school districts during 
the first few years of the project, although enough time will be available 
before the start of construction to enable these service providers to plan 
for the additional requirements. In general, the effect on Clark County 
educational services could be small. If no teachers above the: baseline 
forecast requirem.ants were to be hired, then an average of 0.4 Student per 
class could be added to existing classrooms. 

5.4.3.3 Water supply 

At present, the size of municipal and private utility systems tn moat 
Nye County communities near Yucca Mountain appears adequate for current and 
future population levels, although some water systems need to be expanded. 
The main problema presently associated with the expansion of existing water 
systems are identifying additional potable-water sources and obtaining 
adequate development capital. Impacts on water supply services in Beatty 
will depend upon how many inmigranta settle there and on the extent to which 
a new high-quality water source may be found and utilized. As was discussed 
in Section 3.6.3.3, the principal effect of an increase in 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 5-52. Projected fHture baseline (without repository) houaiog de-and in Cl•rk and Nye counties, 
1980-2000

8
• 

Houain& units 
Clark Countl Nze Count;t: 

Type of bou&iog 1980 1985 1990 2000 1980 1985 1990 2000 
--~ -·- - .-- ~ ---

Single faa~ly unita 114,315 :40,003 16],],;J 219,520 1,916 4,275 7,367 8,980 

Multiple fa.Ily units S4,81S 67,lll 78,325 105,262 393 877 1, 511 I ,842 

Mobile bo.ea 20,730 2S,l88 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 fro.~ McBrien aod Jones (1984). 
Housing deaand for other years vas calculated by scaling the 1980 de.and to the population 

projecti008 presented io tablea l-16 and l-IS. 



again be reac..hed. All.h'}ugh a b<~sin-wide decline in usable storage would not 
likely occur until well into the next century, local effects, such as land 
aubsidenc.e and well ju.erference, could reflult from sustained development 
(Harrill, 1982). In hJmmary, water supply impacts clue to project-related 
population growth wouH be significant only if (1) Beatty were unable to 
expand its supply of tligh-quality water and (2) inmigrtJ .. ts to Pahrump 
increased the total fJ•),)ulation beyond about 17,000 residenav 

As discussed in Section 3.6.3.3, the totAl suBtained ··1..eld of aquifiers 
in

6 
~".he Amargosa De3ert ground-water basin has been estimat.~d to be about :n x 

10 cubic meters (2.6,800 acre-feet) P1f year, of whict .. 1gricultural and 
domestic uses currently consllme 12 x !0 eubte meters (9~.5:~3 acre-feet)~ The 
repository is est imatea to require 432,000 c.ubic meters ( 50 acre-feet) per 
year. Thus, the project would increase WRter use in the basin by about 3.7 
percent.. Potf'ntial physical effects on wells of other hl'tiler users in the 
basin appear, on the basis of available information, to be in6ign1ficant. 

According to an .investigation sponsored by t.he State of Nevada, Depart
ment of Conservation and Natural Resources (State of Neva-la NDCNR, 1982) 1 if 
present. rates of water use continue, there are both le[>al and technical 
uncertaintie!l as Lo the abi.lity of exisUng sources to provide additional 
capacity to meet increased water demandA in the Las Vegao valley beyond the 
year 2020, or when the populati.on would reac..h about 1 rnillion people. 
Several recommendat.i.ons have been made to exLend and :f..ncrease the .water 
supply. These include increased conservatlon, reliance upon ground Water for 
peak demand, and the use of aquifers for storage of temporary surface water 
surpluses. 

J.4.3.4 Wasle-water treatment 

Additional treatment facilities may be necessary in the s!naller commun
:tties to accommodate the increased water use associated with repository
related population increases. In Nyc County, sewage is either disposed of 
through private septic tanks and package plants or discharged from sewage
collection systems to evaporaLion pits in the desert. The capacity for 
~astewater treatment is not likely to be affected more severely than that of 
water-supply systems. However, extensive settlement cloae to the repository 
site in Nye County could lncreaae the need for additional facilities. 
Waste-water treatment systems in Clark County probably would be adequate for 
the increased demand reeultlng from repository-related population growth. 

5.4.3.5 Public safety service~ 

Special training and other assistance w-ould be necessary to prepare 
local police and fire departments to respond to poLential accidents involvin·g 
high-level radioactive waste transportation. However, the quality of law 
enforcement and fire protection would not be af;fected sigriific.antly by the 
population increase associated with construction cf a reposito~y. Increased 
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police and fire servlce requirements are likely to be accommodate.i by normal 
expansion plans thai: are commensurate with anticipated :~rowth. However, as 
noted in Section 3.,t,,3,7, present police facilities in many Clarl< County 
rural communities at-· inadequate. Additional personnel 11ay be required 1£ 
the projer.t work fot.~e were responsible either for comml:.t!ng greater numbers 
or different types · f crimea than those usually accompa• yt.ng simihr growth 
in the existing po~n,\lation, During both the operatiom only and dec.ommia ... 
aioning periods ot the project 1 the demand for servicec. would be leas than 
that expected in the construction/operations period ( ·e,, tables 5 ... 50 and 
S-51). 

5.4.3.6 Medical services 

A small increase in the demand for health-care facilitiea and personnel 
would result from r-•!positol';'y construction, operation, and decommissioning. 
Under vertical emplacement, the additional population ewected to settle in 
Nye County would require approximately one additional doctor and up to 8 
additional hospital beds. The incremental population expected to settle in 
Clark County would require from 3 to 18 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 present residents. The significance of these demand 
incteases would probably be g~:eatest in smaller cofllllluni-ties in ~thic.h rela• 
tively few medical facilities are available. As noted in Section 3.6.3.8, 
many of the rural communities have been ranked as high priority health
manpower-shortage areas. 

5.4.3.7 Transportation 

Major improvements to existing highway systems are planned for u.s. 
Highway 95 through mettopolitan Las Vegas. Th.is highway will ~e rebuilt 
completely from Railroad Pass to InterRtate 15 and will become Interstate 515 
along one aection. The new freeway was scheduled to be completed to Russell 
Road by 1992; the entire freeway was planned to be completed to Railroad 
Pass by the year 2000. That schedule has been moved up as actual construc
tion is taking place. Despice iru~rovements, it is projected that a number of 
streets, including sections of Interstate 15 and u.s. Highway 95, would be 
either at or over capacity during peak-hour use for the baseline population 
lev~ls expected by the year 2000 (Clark County Transportation Study Policy 
Committee, 1980). 

To est.imate the effects of repository-related traffic in Las Vegas, the 
annual average daily 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, che peak year for direct employment. 

Basellne traffic levels were eacimated by multiplying 1982 traffic 
counts (Pradere, 1983) by the ratio between the estimated 1998 Las Vegas 
Valley population and the estimated 1982 population of the same area. The 
area generating this traffic was assumed to comprise the cities of Las Vegas, 

S-123 
, .. . , 



North Las Vegas, and ~.enderson, and unincorporated urban Glark Con1ty. The 
combin(!d population o1 those communities in 1980 r.ept·esen•;:ed about 96 percent 
of Clark County's 195'' population (Section 3.6.2.3). For purposes of this 
analysis, it was aast;"ned that this percentag(! would rernL '- n constant. To 
estimate the Lan Vega\~ Valley population in 1982 and 1991], this 'percentage 
was applied to Cla-ck 1.ounty 1 a estimated 1982 and 1998 pop·. ll:.tions, which were 
obtained, respectiveJ.-y, 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 l1.terstale 15 in the 
Las Vegas Valley are shown in tables 5-53 and 5-54, resr .H tively. 

To estimate t-he number of vehicles in 1998 expected \ol.!_th the repository, 
the incremental repogitory-related population expected to settle in the Las 
Vegas Valley ~.-~a added to the projected 1998 baseline population. The total 
population increase in 1998 under vertical emplacement Wla estimated to be 
16,791 (Table 5-47). Data on recent settlement patternu of NTS workers 
(Table 5-26) were used to estimate the percentage of r.(;pository-related 
inmigranta that would settle in the Las Vegas Valley. The 1982 traffic 
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 tables 5-53 and 5-54. 

These projections indicate a 1.6 percent increase due to repository
related population growth. This increment is not considered significant~ 

Rail capacity would be adequate to meat additional demands for .eervice caused 
by baseline and project-related growth. 

5.4.4 SOCIAL CONDITIONS 

The following is a preliminary assessment of potential social effects 
that may be expected to occur in the bicounty area. The af:lsessroent is 
pr.elim.inary because of the limited data base (Chapter 3) and because of 
uncertainty about the number and location of expected inmigrants and the 
actual transportation mode and routing of high-level radioactive waste. 

A distinction is made between standard and special effects that may 
accompany nuclear projects (Hebert et al., 1978; see also Murdock and 
Leistritz, 1983). Standard effects result trom the influx of population that 
typically accompanies the construction of large projects in rural areas. 
Special effects stem from concerns about radioactive material. Because 
high-level radioactive materials would be transported through the region, 
these special effects may occur in both rural and urban areas. The concerns 
include the following: (1) the effects on health and safety; (2) the fairness 
of the site selection process; (3) the institutional issues related to 
secul:'ity, handling, and transportation; and (4) public participation and 
monitoring (Hebert et al., 1978; see also Murdock and Leist ritz, 1983). 

5-124 



Table 5-53. Projected annual average daily traffic on U.S. Highway 95 in Las Vegas, 1998 

Without reeository (baseline) With repository 
Number of Number of Number of Number of 

Highway segment cars trucks Total vehicles cars trucks Total vehicles 

Decatu~ to Valley View 71 '233 2,204 73,437 72,397 2,240 74,637 
Va · !-'" :C" ~- ..• .:h'J 82,151 2,541 84 ,462 83,494 2,583 86,077 
Rancho to H~~-~3~0 96,135 2,974 99,109 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 to " Casino Center Blvd. 78,189 1,596 79,785 79,467 1. 622 81,089 
Casino Center Blvd. to 

Down Town Exp. 36,285 741 3 7' 026 36,878 753 37,631 
Dowo Town Exp .. to 

Las Vegas B!Yd. 37,409 763 38,172 38,02.0 776 38, 796_ 
~ Las Vegas B!Yd. to Charleston 34,960 714 35,674 35,531 726 36,257 
' - CharlestQD to Sahara 66,109 2,045 68,154 67,189 2,078 69,267 

N Sahara t.o Lamb 657 791 2,035 67,826 66,866 2,068 68,934 ~ 

Lamb to Flamingo 66-,5-21 2,058 68,579 67,609 2,091 69,700 "" Flamingo to Nellis 66,52.1 2,058 68,5-79 67,609 2,091 69,700 
0 Nellis to Tropicana 49,422 1,529 50. 951 so. 230 1,554 51 0 784 

Tropicana to Las VegEs NLVa 51,.965 1,607 53-,572 52,815 1, 633 54,448 0 
Las Vegas NLV t.o NUL Henderson 48,692 1 '506- 50,198 49,488 1, 530 51,018 
NUL Henderson to Sunset Rd. 48,6-92 1,506 50,198 49,488 1,530 51,018 0 
3:.r,:::s:-- Rd. to S.K. ll16c 58,232 2,426 60,658 59. 183- 2,466 61.649 
S .. R. l4b to Henderson 34,162 2,181 36,343 34,720 2,216 36,936 "" 

a NLV = North Las Vegas. 
bNUL = Northern Uroan Limits. 
cS.R. = State Route. 



Table S-54. Projected annual average daily traffic on Interstate 15 in Las Vegas, 1998 

Without re2ositorl (baseline) With reposit_O!Y 
N~ber of Nuaber of Nuaber of Nuaber of 

Highway aeg.ent cars trucks Total vehicles cars truck a Total veh1 cle& 

r'!.'"i~ tG fl''l•:o.:,.~- ... ,·, ciry lialta 
at l...e o. VP'3'"" :, 8i432 2.241 10.673 8,570 2.278 10,848 

Craig to Cbeyenoe 18.827 3,322 22,149 19,13:) 3,377 22,512 
Cheyeooe to Lake Head 3'i.l28 3,925 39,2~3 3S,906 3,990 39,896 
Lake Head to D aod llaahiqtoo 64,577 5,616 70,193 65,632 5,708 71,340 ' 
D & Waabioatoo to Dow 

Tow P.J,:p. 70,18~ 6,103 76,288 71,332 6,202 77,534 ' Down Town Expe to Charleatoo 124,224 7,929 132,153 l26,2S4 8,059 l34,3IJ 
~ 

Cbarle:aton to Sahara 132.~9 8,4S9 140,968 134,67~ 8,597 143,272 
I Sahara to Spriq tlouotaln 120,798 7,710 128.~8 122,773 7,836 !30,609 -N Sprlo& Mountain to 
"' Duoes Flaai ago 92,095 6,932 99.027 93,601 7,045 IOO,&It6 ' Dunes Plaaiago to Tropicana 59~485 5,883 65,368 60,457 5,979 66,436 

( Troplcaoa to Laa Vegas Blvd. 18,238 4,559 22,797 18,536 4,634 23,170 

' ' 
( 



5.4.4.1 Social stt·u5·ture .And social organizll.tion 

The early stud.' .. !S cited in Section 3. 6.4.1 have nut ad standard effects 
on social structure .md organization in rural arena that may include con
flicts between inmip.:ating workers and existing resident,;; changes from an 
informal, neJ.ghborly lifestyle to B more formal bureaucratic modej and soda! 
disruption during t' e transition. Special effects may .'w evident in the 
mobilization (that ·ta, c.ommitment of resourc.ea) and for. 1tion of opposing and 
supporting groupt~. 

5.4.4.1.1 Stand·~rd effecta on social structure and aoci&.l organization 

If recent Nevada Test Site settlement pstterna are followed, moat of the 
population influx would be absorbed by urban Clark CounLy. In light of t~e 

small size of the increment relative to the projected baseline population and 
the complex nature Clf the existing social structure in ·nban Clark County, 
the overall effects are not expect('d to be significant. Further study is 
required to assess whether there could be impacts on particular communities. 

Nyc County is a rural area in which previous experience indicates that 
significant standard effects could occur. However, preliminary assessment 
suggests that inmtgrating construction workers could become assimilated 
within the existing county structure. Relevant factors in this assessment 
include the compatibility between inmigrating workers and t~e communities of 
Nye County and the long lead-time t~st permits adequate planning. 

Certain characteristics of the exiBting rural structure, which would 
reduce the poasibiUty of conflict between existing and inmigrating groups, 
appear to be compatible with inmigrntion (see Sect:l.on 3.6.4.1.1). Residents 
in Indian Springe and in Nye County communities include employees from the 
Nevada Teat Site (NTS). Historically, Nye County c.ommunities have also had 
large percentages of miners and mini.ng continues to be important in the area. 
A recent trend in Pahrump has been an increase in construction and mining 
work relatill'e to agricultural employment. Some residents of the town of 
!unargosa Valley depend on employment outside of the immediate area to 
supplement their farm income. In addition, separate employE>e housing 
complexes, such as temporary housing available at Mercury for Nevada Teat 
Site (NTS) workers and the American Borate housing complex, appear to be 
accepted features of the existing social structure. 

Increasingly formal relationships, which may occur as rural communities 
grow, may be particularly likely if growth is concentrated in any one rural 
community. The possibility that growth may be aceompanied by an increase in 
social problems is a valid concern in a region that has had negative effects 
from rapid growth cycles. Local institutions may be especially strained if 
the long project lead-time causes persons, motivated by expectations of 
well-paid employment, to inmigrate in adll'snce of t~e actual construction 
period. However, the possibility of social problems may be reduced because 
the long lead-time, combined with an impact mitigation process, should allow 
adequate time to plan for initial population increases and for changes that 
may occur over the entire repository lifecycle. Moreover, it is likely that 
repository construction and operation would provide employment stability. As 

5-127 

n 



noted in Section 3.6,/J,l.l, at leoat one rural Nye County community appears 
to seek expansion. Tb· degree to which each community is prepared for and 
willing to adapt to in~ tg:ration ond growth is a factor in 1.nfluenciug project 
effecta (Mu-rdoc.k and l~c-Latritz, 1963; Branch et sl., 1964; Cortese, 1979). 

5.4.4.1.2 Special efi.ects on social structu-re and social o)rganization 

Concerns about radioactive material provide the \ 'l.~ '.s for possible 
changes in existing social structure snd socisl organi :f. tion. Special 
effects may inc.lude th~c mobilization and formation of gr ·•_tps that either 
oppose or support the repo9itory. As noted by the Nations, Research Council 
ln 11 recent report, 11 pusaible m11jur adverse effect cuu).U be community 
conflict during the site selection and planning stage rs·•.':ler than the more 
conventional effec.ts that could occ.ur during constructlon and operation 
(National Research Council, 1984). These effects have bt~en occurring since 
the State of Nevada 11aa notified of the potential siting of the repository 
and public hearings were held (DOE/NVO, 1963). Oppoeif.lon groups have 
formed, and several area organizations haiJ"e made public statements either 
supporting or opposing the repository. Networks exist through which 
mobilization of groupe could occur, such as those formed to oppose siting the 
MX Missile System in Nevsdn. and Utah (Albrecht, 1983). 

5.4.4.2 Culture and lifestyle 

Ber..ause of the diversity of the existing cultural environment (see 
Section 3.6.4.2), inmigrating workers would be able to select a compatible 
cultural environment and art? likely to be readily asEJinlilsted into the 
community. Those construction workers who continue to be employed during the 
operations period would be the most completely assimilated. However, it ia 
possible that repository activities could affect certain cultures in the 
area. As discus!jed in Section 3.6.4.2, American Indian reservations are 
unlikely to be affected by inmigrating workers because of their distance from 
Yucca Mountain. However, both Paiute reservations in Clark County are near 
postulated transportation routes discussed in Section 5.3.2.1.2. Native 
Americans could interpret threats to their land as threats to their cultural 
identity if actuel transportation routes traverse their communities (for a 
related discussion, see Knack, 1980; Stoffle et al., 1962). Therefore, 
further assessment of potential impacts would be required following idcntifi
c.stion of actual routes within the State. 

5.4.4.3 Atti.tudes and 1;:1erceptions 

Attitudes and perceptions are an integral part of the social impact 
pro~ess and are factors in the social group mobilization that was previously 
discussed. The formation of attitudes toward the repository can be under
stood in the context of the way that sn individual selects and integrates new 
information in light of current beliefs, valuii!:s, preferences, and goals 
(Otway et al., 1978; Mitchell, 1984). The following preliminary assessment 
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identifies ccmditicm~ that are unique to southern Nevada and that may 
interact with the spt~ific concerns outlined in sectLonY 3.6.4.3 &nd 3.6.4.4 
to affect the develn: .. ment of attitudes on the repoaito:r.v issue. These 
conditions include pt<et experience, the salience of the 1ssue to an indivi
dual or to a group, and the issue's relationship to othe1·· issues about which 
an attitude has a!.ret~1y been formed. 

Several experiences may be particularly relevant 1 the formation of 
attitudes on the repository issue. The MX siting proces~ and the publicity 
.<Jurrounding the Beatty low-level waste site have sensi it:'lld southern Nevada 
residents to the subjects of radioactive waste transpor• .. ~::ion and disposal sa 
well as to Federal Gov~rnmental procedure. In addition~ he legal action and 
the publicity fr~.-m 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 voluntarHy accepted activi
ties are important elements in the perception of risk sud, by extension, of 
nuclear risk (Slavic, 1976; Slavic et al., 1984; Douglas and Wildavsky, 1982; 
Ct"ouch and Wilson, 1982). For citizens who have lived nlongside the Navada 
Test Site for many years, nuclear technology may be viel~ed as more familiar 
and be more likely to be accepted. 

Ec.onomic considerations and the potential far changes in lifestyle also 
contribute to the formation of public attitudes (for further discussion, see 
Section 3.6.4.3). Preliminary analysis suggests that the repository could be 
considered more economically beneficial by Nye County col!lmunit ies than by 
Clark County communities; however, there may be varied reactions within 
either county. Towns such as Amargosa Valley ond Pahrump could welcome the 
potential for g~owth and increased employment, particularly for the skilled 
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, thac demonstrate a desire for growth without 
llOcial disruption. This support may depend on the extent to which Nye County 
residents are convinced that growth can be managed and that problems can be 
rnitigated. 

In cont~ast, urban Cla~k County residents could view the repository, 
especially high-level radioactive waste trsnaportation, as negatively 
affecting the tourism image on which the economy is based. Moreover, it is 
possible that repository-related traffic (other than waste) could be 
perceived as aggravating the transportation problems that have t-een cited 
already by residents (State of Nevada, Governor's Commission on the Future of 
Nevada, 1980; Frey, 1981). Las Vegas newspapers and the 1984 Universicy of 
Nevada, Las Vegas, survey (UNLV, 1984) suggest that many Clark County resi
denls may oppose locating a repository at Yucca Mountain. 

The following issues may also be related to the formation of publ tc 
attitudes about the repository: (1) resentment of the high percentage of 
federally controlled land, which was symbolized by the Sagebrush Rebellion 
(Brodhead, 1980); (2) the belief, which ia evident in the public hearings, 
that Nevadans have "done their share" by giving land for Nevada Test Site 
activities and ahould not have to accept waste from other states when Nevada 
produces none; (3) distrust of the Federal Government, which is also evident 
in the hearings and is reinforced by the perception of a dual role played by 

5-129 



the government in man11ging both the develo~ment of nuclear power and the 
disposal of high-lev(~, radioactive waste, ThiEl last isaJe may be particu
larly important becaur~ of the role that credibility phyt'l in the jormstion 
of attitudes. 

5.4 .5 !o'ISCAL CONDITIONS AND GOVERNMENT STRUCTURE 

The location of a repository at Yuc.cu Mountain w-ou d increase both the 
revenues and the expent'itures (..'f State and local governn•r ·t entities in the 
affected area. Ar"though no quantitative estimates of pGtt 'ltial net fiscal 
effects are presently available, this section describes some of thu qualita-
tive revenue .g,nd expenditure implications. All demogr(•phic, economic, 
community ser:-vices, and social f.mpacts described in Sections 5.4.1 through 
5.4.4 could have fiscal implications and thus would be the subJect of future, 
more detailed investigations, the results of which would appear in an 
environmentdl impact statement. A description of key fiHcal impact mitiga
tion provisions of the Nuc.lear Waste Policy Act (the Ac.t) is also provided. 

State, county and local governments already have incurred repository
related expenses for the increased planning activities to enable affected 
government entities to prepare for and participate in a decision to locate a 
repository at Yucca Mountain, In order toJ offset the costs of this planning 
effort, the U.S. Department of Energy (DOE) has given grant funds to the 
State, which has in turn passed funding along to several local government 
entities. At the onset of construction in 1991, an influx of workers from 
outside the area would increase the demand for community services, as 
described in Section 5.4.3. During repository operation, additional outlays 
would be associated with road maintenance, traffic escort and control, and 
emergency preparednesa. These would be offset, at least partially, by 
Increases in government revenues at the State level through increased sales 
and use taJ<es, 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 potentially adverse fiscal 
effects of a repository, the Act explicitly pr·o•;ides a number of different 
ways for State snd local governments and Indian Tribes to obtain financial 
assistance. The Act r-ecognizes the fiscal implications of preconstruction 
planning activf.ties, as well as the fiscal effects of the physical presence 
of the repository and its related work force. Under 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 so that the State can participate 
in the review of asoessments of the eC'onomic, social, public health and 
safety, and environmental implications of a repository (Section 116, NWPA, 
1983). Similar ·provisions for financial assistance to affected Indian Tribes 
appear in Section 118. Provisions of Section ll6(c)(l)(B) (mTPA, 1983) 
relating to purposes for which grants may be made to states have been 
paraphrased below: 

1. To review activities undertaken with regard to repository siting to 
assess potential ·economic, social, public health and safety, and 
environmental impacts. 
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2. To develop n request for impact assist~:!mce associated vtt.th the 
development ~ f a r-epository. 

3. 1'o engage iu any monitoring) teating, or evaluation activi~ies with 
r-esp~ct to s: 1.te characterization programs. 

4. To provide f,lfonnation to r-esidents about activit l~<S L'.oncerning the 
potential r~pository. 

5. To requeut infor-mation from and to make c.ornmen s and recot!lmtndattona 
to the Secretary of Ener-gy regar-ding the sitint td.' a repositor-y. 

Section 116(c)(2)lA) of the Act provides for finan-c.:~Jl and technical 
assistance to the state in which repository construction is authorized for 
purposes of mitigating the impacts of repolllitory develop.'J~nt (NWPA, 1983). 
In addition \:o this financial assistance, the Aet (Secti"<l 116(c.)(3) requires 
that the Federal Government make grants equal to taxes ~n the State and unita 
of general local government in whose jur1gd1ctions a repo!litory site has been 
chosen for site chan:.c.terization. These pa)'!Denta must be equal to th~~t amoll.nt 
the State and units of general local government would reeeive if they wer:e 
authorized to tax site-characterization development and operation as they 
would tax a.uy other real property and industrial a~tivitiea oc.curring in 
their jurisdictions. 

In addition, Section 117(c)(5) requires that, purAuant to a Consultation 
and Cooperation Agreement negotiated with States selected for character .. 
ization, DOE is to assist both the State and units of gene~al local govern
ment in resolving a number of offsite c.once~ns, such as State liability 
arising from accidentR; nec.eRHary road upgrading nnd ac:cesa to the site; 
ongoing emergency preparedness and emergency response; monitoring of 
transportlltion of high-level waste and spent nuclear fuel th~ough the State; 
the conduct of baseline health studies of inhabitants in neighboring 
communities near the repository site, and reasonable petiodic monitoring 
thereafter; and monitoring of the repository site upon decommissioning ~nd 

closure (NWPA, 1983). 

The repository could also have fiscal impacts through increased demands 
on conununity service providers. The significance of thee.e ir:apacte. would 
depend on the extent to which workers would inmigrate fro1~ outside f.lOuthern 
Nevada, the community settlement patterns of these workers, and the capa
bilities of service providers to handle increased service requirements. The 
assessment of c:otnmunity services impacts in Section 5.4.3 suggests that 
community-service-related fiscal effects might be observable yet insignifi
cant for the urban areas of Clark County. Although ser11ice requirements in 
unincorporated towns near the repository site could increase at rates 
proportional to repository-related population growth, the potential impacts 
on fiscal conditions would generally be at the level of county-wide service 
providers which would likely have more resources for dealing with growth than 
town governments. It is possible, that as some small communit1.es grow as a 
result of r~pository related inmigration, their form of governmental organi
zation could change. Further information on inmigration and settlement 
patterns will be required to accurately quantify these impacts for purposes 
of identifying a detailed approach to fie.cal and governmental impact 
mitigation. 
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5.5 SUMMARY OF ENVIRONMENTAL EFFECTS 

Table 5-55 summB;izes the environmental effects assu~iated with locating 
a repository at Yucr.l Mountain. The table lists the sctiv~.ties associated 
with the construction, operation, and decommissioning per,•1ds of the reposi
tory and the potentift.1 effects of these activities. The :£IDle also outlines 
standard operating pn.ctices that could be used to minir.,',:.r,e environmental 
effects and presents preliminary evaluations of the ext@ t of any residual 
environmental impect remaining after standard operating pr&ctices have been 
implemented. 

Land-surface distllrbance would result in the most wid 'spread and lasting 
impact on the ph)'lical environment since vegetation woulLi be removed from 
appro~imately 680 hectares (1,680 acres). Locating the repository at Yucca 
Mountain is r..1so expected to result in geolagic, hydralogic, ecologic, 
aesthetic, and transportation impacts, but none of these impacts is consi
dered e.'ICtenaive or severe enough to be judged as significnnt. 

Inmigration of workers could contribute to existil.g water supply 
problems in Beatty. 

All radiological exposures to the public are expected to be below the 
exposure limits specified by the Nuclt!ar Regulatory Commission and the 
U.S. Environmental Protection Agency, but under extremely unlikely accident 
scenarios, radiological releases could result in significant doses to 
individual workers. Although all possible effects of locating a repository 
at Yucca Mountain will be subject to further study should the site be 
selected for site characterization, Table 5-55 indicates that not enough is 
presently known about six possible effect!! to evaluate their potential 
stgnUicance. These sh are (1) the effect of the inhalation of zeolite 
mineral dust on miners, (2) the effect of train notse on residents in Indian 
Springs, vieitars to Floyd R. Lamb State Park, and people 1n Mercury, 
(3) effects of population increases on demand for housing in the btcounty 
area, increased demand for educational services in Nye County, and on rural 
communities' waste-waster treatment capacity (4) the effect on ~ulturea and 
lifestyles, (5) the potential 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 environaental effects associated with the construction, operations, and 
decolll3liss1oning periods of the repository 

X.pact category 

----
Geology 

Hydrology 

Activity and effects 

Repository ezcavation slightly 
disturbs overall coapetence of 
rock unU:se 

Repository development wOuld 
exclude future exploration and 
development of local mineral or 
energy resources ao approxt
.ately 42 hectares (104 Jeres) 
Federal land. 

Ground water withdrawn during 
the construction, operation, 
and deco .. issioning periods 
.ay cause regional draw down 
although warer ta:~le appears 
able to supply ad;~quate water 
v~th negligible eifects. 

Radio~uclide release during the 
operation and decommissioning 
periods may cause contamination 
of ground waters. 

Standard operating practice 

Use standard construction and 
mining Support techniques and 
equipment, including rockbolts, 
wire mesh, and concrete sprayed 
on walls. 

None. 

Honitor ground water for re
gional effects on the water 
table • 

Use natural and engineered 
barriers to prevent and sub
seqently retard radionuclide 
migration; i11plement radio
logical .anitoring of local and 
regional ground-water supplies. 

Residual !•pacts 
of significance 

None. 

None; there Is no 
evidence of signi
fiicant resources 
on these lands e 

None. 

None. 
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Table 5-55. Summary of environmental etfects associated with the construction, operations, and 
deco .. issioning periods of the repoS~tory (continued) 

Impact category 

Hydrolvg)' 
(continued) 

Land use 

Ecosystems 

Activity and effects 

Heavy precipitatloo may cause 
flash flooding of surface facili
ties at Yucca Koontaln. 

Withdrawal of public land (approx
imately 5,000 acres) administered 
by the Bureau of Land Management. 

Pe~nent removal of over 
639 hectares (1~680 acres) 
of vegetation to construct 
surface facilities. 

Alteration of wildlife habitats 
through removal of vegetation for 
construction purposes. 

Standard operating practice 

Use engineered surface grading 
to construct standard drainage 
system and diversion channels 
(see Ecosystems). 

Apply for and complete proper 
legal procedures for land 
withdrawal. 

Stockpiling topsoil when possi
ble. 

Implement habitat restoration 
program following decommiSsion
ing. 

Combustion emissions may indir- None. 
ectly affect biota near surface 
facilities. 

Residual impacts 
of significance 

None. 

None; Yucca Koun
tain is not a prime 
locati~n for Qther 
uses. 

None; affected 
areas are very
sm.all compared with 
similar surrounding 
undisturbed ar_eas. 

None; habitat will 
be lost for more 
than 60 years, but 
ar~as disturbed are 
not ecologically 
unusual and sur
rounding areas 
provide similar 
habitats. 

?ione. 
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Table 5-S5. Summary of enviroqmental effects associated with the construction, operations, and 
deco.-issioniag periods of the reposi~ory (continued) 

I.pact category 

Ecosysteas 
(continued) 

Activity and effects 

Fug~tive duat 4eposition on the 
lea~es of deaert shrubs near the 
~face facilities .. y indirectly 
cause death of iodlvidual plants. 

Increased_ erosion and sedimentation, 
duriog and after stor.s, as a result 
of .grading- operat~ons lillY indirectly 
affec~ pLant co-·nt tiea .. 

COAS:t ;ruction noise in the .area ~~~ay 

affect individual aniaals or aniaal 
c~nities. 

Clearing activities for construc
tion could affect individual Hojave 
flsbhook cactus plants (candidate 
for Federal lisring as a threatened 
or endangered species). 

Standard operating practice 

Hl~i•ize Juat when possible by 
wetting surfaces of the dis
turbed areas. 

~ntrol erosion by maintaining 
-oderate slopes and applying 
soil stabilizers if necessary. 

None. 

Relocation of individual plants 
enc:.ouotered. 

Re_sidual i~~~s 
of significance 

None; although some 
individual plants 
may be dAaaged or 
destroyed in areas 
if dust is not con
trolled. 

None. 

None_; the effects 
of noise on wild
life are specula
tive (Section 
5.2.6). Also, 
wildlife is expec
ted to be displaced 
froa .os.t -ROise 
sources ,during 
clearing- oper-a
tions. 

None; although re
located plants may 
be traumatized. 



~ 

' ~ ,. 
"' 

Table S-SS. S...ary_ of envirouaental effect.s associated with the construction, opera.t}ons, _.8)-p~-

lapact category 

Ecosystcas. 
(continued) 

Air quality 

deco-issioni.ng pe.riods of the repository (continued) - -

Activity and effects 

Clearing activities for construc
tion could affect individual deser~ 
tortoises (candidate for Federal 
liating as a threatened species). 

Increased ouabQrs of transporta
tion, service, and personnel 
~icles could cause increased 
ani.al kills on roads. 

Construction activities (such as 
site preparation, •ine construction, 
moveaent of a1ned rock, wind ero
sio~, and concrete preparation) and 
operation activities (such as 
vehicle traffic and wind erosion of 
stored rock piles) could r~ulC.,· i-n 
inc~eased ~pecded particulates 
and fugitive dust emi~sions,.which 
c~uld affect ambient air quality. 

Zeolite m.lneral dust from mining 
operations could pose a possible 
health hazard to miners from in
halation. 

Standard operating practice 

Possibly relocate to a safe 
area. Further study of this 
practice is necessary. 

Avoid animals in road when 
possible and when safety of 
transportation is not jeopar
dized~ 

Water exposed surface~ using 
che•ical suppressants on cuts 
and fills, control traffic on 
dirt roads, pave roads using 
soil stabilization chemicals on 
ro.ad beds, and revegetate ex
Posed surfaces~ 

The possible hazard will be 
further studied during site 
characterization and if deemed 
hazardous, filtering or dust 
suppressant techniques will be 
used. 

Res.~.d,~a,l ,J--.p.a~~(t~~" 
Q_( '!il:_ign_i ~~~~r:c;e 

~ne. 

None. 

None; none of the 
predicted pollutant 
conc~~trations is 

"e'xpected to violate 
aPPiic.itil~. Stir"n·:... .. Aani'~:~;<_: _, - -, 

May be significant; 
subject to,_ f\.irt."her 
study. • 
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Table 5-55. Su~ry of environmental effects associated with the construction, operations, and 
deco-.issloning periods of the repository-(continued) 

I.-pact catego-ry Activity and effects Standard operating practice 
Residual iapacts 
of dgnificance 

---------- -----------------------------
A1 r 4Jual-1 t-y 

(concf.nued) 

Noise 

Construction aad operation activl
tie8• such as bea.vy equip18ent use; 
~ter worker and service- traff-ic; 
and nuclear waste transportation by 
trucka or trains could possibly 
affect aabi~at air quality (coabus
tioo products froa burning fosE!l 
fuels) .. 

Construction noise could affect 
realdenta of the Town of Aaitl."gosa 
Valley (access road) and Indian 
Springs (~1 line construction). 

Noise could affect wildlife in the 
i-.ediate vicinity of construction 
aites and passing trains and trucks. 

Filter diesel e.issions where 
necessary (underground) .. 

None. 

None. 

None; co•par1sons 
and studies indi
cate that coabus
tion product eais
sions will have a 
negligible effect 
on aabient air
quality standards. 

Hay be significant 
when I eve ls are 
greater than 55 dBA 
and receptor is 
within affected 
radius (Section 
5.2.6.1). 

Hay be significant 
when levels are 
greater than 75 dBA 
and receptor is 
vithin_ affeC:t.ed 
radius (Section 
5.2.6.1). although 
the effects of 
nDise on wildlife 
are speculative. 
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Table 5-55. 

Impact category 

'io~se 

~C.·-"-'i.n!•::>~ ~ 

Aesthetic 
resources 

Arcbaeolog:f.ca 1 , 
culcural, and 
h-iscorica 1 
!:'f:.,c;.~r-ces 

Summary of environmental effects associated with the construction, 
decommissioning periods of the repository (continued) 

Activity aad effects 

Bot~ .from ttains (if rail· nan-s
. por~:.,a;t:ion 18 used}. could affect 
residents in Indian Springs, 
visitors to Floyd R. Lamb State 
Park, and people in Mercury. 

Coust:ruction and operation of a 
repository would be visible from 
tlae- Nevada Test Site and say be
visible fro11: portions of· :U.S. High
way 95 and the Town of Amargosa 
Valley. Construction and use of 
the ra~ line and access road would 
be visible to the public along 
u.s. KtghKay 95. 

Repository construction, operation, 
and decommissioning could poten
tially destroy archaeological 
sites. 

Unauthorized individuals could 
potentially collect or destroy 
artifacts. 

Standard operating practice 

None. 

None. 

Avoid or preserve significant 
cul;t,u&-_al -. re_~rc_e.&: t.hat would 
be aff_~~- ., __ 

Restri-ct .o.fJ,::J::Q~ travel and 
make employef'.s aware of the 
importance of archaeological 
si tP-S and the pena·ttt·e·s re
sull:ing from disturbing such 
slt•!S· 

operations, and 

. '·"' ;, I"~~ 
-.,,-

, • , • ·5 r : ~_-.;., · 
_Re&idual. ,iJDp&;.ts - '-· _ _, \ -· ...... -- ·-
""_of . .sighl.fi~e .. - -, ~ . ·- "'"' ·--

'· c . 

:;:;_,;..,:-;-;. :;-« · _ _; <-·;: 
~.::':4Y ~ _!Jigqg_tcant M 
-, ,,(S~_c;ti_P.a ·5_8:2.,_.6"~~). 

Subjec_t_ tO --further t'or. 

.st.~Y.• 

.NOne_. 

--

Jk)ne. __ . 

None. 
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Table 5-55. Su..ary of environmental effects associated with the coustructlon. operations, aod 
deco..dssiouing periods of the repository (continued) 

Iapact category 

Radiologic ....... 
effects 

Activity and effec~s 

Handling. packaging .. and e.placing 
waace during repository o~rations 
aay expose workers to radioactivi
ty. 

Receiving, hand.liog. and eupladng 
waste during noraal operations could 
result in radiation exposure to the 
public. 

Operational accidents d~ri-ng han
dling. packaging. and emplacing 
'- ·aste may cau.se radionuclide re
leases to geaeral public and workers 
(Sec,l:ion 5.2.9.2 and Tables 5-24 and 
5-25). 

Residual i•pacts 
Standard operating practice of signlfica~' 

Provide radiological monitoring None. 
to warn of amounts exceeding 
permissible levels; use appro
priately engineered shielding 
and packaging measures; provide 
protective clothing; and provide 
ventilation and filter systems. 

Use appropriate engineered 
shielding and packaging 
measures. Filter gaseous 
effluents and keep liquid 
effluents onsite to evaporate. 
Monitor for radiological 
releases. 

Use appropriately engineered 
shielding and packaging mea
sures, use dpproved standard and 
and emergency operating proce
dures, establish facility and 
gurrounding area evacuation 
plans, and monitor for radio
logical releases. 

None; in addition 
to the protection 
provided by the 
standard operating 
practices. several 
miles separate the 
general public from 
facilities. 

Significant doses 
to individual work
ers cou-ld occur 
under- some unlikely 
accident scenarios 
(see Table 5-25). 
All exposures to 
the public are 
below Nuclear Regu
latory Commission 
standard (see Table 
5-27). 

c 
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Table 5-55. Summary of environmental effects associated with the construction~ operations~ and 
deco .. issloning periods of the repository (continued) 

Impact category 

i'ransport"';;. ... olr 

Transporcation 
f ('r-ont:i:nued) 

Accivity and effects 

Goli&tructing. operating. and decosr 
adssionlng • repository at Yucca 
Mountain would increase traffic 
volu.e causing a sllght increase in 
the nuaber of highvay accidents. 

Ccnatructiog. operating. and decom
ada&ionlng a repository would in
crease the nu.ber of freight cars 
aod trains on the existing line .. 

Nuclear waste transport would 
eipos~ people near the cask to 
radiation. 

A transporcation accident might 
-.-csulc ta a release of radioactive 
material, although it is highly 
unlikely that an accident severe 
enough to cause a release would 
occur (See Appendix A). 

Nuclear waste transport would 
result in nonradiological deaths 
or injuries (e.g., caused by 
collisions or exhaust emissions. 

Standard operatiog practice 

None. 

None. 

Use licensed shipping casks: 
follow all applicable regula
tions;. perfor11 radiation 
surveys (See Appendix A). 

Use licensed shipping. casks; 
comply vith DOT routing. 
inspection, driver training, 
and other applicable guide
lines; establish emergency 
prepar2dness prograas. 
(See Appendix A.) 

CoNply with DOT inspection 
ar~ driver training guidelines, 
and routing requirements for 
avoiding dangerous routes. 
(See Appendix A.) 

Re&idual t.~s 
of signifieance 

None .. 

None .. 

A maximum of H 
fatalities nation
ally over 28-iear 
operating lif~ime. 

A maximum of 22 
fatalities should 
such a highly 
unlikely event 
occ:ur (See Appen
dix A). 

A maximum of 42 
fatalities nation
ally and 480 
injuries over 
28-year operating 
lifetime. 
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Table 5-55. Sumaary of enviroa.ental effects associated with the construction, operations, and 
dec~ssfoning periods of the repository {continued) 

Iapact category 

Transportation 
(cant i nued) 

Socioeconoalcs 

Activity aod effects 

People and aaterial transport to 
Yucca Mountain results in .ore 
coagestton along u.s. 95 High
way between Las Vegas and the 
the Tovn of Aaaragoaa Valley. 

Repository construction would in
crease the deaand for construction 
aad .Joing vorkers in the bicounty 
area. 

Constr_ucting, operating,- and decom
lrlssioniag the repo8it()ry would 
:~crease the deaand for sa.e 
aaterials and resources. 

Standard operati~~ practice 

None. 

Recruit personnel from local 
area job aarket when possible. 

Re,!lidual imp.acts 
of s igniftcsnce 

A aaximllll of 8 
additional traffic 
accidents resulting 
in 2 deaths snd 6 
injuries during the 
peak year of 2003. 

Local eaployment in 
these sectors would 
increase; alners 
and construction 
workers could 
inaigrate. 

Purchase aaterials in local area Increases in 
economy where possible. Depart.eot of 

Energy spending on 
labor and aaterials 
during construction 
and operation of 
the repository 
-would contribute to 
income and growth 
in the region. 
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Table 5-55. Su..ary Qf environ.ental effects associated with the construction. operationa, and 
deco .. issioning periods of the repository (continued) 

l•pact category 

SocitJ.::c'--- _ _, ~C"!<: 
(continued) 

Activity and effects 

f-Oc:S.tiil& a i:ep.ositOi'J'' Bt Yucca 
Kountaiil cOuld--poa-ai bly Sffect the 
local touii .. indUstry. 

Conatruetion worker inm.igration 
would increase deaand for housing 
iii NYe and- cratt.~ ·.eOOntles.-

Standard operating practice 

None. 

None. 

Construction woi'ker- i.-t.gr2t1.on None. 
would ~esult in increased dewand for 
educational services-- u-.-e •• ·neW 
schools and teachers) in Nye ~unty. 

Inaigration of workers would result None. 
in an iacreased deaaDd on water sup-
ply syateas in Beatty and Pahrump. 

lnadgratioo of workers could result 
in increased demand on waste-water 
treatment facilities in the smaller 
communities. 

None. 

RestdYaJ iap•ct• 
of significance 

Ncne; Nevada Test 
Site activities do 
not appear to have 
affected the tour
is• industry, 
nevertheless, re
searcb on the sub
ject to date is 
iocoaclusive and 
will be coru:inued. 

Subject to further 
study. 

Subject to further 
study. 

Potentially signi
ficsnt in Beatty 
if water supply 
systems are not up
graded or exp~nded. 

Subject to further 
study. 
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Table 5-55. Suamary of environmental effects associated with the construction. operations. and 
decoaadssioning periods of the repository (continued) 

Impact category Activity and effects Standard o~erating practi~e 
Residual impacts 
of sign! ficance 

----------------------------------------------------------
The potential for accidents involv
ing nuclear waste transportation 
would result in increased demand for 
public safety services. 

Prepare personnel for identified None. 
scenarios through special train-
ing and other assistance. 

Repository construction could result None. 
in saall increase in demand for sed-
teal services. 

YOrker inmigration .ay_ ~ffect the None. 
social structure 2nd organization 
in urban Clark County. 

Worker 1omigrat1on may affect the 
social structure and organization 
in rural comauntties of Nye and 
Clark County. 

None. 

Repository activities may affecL Norie. 
certain cultures and lifestyles in 
the area (e.g. Native Americans may 
interpret threats to their land as 
threatening their cultural identity}. 

None; although 
smaller communities 
may require addi
tional fa~ilities • 

None; complex 
social structures 
exist in the base
line population. 

Potentially signi
fiCant.~if.gTowth 

is concentrated· in 
any one community; 
although inmigrsnts 
are likely to be 
compatib-le with 
existing social 
structure. 

Subject to further 
-study. 
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Table 5-55. Su..ary of environmental effeCts associated with the construction, operations, and 
deco..tssioning periods of the repositOry' {Continued) 

lapact category 

----
Activity and effects 

Bublic coocerns regarding waste 
disposal and tcansportat!on could 
result in ca..unity controversy. 

Locating a repository at Yucca 
Mountain .ay increase revenues and 
expenditures of State and local 
govern.ents in the affected area. 

Staodard operating practice 

None. 

None. 

Residual i•pscca 
of~stgnfficanee 

Potentially signi
ficant; subject tO 
further studye 

Subject to further 
study. 
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