7.3.1.1.1 Populat:on density and distribution

The qualifyiny condition for population density and distribution ig as
follows:

The site shall be located such that, during zpository
operation ani closure, (1) the expected average adlation dose to
members of the public within any highly populate  area wlll not be
likely to exceed a small fractlon of the limitr £llowable under the
requirements speclfied in §960.5-1(a)(1), and { !} the expected
radiation doee to any member of the publlc in an unrestricted area
will not be likely to exceed the limit allowable inder the
requirements specified in §960.5-1(a)(1).

Major congiderations

On the basis of the qualifying, favorable, potentially adverse and
disqualifying conditions for this guldeline (Table 7-9), two major
considerations are ldentified that Influence the favarability of the sites
with respect to population density and distribution. These major
considerations are (1) remoteness of the site from highly populated areas and
{2) the population denslty at the eite, near the site, and in the general
region of the site, These major consideratlons are of equal Iimportance and
are in turn influenced by several more-epecifiec contributing factors, which
are discussed below,

Evaluation of the sites In terms of the major considerations

Remoteness. The remoteness of a site 1s measured by its distance from
highly populated areas of 2,500 people or more, or from an area with 1,000 or
more persons within 1 gquare mile. This major consideration ie derived from
the second favorable condition and the second potentially adverse condition
(see Table 7-9). It relates to the qualifying condition in that the potential
for radiation exposure Increases with proximity to population concentrationms.
The second favorable condition refere to the remoteness of the site from
highly populated areas, and the second potentially adverse condition addresses
the proximity of thke site to populated areas and areas with at least 1,000
individuals in an area that is 1 mile by | mile. The two contributing factors
related to this major coneideration are (1) the alr distance of the site from
population concentrations and (2) the size of those concentrations.
Specifically, the closer & site is to highly populated areas, and the larger
auch population concentrations are, the lese favorable is the site, A summary
of the evaluaticn for each site follows.

The immediate vicinity of the Davis Canyon site containg ro highly
populated areas. Moab, with a population of 5,333, ie the closest and is
approximately 33 miles from the boundary of the controlled area. Moab is also
the neareet l-square mile area with a populatlion of at least 1,000 persons.

The Deaf Smith County site is approximately 17 milee north of Hereford,

with a population of 15,853. Hereford 1e also the nearest area with at least
1,000 perecne in a l-square-mile area.
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Tabte ?7-9. CGuideline-condition findings by msjor considerstion-
population density and distribotign2-®

Davis De Richton Yucca
Condition Canyon Smi . Hanford Dome Hountain

MAJOR CONSIDERATION 1: REMOTENESS FROM HIGi- v POPULATED AREA
favorable condition 2

Remoteness of the site from D F B P P
highly populated a-eas.

Potentially acverse condition 2

Proximity of the site to highly NP in NP P NP
populated areas, or to areas having at i i B
Jeast 1,000 individuals in an area 1 mile

by ) mile as defined by the most recent L .

decennial count of the U.S, census. _ .

MAJOR CONSIDERATION 2: FROPULATION DENSLTY

Favorable condition 1

A low population density in the . P : p P P R
general region of the site. . _ o . o
Potentially ‘adverse condition 1 :

High residential, seasonal, or NP NP NP NP NP
daytime population density within
the projected site boundaries.

* Key: NA = not applicable; NP = for the purpese of this comparative evaluation, the
favorable or potentially adverse condition is pot present at the site; P = for the purpose of
this comparative evalyation, the faverahle or potentially adverse condition is present at-the. site.
® Analyses supporting the entries in this table are presentad in Chapter 6 of tha
environmental assessment for each site. )



At the Hanfori gite, Sunnyside is the nearest highly populated area. It
haa a population ¢ 9,249 and ia approximately 15 miles southwest of the
site. Sunnyside iv also the closest l-square-mile arca with a population of
at least 1,000,

At the Richten site, the town of Richton, with a population of 1,205
within a 1 square mile, is adjacent to the proposed boundary of the controlled
area. However, the town is 2 miles from the proposec boundary of the suzrface
facilities of the reppsitory. The nearest highly pop: lated area is

Petal/Hattiesburg with a population of 49,300; it ir 2% kilometers from the
boundary of the site,

The Yucca Mountain site is remote from highly populated areas or
l-square-mile areas with a population of at least 1,000, Las Vegas Valley,
the nearest highly populated area, is at a distance cof approximately 85 miles.

Population density. Population density is evaluated for each site on the
basis of density within the projected site boundaries, near the site, and in
the general reglon of the site. For this analysis, "near the site” is defined
as being within 10 miles of the site and “in the general region” as being
within 50 miles. Thig major counsideration 1s derived from the first favorable
condition and the first potentially adverse condition (see Table 7-9). It
relates to the qualifying condition in that a larger number of people are
potentially exposed to radivactive releases as the population density in the
region of a site increases. The first favorable condition is a low population
density in the general region of the site, and the first potentially adverse
condition addresses high residential, seasonal, or daytime population density
within the projected site boundaries.

In the evaluation of this major congideration, a "low population density"”
is defined as being lessg than the average population denslty of the contiguous
United States in 1980, or 76 persong per square mile. This major
consideration is also closely related to the third disqualifying condition for
this guideline, which ip related to emergency planning. Specifically, as
population density near the site increases, a more extensive
emergency-preparedness plan is required, since protective measures would have
to be taken on behalf of a larger number of people in the event of an
accident. As the dengity on the site, near the gite, and within the general
region of the site increases, the favorability of the eite decreases, A
surmary of the site evaluatlon for thie consideration follows. The
site-specific information used in the evaluation is summarized from Section
6.2.1.2 of the environmental assessiments for the five nominated sites.

There is no residentlial or seasonal population within the projected
boundaries of the Davis Canyon site. The daytime population is limited to an
estimated peak of seven offroad-vehicle users, The onsite population density
ig therefore far below the national average. About 282 people are estimated
to live within 10 miles of the site. The population density in the general
region is alsc far below the national average, at 3.8 persons per square mile.

The Deaf Smith County site is estimated to have 27 residents within 1ts

boundaries. The seasonal population density at the site is about seven
persons per square mile assuming that the 10,440 migrant workers who were in
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Deaf Smith County in 1975 are evenly distributed throughout the county. The
combined resident:al, seasonal, and daytime populaticn deneity within the site
boundary is apprn:imately 10 persons per equare mile, The population within
10 miles of the s te is estimated to be 1,739, The peopulation density in the
general region of the site 1is 24 persons per square mile.

Although there are no residences or seasonal porulation at the Hanford
site, approximately 700 persons work within the site .cundary at any given
time, which is equivalent to a population density of ’9 persons per square
mile. In addition, 4,800 persons are employed in n oivar energy jobs in the
vicinity of the si‘e. (However, because these worker . receive training in
safety and evacuation procedures, they are better pregared than the general
public to respond to radiological hazards.) There are approximately 110
people within 10 miles of the site. The population density in the general
region of the site is 43 persons per square mile. Federal ownership of the
Hanford site reduces the uncertainty associated with future population growth
in the area.

The residential population within the proposed controlled area of the
Richton slte is about 140 people, assuming that there are 50 households with
an average size of 2.8 persons, However, there are no reeldences within the
proposed restricted area. Seasonal population fluctuations are expected to be
minimal. The daytime population may vary by 100 because a school 1s located
in the southeamt portion of the area of the Richton Dome. The population
within 10 miles is approkimately 4,610, The population density in the general
reglon is 40 persons per square mile.

There are no resldences within 6.2 miles of the Yucca Mountain site and
no seasonal or daytime populations within the site boundaries. About 5,200
workers are employed at the Nevada Teat Site, but most of their activities are
conducted on the opposite aide of the Nevada Test Site. Because of their
experience with nuclear research and testing, workers at the Nevada Test Site
are better prepared than members of the general public tc deal with
radiclogical hazards. The population dengity in the general reglon of the
site is approximately 2.5 people per square mile. Federal ownership of the
gite and the surrounding area reduces the uncertainty of population growth
near the gite.

Summary of the comparative evaluation

Yucca Mountain ig the most favorable site for both major considerations.
There are no highly populated areas within 50 milea of the site, and the
regional population density is the lowest of all the aiteg. In addition,
there is no residential or seagonal population on or near the site. Davis
Canyon is less favorable because it is 33 miles from the highly populated area
of Moab, which has a population of 5,333, Nonetheless, the gite is remote in
comparison with the remaining sitea, The population denslty in the reglon is
also very low-—288 people are located within 10 miles of the site. The
Hanford site 1s 15 miles from Sunnyside, which has a population of 9,229, The
population density in the region is 43 persons per square mile. These two
factors reduce the favorability of the site. There are only 110 residents
within 10 miles of the Hanford site, and the 4,800 nuclear energy workers in
the vicinity of the site are better prepared than other members of the general

7-58
[+ T o T L W = TR ~» LR T WL S



public to deal with radiplegical hazards. The Deaf Smith site i3 17 miles
from Hereford, whic.: has a population of 15,853. The population density in
the region is 24 pe:sons per square mile, and 1,739 people live within 10
miles of the site. The Richton site is proximate to the town of Richton, and
4,610 people live within 10 miles. The population dencity in the region is 40
persons per square inile. BSince there are 140 people ar«d a school within the
controlled area, and the highly populated area of Peta’ and Hattiesburg with a
population of 49,300 ig 16 miles away, the Richlon Dom. is the least favorable
site for this guideline.

7.3.1.1.2 Site ownership and controel
The qualifying condition for site ownership and control is as follows:

The site shall be located cn land for which the DOE can obtain,
in accordance with the requirements of 10 CFR 60.121, ownerahip,
surface and subsurface rights, and control of access that are
required in order that surface and subsurface activities during
repository operation and clogure will rot be likely tp lead to
radionuclide releases to an unrestricted area greaker than thoge
allowable under the requirements specified in §960.5-~1(a)(1l).

Major coungideration

On the basis of the qualifying, favorable, and potentially adverse
conditlons of this guideline {Table 7-10), cne major consideration is
identifled that Influences the favorabllity with respect to the qualifying
condition. 1t refers to the kinds of procedures that are available for
acquiring land. The major conslderation is, in turn, influenced by two
contributing factors.

Evaluation of the sites in termsa of to the majer consideration

The single major consideration for thig guideline is the complexity of
procedures for acquiring the needed land. This consideration is derived from
the favorable condition and the potentlally adverse condition {see Table
7-10). The favorahle condition addresses whether the DOE has present
ownership and control of the site. The potentially adverse condition
identifies three means of acquiring land: voluntary purchase-sell,
condemnation, and undisputed agency-to-agency transfer. If the DOE is unable
to acquire land through one of these means, Congressional acticn will be
required. Each of these land-acquisition mechanisms involves different legal
procedures.

There are two ways the DOE can acquire private or State land: voluntary
purchase-sell and condemnation. Voluntary purchase-sell means that a
landowner voluntarily selle his land to the DOE under the provisions of the
Uniform Relocation Assistance and Real Property Acquisition Act of 1970. 1If a
landowner is not willing to sell needed property, the DOE can acquire 1t by
right of eminent domain, or condemmation, under the provisions of the
Declaration of Taking Act (40 USC Section 258a). The DOE estimates that about
90 days would be required to condemn, privately owned land.
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Tawle 7-10. Guideline-condition findings by major consideration--
3ite ownership and control {preclosure}®-?

Davis oranf fichton Yucca
Condition® Canyon Smi+h Hanford Dome Hountain

Favgrable condition

Present ownership and control of land NP e P NP NP

and all surface and subsurface mineral

and water rights by the DOE,
Potentially =dverse condition

Projected land-ownership conflicts that P He NP NP p

cannrit be successfully resolved through
voluntary purchase-se{i agreements,
nondisputed agency-to-agency transfers of
title, or Federal condemnation proceedings.

% Key: NA = not applicable; NR = for the purpose of this comparative evaluation, the
favorable or potentially adverse condition is pgt present at the site; P = for the purpose of
this comparative evaluation, the favorable or potentially adverse condition is present at the site.

T Analyses supparting the entries in this table are presented in Chapter 6 of the
enviranmental assessment far each site.

¢ Both conditions in this table are related to one major consideration; complexity of
pracedures for acquiring needed land.
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There are two ways that the DOE can obtaln jurlsdiction over lands that
are currently con'rolled by anothar Federal agency: agency~to-iagency transfers
and legislative { ansfer by Congresa. The DOE can acguire land from another
Federal agency fo: up te 20 years under the provisions of the Federal Land
Policy and Manage.'ent Act of 1976, However, to meet .ne requirements of
applicable NRC regulations (10 CFR 60.121), the DOE must obtain permanent
jurisdiction ove: the repository operations area and ithe controlled area.

This permanent withdrawal will require a legislative ransfer.

In evaluating the sites against this guldeline. i1he DCE considered what
property would be required for repository constructi.r, operation, closure,
and decommissionlng, Land-acquisition procedures, su. : as leasing, that might
be employed during gite characterization were not congidered.

Sites for which land will be easier to acquire from & procedural and
legal point of view are more favorable. This does npt mean that the DOE
discounts the socioeconomic impact of acquiring lands, especially privately
owned land. The socioeconomic impacts of land acquisition are considered
under the socioeconcmics guideline. The DOE recogniz.s, for example, that the
condemnation of privately owned lands will dlsrupt the lives of displaced
landowners. Nevertueless, condemnation is legally more strajightforward than
cbtaining the Congresslonal authorization that would be needed to acquire
certain lands under the control of other Federal agencies, The DOE estimates
that about 90 days would be required for condemnation, whersas a Federal~land
transfer requiring Congressional authorization could take longer and the
regsult could be less certain. Thus, from a strictly procedural point of view,
it is easier for the DOE to acquire permanent jurisdiction over State and
private lands than Federal lands.

The complexity of procedures for acquiring land dependa, in turn, on
current ownership (DOE, other Federal agency, State, or private} and the
number of landowners. Current ownership determines which acquiaition
procedures are availahle, Similarly, the greater the division among
landownera (Federal, State, private), the more complicakted the overall
land-acquisition procedures. A summary of the evaluation for each site
follows,

Most of the Davis Canyon slte la Federal land controlled by the Bureau of °
Land Management (BLM), although small portions are owned by the State of Utah
and private partiea. A Congressional action would be required to obtain
permanent jurisdiction over the BIM portion of the aite. Although the DOE
would prefer to acquire State and private lands by voluntary purchase-sell
agreements, the land could be acquired by condemnation if necessary.

The Deaf Smith site is privately owned, and ownerahip is divided among at
least eight parties. The Richton site is also on private lands with ownership
divided among many parties. Although the DOE would prefer voluntary
purchase-sell agreaments with the current owners, the land can be acquired by
condemnation. :

The DOE controls all surface and subsurface rights te the Hanford site
and the surrounding area, The DOE would not have to acquire any land fqr a-
repoaltory at Hanford.: -
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The Federal land of the Yucca Mountain site is under the control of three
agencies: the D), the BLM, and the Department of Dafense (the Air Force).
Congressional ac.lon would be reguired to permit a permanent tranatfer of land
from the BLM an: the Air Force to the DQE, but the &:tion is not expected to
be disputed by these agencies.

Summary of the =omparative evaluation

The Hanford site is the most favorable for th. »reclosure guideline on
site ownership and control because the DOE has con: vui over the entire site.
The Deaf Smith andi the Richton sitea are on private . and that can be acguired
by voluntary purchase-sell agreements or the right of eminent domain. Control
over the Yucca Mountain site is divided among three Federszl agencies, and
Congreseional action would be required to permit a permanent transfer to the
DOE. The Davis Canyon site ia the least favorable hecause the ownership of
land is divided among the BLM, the State of Utah, and private parties, and a
combination of actions (voluntary purchaee~sell agreements, condemnation, and
Congressional action) would be required to acquire the needed land.

7.3.1.1,3 Meteorology
The qualifying condition for meteorology is as follows:

The site shall be located such that expected meteorological
conditions during repository operation and closure will not he
likely to lead to radionuclide releases to an unregtricted arsa
greater than thoge allowable under the requirements specified in
§960.5-1(a}(1).

Major considerations

The qualifying, Favorable, and potentially adverge conditions for this
guideline (see Table 7-11) led to the identification of two major
congiderations that influence favorability with respect to the qualifying
condition. These major considerations, in order of decreasing importance, are
(1) conditions that affect the transport of radionuclide releages in the
atmogphere and the aignificance of trangport, and (2) extreme weather
phenomena. The transport consideration addresses prevalling meteorological
conditions, while the extreme weather consideration addresses specific
episodes. These major considerations are influenced by several contributing
factors which are discussed below.

Evaluation of the sites in terms of the maior congiderations

Conditiona that affect transport and the significance of transport. This
major conslderation addresses metecrological conditlons that affect the
transport of airborne radionuclide releages to unrestricted areas where the
general public might be exposed. Contributing factors are the dispersion
characteriatics of the atmosphere, wind speed and direction, epilsodes of
stagnation, atmospheric mixing levels, the terrain, and the locations of
nearby populations. This i# the most important major consideration under this
guideline because the potential for a preferential tranaport of radionuclides
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Tehle ?-11, Guideline-condition findings by major considaration--
meteorology®:

Davis Dené Richton Yucca
Condition® Canyon Smivh Hanford Dome Mountain

Favorable conditian

Frevailing weteorological conditions NP . p t P
such that any radicactive releases to

the atmaosphere during repository operation

and closure would “e effactively dispersed,

thereby reducing significantly the

lTikelihood «f unacceptable exposures to

any member of the public in the vicinity of

the repository.

Potentially adverse condition )

Prevaiting metecrological conditions P ? P P NP
such that radiocact{ive emissions from

repository oparation and closure could

be preferentiailly transported toware

localities in the vicinity of the

repository with highar population

densities than are the avarage for

the region,

1

Potentially adverse condition 2

History of extreme weather phepomena—- P p NP P NP
such as hurricanes, tornadoes, severe

floods, or severs and frequent winter

storms that could significantly affect

repository nperation or closure.

® Key: NA = not applicable; NP = for ths purpose of this comparative evaluation, the
favorable or potentially adverse condition is not present at the site; P = for the purpose of
this comparat1ve evatuation, the favorable or potentially adverse condition is present at the site.
® Analyses supporting the entries in this table are presented in Chapter 6 of the
environmental assessment for each site,
® A1 of the conditions in this table are related to one major consideration: conditions
that affect transport and the significance of transport,
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directly affects a site's ability to meet the requirements of the preclosure
system guidelin. on radiological safety. In terms of the significance of
transport, Lhe <doses delivered to the maximally expused person beyond the
boundaries of tue site are estimated to be well within the limits of 40 CFR
191 for each site. The estimate is based partly on zstimates of radicnuclide
releases to ungrstricted areas) at each site, these releases would be within
the limits specified by the NRC in 10 CFR Part 20, A summary of the
evaluation for each site follows.

For the Davis Canyon site, repregentative off s-te date indicate that
relatively high riixing heights and moderate average wind speeds prevail.
Digpersion may be hampered by the rugged surrounding terrain, and local
inversions .about 39 episode-days per year)} can caugse air to be trapped In
valleys. The prevailing wind directions at the site are from the sohthwest.
The only population concentration in the downwind direction within 50 miles of
the site is La Sal Junction, which is 19 miles away.

For the Deaf Smith site, representative offsitys data indicate that
neutral atmospheric stability conditions and high average wind speeds
predominate, resulting in relatively gocd dispersion conditions. . The
prevailing mixing level, the infrequent occurrences of stagnation episodes,
and the generally flat terraln at the site also favor dispersion. The
prevailing wind directions at the site are from the southwest. The nearest
population concentrations in the downwind direction are Masterson and Exell,
which are both about 50 miles away.

The data recorded at the Hanford Metecrological Station indicate that
dispersion conditions at the Hanford site are generally good. Favorable
conditions include moderate average wind speeds and deep mixing levels. The
prevalling wind directions are from the northwest, The Tri-Citles area
(Richland, Kennewick, and Pasco) Is 22 to 28 miles from the aite in the
predominant downwind direction,

Representative offsite data uged for the analysis indicate that
atmespherls stabllity and average wind-speed conditlions favor fair to good
dispersion. Mixing-level heights, the relative infrequency of stagnation
eplsodes, and the flat to rolling terrain also favor good dispersion. The
prevailing wind directions at the gite are from the south and southeast. The
nearest large population concentraticns located in the downwind direction are
Laurel and Bay Springs, which are 24 and 40 miles, respectively, from the site.

Meteorologlical data racorded at Yucca Flat indicate that wind velocities,
atmospheric stebility, and mixing heights at the site should provide effective
atmosphefic dispersion. Topographic condlitions should also favor dispersion,
The nearest population concentrations are Beatty, which is 19 miles to the
west, and Amargosa Valley, which is 14 to 28 miles south of the gite. Beatty
and Amargosa Valley are downwind of the site less than 5 percent and about 10
percent of the time, respectively.

Extreme~-weather phenomena. This major consideration addresses the
historical frequency and intensity of extreme-weather phenomena--such as
hurricanes, tornadoes, floods, and winter storms—-that could have a
significant effect on repository operatlion or closure. It relates to the
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concern in the gualifying condition with meteorologicasl conditions that could
lead to unacceptabr-e levels of exposure to persons in unrestricred areas. It
ig derived from th: second potentially adverse condition of the meteorology
guideline. This cnsideration is less important than ihe first major
consideration because, unlike atmospheric transport chtrracteristics, which
tend to reflect pruvailing meteorclogical conditions, crftreme-weather
phencomena are episodie conditions, A summary of the rvaluation for each site
follows.

Hurricanes are not known to occur in the Davig ! arnson site area, and
tornadoes are unlik~aly. The area is not subject to be vy snowfallae, but
snowfalls greater than 1 inch occur 10 to 20 days per yz:ar. Local flooding or
local heavy fog may occur about 8 days per year,

Extreme weather such as local flooding, hurricanes, tornadoes, freezing
rain, and heavy fog occur in the area of the Deaf Smith County site about
29-31 days per year. The area also experiences dust egtorms with winds
exceeding 65 mph., There are usually anowstorms less than one day per year.

Extreme-waather conditions nccur infrequently at the Hanford site.
Tornadoes are rare, and severe winter storms are seldom experienced,

Local flooding, hurricanes, tornadoes, and heavy fog occur in the Richton
site area 30 to 70 days a year. Freezing rain, high winde, or snowstorms
usually occur less than one.day per year.

The frequency of extreme weather at the Yucca Mountain site is among the
lowest in the nation. High winds, snowfall, and tornadoes are rare, and the
area does not experience severe local flooding. Sandstorms are common, but
they would rarely be severe. enough to disrupt repository cperation.

Summary of comparative evaluation

The Yucca Mountain gite is the most faverable under the meteorology
guideline. Meteorological data from Yucca Flat suggest that good dispersion
conditions are likely to prevail at the gite. Prevalling wlnds would not be
likely to preierentially tranasport radionuclides toward population
concentrations. The Yucca Mountain area has a low frequency and magnitude of
extreme weather. Meteorological data from the Hanford Site show good
dispersion conditions and a low incidence of extreme weather. The
favorability of the Hanford site is reduced by the presence of major
population centers in the prevailing downwind direction. The Deaf Smith and
the Richton sites are both expected te have good dispersion characteristics.
Their favorability is reduced in comparison to the Hanford site because they
experience more severe weather. Davis Canyon is the least favorable for
meteorology. The favorability of this site is reduced by the presence of a
population center in the prevailing downwind direction, reduced dispersion
conditions, and a greater frequency of severe weather. :
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7.3.1.1.,4 Oftsite installatlons and operations

The quali{ring condition for the preelogure guidellne on offsite
installations aud operations is as follows!

The aice ahall be located such that preseni wrojected effects
from nearvy industrial, transportation, and m: ‘itary installations
and operations, including atomic energy defen:. activities, (1) will
not sipnificantly affect repository siting, o1 struction, operation,
clogure, or decommissioning or can be accommclsted by engineering
measures and, (2} when considered together wiil emissions from
repository operation and closure, will not be l.kely to lead to
radion' clide releases to an unrestricted area greater than those
allowable under the requirements specified in ;360.5-1(a){1).

Major conaiderations

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline {(see Table 7-12), two major conslderations
inFluence a site's favorability with respect to the gualifying condition,
These major considerations, in order of decreasing limportance, are (1) the
presence of nearby nuclear installations or operations and (2) the presence of
nearby hazardous inatallations or operations.

Evaluation of sites Iin terms of the major considerations

Rearby nuclear ingtallations or operationg. This mejor consideration
addresaes radionucllide releases from atomic-energy defense activitiea and
nuclecar installations regulated by the NRC, which could, together with
operational releases from the repository, subject the general publie to
radionuclide exposures above allowable limits. The evaluation accounta for
the proximity of nuclear Installations and operations to the site and the
levels of radionuclide releases that could be expected during accidents and
routine operating conditions at these installations. This consideration is
derived from the favorable condition and the second potentially adverse
condition, It relates directly to the qualifying coundition’s concern with the
potential contribution of other nuclear facilities to radionuclide releases
from the repository. This major consideration is assignad greater importance
than nearby hazardous installations in this evaluation because of the primary
focus in the qualifying condition on compliance with regulations on releases.

In evaluating this conaideration, the term “nearby' for offsite
installations and operations is defined as the area within 5 miles of the
site. The assessment of potential cumulative impacts considers nuclear
facilities within 50 miles. A summary of this consideration for each site
follows.

At the Davis Canyon site, the only nearby nuclear operations are three
uranium mills, which are 36 to 58 miles from the site. The combined
radionuclide releases from the uranium mills and a repository at the site
would be significantly lower than the specified limits.
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Table /12, Guideline~condition findings by major consideration--
offsite instailations and operations”<”

Davis Deaf Richton Yucca
Coniition Canyon Smith Hanford  “Dome Hountain

MAJOR CONSIOQERATION 1: MNEARBY NUCLEAR INSTALLAT! <% QR QPERATIONS
Favarable condition |

Absence of contributing radioactive NP _ NI NP P P
releases from other rnuclear installations

and operations that must be considered

under the requirements of 40 CFR 1491,

Subpart A.

Potentially adverse condition 2

Presence of other nuclear installations NP NP NP NP . NP
and operations, sunject to the

requirements of 40 CFR Part 190 or

40 CFR 191, Subpart A, with agtual or

projected releases near the maximum

vialue permissible under those standards.

MAJOR CONSIDERATION 2: NEARBY HAZARDOUS INSTALLATIONS QR OPERATIONS

Potentially adverse condition 1

The presence of nearby potentiaily NP P . P P P
hazardous installations or operations - _— '
that could adversely affact repository

operation or closure, '

® Key: HNA = not applicable; NP = for the purpase of this comparative evaluation, the
favarable or potentially adverse conditien is not present at the site; P = for the purpose of
this comparative evaluatian, the favorahle or potentially adverse condition is présent at the site.

® Analyses supporting the entries in this table are presented in Chapter & af the
environmental assessment for each site.
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The Deaf Smith gite is 48 miles from the Pantew Plant, a major atomic
energy defense ‘acility near Amarillo. Releases frum this plant are predicted
to be only a sn:ll fraction of the specified limlits and would not
glgnificantly contribute to radionuclide levels in the vicinity of the
repository. There are no other nuclear facillties :n the vicinity.

Commercin! nuclear facilities near the Hanfor: site include one operating
nuclear power plant of the Washington Public Power . upply System, commercial
site for the disposal of low-level radinactive warte, and a plant that
fabricates nuclear fuel. The predicted releases [ -cm these facilities are
substantially lers than the maximum permissible valyv * and would not contribute
significantly to radionuclide levels in the vicinity of the repository.
DOE-owned n.clear facilities near the repository site include a
plutonium-production reactor, the Purex reprocessin;; plant, and a reactor for
testing breeder reactor fuels and components. The costulated worst-case
accident at these facilities would result in a radiation exposure at the
boundary of the Hanford Site that would be below applicable limits.,

The Richton site has no nearby nuclear facilities, nor are there any
facilities subject to 40 CFR Part 190 or 40 CFR Part 191, Subpart A, within 50
milea of the site.

At the Yucca Mountain site, there are no nearby nuclear facilities that
are subject to 40 CFR Part 190 or 40 CFR Part 191, Subpart A. Potential
sources of radionuclide emissions in the area are a commerclal site for
low-level-waute dispesal about 19 miles west of Yucca Mountain, and the
research with spent fuel at the Nevada Research and Development Area, which is
adjacent to the east slide of Yucca Mountain., The releasea resulting from the
postulated worst-case accident at these facilities would culminate in total
radiation releases at the Nevada Teat Site boundary belaw applicabie limits.
Moat of the radiocactive emissions from underground nuclear testing at the
Nevada Test Slte are contained.

Nearby hazardous ingtallations or operations, This major consideration
addresses the possible adverse effects of nearby hazardous operations and
ingtallations on repository siting, construction, operation, closure, or
decommissioning. Such operations and installations could include chemical
plants; fuel production, refining, transportation, and storage facilitieg}
pipelines; major transportation routes used that could carry hazardous
materials; air traffic associated with nearby airports; military operations
areas; toxic materials handling facilities; and sites for hazardous-waste
disposal. These facilities or operations are considered hazardous if they
could affect repository operations or worker safety. Potential hazards could
include shock waves from explosions, incendiary fragments, and flummable or
toxlc vapor clouds. This major consideration is derived from the first
potentially adverse condition. It relates directly teo the concern in the
qualifving condition with adverse impacts of nearby hazardous installations
and operations on repository operation or closure. A summary of the
evaluation for each site followa.

At Davis Canyon, there are no hazardous installations within 5 miles.
The gite is more than 35 miles from the airports at Blanding and Monticello
and more than 18 miles from the San Juan County airport. The nearest State
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highway is more th¢a 5 miles from the site. Therefore, there are no hazardous
inatallatione or ozzrations that are likely to affect s repository at Davis
Canyon.

At the Deaf Swith County a 4-inch natural-gas piprline passesa within
3,000 feer of the “estricted area, but it does not con:zritute a hazard to a
repository. U.S. Highway 385 passes within 3 miles of the site. Trucks using
this bighway may carry hazardous cargoes that could a' 'ect the repository in a
serious transportation accident,

Potentially haardous installations and operaticn: in the vicinity of the
"Hanford site faclude national defense and waste-manage..ent facilities.
Potentially hazardous facilities include a plutonium—preduction reactor, a
reprocessing plant within 1.8 miles of the site, and & reactor for testing
breeder reactor fuels and components within 12 miles nf the site. A serious
accident at any of these facilities would disrupt repcsitory operations.

The Richton gite has several nearby potentially hazardous installations
and operations. The Richton Airport is within 3 mile» of the site, but the
probability of an air crash at the site is extremely low. A portion of the
regtricted airspace of the DeSoto Military Operations Area is within 5 miles.
Future expansion or a more intenmsive use of the restricted airepace could
increase the risk of an airplane crash. A l6-inch underground gas pipeline
passes 1 mile from the site, but it does not constitute a credible hazard to a
repository. There are two producing oll fields within 3 miles of the site.
Explosions or fires at these facilities are unlikely to affect a tepository at
the site. State Highways 42 and 15 pass within 2 and 3 miles of the site,
respectively. These highways could be used for hagardous cargoes. The
nearest railroad is more than 12 miles from the Richton site.

The Yucca Mountain site has several nearby hazardous installations and
operationa, including the underground testing of nuclear devices, an Air Force
range, and the Nevada Reaearch and Development Area. Underground testing of
nuclear weapons occurs about 10 to 20 times per year at the Nevada Test Site,
which ia more than 24 miles from Yucca Mountain. Some of this testing might
require that underground repogitory activities be temporarily suspended. The
Yucca Mountain site occupies a small portion of the Nellis Air Force Range,
which is used for aircraft overflights but not as a target area. The only
potential hazard from these overflights id4 the very remote chance that an
airplane carrying ordinance could crash at Yucca Mountain, Research with
spent fuel is performed at the Nevada Regearch and Development Area, which
includes a major portion of Yucca Mountain. (The spent fuel is tentatively
scheduled for removal in 1986.) However, thepe research activities are not
likely to affect repository operations,

Summary of comparative evaluations

Tha Davis Canyon and the Richton sites are the most favorable for the
guideline on offsite ingtallations and operationa. There are no nuclear
facilitiea or other facilities subject to 40 CFR Part 190 or 40 CFR Part 191,
Subpart A, located within 50 miles of the Richton site, Potentially hazardous
facilitiea near the site include a major State highway, a gas pipeline, an oil
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field, an airport, and restricted airspace associated with Cemp Shelby.
However, thege :acilities detract less from a site'n favorability than a
nearby nuclear ‘astallation would, At Davis Canyon, the only potential
sources of radicactive emisslons in the area of the 3ite are three uranium
mills. Radionucilde releases from these facilities vould not ceontribute
gignificantly t« releases from a repository. There are no nearby hazardous
installations o~ operations that are likely to poss 2 credible risk to a
repngitory. The Deaf Smith site is siightly less [ vorable. The only
potential scurce of radioactive emissions is the Far.ex plant, but the
contributions from this plant are not expected to .6 significant. Potentially
hazardous installations and operations near the sit¢ include & majnr U.S.
Highway., There are no nuclear facilitieg subject to 40 CFR Part 190 or Part
191, Subpar: A, located near the Yucca Mountaln site, Nonetheless, several
potential sources of radioactivity that reduce its favorability are within 50
miles, including nuclear weapons tesating and radiocactlive-waste disposal. The
Hanford site is the least favorable for this guideline: there are potentially
hazardous national defense facilities or other facilities subject to 40 CFR
Part 190 near tne Hanford site that could affect repository operations.

7.3.1.2 Preclosure aystem guideline for radiological safety

The preclosure system guldeline for radiological safety requirea that any
projected radiological exposures of the general publle and any projected
releases of radloactive materials to restricted and unrestricted areas during
repository operatlon and closure shall meet the applicable requirements set
forth in 10 CFR Part 20, 10 CFR Part 60, and 4C CFR 191, Subpart A. The
evidence does not support a finding that any of the sites 1s not likely to
meet this qualifying condition.

The pertinent system elements are (1) the site-specific characteristics
that affect radicnuclide transport through the surroundings; (2} the
engineered components whose function is to control releases of radioactive
materials; and (3) the people who, because of their location and distribution
in unrestricted areas, may be affected by radionuclide releases. This
guideline {8 agseigned the greatest importance among the precleosure system
guidelines because it is directed at protecting both the public and the
repository workers from exposures to radlation. To provide a comparative
context for understanding the evaluatlon for this preciosure system guideline
in Chaptsr 6, a brief summary of the evaluation of each of the sites with
respect to the pertinent system elements 1s presented below.

With the exception of metecrological conditions, the Davis Canyon site
has favorable characteristics for preclosure radiological safety. From an
integrated-system viewpoint, atmospheric dispersion conditions that could be
poor at times are not likely to prevent compliance with the radiation
protection requirements. However, radioactivity releases from a repository
are predicted to be small and are expected to more than compensate for the
less. than favorable atmospheric disperpion. Modeling results indicate that no
member of the public is likely to receive an annual whole-body dose of more
than 1.3 millirem during the construction period or more than 1.8 millirem
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in any year during 'ae operational pericd. On comparing thepe vslues with the
regutatory limits ('3 CFR Part 191} of 25 millirem per wear to the whole body
or approximately 140 millirem per year from natural background radiation, it
appears that a repouitory can be located and operated a* the Davis Canyon site
with insignificant ~adiological risks to the public.

The Deaf Smit#: gite also has generally favorable : "arvacteristice for
preclosure radiclegical safety. A potentially adverse <ndition is that the
dominant wind directlon is from the south, and the c¢i v of Vega is
approximately 8 miles to the north. However, the radi uctive releases from
the repository are predicted to be very small, and the: fore compliance is
likely. Modeliug results indicate that no member of the public is likely to
receive an annual whole-body dose greater than 0.04 millirem during
constructicon or greater than 0.17 millirem in any year {rom normal operations
during the operational period. Comparing these values with the limits of
40 CFR Part 191 (25 millirem per year to the whole body) or with epproximately
95 millirem per year from natural background, it appears that a repository at
thie Deaf Smith site would pose insignificant radiologlcal risks to the public.

The Hanford site has favorable characteristics pertinent to preclosure
radiological safety. The meteorological conditions in the area show good
atmospheric dispersion and infrequent occurrences of extreme weather.
Moreover, there are no permanent reslidents at the site. Because of the very
small radionuclide releases from the repository, the low population density in
the surrounding area and the distance from the repository to highly populated
areas, routine repository operations would not be expected tc exceed the
regulatory limits for the exposure of the general public to radlation.  The
individual radiation doses from other operations In the vicinity of the
Hanford Site are greater than that projected for the repository. These doses
are monitored and are within applicable Federal standarde.

At the Richton Dome, the site characteristics that are pertinent to
preclosure radiological safety are generally favorable except for
meteorological conditions, which could be poor at times, with occasional
stagnant conditions. From an integrated-system viewpoint, these conditions
are not likely to prevent compliance with the radiation-protection
requirements. Radiocactive releases from a repository are predicted to be very
small, which would more than compensate for the less-than-favorable
atmoapherlc dispersion conditions. Modeling results indlcate that no member
of the public ig likely to receive an annual whole~body dose greater than 0.4l
miilirem during the construction period. A comparlson with the limits of 40
CFR Part 191 (25 millirem per year to the whole body or approximately 10
millirem per year from natural background radlation), it appears that a
repository at the Richton gite can be operated without significant
radiological risks to the public.

At Yucca Mountain the meteorological characteristics favor the ability of
the site to limit exposure to radiation among workers and the publici the
distribution of people who live outside the area would also restrict
exposures. Estimates of hoth the extreme worst—case accidental radlological
exposures to the general public and the exposures due Lo normal operation are
below the limits specified in 10 CFR Part 20 {1984), 10 CFR Part 60 (1981},
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and 40 CFR 191, Suvbpart A (1985). FEstimated releases under normal repository
operation {Sectionr 6.4.1) produce radlonuclide concentrations that are well
below the maximum permissible concentrations.

The evidence does not support a finding that any of the sites is not
likely to meet the qualifying condition for preclosure radlological safety.

7.3.2 ENVIRONMENT, SOCIOECONOMICS, AND TRANSPORTATL N

7.3.2.1 Technical guidelines

Three technical guidellnes are associated with the preclosure system
guldeline on environmental quality, socloeconomics, and transportation. Their
objective is to emnsure that the public and the enviroament are protected from
the effects of repository construction, operation, closure, and
decommiggioning.

7.3.2.1.1 Eavironmgntal quality

The gualifying condition for the environmental quality guideline 1s as
follows:

The pite shall be located such that (1) the quality of the
environment in the affected area during thia and future genarations
will be adequakely protected during repository alting, congtruction,
operation, clogure, and decommissloning, and projected eavironmental
impacts Iin the affected area can be mitigated to an acceptable
degree, taking Iinto account programmatic, technical, soctal,
economic, and environmental factors; and (2) the requirements
specifiad in §960.5-1{a)}{2) can be met.

Major considerations

On the bagis of the qualifyipg, favorable, and potentially adverse
conditlons for this guideline (see Table 7-13), four major considerationg are
identified that influence the favorability of the aites with respect to the
qualifying condition. These major considerations are (1) the ability to meet
applicable environmental requirements, (2) the ability to mitigate
environmental impacts, (3) the absence of protected Federal resource areas as
well as threatened and endangered plant and animal species, and (4) the
absence of protected State or regional resource areas, Native American
resources, and cultural sites. As a group, major considerations ! and 2 are
more important than major considerations 3 and 4, but the factors within each
group are conaldered to be of equal importance.

Evaluation of sites in terms of the to major considerations

Ability to meet applicable environmental requirements. This major
consideratlion addresses the procedural and substantive requirements of
environmental regulations with which the repository must comply. It addresses
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Tavie 713, Guideline-condition findings by major consideration—-
gnvironmenta? quatigy®:"

Davis Deaf Richton
Codition Canyon Smith Hanford Dome

Yucca
Moyntain

MAJOR COM.IDERATION 1: ABILEITY TQ WEET APPLICABLE ENV ".OWMENTAL REQUIREMENTS

Favorable condition !

Projected ability to meet, within time NP N [ NP
constraints, all Fedrral, State, and local

procedural and substiative environmenta?

requirements a-plicable to the site and

the activities proposed to take place

thereon.

Fotentially adverse condition )

Projected major conflict with applicable NP NP NP NP
Federal, State, or local environmental
reguirements.

MAJOR CONSIDERATION 2: ABILITY TO MITIGATE ENVIRONMENTAL IMPACTS

Favorable condition 2

Potential significant adverse environmental NP NP P NP
impacts to present and future ganerations : :

can be mitigated to an insignificant Jevel

through the application of reasonable

measures, taking into acopunt programmatic,

technical, social, economic, and environmental

factors.

Potentially adverse condition 2

Projected significant adverse environmental P NP NP NP
impacts that cannot be avoided or mitigated.

MAJOR CONSIDERATION 3: PROTECTED FEDERAL RESOURCE AREAS
Potentially adverse congdition 3

Proximity to, or projected significant p MP MNP p
adverse enavironmental impacts of the

repository or its support facilities on,

a component of the National Park System,

the National Wild)ife Refuge System, the

National Wild and Scenic Rivers System,

the National Wilderness Preservation System,

or National Forest Land.

Potentially adverse cendition 6
Presence of critical habitats for ME MP MP NE
threatened or endangered species that

may be compromised by the repository
or its support facilities.
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Toble 7-13. Guidatipe~condition findings by majer consideratione
environmental quality® " {contirued)

Davis Der’ Richton Yucca
“ondition Canyon Smith Hanford Dome Mountain

MAJOR CON:.DERATION 4: PROTECTED STATE OR REGIONAL RE: 'URCE AREAS, NATIVE AMERICAN
RESOUACES, CULTURAL SITES

Potentially adverse condition 4

Proximity to, and projected significant p M © - NP NP . Np
adverse environmen’al impacts of the

reapository or its suppart facilities on,

a significar+ State or regional protected

resource area, such as a State park, a

wildlife area, or a historical area.

Potentially adverse condition 5

Prouwimity to, and projected significant NP N © NP, NP NP -,
adverse envirenmental impacts of the : : -
repository and its support facilities on,

a significant Native American resdurce,

such as a major Indian religious site, or

other sites of unigue cultural interest.

® Key: HA = not applicable; WP = for the purpose of this comparative evaluation, the
favorable or potentially adverse condition is not present at the site; P = for the purpose of
this comparative evaluvation, the favorable or potentially advarse condition is present at the 31te

® Apalyses supporting the entries in this table are presented in Chapter 6 of the..
environmental assessment for each site. .
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applicable sita-snecific regulations at the Faderal, State, and local levels.
A site's standing against this conslderation ig determined by evaluating the
degree to which ripository activities will comply with requirements as well as
the ability to do so within spacific time congtraints. This consideration
relates directly “¢ the qualifying condition and the virst favorable and
potentially adverze conditions, which address the ab:.ity to comply with
environmental rec¢.irements within time constraints. Jecause compliance with
environmental recairements is a measure of the abill v to protect the
environment at a site, this congideration is a direct indicator c¢f a gite's
ability to meet the qualifying condition for enviro .mental quality. Table 6-2
and Table 6-3 in each EA (Table 6-9 and Table 6-10 :n the Yucca Mountain EA)
summarize actions that are planned at the sites to en:ure they comply with
applicable reruirements and review their ability to meet each requirement. A
sunmary of the evaluation for each site follows.

The Davis Canyon site is expected to meet all potentially applicable
environmental requirements. However, it may not be possible to do so within
time constraints because of uncertainties about the time required to obtain
certain permitg, such as those required under the Utg.a Air Conservation Act.

The Deaf Smith site 1g expected to meet all poteatially applicable
environmental requirements. However, it may not be possible to do 8o within
time constraints because of uncertalnties regarding the time required to
comply with requirements like the Texas Drilled and Mined Shaft Act,

The Hanford site is an area that has beéen dedicated to nuclear activities
gsince 1943. The environmentsl requirements are known for the area, and it is
expected that the gite will be able to meet the potentially applicable
environmental requirements within time constraints.

The Richton and Yucea Mountain sites are expected to meet all potentially
applicable environmental requirements, but the Richton gite may not do so
within time constrainta because of uncertainties regarding the time to obtain
certain permits.

Abllity to mitigate environmental impacts. This consideration evaluates
the significance of the environmental impacts of the repository and accounts
for the degree tc which impacts can be mitigated. It also considers features
of the mitigation measures, such as thelr time requirements and technological
feasibility, and the social, economic, or environmental factors that affect
their applicability to a particular site. This consideration relates directly
to the qualifying condition and the second favorable and potentially adverse
conditions, which address the ability to mitigate impacts at each site.
Becauae of its direct relevance to the qualifying condition, the
environmental-impact consideration is a direct indicator of a site's ability
to meet the qualifying condition for the environmental-quality guideline. A
summary of the evaluation for this consideration for each site follows.

It is projected that all potentially significant impacts at the Davis
Canyon site can be avoided or mitigated to an acceptable level. However,
extensive mitigatfion meagurea would be required because of the close proximity
of Canyonlands National Park. Although it is projected that all applicable
environmental impact standards can be met, some impacts cannct be mitigated to
insignificant levels., For example, construction and operation noise will be
audible within Canyonlands National Park, and access corridors and facilities
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will be visible from the Park. Night-sky glow from project lighting may also
be vigible withj . the Park.

It is projected that all potentially significart impacts at thea Davis
Canyon site can we avoided or mitigated to an acceptable level and all
applicable ervironmental standards can be met. How:ver, extensive mitigation
measures would (e required because of the clase prcimity of Canyonlands
National Park. Furthermore, gsome impacts cannot be mitigated to insignificant
levels. For example, construction and operation ro: e will be audible within
tbe Canyonlands Natlonal Park, and access corridoi; snd facilities will be
visible from the Park. Night skyglow from repositoiv lights may also be
vigible witbin the Park,

At the Deaf Smith site, it is projected that a'l potentially significant
{mpacts can be avoided or mitigated to an acceptable level and that all
applicable envirponmental standards can be met. Howsver, some impacts cannot
be mitigated to insignificant levels, For example, about 5,760 acres of
farmland will be permanently removed from production.

At the Hanford site, all potentially significant impacts can be avoided
or mitigated to ingignificant levels. No nolse or air-quality impacts are
expected outside the boundary of the larger Hanford Site, and no impacts are
projected for the Columbia River. Potential impacts associated with offsite
developments will be mitigated through siting and engineering measures.

At the Richton site, it is projected that all potentially significant
impacts can be avoided or mitigated to am acceptable level, and that all
applicable environmental standards can be met, However, some impacts cannot
be mitigated to ingignificant levels, The repgsitory will be vigible, and
noise will be audible in offsite areas.

1t ia projected that all potentially significant impacts at the Yucca
Mountain site can be avoided or mitigated to insignificant levels.
Air-quality impacte at the controlled-area boundary will be maintained within
the limits specified in applicable regulations. Releases of radicactivity
from naturally occurring material will Increase during the excavation of Ethe
underground facility, but they are not expected to be significant.

Protected Federal resource areas. This consideration relates directly to
the third and sixth potentially adverse conditions. It addresses the
following Federal lands that are identified in these conditions: the National
Park System, the National Wildlife Refuge System, the National Wild and Scenic
Rivers System, the National Wilderness Preservation Syatem, and National
Forest Land, as well as designated critical habitats for threatened or
endangered specles. The evaluation of sites for this consideration is based
on their proximity to, and the degree of projected impacks on, the listed
areas, except for critical habitats. Critical habitats are considered on the
basis of whether they could be compromised by the repository. Because this
consideration addresses the protection of environmental quality in terms of a
subset of environmental conditions (i.e., specifically identified resource
areas), it ila relatively less important in the overall evaluation of sites
than the first two gonsiderations. A aummary of the evaluation for each site
follows.

7~-78

Ann-0:8¢ 71 | 0r2:6



The repository operations araa at the Davis Canyon gite 1s within 1 mile
of the eastern boun.ary of the Canyonlands National Per« and is conaldered to
be proximate to the Park. Impacts on the park include increased suspended
particulate and nitrogen oxidaes, lncreased nolse levels, visibility of
repository farilitigs, temporarily dierupted access, ant night skyglow. There
are no known or des'gnated critical habitats for threa:ened or endangered
species that could be compromised by the reposltory or its support facilities,
although thera are crucial riparian habitats.

The Faderal resource area nearest to the Deaf 8w iih site, the Buffalo
Lake National Wildlife Refuge, is 22 miles from the 5.2, No significant
adverse impacts are projected for this resource, Therc are no critical
habitats for threatened or endangered species within the site or site vicinity
that could be compromised by the repository or its suppart facllities.

The Hanford site 1s on Federal land not designated for protection. The
site is 4 miles from the Saddle Mountains Wildlife Refuge (a multipurpose area
of the Hanford Site) and 16 miles from the McNary National Wildiife Refuge,

No significant adverae ilmpacts are projected for theae wildlife refuges. No
federally recognized threatened or endangered specles are known to inhabit the
Hanford site, though several specles (e.g., the bald eagle and the peregrine
falcon) have been sighted within the site. Three species of bilrda that are
candidates for designation as threatened or endangered nest within or near the
site,

The Richton site ia 2.5 miles from the DeSoto National Forest, but no
significant adverse impacts are projected for the foreat. There are no known
or degignated critical habitats for threstened or endangered apeciss that
could be compromised by the rapository or its support facilities.

At the Yucca Mountain gite, the northern part of the controlled area is 5
miles from the Timber Mountain Caldera Rational Natural Landmark, which liea
within the Nellig Air Force Range and the Nevada Test Site. The Toiyabe
National Forest is about 50 miles from the site, and the Death Valley National
Monument is 20 to 25 miles from the site. The rail line to the site will pass
within several miles of the Daesert National Wildlife Range, parts of which are
suitable for inclusion in the Wilderness Preservation System. There are no
critical habitats at the Yucca Mountain asite. Ash Meadows, which contains
several protected species, is about 25 miles away. No significant adverse
impacts are projected for any designated Federal lands or protected species.

Protected State or regional resource areas, Native American resources,
and cultural sites. This consideration relates directly to the fourth and
fifth potentially adverse considerations. The fourth potentially adverse
condition identifies three significant State or regilonally protected resource
areas: State parks, wildlife areas, and historical areas. The fifth
potentially adverse condition requires an evaluation of significant Native
American resources, such as religious sites, and other sites of unique
cultural interest. The evaluation addregses the combined effects of a site's
proximity to resource areas and the projected level of impact on those areas.
Because this consideration addresses the protecticn of envirpnmental quality
in terms of a subset of environmental conditions (i.e., specifiec resource
areas), it is equal in importance to the third consideration but less
important than the first two considerations. A summary of the evaluation for
each site follows.
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The Newspaper Rock State Historical Monument ig near Utah State Highway
211, 17 miles from the Davis Canyon site. The petroglyph panal at Newspaper
Rock is a significant cultural resource and ie listsd on the National Reglster
of Historlec Places. The increased traffic flow past the Monument that would
be associated wiih a repository at Davis Canyon will 4isrupt some visitatlon
and overnight canping at the Mounument. The nearest “tate park ig the Dead
Horse State Parlk, which 1s 30 miles away. The neareut significant Native
American resource or site of unique cultural intere: = is the Salt Creek
Archaeological District, which lies along the eastsar: edge of the Canyonlands
National Park. Impacts of the repusitory and suppr ¢+ facilities on these
regources are not expected to be significant.

The Statea protected resource nearaest to the Deat Smith site is the Palo
Duro Canyon State Park, located 44 miles away. Since no significant Starte,
regional, or Native American resources are known to be present In the area of
the alte, no significant adverse impacts are expacted,

A repoaitory at the Hanford asite would not affect any protected resource
area. There are no known significant State, reglonal, or Native American
resources within or adjacent to the site, There are significant Narive
American resources along the ahorelands of the Columbla River, 4 milea from
the site, but no significant adverse impacta are projected for these rasources.

The nearest State or reglonally protected resource to the Richton site is
the Paul E. Johnson State Park, which is 20 miles away. The park is not
expected to experience any significant adverse impacts.. There are no
significant Native American resources or cultural altes recordad at the
Richton site, and the potential for discovering such resources is considered
low,

The Yucca Mountain aite is not located near any State or regionally
protected resource area. The rail corridor that would be constructed to the
site ia not projected to adversely affect any resource areas, although it will
pass within 0.9 mila of the F. R. Lamb State Park. Moat of the Yucca Mountain
site haa been surveyed for cultural artifacts. Limited investigations have
identified 178 prehistoric and & historlc sitea, many of which consigt of
scattered debris. No major impacta are projected for any significant Native
American resource or unique cultural site,.

Summary of comparative evaluation

The Hanford and the Yucca Mountain sites are most favorable under the
environmental~quality guideline. Both sites are expected to meet all major
environmental requirements within time conatraints. Adverse environmental
impacts at both sites can be avoided or mitigacted to insignificant levels.
Since these sites are not near any protected Federal, State, or regionally
protected resource, or near any significant Native American resource or aite
of unique cultural interest, the development of a repository at either of
these sites is not projected to have aignificant impacts on any of these
resources.,

The Deaf Smith gite can comply with all potentially applicable
environmental requirements, but may not be able to do so within time
constraintg. Similarly, it 1s prajected that adverse impacts at the site can
be limited to acceptable, but not insignificant, levels. The Deaf Smith site
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is favorable with r2gard to the third (protected Federal resource areas) and
the fourth (protected State or Native American resources) major consideratlons
because the site ix not near any of the relevant rescurce areas and would not
be expected to adv..rsely impact such areas.

The Richten s7te is also expected to meet all ap;.icable environmental
requirements, although 1t may not be able to do so witnin time constraints,
A4ll adverse impact: at the gite can be avoided or mit; zated, but not to
insignificant leveis. The Richton site is less favor -wle than the Hanford,
Yucca Mountain, and Deaf Smith sites with respect to p.sotected Federal
regource areas because of its proximity to the DeSot: National Forest. The
Richton site is favorable with regard to the fourth .onslderation (protected
State or Native American resources) because a repoaito y at thia site is not
projected to cause adverse impacts on any State or regionally protected
regource area, significant Native American resource, or gite of unique
cultural interest.

The Davis Canyon site is the least favorable for the
environmental-quality guideline. It is projected that all potentially
applicable environmental requirements can be met, but lt mey not be possible
to do so within time constraints. It is also projected that adversa impacts
can be mitigated to acceptable but not insignificant levels. The favorability
of the Davis Canyon site ia further reduced by its proximity to, and potential.
impacts on, the Canyonlands National Park .and the Newspaper Rock State
Ristorical Monument. .

7.3.2.1.2 Socioeconomic impacta S o o
The qualifying condition for the socioeconomics guldeline is as follows:

The site shall be located such that (1) any significant
adverse social and/or economic impacts induced in communities
and surrounding regions by repository giting, construction,
operation, closure, and decommissioning can be offset by
reasonable mitigation or compensation, as determined by a
process of analysis, planning, and consultation among the DOE,
affected State and local goverument jurisdictions, and
affected Indian Tribes; and (2) the requirements apecified in
960.5-1(a}{(2) can be met.

Major considerations

On the basis of the qualifying, favorable, and potentially adverse
conditions for thia guideline (see Table 7-14), six major conaiderations: are
identified that influence the favorability of the sités with respect to the
qualifying condition. These major considerations are (1) potential impacts on
community services and housing, (2) potential impacts on direct and indirect
employment and business sales, (3) potential impacts on primary sectors of the
economy, (4) potential impacts on the revenues and expenditures of public
agencies, (5) the need to purchase or acquire water rights that could affect
development in the area, and (6) potential social impacts. No order of
importance is assigned to these six cousiderations. Each consideration is, in
turn, influenced by a number of more-spegific conditions or contributing
factors, which are discussed below.

7-19

8 0908 ] 0 2 9



Table 7-14. Guideline~condition findings by major consideration--sociosconomics®-®

Davis Deaf Richton Yucca
Condition Canyon Smith Hanford Oome Mountain

MAJOR CUNSTHLERATION 1: POTENTIAL IMPACTS TO COMMUNITY S:AVICES AND HOUSING
Favorable condition 1

Ability of an affected area to absorb NP P S P P
the project-related population changes

without significant disruptions of

community services and vithout significant

impacts on housing supply and demand,

Potentially adverse condition
Potential) for significant repository- P NP NP NP NP
related impacts on community services,
housing supply and demand, and the

finances of State and local government
agencies in the affecied area.

MAJOR COMSIDERATION 2: POTENTIAL IMPAGTS GN DIRECT ANO INDIRECT EMPLOYMENT AND
BUSINESS SALES

Favorabls condition 2

Availability of an adequate labor NP NP NP NP ~Np
force in the affected area. : E

Favorable condition 3
Projected net increases in employment P P P P p
and business sales, improved comnunity : :
services, and increased government
revenues in the affected area.

Potentially adverse condition 2

Lack of an adequate Jabor force in tha p po p . p o
affected area. ) S . . . o

MAJOR CONSIDERATION 3: POTENTIAL IMPACTS TO PRIMARY SECTORS OF THE ECONOMY

Favorable condition 4 '
Ne projected substantial disruption of . P P op P P
primary sectors of the economy of the ' o o
affected area. ' )

Potentially adverse condition 4
Potential for major disruptions of NP NP NP NP - NP
primary sectors of the economy of the

affected area.

MAJOR CONSIDERATION 4: FPOTENTIAL IMPACTS VO THE REVEMJES AND EXPENDITURES OF
PUBLIC AGENCIES

Favorable condition 3
Projected net increhéqs in,apPIOyment _ ) P . P P P P
and business sales, improved community '

services, and increased goverriment ' .
revenues in the affected area.. CL
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Tabie 7-14, Guideline-condition findings by major consideration—-
secioeconomics™ ® (continued)

Davis Deaf Richton Yucca
Counaition Canyan Smith Hanford Dome Hountain

MAJOR CONSIMWRATION 4: POTENTIAL IMPACTS TO THE REVENUi ' AND EXPENDITURES OF
PUBLIC AGENCIES (Continued)}

Favorable condition 3 (continued}
Potentially advarse¢ condition |

Patential for significant repository- P NP NP NP NP
related impacts on comsnunity services,

housing supply .nd demand, ang the

finances of State and Tecal government

agencies in the affected area.

HAJOR CONSIDERATION 5; THE NEED TO PURCHASE OR ACQUIRE WATER RIGHTS THAT COULD EFFECT
DEVELOPMENT IN THE AREA

Patentially adverse condition 3

Need for repository-retated purchase NF NP NP NP NP
or acquisition of water rights, if such

rights could have significant adverse

impacts on the present or futyre

development of the affected area.

MAJOR CONSIDERATION §: POTENTJAL SQCIAL IHP&CTS

Favorable condition ?

Ability of an affected area to abserb NP P P P P.
the project-related population changes

without significant disruptions of

community services and without significant

impacts on housing supply and demand.

Potentiaily adverse condition 1

Potential for significant repository~related P NP NP NP NP
impacts on community services._hbubsng,

supply and demand, and the finahces of state

and tocal government agencies in the affacted

area.

* Key: NA = not appiicable; NP 2 for the purpose of this comparative evaluation, the
favorable or potantially adverse condition is pat present at the site; P = for the purpose of
this comparative evaluation, the favorable or potentially adverse condition is present at the site,
® Analyses supporting the entries in this table are presanted in Chapter 6 of the :
environmental assegsmant for sach site.
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Evaluation of the gites in terms ¢f the major considerations

Potential ir pacts on community services and houging. This consideration
relates to the r:quirement in the qualifying condition that impacts on
community services or housing in affected areas and rommunities can be
mitigated or comr:nsated for. This consideration is derlved from the first
favorable condition and the first potentially adveree condition. The first
favorable condit’on focuses on the abllity of the nflected area to absorb
reposltory-relat.rd population growth without disrup’ ng community services and
the supply and demand for housing. The potentially .sdverse condition
addresses impacts on community services and housin; .n communities near a
potential site. Impacts on community services and .acusing depend on five
contributing factcrs: population composition and dersity, the distribution of
in-migrants, current capacity and trends In the use of ccmmunity services and
infrastructure, housing supply and demand, and the community's ability to
accommodute growth, A site's favorability improves as the ccmbination of
these contributing factors leads to fewer impacts on community services and
housing. A summary of the evaluation for each site follows.

& repository at the Davis Canyon site is likely to result in substantial
impacts on community services and housing in the affected grea. . The projected
net change in the populatlon of Grand and San Juan Counties 1s expected to be
approximately 20 percent above the baseline population during the peak of
in-migration. Thls level of population increase may cause a gsignificant
disruption in housing and community services. ' The number of housing units
needed by repository-related households could reach 1,600 units, Fewer than
half this number of units are currently asvailable in the study area. The
communities of Moab, Monticello, and Blanding are projected to have peak-year
cumulative growth rates of 31, 50, and 24 percent, respectively, Although
this level of growth would occur over a é-year pericd, it would cause
significant impacts.

The development of a repository at the Deaf Smith site is not expected to
result in major impacts to community aervices or housing. Most project _
in-migrants are expected to locate in Amarillo, .about 40 miles from the site.
Amarillo is a large urban center that has a sufflcient community
infrastructure to accommodate repository workers and their families. Vega,
which is the closest community to the site, is projected to experience a
peak-year cumulative growth of 8 percent. Since this growth would occur over
a 6-year perlod, it is not congidered to have potential for significantly
disrupting the community. Howevar, in-migration is expected to cause some
minimal increase in the demand for community services (e.g., housing, schools,
police protection, medical services, water supply, and recreation) in the
affected area.

The Tri-Cities (Richland, Kenewick, and Pasco) have historically received
most of the in-migrating work force associated with large projects at the
Hanford Site. If the most likely estimate of 1,700 in-migrants for the
repository ig used, annual growth rates during the peak year would be less
than &4 percent for all communities. These annual growth rates are low in
comparison with previous levels of growth in the area. There i{s also a large
and underused infrastructure, particularly excess housing, in the Tri-Cities
area. This suggests that the development of a repository at Hanford
represents an opportunity for the area to more fully use its resources.
Therefore, community-services and housing impacts are projected to be
favorable.
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For the Richton site, the capacity of housing in countiea receiving
in-migrants is exp.cted to be adequate. Because the avallability of community
services generally oarallels the availability of housing, these services are
also expected to br adequate in the affected arsa. At a community level, the
town of Richton is projected to experience a peak-year cumulative growth of 37
percent. This grouth would occur over a 4-year periou Although the average
annual growth rate is higher than the 6-percent growti, vate projected for
Richton's baselins population, significant disruption iy not expected.
Nonetheless, the in-migrating population is projected %0 cause moderate
service impacts in the study area, including the neei Jor some additlonal
housing, teachers, 20lice officers, physiciang, hosp tal beds, and water and
sewage facilitles,

For zhe Yucca Mountain site, over BC percent of the in-migrants are
expected to settle in the Los Vegas area, where the infrastructure is
sufficient to accommodate them. In the rural communities closer to the aite,
the maximum l~year growth rates, which are projected from the historical
settlement patterns of workers at the Nevada Test Site, will be less than 5
percent for all communities near the gite except Pahrump (5 percent) and
Indian Springa (13.2 percent). Although demands for services and housing in
communities could increase in proportion to these peak l-year growth rates,
the potential impacts would be largely confined to the service providers that
are best equipped for dealing with growth, Generally, services in the
unincorporated communities near the site {i.e., Indian Springs, Pahrump,
Beatty, and Amargosa Valley) are provided not by town governments but by
county-wide agencies that have broad tax bases, plannipng capabilities, and
experience in responding to population growth rates within the range of thosge
projected for the repository. With only a few exceptions, water in the
unincorporated communities near the repogitory site is pupplied by private
wells, and waste water is disposed of in private sepkic tanks and leach
fields. In addition, housing in rural southern Nevada is provided almost
entirely by the private sector.

Eotential impacts on direct and Indirect employment and business sales.
This major consideration is derived from the second and the third favorable
conditions and the second potentially adverse condition. Two factors
contribute to the potential for increaped direct and indirect employmenit and
business sales: repository-related needs for labor and expected local hires,
and repoaitory-related local purchases of materials. This major conaideration
is related to the qualifying condition in that lncreased local employment and
business sales enhance the ability of affected areas and communities to absorb
repository-related growth by increasing business and tax revenues. A gite's
favorability increases with repository-related economic growth. A gummary of
the evaluation far each site follows.

At the Davig Canyon site, a repository is expected to generate over 2,000
direct and indirect jobs at its peak, of which about 400 are expected to be
filled by local reaidents. The repogitory is also expected to generate about
$5.4 million per year in local purchases during the construction phase.

At the Deaf Smith site, local residents are expected tn £ill 1,380 of the
total number of jobs at the peak of repository development, Direct local
purchases of about $11.3 million per year are projected during repository
construction. An additional $5.7 million per year is expected ta be spent as
a result of indirect effects caused by material purchases.
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At the Hanford site, total employment could increase by more than 2,400
at the peak of .epository development. A substantial number of these jobs
will be filled locally. In addition, substantial spending through wages and
on purchases of materials from local suppliers is esneckted.

At the Richton site, the repository 1is expecte: to generate about 1,300
jobs for local .resldents at the peak of {ts develoy-ent. In addition, about
$5.3 million in direct local material purchases wil: be made during repository
conatruction.

For the Yuccit Mountain site, up to 4,800 jobs ¢.uld be created during
peak repository development. Many of these jobs are expected to be filled by
current residents of the area. The Increases in arma income Erom wages for
repository construction and operation could reach $110 million in 1998,

Potential impacts on primary sectors of the econamy. The third major
consideration is derived from the Fourth favorable conditfion and fourth
potentially adverse condition. The contributing facrcors are major sectors of
the economy, employment distribution and trends by economic sector, and the
compatibility of a repository with the arsa's economic base. The smaller any
projected disruption, the greater the gite's favorability. A summary of the
evaluation for sach glts follows.

Primary sectors of the Davis Canyon study area are retail trade and
services (31 percent of employment), govarnment (24 percent of employmant),
and mining (14 percent of employment). Since unemployment in mining has
increased gignificantly in the last & years, a repository may have a positive
effect on this sector. The extent of this positive effact is unknown, because
significant numbers of miners have left the area since 1983. The demands on
local government created by new growth should create jobs in the governmant
sactor. In retail trade and services, tourism represents approximately 475
man-years of employment for San Juan and Grand Counties or about 24 percent of
the jobs in these sectors, Because the Canyonlands National Park is near the
repogitory, some tourists may choose to avold the park, and some jobs raelated
to tourism could be lost. The total number of jobs directly associated with
purchases made by tourists with Canyonlands as thair primary degtination 1is
approximately /6 man-years of employment. The local reatail-and-service jobs
directly related to local purchases assoclated with the repository will
average 240 man-years of employment during congtruction and 230 man-years
during operation. Therafore, while some tourism-related jobs in the retall
and service sectors may be lost, other jobs are expected to be created.

The primary sectors of the Deaf Smith study area are government (18
percent), retail trade (15 percent), services (l4 percent), agriculture (10
percent), and manufacturing (10 percent). It is expected that the repository
will increase the need for products and gervices provided by the retail trade,
government, and service sectors. No subatantial loss of employment due to the
repository is expected for the agricultural or manufacturing sectors because
most of thelr markets are outside the region of the site. However, the sales
of health focds and bottled water could decline. In addition, projected
impacts on the agricultural sector include a loss of more than $1.6 million in
crop and livestock revenuss at the peak of construction (about (.12 percent of
the expected crop and livestock revenues in the region in 1997); a loss of
$1.7 million in crop and livestock revenues at the peak of operation; a loss
of $2.5 million and $3.0 million in agricultural business during the peak of
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repository congtruci.ion and operation, respectively; and a loss of 0.61
percent of the prodictive land in Deaf Smith County.

In the affectid area of the Hanford site, the potential for major
disruptions of primery sectors of the economy 1s very :wmsll, The primary
sectors of employrnt are the Washington Public Power Jupply System and its
contractors, the DDE and its contractors, and agricult:re. A repository at
the Hanford site would probably stabilize economic cov- itions and employment
in the area,

In the affecte area of the Richton gite, the pilrary economic sectores
are manufacturing (21 percent), govaroment (25 percent , and retall trade (22
percent). The repository 1s not expected to affect marxets for manufsctured
goods. Enployment in the trade and goverumant aectors is likely to increase
because of increases in wages, local purchases, business ralea, and demands
for services,

The primary sectors of the economy in southern Navada are mining and
tourism. A repository at Yucca Mountaln 1s expected “o increase the number of
mining jobs in Nye County. In regard to tourism, even though
repository-related increases in population may have a small positive effect,
only potential negative Impacte have been lnvestigated to date. Preliminary
results of an ongoing evaluation are inconclusive. Studies of the effects of
well-publicized accidents have yielded no evidence of long-term effects on
tourism,

Potential impacts on public agency revenues and expenditures. Thie
considerstion is derived from the third favorable condition and tha first
potentially adverse condition, which addresses the potentlal for increased
revenues, and the net fiscal balances of State and local government agencles,
respectively, This consideration relates to the qualifying condltion in that
the DOE must be able to mitigate adverse economic impacts, including impacta
on the finances of State or local governments. Impacts on the revenues and
expenditures of public agencies depend on three contributing factors: the
sources of, and trends in, the expenditures and revenues of local government;
the additional needs for community services induced by the repository project;
and economic growth in the area and resulting increases in tax revenues. A
site's favorability increases as the repository more positively affects State
and local finances and decreages as more mitigation of fiscal impacts is
required. A summary of the evaluation for each site follows.

At the Davia Canyon site, a repository will increase the revenues
collected through property taxes, sales taxes, and user fees. These increases
in revenuea, however, may not offset increases in ocutlays for community
services and infraatructure needs.

At the Deaf Smith site, the repository willl also increase the revenues
collected in property taxes, sales taxes, and user fees. These increases in
revenues are expected to offset the projected minimal Impacts on community.
services.

At the Hanford site, the State or local governments will not experience
significant adverse fiscal impacte., There are virtually no projected impacts
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on community airvices, and there are some economic benefits that will result
in additional tax revenues.

The poteni.al impact on the revenues and exper'itures of public agencies
affected by the Richton site is similar to that at “he Deaf Smith site,
Revenues from property taxes, sales taxes, and uses Joes are likely to
increase. 7These revenue increases are expected to ~ffset increases in
expenditures dre to changes in gervice requirement.

At the Yucca Mountain site, significant repocitcry~induced expenditures
are expected to result in incressed State and loca: "ax revenues, wvhich may be
offset by additicnal outlays in the study area,

Need to purchase or acquire water rights that »yuld affect develepment in
the area. Thls major consideration is derived from the third potentially
adverse condition (see Table 7-14). The need to acquire water rights depends
on two contributing factors: project-related water requirements and current
water rights, use, and capacity. Specifically, the greater the competition
for water at the site and the more the DOE's acquisition of water rights could
affect development in the area, the lower the site's favorability. 4 summary
of the evaluation for each site follows.

At the Davis Canyon site there 1g a variety of potential water sourceas.
A likely source of water is the San Juan County Water Conservatory District,
which has jurisdiction over the site. The Congervatory District has indicated
that it would enter Into an agreement for the annual sale or lease of up to
2,800 acre-feet of water from the Colorado River or one of its tributaries
during construction and up to 500 acre~feet during the operation of the
repository. Because the San Juan Planning Councill expecte that two new
reservoirs that are being built in the Blanding and Monticello area will
supply enough water for future needs and bacause the Council is willing to
sell or lease part of its own appropriation, development in the area should
not be affected,

The Ogallala aquifer, the major source of water for municipal use and
irrigaticon in the Texas Panhandle and in the area of the Deaf Smith site, 1s
belng depletad. The Texas Water Commission predicts that conly part of the
projected water requirements for Iirrigated agriculture in 1990 will be met
under a high-demand scenaric. Although a repository at the Deaf Smith site
will require relatively little water to operate in comparison with other
industrial users in Texas and less than one-fourth of one percent of projected
water supply in the Coumty throughout the life of the repository, the water
requirements of the repository will further deplete the aquifer and may
compete with other uamers, especilally agricultural users. Municipal and
industrial water requirements are expected to be met because these users are
able to pay the higher prices associated with more a limited zupply.

The Federal Government already owns the water rights that are needed for
a repository at the Hanford site. Water will be supplied from the Columbia
River by an existing pump station. No slgnificant impacts on municipal water
systems in the study area are expected because there is excess capacity in the
Tri-Citiea area, where most in-migrants would live.
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At the Richtorn site, the DOE will not need to acquire waler rights
because ground wat¢r ig expected to he available at the s{te. In addition, no
planned developmen:s In the study area have been ldentified that would be
adversely affected oy the water use projected for the repository.

Tt is projacted that sufficient water for a reposicory at Yucca Mountain
can be ohtained £:;.m new or exigting wells at the Nevais Tegt Site, for which
the DOE has existing water rights., For local water sy teme, sacondary impacts
due to the increased demand aasoclated with populatio: increases are expected
to be minimal, although some communities may require m'tigation aseistance to
expand their water nyatems to meet the needs of new .n-mlgrants. There are no
major developments .r population c¢enters that will cor - ste wlth the repoaitory
for ground watsr. The Las Vegas Valley is projected f¢ have water-supply
problems by the year 2020 with or without the population increases resulting
from the development cf the repository.

Potential social impacts. Thie major consideration relates directly to
the requirement in the qualifying condition that mignificant social impacts on
communities and surrounding areas can be offset by rewnsonable mitigation or
compensation, It alap relates to the first favorable and potentially adverse
conditions, which address the quality of life by focusing on impacts to
community services and the finances of State and local government agencles.
Three factors contribute to the potential for social impacte: the quality of
life and existing social problems Iin the affected communities, the slze of the
in-migrating population {n comparison with the exiating population, and the
compatibility of the in-migrating populaticn with the lifestyles and
characteristlics of the current residents. The more compatible the
in-migrating population with the current population and the fewer the
disruptions that it causes, the graater the site's favorab1lity. A summary of
the evaluation for each site follows.

At the Davis Canyon site, it is estimsted that Moab and Blanding will
experience an increase of 31 and 24 percent, respectively, in population
during the first 6 years of the repository. Monticello is expected to grow by
about 50 percent during the same period. These increases would be dramatic
and could lead to conflicts between long—~time residents and newcomers over
leadership pesitions. Rapid growth could also contribute to increases in
alechol and drug abuse, crime, and family conflict,

At the Deaf Bmith site, Vega is expected to receive an B-percent increase
above the baseline population, On the bagie of this population increase, Vega
could experience some social changes. The lifestyles of construction workers
may not be compatible with long-time resldents, though most workers are
expected to live in Amarillo or Hereford. Major conflicts over leadership
positions between long-term residents and newcomers are not axpected.

At the Hanford site, a repository will make a small but positive
contribution to the recovery of the area from the decline of the early 198Qs.
The effect of any impacts on social conditions i1s likely to be positive.
Since expectad in-migrating work force is amall In compsrison with the
projected haseline population, serious social disruptions are unlikely. The
Yakima Indian Nation, the Confederated Tribes of the Umatills Indian
Reservation, and the Nez Perce Tribe are formally designated as affected
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Indian Tribes under the Act, A repository at Hanford 1s not expected to cause
slgnificant so:-al impacts on these Indian Tribes.

At the Ric™ton site, the town of Richton is exzected to recelve 483
repository-related in-migrants, a 37-percent change Jver baseline projections
for the peak yeur of construction, This repoasitory-ielated growth for Richten
is slgnificant and will probably cause social chany '8 and conflicts over
leadership positions in the community.

For the Yucca Mountain site, most of the in-. igrating population is.
projected to be #bsorbed in Clark County, Since ©a size of the in-migrating
population ig small in comparison with the projectes baseline population, and
the existing social structure in urban Clark County is highly diverse, the
growth-related effects on soclal structurs are not ¢xpected to be
significant. In contrast, Nye County 1s & rural area where experience with
large eoergy-develcopment projects indicates that growth-~related social
disruptions could occur. However, preliminary sacesaments suggest that
in-migrating conatruction workers would be assimilated within the existing
social structure. Hiatorically, communities in Nye County have had a large
population of miners, and mining continues to be important in the area.
Therefore, because of the diversity of existing cultural environments within
Nye and Clark Counties, in-migrating workers would be able to select a
compatible cultural environment and are llkely to be readlly assimilated into
the community.

Summary of comparative evaluations

The Hanford site is the most favorable for all eix major conesiderations.
The Tri-Cities has a large and under~used infrastructure, and the area would
benefit from repository-related employment and increaaes in busineas sales.
The economy of the affected area is largely based on nuclear actlvities,
although there is also substantial agriculture. No significant adverse flascal
or social Iimpacts are expected, and the DOE owns all necessary water rights.

At the Yucca Mountain site, most of the in-migrants are expected to
settle in the area of Las Vegas, which has a sufficlent infrastructure to
accommodate them, Services in the unincorporated communities nearer the site
are generally provided by county-wide organizations that are well equipped to
deal with growth. Both Nye and Clark Counties are expected to benefit from
increased employment and business sales. Employment in the mining industry in
Nye County is expected to increase substantially. The tourist industry 1s not
expected to be negatively affected. Public revenues will probably increase,
and social impacts are expected to be small. B8Bufficient water for the
repository can be obtained from wells at the Nevada Test Site, and secondary
impacts should be minimal.

At the Deaf Smith site, population growth may cause minimal adverse
impacts on community services. Vega could also experlence social changes
because the lifestyles of newcomers and long~time residents may be
incompatible, In addition, a repocsitory 1s expected to cause minor disruption
to the agricultural industry in the affected area. Some water may also be
diverted from other uses because the DOE will need to acquire water rights in
a region where the major source of water is being depleted. The area is
expected to benefit from increased employment, business sales, and tax
revenues.

7-88



At the Richton gite, moderate impacts on community services are projected
because of the population growth associated with a repnsitory. Local
purchases and job wupportunities will increase, but adverse social impacts
could occur, esperlally in the town of Richton. Primary sectere of the
economy are not expected to be disrupted, and public r¢venues should
increase. Theve is no need for the DOE to purchase or acquire water rights.

A repository at the Davis Canyon site is expecte to induce major adverse
impacts on community services and housing; these impacts will occur in San
Juan County and in three small communities near the wvia Canyon site. In
addition, a significant population growth may cause su»atantial social
impacts. Although a small nwnber of jobs related to L. urism in the retail and
service sectors may also be lost, net local employment, business sales, and
tax revenues should increase. Water righte are likely to be obtained from the
San Juan Planning Council without affecting pregernt or future development.

7.3.2,1.3 Transportation
The qualifying condition for the transportation guldeline is-as follows:

The site shall be located auch that (1) the access routes constructed
from existing local highways and railroads to the site (i) will not
conflict irreconcilably with the previously deaignated use of any
resource lilsted in 960.5-2-5(d){2) and {3} (ii) can be designed .and
constructed using reasonably available technologyy {(1ii} will not require
transportation system components to meet performance standards more
stringent than thosc specified in the applicable DOT and NRC regulationa,
nor require the development of new packaging containment technology; (iv)
will allow transportation operations to be conducted without causing an
unacceptable risk to the public or unacceptable environmental impacta,
taking into account programmatic, technical, seocial, economic, and
environmental factors; and (2) the requirements of Section 960.5-1(a)(2) -
can he met,

Major considerations

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-15), four major consideratlons are
identified that influence the favorability of sites with respect to the
qualifying condition. These major considerations, in order of decreasing
importance, are (1) transportation safety, (2) potential for envirommental
disruption, (3) the cost of transportation infrastructure, and {4#) the cost of
transportation hardware and operations. Each of the major conslderstions is,
in turn, influenced by several contributing factors, which are digscusaed below.

Evaluation of the sites with respect to major conslderations

Transportation safety. Transportation to the repository will present &
potential hazard, albeit small, to people living along the routes ‘traveled.
The hazards are both radiological (i.e., due to the radiological nature of the
cargo) and nonradiological (i.e., due to the movement of the transport vehicle
and not related to the character oflphe cargo). The guidelines emphasize that
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Table 7~15, Guideline-condition findings by major consideratign--transportation®®

Davis Deaf Richton Yucca
{snditfon Canyon Smi th Hanford Dome Mountain

HAJOR CHSIDERATION 1: THE SAFETY OF TRANSPORTING SHENT FUEL AND HIGH-LEVEL
WASTE TD THE REPQSIVORY

Favorable condition | NP I P P P

Availability of access routes from local
existing highways ard railroads to the
stte which have any »f the following
characteristies;

{1}  Such routes are relatively short and ‘NP NF p NR- - NP
ecenomical to construct as compared
to access routas for other comparably
stting options.

{iv) Such routes are free of sharp curves NP P P p P
or steep grades are not likely to be
affected by landslides or rock stides.

{¥) Such routes bypass local cities and NP P P NP P
towns, : .

Favorable condition 2 NP P P NP p

Proximity to Jocal highways and railroads
that provide access to regional highways
and railroads . .and are adequate to:-serve the
repogitory without gignificany upgrading or
recnnstruct1nn.

Favorable condition 4 . NP . NP NP NP P

Avax?abi1ity of a reg1onaT railroad system
with a minimum number of ‘ihterchdnge points
at which, train crew and equ1pment changes
would be required.

Favorable condition 5 : NP NP MR P . NP

Total projected tife-cycle cost and risk
for transportation of all wastes desxgnated
for the repesitory site which are
significantly tower than those for
comparable siting gptions, considering
locations of present and potential sources
of waste, interim: storhge faciﬂities. Bhd’
cther repesitories, : . N

¢

Favorable chdttion 8 ”f{ T : p P 'b : e P

Plans, procedurss, and capabilities for
response to. radipactiye | ?sge transpor-
tation accidents in the “affected State
that ake ‘compTeted or being develdped.

Favorable condition 9 P P P P p
A regional meteorological history
indicating :that. gignificant transpor-

tation disruptions would,not be routine
seasonal occurrences.
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Tab'e 7-15, Guideling-condition findings by major consideration—
transportation® ¥ {cantinued)

Davis Deaf Yichton YuLca
Cancitipn Canyon Smith Hanford Rome Mountain

MAJOR CON: OERATION 1: THE SAFETY DF TRANSPORTING S5PENM( FUEL AND HIGH-LEVEL
HWASTE TG THE REPOSITORY {Conti. .a¢)

Potentially adver.e condition 2 P NP NP NP NA

Terrain between the site and existing local
highways and railroads such that steep
grades, sharp switchbuacks, rivers, lakes,
landslides, roc’. sVides, or potential
sources of hazard to incoming waste
shipments will be encountered along access
routes to the site,

Potentially adverse condition 3 L NP NP NP NP

Existing Jocal highways and railroads
that could require significant re~
construction or upgrading to provide
adequate routes to the regional and
national transportation system. - B

Potentially adverse condition 4 P NP NP . . NP . a P,

Any local condition that could cause the
transportation-related costs, environmental
impacts, or risk to public health and safety
from waste transportation operai’ovns to be
significantly greater than those projected
for other comparable siting options.

MAJOR CQNSIDERATION 2: THE AMOUNT AND NATURE OF THE ENVIRONMENTAL DISRUSTION
CAUSED BY DEVELOPING THE TRAMSPORTATION MNETWORK AND
ACCESS ROAD (IMFRASTRUCTURE) ARGUMD AND TO THE SITE

Favorable condition ! NP p P Y B

Availability of access routes from G
Tocal existing highways and railroads o o
to the site which have any of the

following characteristics:

{1) Such rouvtes are relatively short
and econpmical to construct as
compared to access routes for

other comparable siting options. NP NP P NP 4 .. WA
{(i1%) Cuts, fills, tunnels, or bridges .

are not required. NP NP P NR NP
{iv]  Such routes are free of sharp NP P P P . . P

curves or steep grades and are
not likely to be affected by
landslides or rock slides.

{v) Such routes bypass local cities NP P N T T
and towns,
Favorable condition 2 NP L T

Proximity to local highways and
raitroads that provide access to
regional highways and railroads, and
are adequate to serve the repository
without significant upgrading or

" ey
reconsktruction. E
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Yoole 7-15. Guideline-candition findiags by major consideration—
transportation® ™ {continued)

Dgvis Dexf Richton Yucca
Condition Canyon Smi Hanford Dame Mountein

MAJOR CONS1JERATION 2: THE AMOUNT AND NATURE OF THE L¥" 'RONMENTAL DISRUBTION CAUSED
BY DEVELOPING THE TRANSPORTATIC  MEVWORK AN ACCESS ROAD
{INFRASTRUCTURE) AROQUND AMD TQ t:E SITE (Continued)

Favorable condition 3 NP 2 p r p

Proximity to regioral highways, mainline
railroads, or intand waterways that provide
atcess to the national transportation
system.

Fotentially adverse condition 3 P NF Wy NP NP

Existing local highways and ratlirpads
that could require significant re-
construction or upgrading to provide
adequate routes tu the regional and
national transpertation system,

Potentially adverse condition 4 I NP HF - WP - p

Any local condition that could cause the
transportation-retated costs, environmental
impacts, or risk to public health and
safety from waste transportation operatians
to be significantly greater than those
projected for other comparabie siting
options.

MAJOR CONSIDERATION 3: THE COST OF DEVELOPING AN ADEQUATE INFRASTRUCTURE BETWEEN
© THE SITE AND THE NEAREST MATIONAL TRANSPORTATION NETWORK

Favorable condition ! NP p g B P

Availability of access routes from local
existing highways and railroads to the
site which have any of the following
characteristics:

(i} Such routes are relatively short and SRR
economical to construct as compared
to access routes for other comparabie : C
siting options. NP NP P - NP T NP

{11} Federal condemnation iz not required
to acquire rights~of-way for the

access routes. . NP NP P NP ' NP
fi1i) CLuts, f:ils, tunnels, or bridges are

not regquired. ' NP NP P NP NP
fiv} Such rovtes are free of sharp curves NP p 4 TP = P

or steep grades and are not likely : S
to be affected by landslides or rock
slides,

{v} Such routes bypass local cities and NP P P NP P
towns. R X
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Tabia 7-15.

Guideline-condition findings by major consideration—

transpartatian™® (continued)

Corviition

Richton
Dome

Deaf
Smith

Davis

Canyon Hanford

Yucca
Mountain

MAJOR CCI SIDERATION 3

Favorable condition 2

THE CQST QF DEVELQPING AN ADEN -ATE INFRASTRUCTURE
BETWEEN THE SITE AND THE NEAR' [ NATIONAL
TRANSPORTATION NETWORK {Conti- 2d)

NP NP p NP

Proximity to local hichways and railroads
that provide acrcess to regional highways
and railroads, wnd are adequate to serve
the repository without significant
upgrading ur reconstruction.

Potentially adverse condition 1

Access routes to existing local highways

and railroads that aure expensive to

construct relative to comparable siting

options.

Potentially adverse condition 3

Existing Jocal highways and railroads
that could require significant re-
construction or upgrading to provide

adequate routes to the regional and

national transportation system.

Potentially adverse condition 4

Any local conditien that could cause the
transportation-related costs, environmental
impacts, or risk to public health and
safety from waste transportation operations
to be significantly greater than those
projacted for other comparable siting

options.

MAJOR CONSIDERATION 4: THE COSTS ASSOCIATED WITH TRANSPORTING THE SPENT FUEL AND

HIGH-LEVEL WASTES TO THE SITE

Favorable condition 4

NP NP NP NP

Availabkility of a regicnal railroad system
with a minimum number of interchange points
at which train crew and equipment changes

would be required.

Favarable condition §

NP NP NP P

Total projected 1ifo-cycle cost and risk

for transportation of al) wastes dasignated
for the repository site which are
significantly lower than those for
comparable siting options, censidering

locations of prasent and potential sources
of waste, interim storage facilities, and
other repositories.

Favorable condition 6

Availability of regicnal and local
carriers-truck, ralil, and waste-which

have the capability and are willing te
handle waste shipments to the repository, !

- . p— . ' ) a o o arem

.Ng

NP



Tab.e 7-15. Guideline-condition findings by major consideration--
transportation®'® (continued)

Davis Deat Richton Yucca
Conditipn Canyon Smi th Hanford Dome Mountain

MAJOR CONS1JIERATION 4: THE COSTS ASSOCIATEQ WITH TRANS -JhTING THE SPENT FUEL AND
HIGH-LEVEL WASTES TD THE SITE (" sntinued)

Favorable condition 7

Absence of legal impediment with regard to
compliance with Federal regulations for the
transportation of wiste in or through the
affected State and adjoining States.

Favorable condition 9 p B g P - ?

A regicnal meteorolegical history
indicating that significant transpor-
tation disruptions would not be rputine
seasgnal occurrences.

® Key: HNA = not applicable; NP = for the purpose of this comparative evaluation, the
favorahle or potentially adverse condition is pgf present at the site; P = for the purpose of
this comparative evaluation, the favorable or potentially adverse condition is present at the site,
¥ Analyses supporting the entries in this table are presented in Chapter & of the
environmenta) assessment for each site. ' ’
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the people living rear the site will be most significantly affected, but they
also recognize the- the hazards and impacts of traneporting wastes are
national in scope. Because the DOE's main goal in tranasportation is safety,
and the guldeliner emphagize the role of safety, transportation safety is the
most important consideration Iin evaluating the sites.

The transpor.ation of radioactive materiala durir; che past 40 years has
been accomplished with an exemplary record of safety. Vodels that are used to
eatimate the radiological risks of transportation tena to generate extremely
loy expected-risk values for the public because they razly on hiatorical data.
Whek relative terme¢ like "high" or “moderate" are ue.d in this evaluation,
they muet be ronsidered in the context of the low ove: .11 radiological risk
from trangportation. The nonradiological risk {8 calculated under the
assumpticn that the probabllity of accidentas for radicactive-waste shipments
can be represented by accident statistice for general commerce. The BOE
believes that these accident statistics will overestimate the actual number of
deaths and injuries. Other factors belng equal, the site with the smallest
radiclogical hazurd will also have the smallest nonradiclogical hazard.

Since the principal contributing factor in determining risk is the
distance traveled, a better gite for this conslderation is one that is close
to the sources of spent fuel and high-level waste. OQOther contributing factors
that increase the favorability of sites are access and local routea that avoid
population centeram, flat local terrain with good visibility, and regional
weather conditions that rarely cause hazardous road conditions., It should be
noted that, regarding weather conditions, the DOE needs additional information
before determining the comparative favorability of the sitea. In contrast,
leas favorable sites are distant from waste sources, must be reached by routes
that pags through population centers or rugged terrain, and are located in
regiong where weather conditione often cause hazardous road conditions. A
sumnacy of transportation risk and cost calculations is presented in Table
7-16; the reader ig referred to Appendix A for more-extensive analytical
results. Table 7-17 presents the [actors used to evaluate digrdptions of the
environment and the cost of infrastructure., A summary of the evaluation for
each gite follows. S ’

Davis Canyon is centrally located in the large region defined by the five
nominated sitee, but it is more difficult tp reach because of its remote and
rugged setting. Access from existing highwayes and railroads is extremely
difficult, and there is a potential for landslides that could interrupt or
jeopardize shipments. A long stretch of noninterstate highway must be
traversed before reaching the site. From a national perspective, the relative
risk of transporting to Davis Canyon is moderate to high, but that risk has to
be considered along with the potential hazards near the site that could
further reduce the overall level of safety. However, the zdded risk
associated with hazardous local access to the gite 1s somewhat offset by the
remoteness of the site and the low population density in the area.

The Deaf Smith site is convenient to major national highways. The
distance from sources of aspent fuel is low to moderate, and, as shown in Table
7-16, the level of relative safety is therefore moderate te high. The terrain
surrounding the site is generally flat and poses no safety hazard. The
population denaity around the site 1ls low to moderate.

L/
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Table 7-16. Summary of transportation risks and costs
Davia Deaf Yucca
Parametars Canyon Smith Hanfaod Richton Mountain
Risk*
100% trucl.
Radiological 9.5 7.9 | ] 6.3 i1
Nonradiological 30 24 39 19 36
100% rail . .
Radiological 0.3 0.2 0.3 0.2 0.3.
Nonradiclogical 2.6 2.1 - 3.2 1.8 . 3,0
Number of interchanges 3 2=4 2-h 2-4. 1-2
Total shipment-miles”
100% ctruck 145.1 121.4 186.7 96.4 176.8
100% rail 25.5 21.7 33.3 17.7 Al
Number of intaerchanges® k! 2-h 2-dy 24 1+2:.
Cost® L
100% truck 1,305 1,127 1,615 936 1,538
1007 rail 1,207 1,122 1,376 982

*Number of fatalities during the preclosure perlod.
®One-way million milea.
‘Within the transportation study area.
‘Millions of 1985 dollars.
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Table 7-17  Factors used to evaluate disruption of the environment
and cost of infrastructurs

Davis Deaf Yucca

Canyon Smith Hanfo. 1 Richton Mountain
Parameter Truck/Rail Truck/Rail Truck'Rail Truck/Rail  Truck/Rail
Accesg route
Miles 25/38-54 1/25-35 «3/¢3 4726 16/100
Cost® 79/141-269 1/21-44 6® 1/16 12/151
Upgrade
Miles 64-68/0 4/0-13 0/0 23/0 0/0
Cost® 15-35/0 1/¢10 6/0 6/0 0/0
Distance from 66-173/30-36 14/0-113 0/48 22/0 0/0
end of access '
route to major
highway or
mainline rail
Need for Lunnels " Yes No No No No
Need for bridges Yes Yes No ' Yes Yes
Need for Federal
condemation Yes Yes No Yes No
Terrain Very Generally Generally Gently Gently
rugged flat flat rolling sloping

*Tn millions of 1985 dollars.
®Total cost for truck and rail trangportation.



Since the Hanford site is the most distant from the large majority of
spent-fuel sour-es, it has the highest relative risk from a national
perspective. T.e introduction of a second repository reduces the effect of
distance on the overall transport risk (for a more -smplete discussion of the
effect of a secund repository see Appendix A, Secti:a A.11)., Transportation
safety near the site is considered to be ralatively high because of the flat
terrain and the good existing transportation netwo: . The population dengity
in the area is moderate. o

The Richton site is favorable for the transpo.tation-safety consideration
because it is cloger to the sources of spent fuel =k a the other sltes,
National transpor-ation risks are therefore reduced, and the relative level of
transportation safety is high. The gite would be more favorable if Lhere were
fewer local towns and cities were nearby; however, with the construction and
upgradirg of the lgcal access routes, local safety should be high as well,

Yucca Mountain is easily accessible, but it is far from most sources of
speat fuel. The local rail network that will be developed will effectively
bypass Las Vegas. Local rcads provide good access to the.interstate highway
system. One potentially hazardous feature of the access routes is their
proximity to an Air Force bombing range. Although thig.is not gxpected to
present a significant risk, some additional safeguarding of shipments may be
required. The local terrain presents no hazards.

-

Environmental disruption. The second major consideration accounts fqr_'
the environmental impacts caused by improving the existing infrastructure and
constructing new access routes to the site. Though not asg important as the
first consideration, the potential for enviranmental disruption has much
significance. For example, transportation cperations and the development of
access routes might adversely affect sensitive species on a large scale (over
many miles), and the aesthetic quality of the region may be reduced by the
construction of road and reil routes. This consideration reflects the focus
in the guideline on local conditions around the site. Effects on the
environment along paticnal highways and railroads were considered when those
networks were developed for regular commercial traffic. In this respect, the
incremental environmental impacts of transporting radioactive waste are not
considered to be slgnificant on a national scale.

A contributing factor for this consideration is whether a site requires
access routes that would disrupt the environment. Table 7-17 lists the major
factors that are considered in evaluating the potential for environmental
disruption. A more favorable site would be one that does not require the
construction of lengthy access roads. Other qualities that would make a site
better are access routes that do not conflict with current land-use plans; no
requirements for cuts, fills, tunnels, or bridges; and disruptions that would
affect the least number of people. A leas favorable site would require
significant construction of access routes through pristine or unique
envircnmental areas. Other qualities that reduce the favorabllity of a site
are access routes that conflict with current land-use plans; a requirement for
many cuts, fills, tunnels, and bridges; and the displacement of many people by
the access route. A summary of the evaluation for each site follows.

Major conetruction of highways and rallroads would be required to reach
the Davis Canyon site. This new conatruction would disrupt previously
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undisturbed land and diminish the aeathetic quality of the area. The
construction of a-cess routes would require major cuts and fillas as well as
tunnels, The exi:.ting transportation network would ulso have to be improved.

Deaf Smith C.unty is locatad on generally flat terrain that would not
require major exc.avation during construction, Upgrading of the existing road
is not expected 7 cause significant environmental imracts. A long segmenl of
new track must bLe laid to roach the site, but the en: ronmental disruptions
would be minor,

For the Hanford site, the truck and rail access routes would be short,
and little environrental disruption would result from .onstructing the access
routes. No improvement in the existing transportation network is needed.

The Richton site is on genevally flat terrain. Although a long railspur
would have to be built to reach the site, 1t would follow an abandoned
railroad right~of-way. The existing local road would have to upgraded for a
significant length. A short length of new road would have %o be builf to
reach the site. The environmental impacts of new com.truction are not
expected to be significant.

To reach the Yucca Mountein site, a long railspur and a moderste length
of new road would have te be constructed. A long bridge would alse be
necessary. The terrain is such that the construction of these routes will
cause minimal envircnmental disruption.

Cost of transportation lnfrastructure. This major consideration
addresses the coat of constructing and upgrading the access routes to the
sites. Its importance 1s gained from the emphasis in the qualifying condition
on the local infragtructure and access routes. It i@ not as important as the
first consideration because the protection of health and safety is more
important than reducing costs.

Tha cost of the transportation infrastructure is consldered scparately
from the costs of transporting waste to the site, Table /-17 presents &
comparison of costs for the construction of new road and rail access routes
and the upgrading of exieting networks at each site.

A favorable site for this consideration is one that needs little, if any,
repair or uwpgrading of access routes. Other qualities of a favorable site
include no regquirement for Federal condemnation for rights-of-ways, & flat
terralin, low costs for rights-of-way, and abgence of other local anomalous
features that may Increase costs. A less favorable site hag & poorly
maintained or no transportation infrastructure; if it does exigt, it is a long
distance from the site, thus requiring much new construction. Cther qualities
of a less favorable site are & mountainous terrain, high costs for
rightg-of-way, the need to secure rights-of-way by Federal condemnation, and
other features that could require expensive mikigation.

Cost of trangportation hardware and operations. The least important
consideration ig the cost of developing the cask fleet and shipping the waste
to the repository. This consideraticn is not as important as the others
because transportation costs are relatively insensitive to logation, and the
protection of health and safety is more important than reducing costs.
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The cost oy trangporting apent fuel to the repasitory sites depends to
some extent on «istance’ that is, it costs about as much to ship waste 1,000
miles as it does 500 miles., Other factors that can influence cost, at least
as determined at this stage of investigation, provit: little additional
guidance for discriminating among sites. A summary »f transportetion costs is
presented 1n Tal-le 7-16,

Like transportation safety, transportation cos. is also affected by
decisions about the configuration of the waste-man g :ment system, such as the
second repository. The effect of the second repos.tocy 1s considered as
quantitatively as possible,

A favor.bhle site 1s one that 1ls close tn the spurces of waste, is not
subject to weather that will interfere with access L the repository, is
served by existing carrierse, is located in an area with emergency-response
capabilities, is not located near communities that impose legal impedimenta to
transport, and is served by rail routes that require few crew changes., A
leas—-favorable site has characteristics that are the converse of the above
factors,

Summary of comparative evaluations

The Richton aite is the leading asite for the major considerations that
address trangportation: safety and the cost of transportation hardware and
operationa} it 1s the second most favorable aite with respect tc environmental
disruption and the cost of the infrastructure. Because of the paramount
importance assigned to tranaportation safety, the Richton site is the moat
favorable. The Deaf Smith site 1s distinguished from Richton mainly by being
farther from the sourcaes of the waste. The Hanford sgite is leas favorable
from a nationwide trangportation perspective because it is the farthest from
the sources of the waste. Local conditions at Hanford, however, sre highly
favorable in terms of safety, cost, and environmental disruption. Yucca
Mountain, which is about equal in faveorability to Hanford, is far from the
sources of waste and would require major construction of access routes. Davisg
Canyon is the least favorable site for this guideline. Although it ig
moderately far from the sources ¢of the waste, it is not readily accessible
because the terrain in the area is very rugged. Moreover, major construection
of highways and railroads 1s required, and it would cause significant
environmental impacts.

7.3.2.2 System guideline on environment, socioceconomics, and transportation

Ranked second in importance in the preclosure system guldelines is
environment, socioeconomice, and transportation. The pertinent system
elements for environment, socioeconomics, and trangportation (10 CFR
960.5-1(a}(2})} will, in general, consist of (1) the people who may be
affected, including thelr lifeatyles, sources of income, social and aesthetic
values, and community services} (2) the air, land, water, plants, animals, and
cultural resources in the areae potentially affected by such activities; {(3)
the transportation infrastriecture; and {4} the potential mitigating measures
that can be used to -achieve compliance with this guideline., To provide a
comparative context for understanding the evaluation of this system guideline
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in Chapter &, this ::ction presents a brief summary of the evalustion of each
site in terma of the system elements.

At Davis Canyown, the level of suspended particulates and gaseous
emissions will incrnuse during repository conatruction !d operation.
lowever, the concet .rations of total guspended particulstes (TSP) and nitrogen
dioxide during all phases would be below the national rubient air quality
standards (40 CFR Part 50). Construction lighting may eve an effact on
skyglow in the vicinity of the site. Raepository cone’r-ction and operation
would increase the levele of nolse, which may be hear in the Canyonlands
National Park. It i, expected that direct Impacts on - .ltural resources
during siting aad construction can be minimized. Indilrvat impacts would not
result in a loss of significant amounts of cultural information.

The site would not intrude on nearby dedicated lands. Transportation
access to the Newspaper Rock State Historical Monument and the Canyonlands
National Park would be temporarily digrupted. No unlgue aquatic or
terrestrial habitat is likely to be significantly affected by the repository,
The overall viaual impacts of the repository would not he significant away
from the immediate vicinity of the repository, except along Utah 21l and from
the Davis Canyon Jeep Trail. The surface facilities would not be visible from
any scenic view points or key observation points in Canyonlands National
Park. A repository in Davis Canyon would, however, cauee a significant
adveree visual impact as viewed from the upper reacheg of Davis Canyon in the
park. FEach of the four alternative rail corridors would create significant
visual-contragt impacts from two to three key observation points in the area;
none of these is inside the park. .

Cumulative impacts on the Canyonlands Natiomal Park include shared
traffic on Utah 211 (during site characterization), increased particulates and
noise at the edge of the park, visibility of the site from Davia Canyon at the
park boundary, sky brightness at night, and the potential of nearby industrial
development. The impact of episodic noise intrusionm on solitude in the park
would be significant, but of short duration. During repository operatiouns,
all impacts mantioned above wlll be eliminated or reduced in the sectiona of
the park designated for scenic, cultural, or solitude enjoyment purposges. .

At Davia Canyon, available labor supplies within commuting distance of
the site are expected to be ingufficient to meet the requirements of the
repository. The projected number of persons {(workers and families) expected
to in-migrate into the area during peak employment is significant. This would
result in significant population increases in the rural communities of
Monticello, Blanding, and Moab.

The population increase would require additional commmunity services and
facilities. The need for expanded community services and facilities could
result in financial burdens to heoet communities because increased revenues
from project and worker expenditures may not immediately be available to
finance these capital expenditures. The increased demand for labor could
reduce local unemployment but alego cause competition and decreases in the
labor avallable for other sectora of the economy. Advance community-
development planning and finmancial and techrical assiastance can lessen the
impacts on affected communities. Increared tax revenues and business activity
would contribute to mitigation .in the long term. Significant population

7-101

80004 1 05 |



increasea would also cause sociel changes within communities. Planning for
additional prctective, social, and cultural servicess can mitigate these
changes.

Some tempouary disruption in the existing vehlcle~traffic flow can be
expected, and sume localized inconvenlences experie:ced, during the
construction ol new transportation corridors and ti{- upgrading of others.
Depending on the alternative road and railroad routns selected for the
repository &nd the time of year, some threatened r.a¢ endangered species or
their preferred habltats may be affected. The red.cloglcal risks of
transportation agppear to be small., Estimates indics e that the maximally
exposed individual could recelve up to 3 percent of the doses delivered by
natural background radiation. It may be possible to provide new highway and
rall routes that will not disrupt local cities and towns.

At the Deaf Smith site, the local areas would sustain increases in
sugspended particulates and nitrogen oxlde emissions, particularly during site
clearing and coustruction. Mitigation measures woull limit any significant
increases of suspended particulates to the immediate vicinity of the site.
Preliminary modeling results indicate air quality can be maintained within
regulatory standards. Short-term increases in sound levels will occur in
areas around drilling sites and near truck-mounted generators during the site
characterization., At the nearest residences, noise during some stages of
congtruclion could exceed EPA guldelines. Practioal engineering measures can
be used to prevent runoff and ground-water contamination from the salt pile at
the gite. Salt-handling and control measures would be used to minimize the
deposition of wind-blown sgalt on adjacent lands.

The site ig in an agricultural area that is heavily dependent on
irrigation., While the repository would represent a water demand on a limited
resource, the demand is lesas than that required to irrigate an equivalent
area. Repository development will divert 5,760 acres from potential
agricultural usea. The withdrawal of this land represents less than 1 percent
of the total prime farmland in the county. Neither the site nor potential
transportation corridors would intrude on any dedicated resource areas. No
unique aquatic or terrestrial species are likely to be affected. Structures
and equipment at the site during siting and construction would be visible but
not visually atypical of the region. Depending on the distance, the vigual
intrusion will range from moderate to high.

At the Deaf Smith site, employment predictions indicate that the
available labor supply within commuting distance to the site woauld not be
sufficient to satisfy repository labor requirements, particularly during the
peak employment periods. Some in-migration of workers is therefore likely.
The area seems able to absorb the projected population changes without
significant disruptions in housing and other community gervices. However,
some increapes in the demand for community services can be expected.
Increased tax revenues and mitigation grantg from the DOE will agsist in
providing required additional services.

There are several feasible highway and railroad access routes to the Deaf
Smith site that do not irreconcilably conflict with Federally protected

resource areas. These routes can be degigned and constructed with available
technology and will not require waste~transportation packaging standards more
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stringent than existing NRC and DOT regulations, nor the develowment of new
transportation cas»s. A preliminary evaluation of opsrations over
representative higiways and rallroads to the Deaf Smitk site indicates that
waste~transportation operations can be conducted over (hese routes without
unacceptable risk zo the public or impacts on the envi onment. Algo, adequate
protection for the public and the environment can be psrvirided during both the
construction of tl2 access routes and during operatlo. ocver thoge routes.

For the Hanford site, no adverse environmental ‘m acts have been
identified that cannct be mitigated. The site is no. v:thin any protected
respurce areas, and compliance with regulatory roquire -mn&s should not be a
problem, No federally recognized threatened or endange -ed species aras known
to use the site as a critical habitat., There are significent native American
resources on the Hanford Site, but they are far enough: from the repository
location so that there would be no significant adverse impacts.

Projected employment and population growth aseccinted with the repository
could be readily sssimilated by the area, A technically qualifled work force
{except for miners) is located in the Tri~Cities and surrpunding area. Roads,
schools, utilities,; and housing are all expected to have the ability Lo accept
additional pecple in the area without atregs on community services and
facilities.

Access routes to the site would have no undesirable features that would
require unigue design or construction methods or special features of
transportation system components, including the transportation packaging.
Risks to public health and safety of proposed access routes would be
acceptably low, since these routes are short and pass through areas without
population. The environmental impacts of transportation are expected to be
acceptably low, since the access routes are short and deo not pass through
protected rescurce areas. Projected risks, costs, and other impacts of waste
transportation have been considered in repository siting, and transportation
operations would be conducted in compliance with applicable regulation.

At the Richton gite, the residual air-quality impacts are acceptable
because they are below secondary standarda. Clearing and conatruction
activities would increase ambient noige levels near the site. Engineering
design and distance to the nearest residences in the area will mitigate these
noise levels to acceptable levels,

The construction of shafts to the underground facility would require the
penetration of aquifers. Engineering safeguards to prevent threats to this
water source are a recognized necessity. Existing technology is adequate to
provide the needed protection.

Engineering measures can be used to prevent runoff and ground-water
contamination from the salt pile at the site. Salt handling and control
measures would be wvsed to minimize the deposition of wind-blown salt. No
known cultural resources will be affected by project activities.

The site would not intrude: on any dedicated land or recreational areas.
Any potential transportation rights—of-way that may be required through land
under the National Forest System would be sited on existing or abandoned
rights—of-way, thus minimizing land disruption.
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No unique aiquatiec or terrestrial speciles are likely to be significantly
affected. The sirface facilities wiil be viaible ty some areas in the
vicinity of the <~ite, However, the emplacement is not likely to affect any
existing unique features of the area.

At the Rich:on site, Employment predictions indicate that the available
labor supply witnin commuting distances to the gite -'1l1 not be sufficient to
satisfy repeository labor requirewments, particularlv auring peak employment.
Some in-migriution will therefore occur. Job-trainiop programs can provide
opportunities of employment for area residents, thu: Jdecreasing in-migration.
The area seems capable of absorbing the projacted pop-:lation change without
significant disruptionsg in housing and other community services. However,
some increased demand for community services can be expected. Increased tax
revenues will be received by Stale and local government. The town of Richton
will experience impacts. This population increase would require expanded
community services and facilities and may cause gocial changes in the town of
Richton. Advanced community-development planning car lessen these impacts,

Some temporary disruption in exiating vehicular traffic Flow can be
expected, and some localized inconvenience may be experlenced during the
construction of new transportation corridors and upgrading of others. The
radiological risks of waste trangportation appear toc be small, Estimates
indicate that the maximally exposed individual could receive up to 5 percent
of the dose delivered by normal background radiation. Needed new highway and
rall routes can be provided without disruption to leocal cities and towns.

At Yucca Meuntain, the potentially significant adverse envirommental
impacts include (1) the destruction of approximately (1,608 acres) of desert
habitat; (2) fugitive~dust emissions from surface preparation, excavaticn, and
manipulation of spoils pilesy (3) vehicle emissions from waste transport,
personnel transport, and materlals tramsport and the operation of conatruction
equipment; and {4) radiocactive~material releases during {a) repository
excavation (e.g., from naturally occurring radon}), (h) normal repository
operation, and (c) accldents. Potential impacts on surface and ground water
are considered insignificant, chlefly because there is no perennial surface
water in the area, and ground water 1la several hundred meters beneath the
repository horizon. A permanent land withdrawal would be required If the
Yucca Mountain gite 1s selected for repository development, and the
reservation of water rights 1s explicit in guch an action. Studles to date
suggest that aquifers underlying the propoaed locationg of the surface
facilities can produce large quantitles of water for long periods without
lowering the regional ground-water table., Other potential impacts, such as
the diversion of natural runoff and the leaching of materialas from excavated
rock, are being considered in the repository dealgn, and they are not expected
to pose aignificant environmental problems.

During repository comstruction, the mawximum eatimated ambiant
concentrationg of particuletes, carbon monoxide, and the oxides of sulfur and
nitrogen are not expected to exceed the air-quality limits of 40 CFR Part 50
(1983). Assuming the repository is subject to the "prevention of significant
deterioration" provisions of the Clean Air Act Amendments of 1977, the
predicted pollutant concentrations would violate none of the applicable
standards.



Negative 1lmpa:ts on community services, housing supply and demand, and
the finances of Stete and local government agencies in the affected area are
wt expected to be significant for repesitory siting, construction,
sperations, and decommissioning at Yucca Mountaln.

The affected urea, including the Las Vegas Valley. has the ability to
absorb the repository-related population changes withce-¢ significant
disruptions of community services and without significent impacts on housing
supply and demand.

Although community-specific gervice and housing de :ands could increase at
rates proporti.nal te the maximum l-year community-poputation-growth rates
eatimated with the repository, these rates are generally within the range of
those experienced historically by the urban communities and their municipal
service providers. Because the unincorporated towns nearest the Yucca
Mountain site have limited capability for community services, the potential
population growth in these communities would generally impact county-wide
service providers. These service providera are more l’kely to have resources
for managing growth. In addition, the community-level growth rates estimated
for the unincorporated towns are generally within the range of those
experienced historically by Nye and Clark Counties. The work force in
southern Nevada is sufficiently large to site, construct, and operate a
repository at Yucca Mountain. Although an adequate total work force may be
available for a repository at Yucca Mountain, the avallable work force with
mining skille would be Inadequate, and the available constructlon work force
may also be inadequate. A repositery at Yucca Mountain would increase
employment and business sales in southarn Nevada. Community services and
governmant revenues are likely to increase.

For rall access to Yucca Mountain, a rail line extending approximately
100 miles from the existing mainline rail facilities at Dike Siding has been
proposed. This route would be entirely on lands administered by the DOE and
the U.S. Department of the Alr Force and public-domain lands under the
jurisdietion of the Bureau of Land Management. The terrairn over which the
rail line would cross is gently sloping. No tunnels and only a minor amount
of excavation and fill would be required. A bridge would be required at
Fortymile Wash several miles east of Yucca Mountain.

For hlghway access to the proposed site, a route is projected northward
from U.S. Highway 95, originating approximately 0.5 mile west of the
intersection of U.S5. Highway 95 and Nevada State Routes 373. The roadway
access would be constructed on federally controlled lands that slope gently
aind would pose no significant engineering problems. No tunnels and only a
minor amount of excavation would be required. Some minor drainage control
measures and a bridge spanning Fortymile Wash would be required. The bridge
would accommodate both the railroad and trucks. Between Las vegas and Mercury
U.S., Highway 95 is a four-lane divided highway; it is a two~lane highway from
Mercury to the access road near the intersection of U.S. Highway %5 and Nevada
State Route 373. A requirement for significant upgrading of this regional
highway is unlikely.

The evidence does not support a finding that any of the sites is not

likely to meet the qualifying condition for environment, socioeconomic, and
transportstion, Cre:
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7.3.3 EASE AND {"JST OF SITING, CONSTRUCTION, OPERATION, AND (LOSURE

7.3.3.1 Technics !l guidelines

The feur technical guidelines in this group add:«ss the surface
characteristics o¢f the site, the characteristics of 12 host rock and the
surrounding stra.a, hydrologic conditions, and tecte icg, These guidelines
are concerned with the ease and cost of siting, consiructing, operating, and
closing the repository.

7.3.3.1.1 Surface characteristics
The qualifying condition for surface characteristics is as follows:

The site shall be located such that, considering the surface
characteristics and conditions of the site and gsurrounding area,
including surface-water systems and the terrain, the requirements
specified in §960.5-1{a}{3) can be met during repository siting,
construction, operation, and closure,

Major Considerations

On the basig of the qualifying, favorable, and potentially adverse
conditicng for this guideline {ses Table 7-18), there are two major
congiderations that influence the favorability of the sites with respect to
the qualifying condition. These major coneiderationa, in order of decreasing
importance, are (1) the potential for flooding the surface or underground
facilities and {(2) the characteristics of the terrain.

Evaluation of sites in terms of the major considerations

Potential for flooding surface or underground facilities.

This consideration is derived from the potentially adverse condition. It
is important because the effectg of flooding can be significant design
considerations for cost and safety. The potential for, and the frequency of,
flooding depend on the terrain and drainage of a site. Contributing factors
are the location and likelihood of floocding from natural causes at the surface
or underground facilities, the failure of man made surface-water impoundments,
and the fallure of engineered components of the repository. A summary of the
evaluation for each slte follows.

At the Davis Canyon site, a portion of the repository operations area
lies within the flood plaine of the 100-year and the probable maximum flood.
There are no surface-water Iimpoundments whose failure could flood the surface
facilities, and there are no known surface characteristics that could cause
the failure of engineered repository components. The potential for flooding
would be reduced by using fill to elevate the site and constructing a lined
flood-control channel.

Parts of the Deaf Bmith site lie in the flood plains of the 500-year and

the probable maximum flood, but no safety-related facilities would be
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Tabie 7--1%. QGuideline~condition findings by major conzideration—-

surface characteristics® "

Davis Deaf Richten Yucca
Cordit on Canyon Smith ionfard Dome Mauntain
MAJOR COMSIDERATION 1: POTENTIAL FOR FLOODING 0f -gftvACE DR
UNDERGROUND FACILITIES
Potentially adverse cendition
Surface characterietics tuat could Yead to P P P P
the flooding of su face er underground
facilities hy the occupancy and modifica-
tion of floed plains, the failure of
existing or 2lanned man-made surface-water
impoundments, or the fatlure of engineered
components of the rapository.
MAJOR CONSIDERATION 2; TERRAIN CHARACTERISTICS
Favorable condition |
Generaily flat terrain. NP p P p
“avorable condition 2
Generaily well-drained terrain, P P P p

® Key: MNA = not appquabIo, NP = for the purpose pf this cnmg;rat!ve evaIuatton, the

Favorable or potentially adversé condition is pot presant at thé site;

Lhis camparattv& e@valuation,; the favorable or potentially adverse fongditign is presant at the sxte.

P =

for the purpose of

¥ Analyses suppgeting the entries in this table are presented in Chapter 6 of the

enviroamental assessment for each site.
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threatened by eivher flood. There are no surface~water impoundments that
could flood the surface facllity, and surface chavachteristics should not lead
to fallures of eagineered repository componenis. Any effects of potential
flooding would he mitigated by filling during construction.

The elevatinn of the Hanford site protects it f¢om the probable maximum
flood of the Co'umbla and Yakima Rivers, including % .th natural flooding and
dam-breached fluoods. A shallow probable maximum f1 34 could occur in the
southweatern portion of the site along the drainage rhannel of the
intermittent Cold Creek. The duration of such a f oud would be short, and ite
effects could be nitigated to preclude any danger tc the workers or to the
surface and subsuiface facilitles.

During an estimated probable maximum flood at the Richton site, the head
waters of the Fox Branch river could flood the area proposed for surface
facilities. There are no existing or planned man-mede surface-water
impoundments in the vicinity of the Dome. It is assumed that Fox Branch would
be diverted and channeied around the surface facillties and that grading and
fill operatlons would raise the elevatlon of the site area above the flood
plain,

At the Yucca Mountain site, the exploratory shaft would be located 1n a
vagh within a flood plain that would be affected by sheet and debris flow.
Parte of the candidate locations are in an area that would be affected by the
500-year and the regional maximum floode. There are no existing or planned
man-made surface-water impoundments near the site that could flood the surface
facilitiea. Some engineering measures would be required to mitigate the
impacts of the probable maximum flood. The hazards of sheet and debris flow
at the exploratory shafts could be mitigated by measures like channel lining
or diversion.

Terrain characteristics. Thils consideration addresses the effects of the
terrain and drainage characteristics of a site on repository construction,
cperation, and closure. This cousideration is derived from the first and
second favorable conditions. It 18 less important than the first
consideration because the characteristies of the terrain are more closely
related to the ease and cost of conastruction than to safety and can generally
be mitigated more readily than .conditions that could cause flooding.

The contributing factors for this major consideration are the terrain and
drainage characterigtlics of the szite, the potential for landslides, and eoil
characteristics. A summary of tbe evaluation for each site follows.

The area around the Davis Canyon site is characterized by steep canyons
and rugged terrain. Though the terrain at the surface facllities is quite
flat, the terrain through which the access roads and railroad would be
constructed is rugged. Existing drainage would be rechanneled around the
surface facilities during construction. Soils are likely to be well drained,
with low water retention since their parent materials are malnly sandstones
and siltstones.

The surface of the Deaf Smith site is nearly flat, sloping eastward less

than 1 percent. Topographic features include small, internally drained lake
basins (playaa) and narrow stream valleys that carry surface water after
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Anstorms. Soils appear to be acceptabhle for a large grading uperation
ring repository ronstruction.

The Hanford site is surrounded by an area of genecslly flat terrain for a
diug of nearly u mile. The lack of surface-runcff f:atures suggests the
‘latively coarse surflcial sediments are effective in keeping the surface
:11 drained and preventing surface--runoff features fr-m developing north and
.8t of the Cold Creek flood plain,

The Richton gite is surrounded by generally flat ‘srrain, with slopes of
to 4 percent and locally up to 10 percent. The so0oil: are generally well
‘ained, thoug. amall temporary ponda and marshy areas may forme in the area
mediately after a heavy rainfall, B5olls appear to bg acceptable for large
‘ading operations during repository congtruction.

At Yucca Mountain, potentlal locations for the surface facllitles are on
e eastern side «f the wountain, All are generally flat and covered with
Jduvium derived from adjacent highlands. The surface slope at these
ications ia lesa than 5 percent and in several places less than 3 percent,.
te exploratory-shaft facilities would be bullt within a wash that 1s partly
irrounded by rugged terrain. Yucca Mountain has a well-satablished drainage
'stem because of ltg porous alluvial eolls and eastward~dipping slopes.

mmary of comparative evaluation

The mogt favorable site is Deaf Smith where only small parts of the gite
wuld be affected by the probable maximum flood. At Hanford, which ia
Aghtly lesa favorable, the probable maximum flood may reach portlons of the
irface facilitles, Both the Deal Smith and the Hanford sites have flat
rrrain that is generally well drained.

The Richton and the Yucca Mountain sites are aomewhat less favorable than
:af Smith and Hanford. At Richton site, the surface facilitiass would be
icated in the flood plain of the probable maximum flood, but the potential
sr flooding could be reduced by diverting the Fox Branch stream. FPonds may
irm after a heavy rainfall because the site is on flat terrain that is not
111 drained. At Yucca Mountain the exploratory-ghaft facilities would be in
wagh that is subject to sheet-and-debris flow and surrounded by rugged
srrain.  Parts of the candidate locatione for the surface facilities may be
.thin the flood plains of the 300-year and regional maximum floods. Although
e surface facilities would be built on flat terrain, the site 1a well
rained.

The Davis Canyon site is the leaat Favorable for this guldeline. The
irface facilities at Davis Canyon would be within a 100-year flood plain, and
t1e area ila surrounded by steep canyons and rugged terrain. More-extensive
igineering measures, such as channeling and dralnage diveraion, would ba
:cessary to mitigate the impacts of a l00-year flood.



7.3.3.1.2 Rock characteristics (preclogure)

The qualifying condition for preclosure rock characteristics is as
follows:

The si'e shall be located such that (1) th: thickness and
lateral excent and the characteriatics and cou-vwsition of the host
rock will be suitable for accommodation of the underground facility;
(2) repository construction, operation, and c¢!csure will not cause
undue harard to personnel; and (3) the requir:nents specified in
Section 960.5-1({a){3) can be met.

Major considerations

On the basis of the qualifying, favorahble, and putentially adverse
conditions for this guideline (see Table 7-19), there are three major
considerations that influence the favorability of pites with respect to the
qualifying condition. In order of decreasing impor“ance these considerations,
are (1) in situ conditions that could lead to safety hazards or difficulties
during repository siting, constructien, operation, end clesure; {2) In situ
conditiona that could require engineerlng measures beyond reasonably available
technology in the construction of the shaftds and the underground facility, and
(3) flexib{lity in selecting the location and configuration of the underground
facllity, '

Evaluation of sites with respect to major considerations

Safety hagards and difficulties. This consideration includes in situ
conditions that could lead to safety hazarda or difficulties during repository
siting, construction, operation, and closure. 1t ig related to the qualifying
condition through concern about sBafety hazards to workers and the costs and
technical feagibility of mitigating difficult conditions and safety hazards.
It is derived from the second favorable condition and the third, fourth, and
fifth potentially adverse conditions. Because of its concern with the safety
of workers, this is the most Important of the considerations related to this
guideline, A summary of the evaluation for each gite follows.

At Davis Canyon, the mechanical properties of the salt are such that no
gignificant safety hdzards from rock instability are expected. A significant
safety hazard i1s the potential for the presence of combustible gas. Although
there is no direct evidence that asuch gas is present at the site, experience
in salt mines at other locations suggests that it may occur. The hazards from
gas can be mitigated by following safety procedures and providing adequate
ventlilation. The requirements for artificial rock support are expected to be
relatively minor (only occasional bolting) because of the apparent magsiveness
of the salt and the lack of nonsalt interbeds in the host rock. Alao, the
presence of any carnallite in the salt should not require increased artificial
support since no differences In rock strength have been observed between
Paradox Basin salt and carnallite during preliminary testing. However,
maintenance of underground openings may be required because of salt creep at
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Takly 7-19. Guidelina-condition findings by major congideratron~-
rock characteristics {preclosure)?-t

r

Navis Deaf Richton Yucea
Conuition Canyon Smith Hanford Dome Mountain

HAJOR CONSEFRATION ': SAFETY HAZARDS OR DIFFICULTiES L' 2ING REPOSITORY SITING,
CONSTRUCTION, OPERATION AND CLOS i, INCLUDING RETRIEVAL

Favorable condition 2
A hast rock with characteristics that would NP . WP ! NP - NP R
require minimal or no artificial support Coe S
for underground openings to ensure safe . . .
repasitory consiruction, operation and ; I
closure. W

Potentially adverse condition 3

Geochemical properties, that. could necessi- P Pl NP e . NP
tate entensive maintenange.of the under- . o R . . } -
ground openings during repositgry operation ... ... . o
and closure, o ;

Fotentially adverse condition 4

Potentia) for such phenomena as thermally P p P p NP
induced fracturing, the hydration and

dehydration of mineral components, or other

physical, chemical or radiation~related

phenomena that could lead to safety hazards

or difficulty in retrieval during reposi-

tory operation.

Potentially adverse condition &

Existing faults, shear zones, pressurized P P P P NP
bring pockets, dissolution effects, ar

other stratigraphic or structura) features

that could compromize the safety of

repository personnel because of water

inflow or construction problems.

HAJOR COMSIDERATION 2: ENGINEERING MEASURES BEYOMD REASONABLY AVAILABLE TECHMOLOGY
Potentially adverse condition 2

In situ characteristics and conditions that NP NP NP NP NP
could require engineering measures beyond

reasonably avaiiable technology in the

construction of the shafts and underground

facility.

MAJOR CONSIDERATION 3: FLEXIBILITY IN LOCATIMG THE REPOSITORY WITHIN THE HOST ROCK
Favorable condition 1

A host rock that is sufficiently thick and P HP P p NP
Taterally extensive to allow significant

flexibility in selecting the depth,

configuration and Tocation of the under-

ground facility,



Table 7-19. Guideline-condition findings by major consideration—-
rock characteristics (preclosure}® ® (continued)

Davis Peaf Richton Yucca
Cendition Canyon Smith Hanfard Dome Hountain

HAJOR CONSIDERATION 3: FLEXIBILITY IN LOCATING TH! REPOSYTORY WITHIN
THE HOST ROCK (Continued}

Potentially adverse condition )

A host rock that is suitable for repository NP f NP HP
construction, operation and closure, but is

so thin or laterally restricted that Tittle

flexibility ts avai¥ab1e for selecting the

depth, configuration, or Jocation of an

underground facility.

® Key: HMA = not applicable; NP = for the purpose of this comparative evaluation, the
favorable or potentially adverse condition is ppt present at the site; P = for the purpose of
this comparative evaluation, the favorable or potentially adversa condition is present at the site.

® Analyses suppurting the entries in this table are presente¢ tn Chapter 6 of tha
envirgnmental assessment for each site.
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the candidate horizon. 8Salt creep will gradually reduce the size of
underground openirps, and, 1f gignificant, may require reexcavatlon to
maintain mipnimum revjuired dimensions. Salt creep could be a major factor if
the wasta needs to be retrleved, because it could cause difficulties in
maintaining room stability and emplacement holes. However, avallable
information indicales that the salt at Davis Canyon should have a relatively
low rate of creap ijuring the duration of the preclosur: period.

At the Deaf Smith site, possible rafety hazards are the potential for
mine-roof Ilnstabilities, water, inflow down the ghaft “r~m aquifers above the
repository, and the presence of combustible gas. Int.:rbeds in the salt above
the underground openings may cause mine-roof instabillit.es. Rock falls can be
prevented by adequate artificial supports. Water inflow from overlying
aquifers can readily be prevented through ground-treatment and shaft-sealing
techniques. Although there is no direct evidence that combustible gas is
present at the site, experience in salt mines at other locations suggests that
it may occur. The hazards from such gas can be mitigated by following safety
procedures and providing adequate ventilation. The orly artificial rock
support required at the site ig expected to be regula: rock bolting, which
will be needed to minimize mine-roof instabilities caused by interbeds in the
roof. As at Davis Canyon, maintenance of underground openings may be required
because of salt creep. Available information indicates that the salt at the
Deaf Smith site would creep at a moderate rate during the duration of the
preclosure period.

The safety hazards at the Hanford site are the potential for rock
instabilities, large water inflews, high temperatures in the underground
facility, and the presence of combustible gas. The high-streas conditions and
high rock strength of the basalt suggest a possibility for rock bursts or
other hazardous rock movements. However, preliminary evaluations indicate
that such burets are not likely to occur because of the closely jointed nature
of the dense interiors, low extraction ratios, and the installation of
rock-support systems. Regularly spaced rock bolting and shotcrete over wire
mesh would probably be used at Hanford to support the underground excavations,
but the extent of needed artificial supports is uncertain because of a lack of
experience under similar conditions and a lack of understanding of the impact
of thermally Induced etrese Iin the emplacement rooms. The high underground
temperatures are not expected te csuse a significant deterioration of support
or instability of the roeck, The basalt should not greep significantly, but
maintenance, which is typicsl of deep hard-rock excavations, will probably be
required. The potential for large water inflowe can be reduced by probing
with exploratory horeholes and mitigated through ground treatment and other
methods. Combustible gas may be present as it comes out of solution from the
ground water. Although the expected quantity of gas is uncertain, the hazards
from the gas can be mitigated by following safety procedures and providing
adequate ventilation,  High temperatures (120°F) in the host rock also pose a
potential hazard to workers, but this hazard can be mitigated by providing
ventilation, protective clothing, and artificial cooling. There is a
potential for minor difficultiee in waste retrieval if the emplacement holes
do not remain stable during the retrieval period.

741113

3 00 0 8 1 0 &4 1



At the Richtn site, the mechanical properties of the salt are such that
no significant an’ety hazards from rock instability are expected. A possiblae
safety hazard is .he potential prosence of combustibie gas. Although there 1is
ne direct evideni» thal gnras are present, experience in salt mines at other
locations indicates that {t may occur. Hagards from :as can be mitigated by
following satety procedurea and providing adsquats wv.atilation. On the basis
of experience wi.h artificial support in salt mines n the Gulf Coast region,
the artificial support required at the Richton Dome s expected to be widely
spaced rock bolting. As with the other salt gitea, ¢ gnificant maintenance of
underground openings may be required because of sal. creep. However, the
magnitude of creep over iong time perlods is highly . ~certain at the Richton
Dome, as it ‘s at the other gites. Avallable informa:ion indicates that salt
at the Richton Dome would undergo a moderate rate of preclosure creep.

At Yucca Mountain, safety hazards are limited to the potential for rock
falls. The rock strength of welded tuff and in situ stresses are favorable.
However, the fractured nature of the tuff could cause rock falls in
underground openings. Faults encountered in the underground facility may also
contribute to local instebilities because of the poor quality of rock
agsociated with brecciated fault zonea. The potential for rock falls can be
mitigated through the use of appropriate artificial supports for the
underground openings, On the basis of previous excavation at the Nevada Test
Site, the expected artificial support requirements at Yucca Mountain are
regularly spaced rock bolts with steel mesh covering the rock surface.
Occasional supplemental bolting or ahotcrete may be required in areas of
poor-quality rock, but these requirementa are minimal compared with the ground
support needed in similar underground construction projectn. Since the tuff
does not creep, little deterioration of the rock and the artificial support is
expected because of time and temperature changes. Fractures in the tuff could
complicate retrieval, especially if waste is emplaced in long horizontal
holea. Such difficulties could be avoided by providing linere for the
emplacement holes.

Complexity of engineering measures. This consilderaticn includes in situ
characteristice and conditions thar could require engineering measures beyond
reasonably availlable technology in the construction of shafte and underground
facilities. The complexity of engineering measures relates directly to the
concern in the qualifying condition with technical feasibliliity. This
consideration 1s derived from the second potentially adverse condition.
Although the success of repository construction depends on its technical
feasibility, the comploxity of engineering measures is second in importance to
the safety of personnel. A summary of the evaluation for each site follows.

At Davis Canyon, the construction of the shafts and underground facillty
is not expected to require engineering meaaures beyond existing technology.
Shaft sinking, undergrcund excavation, artificial support,. and protection
agalnst any preemplacement safety hazards (such as gas or brine pocketa} can
be accomplished with technology that has been developed in the salt-mining
industry. e oL
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At the Deaf S-ith gite, the shafts and underground facllity would also be
constructed with ftichnology developed in the salt-mining industry. However,
because the QOgella®a aquifer lieg above the repository at this alte,
stabilizing the gr-und for shaft sinking and providing affective water seals
for the shaft linecr would be more difficult. In addir.on, the presence of
interbeds at the rspository horizon would require addi~ional arthficial
support in the unrerground facility.

Although the technology requlred to conatruct t e underground facility at
the Hanford site .5 reasonably available, constructii 3 vhe repository shafts
by biind hole drill'ng is at the limit of available te. hnology. The shaft
would be drillad in an environment that involves a diff.icult combination of
depth, rock couditlons, ground-water couditlons, and siress conditions.
Because shaft drilling in equivalent enviromments has Lot been attempted, a
reliable data bage 1s not available. Potentlal ground-water inflows, gases,
and high rock temperatures can be managed with availabis technology, but the
combination of conditions could require engineering measures that are more
extensive than that usually required in underground comsgtruction,

At the Richton site, the shafts and the underground facility can also be
coenstructed with technology developed in the salt-mining industry. A number
of salt mines have operated in the Gulf Cocast region, and the expected
conditione {and the technology to handle those condltions} are relatively well
known .,

At Yucca Mountain, the construction of the shafts and the underground
facility would not require engineering measures beyond existing technology.
Construction experience at the G-tunnel on the Nevada Test Site and in other
excavations in tuff, coupled with the unsaturated-tuff conditions; indicate
that construction at Yucca Mountain should require proved engineering
techniques.

Flexibility. Flexibility in selecting the depth, configuration, and
location of the underground facility 1s related to the thickness and the
lateral extent of the host rock~~the concern of the qualifying condition,
Derived from the first favorable condition and the first potentially adverse
condition, this consideration is judged to be less important than worker
safety and technical feasibility. A summary of the evaluation for each site
follows,

At Davis Canyon, the host salt bed is expected to offer significant
flexibility in locating the repository. Its thickness appears to be several
times greater than necessary, and the available host rock appears to extend
laterally for many kilometerz. It also appears that there are no significant
interbeds, impurities, or cther stratigraphiec or structural features within
the salt bed that would limit this flexibility. However, this evaluation is
based on a limited database for the gite.

At the Deaf Smith site, flexibility is limited by the expected presence
of interbeds in the hcet salt bed. Although the host salt bed is relatively
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thick, the interb..ds in the salt restrict the vertical flexibiiity for
locating the reporitory, In contrast, there is exteusive lataral flexibdlity
because the host wock appearg to extend for many kilometers. Tals evaluation
is based on geolcgic information obtained from borehcles near the site.

The Hanford site appears to offer restricted ve: :ical but gignificant
horizontal flexibility., The thickness of other basa . flows in the area
varies significantly cover short diatances, and the pradictability of the
host~rock thickness at Hanford is uncertain because of a limited data base.

The host salt at the Richton site appears te ott .r silgnificant
flexibility. Flexibility is greatest in the vertical direction, with the salt
dome extending for thcusands of meters, but there is some lateral flexibility
as well, Although the ashape of the dome is relativeliy well known from
boreholes and geophysical surveys, there is a potential for undetected and
unfavorable internal structures in tha dome that could limic Elenibility,

There appears to be significant vertical flaxibility to locate a
repository at Yucca Mountain, but lateral flexibility may be limited by minor
faulta, a shallow overburdén, or site anomaliea. The lateral extent of
homogeneous host rock ocutside the primary repcsitory area has not been
eptablighed.

Summary of comparative evaluationg

Since Yucca Mountain 18 the most favorable site for the two most
important consideratioms; it is the most favorable gite for the preclosure
guldeline on rock cheracteristica. Yucca Mountain is expected to have the
feweat safety hazardg, and 1t would require only existing construction
technology and minimal artificial support and maintenance. The limited
host-~rock flexibility does not outweigh the favorability of the other
considerations.

Davis Canyon is relatively favorable for all the major congiderations,
but it 1a leas favorable than Yucca Mountain. Although there i& some
potential for safety hazards and retrieval difficulties, and some maintenance
would be needed, Davis Canyon would require only existing construction
technology and coffers significant flexibility in locating the underground
facility. The salt at Davis Canyon ia expected to creep at a slower rate than
the galt at the Deaf Smith or the Richton site.

The Deaf Smith site is as favorable or only glightly less faveorable than
the Davis Canyon site for the major considerations. Because of the presence
of interbeds, it may ba mcre difficult to engineer the repoaitory and maintain
underground openings and waste~retrieval capability. The favorability of the
site is further reduced by the limited flexlbility for locating the
underground facility and the faster rate of salt creep in comparison with the
other palt sites.

The Richton site is generally favorable for all considerations, but it is

less favorable than Davis Canyon for hoast-rock flexibility and less favorable
than both of the other palt sltes with respect to the potential for
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combustible gas. A:so, the salt at Richton is expected to creep at s faster
rate than the salt ~t Davis Canyon.

Hanford is gennrally less favorable than the other sites for the most
important considera-ionzs (safety hazards and difficultius, engineering
measures) and more favorable for the least important ccrs.derations. The
potential safety hazards and the engineering measuree = .quired for
ronstruction are the key considerations that make Hanf., 'd the least faverable
site for this guideline.

7.3.3.1.3 Hydrology
The qualifying condition for the hydrology guldeline is as follows$

The site shall be located such that the pgeohydralogle setting of
the site will (1} be compatible with the activitl:s required forx
repository construction, operation, and clpaurej (2) not compromise
the intended functions of the shaft liners and seals} and (3) permit
the requirements specified in 960.5-1(a)(3) to be met,

Mujor conelderations

On the basis of the qualifying,:favorable, and potentially adverse
conditions for this guldeline (see Table 7-20), there are three major
conslderations that influence the favorability with respect to the qualifying
condition. These major considerations, in order of decreacing Importance, are
(1) the complexity of required ground-water-control measures, (2) the
exlstence of surface-water systems that could cause flooding of the repository
operations area, and (3) the availability of water for repository
construction, operatiocn, and clodyre,

Evaluation of the sites in terms of the major considerations

Complexity of required ground-water-control meagures. Thia consideration
includes ground-water conditions that could necessitate extensive and complex
ground-water-controi measures 1in shafte and drifts during repository siting,
congtruction, operation, and closure., It relates directly to the quallfying
condition by favoring hydrologic conditions that are compatible with
repository construction, operation, and closure and will not compromise shaft
liners and seals. Thls major consideration ls derived from the first
favorable condition and the potentially adverse condition. The complexity of
required ground-water—-control measures is the most important of the three
coneiderations for hydrology because it has the greatest effect on the ease
and cost of repository construction, operation, and closure. A summary of the
evaluation for each site follows:
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Table ~-20. Guideline~conditiaon findings by major consideraticn--hydrology®:®

Davis Doyt f Richtan Yucca
Canditign Canyan Smih Hanford Dome Mountain

MAJO CONSIDERATION 1: COMBRLEXITY OF REQUIRED GH:{- “Ji-wATER COWNTROL MEASURES
Favorable condition 1

Absence of aquifers between the host rock NP P NP NP F
and the land surfice.

Potentially wdverse condition

Grouri-water conditions that could require NP He NP NP NP
compfex engineering measures that are

beyond reasonably avatlable technology for

repository construction, operatipgn and

closure.

MAJOR CONSTDERATION 2: EXISTENCE OF SURFACE-WATER S5YiTEMS THAT COULD POTENTIALLY
CAUSE FLOODING DF THE REFQSITORY

Favorable condition 2
Absence of surface.water systems that NP NP NP NP NP
could potentially cause flooding of the
repository.
HAJOR CONSINERATION 3: AVAILABLLITY OF WATER FOR COMSTRYCTION, OPERATION AND CLOSURE

Favorable conditien 3

Availability of the water required for P P P p p
repository censtryction, operation, and
closure. '

" Key: NA = not appTicable; NP = for the purpose of this comparative evaluation, the
favaorable or potentially adverse condition is pgt present at the site; P = for the purpose of
this comparative evaluation, the favorable or potentially adverse condition is present at the site.

® Analyses supporting the entries in this table are presented in Chapter 6 of the
environmental assessment fc- each site,



At the Davig Cunyon site, rock units above the host rock and the host
rock are generally -f low permeabillty. Several minor aquifers with limited
water-producing potratial are present above the host rock, The small amounts
of ground water thar would be encountered during shaft sinking can be readily
handled with standard engineering practice.

At the Deaf 5itith site, an aquifer im present betw:er. the host rock and
the ground surface. The potential for ground-water ini'ows during the sinking
of shafts through the High Plains aquifer, the unconso- dated sediments above
the repository, and the water~bearing interbeds in th- .ps8t salt bed can be
controlled with established technology, such as pretr.a:inent by freezing.
Little ground water .8 expected within the repcsitory 3 rizon.

At the Hanford aite, a number of aquifars exist between the host rock and
the ground surface. Durlng shaft sinking, ground wate. would be controlled
with establlshed practices, After construction, seals aseociated with the
shaft liner would protect the shafts and repository drifts from ground-water
inflow. The construction of the repository may result in the penetration of
water zones under high hydrostatic head. However, the potential for large,
inadvertent water inflows can be reduced by probing with exploratory boreholes
in advance of drifting to locate water zones under high hydrostatic head.

At the Richton site, several aquifers are present above the host rock and
adjacent to the flanks of the dome. Control of ground water during shaft
sinking through the sediments above the dome and caprock would require ground
freezing because of potentially high ground-water inflows and the preseunce of
unconsolidated sediments, Little water is expected within the dome.

At the Yucca Mountain site, there are no aquifers between the host rock
and the ground surface. Because the repository would be located above the
water table, no significant amounts of ground water are likely to be
encountered in the shafte or underground workings.

Existence of surface~water systems that could flood the geologic
repository operations area. This consideration includes pondz; lakes,
streams, and manmade impouyndments that could flood the underground workings
during repository conslruction, operation, and cloeure, endangering the aafety
of workers and interrupting repository operations. It relates to the implied
concern in the qualifying condition with the compatibility of surface-water
systems with repository conatruction, operation, snd closure. This
consideration is derived from the gecond favorable condition and ie considered
second in importance because it is generally easier to manage the potential
for surface flooding than underground ground-water inflows: standard
engineering measures like dikes and berms can minimize the potential for
flooding. A summery of the evaluation for each site follows.

At the Davis Canyon site, the area of the surface facilities could be
inundated by the 100-year and the probable maximum flood. To reduce the risk
of flooding, the site would be filled in to an elevation above the flood
level, and control channels would be constructed to divert any flow eround the
slte. :
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At the Deaf Smith site, minor flooding occurs within the controlled area,
but there are nn surface-water systemg that could flood the restricted area,
Although a amall portion of the restricted area may intercept the flood plain
of the probable maximum £lood, there is considerable flexibility for locating
surface facilities and shafts to avoid flooding.

At the Hanturd elte, the probable maximum flood »f the Columbla and
Yakima Rivera would not reach the repository operati wa area. The maximum
flood of the ephemeral Upper Cold Creek could reach .ne area proposed for the
surface facilities, but flooding would be ahallow #.a¢ short-lived, and it
would not pose a nignificant hazard to surface or s&.tsurface facllities. The
100~year flood of Cold Creek is not expected to reaci the surface facilities.

The surface facilities at the Richton aite would be located an high
ground that ia drained by Fox Branch and a tributary of Linda Creek, The
present site of the surface facilities would be modified by filling in
low-lying areas, constructing dikes, or diverting streams to prevent flooding
of the surface «nd underground facilities.

At the Yucca Mountain site, each of the candidate locations for surface
facilities ia above the flood plain of the 100~year flood, hut parts of these
areas would be affected by the 500-year flood and the regional maximum {lood.
The proposed exploratory-shaft zite in Coyote Wash may be subjecl to localized
flooding and debris flow. However, the impacts of this infrequent, localized
flooding can be mitigated by engineering meamsures like channel lining and
drainage diveraion.

Avallability of water for repository construction, operation, and
clogure. This consideration relates to the avallabllity of an ample source of
ground or surface water for repcsitory congtruction, operaticn, and closure.
It ig related to the concern in the qualifying condition about the
compatibllity of the geohydrologic setting with the ease and cost of
construction and is derived from the third favorable conditicon. This
consideration ie third in importance becauae, although 1t affects the ease and
cost of construction, it has a limited effect on the technical feasibility of
congtruction, operation, and closure. A summary of the evaluation for each
site followe.

At the Davie Canyon site, ample water for repasitory development is not
available in the immediate vicinity of the site, but water could be purchased
from the Ban Juan Water Conservancy District. The water supply may be taken
from the Colorado River south of Potash, Utah, and piped 22 miles from the
river to the repository site along the propesed railroad access route.

The availability of water at the Deaf Smith site may be limited because
the High Plaine aquifer could become depleted through normal irrigation use
within the operating lifetime of the repository. Consequently, the underlying
Dockum aquifer will be evaluated during site characterization to determine its
suitability as a supplementary water supply.

At the Hanford, Richton, and Yucca Mountain sites, there is ample ground
water in the immediate vicinity of the sites for reposltory construction,
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peration, and closvre. There is little doubt that this water would be
vailable for a rep sitory at these three sltes.

ummary of comparak.ve evaluation

The Yucca Mour-ain site Is the most favorable site f¢r the preclosure
ydrology guideline. It is the leading site for the m 't important
onsideration: the repository would be located in the mnsatursted zone, and
n significant amounts of ground water are likely to le «¢ncountered in the
haftts and drifts. There {s also ample water availabi s tor constructiocn,
peration, and closure from a source within the contro. :d area. Although
here is a pote~tial for flash flooding, standard drainage-~control measures
ould protect against such flooding. Current engineerirg technology is more
han adequate to handle the hydrologic conditions that zre likely to be
ncountered at Yucca Mountain.

Davis Canycn is only slightly leas favorable for the meast important major
onsideration because little difficulty is expected in controlling ground
ater at the site, However, there is a potential for flooding, and water for
he repository would have to be piped in from the Cclorado River,

At the Richton site, shafts can be sunk with standard techmology, but
round freezing would be required to control ground-water inflow; therefore,
he Richton pite is less favorable than Davis Canyon and Yucca Mountain for
he most important major conaideration. Ample water is avallable for
epository construction, operation, and closure, but engineering measures
ould be required to divert surface drainags.

The Deaf &mith and the Hanford sites are least favorable for thia
uideline. At the Deaf Smith site, ground-water conditions would make shaft
inking more difficult and would require ground freezing. There i{s also
ncertainty about the availability of ample water for the life cycle of the
epository. However, there is no potentlal for flooding within the reatricted
rea. At the Hanford site, there is a potentianl need for ground-water-control
easures that are more complex and costly than those at the other sites.
here is minimal potential for flooding the surface or subsurface facilities
nd an ample supply of water for comstruction, operation, and closure.
owever, the potential complexity of the required ground-water-contral
easureg is judged to reduyce the overall faverability of the Hanford site in
omparison with Davis Canyon and Richton.

.3.3.1.4 Tectonics (preclosure)

The qualifying condition for preclosure tectonics is as follows:

The site shall be located in a geologic setting in which any
proiected effects of expected tectopic phenomena or igneous activity on
repository construction, operation, .or closure will be guch that the
requirements specified in §960.5-1(a)(3) can be met.



Major conalderations

The objecti.-e of the preclosure tectonlcs guldeline is to ensure that a
slte is not like'y to be affected by tectonic events of such magnitude that
unreasonable or :unfeasible engineering design featurvs would be required. On
the busis of the quallfying, favorable, and potantia’:y adverse conditions for
this guideline isee Table 7~21), two major consider: ‘iona are ldentified that
affect favorability with respect to the qualifylng - ndition: (1) the
potential for earthquake ground motion at the site ad (2) the potential for
faulting at the gita. These major conslderations :rm: of about equal
importance.

Evaluation of sites in terms of the major conslderaticonas

It ig important to note that the third potentielly adverse condition is
not present at any of the five sites (see Table 7-19). The historical
seismicity 1n the geologic setting was used as the basis of this evaluation
because it 18 representative of earthquake potential for short periode of
time, such as the preclosure perlod for the reposltory. Current understanding
indicates that a selsmic event of larger than historical magnitude 1s not
likely (less than about 1 chance in 100) to occur during the operation and
closure of the repository. This interpretation does not conslder earthquakes
that may be associated with design events or ground-motion estimates (the
second favorable condition and the aecond potantially adverse condition) or
evidence of active faults (the first potentially adverse condition). These
are considered to be of low probabllity. However, as discussed below, the
evaluation of ground-motion potential {flrst major conslderation) does
consider the earthquake potential of tectonic structures and faultg, and data
developed for the evaluation of the third potentially adverse condition.

The quallfying condition for the preclosure tectonics guideline also
requires an asgogament of the potential for igneous activity at each of the
sites. On the basis of preliminary data, Igneous activity is not expected to
cauke any adverse preclosure impacts at any of the sites, and therefore
igneous activity 1s not dilscussed further in this section,

Potential for earthquake ground motion at the site. This conslderation
requires an evaluation of whether strong ground motion at the site could lead
to safety hazards or difficulties during repository siting, conatruction,
operation, and closure. It 1s related directly to the concern in the
qualifying condition about the effects of tectonic phenomena and technical
feasibility. It 1ig derived from the favorable condition and the second and
third potentially adverse conditions. Thils major consideration is about equal
in importance to the expected impact of fault displacement. Although the
likelihood of ground motion at a given eite ies generally higher than the
likelihood of faulting, ground motion and faulting can both be significant
design considerationas.

Contrlbuting factors for this major consideration include the historical
earthquake record, evidence of man-induced aelsmicicy, estimates of ground
motion from histeorical and man-induced earthquakes, the correlation’ of
earthquakes with tectonic structures and faults, and evaluations of the
effects of ground-motion hazards on dealgn. In addition, the evaluation of
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TabYe 7-1. OGu.ideline-condition findings by major consideration--
tectonice {preclosure)®'®

Davis Deaf Richton Yucca
Condiiion Canyon Smith viariford Dome Mountain

HAJOR COMSIDERATION 1: POTENTIAL FOR EARYHQUAKE GROUR  NOTION AT THE
REPOSITORY SITE

Favorable condition

The nature and rates of ‘aulting, if any, NP P NP n NP
within tha geo1og‘c sotting are such that

the magnitude and intensity of the

assoclated seismicity are significantly

less than those generally allowable for tha

construction and operation of nuclear

facilities.

Potentially adverse concition 2

Historical earthquakes or past man-induced NP NP NP NP NP
seismicity that, if aither were to recur) ' o
could produce ground motion:at: the site in

excess of reasonabte destgn limits.

Potentially adverse condition 3

W oL . N
Evidence, based on cerralations of earth- NP NP MR NP . . NP
quakes with tectonic processes and features '
(e.g., Faults) within the geologit setting,
that the magnitude of eprthquakes .at the
site during repasitory construction,
operation, and closure may ba larger than
predicted from historical selsmicity,

MAJOR CONSIDERATIQﬂWZ: POTENTIAL FOR FAULT DISPLACEMENT AT THE REPOSITORY. SITE
Potentially adverse condition 1 '

Evidence of active faultipg within thy P NP . p NP
geologic setting. L ' .
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ground motion dejends on the evaluation of potential surface faulting in the
geologlc setting. The potential for ground motion generally Increases as the
potential for fa.lting near the site increases. However, the ground-motion
potential from all seismogenic sources cannot be evaluated Iindividually: 1t
must be conglderzq collectively to accurately evalusts the potential for
ground motion ani associated uncertaintles. A summer of the evaluation for
each site follovs,

At Davis Canyon, the estimated ground motion 1s not significantly smaller
than that generally allowable for nuclear faciliti &. These estimates are
based on the agsunption that the maximum earthquake, which hag a magnitude of
6.5, could occur at Shay Graben, the closest (10 mile¢s) significant structure
in the gecloyic setting. Ground-motion estimates aassoclated with these faults
are moderate compared with design values for nuclear facilitles. Since 1979,
microearthquake monitoring has detected no selsmicity at the site. However,
events with a magnitude of up to about 3,0 have occurred in the Paradox
Basin. Although the seismic hazard appears to be low, the record of
seismicity fa limited. Man-induced seismicity may te occurring at one
location in the Paradox Basin, but it is not firmly established. Estimates of
ground motion will remain uncertaln untll the faults near Shay Graben and the
Needles area and the potentlal for man-induced selgmicity at the site are
fully evaluated.

At the Deaf Smith site, there appear to be no Quaternary faults in the
geologlc setting, and the known faults are not assoclated with recorded
seismic activity, The site has a very low potential for induced seismicity.
Predicted ground motiona are significantly smaller than thosze generally
allowable for nuclear facilities., Quaternary faulting (i.e., the Meers fault)
outside the geologic aetting appears to be present along the Amarillo Uplift,
Study of the Megers fault to determine its tectonic characteristics and
earthquake potential may influence evaluations of the portion of the Amarlllo
Uplift in the Texas Panhandle. Thias may effect estimates of ground motion at
the site, although the distance to the uplift is more than 3C miles. On the
basis of a qualitative understanding of presgent conditfons, projected ground
motiona are well below the level that 1s likely to cause gignificant damage to
underground structures,

At the Hanford site, potential ground motioneg are not significantly
smaller than those generally allowable for nuclear facilities. However, the
ground motions associated with possible Quaternary faulting in the vicinity of
the Hanford site are within reasonable design limits for nuclear facilities.
An earthquake record of over 100 years shows the historical selsmicity of the
Columbia Plateau to be low to moderate. This 15 consistent with data from
seigmic monitoring initiated in 1969. Recurrence rates for moderate
earthquakes (of a magnitude greater than 6 to 6.5) appear to exceed 10,000
yeara, Earthquakes are not currently associated with mapped geologic
structures, ner do hypocenters align in a manner suggesting that there could
be unmapped buried faults in the Pasco Basin. The impact and the likelihood
of potentlal earthquake swarms at the repository site have not been
determined. Although uncertainties exiat, it is expected that the effecte of
subsurface ground motion can be mitigated by existing engineering measures.

At the Richton gite, ground motion ia expected to be significantly
smaller than that generally allowable for nuclear facilities. Studies to date
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provida no evidence »f active faulting durling the Quaternary Pericd and no
asgocliation of know. faulta with recorded seismic eventa within the geologic
setting. The glte “a 1n an area of extremely low earthqguake frequency, and
there is little potential for Induced selsmicity. The nearest hknown
earthquake epicenter is 45 miles away. On the basis of & qualitative
underatanding of pr.osent conditicns, predicted ground m:ilons are wall below
the level thal cou:d cause significant demage to underground structures.
Uncertainty in estimates of ground motion is congiderec to be relatively low,
nrimarily because the site is located in a region with i, very low level of
historical selsmicity. However, there 1s some uncert: {1.ty about the southern
extent of the New Mairid fault zonme. This woyld likel s result in more
long~period motion than shaking from a maximum earthqua: : in the site's
geologic settiny.

On the basis of current knnwledge, there is large uncertainty in the
evaluation of potential ground motinn at the Yucca Mountain site. Data on the
age of the last movement, the total amount of movement during the Quaternary
Period, and the exiegnt of faulting within | to 5 kilometera of the gite are
limited, and the asaessment of ground motilon is preliminary. It is premature
to place much confidence in estimates of ground motion untll s more complete
assessment can be made of the extent of faulting near the site and of the
appropriate assumptions for such parameters as fault length, fault
displacement, attenuation relationships, and earthquake potential. The brief
historical seiemic record at Yucca Mountain shows no earthquakes that have
produced damaging ground motions, and current estimates of recurrence
intervals for large sarthquakes {grsater than magnitude 7.0) in the geologic
gsetting exceed about 25,000 years. Although estimates of ground motion for
the surface and subsurface facilitles are not expected to be significantly
smaller than for other nuclear facilities, reasonably available technology is
expected to be sufflicient to accommodate the selsmic deaign requirements.
These requirements would be established during site characterization. This
judgment is based on current knowledge of faults near the site. The maximum
acceleration from ground motion induced by underground nuclear explosions is
less than that from natural earthquakes. The reader is referred to Chapter &
of the environmental assesament for Yucca Mountain for a deseription of the
approach to be used in establishing the appropriate gelsmlc deslgn
requirements.

Expected impact of fault displacement at the repository site. Thia
consideration requires an asseassment of fault-displacement potential that
could lead to safety hazards or difficulties during repository siting,
construction, operation, and closure. It is related directly to tha concern
in the qualifying condition about technical feasibility and the effecta of
tectonic phencomena. It ig derived from the first potentially adverse
condition and I1s equal in Importance te the firat major conslderation.
Although the likelihood of faulting at a site is generally lower than the
likelihood of ground motion, the need to design for fault displacement can
have a significant effect on the slte’'s favorability. Successful construction
experience where fault-displacement conditions exist is an important
contributing factor to favorability. Contributing factors for this major
congideration are the evidence and location of, and rates of movement on,
Quaternary faults in the geologic setting. A summary of the evaluation for
each slite follows.
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In the Paracox Basin, Quaternary faulting is suspected iv the vicinity of
the Davis Canyon site at both Shay Graben and the Needles fault zone.
However, additic.al data are needed to determine whether these displacements
are seismogenle ¢c related to gravitational sliding, nalt flow, or salt
dissolution. Thege faults do not trend toward the rerository operations area,
and there is no known eeiamicity within the site bourwariea. Thus, no impact
is expected from fault displacement at the repository gite. There is
uncertainty assouriated with this conclusion because ¢ the pessibility that
mining the repogitory could induce seismicity at the nite,

Since no active surface faulting of Quaternary a-e has been recognized in
the geecloglc setting of the Deaf Smith site, there is no expected impact from
fault displacament, The geologlc setting has experienced little or no
tectonic activity during the Quaternary Period. The Meers fault, which
appears to show evidence of recent activity, is outslde the geologic setting.

Quaternary faults have been identified within the geologic setting of the
Hanford Site, but they do not intersect the repository location. Active
faults are not known to be present at the gite. Sinc» the gite is away from
areas of known or sugpected surface faults and there is no significant
seismicity within its boundaries, no impacta from fault dieplacement are
expected, There is uncertainty associated with this conclusion because the
potential effects of earthquake swarms on underground facilities are unknown.

S5tudies to date provide no geologic evidence of Quaternary faulting in
the geologic setting uf the Richton site. Growth faults, which are not
generally assoclated with geismicity, may occur in the Mississippi salt
basin. However, bacause the Misslssippt salt basin is not cunsidered to
contain areas of active aubsidence and 14 isolated from the area of the Gulf
Coast that 1es asaoclated with growth faults in the Wiggina Anticline, active
growth faulting is not expected.

There are uncertainties in the data on the age of last movement and the
total movemant of Faults at and near Yucca Mountain during the Quaternary
Period. Since the area has been mapped and studied in sufficient detail, it
ie unlikely that major fault zonea are undetected. New data may indicate
1 centimeter of fault displacement in the eastern Crater Flat area more
recently than about 6,000 years ago. Estimated recurrence intervala for large
earthquakes (magnitude 7.0 or greater) associated with surface faulting appear
to be long (on the oxder of 25,000 yeara). (mly minor seismicity has been
detected near the aite. These conditione guggest that the potential for fault
displacement at the site is low during the precloaure period; thus, there are
no expected impacts from fault displacement. Existing selsmic design
technology can accommodate small amounts of surface displacement 1f neceasary.

Summary of comparative evaluation

The Richton eite is the most favorable for the preclosure tectonics
guideline. It is located in a region of extremely low ground motion and
geismic hazard. . Ground motion at the aite is likely to be accommodated by
reasonably svallable.technoclogy. No seismogenic faults have been identified
in the geologic setting. . : :
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The Deaf Smitt site is mimllar to the Richton eite for the two major
considerations, ex.apt for a alightly higher potential for ground-motlon
impacts from the Asarillo Uplift, which reduces 1ts favorability. No
seismogenic faultp have been identified in the geologic setting, the
ground-motion potential for the region 1s low, and groind motion at the site
is likely to be acv :ommodated with existing technologie+, There 1a*some
uncertainty in the potential for ground motion, primarily because the impact
of earthquakee on the Amarillo Uplift requirea additic sl atudy.

The Davis Canynn and the Hanford sitea are favoraibie with respect to the
potential impacts o, fault dlsplacement. However, es: mates of ground motion
at both sites ire uncertain because of Quaternary Pericd faults in the
geologic setting and the potential for earthquake swarms at Hanford and
man--inducwed seismicity at Davia Canyon, Although currant estimaies of ground
motion for both sites are considered moderate, the se'smic record
qualitatively indicates that the seismic hazard for these reglons is low, At
Davis Canyor the closest known potential selsmogenlc fault is about 10 miles
from the site, but this fault would not intersect the aite.

At HanEnrd, the closest potentlal gelsmogenic faulta are 6.2 to 7,4 miles
from the site, but they, too, would not Iintergect the Hanford site.

Yucca Mountain 1s the least favorable site for both major
considerations. A qualitative understanding of faultirg near the site
supporte the conclusion that individual faults have long recurrence intervala
{on the order of 25,000 years or more) for large earthquakees (magnitude 7.0
and greater). There are uncertaintles with respect to the age of the last
movement and the total amount of Quaternary movement on faults within 1 to 5
kilometers the eite. Although estimates of ground motion are preliminary, it
1s expected that available technology could accommodate likely ground motion.
Final estimates of ground motion will depend on the cutcome of further selsmic
evaluations and the full asgegament of nearby faulta.

7.3.3.2 System guideline on the eape and cost of siting, comstruction
operation, and cleosure

The third preclosure system guideline is ease and coat of siting,
congtruction, operation, and closure. The pertinent elements are (1) the site
characteristics that affect siting, construction, operation, and closure; (2)
the engineering, materials, and services necessary to conduct these
activities; (3) written agreements between the DOE and affected States and
affected Indian tribes and the Federal regulations that establisgh the
requirement for these activities; and (4} the repository personnel at the site
during siting, construction, operation, or closure. It is third in importance
because it does not relate directly to the health, safety, and welfare of the
public or the quality to the environment. A summary of the pertinent
characteristics of the host rock at each site and estimates of the
engineering, materlale, services, and personnel coste are presented below for
the salt, basalt, and tuff sites.
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Total life-rycle cost estimates* for a repository in basalt {the Hanford
site}, salt (the Davis Canyon, Deaf Smith, and Richisn sites), and tuff (the
Yucca mountain sife) are shown in Table 7-22. These astimates were developed
as part of the DYE’'s annual evaluation of the adequse-y of the fee (1l mill per
kilowatt-hour) psid into the Nuclear Waste Fund for «isposal services and do
not represent f4.al cpst estimates. More deflnitive ertimates will be
completed when nore~detailed designs and site-chara verization data become
available. The salk cost estimate was based on des 't paremeters that are
representative of a genenic salt site, Therefore, t.ig estimate does not take
into account site-specific differences that exist .t each salt gite.

Table 7-22 Repository cost esiimates
(billions of 1984 dolilare)

Site D&E Construction Oﬁeration ﬁecommisaioning Total
Basalt 1.5 2.3 8.3 0.2 12.3
Salt® 1.8 1.6 4,9 0.2 §.5.
Tuff 1.5 1.1 5.8 0.1 8.3

“All salt sites.

The major cost compdnenta idantified in Table 7-22 are defined below

® Development and evaluation (D&E): Inciudes coats for all activities,
excluding f£inal design and construction, that are conducted before
repository operation. These activities include site characterieation,
conceptual and license-application design, licensing, and technology
development,

e (Consgtruction: Includes costs for fina! design and costs for the
construction of all surface facilities and a limited number of underground
waste-dispogal rooms and corridors.-

. Operation: Includes costs for the construction of most of the underground
rooms and corridora and costs for the operation of the surface and
underground facilities.

¢ Decommissioning: ‘Includes cost for the decontamination and
decommissionlng of the surface facilities.

¢ Total: Representa the total 11fe—cycle cost for a geologlc repository and
includes the sum of all the above cost components.

*J.5. Department of Energy, Analysis of the Total System Life Cycle Cost
for the Civilian Radicactive Waste Management Program, DOE/RW-0024,
Washington, D.C., April 1985.




The uncertainty that has been asslgned to these estimates ls based on
engineering judgmer: and is +35 percent of the total cost of the facility.
This, coupled with 1 10 to 40 percent contingency already built into the
estimates, reflect:, the accuracy of preconceptuasl design from which the costs
were derived. The exact contingency used depends on t..o complexity of the
deslgn of ampecific repository facllitles or processes.

Salt repository

Host-rock depth. The horlsgons of the host rock a the Davis Canyon, Deaf
Smith, and Richton sites are 3,000, 2,700 and 2,100 fec: below the surface,
regpectivaly. The horizon assumed for the generic salt cost estimate is- 3,000
feet below the gervice, This is a ralatively deep horizon when compared with
other siting alternatives.

Rock conditlona end tunnsl stability. At the Davis Canycn and Richton
sites, the artificial rock support required is expect:d to be minor (only
accasional rock bolting) because of the apparent masgiveness of the salt and
the aboence of nonsalt interbeds in the host rock. However, significant
maintenance may be required far underground openings because of salt creep.
Salt creep will gradually reduce the size of the underground openings, and
reexcavation of the openings will be required to maintain the minimum opening
dimensions.

At the Deaf Smith site, the potential for roof ingtability ig due to the
interbeds that would exist above the underground openlngs. WRock falls can be
prevented by adequate artificlel support (regular rock bolting). Aas with the
Davis Canyon and the Richton sites, signiflcant maintenance may be required.

The in situ rock temperatures for easch of the three sites are as
followss 34-43°C (93-109°F) for Davie Canyon, 27°C (81°F) for Deaf
Smith, and 50°C (122°F) for Richton sits.

The rock conditions assumed for the salt cost estimate include good
tunnel stability, like those of the Davis Canyon and Richton gites, and
favorable in situ rock temperatures similar to the Davis Canyon gite.
Reexcavation is assumed to be necessary to maintain the underground openings
at all salt sites and was therefore assumed for the cost estimate. These
parameters were gelected to be representative of a generic salt site.

Ground-water conditions. At the Davis Canyon site, one minor aquifer is
present above the host rock. The small amounts of ground water (28 gallons
per minute)} that would be encountered during shaft sinking can be readily
handled with stsndard engineering practices. Little water is expected at the
repository horizon.

At the Richton site, several regional aquifers are present above the host
rock and adjacent to the flanks of the dome. Ground-water control during
shaft sinking through the above-dume sediments and caprock would require
ground freezing because of potentially high ground-water inflows (1,700
gallons per minute) and unconsolidated sediments above the salt dome. Little
water Is expected at the reposltory horizon the dome.
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At the Deaf Smith site, there are aquifers between the hLost rock and the
ground surface. The control of water while ainking shafts through these
aquifers and warer-bearing interbeds within the evaporite section can be
accomplished with established technology. Potentia:.y high ground-water
inflows (1,400 gallong per minute) and unconsolidate.. dediments above the
repository requive pretreatment by freezing to allov suaft sinking through
these sediments Little water ilg expected within t .. repository horizon.

The sal cost estimate assumed that only smal .smounts of water would be
encountered during shaft sinking (similar to Davis 7Jonyon} and at the
repository horizon (gimilar to all three salt sites). These conditions were
assumed to be representative of a generic salt site.

Gagey conditions., Although there is no direct evidence that toxic gas ls
present at any of the three galt sites, experience i{iu salt mines at other
locations suggests the possibility. The hazards frow such gas can be
mitigated through safety procedures and adequate ventilation. These gasay
conditiona have been assumed in the generlc salt cos” estimate.

Subsurface conditions, Although specific salt gites may have certain
subsuirface conditlons that are lesas favorable than others, on balance, 1t was
assumed that mining will be conducted in a relatively good environment, This
asspumption wag based on the aubsurface condltlons discussed above for the
generic salt nite.

Ventilation requirementsg. The ventlilation requirements for salt can be
described as moderate Iin comparison with basalt and tuff. Ventilation
requlrements are higher than those for tuff because of the deeper repository
horizon and gassy conditions, but not as high as those for basalt.

Waste~package coste. The design for the waste package is determined by
subsurface conditions. The salt waste package consists of a thick-walled
carbon-steel container and an interpnal canister assembly. The internal
canister assembly segregates fuel rods into compartments for the consclidated
spent-fuel design, whereas a spaceframe ls used for the unconsolidated
spent-fuel design. No external packing is assumed. The waste-packages
assumed for the generilc salt cost eatimnte are as follows:

Unconsolidated Consolidated
Parameter spent fuel apent fuel
PWR/BWR ratio 172 12730
Number of packages 5,600 12,200
Material Carbon steel Carbon steel

The total cost for the fabrication of all waste packages for a salt
repository is $0.7 billion. This cost is lower than that for both tuff and
basalt because salt reposltory emplaces significantly fewer waste packages
than elther tuff or basalt.

Excavation quantities. Given the waste-package requirements, thes
excavation requirements can be calculated., For the cost estimates used here,
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it wags assumed that about 22 million tons of salt will be excavaiad. This
includes & millior .ons of ealt reexcavated because of creep, The total
amount excavated iu higher than that assumed for basal: and tuff.

Mining method. The generlec salt cost estimate asc:.med that a mechanlzed
mining technique will be used to develop the undergrour.. facilities, Using
this technique, mi.ing is faster than mining by the corcrsational
drill-and-blaat teschnique, which 1s used for harder ro.is like tuff and basalt.

Mining rate. The mining rate for salt can be chitucterized as ''fast
average." This rating is due to, high mining producti ity (tons per
man~shift}, which 1y the result of the following:

¢ The relative softness of the rock.

® The stability of the underground openings.

¢ Small quantities of water underground.

¢ Low temperaturesg,

The productivity for salt 1s 13.3 tons per man-shift, Salt has the highest
productivity of all sites considered.

Underground-facility congstruction ease, The congtruction of the
underground facilities will be easier at a repository leocated in salt than a
repository located in basalt or tuff., This conclusion is hased on the
information previously presented which discussed the less difficult mining
conditions associated with the salt repository.

Staffing levels and labor rates. Given the mining conditions expected at -
the generic salt eite assumed for the cost estimate, staffing levels for the
underground development can be estimated, The staffing levels {in full-time
equivalents) for the emplacement period are as followa:

Surface 863
Underground _ 252
Total 1,115

Thege estimates are low when compared with other slting alternatives and -
result from the more favorable mining conditicns expected at the salt sites.

Salt has the lowest labor rate ($28.50 per hour) of the sites
considered. When combined with the low staffing levels assumed for salt, the
labor cost for salt is expected Lo be low.

Underground facilities costs. Assuming the conditions described above,
the total (construction, operation, and decommissioning)} coet of the
underground facilities for a salt repository is $2.2 billion. This is 26
percent of the total cost of $8.5 billion shown in Table 7-22. The remaining
$6.3 billion consists of $1.8 billion for development and evaluation, $3.8-
billion for surface facilities, and $0.7 for waste packages. The underground
facilities cost for salt ($2.2 billion) is lower than that for the other eites.

Operation duration and backfilling. The life of a salt repcsitory is 53
years long. It consists of a 27-year emplacement period, a 23-year caretaker

7-131

NN "N NN I A a 1



period, and a 3-year backfill period. Deceuse salt has the shortest backfill
period of all the 4ites considered, salt also has the ahortest operating
l1ife, The short ~parating phase, coupled with the lcw labor cost, reaults in
low operating costr for salt,

Qperating cost. The operating cost for a repository in salt 1s $4.9
billion, This is 58 percent of the total cost of $£8.. nwillion and is clearly
the largest portiun of the total-facility cost. The .umailning $3.6 billion
consists of $1.8 for development and evaluation, $1.& sillion for
construction, and $0.2 billion for decommissioning.

Most of the op2rating costs are assoclated with t e operatlion of the
surface facilities. Of the $4.9 billion operating cos:., $2.9 billion is for
the operation of the surface facilities, $1.3 billion ls for underground
development, and $0.7 billion 1s for the fabrication ¢! the wasta packages.

Total facility costs. Table 7-23 presents the total facllity costs for a
generic salt repository, Thils table summarizes the costs mentioned in this
gection and is couslstent with the costs shown in Table 7-22.

Table 7-23. Cost estimates for a salt repository
(billions of 1984 dollars)

E:::gnry D&LE Construetion Operation Decommissioning Total
D&E 1.8 0.0 0.0 0.0 1.8
Surface - 0.8 : 2.9 0.1 3.8
Underground =-- 0.8 - 1.3 .O;i | 2.2
Waste ‘ : : S S :
packages -~ 0.0 : 8.7 0.0 0.7. .

Total 1.8 1.6 - 4.9 0.2 8.5

The total facility cost for salt is the same as for tuff and lower than
that for basalt., This is due mainly to the lower underground costs regulting
from favorable subsurface conditicns.

Basalt repository

Host~rook depth. The interier of the Cohassett flow hes been selected as
the preferred candidate horizon for the basalt repository. The horizon is
approximately 3,300 feet below. the surface, It.is the deepest horizon of:all
sltes considared. - . .
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Rock conditiors and tunnel stability. The basalt at the Hanfcrd slte is
a physically and ciemically stable rock that will be little affected by
repository conditicns. The rock is fractured. Heat-induced and rock-matrix
fracturing are expected but will be minor and will not create a safety hazard.

High stress conditions are associated with basalt. This suggests that
artificlial suppor” would be required for repository cr struction, operation,
and closure, This artificial support is not consider i minimal and will
congist of rock bolts and shotcrete over wire mesh. ‘Inis support is needed to
control instabilities {n the rock caused by stress. A: example of a
stress-induced instability is rock bursts, However, rick bursts are expected
to be mild because uf the low extraction ratio planned for the repository
excavation anu the closely jointed nature of the dense intericrs. Rock bolts
will use the high strength of basalt to control rock hursts or other
deformations.

Basalt should not creep significantly, and therefore, maintenance of the
underground openings will not be excessive,

The rock temperature in the Cohassett flow is high (51°C, or 124°F)
and is a potential hazard to the health of the personnel working underground,
A ventilation system that provides a continuous, acceptable working
environment must b& ingtalled at the basalt repository. The effects of.
temperature are not expected to cause gignificant deterioration of support or
instability of the rock,

Ground-wgter conditiong. Aquifers are present betweesn the Cohassett flow
and the land surface. Ground-water inflow into the repository is high and is
estimated to be about 100 gallons per minute. A worst-case egtimate would be
as high as 3,400 gallons per minute, but thie is considered unlikely, The
potentlal for these large water inflows can be reduced by drilling exploratory
boreholes before excavation to identify any zones of abnormal water production.

During shaft sinking and the construction of the undergrouna facility,
ground-water will be controlled by eatablighed practices. After construction,
seals associated with the shaft liner would protect the shafta and the
repository drifts from ground-watar inflow,

Because the rock temperature is high, it is expected that the water
temperature will aldo be high., There is aleo the potential f{or water to-.enter
the repository under high pressure.

Gassy conditions. Methane gas is nol indigenous to basaltic rock.
However, methane could cccur 1in the underground openinge because it might be
introduced with any water inflow. A way toc minimize the potential for methane
entering the underground facilities is to control the water Inflow ‘into the
repogitory. Ventilation will be required to control the concentration of any
methane present underground. However, because of the limited amount of gas
expected underground, gassy conditlons were not aasumed for the basalt cost
estimate.

Subsurface conditions. Mining will be conducted in a difficult
environment because of the conditions discussed above.
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Ventllation raquirements, The ventilation requirements for basalt are
higher than those for salt and tuff because of the difficult subgurface
conditlone descrirad above.

Waste-package costs. The design for the waste p::kage 1s determined by
subsurface conditions. The basalt waste package cons. 1%3 of a thick-walled
carbon steel contilner and an external packing aseemb’v. An internal
spaceframe is included for unconsclidated spent fuel, The external packing
consists of a mixture of basalt and bentonlte. Ths we.te-package parameters
assumed for the cost eatimate are as follows:

Unconsolidated Consolidated
Parameter apent fuel _epent_ fual
PWR/BWR ratio 4/9 4/9
Number of packages 1,000 38,800
Materlal Carbon steel Carbon steel

The total cost for the fabrication of all basalt waste packages is $1.1
billion. Thia cost ia high because the basalt repository emplacea morae
waste-packages than any of the other sites,

Excavation quantities. Given the waste~package requirements, the
excavation requirements can be calculated. For the cost estimates used here,
it was assumed that about 1% million tonrs of basalt will be excavated. This
quantity 1s higher than that asgumed for tuff, but lower than that aggumed for
salt.

Mining method. The basalt design assumed that the conventional
drill-and-blast excavation technique will be used to develep the underground
facilitles, This technique 1s particularly suited to the subsurface
conditions found at Hanford. For example, thls technique is required because
basaltic rock 1s very hard. However, the bagalt mining method is slower than
mechanized mining.

Mining rate. The mining rate for basalt can be characterized as "slow
average." This rating 1s due to a low mining productivity (tons per
man-shift), which is the result of the following:

The hardness of basaltic rock.

The depth of the repository horizon.

The high stress conditions.

The pregence of large quantities of water underground.
High temperatures. .

High excavation quantitias.

The productivity for basalt is 3.1 tons per man-shift. This is the lowest
productivity of all sites corisidered. : :
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Underground facilities construction ease. The construction of the
underground facill  {es will be more difficult for a repository located in
basalt than a repo:.ltory located in tuff or salt, This conciusion is based on
the information pr - vicusly presented which discussed t'= more difficult mining
conditions apgocimied with the deeper, higher temperatirre, saturated zones of
the basalt reposi-ory.

Staffing levels and labor rates. Given the mini.  conditions expected at
Hanford, staffing levels for the underground develop.'e .t can be estimated.
These estimated staffing levels for the emplacement ;2 iod are as follows:

Surface 917
Underground 1,051
Total 1,968

As shown above, the difficult mining conditions result in high staffing
levels. When combined with a high labor rate ($31.00 per hour), the high
staffing levels lead to high labor costs for basalt.

Underground-facllity costs. Assuming the conditions described above, the
total (construction, operation, and decommissioning) cost of the underground
facilities of a basalt repository is $6.1 billion. This is just under 50
percent of the total cost of $12.3 billion shown in Table 7-22. The remaining
$6.2 hillion consiats of $1.5 billion for development and evaluation, $3,6
billion for surface~facilities, and $1,1 billion for waste~packages, The cost
of the underground facilities ($6.1 billion) is the highest of all sites
considered.

Qperating duration and backfilling. The basalt repository has a longer
operating life than both tuff and salt: 61 years. It consiasts of a 27-year
emplacement period, a 23-year caretaker period, and an 1ll-year backfill
period. This is the longest operating phase of all sites conslidersd bacause
basalt assumed the longeet backfill periocd. The long operating life, coupled
with the high staffing levels and high labor rates, leads t¢ high operating
costs for bamsalit.

Operating coat. The operating cost for a basalt repository at the
Hanford site ia $8.3 billion. This is 67 percent of the total cost of $12.3
billion and is clearly the largeat partlion of the total facility cost. The
remaining $4.0 billion consists of $1.5 billlon for development and
evaluation, $2.3 billion for construction. and $0.2 billion for
decommissioning.

Most of the operating coets are assoclated with underground development.
0f the $8.3 billion, $4.3 billion is for underground development, $2.9 billion
is the operation of the surface facilities, and $1.1 billion is for the wasate:
packages.

Total facility coats. Table 7-24 presents the total-facility costs for
the basalt repository. This table summarizes the coats mentioned in this
section; the costs are consistent with the costs shown in Table 7-22,
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Tably 7-24. Cost estimates for a basalt repository
(billiong of 1984 dollars)

Cost

category D&E Construction Operation Pacommissioning Total
D&E 1.5 0.0 0.0 0.0 1.5
Surface —— 0.5 2.9 0.2 j.6
Underground  —— 1.8 4.3 0.0 6.1
Waste

packages -—— 0.0 1.1 0.0 1.1
Total 1,5 2.3 8.3 0.2 12.3

The total facility cost for basalt 1s the highest of all sites
considered. This 1s due primarily to the higher underground costs resulting
from the difficult gubsurface conditionas, :

Tuff repository

Host rock depth. The proposed repository horizom is about 1,200 feet
deep. Thie is the most shallow horizon of all sites considered.

Rock conditions and tunnel stability, The welded tuff of the Toppah
Spring Member at Yucca Mountain 1s a physically and chemically stable rock
that will be little affected by repository conditions, Currently, the rock is
fractured, and any additional thermally induced fracturing will be minor.

The rock strength of welded tuff and the associated in sltu stresses are
favorahle, The fractured nature of the tuff, however, may provide the
potential for rock falls in underground openings. Faults encountered iu the
underground facility may also contribute to local instabilitles because of the
poor quality of rock associated with the fault zones. The potential for rock
falls can be mitigated through the use of appropriate artificial supports for
the underground openinga. Praevious excavation experience at the Nevada Teat
Site indicates that the expected artificial rupport requirements at Yucca
Mountain are regularly spaced rock bolts, with ateel mesh covering the rock
surface for safety. Occasional supplemental bolting or shotcrete may be
required in local areas of poor-quality rock. These requlrements are
considered minimal.

Little deterioration of the rock and the artificial support is expected
over time and from temperature changes, since the tuff .does not creep.

Therefore, the rock is expected to remain in a stable condition and will not
require extensive maintenance for the underground ovpenings.

7~+136

280N 08 0 .1 a8 &



The rock tewperature ia favorable (27°C or 81°F) and 18 not expectad to
be a hazard to tb+: health of the personnel working underground. The effecta
of temperature ar: not expected to significantly affect the atability of the
mined openings.

Ground-water conditions. At the Yucca Mountain srite, there are no
aquifers between che host rock and the land surface. Decause the repository
would be located above the water table, no significar . amounts of ground water
are likely to be encountered in the shafts or the undvrground workings.

Gagsy conditinns. Neo significant accumulations rf toxic gases are
expected at the re.ository horizon. Therefore, gassy :onditions have not been
assumed for the tuff cost estimate,

Subsurface conditions., Mining will be conducted in a relatively good
environment, assuming the conditions discussed above,

Ventilation requirements. The ventilation requicrements for tuff are
lower than those for basalt and salt. This is a resu.t of the relatively good
environment expocted underground.

Waste—package costs. The design for the waste package is determined by
subsurface conditlons. The tuff wapte package conelsts of a stainlessg~ateel
canister and an internal spaceframe. No externsl packing ls assumed. - The
waste-package parameters assumed for the coat estimate are as follows.

Parameter Unconaolidated Consolldated
gpent fuel spent fuel
PWR/BWR ratio 3/9 : 6/18
Number of packages 1,400 : 23,100
Material Stainless ateel Stainless steel

The total cost of fabricating all tuff waste packages is $1.1 billion. This
cost is high because of the combined effect of emplacing a large number of
waste packages and high material costs. The cost of the tuff waste package ia
higher than the cost of the salt waste package for this reaaon. However, the
tuff waste packsge costs the same as the basalt waste package. This happens
because, though tuff emplaces a smaller number of packages than basalt, the
resulting cost savings are offaet by the cost of the stainlesa-steel
container, which is higher than the cost of the carbon-steel container for
basalt.

Excavation quantities. Given the waste-package requirements, the
excavation requirements can be calculated. For the cost estimastes used here,
it was estimated that about 17 million tons of tuff will be excavated. This
is lower than that assumed for salt and basalt.

Mining method. The tuff design assumed that mechanlzed mining techniques
will be used in conjunction with conventional techniques to develop the
underground facilities. This should lead to a mining rate thet is faster than
that basalt (conventional mining only) but not as fast as that for salt
(mechanized mining only).
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Mining rate. The mining rate for tuff can be characterized as "fast
average." This riting 1s due to a high mining productivity (tons per
man~shift), which 1s the result of the following:

Shallow repesiltory horlzon.

The stab'lity of underground openings,
Lack of water underground.

Lowar temperatures.

Lower excavatlon quantilties,

The productivity for tuff i1s 9.1 tons per man-si1 ft. The productivity
for basalt 1s significantly lower because of the more }ifficult mining
conditions thut will be encountered. The productivity for salt is higher
largely berause salt is softer than tuff and therefcr=: can use only totally
mechanized mining techniques.

Underground facilitiea construction ease. The construction of the
underground facilities will be gsasier at a repository located in tuff than a
repository located in basalt, but not salt. This conclusion is based on the
information previcusly presented which discussed the mining conditions
agsoclated with the tuff repository.

Staffing levels and labor rates. Given the mining conditions expected at
the tuff site, staffing levels for the underground development can be
estimated. The staffing levels for the emplacement period (in full~-time
equivalents) are estimated to be as follows:

Surface. 846
Underground 372
Total 1,218

The staffing estimates can be characterized as low, but oot the lowest of
all sites considered. Tuff has the highest labor rate ($32.00 per hour) of
the sites considered, However, when combined with the staffing levels agaumed
for tuff, the labor cost 1s expected to be low and fall between the labor cost
expected as basalt (high) and salt (low).

Underground facility costs. Assuming the conditions described above, the
total {construction, operation, decommissioning) costs of the underground
facilities for a tuff repository is $2.3 billion. This is 27 percent of the
total cost of $8.5 billion shown in Table 7-22. The remaining $6.2 billion
congists of $1.5 billion for development and evaluation, $3.6 billion for
surface facilities, and $1.1 for waste packages.

Operation duration and backfilling. The tuff repository will be in
operation for 58 years. This consists of a 27-year emplacement period, a
23-caretaker period, and an 8-year backfill period. The 58-year cperating
phase 1s 3 years shorter than the basalt operating period and 5 years longer
than the salt operating period. Thig is due to the duration of the backfill
period assumed for each-host rock. Because of the operating period, tuff has
moderate operating costs when compared with salt and basalt.
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Operating coats, The operating cost for a repository located at the
fucca Mountain sit. is $5.8 billion., This is 68 percent of the total cost of
$8.5 billion and i~ clearly the largest portion of the total facility cost.
I'he remaining $2.7 billion consiste of $1.5 billion for development and
avaluation, $1.1 biilion for construction, and $0.1 for decommissioning.

Most of the c¢perating costs are associated with t:2 operation of the
surface facillties., Of the $5.8 billion total operati g cost, %2.8 billion is
for the operation of the surface facilities, $1.9 billinn 1s for underground
development, and $1.1 billion is for the waste packag k.

Total facility costa. Table 7-25 presents the total facility costs for a
tuff repository. This table summarizes the costs mentioned in this section
and is consistent with the costs shown in Table 7-22.

Table 7-25, Cost eatimates for a tuff reposlitory
(billione of 1984 dollars)

Cost

category D&E Construction Operation Decommissioning Total
D & E 1.5 0.0 0.0 2.0 1.5
Surface e 0.7 2.8 0.1 1.6
Inderground = —-—- 0.4 1.9 2.0 2.3
Waste

packages — 0.0 1.1 0.0 1.1
Total L.5 1.1 5.8 0.1 8.5

The total-facllity cost for tuff 1s the same as that salt and lower than
that for basalt. This is due mainly to the lower underground coste that
result from favorable subsurface conditions.
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ablation

absorbed
radiation

access corrildor

accessible
environment

Act

actinidea

active fault

active dimsolution

front

active
institutional
controls

adit

adsorption

aeromagnetic
survey
affected area

affected
Indian Tribe

o M

GLOSSARY

All processes by which snow and i are lost from a
glacier} also, the amount lost.

& measure of the amount of ioniz ng radiation deposited in
a given mass of absorbing mediur  The unit of absorbed
radiation 1s the rad.

Access to controlled roads, rai)i»nads, transmission for
utilities, or other means.

The atmosphere, the land surface, surface water, oceans,
and the portlon of the lithosphere that are outside the
controlled area.

The Nuclear Waste Policy Act of 1982,

Chemical elements with atomic numbers beginning at 89 and
continuing through 103. .

A fault along which there 1is recurrent movement, which is
ugually indicated by emall periodic diaplacements oL -
geigmic activity. .

See "dissolution front." o

Controls instituted by government to guard a repository
againgt intrusion and to perform monitoring or
maintenance operations.

A nearly horizontal passage from the surface by which a
mine ieg entered.

Adherence of ions or molecules that are in solution to the
surface of golids with which they are in contact.

A survey made of the magnetic fiald of the earth by the
use of electronic magnetometers suapanded from an aircraft.

Either the area of soLioeconomic 1mpact or the area of
environmental impact. :

Any Indian Tribe (1) within whose reservation boundariee a
repository for radiocactive waste is proposed to be located
or (2) whose federally defined possessory or usage rights
to other lands outside the reservation boundariee arising
out of congressionally ratified treaties may be
substantially and adversely affected by the locating of
such a facility: provided thut the Secretary of the
Interlior tinds, upon the petition of: the appropriate
governmental officials of the Tribe, that such effects are
both substantial end adverse to the Tribe.
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affected State

aging

air-fall tuft

albite

alkaline

alluvial fan

alluvial piedmont

alluvium

alpha decay

alpha particle

alunite

amorphous silica

amphibole

analcime

andesite

Any State that (1) has been notified by the DOE in
accordance with Section 116(a) of the Act as containing a
potentially acceptable site; (2} contains a candidate site
for site characterization or repository development or
(3) contains a site selected for repository development,

Storage of radiocactive materials wuspecially epent nuclear
fuel, to permit the decay of sh. t-lived radionuclides..

A tuff deposited showerlike fr.m a volcanic eruption cloud.

A white or colorleas triclinic m neral of the feldspar
group (NaAlSi;0s). It occurs copsionly in igneous and
metamorphic rocks.

Having a pH greater than 7.

An outaspread, gently sloping mace of alluvium deposited by
a Etream,

Alluvium that lies at the base of & mountain or a mountain
range.

A general term for clay, eilt, sand, gravel, or similar
material that is not compacted and bas been deposited in
fairly recent geologic time by streams, rivers, or
floods.

A radiocactive transformation 1n which an alpha particle is
emitted by a nuclide, thus changing one nuclide to another
that has a smaller atomic number and weight.

A positively charged particle emitted in the radioactive
decay of certain nuclides. Made up of two protons and two
neutrons bound together, it is identical to the nucleus of
a helium atom., It i1s the least penetrating of the three
common types of radiation--alpha, beta, and gamma,

A mineral with chemical formula, KAl3(S04)}2(0H)s.
It uaually occura in white, gray or pink masses in
hydrothermally altered feldspathic rocks. See also
"feldspathic'.

A form of silica that lacks any ordered internal structure.

A mineral group that includes common rock-forming minerals
characterized by good prismatic cleavage.

A mineral with chemical formula: NaAlSi.0¢ H20. It
is an isometric zeolite, commonly found in alkali-rich
basalts.

A dark colored, fine-grained, extrusive igneous rock.



angle of internal

friction

anhydrite

anoxic

anticline

apatite

application

APPLICON

aquiclude

aquifer

aquitard

arglllaceous

argillite

arroyo

i

The angle between a resultant force and the line
perpendicular to the plane of friction.

A white to grayilsh or reddieh mineral of anhydrous calcium
sulfate, CaS04.

A general term meaning in the abieunce of oxygen.

An uparched fold composed of st...ta that dip outward from
a common ridge or axis. The c: r: of an anticline containe
stratigraphiéally older rocks &ut is convex upward.

A group of hexagonal minerals conwisting of calcium
phosphate together with fluorine, chlorine, hydroxyl or
carbonate in varying amounts. 1thkey occur as accessory
minerals in igneous rocks, metamwrphic rocks, and
ore-~deposits,

The act of making a finding of ¢ompliance or noncompliance
with the qualifying or disqualifying conditions specified
in the giting guidelines, in accordance with the types of
findings specified in Appendix III of the siting
guidelines.

A computer-aided total graphics design system that
generates contour maps, etc., from data input.

A geoleogic formation that will not transmit water fast

-enough to furnish an appreciable supply.

A formation, a group of formations, or a part cof a
formation that contains sufficient saturated permeable
material to yield sufficient quantities of water to wells
and aprings.

A ronfining bed that retards but does not prevent the flow
of water to or from an adjacent aquifer; a leaky confining
bed. It does not yield water to wella or springs, but may
serve as a storage unit for ground water. {See also
"aquicluda."”)

A term applied to all rocks or substances composed of clay
minerale or having a notable portilon of clay in their
composition; examples are shale and slate.

A compact rock, derlved from either mudstone or shale,
that hag undergone a somewhat higher degree of induration
than is present in mudstone or shale.

A taerm applied in the arid and eemiarid southwestern U.S,

to a small deep flat-floored channel or guily of an
ephemeral pr intermittent stream.
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artesian

ash~flow tuff

atmospheric
dispersion

atmospheric

stability rclass

atomic energy
defense activity

austenitie

backfill,
backfilling

background
radiation

bajada

barrier

basalt

basait flow

base metal

3 0 D0 8 |

A term describing ground water confined under hydrostatic
pressure. The water level in » artesian well stands above
the top of the artesian water body it taps. If the water
level in an artesian well stamdis above the land surfaca,
the well is a flowing artesian vell.

A tuff deposited by an ash flo: ar gaseous cloud.

Atmospheric tranaport of parti ulates or gases by airflow
within the atmosphere and atesyheric diffusion by random
air motions.

An index that indicates the atmusphere's abllicy to
digperse airborne releases.

Any activity of the Secretary of Energy performed in

whole or in part in carrying out any of the following
functiong: naval reactor development, weapona actlvities,
verification and control technology, defense nuclear
materials production, defense nuclear waste and materlals
by-products management, defense nuclear materials security
and safeguarde and security investigations, and defense
research and development.

Characteriatic of a solid solution in iron of carbon and
sometimes other solutes that ocecurs as a constltuent of
ateel under certaln clrcumstances.

The placemant of materlals, originally removed or new, into
the excavated areas of & mine, including waste—emplacement
holes, drifts, accessways, and shafts.

Radiation that is produced by sources such as naturally
occurring radicactive minerals in the earth, cosmic rays,
and naturally occurring radionuclides in living organisams,

A broad, gently inclined detrital surface extending from
the base of mountain rangee out into an inland baein,
formed by the lateral coalescence of & series of alluvisl
fans, and having an undulating character.

Any material or structure that prevents or substantially
delays the movement of water or radionuclides.

A dark to medium dark igneousa rock usually formed from
lava flows and composed chiefly of calcic plagioclase and
clinopyroxene in a glassy or fine-grained ground mass.

A solidified body of lava formed from the outpouring of
molten basalt from a fissure or vent, (See "intraflow-
atructures.'') :

Any of the more common or more chemically active metals

{(e.g., lead and copper).
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hasement rock

basin

Basin and
Range
province

bedding

bedrock

benchmarking of
computer codes

bentonite

berm

beta particle
biological
half-life

biotite

blind-hole
driiling

block faultirg

Undifferentiated rocks that underly the stratified rocks
of interest in an area.

A depressed area in the earth’s surface with no outlet.
Sediments may have accumulated in such areas.

Physiographic province in the 8§ U,B. characterized by a
series of tilted fault blocks . .rming longitudinal,
asymmetric ridges or mountains .und broad, intervening
basins.

The arrangement of rock In laye. : of varying thickness and
character.

Solid rock that underlies all soil, sand, clay, gravel,
and loose material on the earth’s surface,

Code-to-~code comparisons in which simuiations obtained
with DOE codes are compared to rhose obtained with other
available codes of the same kind. The test cases used for
benchmarking w{ll use data representative of the actual
repository setting. Benchmarking is complete when a
reagonable consensus between Ilndependent code predictions
is achieved. :

A clay, containing the mineral montmorillonite, that was
formed over time by the alteration of volcanic ash and has
variable magnesium and iron contents. Bentonite can
absorb large quantities of water and expand to several
times its normal volume,

As used in this document, a relatively narrow, horizontal
man-made shelf, ledge, or bench bullt along an embankment,
gituated partway up and breaking the continuity of a slope.

A negatively charged particle, physically identical with
the alectron, that is emitted by certain radionuclides.

The time required for an organism to eliminate half the
amount of a radionuclide ingested or inhaled.

A common rock-forming mineral of the mica group. It is
black in hand specimen and brown or green in thin section,
and it has perfect baasal cleavage.

A technique for sinking shafts. It uses a multiple-cone
bit with a diameter larger than 6 feet.

A type of vertical faulting in which the cruat. 1ls divided
into structural or fault blocks of different elevations
and orientations.
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blooie line

boiling-water
reactor

boomtown

heorehole

borehole jacking
test

borehole log

boroeilicate
glass

branch corridor

brattice

breccia

bridge plug

brine

brine migration
broadband aound

bulkhead

80,0018

A pipe or flexible tube that conducts air or other gas

laden with cuttings from the collar of s borehole to a

point far enough removed from ‘he drill rig to keep air
arpund the drill duat-free.

A nuclear reactor that uses br.ling water to generate
electricity.

A community that experiences 1 sudden rapid growth and
expansion.

An excavation, formed by drilling or digging, that is
essentially cylindrical and is uged for exploratory
purposes.

A test that measureg in gitu rock-mass deformation through
the application of unidirectional pressures to the oppoaite
sidea of a borehole.

A record of the characteristics and thickness of the
different layers of rock or other material encountered in

the excavation of a borshole,

A gllicate glass contalning at least 5 percent boric
acid and used to solidify commercial or defense high-level
wastae,

A corridor that runs at an angle tg the main corridors of
the repository and that leads to the storage rooms.

A temporary fabric curtain from directing or restricting
underground ventilatlon flow.

Rock consisting of sharp fragments cemented together or
embedded in a fine~-grained matrix.

A downhole tool, composed primarily of slips, plug
mandrell, and rubber sealing elements that 1s run in and
det in denge, nonfractured rock in a borehole to isclate a
zone. Multiple bridge plugs may be set in a borehole to
isolate numerous Zones,

Highly saline water containing calcium (Ca), sodium (Na},
potasaium (K}, and chlorine (Gl) and minor amounts of
other elements.

The movement of brine through interstices in rock.

Sound that encompasses the audible frequencies.

A stone, steel, wood, or concrete wall-like structure
designed to reaist earth or water pressure.
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cage
calcine

caleite

caldera
calliche
Cambrian

candidate site

canister

capable fault

capillary fringe

caprock

carnallite.

The car or platform of a mine hoist used to carry men or
materials,

Material heated to a temperature telow its melting point
to bring about loss of molsture rny oxidation.

A common rock-forming mineral (C-< i(*s) that is usually
white or gray. It is the chief onatituent of limestone
and most marble,

A large basiu-shaped volcanic ¢« ression, more or less
circular.

Gravel, sand, or desert debris cemented by porous calcium
carbonte} alsoc the calcium carbenate iteelf.

The oldest of the periods of the Palepzoic Era, which
lasted from 570 miliion to 500 nillion: years ago.

An area, within a geohydrologic setting, that is
racommendad by the Secretary of Energy under Section 112
of the Act for site characterization, approved by the
Preaident under Sectlon 112 of the Act for
characterization, or undergoing site characterization
under Section 113 of the Act.

A metal vessel for consolidated spent fuel or solidified
high-level waste. Before emplacement in the repository,
the caniater will be encapsulated in a disposal container.

A fault that has exhibited one or more of the following
characteristice, a8 described in the NRC's 10 CFR Part 50:
(a) movement at or near the ground surface at least once
within the past 35,000 years or movement of a recurring |
nature within the past 500,000 years, (b) macroseismicity
ingtrumentally determined with records of sufficient
precislon to demonstrate a direct relationship with the
fault, or {c) a structural relationship to a capable fault
according to characteristics a and b such that movement on
one could be reasonably expected to be accompanied by
movement on the other,

The zone immediately above the water table in which all or
aome of the rock pores or fractures are filled with water
that is under less than atmospheric predsure and that is
continuous with the water below the water table,

Layers of insoluble mineral depcaits that may be derived
from the dissolution of a salt dome, "capping" the dome.

A white, brownish, or reddigh mineral, KCl-MgCl,-6H:0.
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carbonate

casing

cagk

catchment area

Cenozoic

chronic intake

cinder cone

cladding

cladding hulls

clagtic rock

clay

clinoptilolite

A mineral compound characterized by a fundamental anionic
structure of CO}*. Calcite {Ca(03) is an example
of a carbonate.

{1} A liner in a shaft or boreho':s %o prevent entry of
loose rock, gas, or liquid, or t. prevent the loss of
circulating liquid {into porous, ¢svernous, or fractured
ground., (2) The process of ins: ting casing inte a
bnrehole. '

See "shipping caak' and “trana.a- cask.”

Az appliied to an aquifer, the recuaarge area and all areas
that contribute to 1it.

The latest of the eras into whi:h geologic time, as
recorded by the stratified rocks of the earth's crust, 1s
dividedj this era is vonsidered to Have begun about 65
million years ago.

A continuous inhalation or ingestion exposure lasting for
days or years.

A conical hill formed by the accumulation of cinders and
other pyroclasts around a volcanilc vent.

A long metal tube used to contain pellets of nuclear fuelj
usually made of stalnless steel or ercaloy, an alloy of
steel and zlrconium.

The empty metal casings that remain after spent fuel ia

‘removed from them for processing,

Any depogit that is composed of fragments of preexisting
rocks or of solid products formed during the chemical
weathering of such older rocks and has been transported
some distance from the place of its origin.

A fine-grained natural material composed mainly of hydrous
aluminum silicates. It may be a mixture of clay minerals
and small amounts of nonclay materials, or it may be
predominantly one clay mineral. The type of clay is
determined by the predominant clay mineral (i.e., kaolin,
montmorillonite, 1llite, halloysite, ete.).

A relatively common zeolite mineral assoclated with other
zeolites; 1s also a widespread alteration product of
intermediate to acid volcanic glass and occurg as a
mineral:in sedimentary rocks, especially tuffaceous
sandstones. It is a potassium-rich varlety of the mineral

haeulandite and 1s commonly white.
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clinopyroxene

closure

coefficient
of frietion

coeval

cohesion

collapse fracture

collar

colloid

colluvium

Columbia Plateau

commercial waste

complex

compressive
strength

Any of the group of pyroxenee crygtallizing in the
monoclinic system and sometimes ~ontaining considerable
calcium with or without aluminum and the alkalies.

Final backfilling of the remainin; open operational areas
of the underground repoeitory fa¢ Jity and boreholes after
the termination of waste emplace'..nt, culminating in the
aealing of shafts,

An experimental constant dealin; 'vith forces when two solid
bodies that are in contact slide . r tend to slide on each
other. The constant dependa larguiy on the roughness of
the mating surfaces.

Originating or existing over the same perfiod of time.

Shear strength of a rock not related to interparticle
friction.

Any rock structure resulting from the removal of support
and consequent collapse by the Eorce of gravity.

The top or uppermost portion of a shaft, A concrete ring
or slab around a shaft used tc prevent water inflow and to
support the headframae.

A& suspension of finely divided particles in a liquid,
gaseous, or solild substance. Suspended particles are not
easily filtered out. -

A general term applied to the accumulation of loose
incoherent soll and rock material at the base of a slope.

A reglon of approximately 200,000 square kilometers
(78,000 square miles) occupying a major part of eastern
Washington, a portion of northeastern Oregon, and a small
part of western Idaho. It is underlain by a flood basalt
province consisting of approximately 375,000 cubic
kilometers (90,000 cublic milea) of basalt; this is called
the Columbia River Basalt Group.

Radioactive waste generated in private industrial and
other nongovernment facilities--in particular, the spent
fuel discharged from nuclear power reactora and the waste
resulting from the reprocessing of spent fuel.

In chemistry, any comblnation of catione with molecules or
anions containing free pairs of electrons. An organic
complex ia a complex in which the cstion ia combined with
an organic ligand. An inorganic complex is formed when
the catlon 18 combined with an inorganic ligand.

The maximum compressive stress that can be applied to a
material under gilven conditions before failure occurs.
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conceptual modrl

confined aguifer

conf inement

confining unit

constitutive

model

contact-handled
transuranic
waste

containment

container

contamination

continuous mining
machine

A physical description of a system devised to show
property varilations ae based un fleld and laboratory
measurements and best technical judgments.,

An underground water~bearing usit or formation with
defined, relatively impermeabl. upper and lower
boundariea. It contains confji-ed ground water whose
pressure is usually greater thew atmospheric pressure
throughout.

As pertaing to radioactivity, t e confinement of
radioactive material within some specified bounds;
confinement differs from containment in that there
absolute physical barrier.

is no

A body of impermeable or distinctly lesa permeable
material atratigraphically adjacent to one or more
aquifers.

A mathematical model of a material or a process that
expresges its essential quality or pature, A constitutive
model is expressed by constitutive equations that
mathematically express the reletionship between the
quantitias of interest (e.g., constitutive equations
establishing a linear elastic relationahip between stress
and atrain).

Transuranlic waste, uauaslly contained in metal drums, whosge
surface-radiation-dose rate (lesa than 0.2 rem per hour)
is sufficiently low to permit direct handling. Such waste
does not usually require shielding other than that
provided by ita container.

The confinement of radiocactive waste within a deesignated
‘boundary.

The metal envelope in the waste package that provides the
primary containment function of the waste package and is
designed to meet the contaimment requirements of

10 CFR Part 60.

- The presence of radicactive material on- the outside
gurfaces of a transportation vehicle, a shipping cask,
repository equipment, or a waste disposal container.

A machine equipped with a8 rotating cutting head with

pleklike bits for cutting into rock :end for dropping the.
cuttings into a collection device for loading into cars or
conveyors. : : C

o
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controlled area

conventional
shaft-ginking
methods

cooling
(spent fuel)

core {geologic)

craton

creep

creep closure

erigstobalite

critical path

criticality

cryptocrystalline

crystalline

crystalline rock

A surface location, to be marked Ly suitable monuments,
extending horizontally no meore than 5 kilometers in any
direction from the outer boundary of the underground
facility, and the underlying subsu-face, which area has
been committed to use aa & geolog!- repository and from
which incompatible activities weuld he prohibited before

and after permanent closure.

Methods employing driliing, blastirg, and mucking
procedures in shaft conastruction

Storage of fual elements after discharge from reactors,
usually under water, to allow for the decay of short-lived
radionuclides and hence the decrease of radiocactivity and
heat emigsion to acceptable leveils. Synonymous with aging.

A& cylindrical section of rock, usually 5 to 10 centimeters
in diameter and up to several metere In length, taken as a
sample of the interval penetrated by the drill,

A generally large part of the earthfs;crust that hés
attained stability and is relatively immoblile.

Slow deformation (aiteration of form) that results from
long application ¢f a stress.

Cleosure of underground openings, especlally openings in
salt, by plastic flow of the surrounding rock under
lithostatic pressure.

A mineral, §i0z, that is a high~-temperature form of
quartz and tridymite, and occurs as white octahedrons in
acidic velcanic rocks.

Environmental exposure pathway that dominates the
transport of material, from the asource of emlssion to
human receptors.

The condition of supporting a nuclear chain reaction. It
occurs when the number of neutrons present in one
generation cycle equals the number generated in the
previoua cycle, :

A texture of rock consisting of crystals that are too
amall to be recognized and distinguished under an ordinary
microacope.

Of or pertaining to the nature nf a crystal (i.e., having
a regular mplecular structure}.

An inexact but convenient term designating igneous or
metamorphic rock, as opposed to sedimentary rock.



cultural resource-

cumulative impac.

cumulative
releases of
radionuclidesn

curie

Darcian flow

dacitic

darcy

dBA

debris flow
{geologic)

decay,
radiocactive

decay chain

Any of the wvarious nonrenewable artifacts or other
antiquities which have been made or utilizod by past human
cultures. By extension, sensitivs areas, which exhibit
past human habitation or activities, as well as any
contained features or structuresa are included,

Projected impact of a proposed f::ility in combination
with other existing and proposed vacilities and actions.

The total number of curies of ridtocactivity entering

the accessible envirenment in a.y 10,000-year period,
normalized on the basis of radio: xicity in accordance

with 40 CFR Part 191. The peak cumulative release of
radionuclides refers to the 10,000-year period during
which any such release attains 1its maximum predicted value.

A unit of radioactivity defined as the amount of a
radioactive material that has an activity of 3.7 x 10*°
disintegrations per second.

Flow of fluids that is described by a numerical
formulation of Darcy's law.

Characteristic of a fine-grained extrusive rock with the
same general composition as andesite but having a less
calcic feldspar {(dacite}.

A unit of measurement of permeability equivalent to the
vassage of 1 cuble centimeter of fiuld, flowing in 1
gecond under 1 atmoephere of pressure through a porous
medium with a cross—sectional area of 1 square centimeter
and a length of 1 centimeter.

A sound level in decibels measured with the A-weighting
network of a sound-level meter. The A-weighting network

-adjusta the measurement to correspond with the frequency

response of the human ear.

A moving mags of rock fragments, soil, and mud, with
more than half the particles being larger than sand silze,.

materlals undergo
or state to another,
This action

(1) The process whereby radioactive
a change from one isotope, element,
releasing radiation in the process.
ultimately results in a decrease in the numbar of
radiocactive nuclei present in the sample. {2} The
spontaneous transformation of one nuclide into a different
nuclide or into a different igotope of the same nuclide.

The sequence of radiocactive disintegrations in succession
from one nuclide to another until g stable daughte

product 1s reached. :



decibel

decollement

decommissioning

decontamiaation

decrepitation

defense waste

density log

denudation

deposition

desgign bages

design-basgls
event

design life

A unit of measure, on a logarithmic scale, of the ratio of
particular sound pressure to a siandard reference pressure
squared. The reference pressure ig 20 micropaacals.

Detachment structure of strata dur to deformation,
resulting in independent styles af deformation in the
rocks above and below.

The permanent removal from serv: m: of surface facilities
and compecnents necessary only fo: preclosure operations,
after repository closure, In accor lance with regulatory
requirements and environmental policisa.

The removal of unwanted material (especially radioactive
material) from the surface of, or from within, another
material,

The shattering of a rock mass or sock sample caused by the
buildup of excessive pressures in contained fluids as a
rasult of heating, or the action of differential thermal
expansion or centraction of its heated grains.

Radicactive waste derived from the manufacturing of

‘nuclear weapons and the operation of naval reactors.

A gamma~gamms log used to indicate the varying bulk
densities of rpokg penetrated in drilling by recording the
amount of back-scattering of gamma rays.

The sum of the processes that result in the wearing away
or the progressive lowering of the earth's surface by
various natural agents, Including weather, erosion, mass
wasting, and trangportation.

The laying down of rock-forming material by any natural
agent {e.g., the mechanical settling of sediment from
suspension in water).

Information that establishes boundaries for design by
specifying the functions to be performed by the structure,
system, or component of a facility and the values or
ranges of values for controlling parameters.

A credible accident or natural phenomenon {e.g.,

.earthquakes or flocd) that is used to establish design

bases because its consequences are the most severe of all
those postulated for other credible accidents or phenomena.

The pericd of time for which & structure, system, or
component is designed to perform its intended function.
The .design. life of the repository ends when the repository
is of no further operational use, waste retrieval is no
longer a concern, and closure and decommissioning begin.
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detritus

deviatoric stross

devitrification

diagenesis

diapir

diapirism

diastrophism

diffusion
dike {geologic)

dip

dip-slip fault

direct work force

discharge point
{(or area)

discontinuity
(selsmologic)

dispergion

Loose rock or mineral material removed directly by
mechanical meang or deposited at another site.

In the engineering discipline #¥ rock mechanics, the
difference between the major p-incipal atress and the
minor principal stress.

The process by which glassy subt~tances lose their vitreous
nature and become crystalline

All the changes undergone by & :.ediment after its initial
depcsition, exclusive of weathering and metamorphism, or
the recombinaticn or rearrangement of a mineral into a new
mineral. Also known as diagenetic alteration.

A geologic flow atructure, either a dome or an anticline,
in which overlylng rocks have been ruptured by the flow
upward of a plastice core material such as salt,

The process by which a diapir is produced.

A general term for all movement of the crust produced by
earth forces, including the formation of continents-and:
otean basins, plateaus -and mountaing, folds of strata, and
faults,

A solute~spreading phenomenon important only at low
ground-water velocities.

A tabular body of igneous rock that cuts across the
structure of adjacent rocks or cuts massive rocks.

The angle at which a bed, stratum, vein, or any planar
feature of rock is inclined from the horizontal. The dip
is measured perpendicular to the strike of the planar
féature. (See "strike.")

A fault in which the earth's displacement is parallel to
the dip of the fault, and there ia no horizontal componant -
of movement parallel to the atrike.

People hired for jobs at the repository.

In ground-water hydraulieca, the point {or area} where
watsr comes out of an aquifer onto the: surface.

A surface at which seismic-wave velocities abruptly change;
a boundary between the seismic layers of the earth.

The solute-spreading or dilution phenomena caused by

‘mechanical ‘mixing during ground-water movement and

molecular diffusion.
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disposal

disposal system

disqualifying
condition

disruptive event

dissolution

dissolution fron:

distribution
coefficlent
{Ka)

disturbed zone

dolomite

dome (general)

dome (salt)

The emplacement in a repoaitory of high-level radioactive
waste, spent nuclear fuel, or oiher highly radiocactive
material with no foreseeable intant of recovery, whether
or not such emplacement permlts Lhe recovery of asuch
wasta, and the isolation of guch waste from the accessible
environment,

See "repository system,"

A& condltion that, if present at & elta, would eliminate
that site from further considersi .on.

Any ection that could breach a barrler.

A process of chemical weathering by which minerale and
raocks are dissolved in water, :

An underground zone in which rocl'e or minerals are peing
dissolved in a fluid (more specifically, in ground water).

The ratio of the conceuntration of a aolute sorbed by ione
exchange substances (e.g., earth materials, particularly
claya) to the concentration of the solute remaining in
solution. A large distribution coefficient Implies that
the substance 1s readily sorbed and le redissolved

slowly. The concentration of a materlal in the golid
phase (i.e., rock or sediment)} (moles per gram) divided by
the concentration of material in the aqueous phase (molea
per liter).

That portion of the controlled aree, excluding shafts,
whoae physical or chemical properties are predicted to
change as a result of underground faclility conatruction ¢r
heat generated by the emplaced radigactjive waste such that
the resultant change of properties could have a
significant effect on the performance of a geologic
repository.

A sedimentary rock consisting mostly of the mineral
magnesium calcium carbonate, CaMg{C0;)z. It is
commonly found with, and is usually formed from, limestone.

A dome-shaped landform or rock mass; a large igneous
intrusion whose aurface is convex upward with sides
sloping away at low but gradually increasing angles} an
uplift or an anticlinal structure, elthgr circular or
elliptical, in which the rock dips gently away in all
directions.

A diapiric or piercemenk structure with .a central plug

that has risen through the encloaiug sadiments from a deep
mother bed of salt, c
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dose commitment

dose equivalent
(radiation)

dose limit

dose rate

dosimetry

downfaulted

downgradient

downwarping

drag fold

drift

drill-and-blast
mining

drill and test

drill hole

The integrated dose that results from an intake of radlo-
active material when the dose in evaluated from the
beginning of the intake to a latar time; also used for the
long-term integrated dose to which people are consldered
comnitted because radloactive maiarial has been released
to the environment.

A concept used to deacribe the - -fectiveness of a given
unit of absorbed radiation dose. The unit of doase
aqulvalent is the rem.

The limit established by the Env ronmental Protection
Agency or the Nuclear Regulatory Commission for the
exposure of people to radiation.

The radlation dose received per unit of time.

The measurement and evaluation of absorhed radiation doae
or dose equivalent.

Rocks on the downthrown side of a fault.

‘Movement of ground water from an ares of higher hydraulic
pressure to one of lower pressure.

fubaidence of the earth's crust.

A winor fold, uaually one of a series, formed in an
incompetent bed lying between more-competent beds,
produced by movement of the competeut beds in opposite
directions relative to one ancther.

In mining, & horizontal opening excavated underground. In
geology, a general term for all rock material transported
either by a glacier or by proglaclal meltwater.

A method of mining in which small-diameter holes (less
than 1 foot) are drilled into the rock and then loaded
with explosives. The blast from the explosives breaks the
rock from the face of a structure so that rock can be
ramoved. The underground openlng is expanded by repeated
drilling and blasting.

Hydrologic testlng of selected rock Iintervals when each
interval 1s first penetrated by a borehole. This testing
takes place before a borehole 1ls completed to its total

A cyllndrical hole made by drilling, especially one made by
cable tool rigs or one made to explore for valuable
minerals or to obtaln geologlc information. Synonymous
with borehole.
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drill-atem test
ductility
earthquake
ecogyatem
ecotone

effective porosity

Eh

elastic modulus
(modulus of
elasticity)

electrical
reslstivity

emplacemant

employment
multiplier

endangered species

engineered-
barrier system

environmental
assessment

A test of the productlve capaciiy of a well when it is
still full of drilling mud.

4 property of a solid material tlat undergoes more or less
plagtic deformation before it ri:tures.

A audden motion or trembling in -he earth caused by the
release of slowly accumulated s. -ain.

An ecologic system composed of »:ganisms and their
environment,

An ecological community of mixed vegetation formed by the
overlapping of adjoining ecologi« communities.

The amount of intercounected pore¢ space and fracture
openinga available for the transmission of fluids,
expregsed as the ratio of the volume of interconnected
pores and openings te the volume of rock.

The oxidation potential of a solution.

A constant expressing the ratio of the unit stress or
strain to the unit deformation of a material when
a stress or strain is exerted on the material.

The glactrical resistance per unit length of a unit
crogsa—sectional area of a material.

The act of emplacing radicactive waste, encapsulated in
diapoaal contalners, into a prepared liole.

A flgure based on the estimated ratic of the sum of
indirect and direct project employment to direct project
employment. It is multiplied by the expected project
employment to give total direct and indirect employment.

Any plant or animal species protected under Public

Law 93-205 that is in danger of extinction throughout all
or a significant portion of its range (other than species
of insecte determined to be pests).

The manmade components of a disposal system designed

to prevent the releagse of radionuclides from the under-
ground facllity or into the geohydrologic setting. It
includes the radiocactive waste form, radicactive-waste
containers, material placed over and around such
containers, any other components of the waste package, and
barriers used to seal penetrations in amnd into the
underground facility.

The document required by Section 112{(b){(1)(E) of the
Nuclear Waste Policy Act of 1982,
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environmental
impact
statement

eolian

ephemeral drainage

epicenter (of an
earthuquake)

Brg

erosion

egscarpment

evaluation

evaporite

exclusion area

expected

expected

repository
performance

8

The document required by Section 114 of the Nuclear Waste
Policy Act of 1982,

Pertaining to the wind; especiu.ly sald of sediment
deposition by the wind, of atrztures llke wind-formed
ripple marke, or of erosion ar omplished by the wind,

A stream or portion of a strean that flows briefly in
direct response to precipitat csn in the immediate vicinity
and 1s dry during some or moas$ °f the year. Its channel
1s at all times above the water table,

The point on the earth's surfa~2 directly above the
exact subsurface location of an earthquake.

A unit of energy or work equal to the work done by a force
of 1 dyne acting over a distance of 1 centimeter,

The wearing-away of soll and rock by weathering, mass
wagting, and the action of egtreams, glaclers, waves, wind,
and underground water.

A long, more or less continuous cliff or relatively steep
slope that was produced by erosion or faulting and faces
in one general direction, breaking the continuity of the
land by separating two level or gently sloplng surfaces.

The act of carefully examining the characteristics of a
site in relation to the requirements of the qualifying or
disqualifying conditions gpecified in the siting
guidelines. Evaluation includes the consideration of
favorable and potentially adverse conditions.

A sedimentary rock composed primarily of minerals from a
solution that became concentrated by avaporation,
especially salts deposited from a restricted or enclosed
body of seawater or from the water of a salt lake.

The area surrounding a nuclear facility in which the
licensee has the authority to control all activities,
including the exclusion or removal of personnel and
property from the area.

Agsumed to be probable or certain on the basis of existing
evidence and in the absence of significant evidence to the
contrary.

The manner in which the repository 1s predicted to
funetion, considering those conditions, processes, and
events that are likely to prevail or may occur during the
time period of interest. : o
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exploratory
shafts

extensometer

extraction ratio

extrusive

facies

fallout

(radiocactive)

far field

fault

fault block

fault escarpment
fault plane

fault scarp

fault system

faulting

favorable
condition

Excavations into the host rock to the depth of

the repository. The shafts will be large enough to allow
people and test equipment to be tranaported from the
surface to the underground exca 'itions.

An instrument used to measure s .rain.

The ratio of the amount of roeck -emoved t¢ the total
amount of rock available in a -iven area.

Igneous rock that has been erupt. 1 onto the surface of the
earth.

The aspect, appearance, and chaiuscteristics of & rock
unit, usually reflecting the corulitions of its origin,
especlally as differentiating thz rock unit from adjacent
or assoclated units.

Fiasion and activation products produced by the abave-
ground detonation of a nuclear device.

The portion of the geologic setting that liea beyond the
near field.

4 fracture or zone of fractures along which there has been
displacement of the sides relative to one another,
parallel to the fracture or zone of fractures.

4 gtructural unit of the earth's crust that is formed by
faulting and is bounded completely or in part by faults.
This structure behaves essentlally as a unit during
tectonic activity.

See "fault scarp."

The plane along which faulting has taken place.

The cliff or escarpment formed by a fault that reaches the
earth's surface.

A system consisting of two or more fault aets that were
formed at the same time.

The process of fracturing or displacement that produces
faults.,

A condition that, though not necessary to qualify a site,
is presumed, if present, to enhance confidence -that the

qualifying condition of a particular giting guideline can
be met. o
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teldepar

feldspathic
ferromagnesian
finding

finite-element
computer code

figsion (nuclear)
figsion product
flat~jack test

flooding potential

flood plain

fluvial
flux

focal-mechanism
solution

fold (geclogic)

A group of abundant rock-forming minerals of the general
formula MA1(Al,S1)30,, where M 1s potassium, sodium,
calciwn, barium, rubidium, strontium, or iron. Feldspars
are the most widaspread of any nineral group and
constitute 60 percent of the essth's crust.

Containing feldspar as a prine nal! constituent.
Containing iron and magnesiur.
A conclusinn that 1{s reached :f'er evaluation.

A computer code that uses the finite-element method.

The finlte-element method is a wethod of numerical
analysis that dividea a region of interest into discreet
elements and represents the behavior of the elements with
a set of slmultaneous equations. Solution of the set of
equations yields the behavior at dlscreet points within
the region of interest.

The division of the stomic nuclei into nuclides of lower
mass, accompanied by the emission of gamma rays, neutrons,
and significant energy.

A nuclide produced by the fission of a heavier element.

Testing apparatus uged for the determination of in situ
stregses or rock-mass deformability.

Areas susceptible to flooding by precipitation-, wind-,

or esarthquake-induced floods (d.e., floods resulting from

dam failure, river blockage or diversion, or distantly or

locally generated waves) are consldered to have a flooding
potential.

As defined in 10 CFR Part 60, the lowtand and relatively
flat areas adjoining inland and coastal waters, including
the flood-prone areas of offshore islands and, at a
minimum, the area theat 1s subject to & l-percent or
greater chance of flooding In any given year.

Of or pertaining to rivera; growing or living In a stream
or river; produced by the action of a stream or river.

Rate of flow over a surface (quantity per unit area per
unit time).

A double~coupie solution obtained by using the filrst

motion of arrival of P-waves at a particular seismic-
recording station.

A curve or bend of a planar structure such as rock strata
or bedding planes. A fold is usually a product of

deformation.
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fold belt

formation
(geologic)

fracture

fracture
permeability

fuel assembly

fuel
congolidation

fuel element

fuel rod

fuel
reprocessing

fugltive
emissions

fumarole

gamma radiation

An essentially linear reglon that has been subjected to
folding or deformation.

The basic rock-stratigraphic unit in the local clasgsi-
ficatlion of rocke. It coneists ¢f & body of rock
generally characterized by some dyyree of internal
lithologic homogeneity or distin. rive features.

A general term for any break or ¢ 'scontinuity in & rock
caused by mechanical failure re ul%ing from stress,
whether or not 1t causes displace “ent on either side large
enough to be vieible to the unaided eye., It may be a
joint, fault, or figsure caused by geologlcal or
mechanical proceses and can range ‘rom microscoplc to
macroscoplc and megascopic scales.

The capacity of a fracture for tranemitting a fluild;

it is the measure of the relativi ease of fluid flow under
unequal pressure,

An asgembly of nuclear-fuel rods. Algc called "fuel
element."

The removal of spent-fuel rode from an assembly and
repacking in a denser array to reduce the volume per
matric ton of fuel,

See "fuel assembly."

A long slender, cylindrical tube of stainless steel or
Zircaloy containing nuclear fuel 1in the form of uranium
oxide fuel pellets. Algo called 'fuel pin."

The process whereby spent fuel is dissolved, waste
materlals are removed, and reusable materials are
segregated for reusge.

Emissions of any pollutant, including fugitive dust,
that do not pass through a stack, chimmney, vent, or a
functionally equivalent opening and are generated by
activities necessary for the continued operation of the
source.

A vent, usually volcanle, from which gases and vapors are
emitted; it ls characterigtic of a late stage of volcanic
activity.

Electromagnetic icnizing radiation that 1is emitted during
some types of radicactive decay processes. Gamma
radiation can penetrate various thicknesses of abgorbed
material, depending mainly on the energy of the gamma ray
and the composition of the material, Gamma radiation 1s
mainly an external radiation hagard,
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general siting
guldelines

geochemistry

geochronology

geodetic s rvey

geoenglneering

geohydrologic
aetting

geohydrologic
system

geohydrologic
unit

geologic formation

geologic
repository

geologic-
rapoaltory
operations
area

See "slting guidelinesn."

The study of the distributlon ..:d amounts of the chemical
elements in minerals, ores, ro.«s8, moils, water, and the
atmosphere and the chemical in:eractions between these
phases.

The mtudy of time in relatior itip to the history of the
earth.

A gurvey of a large land area iw which account is taken of
the shape and size of the earth and corrections are made
for the earth's curvature,

The application of geologic data, principles, and
techniques to the atudy of naturally occurring rock and
solil materials or ground water for the purposa of ensuring
that geoleogle factors affecting the loeation, planning,
design, conetruction, opsration, and maintenance of
engineering structures and the development of ground-water
resources are properly recognized and adequately
interpreted, used, and presented for use in engineering
practice. :

The ayatem of hydrologle units that is located within
a glven geologlc setting.

The geohydrologic units within a geologic setting,
including any recharge, diescharge, interconnections
betwaan units, and any natural or man~induced processes or
evente that could affect ground-water flow within or among
those units.

An aquifer, a confining unit, or a combination of aquifers
and combining units that constitutes a framework for a
reagonably digtinct component of a geohydrologic system.

Any igneous, sedimentary, or metamorphic rock represented
as a unit in geologic mapping.

A system, requiring licensing by the Nuclear Regulatory
Commission, that is intended to be used, or may be used,
for the disposal of radicactive waste in excavated
geologic media. A geologic repoaitory includes (1) the
geologic-repository operations area and (2) the portion of
the geologlc setting that provides lasolation of the
radioactive waste and is located within the controlled
area; '

A radicactive-waste facility that 1s part of the geologic

s repogitoryy ineluding both surface and subaurface areaa

and facilitliea where waste-handling activities are
conducted.
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geologle setting The geologlc, hydrologic, and geuchemical systems of the
reglon in which a geologlic-repository operations area is
or may be located,

geologic system The host rock or host-rock unitg ind surrounding rocks
that provide radicnuclide containcent and isdlatilon.

geclogic time A system ¢of subdividing geologic :ime, usually
scale pregsented in the form of & char howing the names of the
various divisiong of time, stra iiraphy, or rock as
currently understood.

geomechandcs Tha brxanch of geology that deals with the responsc of
earth materials to deformational forces and embraces the
fundamentals of structural geology.

geomorphic Geologic processes that are responsible for the general
processes configuration of the earth's surface, including the
development of prepent iandfcorme and thelr relationships
to underlying structures, and processes that are
responsible for the geoclogic changes recorded by these
surface features.

geomorphology The branch of geology that deals with the general
vonflguration of the earth’s surface} specifically, the
study of the classification, description, nature, origin,
and developmant of landforma.

geophone See "seismometer.”
geophysical Partalning to the properties of the earth related to its
structure, composition, and development.
geophysical An area or restricted portion of lanformation derived from
anomaly a geophysical gurvey that ig different in appearance from

the general pattern of information.

geophysical log A graphic record of the measured or computed physieal
characterigtics cof the rock section encountered in a well,
plotted as a continuocus function of depth.

geophysical The use of one or more geophysical technlques, such as
survay earth current, electrical, gravity, magnetic, or seismic
surveys, to gather information on subgurface geology.

geosyncline A large, generally linear trough that deeply subsided over
a long period of time and in which a thick sequence of
stratified sediments accumulated.

geotechnical Pertaining to the application of geclentific methods and

engineering principles to the acquisition, interpretation,
and use of knowledge of tha materials of the earth's crust.
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geothermal
gradient

geotransport

gouge

gneiase

graben

granite

granite wash

grants equal
to taxes

gravity survey

Great Basin

ground magunetic
survey

ground motion

83:0:0 08

The rate of increase in temperature of the earth with
depth. The average geothermal pradient in the earth's
crust is approximately 25°C per “ilometer of depth.

Movement of radlonuclides throu;’s subsurfaca solls and
rocks, especially the movement :f radionuclidee in ground
water. Used in contrast ko "bi 'tranaport.”
The clay or clayay material L. .. fault zone. Also crushed
rock along a fault elip.

A foliated rock formed by regior.al metamorphism, in which
bands of granular materiale altornate wlith bands of
minerals with elengate prismat.c habit.

A usually elongated depression of the earth's crust
betweon two parallel faults.

A medium- to coarse-grained intrusive igneous rock
conslsting primarily of feldspsr and quartz.

A drillers' term for material eroded from ocutcrops of
granite rock and redeposited to form rock having
approximately the same major mineral constituents asg the
original rock.

Grants made by the Secretary of Energy to each State and
unit of general locel government in which a eite for a
repository ie approved equal to the amount esuch State and
unit of general local government, respectively, would
receive were they authorized to tax gite characterization
activities at such site, and the devolopment and operatlon
of such repesitory, as such State and unit of general
local government tax and other real property and indue-
trial activities occurring within such State and unit of
general local government.

Measurements of the earth's gravitational field at a
geries of different locationa. The purpos=z is to
asgociate gravitational variations with differences in the
distribution or densities of rock and hence rock types.

A subdivislon of the Basin and Range province, located in

southern Nevada in a broad desert region. The Yucca
Mountain site is in the Great Basin.

A determination of the magnetic field at the surface
of the sarth by means of ground-based ilnstruments.

The displacement of the ground due to the passage of

elastic waves arising from earthquakes, explosions,
selsmic shots, and the like.
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ground water

ground-water
basin

ground-water fiux

,ground-water
recharge rate

ground-water
residence time

ground-water
sources

ground-water
travel time

grout

guidelines
Gulf interior
region of the

Gulf Coastal
Plain

half-life

hanging wall

halite

Water that occurs beneath the water table in soils and in
geologic formations that are fully saturatad,

An underground structure with the character of a basin
with respect to the collection, 1:tention, and outflow of
water.

The rate of ground-water flow pe unit area of porous or
fractured medla, measured perpenu.cular to the direction
of flow.

The rate at which water 1s absorkt d by the ground and
later added to the zone of maturaulon.

The time that ground water remaius in an aquifer or
aqulfer system,

Aquifers that have been or could be economically developed
as sources of ground water in th- foreseeable future.

The time required for & unit volume of ground water

to travel between two locations. The travel time is the
length of the flow path divided by the velocity, where
velocity 1s the average ground-water flux passing through
the cross-sectional area of the geologic medium through
which flow occure, perpendicular to the directlon of flow,
divided by the effective porosity along the flow path. If
discrete segments of the flow path have different
hydrologic properties, the total travel time will be the
sum of the travel times for each discrete segment.

A mortar or cement-and-water mixture that is used to seal
the walls of boreholes and shafta.

See “giting guidelines."

A region in northeastern Texas, northern Louisliana, and
south-central Mississippli containing several hundred salt
domes. Also called the "Gulf Coastal salt-dome baain"™ or
simply the "Gulf interior region.' The Richton Dome site
is located in this region.

The time it takes for one-hslf of the radicactive atoms
initially present in a sample to decay. Each radionuclide
has a characteristic but constant half-life. {(See also
*hiological half-life.")

The overlying slde of a fault or other structure.

Rock salt, which consista of sodium chloride {NaCl).
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Hanford Site

head, hydraul'c

headframe

heat emiss ion

heavy metal

high-level
radicactive
waste

High Plains
aguifer

highly populated
area

historical
selsmicity

Holocene

Hooke's law

A DOF reservation covering nearly 600 rgquare miles in
gouth—-central Washington. A portion of this reservation
has been identified as a potentially acceptable site in
basalt and is called the "Han rd site"™ or the "reference
repository location.,"

See "hydraulic potential' or " hydraulic head.®

The steel or timber frame at t'.e top of & shaft that
supports the sheave or pulle fur the hoisting cables and
serves other purposes.

For the purpose of establishing waste-~package acceptance
criterla, the total amount of peat dissipated from a
package of radioactive waste.

All yranium, plutoniwn, or thorium placed lnto a nuclear
reactor,

The highly radioactive material resulting from the
reprocessing of spent nuclear fuel, including liquid waste
produced directly 1n reprocessing and any solid material
derived from such liquid waste that contains fission
preducts in sufficlent concentrations; other highly
radicactive material that the Nuclear Regulatory
Commission, consistent with existing law, determines by
rule to require permanent isolation.

An unconfined aquifer conpisting of the Ogallala Formatiom
and the Dockum Group., It is the uppermost of the three
major hydrogeologic units beneath the Southern High Plains.

Any incorporated place (recognized by the decennilal
reports of the U.S. Bureau of the Census) of 2,500 or more
persons, or any censvs—designated place (as defined and
delineated by the Bureau)} of 2,500 or more persons, unless
it -can be demonstrated that any such place has a lower
population density than the mean value for the continental
United Btates. Counties or county equivalents, whether
incorporated or not, are specifically excluded from the
definition of 'place'" as used herein.

Earthquakes that occurred during recorded history,
including those reported before the existence of
seismographs {preinstrumental) and those recorded by
seismographs {instrumental).

An epoch of the Quaternary Period, from the end of the
Pleistocene to the present.

In elastic deformation, the strain is linearly
proportional to the applied stress.



horizon

host rock

hot cell
hundred-year
storm

hydraulic
conductivity

hydraulic
gradient

hydraulic head

hydraulics

hydrogeologilc
unit

hydrograph

hydrologic
modeling

hydrologic process
hydrologic

properties

hydrologic regime

(1) In geology, a given definjte positior. or interval im
the stratigraphic column. (2) fn this document, a
gpecific underground level or elevation,

The rock 4in which the radioactiv: waste will be
emplaced; specifically, the geo! wlc materials that will
directly encompass and will be .3 close proximity to the
underground repository.

4 highly shieided compartment n which highly radicactive
material can be handled, general y by remote contrel.

A storm whose intensity 1a such., on a statlstical bhasis,
that it is expected to recur on.) once every 100 years.

The rate of water flow through a given cross section of
rock in a unit time under a unit hydraulic gradient
measured perpendicular to the direction of flow.
Synonymous with the ease of ground~water movement.

A change in the static pressure of ground water, expressed
in terms of the height of water above a datum per unit of
distance in a given direction.

The height above sea level to which a columm of water can
be supported by the static pressure at that point. The
total hydraulic head 1s the sum of elsvation head,
pressure head, and velocity head.

&n engineering discipline that deals with the statics and
dynamice of fluilds. .

Any soll or rock unit or subsurface zone that affects
the storage or movement of ground weter by its porosity or.
permeability.

A graph showing stage, flow, velocity, or other
characteristices of water with respect to time.

The process of using a mathematical representation of a
hydrologic system {as embodied in a cowputer code) to
predict the flow of ground water,

Any hydrologic phenomenon that exhibits a continuous
change in time, whether aslow or rapid.

The properties of a rock that govern the entrance of

water and the capacity to hoid, tranamit, and deliver
water, such as porosity, effectlve porosity, specific
retention, permeability, and the directions of maximum and
minimum permeabilities.

The distribution, characteriatics, and interrelationships
of the aqueous components of the geologic envirounment.
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hydrologic
transport

hydrology

hydrostatic
pressure

hydrostrati~

graphic —nit

hydrothermal

hydrothermal
alteration

hydrothermal
reactiona

hydrovolcanic

Hypalon

hypocenter

igneous activity

igneous rock

ilmenite

Transport of solutes through a geologic wedium caused
by the movement of ground water.

The study of global water and its properties, circulation,
and distribution, from the tim: it falls as rain water
until it is returned to the atuosephere through
evapotranapiration or flows inio the ocean.

The pressure exerted by the wi .er at any given point in
a body of water that is at rvs ..

A term used for a body of rock iaving considerable lateral
extent and composing & geologic frsmework for a reasonably
distinct hydrologle systam,

An adjective applied to heate¢ or hot solutions, to the
processes with which these solutione are associated, and
to the rocks, ore deposita, and alteration products
produced by these solutions.

Alteration of rocks or minerals by the reaction of heated
water with preexisting solid phases.

The reaction of materlals under aqueous conditions

at elevated temperatures and pressures, A component of
hydrothermal test mixtures is usually the host rock, but
such mixtures may contain any or all waste package
components.

Refers to explosive wolcanic activity which occurs when
magma or magme—-generated heat encounters surface waters or
ground water.

Brand name for an impermeable synthetic fabric
manufactured by DuPont.

The focus or gpecific point at which injitial rupture
occurs in an earthquake.

The emplacement (intrusion) of molten rock (magma) into
material in the earth's crust or the expulsion (intrusion)
of such material onto the earth's surface or into its
atmosphere or surface water.

A rock that solidified from molten or partly molten
material {i.e., from & magma). Igneous rock {s one of the
threa main classes into which rocks are divided, the

.otheras belng metamorphic rock and sedimentary rock.

An iron-black opaque rhombohedral mineral with

formula, FeTi0,. It is a common acceasory mineral in
basic igneous rocks and is also concentrated in mineral
sands. . ' . :
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immobilization

important to
safety

impoundment

indirect
employment
multiplier

indirect work
force

induration

in-migrants

in-migration
in-migration
model

in sltu

in situ stress

in situ tests

institutional
controls

Treatment or emplacement of wastes to impeide the movement
of their radionuclides.

The engineered structures, syetems, and componenta
eggontial to the preventlion or m!iigation of any accildent
that could result in a radiation .ioge to the whole body or
an organ of 0.5 rem or more at o1 nayond the nearest
boundary of the controlled area .- any time until the
completion of permanent closure.

The process of forming a lake o. pond by a dam, dike, or
other barrier; also, the body of -ater so formed.

Figure based on the eatimated ratio of project employment
to the local employment resulting from both the project
and project employees with their families purchasing goods
and services in the area. It is multiplied by the project
employment to give indirect employment growth.

People hired for jobs that are available because of the
repository location but not at its facilitles; for

example, jobs with repoaitory suppliera, town services, or
retail business.

The hardening of rock material by heat, pressure, or the
introduction of aome cementing material.

Workers and their familieg relocating permanently or
temporarily to the vicinity of the site. During
congtruction and operation, these workers and their
families are considered to be in-migrants for as long as
they are present.

Moving into a region or a community, especially as part of
a large-scale and continuing movement of population. -

‘The &nalytical or mathematical representation or

quantification of in-migration.

In its natural or original position. The phrase
distingulshes in-place experiments, rock properties, and
the like from those conducted or megsured in the

laboratory.

The magnitude and state of ground stress in a rock mass.
The inherent stress in a rock mass at depth.

Teats that are conducted with the subject material in ite
original place (i.e., at the repository site and depth).

-Adminigtrative controla, records, physical constraints,

and comblnations thereof that would limit intentional or
inadvertent human access to the waste emplaced in a
repository. :
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instrumental
selsmicity

intensity
{earthquake)

interbed

intercalatec

interatice

intrusive

inversion

ion exchange

ioniging
radlation

iaclation

igolation barrier

isopach

igopach map

isopleth

Earthquakes recorded on a selsmograph (an instrument
designed to detect and record earthquakea).

A measure of the effects of an earthquake on people, on
gatructures, and on the earth's nurface at a particular
location; quantified by a numer-c¢al value on the modified
Mercalli scale,

A bed of one kind of rock materinl, typically relatively
thin, occurring between or alt :riating with beds of
another kind.

Occurring betweea two rock layers or within a series of
layers.

An opening or space between rock materials or soil
particlaes.

Of or pertaining to the emplacewent of magma in preexisting
rook.

An atmospheric conditlon where a lower layer of cool air ia
trapped below an upper layer of warm air so that the

cooler air cannot rilse. Since inversions sapread air
horizontally, contamlinating substances cannot be widely
diasperaed.

A chemical reaction in which moblle ions from a solid are
axchanged for ions of like charge in a solution.

Any radiation displacing electrons from atoms or
molecules, thereby producing ions (e.g., alpha, beta, and
gamma radiation).

Inhibiting the transport of radioactive material so that

the amounts and concentrations of this material entering

the accessible environment will be kept within prescribed
limits.

The earth material around the underground disposal rooms;
it acta to prevent radioactivity from entering the

.biosphere,

A line on a map drawn through points of equal thicknesas of
a designated unit.

A map that shows the thickness of a geologic unit
throughout a geographic area by means of isopach lines at
regular intervals.

A general term for a line on a map or chart along which
all polnts have a numerically apecified constant or equal
value of any given variable, element, or quantity with
respect to space or time.
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izsotherm

doint

Ka

kinematic
analysis

Ldn

Leu

lacusatrine

Lahontan
latite

leachate

leaching

leakage

level 1

level 2

g1

- varying sound energy. : S

A line joining data points on a map or char: having the
same temperature. :

A purface of fracture or parting ir Tock, wichout
dleplacement; the surface is ofter a plane and may occur
with parallel joints to form a joint set.

See "diatribution coefficient.”

The analyeis of displacements an ' ctrainsj it is based on
geometric analyels plus A number c! assumptions regarding
the manner in which geometrical re¢ ationships serve to
‘indicate displacements.

Day-night equivalent sound level: 24-hour equivalent
sound levs] with a 10-dBA penalty applied for the njightime
hours (ll‘.) pcmo LO 7»8.."1,)-

Energy-equivalent sound level: the average of the time-

I

Pertaining to, produced by, or inhabiting a lake or lakes.

- Pertaining to a Plelstocene lake of the' Great Basin. Also

-:a glaeial stage: cortelative to' the Hiscbnsin (see also

. Myidconsin')..

“A-porpayritic extruslve rock: with nearly equal amounts:of:.

plaglioclase and potassium feldspar, little or no quarts, -
and a filnely crystalline groundmass.
A golution obtained by leachingi for example, water that
has percolated through scil containing soluble substances
and thus contains certain amounts of these substances in
solution.

-:The: diasclution of soluble rconstituente of a solid
material:(e.g., the waste to be emplaced in a repository)
by the actlon of percolating water or- chemicals.

- .Ground~water flow across or through a rock zone of low-
. .perméability. a

A spacific finding on a disgqualifying condition as

- degoribed. in. Appendix III of the siting guidelines. A -
level 1 finding means "the evidence does not support a
finding that the pite is disqualified.”

A specific finding on a diequalifying condition as o
deacribed in Appendix III of the siting guidelines. A
leval 2 finding means "the evidence supports a finding
that the dlte la not-diesqualifled on,the basis of that
evidence and is not likely to be disquaiified.'
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level 3

level 4

License
application

licensing

lignite

lineament

linear enargy
transfer

linear expansion

lithology

lithophysae

lithosphere

lithostatic
pressure

loess

composed .mainly of sand and gilt,

A specific finding on a qualifying condition as described
in Appendix III of the aiting grwidelines. A level 3
finding means ‘“'the evidence does not euppnrt a finding
that the site is not likely to weet tha qualifying
condition.”

A specific finding on a qualify ing conditlon as descrilbed
in Appendix III of the siting ; idelines. A level 4
finding means "the evidence s p;orts a finding that the
site meets the qualifying concfitzon and 1s likely to
continue to meet the qualifying ~ondition.®

An application for a license from the Nuclear Regulatory
Commisgion to construct a repoeitory.

The process of obtaining the permits and authorizations
required to site, construct, operate, close and
decommission a repository,

A brownlsh~black coal in which the alteratlion of vegetable
material has proceeded farther than In peat, but not so
far ag subbituminous coal.

A linear topographic feature of regional extent that is
believed to reflect crustal structure. Examples are fault
lines, aligned volcances, and straight stream courses.

A measure of the energy deposited per unit of path length.

The change in the length of a solid due to a change in
temperature. The coefficient of linear expansion is the
change in:a solid's unit length per 1 degree change in
temperature.

The study of rocks. Also the description of a rock on the
basis of such characteristics as structure, color, minezal
compbsition, grain gize, and arrangement of its component
parts. :

Hollow bubblelike structures in rocks; composed of
concentric shells of finely crystalline alkali feldspar,
quartz, and other materials,

- The solid part of the earth, including any ground water
- contained within it.

The confining pressure at depth in the crust of the
earth from the weight of the overlying rocks.

A homogenecus unstratified deposit of windblown dust



log

logging

low~-level
transuranic
waste

low-level waste

mafic

magma

magnetic survey

magnetometer

magnetite

magnetotelluric
method

magnitude

man-rem

800 0 8 |

A record that shows the character of rock being drilled,
the drilling process, the drilling toels used, mud weight
and condition, personnel on duty, and any pertinent or
unusual events occurring during th: drilling.

Recording observations, condition::, activities, or
measurements,

Ses "contact-handled transuranic vmste."

Radiocactive material that is not high-level radioactive
wagte, spent nuclear fuel, transiranic waste, or
by~product material as defined in Section 1la(2) of the
Atomlc Energy Act of 19534,

Said of an igneous rock composed chiefly of dark
ferromagnesian minerals.

Naturally occurring mobile rack wmaterial, generated within
the earth and capable of extrusion and intrusion, from
which igneous rocks are thought to have been derived
through sclidification and related processes.

A syrvey made with a magnetometer on the ground or im the
airy it reveals local variations in the intensity of the
magnetic field. .

Instrument that measurea the earth's magnetic field or the
magnetic field of a particular rock.

A black, isometric, strongly magnetic, opaque mineral, it
constitutea an important ore of iron and is very common
and widely distributed in rocka of all types.

A geophysical surveying method that measures the natural
electric and megnetic fields. of the earth.

The measure of the atrength of an earthquakej related to
the energy released in the form of selsmic waves.
Magnitude is quantified by a numerical value on the
Richter scals.

The unit of population dose. It is obtained by
multiplying the average dose egquivalent to a given organ
or tissue (measured in rem) by the number of persons {n a

,population.
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maximally exposad
individual

maximum credible
earthquake

maximum drawdown
maximum individual

dose

maximum
permiasible
concentration

member of

the public

Mercalll intensity

mesostasis

Meaozoic

metamorphic rock -

A hypothetical person who is exposed to a release of radio-
activity in such a way that he recelves the maximum
possible individual radiation dovse or dose commitment.

For instance, if the release li a puff of contaminated

air, the maximally exposed ind» ridual is a person at the
point of the largest ground~lew:i concentration and stays
there durilng the whole time tt contaminated-air cloud
remalns above. This term is n.. meant to imply that there
really 1s such a persony 1t i- ised only te indicate the
maXimum eXposure a person cou d receive.

The strongest earthquake that, considering the earthquake
history and the tectonic setting of a place, could be
reasonably expectaed to occur during the preciosure and
postclosures phases of a repository.

The greateat lowering of the water table or potentiometric
surface cauaad by pumping (or artesfan flow),

The highest radiation dose delivered to the whele body or
to an. organ that a person can receive from a release of
radioactivity. The hypothetical person who receives this
dose, the maximally exposed indilvidual, is one whoae
location, activities, and habits maximize the dose.

The average concentration of a radionueclide in air or water
to which a worker or member of the general population

may be continuously exposed wilthout exceeding regulatory
iimits on external or internal radiation doses.

Any individual who is nct engaged in operations involving
the management, storage, and disposal of radicactive
waste., A worker 5o engaged 1s s member of the public

iexcept when on duty at the geologlc-repository operations

area.

A scale for measuring earthquéka intensity in terms of the
effects perceived by psacple.

. The last~formed intergtitial material of an igneous rock. -

. An era of geologic time, from the end of the Paleozoic to

the beginning of the Cenczolc, or from about 225 million
to about 65 million years ago.

All vocka that were formed in the -soldid state in response

: tb pronounced changes in temperature, presgure, and

chemical environment--changes that take place, in general,
below the surface zones of weathering and cementation.



me tamorphism

(geologic)

metasedimentary

meteorological
menitoring
station

mica

microearthquake

millidarcy

millirem

mlned gzologic
disposal rystem

mineral

mineralogy

Miocene

mitigation

mixing height
(or depth)

The mineralogical, chemical, and structurzl adjustment of
solid rocks to physical and chemical conditions imposed at
depth below the gurface zones of weathering and
cementation, which differ from the conditicns under which
the rocke originated.

Sedimentary rocks altered by the affects of heat or
pressure or both,

A tower containing instruments ‘o measure wind speed,
wind direction, temperature at .ifferent heights, dew
point, etc. :

A group of minerals consisting of complex silicates with
perfect basal cleavage; they spli. into thin elastic
laminae and range from colorless to black.

An earthquake that {8 not felt or has a magnitude of less
than 3 on the'Richtar scale. . Alyo called "microseism."

A unit of measurement of fluid permeab1lity equivalent to
0.001 darcy. - - .

1 millirem is 1/1,000 of a. rem, -

Sea "repeository system.!

A naturally occurring inorganic element or compound with
an orderly Internal structure and a characterisgtic
chemical composition, crystal form, and physical
properties.

The study of minerals. Also the formation, occurrence,
properties, and composition of the minerals that make up a

rock..

An epoch of geologic time in the Tertiary Perlod, after

the Oligocene Epoch and before the Pliocene Epoch,

-(l) Avoiding the impacc altogether by not taking a certain

action or parts of an action. (2) Minimizing impacts by
limiting the degree or magnitude of the action and its
implementation. (3) Rectifying the impact by repairing,
rehabilitating, or restoring the affected environment,.

(4) Reducing or eliminating the impact over time by
preservation and maintenance operations during the life of
the action. (5) Compensating for the impact by replacing .
or providing substitute resources or environments.

The height above the eurface of the earth defining a

-layer where vigorous vertical mixing of air occurs; this

mixing layer represente the vertical extent to which
pollutante can be mixed in the atmosphere.
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modal analiygia

model

modeling,
hydrologic

monitoring

modified
Mercallil mcale

modulus of
deformation

modulus of
elapticity

monoltlthic
structure

moraine

mordenite

morphology
muck
mudstone

multibarrier
systemn

The analysis of the actual mineral compnsition of a rock,
usually expressed in weight or volume percentage. See
“conceptual model,” "tectonic smodel.”

A conceptual description and tii: asgociated mathematical
representation of a system, co:isaient, or condition., It
1s uaed to predict changes in " gystem, component, or
condition in response to inter. :1 or external stimuli as
well ag changes over time and s .ace. An example 18 a
hydrologic model to predict g.»und-water travel or
radionuclide transport from the aste-emplacement area to
the accessible envircnment.

See 'hydrologic modeling.*

Routine measuring of the quantity and type of radionuclide
releases from a waste-managemeni, facility or measuring of
the changes in the physical, chemical, or biloclegical
characteristics of the site and the surrounding area.

An earthquake-intensity scale with 12 divisions ranging
from I (not felt by people) to XII (damage nearly total);
commonly abbreviated MM.

A term used for materisls that deform in & manner other
than according to Hooke's law} also called "modulus of
elasticity" (see "Hooke's law"},

- See "elastic modulus.™

A structure formed or composed of rock material
without joints or seams.

A mound, ridge, or other accumulation of unsorted,
unstratified rock material left at the margins of a
retreating glacier.

One of the zeolite minerala which generally has a
sodium-rich composition and 1s frequently associated with
clinoptilolite, having essentially the same occurrence.
The study of topographic features; the form of land.

Broken rock that resulta from mining.

A dark-gray, fine-grained shale that decomposes into mud
when exposed to the atmoaphere.

A system of natural and engineered barriers, operating
independently or relatively. independently, that acte to
contain and isolate the weate.
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multiwell aquifar
teati

natural backgrou:d
radiation

natural barrier

natural gamma log

natural syatem

near fileld

neutron log

nevtron probe

Nevada Test Site

noble gases

nonconformity

nonradiological
risk

normal fault

A teat to determine an aquifer's capacity; 1t invelves
adding or withdrawing measured quantities from more than
one well and measuring the resulting changes in hydraulice
head.

See "background radiation."

The phyaical, mechanical, chemi:. 1, and hydrologic
characterlatica of the geologi:. (avironment that,
individually and collectively, i1t to minimize or preclude
radionuclide traansport.

A log of the natural radicactivity of the rocks traversed
in a borehole obtalned by measuriang naturally emitted
gamma rays.

A host rock suitable for repository congtruction and waste
emplacement and the surrounding rock formations. Includes
natural barrlers that provide containment and isolation by
limiting radionuclide tranaport through the geohydrologic
environment to the biosphere and provides conditiona that
will minimize the potential for human interference in the
future.

The reglon where the natural geohydreloglc system has been
gsignificantly perturbed by the excavation of the
repository and the emplacement .of the waste.

A radicactivity log that measures the intensity of
neutrons or gamma rays produced when rocks around a
borehole are bombarded by neutrons from a synthetic sourcse.

A probe used to measure the intensity of radiation for a
neutron log.

An area in Clark and Nye Countles in southern Nevada;
it is dedicated to the underground testing of nuclear
weapons.

A group of gaseg that includes helium, neon, argon,
krypton, xenon, and sometimes radon. Also known as lnert
gases, these gaseps have great stability and extremely low
reaction rates.

An unconformity in which stratified rocks above the
surface rest on unatratified, older rocks.

A risk from sources other than exposure to radiation.

A fault in which the hanging wall appears to have moved
downward relative to the footwall. The angle of the fault

is usually 45 to 90 degrees.
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occupational dose

operational pha.a
orogenic

outcrop
overburdan

overcoring

overthrust

oxidation-
reduction
reaction

packaga

packer

packer-injection
tests

paleoclimate:
paleoecology

palechydrology

paleomagnetism

- mass..

The radiation dose received by & parson in a regtric¢ted
araa or in performing work dutioa involv .Ng exposure Lo
radiation. . ;

The period of time from the rec:ipt of the first waste at
the site of the repository to c.vsure and decommissidning.

0f or pertaining to the process »f mountain formation,
eapecially by folding of the ealth‘s crust,

The part of a geologic formati.c or: structure that appears
at the surface of the earth.

Locse soll, sand, gravel, or other unconsolidated material -
that overlies bedrock. : :

A process that determines stress components in a rock

The process conaists of rilling a small-dlameter
borehole and inserting deformat.on-seneing devices. A
larger heole .18 then drilled concentrically with the first
holia, which relieves the stress in the rock cylinder. The
measured deformations are related to .gtresses through
elastic ralationships.

A low-angle thrust fault of a large scale, with

:dieplacomant genarally measured in kllometers.

ooy chemioal reaction in which ong or more electrons are

transferred between two or more chemical congtituents of

-%the ‘Byatem. '

Sy

-See "wagte package."

A device used in drilled holes to isolate one part of a
borehole from another in order to carry out studies of
particular formations or parts thereof.

‘A geries of tests whereby a liguid (usually water) or gas

is injected into a sealed off or isolated portion of a
borehole or well to obtain data on formation permeability,

fracture flow, and the like.

A climate of the geologic past.

The study of the relationship between ancient organlsms
and their environment.

The study of ancient hydrologic features preserved in rock.

The study of the natural remnant magnetization of the
earth to determine the intensity and direction of the

-earth 5 magnetio field in: the geologit paat.
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paleontology

paleosol

Palsozoic

paludal

palynology

panel

Paradox Basin

partlculates

Pasco Basin

passive
institutional
controls

pathway

pedology

perched ground
water

percolate

The astudy of life of the geologic past based on foassilized
plant and animal remains,

A buried soil of the geologic pas’.

The era of geologic time, from th2 end of the Precambrian
to the beginning of the Mesozoic vr from about 570 million
to 225 million years ago.

Pertaining to a marsh or gwamp.

The study of spores, pollen, and .:lcroorganisms that occur
in sediments.

A colleetion of underground rooms connected by & common
access and common ventilation corridors.

A 25,900-gquare-kilometer (10,00)~aquare-mile) area in
southeastern Utah and southwastern Colorado; it is
underlain by bedded salt and a series of salt~-core
antliclines, The Davis Canyon site is in the Paradox
Basin,

Flnely divided particles suspended in a gaseous medium,
guch as duat In air,

A structural and topographic basin in the western Columbia
Plateau. The Hanford §ite and the reference repoaltory
location are in the Paaco Basin.

(1) Permanent markers placed at a disposal site,

(2) Public records or archives. (3) Federal Government
ownarship or control of land use. {4) Other methods of
preserving knowledge sbout the location, design, or
contents of a disposal system.

Ac related to waste disposal, possible or potential routes
by which wastes might reach the acceeslble environment.

The study of the morphology, origin, and classification of
ecile.

Unconfined ground water separated from an underlying
body of ground water by an unsaturated zone- Perched
ground water is supported by a perching bed whose
permeabllity 1a ao low that water percclating downward
through it is not able to bring water in the underlying
unsaturated zone above atmospheric pressure.

In hydrology, the passage of a liquid through a porous
substance; e.g., the movement of water, under hydrostatic
pressure developed naturally underground, through the
interstices and pores of the rock or soil; i.,e., the alow
seepage of water through solls or porous deposits.
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performance
assessment

performance
confirmation

performance
criterion

perlglacial

permanent closure

permeabilicy

Permian Basin

permigsible dose

patrography

petrology

pH

phenocryst
phoaphatic rock

ptiotogrammetry

Any analysis that predicts the behavior of a system

or eystem component undar a given get of constant or
transient conditions. ¥For the repoaitory, such an
analysis identifies the events and processes that might
affect the disposal system, exurines their effects on its
barriers, and estimates the prehabilities and consequences
of the events.

A program of test, experiments, and analyses required by
the Nuclear Regulatory Commis: i and conducted to
evaluate the accuracy and adegu cy of the information used
to determine reasonable assuranc: that the postclosure
performance objectives can be met.

A criterion estalblighing qualitarive operational, safety,
or environmental limits.

Partaining to the areas, conditlons, processes, and
deposits marginal to an ice shest or glacier.

See "closure."

The capacity of a medium like rock, sediment, or soil to
transmit ground water. Permeability depends on the size
and shape of the pores in the medium and the manner in
which the pores are interconnected.

A region in the Central United States where, during
Permian time 280 to 225 million years ago, there were many
shallow seas that laid down vast beds of salt and other
evaporites. The Deaf Smith site is in the Permian Baain.

That dcse of ionizing radiation that, in light of present
knowledge, carries negligible probability of causing a
severe gsomatic injury or a genetic effect.

The branch of geology that deals with the description and

. aystematic clagaification of rocks, especlally igneous and

meiamorphic rocke and especially by the microscopic
examination of thin sections.

The branch of geology that deale with the origin,
occurrence, structure, and history of rocks.

A measure of the acidity or alkalinity of a solution.

A term applied toc any large, consplcuous crystal in an
igneous rock. : :

Any rock that contains one or more phosphatic minerals,

:eapecially apablte.

The science and art of cbtaining reliable measurements
from photographs. R
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physilography

physiographic
province

plezometer

plezometric
gurfaca

pillar

plasticity

plate bearing test

platform

plays

Pleistocene

Plioccene

plug (geologic)

plug {shaft
or borehole)

The descriptive study of landforms as oppcsed to
goeomorphology, which is the interpretive study of land
forms.

A reglon in which all parts are rimilar in geologic
structure and climate and which ¢nmsequently had a unified
geomorphic history.

A tube or pipe in which the elevarion of water level can
be determined. A plezomater mu t he pealed along its
length, and it must be open to wa'.er flow at the bottom
and to the atmosphere at the tap.

See "potentiometric surface."

A solld mass of rock left standing to support a mine roof.

The property of a material that esables it te undergo.
pernanent deformation without appreciable volume change or
elastic rebound without rupture,

A procedura performed in small tunnels or adits to
measure the deformation characteristica of a rock mass.

‘A general term for any level or nearly level surface under

water.

The .owest cantral portion of an arid basin that is dry

and totally barren most of the time, but is occasionally
flooded. Clay and silt are the principal comstituents,
often resulting from lakes formed in Pleistocene time.

The first epoch before the Holocene of the Quaternary
Period.

The latest epoch of geologic time in the Tertiary Péribd;
preceded by the Miocene Epoch and followed by the
Pleistocene Epoch.

(1} The vertical pipe-like magnetic body representing the
conduit of a former volcanic vent, (2) A crater filling
of lava, the surrounding material of which has been
removed by erosion. (3) A mass of clay, aand, or other
sediment filling the part of a stream channel abandoned by
the formation of a cutoff.

A watertight seal in a ehaft formed by.removing the
lining and inserting a concrete and/or metal dam, or by
placing a plug of clay over ordinary debrls used to fill
the shaft.up to the location of the plug.

Gr43

2 0'N 0 8 1t 3 1



pluvial

point source

poison

Poisson's ratio

populatlion center

population dose

pore

porosity

porosity log

porphyritic

postclosure

potable water

potentially
acceptable site

potentially
adverse
condition

Sald of a geologic epimode, change, process, deposit, or
feature resulting from the action or effects of rain,
Almgo said of a climate characterized by reiatively high
amounts of precipitation, More kroadly, pertaining to
rain or other form of precipitat:-mn.

A source of effluents small enonzh to be treated as if 1t
were a point.

Any material that hae a high nv uuon-absorption croes
section and, by absorbing neutr.s s unproductively, removes
them from the fission chaln reac'ion, thus decreasing the
radioactivity,

The ratio of the lateral unit strain to the longitudinal
unit straln in a body that has been stressed longitudinally
within ite elastic limit.

A densely populated area of 25,000 or more inhahltants.

The sum of the radiation deses received by the individual
members of a population expnsed to a particular source or
event. It is expressed in units of man-rem.

Any small open space, generally one that admits the
passage or absorption of liguild, within the rock or soill.

The ratio of the total volume of interstices in rock or
soll Lo its total volume, usually expressed as a
percentage.

A record of pore volume per unit volume of formationj; it
is made from a sonic log, density log, neutron log, or

‘registivity log.

A texture of igneous rock In which large crystals are set
in a finer groundmass that may be crystalline or glassy or
both.

Of or pertailning to the time, conditions, or events after
the closure of the repository.

Water that is safe and palatable for human usze,

Any slte at which, after geoclogic studies and field
mapping but before detailed geologic data gathering, the
DOE undertakes preliminary drilling and geophysical
tepting for the definition of site location.

4 condition that 1s presumed to detract from expected
eystem’ performance unless further evaluation, additional
data, or the identification of compensating or mitigating
factors indicates that its effect on the expected
performance of the repcsitcory system is acceptable.
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potentlally
digruptive
procegdes and
eventsa

potentiometric
gurface

Precambrian

preclpitation
(geochemical)

precloaure
preasurized

water reactor

pre~waste-
emplacement

primary sector

prime farmland

probable maximun
flood

probable maximum
precipitation

protected area

a.n N

Natural processes and events or processes and eventa
initiated by human activitles, aftecting tte geologle
setting that are judged to be reasomably uniikely during
the period over which the intended performance objective
must be achieved, but are neverth:leess sufficilently
credible to warrant comsideration.

The surface to which water from : given aquifer willl

rise by hydrostatlc prassure., Th'e surface is usually
represented as a contour map in which each point tells how
high the water would rlse in a wa'l tapping that aquifer
at that point,

All geologlc tlme, and ites corrésponding rocks, that
aelapsad before the beginning of the Paleozolc era (the
Paleozoic era began about 570 million years ago).

The process by which mineral constituents are separdated
from magma or from a solutlon by evaporation to form

igneous rocks.

0f or pertaining to the time, activities, operations, and
conditions before and during the closure of the repository.

A nuclear reactor that ures pressurized water to generate

: elsotricity; . "

Of or pertalning to geologlc conditiona before waste
emplacement.

The businesees that predominantly sell their goods and
gervices to individuals and buainesses outside the 1oca1
economy. (Bee "secondary sector.') :

Land with the best physical and chemical characteristics
for producing agricultural crops with minimum use of fuel,
fertilizers, pesticides, and labor and without intolerable
soll erosion, as determined by the Secretary of
Agriculture pursuant to the Farmland Protection Policy Act
of 1982 (Public Law 97-98). Prime farmland includes land
that has these characteristics and is being used to
produce livestock and timber, but 1t excludes land already
in, or committed to, urban development or water storage.

A statistical representation of the greatest flood
expected ever to occur at a specifie location.

A statistical representation of the most prec1pitat10n s
that can reasonably be expected in a glven area., ' !

An area encompassed by physical barriers and to which
personnel access 1ls controlled.
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protected specien

pumice

pyroclast

quadrangle
{geologlc)

qualified site

qualifying
caondition

quality assurance

guallity control

quartz

quartzite

Quaternary faults

GQuaternary Period

rad

radiation
(ionizing)

Flants and animals officlally listed by the U.S, Figh and
Wildlife Service., S8pecies iistad by the States asg rare,
threatened, or endangered are nct Included unless they are
also on the Federal list.

A light-colored, cellular, glassy rock commonly having the
composition of rhyolite.

An individual particle ejacted .uring a volcanic eruption.

A tract of country represente¢ iy one of a series of map
shieets published by the U.S. Cui oglcal Survey.

A& site that, having been characterized, is cansidered to
be technically guitable for a r:ipository.

A condition that must he satisfied for a site to be
considered acceptable with respect to a specific siting
guideline.

All the planned and systematic actions necessary to
provide adequate confidence that & structure, system, or
component is constructed to plans and specifications and
will perform satisfactorily.

Quality-assurance actions that provide 2 meana to control
and measure the characterisetica of an item, process, or
facility to esteblished requirements.

Cryatalline silica ($i0:); an important rock-forming
mineral,

A metamorphic rock conelsting mainly of quartz graing of
equal gize, formed by the recrystallization of sandstone
by regional or thermal metamorphiam,

Faults that formed or experienced movement during the
Quaternary Perlod.

The second part of the Cenozoic Era (after the Tertiary),
beginning about 1.8 million years ago and extending to the
pregent.

The bagic unit of the absorbed dose of ionizing
radiation. A dose of 1 rad equals the absorption of 100
ergs of radiatlon energy per gram of absorbing material.

Partieles and electromagnetic energy emitted by nuclear
transformations that are capable of producing ions when
interacting with matter; gamma rays and alpha and beta
partinles are primary exsmpleg.
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radiation zone

radiocactive
decay

radioacrive
material

radioactive
waste

radiological risk

radiolysis

radiometric
dating

radionuclide

radionuclide
retardation

rain shadow

reasonably
achievable

rensonably
avallable
technology

reasonably
foreseeable
releases

An area that contains radioactive materials or radiation
fleld in quantities significant encugh to require the
control of personnel entry to the area.

See "decay."

In general, any material that sp.antaneously emits
nuclear particles or rays from tlu nuclel of its atoms.

High~level radiocactive waste, sp¢ t nuclear fuel, and other
radiocactive materials that are ve.eived for emplacement in
a geologle reporitory.

A risk derived from exposure to radiocactive materials.

The decomposition (splitting) of a chemical molecule
(often the water molecule) by exvwosure to radiation.

The calculation of the age of a material by a method that
is based on the decay of radionuclides that occur in the
material,

An unstable radioactive isotope that decays toward a
stable state at a characteristic rate by the emission of
ionizing radiation.

The process or processes that cause the time required

for a given radionuclide to move between two locations to
be greater than the ground-water—travel time because of
physical and chemical interactiona between the
radlonuclide and the geohydrologic unit through which the
radionuclide travels.

A very dry reglon on the lee side of a topographic
obstacle, usually a mountain range, where the rainfall is
noticeably less than that on the windward side.

Mitigation measures or courses of action shown to be
reasonable considering the costs and benefite in
accordance with the National Environmental Policy Act of
1969. (See "as low as reascnably achievable.")
Technology which existr and has been demonatrated, or for
which the results of any requisite development,
demongtration, or confirmatory testing efforts before
application will be available within the required time
periods.

Releasea of radioactive wastea tr the accessible
environment that are estimated to have more than omne
chance in 100 of occurring within 10,000 years.
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recharge
(hydrologic:

recharge areca

redox

reduyction
(chemical )

redundant
egquipment
or system

regulated area

regulatory agency

regulatory guide

relative porosity

release limit

rem

remotely handled
transuranic
waste

repository

repcogitory
closure

8D

The process by which water is absorbed and added ta the
zone of saturation, elther directly intp a geologic
formation, indirectly by way of another Formation, or
indirectly through unconsolide.ed sedimeuts.

In ground-water hydrology, the oirea where surface water
enterg an aquifer.

See "oxldation-reduction rea-~t’'on,"
te of an element or

A decrease Iin the oxidation g
ohemical compound.

Any plece of equipment or any svstem that duplicates

the essential function of any other piece of equipment or
system and can perform the entire function regardless of
the operating state of the other.

An area to which access is limited or controlled.

The government agency responsible for regulating

the use of sources of radlation or radloactive materials
or emigslons and responsible for enforcing compliance with
such regulations. .

One of n serles of officlal Nuclear Regulatory Commission
guides prescribing standards and recommendations for
nuclear facilitijes. :

The ratio of the aggregate volume of intersticesg in &
rock or soll to its total volume. It is ususlly stated as
a percentage.

4 regulatory limit on the concentration or amount of radio-
active material released to the environmuent; usually
expressed aa a4 radiation dose.

A unit dose of {ionizing radiation that bas the same
bioclogical effect as 1 roentgen of x-rays; 1 rem
approximately equals 1 rad for x~, gamms, or beta
radiation. Thus, a rem is a unit of individual dose that
allows a comparison of the effects of various radiation
types as well as quantities,

Transuranic waste that requires shielding in addition
to that provided by its contalner in oxder to protect
people nearby,

See "geologlc repository.

Bee. "closure,*
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repoaitory
construction

repository horizon

repoaltory
operation

repository
support
facilities

repository system

reprocesaing

residual
saturation

residual
uncertainty

restricted area

retention pond

retrievabhility

retrieval

reverse fault

* N

All excavation and minlag activities assuciated with the
condtructlon of ghafts, shaft statlons, rooms, and
nacessary openings in the underground facility,
preparatory to radiocactiva-wagta emplacement, as well as
the construction of necessary g:. face facilities, but
excluding site-characterization cetivities,

The horizontal plane within the host rock where the
location of the repoaitory is g anned,

All of the functions at the gl« leading to and

involving radicactive~waste empi.icement in the underground
repository, including receiving, trangporting, handling,
emplacing, and, if necessary, r#trieving the waste.

All permanent facilitles constructed to support site
characterization and repositary construction, operation,
and closure, Including surface structures, utility lines,
roads, rallroads, but excluding the underground repositeory.

The geocloglc setting at the gite, the waste package, and
the reposltory, all acting together to.rontain and igolate .
the waste.

See "fuel reprocessing.'

The minimum saturation that occurs due to gravitational
forces slone in the abaence of recharge.

Those inherent uncertainties in data, modeling, and
assumad future conditlons that cannot be eliminated.

Any area to which access 1s controlled by the DOE for
purposes of protecting of individuals from exposure to
radiation and radiocactive materials before repoaltory
closure, but not Including any areae used as residential
quarters, although a separate room or rooms in a
reaidential building may be set apart as a restricted area.

An earthen structure designed to hold stormwater runoff;
sometimes used to mean an evaporation pond.

The capability to remove waste from its place of igolation
in accordance with preestablished criteria for the method

and the rate of removal.

The act of intentionally removing radigactive waste before
repository closure from the underground location at which

the waste had been previously emplaced for disposal.

A fauLt in which the hanging wall appears to have moved
upward relative to the footwall.
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rhyolitic

Richter magnitude

Richter acele

rift {geologic)

right-lateral
fault

right-lateral
offzet

riparian

rigk

rock bolt

rock burst

rock-mags quality

room—and-pillar
mining

rubble

Characteristic of a group of extrusive igneous rocks,
generally porphyritic and exhibiting flow texture with
cryatals of quartz and alkali faoldepar in a glassy to
cryptocryatalline groundmass (-~ yolite},

See "Richter scale."
A scale for measuring the ener

earthquake. It was devised i~
C. F. Richter,

+ releaged by an
“935 by the seismologist

A long, narrow trough of regione! extent, bounded by normal
faults, often aesociated with volicaniem,

A fault, the dlaplacement of which I{s right-lateral
separation. In plan view, the spparent movement of the
alde opposite the obscrver is ¢ the right.

See ''right-lateral fault."

Relating to or living or loceted on the hank of a natural
water course {e.g., a river). :

The product of the probability and the consequences of am
event,

A bar, usually constructed of steel, that is anchored into
predrilled holes in rock as a support device.

A sudden yielding that occurs when & volume of roek ig
strained beyond {te elastic limit and the accompanying
failure is such that the accumulated energy is released
instantansously. A rock burst can vary from the splitting
off of small slabs of rock from a mine wall to the
collapse of large plllers, roofs, or other massive parte
of a mine.

A description of the physical characteristics and
mechanical behevior of the rock mass. Rock-mass gquality
clamgifications are applied empirically to estimate
requirements for underground-excavation support and
mechanical properties like the strengbh and deformation
modulua of the rock nass.

A system of mining in which the rock is mined in rooms
separated by pillars of undisturbed rock left for roof
support. -

Loose, unconsolidated rock conaisting mostly of large,

angular rocks intermixed with a amhll amount of koil or
earthy materdial. ' oy
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rulemaking

galt

salt creep

sandgtone

saturated zone

gcabland

scaling

gcanning-
transmiesion
alectron
microscope

scarification

scenario

scenario analysis

scouring

gcreening

geal

gecondary
compresgion

secondary sector

Process of formulating specific regulaticns governing a
particular matter,

The common mineral sodium chloride (NaCl) and any
impurities in it,

See "creep,"

Variously colored sedimentary r¢oi composed mainly of
sandlike quartz graing cementec iy lime, silica, or other
materials,

That part of the earth’s crust be.eath the water table in
which all voids, large and small, are ideally filled with
water under pressure greater thes atmespheric.

An elevated area, underiain by fiat-lying basalt flows,
with a thin soil cover and sparsge vegetation that is
crogaed by coulees.

The removal of locoee rock from & néwly blasted wall or
roof.

A type of electron microscope that scans with an.
extremely narrow beam of electrone transmitted through the
pample; the detection apparatus produces an image whose
brightness depends on the atomic number of the aample.

The process of breaking up and 1obsen1ng the surface of a
material.

A particular chain of hypothetical ¢ircumetances often
used in performance analysis to model poseible events.

Analytical process that attempta to quantify the
probabilities and consequences of a postulated sequence of
events.

Erogion, especially by moving water.

The process of evaluating an area on the hasis of criteria
or guidelines to identify places that best fulfill the
criteria or guidelines,

An engineered barrier to prevent radionuclide migration or
the intrusion of undesirable substances.

The reduction in volume of sedimﬂnts:under constant
prassure that results from changes in the internal
structure of the sediments.

The sectors of the economy that serve lpcal residents and
businegsaa., (See "primary saector.")
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sedimentary rock

peismic

seismle reflection
line

seismic refisction
survey

seismic refraction
survey

seismic survey

seismicity

seismometer

shaft

shaft liner

shaft pillar

shaft seal syatem

q 0 0

Rock fcrmed of sediment, especially (a} clastic rocks
(e.g., conglomerates, sandstone, and shales) formed of
fragments of other rock transported from their scurces and
deposited in water and (b) rocks formed by precipitation
from solution {e.g., rock salt and gypsum} or from the
secretions of organisms (e.g,, riet limestones).

Pertaining to, characteristic o~
earthquakes or earth vihrations

, or produced by

A line on the earth's surface ilung which a seismic
reflection survey is conducted.

A survey based on measurement of the travel times of waves
that originate from an artificlslly produced disturbance
and are reflected back to the surface at nearly vertical
incidence from boundaries separpting media of different
elastic-wave velocities.

A gurvey based on the measurement of the travel times of
seismic waveeg that have moved nearly parallel to the
bedding in high-velocity layers.

Seismlic data gathered from mu area.

The occurrence of earthquakes or the spatial distribution.
of earthquake activity. Also the phenomenon of earth -
movement.

An Instrument that receives seismic impulses and converts
them into electrical voltage or otherwise makes them
evident., Also known as a geophone,

With regard to a geologic repusitory, the penetration of
the natural isolation barrier to provide access to
subsurface facility; it is usually of limited cross-
sectional area compared to its depth. A more common
definition is a manmade hole, either vertical or steeply
inclined, that connects the surface with the underground
workings of a mine or excavation. The difference between
a ghaft and a borehole is primarily in size and use,

A gtructural lining usually made of steel, concrete, or
timber that provides safe rock support and aids in
preventing ground water ftrom entering the shaft,

An undisturbed buffer zone aurrounding a shaft of
sufficlent area, 8o that any possible subsidence in nearby
mined areas will not disturb the integrity of the shaft
facility.

The devices, mechanlsms, or materials used or emplaced.
between the shaft liner and the rock wall during operation
or shaft closure to retard the flow of liquld or gas.
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shaft station

shale

shear

shear resistance

shear zone

sheave

shleld rocks

shielding

shipping cask

sholkcrete

shrub=-steppe

A horlizontally excavated opening of a shaft at a desirad
depth.

A fine-grained detrital sedimentary rock formed by the
compacticn of clay, silt, or mu!,

(1) A strain that causes countigisus parts of a body to
ellde ralative to each other In . direction parallel to
thair plane of contact. (2) Suifaces and zones of failure
by shear or surfaces along whi: differential movement has
taken place.’

The internal resiatance of & body to shear stress,
typically including a frictional part and a part
independent of friction called ‘'cohesion." Also called
“gshear strength."

A tabular zone of rock that has been crushed and
brecciated by many parallel fractures due to shear strain.

A large, pulley-type wheel at tha top of the headframe
that carries the hoist rope.

Areas of exposed basement rocks in a craton commonly with a
very gently convex surface, surrounded by sediment-covered
platforms.

The material interpcsed between a source cof radlation and
personnel to protect against radiatlon expeosure; commoaly
used shielding materials are concrete, water, and lead.

A large, heavily shielded vessel for transporting fuel
assemblies and radiocactive waate. The cask provides
physical protectien to the contents and radiation
protection to its surroundings. Radioactive waste is
transported to the repesitory 1in shipping casks.

Cement~based compounds sprayed onto mine surfaces to
prevent erosion by air and meoisture and onto rock surfaces
to stabilize agalnst minor rock falls. Also used to
prevent dehydration and decrepitation.

Distingulshed from a true steppe by the presence of forbes,
shrubs, and a few trees in an extensive grassland area.
Generally not as dry aa a steppe.
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significant
gource of
ground water

silica

silicification

811l (geologic)

gllt

sglltstone

sinkhole

site

site character-
ization

As defined 1n 40 CFR Part 191, an aquifer that (1} is
saturated with water having less than 10,000 milligrams
per liter of total dissolved solids, {2) is within

770 meters (2,500 feet) of the 'and surface, (3) has a
transmissivity greater than 3 » 10 ° gquare meter per
second {200 gallons per foot per day), provided that any
formationi or part of a formatir:: included within the
source of ground water has a h Iraulic conductivity
greater than 1 x 10™°* meter par second (2 gallons per
square foot per day), and (4) i; capable of continuously
ylelding at least 1,600 literg er hour (10,000 gallons
per day) to a pumped or flowing well for a period of at
least a year} or an aquifer that provides the primary
source of water for a community water system.

A chemically resiastant oxide of silicon (S10:).

The intrcduction of, or replacement by, silica, generally
regulting in the formation of flne~grained quartz,
chalcedony, or opal, which may fill pores and replace
existing minerals.

A tabular igneous intrusion that parallels the planar
structure of the surrounding rock.

A sedimentary material consisting of five mineral
particles intermediate in size between sand and clay.

Stone composed of hardened stone..

An opening at the earth's surface caused by the collapse
of rock above a solution zone where ground water has. moved
along a joint or fracture system and has washed out or
dissolved underlying material, such as limestone,

A potentially acceptable site or a candidate site, as
appropriate, until such time as the controlled area has
been establighed, at which time the mite and the
controlled area are the same.

Activities, whether In the laboratory or in the field,
undertaken to establish the geologic conditions and the
ranges of the parametera of a candidate site relevant to
the location of a repository, including borings, surface
excavationa, excavations of exploratory shafts, limited
subsurface lateral excavations and borings, and in situ
testing needed to evaluate the suitabllity of a candidate
gite for the location of a repository, but not including
preliminary boringe and geophysical testing needed to
apgess whether site characterization should be undertaken,
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giting

siting guidelinen

slabbing

slash

slickensides

slip

slough

sloughing

slump (geologic)

elurry

smectite

golubility

solute

sonic log

All of the exploration, testing, e&valuation, and
decisionmaking assoclated with site screening, site
nomination, site recomnendation, and gite approval for
characterization or repository development.

General guldelines for siting geolcgic repositories;
issued by the Department of Enery. as 10 CFR Part 960.

A gtress-induced fallure mechan®a” of the rock around an
excavation.

A mining technique in which a large-diameter drilled hole
is enlarged by using the drill-and-blast method.

Polighed and smoothly striated surfacea that result from
friction along a fault plane.

The relative displacement of formerly adjacent points on
oppogsite sldes of a fault, measured in the fault surface.

Fragments of rock material from the wall of a barehole
that are washed out of the hole with the return pipeline.

The falling of loogened rock from the reoof or walls of and
underground excavation.

The downward alipping of a mass of rock or unconsolidated
material of any size, moving as & unlt or as several
subsidiary units, usually with backward rotation on a more
or lees horlzontal axls parallel to the ¢liff or slope
from which it descends.

A fluid mixture of water and finely divided material.

A group of expanding-lattice clay minerals. Thege
mingrale are common in soils, sedimentary rocks, and some
mineral deposits and are characterized by swelling in
water and extreme colloidal behavior.

The amount of substance (i.e., an element or compound)
that can be dissolved in a given amount of solvent.

A substance dissolved in another substance, usually the
component of a solution present in the leesser amount.

A geophysical log made by an instrument, lowered and
raised in a borehole or well, that continuously records,
as a function of depth, the velocity of sound waves as
they travel over short distances in the adjacent rocks.
The log reflects lithologic changes.
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sorption

sorptive capac: cy

source term

specific activity

specification

speclfie heat

specific yleld

spent fuel

spherulitic

spoils

atability,
repository

etabllity of
rock structure

PaH

The binding, on a microscopic scale, of one substance to
another, such as by adsorption or ion exchange. Here
"gsorption' ig used for the sorptlon of diraolved
radionuclides onto aquifer solids or waate-package
materials by chemical or physic:l forces.

The measure of a material‘'s abi!izy to sorb specific
congtituents from a liquid as ¢  passes through the
material.

The types and amounts of radi¢irclides that make up the
source of a potential release ni radioactivity.

The measure of radioactivity as a function of mass.
The unit of specific activity is curie per gram,

A conclge statement of a set of requirements prescribing
materials, dimensiona, or workmanship for something to be
built or manufactured.

The quantity of heat neceseary to raise the temperaturs of
1 gram of a given substance 1 degree Celsius.

The ratio of the volume of water that a given mass of
saturated rock or soil will yield by gravity to the volume
of that mass.

Nuclear fuel that hae been removed from a reactor after
irradiation and has not been raprocessec to recover
uranium and plutonium,

Said of a rock composed of numerous rounded or spherical
masses of needlelike crystals, radiating from a central
point.

The debris or
other natural
mining. Also

waste material from a mine. The rock and
materiale brought up to the surface during
called "mined materials* or "mined rock."

The condition resulting from the nature and rates of
natural processes affecting the site during the recent
geologic past and the expectation that they will be
relatively slow and will not elgnificantly change during
the next 10,000 years or jeopardize the isolation of the
waste. As defined in 10 CFR Part 60, the nature and rates
of natural processes (e.g., erosion and faulting) have
been and are projected to be such that their effects will
not jeopardize the 1solation of the waste.

The capability of an opening at depth to retain its
original shape for a length of time. Stability is related
to the quality of the rock mass around the opening,
including slabbing and fracture.
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atandard
metropolitan
statistical
area {SMBA)

steel sets

steppe

stochastic madel’

storage
coefficient

storativity

strain

stratigraphic
setting

atratigraphy

stratum

Btreas

strike
strike;slip fault

stringer

One or more contiguous countlesr containing at least omne
city of 50,000 inhsbitants or mora., Additional counties
have to meet criteria related to metropolitan character
and socloeconomic Integraticn w®ih the central city.

Support beams used in mine roef. aad walls.

An extenslve treeless grasaland irea that is developing in
the semiarid midlatitudes of syu.heastern Eurcope and
Asla, Also used to degcribe s milar areas in other parts
of the world.

A model whose inputs are uncertalin and whose outputs are
therefore also uncertain and munit be described by
probabllity distributions.

The volume of water sn aquifer releases from, or takes
into atorage, per unit surface area of the aquifer and per
unit change in head,

The volume of water releaged from storage in a vertical
column of 1 square foot when the water table or other
plesometric surface daclines 1 foot. In an undefinsd. ..
aquifer, 1t is approximately squal to the specific yield.

(1) Change in the shape or volume of a body as a result of

. streas. .-(2) A change Iin the relative configuration of the:

particles of a substance.

. The characteristics of the rock layers or other units

in the geologic environment.

The branch of geology that deals with the dafinition and

-interpretation of the rock strata, the conditions of their

formation, character, arrangement, sequence, age,
digtribution, and especially their correlation by the usge-.
of fosalls and other means of identification.

A gingle bed or layer of rock regardless of thickness.

In a s50lid, the force par unit area acting on any surface .
within it and variously expressed as pounds or tons per
aquare inch, or dynes or kilograms per esquare centimeter;
also, by extension, the external presgure that creates the
intexnsl force.

The direction or trend of a structural surface (e.g., a

bedding or fault plane) as it Intersects the horizontal,

A fault in which the net slip ia horiszontal or parallel
to the strike of the fault {(see wiso "dip-slip fault'").

A narrow vein or irregular filament in a rock mass of
different material.
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student's t te it

subsidence

subsurface
facility

sump

surface facilities

surface water
surge capacity
system

system performance
talus
tectonic
tectonie

activity

tectonic breccia

tectonic faeatures

tectonic fractures

tectonic model

g 0n o8

& standard statistical method ueed for hypothesis testing
and normally used with a sampie size of less than 30,

Sinking or downward settling ¢+ the earth's surface, not
restricted in rate, magnitude. nr area lnvolved.

See "underground facility.”

A pit or depresalon serving ks 4 draln or reservoir for
iiquids,
Repository support facllitles in the reatricted area.

Any waters on the surface of tne earth,
salt water, ice, and snow.

including fresh and
The capacity to accommodate raanloactive materiaits by
temporary storage at the rapository.

Bee '"repository system."

The complete behavior of a reposgitory aystem in response

to the gonditions, processes, and aevents that may affect

it,

Loose rock fragments of any size or shepe derived from,
and lying at, the base of a steep alopa.

0f, or pertaining to, the forces invoilved 1in tectonlcs or
the regulting structures or features. -

-Movement of the earth's cruat such as uplift and subaldence
and the ‘assoclated folding, faulting, and seismicity.

A breccla formed as the result of crustal movements,
usually developed in brittle rocks. Slickensides are
commonly associated with tectonic breccia, and varying
amounta of claylike gouge may be present.

Features such as fault gouge, faulted, and folded rock.

Fractures that may or mey not have alickensides on their
adjoining surfaces and are commonly associated with
tectonic brecclas, Includes fractures across which no
measurable movement has occurred.

A nonnumaerical, descriptive theory or concept that
incorporatea geologlcal, geophysical, and geodetic data
into a satisfactory explanation of the evolution of stress
and strain in the earth'’s crustj it:can be used to make
estimates of future crustal processes.
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tectonie province

tectonism

tectonics

tengile strength

Tertiary

thermal
conductivity

thermal
decrepitation

thermal expansion

thermal gradient

thermal loading

thermoluninescent
dosimeter

threatened species

thrust fault

to the extent
practicable

A reglon of the earth's crust with relatively consistent
structural geologic features.

Crustal movement produced by earth forces, such as the
formation of plateaus and mountal: ranges{ the structural
behavior of an element of the earih's crust.

A branch of geology dealing with the broad architecture of
the outer part of the earth; that ias, the regional
agsembling of structural or def -rwational features, a
study of thelr mutual relations, iheir origin, and their
evolution,

The ability of a material to resiet a stress tending to
stretch it or to pull 1t apart,

The sarliar of the two geologlc perlods that make up the
Cenozoie Era, extending from 65 uillion to 1.8 million
years ago.

A measure of the ability of a materlal to conduct heat.

The shattering of a rock mass or rock sample caused by
the heat-induced bulldup of excessive pressures in
contained fluids.

The increase in linear dimensions that occurs when
materials are heated.

The rate of change in temperature with distance.

The application of heat to a system, usually measured in
watt-dengity. The thermal loading for a repository is the
watts per acre produced by the radiocactive waste In the
active disposal area,

A type of radiation measuring device that contains
thermoluminescent material that emits light when subjected
to heat. The amount of light emitted is directly
proportional to the radiation dose absorbed by the chip.

Any plant or animal species protected by Public Law 93-205
that is likely to become endangered in the foreseeable
future throughout all or a portion of its range.

A fault with a dip of 45 degrees or less in which the
hanging wall appears to have moved upward relative to the.
foot wall.

The degree to which an intended courge of action is

capable of being effected in a manner that is reasonable
and feasible within s framework of coustraints.
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topography

tortucsity

tracer testing

trausier cask

transgressive gea

tranemissivity

transport path

transuranic waste

transuranics

tridymice

tritium

tubbing

tufa

- radiotoxicity.

The branch of geology dealing with the configuration of
the land surface, including 1ts rellef and the position of
natural and man-made features, flso used synonymously
with "terrain."

#it a rock specimen to the
water within it,

The inverse ratio of the length
length of the equivalent path o’

A procedure in which a soluble g .bstance (tracer) is added
to ground-water at one locatios .aud ite movement to
another location la observed. T acer teating is a
technique by which ground-water tlow directions and
velocitles and other hydrologic properties of rocka can be
eatimated.

A cask that provides shielding for the waste diaposal
container as it 1is transferred from the waate-handling
buildings for emplacement underground.

A sea that haa encroached on the land.

The rate at which water of the prevailing kinematic
viscosity 1s tranamitted through a unit width of an
aquifer under & unit hydraulic gradient. It equals the
hydraulic conductivity multiplied by the thickness of the
aguifer.

‘A route along which radicvnuclides could migrate.

Waste containing more than a specifilc concentration of
alpha-emitting radionuclides (including uranium-233 and
its daughter products) of long half-1ife and high apecific
"This concentration ia ¢urrently defined as
more than 100 nanocurias per gram of waste.

Elements with an atomic number higher than 92. They do
not normally cccur in nature and have to be produced

artificially from dranium,

A mineral, BiQz. It 1s & high-temperatiure form of

‘quartz and usually occurs as minute, tabular, white or

colorless crystals or scales in cavities in acidic

: volcanic rocks.

A radicactive isotope of hydrogen with two neutrons and
one proton in the nucleus.

Cast-iron liner plates for shafts, fabricated to
specification, that bolt together to give support to rock.

A sedimentary rock compoaed of calcium carbonate, formed
by evaporation ag an incrustation around the mouth of a
spring, along 8 stream, or around a lake.



tuff
tuffaceous

unconfined
aquifer

unconformity
{geologic)

underground
facility

unit of local
governmant

unrestricted area

unsaturated zone

uplift {geolagic)

upwarping

urban area

vadoge watecr

vadoge zone

validaticon of
computer codes
and models

A rock formed of compacted volcanic ash and dust,
Said of sediments contalning up to 50 percent tuff.

An aquifer containing ground waiar that has a water table
ot upper surface at atmaspheric »reasure.

A break or gap in the geologic record, such as an
interruption in the normal seg:eace of deposition of
sedlmentary rocks, or a break .eTween eroded metamorphic
rocks and youunger sedimentary st ata.

The underground atructurg and the rack required for
aupport, including mined openings and backfill materials,
but excluding shafts, boreholes, and their seals.

Any borough, city, county, parish, town, townghip,
village, or qther general-purpos: political subdivision of
a State, . :

Any area that is not controlled for the protection of
individuals frcm exposure to radiation and radioactive
materiala. : :

The zone between the land surface and the water table.
Genernlly, water in this zone is under less than
atmospherlc pressure, and some.of the volds may contain
air or othor gaased at atmospherin pressure. Beneath
flooded areas or perched-water bodiea, the water pressure
locally may be greater than atmospheric.

(1) The procesa that results in the elevation of a portion
of the earth's crust., (2) A structurally high area in the
crust produced by movements that have raised or upthrust
the rocks, as in a dame or an arch.

The uplift of a regional area of the earth's cruat,
uveually ag a resylt of the release of iscstatic pressure .
(e.g., the melting of an ice sheet).

As defined for use in the 1980 census, incorporated;aund
unlncorporated places of 2,500 inhabitants or more.
Water of the zone of aeration (unsaturated zone) .Also .
known as “suspended water." - -

The ungaturated regioﬁ of noll or the zone of aeration
between the ground surface and the water table, .

A process whose objective 1s to ascertain that the code
or model indeed reflects the behavior of the real world.



vent system

verification
of computar
codes and mo.els

very near field

very unlik.ly
releases

vesicle

vitrophyre

volcanic glass

volcanism

voucher
collection

Vug
wagte

waste canister
waste container

waste form

wadte management

A group of generally parallel fissures from which lava
came to the surface.

Testing a code with analytical nolutlong for idealized
boundary-value problems. A conputer code will be
considered verified when it hau haen shown to solve the
boundary-value preoblems with s-ificient accuracy.

The waste package and the roc: within approximately 3 feet
of the waste packages emplace:.. in a repository.

Beleases of radloactlve wastes to the accessible
environment that are estimated to have between one chance
in 1,000 and one chance in 10,00 of oeccurring within
10,000 years.

A amall cavity in an igneous rnck, formed by the expansion
of a bubble of gas or steam du-ing the golidification of
the rock.

Any porphyritic igneous rock with a glassy groundmaas.

Natural glass produced by the cooling of molten lava or
aome liquid fractlon of molten lava too rapidly to permit
crystallization,

The processes by which magma and its assoclated gases rise
into the crust and are extrudzd onto the earth's surface
and intc the atmosphere.

A collection of dried plant gpecimens usually mounted
and aystematically arranged for reference; a plece of
supporting evidence.

A cavity, often within a mineral lining of different
composition from that of the surrounding rock.

As used in this document, high-level radicactive waste or
spent fuel.

See “canister."
See '"container."

The radicactive waste materials and any encapsulating or
stabilizing matrix,

The planning, execution, and surveillance of egsential
functions related to the control of radicactive {and
nonradioactive) waste, including treatment,
solidification, packaging, tranasportation, initial or
long~term storage, surveillance, disposal, and isolation,
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waste matrix

waste package

water budget

water flux
watershed

water table

welded tuff

wind rose

Wisconsin

worst—case
analysis

x-ray diffraction

analysis

xenclith

Young's modulus

The material that surrounds and contalns the waste and to
some extent protects it from beivg released into the
gurrounding rock and ground water. Only material within
the canister (or drum or box) tht. contains the waste is
considered part of the waste mat,.x,

The waste form and any container , shielding, packing, and
other sorbent materials immediat.ly surrounding an
individual waste container.

The quantification of the amouni £ water entering, moving
through, and leaving a flow systew; sometimes called
“water balance.”

A stream of flowing water; flood or outflow of water.
A drailnage basin.

The water surface in a body of ground water at which the
water presaure is atmospherlc,

Indurated volcanic ash in which the constituent glassy
shards and other fragments have become welded together,
apparently while still hot and plastic after deposition.
Where the distinction between nonwelded and partly welded
tuff is necessary, the boundary should be placed at or
close to that point where the deformation of glassy
fragments becomes vizible. The transiltion from partly to
dengely welded tuff is one of progressive loss of pore
space accompanied by an increase in the deformation of the
shards and pumiceous fragments.

A diagram showing the distribution with direction of the
frequency and the speed of the wind.

Pertaining to the last definitely ascertained glacial
stage of the Plelatocene epoch in North America.

An analysails based on assumptions and input data selected
to yield a "worst impact’ statement.

Analysis of the crystal structure of materiala by passing
x-rays tirough them and registering the diffraction
(scattering) image of rays.

An inclusion in an igneous rock to which it is not
genetically related.

A modulus of elasticity in tension or compression,
involving a change in length.
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zeolites

Zircaloy

Any of varlous silicates analeogous in cowmposition to the
feldspars and occurring as secnndary minerals in cavities,
along fractures, and on joint planes in basaltic lavas.
Gecur also as authigenic minert's in sedimentary rocks.,

An alloy whose major constitue:t is zirconium, used as
cladding meterial for nuclear ‘u¢l roda. '
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ACOE
Act
AEC
AISI
ALARA

ANSI

BIA
BLM
BTU

BWR

CBRE
CDA
CFR
CH-TRU
CHLW
CRD
CSF

CBIR

DAF
db
dBA
DHLW

DOA

ACRONYMS AND ABBREVIATIONS

Army Corps of Engineers

Nuclear Waste Policy Act of 1982
Atoﬁic Energy Commission

smerican Iron and Steel Institute
ac low as is reasonably achievable

American Natlonal Standards Institute

Bureau of Indian Affairs

Bureau of Land Management (U.S. Department of the Interior)

British Thermal Unit

boiling water reactor

Coastal Barrier Reeources System
Copper Development Apsoclation
Code of Federal Regulations
contact-handled tranguranic waste
commercial high-level waste
Comment Response Document

consolidated and overpacked spent fuel

Council for Scientific and Industrial Research (S.

Department of the Air Force
decibel

decibel (A-welghtling network)
defense high-level wagte

U.S. Department of Agriculture
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poc .5, Departmenit of Commerce

DOE .8, Department of Energy
DOE/NV .8, Department of Energy, Nevada Op:rations Office
Dol J.8, Department of the Interior
DOT U.5. Department of Transportation
DWPF defense waste processing facility
E-MAD Engine Maintenance, Assembly and Disuisembly
EA Environmental Assessment
EIS Fnvironmental Impact Statemant
EPA U.8. Environmental Protection Agency
ESD Employment Security Department {State of Nevada)
ESF exploratory shaft facility
FAA Federal Aviatlon Authority
FASM fuel-assembly structural material
FsaR final safety analysis report
FWS U.S. Figsh and Wildlife Service
GETT grantg-equal-to~taxes
g - pﬂ;;icgilcbnstant repr. Ehe accelerati&&ldué”to gravity
H-1 tritium .
HAW high-activity waste
HC : - hydrocprhons:
HEPA highvefficiency partigulate air
HLW high-level waste
HMTA Hazardous Materials Tranaportation Agt
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TAEA

icC

KEV

LET
LMFBR

LWR

MOA
MPC
MRS
MTHM

MTU

NAAQS
NAC
NAFR
NAS
NCRP
NDCNR
NDEP
NDH
NDHPA
NDOSH
NDSL

NDW

“nternational Atomic Energy Agency

‘nterstate Commerce Commission

thousands of electron volts

linear

energy transfer

liquid-metal fast breeder reactor

light water reactor

magnitude

Memorandum of Agreement

maximum permissible concentration

monitored retrievable storage

metric

metric

Nevada

MNevada

Nellis

tons of heavy metal’

tong of uranium

Ambient Air Quality Standard
Administrative Code

Alr Force Range

National Academy of Sciences

National Council on Radiation Protection and Measurements

Nevada

Nevada

Nevada

Nevada

Nevada

Nevada

Nevada

Department of Conservation and Natural Resources
Department of Environmental Protection

Department of Health

Divigsion of Historic Preservation and Archaeology
Division of Occupational Safety and Health-
Division of State Lands

Department of Wildlife
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NDWR Nevada Divislion of Water Resourcas

NGI M:rges Geotgkniske Institute (Norwegisn Geotechnical Inst.)
NNWSI Mevada Nuclear Waste Storage Investigridons
NOAA v'ational Nceanic and Atmospheric Adm! vistration
NPS National Park Service
NRC U.0. Nuclear Regulatory Commission} i tional Research Council
NRDA Nevada Research and Development Area
NRS Nevada Revised Statutes
NSIM Nevada State Inspector of Mines
NSR New Source Review
NTS Nevada Test Site
NTS0 Nevada Test Site Support Office
NWPA Nuclear Waste Policy Act of 1982
NWSR National Wild and Scenic River
NWTS Nuclear Wéste Terminal Storage
CCRWM Office of Civlilian Radiocactive Waste Management
0cs Office of Community Services {State of Nevada)
ONWI Office of Nuclear Waste Igolation
PAC pot;;tially adverse conditlen
ELO Public Land Order
PM particulate matter
PMF probable maximum flood
PNL Paciflc Northwest Laboratories
PPM parts per million
PRCR preliminary repository csﬁcébts'reﬁarf
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PSD P'revention of Significant Deterioration

PUREX wIlutonium and uranium recovery through extractlon
PWR sressurlzed water reactor
Q quality factor
RAD Boe Glogsary
RAT radiological assistance team
REM See Glossary
SA/V ratio of Surface Area to Solution Vo lume
SARF safety analysis report for packaging |
SCP Site Characterization Plan
sCs Soil Conservation Service
SF spent fuel
SHPO Nevada State Historical Preservatiﬁn Office
SIP State Implementation.flan |
8JC-WCDh San Juan Counity Water Conservation District
SMSA standard metropolitan statistical area
SNGBZ Sierra Nevada-Great Basin Boundary Zone
SPCC Spill Prevention Control and Counter-measure Plan
SR State Route
Supply
System Washington Public Power Supply Sygtem
SW secondary waste S
SWL Static Water Level
TLD thermoluminescent dosimeter
lapiy o :
TRU transuranic (wa;te)
G470
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TWC Texas Water Commigsion

Tpt Wapopah Spring Member of the Paintbruah Tuff
t a variable, representing a time inte:.al
UNLV University of Nevada, Las Vegas
UNR University of Nevada, Reno
up Union Pacific Railroad
UBAF U.S. Alr Force
Usc U.8. Code
USFS U.8. Forest Service
USGS U.S. Geologicsl Survey
USLE universal szoil-loss equation
UTF underground test facility
UTM Universal Transverse Mercator
Uz ungaturated zone
VRM visual resource management
VSP vertical seismic proflling
WHB waste handling bullding
WHEF waste handling and packaging facllity
WIPP Waste Isolation Pilpt Plant
WLM working level month
WNP Washington Public Power Supply System Nuclear Project
WPPSS Washington Public Power Supply System
WSA Wilderness Study Area
WVHLW West Valley high-level waste
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Appendix A

TRANSPORTATION

A.1 INTRODUCTION

This appendix, which 18 common to all enviroiwn.ental assessments, presents
general background {nformation on transportation tpics and igsues and
provides supplementary references to more-detaile ! sources of informatiom.

The discussions throughout the appendix are specii. . to the spent-fuel and
high-level-wagte ghipments that will be made to a repository.* The agencies
regponeible for the regulation of radicactive-material transportation are
identifled, and thelr regulations or requirements uzie revigwed. The shipping
casks and cask concepts that will be developed in compliance with the
regulatory framework are alsoc described. These toplcs are discussed in the
context of protecting public health and safety against the potential hazards
associated witl normal transportation, accidents, and sabotage., In addition,
the bases for, and the methods of, avaluating the relative tranaportation riask
and cost for each of the sites nominated as sultable for characterization are
briefiy consldered. Saparate gections are included to consider the use of
barges as an altermative mode of tranaportation, and to discuss how the
conslderation of a second repository would affect the results of a
single-repository analysis. Alsc included is a section thai dascribesd the
ceriteria developed to aid in the application of the siting guideline on
trangportation., Finally, several of the major transportation lgaues (routing,
prenotification, emergency reponse, and liability) that have been raised by
the public are discussed.

For purposea of digcussion in this appendix, the following terme unique
to the vocabulary of transportation are defined:

®  Packaging (cask) - the agsembly of components, excluding contents,
that shields and contains the radiocactive contents. Packaging may
consist of one or more receptacles, absorbent materials, spacing
structures, thermal insulation, radiation shielding, and devices for
cooling or absorbing mechanical shocks.

¢ Package - packaging together with its contents as presented for
transportation. This term is distinct from "waste package," which
denotes the contents“of the waste-emplacement hole in thée repository;

Normal trrangportation - all conditions of transportation: except those
that result from accidents and sabotage.

Additional 1ists of transportation terme that may be of 1nterest are
found in 49 CFR 171.8, 49 CFR 173,403, and 10 CFR 71, 4.

* For convenience dod bravity, the term "radioactive:'waste" or:aimply-
“wagte'" 1s often used to mean spent tuel or all of - the waaul ‘to’ be aceepted by
the repoaitory. . : . o v _
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A 2 AGENCIES WITH JURISDICTION OVER THE TRANSPORTATION
OF RADIOACTIVE WASIE

A.2.1 FEDERAI JURISDICTION

The numb.r of Federal organizations involved iu the regulation of
radicactive~wisste transport ig large, and thair r.sponsibilities and
authorities are interrelated. However, only the {unctione of the U.S.
Department of Transportation (DOT), the U.8. Nuc sar Regulatory Commisgion
{NRC), and the J.S. Department of Energy (DOE) are¢ discussed here because of
their predominauce in radioactive-materials transpurt. More-detalled
informatica and information about organizations not mentioned can be found in
reports by Wolff (1984) and the NRC (1977).

The DOT has regulatory reepousibility for gafaty in the transportation of
all hazardoug materials, including radicactive materials., This regponsibility
extends to all modes of transportation that would be considered for shipping
waste Lo the repository. Under its egtablighing luegislation, the Department
of Transportation Act of 1966, the DOT {s reaponsible for encouraging
cooperation among Federal, State, and local governments, carriers, shippers,
labor, and other interested parties to achieve national transportation
objectives. The regulatory and enforcemaent authority of the DOT over tha
shipments of radicactive material that are in, or may affect, interstate
commerce wag extended by the Hazardous Materials Transportation Act (HMTA) of
1974 to include, but not be limited rto, the packaging of specified types and
quantities of radicactive materials, handling, labeling, placarding, routing,
and driver training.

The NRC providee supplementary regulations related to the transportation
of radioactive material. Under the Atomic Energy Act of 1954, as amended, the
NRC has responsibility for safety in the posseasion, use, and transfer
{including transportation) of by-product, source, and special nuclear
materials. The NRC licenses commercilal entities that possess and use these
materiala. It also promulgates regulations appliocable to NRC-licensees
regarding the packaginge of apecified quantities of highly radicactive
materials, prenotification of shipments, and the physical protection of
spent-fuel shipments from acts of theft and sabotage. The DOT, by agreement
with the NRC, accepts the NRC standards of 10 CFR Part 71 for packagings.

This sgreement has been formalized in a memorandum of understanding between
the two agencies (Federal Register, Vol. &4, p. 38690, July 2, 1979). These
standards are now in general agreement with international regulations. To aid
in enforcement, the NRC requires its licensees to comply with DOT regulations
when those entitles are not cotherwise subject to the DOT regulaiions.

The ghipments of radiocactive material tonducted by the DOE are also
subject to DOT regulations. Authority has been graented to the DOE by DOT
regulations (49 CFR 173.7) to approve and certify packagings made by or under
the direction of the DOE, as long as the evaluation, approval, and
certification are against packaging standards equivalent to those specified in
the NRC regulations in 10 CFR Part 71. Although the DOE will take title to
all shipmwents of spent fuel and will be the shipper of record with the
authority to use DOE-certified packages, a procedural agreement (Federal
Regirter, Vol. 48, p. 51875, November 14, 1983) has been signed between the
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NRC and the DOE; 1t provides that the DOE will, while making radloactive-waste
shipments from N..C-licensed facilities to facllities establiahed under the
Nuclear Waste Pc'iecy Act (the Act), use NRC-certlfied packages. The agreement
ls currently lirsted to matters of health and safelty incldent to packaging.

The Act alg. restates the requirement that the N0 must comply with DOT
regulationa., A @emorandum of understanding between ‘he DOE and the DOT
delineates the respective responsibllitlies and estai ishes common planning
assumptiona tha: the DOE and the DOT will observe ' the implementation of
transportation requirements under the Act (Federal lgister, Vol. 40, p.
47421, November 1f:., 1985),

A.2.2 FEROLE OF STATES

The States also have an important role in regulating the tranaportation
of radioactive materiala. Some Statesa have adepted DOT regulations and apply
them to intrastate shipments as well as interatate shipments. A particularly
important role of the State under DOT regulations is that of designating
preferred highway routes for shipinents of the type of radloactive materials
that would be ghipped under the Act (DOT, 1984). A mora complete discussion
of the States' roles in highway routing is presented in Section A.13.3.1,

A,3 PARTICIPANTS IN THE SHIPPING PROCESS

Three major participants in the shipping process are subject to existing
Federal regulations: the shipper, the carrier, and the receiver. The shipper
1s responaible for the transfer of the radiocactive material even though the
material may be physically transported by someona else. The shipper must
identify the contents of the package, Inform the carrier (the actual
transporter) of the contents of the package, and must notify the States
through which a shipment will pass. Also, the shipper muat perform
contamination and radiation-level surveys, prepare shipping papers, and
certify on the shipping papers that the package is properly prepared. The
shipper is instrumental in ensuring the safety of the shipment. The carrier
must placard the vehicle, provide any training that may be required, prepare a
route plan, and ensure that preacribed routeg are followed, The receiver
generally acts to support the shipper by inspecting shipments on arrival and
by preparing the transportation vehicle for the return trip, ensuring that
contamination levels, if any, are below regulatory limits.

The shipping participants under the Act are expected to be the DOE ag the
shipper of record (the responsibility of separate offices within the DOE for
shipments of defense waste to a repository has not been decided upon yet),
commercial tranaporters as the carriera, and the DOE's Office of Civilian
Radicactive Wuste Management (QCRWM)} as the receiver.



A.4 REGULATIONS RELATED TO NORMAL TRANSPORTATION

The hazar-ig of radioactive-material transportation under normal
conditions ar¢ minimized by existing regulations. All radioactive materials
emit penetratiang radiation of varying strength and penetrating power, and
shielding is vrovided in the packaging to reduae -1is radiation to low
levels. Many administrative regulations have.bee . developed to (1) identify
packagea that contain radiocactive material and (2, limi{t exposures to low
levels.

A package must be properly prepared and have roper markings and labela.
In addition, a vehicle carrying radioactive materiul of the type that would be
shipped to a repository must be placarded for further identificatrion. A
tamper geal is used to show that a shipment has no. hbeen opened by
unautiiorized personnel. Furthermore, the shipper wmust prepare shipping papers
and driver instructions that identify the materials being transported and
provide appropriate instructions for shipping.

Limits are prescribed for both temperature and radiation—dcse rates. The
accegsible agurface temperaturea of packagea may not exceed B2°C (180°F). HMost
likely, the caaks for the DDE'a waste-management program will be deaigned to
engure that the radiation-dose ratea for shipments to & repository will be at
the regulatory limit of 10 mrem/hr at 2 meters {6.6 feet} from the external
gurface of the vehicle or trailer, A radlation doge equivalent to 1 year's
exposure to natural background radiestion would be recelved in 10 to 15 hours
if a pergon were to stand at the 2-meter (6.6-foot) distance. Although these
exposures are low, the labels and placards are intended to alert the public
and Lo prevent prolonged inadvertent contact with a shipping vehicle or
package.

Since loose radicactive materisl may adhere to the external surface of
the package or the wvehicle, external contamination is also monitored to enaure
that 1t does not, reach harmful levels.

There are many other regulations that have an important effect ont the
safety and efflcilency of radioactive-material shipments. These regulations
include requirements for driver training and qualification, notifications, and
gafeguards. A good review of current DOT regulations can ke found in a recent
DOT report (DOT, 1983b). The regulations are found in 49 CFR Parts 100-~179.
NRC regulations are found in 10 CFR Part 71 :and Part 73.

A.5 REGULATIONS RELATED TO MITIGATING THE CONSEQUENCES OF ACCIDENTS

During the pariod from 1971 to 1981, over 1,500 truck and rail shipments
of spent fuel were completed {(Newman, 1985}, and only & accidents occurred
(Emerson and McClure, 1983), Two of thesge -accidents occurred when the casks
were empty. None of the caaks released radiocactive material.

The packaging is the primary means of protection in the event of an
accident. The stringency of regulations for packagings 1s related to the
hazard of the radicactive contents if they were to be dispersed during an
accident. For the radicactive materials that will be shipped to a repository,
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packaginge must “e designed to preclude significant veleases even under severe
accident conditf ns. Under the conditiona of the vsst majority of accidents,
packaging design will precluds entlrely the release of material. This section
discusses design criteria in regulations, while 8ection A.7 discusses proposed
designs of packagings for shipments to a repository.

Among othser requirements, packagings for shipm..ts to a repository will
have to survive the testing conditions identified 1. 10 CFR Part 71. These
testing conditions have been estimated to be more .esere than those
encountered in at least 99.9 percent of all transp.c-ation accidents (McClure,
1981)., By demons rating the capability ro survive 5. :h severe conditions, a
packaglng cen be expected to completely contain its runtents during an
accident, and this has been the experience to date.

The specific tests to which the same packaging iz subjected are as
follows: .

1. A free drop of 9 maters (30 feet) onto an uayielding target.

2. A free drop of 1 mater (40 inchea) onto a puncture probe of a
apecified size. ' ;

3. An exposure to an engulfing thermal environment of 800°C (1,475°F)
for 30 minutes.

4, An immersion under 0.9 meter (3 feet) of water for 8 hours.

5, An immeraioﬁ.under 15 meters (50 feet) of uaﬁer ‘for B hours (an
pudamaged packaging may be used for this teat}.

Information about the basis for these specific tests can be found in a
report publighed by the International Atomic Energy Agency (IAEA, 1973).

In the firat four tests, the same package must be tested In aequence and
in the orientation expected to cause the most damage. The extent to which a
cask surviveg such a test is measured by prescribed allowable leak rates and
prescribed maximum expogure rates at apecified digtances from the surface of
tha package. Regulationa, detailed daesgeriptions, leak rates, and survival
criteria can be found in 10 CFR 71.51(8)(2), in DOE Order 5480.1, in an NRC
ragulatory guide (NRC, 1975), and in & standard issued by the American
National Standards Institute (ANBI, 1977),

Once a package design to be used for shipments to a raepoaitory (not all
radioactive-material packages must survive accldent conditions) has been
demonatrated to survive the rigorous accident conditions as well as many othar
criteria, a certificate of compliance 18 iansued. The certificate specifies
the operating conditions under which the package may be used.

Both the regulations and the certificates can be modified to include
experience that relates to the performance of packages. For example, in a
recent occurrence (Klingensmith et al., 1980), damaged spent fuel became
oxidized during shipment, and a serlous contamination problem resulted during
unloading. As a result, the NRC has modified the certificates of cempliance
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of currently ce. tified spent~fuel casks to require that they be operated with
inert atmospheias in the cask cavity. By using an inert gas in the cask
cavity, the poctential for fuel oxidation is subatantially reduced.

Since the transportation packaging can be rel:ud on for protecting the
public during -n accident, shipments can be allowe: to occur in general
commerce. Consequently, relatively’ few Federal r¢-ulatlons for vehicles are
imposed on the carriers of radiocactive materials (e.scluding physical
protection requirements) beyond those required fo ' the carrier of any
hazardous material. Vehicle-safety conditions ar: addressed by other Federal
and State regule:ions that are not specific to venl lee carrying radioactive
material. For example, truck safety is governmed by the Bureau of Motor
Carrier Safety (49 CFR Parts 390-398), which imposea vehicle-pafety and driver
standards on all interstate truck carriers. Along with other functions, the
Bureau conducts unannounced roadside inspections o! truck carriers and
drivers. During an ingpection, the weight and a variety of safety
consgiderations, including vehicle lights and brakes and driver documents, are
checked. For rail shipments, similar inspection c-iterla and safety
requirements have been promulgated by the Federal Railroad Administration in
49 CFR Parta 209-236, Regulationa related to hasardous materiala
transportation by rall are discussed in Section A.13.4.2.

A.6 REGULATIONS RELATED TO SAFEGUARDS

An igsue that has caused concern sbout the public risk due to
radioactive-material transportation lg the hazard posed by the sabotage of a
radioactive-material shipment. One postulated scenario is the destruction of
a loaded cask with well-placed explosives. Such an attack would be of
particular concern if it were conductaed in a densely populated area.

A.6.1 SAFEGUARDS

in June 1979, the NRC published regulations for the protection of
commercial-apent-fuel shipments., In 1980, after reviewing public comments and
assesging its own experience in administering these regulations, the NRC
published amendments to the rule. The NRC further amended the rule in 1982 to
include State prenotification requirements. The amended rule is currently In
effect ag 10 CFR 73.37(a)-(f)}. These regulations were promulgated to address
the issue of safeguarding spent—fuel shipments against acts of terrorism and
sabotage, inaluding the possible hijacking and subsequent sabotage of such
shipments. Known as physical protection or "safeguard" regulations, these
gecurlty rules are distinguished from other regulatione published by the NRC
and other Federal agencies that deal with issues of safety affecting the
environment and public health, The safeguard regulations reflected analyses
conducted in the mid 1970s. In particular, an NRC-sponsored study (DuCharme
et al., 1978) sugmested that the sabotage of apent-fuel shipments had the
petential for producing serious radiological consequencea in areas of high
population density. The NRC concluded that to protect public health and to
minimize danger to life and property, it was prudent to require that certain
safeguard measures be taken..to prxeteot spent-fuel shipments until a more
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precise and scientific analysis could be performed. The study had been
concerned with aveas of high population denslty, bui, because of the
possibility that shipments could be hijacked in low-~population areas and
subsequently tra-veported to high-population areas, tte requirements applied to
all shipmente regardless of routing.

The NRC stated in the preamble to the rule charue that it had intended
the original safeguard rules to be in effect until ' & results of confirmatory
research became available and could he analyzed. Th* NRC and the DQE
responded to this need for more testing by sponsor n: separate but coordinated
experimental programs. Both programs were deslgned "o yield information about
the release of radiocactive material from a specified reference sabotage avent
that was defined in taerms of the expertise of the sahoteurs, the amount of
exploaives used, the type of charge employed, and the characteristics of the
cask. The NRC-aponsored experiments (Schmidt et al., 1982) used model
(small-gcale) explosives against simulated casks containing irradiated fuel.
The program sponsored by the DOE (Sandoval et al., 1983) included one
full-gcale and sevaral small-scale experiments.

The resulta of both of these latter studles showed that the likely
release of respirable radicactive particles from sabotage and the resulting
consequences of individuals breathing such particles are substantially smaller
than the estimates made in the previous NRC-sponsored study that had prompted
isguance of the original safeguard regulations. That study had predicted
several tens of early fatalities and hundreds of latent-cancer fatalities from
sabotage in a densely populated urban area of a truck cask containing three
fuel asasemblies. The subsequent DOE and NRC-aponsored research predicted no
early fatalities and fewer than 15 latent-cancer fatalitieg for the sabotsge
of a three-assembly cask in a similarly populated areas. These latter
consequences would occur only under assumptions that are very favorable to the
saboteur. Asaumptions concerning the age of the spent fuel {i.e., the cooling
period), population density, and the lifetime of respirable particles were all
postulated at worst- or near-worst-case levels. When such aasumptions are
changed to more closely resemble typical or normal transportation situations,
the resulting consequences are predicted to decline further.

In June 1984, the NRC publighed proposed amendments to its existing
safeguard regulations and solicited public comment. Theae aiendments take
into account the results of the experiments sponsored by the NRC and the DOE,
but continue to provide for protection againet the loss of control over a
shipment and the unhindered movement of the shipment by & seboteur. The
objectives of both the current rule and the proposed amendments are to-—-

1. Deny an sdversary easy access to shipment-location information.

2. Provide for early detection of hostile moves againet, or the loss of
control over, a shipment.

3. Provide a means to quickly summon assigtance from local
law-enforcement authorities.

4, Provide a means to impede the unauthorized movement of a truck
shipment into a heavily populated area.

PR T
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The current NR{ safeguard rule requires—-—

1.

2.

10,
11,

12,

Advance notification of each shipment to tne NRC.

Mainteiance of a communications centeor to mwntinuously monitor the
progress of each shipment.

Keepinryg a written log describing the ahipr at and significant events
during the shipment.

Advance arrangements with loeal 1aw~enforutnent agancies along the
routa,

Advance toute approval by the NRC.
Avolding scheduled intermediate gtops to thxa extent prackicable.

At least one escort te maintaln visual survelllance of the ahipment
during stops.

Shipment eascorts to contact the comnunications center every 2 hours
to rsport the status of the shipmenﬁ. ' : -

Capabilieycto immobilize tha cab or cargo-carvying poruion of a.
ehiphent transported by truck.- .

Armed sscorts in ‘heavily populated areas.
On-board communications equipment.

Advance notification to the governor of a State (or the governor's
designee) of a shipment to be transported within or through hid
State, giving the estimatad date and time of :entry into the State and
applicable routing Iinformation. This information must nct be
publicly released until 10 days after the shipment has entered or
originated within the State.

All of these requirements will continue to he in effect for shipments of
spent nuclear fuel that has been coolod less than 150 days because thare is
currently not enough information on the consequences of sabotage to this
"hotter! fuel to warrant ragulatory modificationa.

The proposed amendments change the regulations for shipments of spent
fuel cooled 150 days or more by eliminating the requirements for--

1.
2.
3.
4.
5.
6.

Maintenance of a communications: center.

Written logs. :

Advance arrangement with local law—enforcement agencies.
Contacts ‘every: 2 hours by egcorts. S

Armed esgcorts in cities,

Advance rcute approval by the NRC.
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At present, NRC's safeguard rules apply only toc NRC licensees. However,
DOT regulations -equire that DOE-owned spent fuel bs shipped under a
physical-protect-on plan that is equivalent to NRC safeguard rules and has
been approved by DOT (49 CFR 173.22(c)). DOE Crder 1540.1, which covera DOE
transportation rugulationa, ia being revised and wil!! include physical
protection procmlures that essentially parallel the yiysical-protection
procedures prop«sed hy the NRC in 1984,

When shipping commercial waste to a repositor~, the OCRWM will comply
with whatever NRC shipment-protection requirements a'w in force at the tims.
The NRC safeguard requirements at present are limit2  to spent-fuel
shipmenta. The OURWM will work with the NRC to estakiigh the need for, and
the function of, safeguard requirements for the other radiocactive waste that
could be shipped under the Act.

A.6.2 CONCLUSICN

Though transportation packagings have not been specifically designed
to mitigate the consequences of a sabotage event, they have been shown
experimentally to limit to low levels the potential adverse health
congequences to the public. Predictions based on releages experimentally
determined in both DOE and NRC studies indicate that no immedlate
radiation~induced deaths and a small number of latent-cancer fatalltiesg would
be expected even in a very densely populated area {Sandoval et al., 1983). To
create the level of hazard encountered in the experiments, such sabotage
attempts would have to be performed by trained experts, and precise placement
of the explogives in the moat vulnerable positions: would be nueceeaary.

In order to protect the health and safety of the public, the packaging of:
shipments made toc a repository will be as atrong as those used. in the .
experimental studieas. : E 3

A.7 PACKAGINGS

This section diacussea the design and fabrication of transportation
packaginga, trends in future deaigns, the designa assumed for the cosat and
risk analysia, and passible future developments. :

A.7.1 PACKAGING DESIGN, TESTING, AND ANALYSIS

Radioactive-materlal packagings, or casks, are designed and certified to
carry specific contents. Thia isg neceasary because of the unique thermal,
radiological, and criticality characteristics of the contents. Other
materials can be carriad in the cask only if it can be shown that they present
no greater radiological, thermal, or criticality hezards than those of the
certified contents. Several cask types will be used for transporting waste to
a repository. Generally., the gize of the package will be dictated by the node
of tranaportation. . . _ :
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The type ¢» packaging to be used for shipments to a repnsitory is re-
quired to survivve the conditions of both normal tramsportatien and accldents.
Survival 1s det:rmined by the axtent to which the packaging contains its
contents, ghiclis agalnst excessive levels of radietion, and prevents a
nuclear chain : . gction from occurring even after being subjected to the
prescribed hypcthatical accidant conditions (see Seztion A.5).

A new pachaging is designed through a rigorou process similar to that
for other nuclear-related producta. If a feagibla sesign is proposaed, the
design proceeds through an anglneering snalysis o 1%8 survivabllity when
subjected to the testing conditions. Phyaical engl-wering tests may be
conducted during thls stage to support analyses. Pr»of of survivability under
accldent conditions 1s requirad either through analysis, full-scale or model
testing, or a combination of both. {nce feagibility and survivability are
ensured, a final design is prepared. In the degign of packaging used for
comperical-waste shipments to a repository, all of this effort will be
performed by the cask designer for the DCE under a rigorous quality-assurance
program. Once the DCE 1s certain that the design satisfies all requirements,
& safety-analynis report for packaging (SARP) will ue submitted to the NRC.
This SARP will contain a description of all analyses and will be the means for
transmitting all operational and safety information to the reviewer. Once the
NRC 18 convinced that all eriteria have bean asatisfied, it will iasue a
certificate of .compliance.

Since packaging certification can be based on engineering analysis,
without actual phyaical testing, it is important to have confidence that the
analytical regults closely represent those that might be expected to occur 1f
a package were actually subjected to accident conditions. BSeveral
experimental programa, both raduced-scale and full-gcale, have baen run to
produce carefully controlled accident environments that can be directly
correlated with analysis (Jefferson and Yoshimura, 1978). The correlations
have heen reasouably close, and much confldence has heen developed in
analytical modeling capabllitieg as a reliable and cost-effective tool tg’
replicate response to accident conditioms.

A.7.2 TYPES OF PACKAGING

The analyses presented for Ltransportation in thia environmental
aseessment are based on the representative characteristics of & new family of
casks that are expected to be used to transport spent fuel and high-level
waste. These casks elther are being designed now or will be designed in the
future, and more accurately represent the type of packaging that will be used
than do existing caska being used to transport commercisl spent fuel.

As stated earlier, packagings are designed for specific contents;
spent-fuel casks are no exception. The existing casks that are currently in
use are desgigned to shield, digsipate heat, and prevent a nuclear chain
reaction in spent fuel that has just come out of a reactor. Because the spent
fuel to be shipped to a repository will have been out of the reactor for many
years (5 years at a minimum), the existing casks are "overdesigned” for the
missinn. Although the expected radiation-~dose rates would be much lower than
those allowed by regulation, the cask payloads are also lower than optimum,
thus requiring more shipments. The lower radiological risk per shipment using
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existing casks w~ould be roughly offset by the increrased overail risk that
would result from the increased number of requlred shipmentas.

The DOE is planning new cask designs that will increase payloads and
substantially r.duce the number of shipments. Tablt A~1 presents the cask
capacities assuied for performing the tonsequence a+G risk analyses in Section
A.B8. These cas'a will benefit from paat designs, ! -t the application of
current technology and analytical tools may allow i. provements in design.  For
example, new-generation casks will probably be desrijned to be handled entirely
remotely and thus will eliminate much routine work :r exposure.

A.7.2.1 Spent-fuel cdggg

Flgures A~1 and A-2 ghow a representative truck cask and a representative
rall cask that will be ueed Lo transport gpent fuel Lo a repository or to a
facility for monitored retrievable storage (MRS} if such a facility ia
approved by Congreas (see Sectlon A.8.3.4), The 100-ton rail cask depicted
could alse be used for barge transport. The truck cask will be able to
accommodate two spent-fuel assemblies from a pressurized-water reactor (PWR)
or five assemblies from a boiling-water reactor (BWK), This represents about
a doubling of capacity over exiating truck casks. The representative truck
cask will weigh 21,773 kilograms (48,000 pounds) when empty; when the cask is
loaded on the tractor and trailer, the vehicle will weigh less than 36,288
kilograms (80,000 pounds), a weight that will allow it ko travel relatively
unimpeded by State welght limits for vehicles on the nation's highways. The
cask may be constructed of carbon or staloless steel; shielding may be
provided by steel, depleted uranium, or lead.

The rail/barge cask will be able to accommodate 14 PWR or 386 BWR
asgsemblies, again repreaenting a doubling of current cask capacity. The
concept shown has a stalnless-steel body with a sufficient wall thickness to
meet all structural and radiation-limit requirements of regulations.

The conceptual designa for both the truck and the rail/barge casks have
external impact limiters (shock absorbers designed to reduce the effacts of
accidents) mounted on the casks, as well as internal impaat limiters made of
crushable honeycomb material.

A.7.2.2 Casks for defense and commerclal high-level wagte

An artist's concept of the truck cask for defense high-level waste (DLHW)
is shown in Figure A-3. It will be able to carry one 0.6~ by 3-meter (2~ by
10-foot) canister of vitrified defenae waste (and possibly commerilcal
high~level waste from the West Valley Demonstration Project (WVHLW)). When
the cask is loaded on the tractor and trailer, the loaded trailer and tractor
will weigh less than 36,288 kilograms (80,000 pounds). The cask will be
constructed of stainless steel and will have e shielding sleeve of depleted
uranium and steel. The cask will have features that allow it Lo be remotely
handled, and the impact limiters will not have to be removed during loading
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Table A~1. Referance cask capacities
Origin and destinu:ion Waste type® (‘antainer Capacity®
SPENT FUEL AND SECONDARY WASTE
From reactors to ressitory
or MRS faciTity i
Truck Spent fuel Unconsolis'sted assemblies .2/
Rai? Spent fuel Unconso i¢oted assemblies 14/36
From MRS facility to
repository, 100-ton rasks
Salt sites Spent fug) Disposal cuntainer® 24/30
Tuff site Spent fuel Disposal cuntainer® 18/42
Basalt site Spent fuel Disposal -untainer® - 24/4%
From MRS fﬁ;i?its o
repository, 150-ton casks ' o
Salt sites spent fusl Canfatary 724350 :
Tuff atte Spent. fyel Canigen® . 48/59 ; :
Basalt site Spent fuel Canis .er? R-ZTAN]
From MRS faetlity te all
sites
100-ton casks Harduarq and his
activity Yow-lavel '
" waste : Canistar® ¥
150-ton casks Hardware: and high- . o
- Bctivity Tow-Tavel o . ‘-
waste ' Canister® 7 o
Rail Contadt~handled - SRR
transuranic waste : Drym (Fy .
© HIGH-LEVEL WASTE ' _
Dafense waste
Truck Glass HLW Cantater B
Rait _G?ass HLH' Canistar - 5
Commarcial waate® S .
Truck G1q;;HHLH Canister 1
Rail Glass HLW Canistar 7

" PWR = pressur\zed«uater reactor. BWR =

® Pairs of numbars show the number of PHR and BWR assemblies, respectively; for
example, 2/5 mesns 2 PWR pysemblies or 5 BWR assemblies.

¢ Disposal contaipers suitable for direct emplacement in a repository,
are different for each repository host rock.

Boiling-water reactor.

Container sixes

In thin-wal) canisters that would require encapsulatiocn in disposal container at the

repository. Canister sizes are diffarent for sach rapository host rock.
® A cantster contains five S5-gallon drums.

LI

30 ¢

Thirty-six drums per transport package. two packages per railicar.
High-level waste from the West Valley Demonstration Project.
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TIE-DOWN
TRUNNION

LIFTING YRUNNION a3 AP RPP~ T STEEL CASK BOOY
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DING MATERIAL

DEPLETED URANIUMISTEEL
S+IELDING LINER

SPENT FUEL ASSEMBLIES
INTEANAL IMPACT LIMITER
CLOSURE

THERMAL SHIELD AND DUST COVER

EXTERNAL IMPACT LIMITER

Figure A-1. Truck spent fuel cask.
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89 FEET

LIFT* G TRUKNION
SOLD HEUTRON
SHIELDING MATERIAL

TIE-QGwN
THUHMNION

STECL A% BODY

FUEL ASSEMBLY SUPPORT BASKET

T SPEWT FUEL ARBEMELIES
" SYEEL, SHIELD D80

INTEANAL IMPACT LIMITER
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&
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Figure A-2. Rail/barge spent fue! cask.
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TRUNNION

T BOROBIICATE OLASE WASTE FORM
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T
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- IRTERNAL IMPACT LINITER

TS UE TG TRUNNION
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INTEGRAL DUST COVERITHERMAL SHHLD
ERTERMAL IMPACT L MUTER

Figure A-3, DHLW truck cask.
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and unloading. A rall cask may also be developed; and its cspacity is
expected to be f-.ve canisters of vitrified defense high~level waste (see Table
A“lo)

A,7.2.3 Casks fur use:from an MRS facility to the ::pository

The DOE's ﬂission Plan (DQE, 1985) discusses a1 improved-performance
waste-management syatem that includes a facllity fo monitored retrievable
storage (MRS). Fully iIntegrated into the system, tne MRS facility would
perform most of the waste-preparation functions no: 2ssigned to the
repository. In particular, it would congolidate t.e spent-fuel rods, which
are contained in cectangular spent-fuel aseemblies, nto a tighter circular
array, load the consolidated rods into a metal canisver, and store the
canister until shipment to a repository, where the canisters would be
encapsulated in disposal contalners and emplaced in che underground disposal
rooms. It would also be possible to have the MRS load.the consolidated-fuel
canisters into diasposal coutainers, which would require no further preparation
at the repository.

Casks that would be used in transporting the congolidated spent fuel from
the MRS facility to the repository have not yet been designed; however, any
design would be certified by the NRC. Scoping analyges have been completed
and allow projections of cask capaclties to be made. These projections are
presented in Tahle A-1 for casks that weigh 100 and 130 tona. The larger cask
may be feasible if an MRS facility is approved by Congress. The cask
capacities depend on the hoat rock of the repcsitory because each host rock is
assumed to require a4 unique canister design and slze.

The consolidation of spent-fuel rods at an MRS facility would separate
the fuel from the structural components and therefore create another waste
type that requires dlsposal. This secondary waste 1s aeparated into three
classes: hardware, high-activity low-level waste (HAW), and contact-handled
transuranic waste (CH-TRU), It 1s assumed that the hardware and high-activity
wagte would be loaded into 55-gallon drums, with five drums loaded into a
canister. Packaging capacitles for these wastes are gilven in Table A-l. The
transuranic waste would be loaded into S55-galion drums and shipped in a
packaging tbat 1s assumed to have a capacity of 36 druma. Two of these
packages could be carried by a rallcar while only one could be carried by a
truck traller.

A.7.3 POSSIBLE FUTURE DEVELOPMENTS

A.7.3.1 Mode-specific regulations

Even with the safety record of packagings that have been analyzed or
tested to aurvive accident conditions, the NRC is currently reviewing
regulations defining accident test conditions in order to assess whether the
conditions sufficiently bound those experienced in real accidents. The
regulations prescribing accldent conditions for transportation are not
specific to the mode of tranaportation, the implicit assumption being that the
conditions for all modes are covered by the current standards. Such an

A-ib

- e I e e 'l | 3 i F 3



assumption has been questioned, and, In response, the NRC 1s comparing the
current standard:; with actual accident experience for all modas,

A,7,3.2 Overweizht truck casks

Highway load restrictions limit the weight of truck casks, which in turn
limics cask payloads. In general, these limitatlons are intended to protect
the nation's highway system from damage. Consideri. ; the safety objective of
minimizing the number of spent-fuel shipments, howav:r, the DOE, in appruving
designs for future cagks, will balance the benefit of reducing shipmentas
against posslble road damage caused by overweight weiiicles.

Slightly larger truck casks can increase payload capaclity, which, in
turn, can algnificantly reduce the number of shipments. The DOE intends to
investigate the potantial of these larger caske and will consider their use if
additional road damage can be minimized. The proposed use of any overweight
equipment will be subject to marly review and comment by appropriate State
officlals bacause the DOE recognizes the State as the permit-issulng authority
for shipments requiring overueight or oversize equiiment over the natlon g
highway syatem.

A.7.3.3 Rod consolidation

Another way to Increase the capacities of spent-fuel casks is to
consslidate spent~fuel rods in a canister, as mentioned above for the MRS
facility. By so doing, cask capacities might be doubled. Preliminary
investigations indicate that, in terms of cask: design, the principal problems
asaociated with rod consolidation are the increase in weight and the amount of
heat that must be dissipated. o :

A.7.3.4 Advanged handling concepts

Since the number of radioactive-material packages received and handled at
8 repository will be high, even the low levels of radlation at the surfaces of
the packages would be sufficlent to cause high total worker exposure. In an
attempt to minimlize worker exposure, the use of advanced remote-handling
equipment, such aa robotics, for unloading the packages is being
investigated. New ahipping caske will be designed to faclilitate the cask
handling and unloading operations at the repository or MRS facility.

A.7.4 CONCLUSIONS

The design and performance of current packagings are adequate for the
specific contents for which they were designed. However, the waste to be
transported to a repository would not be efficiently transported in existing
caskg gince it is clder and eooler than the contents for which the existing
casks were designed (typically spent fuel cooled for 180 days). Therefore,
nevw casks designed for fuel at least 5 years old will be added to the fleet,
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These casks wi}l have increased capacities and features that facilitate remote
handling. Bec.use these new casks more realistically represent future
shipping operaiions, the expected characteristicas cf these caaks are used in
this environmewutal assessment.

A.,8 POTENTIAL HAZARDS OF TRA!PORTATION

This ssction provides a numerical estimate «f he hazard associated with
trangporting radloactive waste to a reposltory. 'r response {o numerous
comments recelved on the draft Appendix A, additi:t -1 emphasis wag placed on
the potential coussequences to an individual, as opp:sed to a general
population. The goal was to answer the frequent quesstion: '"What happens to
me, 1f ,,.?" Aftar explalning the consaquences th.% cculd be exparienced by
an individual affectad to a credible maximum exteni, the congequences are
extrapolated to a general population and then finally are combilned with
accldent probabilities to produce an expected value of risk to the public. A
separate analyels was performed to conslder barge transport, which currently
is thought only to provide a potential supplementary role in the tranaportation
system {see to Section A.10). The potential uncertainties inherent in the
results presented here are also discussed,

It must he emphasized at thig juncture that all analyses are thought to
be conaervative, and hence the risks they predict are expected to be much
greater than the risk that may actually occur.

A.8.1 POTENTIAL CONSEQUENCES TO AN INDIVIDUAL EXPOSED TO THE MAXIMUM EXTENT

The analyses in this section are really (“snapshots in time") wherae an
individual 1s exposed as a result of a particular set of circumstances that
nay never happen and would probably never happen twice in exactly the same way
or to the same individusl. These analyses are specific to a single shipment,
and detalla about ghipping schedules and scenarics§ are deferred until Section
A.8.2,

A.8.1.1 Normal transportation

This section presents estimates of credible maximum radiation doses that
may be recelved by & peraon from selected activities that could result from
transportation operations. The activities are not related to accidents but
rather could occur during normsl operations.

The results in the tables are taken from Sandquist et al. (1985),
Sandquiat et. al, represent truck and rail casks with a #imple analytical
model and assupa that the dose rates emitted from the caske are at regulatory
levels (i.e., at the maxipum levelg permitted by existing regulations). Table
A—2 preaents estimates f[or a.truck cask, and Table A-3 is for a rail caak. A
number of services or activities are analyzed for each mode.

In ordar to explain what the results in the tables mean, consider Table
A-2 for truck. Under the truck servicing" category, the table gives the dose
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Table A2,

(truck spant-fual cask}®

Projected maximum individual exposures from normal transport

Mean distance Haximum
Dascription to center DHposure Dosea rate
{service cr activity) of cask {ft) vime {min) and :total dose
Caravan
Passangars 1n vehicles traveling in 35 30 0.04 meem/min
agjacent, lanes in the same direction Co ! miom:
as cask vehicle .
Traffic obstry  tton :
Passangsrs in atopped vahicles in 15 30 ¢, mrem/min
lanys adjacent to the cask vehicle: Do 3 mrem: -
vehicles have stopped because of SRR
traffic obstruction
Residents ang pedeitrians _ _
Slow tﬁansit {because of traffic control 20 6 ":.J.oﬁnﬁ»ﬁﬁaﬁ/m{n
through area with pedestrians} - von 4 mpam
Truck stop for driver‘s rest: exposuiress 130 v . 0,006 mre=/min -
to residents and passers-by SORER RN o 1.
$low transit through area with residents 50 Ny -0.02' mred/min. !
(hones, businezses, atc.) o RT PR R I
Truch servicing siyes ans
Rafueling (100-gallon capacity) i 006 arem/mim ¢
One nozzle from one pump 25 (at tank) 40 2 ﬁrem_
Two nozzles from onenpump 25 (at tank) 20 Coi Lamremi e
- . R Y PL PR P BT N
Load inspection and enforcemant 10 12 0.2 mrem/min
' VR n@omegmy At
. ICRF TR N L I L B
Tire change or repair of cask tratler 169 50 0.7 mrem/min
ot ; - 5"?“ ,,
s L A B E T
State weight scales 15 2 0.1 mrem/min:

0.2 mram

* These exposures should not be multiplied by the expected number of shipmants to a
repository in an. attempt to calculate a worst case because the same individual would not be
exposed for every shipment, nor would these circumstances arise during every shipment. -Ad’
individual residing.100 feet from a transportation route and witnessing gvary shipment would -
raceive an annual dose of 2 to 8 mrem, depending on the mode of shipment and the cask size.

® Assumed to be overnight (8 hours),

¢ Inspection occurs naar personnel barrier.
¢ Changed tire is the inside tire nearsst cask.
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Table A-3.

Projected maximum individual exposures from normal transport
{rail spent~fual cask}"

R

Mean distance e i mum
Descripiion ‘to center mposure. Dose rata
{servica or activity) of cask (ft} time (min} and -total dose
Caravan
Passengers in rail cars:or highway 65 - 10 0.93 mrem/min’
vehicles traveling in same dirsction e T 0.3 mrdk-
and vicinity as cask vehicle - Coed
Traffic obstruction n
Persons in - vicintty of cask vehicle 20 2% cann 0L mrew/min
stoppad dr slowed down hy 4 ST S T @ e
rail traffic obstruction . ST P R AR
Secln
Rasidents and pedestrianz
Sob o ey B e
Slow transit {through station or 25 10 0.07 mrem/min
becausa of traffic cantrol) Pl e e DT e
through ares with padestrians CoonTae e Tnnp s
Slow transit through area with 70 sl s ,02 wrem/win
residents (homes, businessas, etc.) ey Loan o QU@ mirem !
Train step. for crew's parsonal nesds 150 - 120:7¢ teea 01006 mremy/min <
{foad,- crew change, first aid, atc.} ks rere o @7 Mt
Train servicing ST Rautd
Engine-refualing, car changes, 35 “: Y20: CLap @04 mrankm b
train maintenance, etc. ‘5 mrem |
R (18 RS [T o doabuan anld
Cask inapection and enfotfzemant by :: .- 10 Qe o BaRimkamsmin
train, State, or Fedaral officials 2 mram
A : U e P O S I A [T R v
Cask-car coypler inspection 30 20 0.07 mrem/min
or maintenance 1 mrem
L . . . A st o
Axle, whegl, or hrake inspection, 25 30 0.09 mrem/min
Tubrication, or maintenance

an cask car - 5

3 mrem

" These exposures should not be multipled by the expected number of shipments to a
repository in an attempt to.calculate a worst case bacause the sams individyal would not bé
exposed for -every shipmant, nor would these circumstances arise duridg evéry shipment. An
individual residing 100.feat from.a twansportation reyte and witnassing

receive an annuval dose pf -3 to B .mrem, depanding on the modq-of shipment and the cask size; ' !
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dellvered to a person changing a tire on the traller of a truck carrying a
loaded spant-fuel cask. To change the tire, that reguired him to be only 5
meters (16 feet) ‘rom the center of the cask. It was further aussumed that
changing the innermost tire {dual wheels) would take almost a full hour., The
dose rate at the iocation was estimated to be 0.l miliirem {mrem) per minute,
a rate that wculd produce a 5-mrem dose to an indivicual for the complete
service procedur-. This dose is about the same as tl.% received on a
transcontinental ailrplane trip. If thils person were zatimated to change many
tires in a year, the DOE may impose administrative ccatrols to minimize the
accunulated dose. Such control could be something .a simple as requiring
temporary lead shiglds between the cask and the arer ~here the tire was to be
changed.

Many of the services or activitlesg analyzed would require administrative
controls if they were to happen routinely. Routine occurrences either would
not be allowed, or administrative controls would be applled to limit
cumulative exposures. These types of activities and services will be more
fully analyzed daring the preparation of the environmental impact astatement.
This analysis does highlight the fact that additiona. controls may be
necessary for the large numberg of ghipmenta that will occur under the Act,
but it must also be emphasizeéd: that the aimplified model uged. by Sandquist et
al. (1985) will calculate doses much greatar than expected,

A.B.1.2 Accidents

Table A-4 presents the results of an analysis performed by Sandquist
et al. (1985) to evaluate the individual doge that may result from three
claases of very severe accidents—-accidents that would produce conditions more
severe than the regulatory test conditiong. Accidents of this severity are
not likely to occur during shipments to a repository.

Each set of results in Table A-4 {3 for an accident in which there is a
release from a raill cask carrying 14 PWR assemblies. The releases are
consistent with those assumed in past analyses (Wilmot et zl., 1983; Neuhauser
et al., 1984) and are based on the releage mechanisms defined by Wilmot (1981).

The three accident classes (4, 5, and 6) are taken from Wilmot et al.
(1983). These are very severe accidenta, all of which would produce
conditions greatly exceeding those specified in the NRC regulations. A Class
4 accident would require a very severe impact {(i.e., perhaps a 30-meter
(100-foot) drop onto a granite slab). This impact would releaae adhered
activation products and may rupture a few spent-fuel rods. A Class 5 accident
requires a Class 4 impact with a subsequent very intense fire (a fire longer
and hotter than that of the regulatory test). A Class 6 accident requires a
Class 4 impact and an even hotter fire than Class 5. A Class 6 accident would
result in the severe oxidation of ruptured fuel rods. These acclidents are
extremely unlikely; they are estimated to occur once in a million vehicle
accidents.

The maximum dose received by an individual in the most severe accident is
about 10,000 mrem; it would be incurred by a person standing about 70 meters
(230 feet) from the scene of the asccident. Most of the dose comes from
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Table A-4, Estimated maximum individual radiation dore

for rail~-cask accidents

Doge (mrem)®‘”

Plume Ground Dust
ccident clags® Inhalation gamma gamma inhalation Total
4 180 11 12 0.0001 200
5 6,100 71 91 (.004 6,300
6 9,000 550 710

0.0006 10,300

* Maximum individual dose occurs about 70 meters (230 feet) downwind of

he release point.

® Values reported as the effective whole-body dosa.
° Accident class ag defined by Wilmot et al. (1983).

Clasg 6 18 the

ost severe, but all classes have probabilities of legs than 1 in.a million

ccldents.

an Ny

A-22



inhaling radionmuciides from the plume. The dose itself would vccur over
decades and woulc¢ come from radionuclides retained within the body. Even if
all of the dose -2re received during a short ('"acute exposure") period, the
individual would show no symptoms nor have his life %hreatened. An "acute”
doge of about 50,700 mrem would be required before anv symptoms would be
obeervable; a dosze of more than 450,000 mrem would bt: requlred before the
chance of dying —ithin 30 days 1s 50-50 (NCRP, 1962}.

The doses calculated can be greater or smaller. depending on the
circumstances; however, the analyses made no attem -t :to account for the
mitigating measures that would immediately be exer( iued after an accident.
Even such simple seasures as staying indoors could 2 slly reduce the doses by
tenfold or m~re, By carefully tracking the release ¢* materlal as it is
dispersed by the wind, such advisories can be made,

The doge received by a firefighter was calculalzd for an accident even if
no radicactive material was released. If the firefighter spent an hour at the
scene of the accldent, he would receive a dose of up to 24 mrem., A
description of thig analysis is also given by Sandquist et al. (1985). 1If a
firefighter was regponding to an accident In which there was a release and did
not use breathing protection, he could be expected to receive a dose of about
10,000 mrem, as deagribed above for the maximumally expogsed individual, With
breathing protection, the dose could easily be reduced to less than 1,000 mrem.

A.8.2 CONSEQUENCES TO A LARGE POPULATION FROM VERY SEVERE
TRANSPORTATION ACCIDENTS

In this section, some dosem are calculated for a large population, not
juet for a single individual as in Section A.8.1. The accidents analyzed are
very unlikely, on the order of 1 in a milljion accidents or less,

Two scenarios are poatulated: (1) an accident where material ig released
during an accident, dispersed, and deposited on the ground and (2) an accident
where the radionuclides released are deposited in a reservoir that is used for
many purposes, including drinking water. The three most-gevere accident
clagsec defined by Wilmot et. al. (1983) are considered, as described in
Section A.8.1.2. Three exposure pathwaya are considered: inhalation,
¢loudshine, and groundshine. A fourth, the inhalation of resuspended dust,
was found to be unimportant In comparison with the other three. As shown in
Table 4-5, in the most-severe accident In an urban area, 22 latent-cancer
fatalities are predicted for the ground-deposition case and 13 for the
water-deposition case. These values are based on the assumption that no
mitigating administrative control or accident-scene clean-up takes place.
Evacuation would reduce these numbers, as would cleaning up the contaminated
areas. In the water-deposition caae, no credlt was taken for the normal
settling and filtering processes that take place durlng water treatment and
would certainly be employed after an accident. Details can be found in the
report by Sandquist et al. (1985).
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Table A-5. Estimated 50-year population dose for rail-cask accidents®

. Alr release® 5
Accident P ume Ground Plume Ground Water release in
conseguence Irhalation QAR gamma Total Inhalation gamma gamma Total urban area*
CLASS & ACCIDENTS'
Pcpulation dose 3 0.33 940 -1 1] 0,005 0.0008 1.4 1.4 180
({man-rem}
Humber of latent- 6.2 0.0003 0.04
cancer fatalities®
CLASS § ACCIDENTSF
Population dose 110 2.2 13,000 13,000 6.2 g.e0 21 21 6,900
{man-rem)
Number of lziant- 3 6.004 1.4
AT S ;'...':1;-. ';
CLASS 6 ACCIDENTS
Popuiation dose 150 17 114,000 1in, 000 0.2 0.0} 170 170 63,0080
{san-rem)
Number of latent- 22 0,04 13
cancer fatalities®

~ Estintes based on the assumption that there 1s no cleanup of deposited radionuclides.

B The ground dose is the dose that wauld be received if each member of the popuiation stayed at the same location for 56 years.
The inhalation dose is a 50-year dose comsitment From the inhalation of the passing plume. Doses are for the pofulation within 80

kilcn:ters (50 miltes) of the release point.
€ Yrban area assumed to hzve 10,006 pecple par scuare mile.
P gural area assumed to have 16 people per sguare mile.
€ Population dose From water ingestion.
body .
industrial needs of 17 @illion people.
less likely to occur than either of the air-release accidents.
F o Accident ciasses as defimed by Wilmot et ai. (1983).

€ gased on | man-rem = 2 x 107% latent-cancer fatality pius First- and second-generation genetic effects.

The noble gas krypton-85 is amitted because of its negligible uptake by a surface-uater
Fopulation-dase estimates based an a i00-acre, T-billion-gailon reserveir that supplies the domestic, agricuitural, and

#o radioactive decay, settling, or filtration is assumed. The water-release accideﬁt is much

2
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A.8.3 RISK ASSES{MENT

The precedin: section presented the consequences of an accident to &
large populationn. This section examines the expected rigk to the public (as a
group of individusla) by including not only the cons~ juences but also the
probability of thLe accident. The results depend on .hipment logistice and
schedules for al. shipments. In order to describe t.:e results more clearly
and to explein the differences between the results 1 'esented in the draft
appendix and in this final version, this gection br- fly describes the
computational models and the revisions made in the m.dela, the
waste-management rcenarios that were analyzed, and tusumptions about the waste,

A,8.3,1 Outline of method for estimating populatlot. risks

By recognizing similarities and uniformities over a national or large
regional scale, aimplifying assumptions were made in the risk-assessment
calculations: Such simplification 1s justified beciuse the importance of the:
results presented is not so much in their absolute wvalues but rather in their
relative magnitude when compared among the potential reposltery sites.

The most important simplification was to create "unit-rigk"” factors,
which represent .the risk of transportation for a unit diatance of travel in a
defined population zone. The use and devalopment of unit-risk factors have
been described by Madsen et al. (1983),

Once the unit-risk factors have been obtained for the population zones:
required (in this analysis, three different population densitles were
considersd), three other fectors are neaded to evaluate the total risk of
transportation to a aite: (1) tha total distance per trip, (2) the fraction
of travel in each of the population zoneg, and (3) the number of shipments
that may occur. Actual distances for representative routes were calculated
from each reactor and wasta source to the potential repository aites. The
number of shipments was calculated from detailed logistics modela that are
best deacribad in the detailed text of Shay et al. (1985). How the fraction
of travel in the various population zones was determined is discussed by
Cashwell et al. (1985). It ie sufficient here to mention that actual 1980
censusd data were reduced to population contours, which in turm were averlaid:
on postulated routes. The distance of travel in each zone was subseguently
tranglated to a fraction of travel.

A.8.3.2 Computational models and methods for estimating population risks

The analytical.tools (i.e., the analytical models or codes used in this
analysis) have been extensively documented elsewhere, and the interested
reader is encouraged to review this documentation for details of model
development (AEC, 1972; NRC, 1977; Taylor and Daniel, 1977, 1982; Madsen
et al., 1983; Wilmot et al., 1983} Neuhauser et al., 1984). This section
identifies the models and showa that they have been developed, usad, and
verified suffigiently to establish thelr credibllity.
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The RADTRAM-II code, which was used to calculate the radiclogical
unit-rigk factora, is the product of about 10 years# of development. Its
precursor wes ui:ed to produce the environmental assessment used in Interstate
Commerce Commis-ion (ICC) hearings concerning the iceue of hauling radioactive
material in trains dedicated to radioactive materic®) {(ICC, 19?7)= RADTRAN was
used to produce documents that are current standaré:s for evaluating the risk
of transporting radioactive materials (NRC, 1977, "##3), Furthermore, the
code has been used as the basis for other signifiec. ‘& risk-assessment tools,
including METRAN (Finley et al., 1980), which eva'u:tes the risk of
trangportation in urban areas, and INTERTRAN (Eri s»3 and Elert, 1983), which
is the risk-assecsment tool of the International At mic Energy Agency.

The nonradiological unit-risk factors were calrulated from available data
collected from actual transportation records (Cashsiell et al., 1985},

HIGHWAY (Joy et al., 1982) and INTERLINE (Peterson, 1984) are routing
models for highwey and rail shipment. Developed over the pset several years,
they are updated periodically to reflect current rcad and track conditions and
railroad ownership. They are benchmarked against reported mileages and
observations of commercial truck and rail firms.

A.8.3.3 Changes in the analytical models and methods for estimating
population riske

Many significant improvements have been made in the analytical models and
methods since the enalysea were by complated by Neuhauser et al. (1984), for
the draft environmental aseesament, A couple of the modifications have
resulted in significant changes in the absolute value of the expected resulta,
and therefore it ig important to identify them. The interested readar is
encouraged to review the references given.

The most important improvement was made to the railstop model in
RADTRAN-~II, which calculatea the occupatlonal and public dose accumulated as a
truck or train is stopped during transit. The primary basis for the change ia
a survey performed hy an expert in railroad operationa and documented by
Ostmeyer (1985a). The railstop-exposure model can treat both general-freight
and "dedicated-train” (see Section A.13.4.3) shipments. The model classifies
railatop exposures into two types: employee proximity exposures and general
rail-and-nonrail population exposures. The proximity exposures are received
by employees who handle waste shipments at railstops. In the case of
general-freight shipments, these exposures result from train classifications,
car repair, and train inspections. The dedicated-train proximity exposureg
regult from train ingpections and car repalrs. General rail-and-nonrail
exposuresa are received by rallyard employees not handling the shipment and the
general population that surrounds the reilyard. Unlike crew proximity
exposureda, which depend on the number of train "handllings," general-population
exposures depend on railstop duration.

Another major change to RADTRAN II is the addition of a food-ingestion

model. Populatlion doses from food ingestion are estimated by using
radionuclide transfer fractiomns. The model is documented by Ostmeyer et al.
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{1985b). Population food exposures are egtimated only for accidents that
occur in rural ar:as. However, because of the naturs of the mndal,
food-ingestion dc.es are not limitad to the residents of rural areas.

Food transfer fractions were detarmined for cobeit, cesium, strontium,
and plutonium radionuclides. All other rsdionuclider wlll make negligible
contributions to food-pathway risks for waste~transpc-tation accidents. Each
transfer fraction represents the “time-integrated” i ansfer of the
radionuclide through the food-ingestion pathway. Trsasfer fractions were
determined by using both empirical fallout data an¢ srstems—analysis models.

The occupational and nonoccupational nonradioloeg cal risks for rail
accldents were updated to be consistent with the most recent edition of
National Trangportation Statlstics {DOT, 1985). In addition, the calculation
of risk assoclated with dedicated trains was updated o incorporate the
appropriate statlstical base. Two years of accident data, 1982 and 1983, are
cited in this document} to obtain statistics for the analysis performed here,
the data for both years were averaged.

For calculating all of the radiological and nonradiological risks
asggociated with incident-free rail transportation, input must be in terms of
fatalities per rallcar-kllometer and injuries per railcar-kilometsr. For
general-commerce rail transportation, average occupational and nonoccupational
accident-related fatalitles are divided by the appropriate average values for
railcar-kilometers of Clasg I freight., The number of injurles are derived
from the numbers of fatalities.

However, unlike all radiclogical risks and incident~free nonradiological
pollution risks, which depend on train length, the nonradiological—-accident
term is dominated by grade-crossing accidents, whose occurrence depends solely
on the number of trains rather than the length of trains carrylng radioactive
waste. Consequently, for dedicated trains only, the unit risk factors are
expressed in terms of risk per train rather than risk per railcar. Dedlicated
traing are assumed for shipments from the MRS facility. Further details are
given by Cashwell et al. (1985).

Finally, a method was developed for modifying unit-riak factors to
reflect changes 4n population densities. A brief discuesion of this method is
pregented below,

In the relationahips given below, five symbols are used, They are
defined as follows:

Fi= A zone- and materlal-dependent rlsk factor based on rural,
suburban, snd urban population densities of 6, 719, and 3,861
persons per square kllometer, respectively.

Fa= Any revision to F, desired because of a change in population
density.

§i1= One of the population densities (6, 719, or 3,861 persong per
square kilomster).

§2 The altered value of a populaticn density.
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as Tha frsction of the normal nonoccupational radlologlcal riak
contrisuted by offlink expoaures to the general population [a =
of flin</(onlink + stops + offlink)].

The following vuiues of the quantity a were used for each mode and population
zone:

Mode Rural Subur’ an Urhan
Truck 0.00 0. B 0.07
Train 0.03 Q.k5 0.47
Dudicated

Train 0.23 0.97 0.76

The resultant radiological and nonradiologlcal risk factors are as follows:

Radiolugical Risks

Normal occupational fatalities Unchanged
Normal nonoccupational fatalities Fzm Fila(§2/§1) + (1 ~ a)}

Accident nonoccupaticnal fatalities Fz= (§2/8.)F,

Nonradiglogical Riaka

Normal nonoccupational fatalities F: = (§2/§:)F,
Accident occupational fatalities Unchanged
Accident nonoccupational fatalities Unchanged
Accident injuries Unchanged

A.8.3.4 Transportation scenarios evaluated for risk analysls

The DOE has described two different waste-management systems in the
Migaion Plan {DOE, 1985): an authorized gystem and an improved-performance
system. In the authorized system, spent fuel and defense high-level waste
would be shipped directly from the sources (reactors and waste sources) to the
repository. In the improved-performance system, a centrally located MRS
facility would be used to prepare the apent fuel for disposal in the
repository.

The rate at which the repository would accept spent fuel and high-level
waste is given in Table A-6 for the authorized system. The high-level wagte
is assumed to be sent directly to the repository undar either plan. The
volume of defense waste that is used for this analysis is greater than that
presented in the Mission Plan 1n order not to underestimate the environmental
impact of transporting this waste.

Several cases are considered for the improved performance system; they
are defined by changes to two inputs: (1) the size of the cask uged to
transport waste to the repository from the MRS facility and (2) the locaticn
to which resctors west of the Rocky Mountains (longitude 10Q°W) ship their
spent fuel. Two cask sizes were considered: 100 and 150 tons. Reamctors wegt
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Table A-6., Reporitory waste-acceptance schedule for the authorized system
{metric tons of uranium)

High-level :aste’:

Savannah

Year Spert fuel River INEL® anford West Valley®
1958 400

1999 400

2000 400

2001 900

2002 1,800 5 -
2003 3,000 350 75 ' ' 20
2004 3,00¢ 350 75 20
2005 3,000 350 75 .. .20
2006 3,000 350 . 75 - 20
2007 3,000 350 75 20
2008 3,000 200 300 . . 75 20
2009 3,000 200 300 15 : 20Q:
2010 3,000 200 300. 75 20
2011 3,000 200 300 75 . - 20
2012 3,000 200 300 75 20
2013 3,000 200 300 - .15 20-
2014 3,000 2Q0 300 75 20 -
2015 3,000 200 300 75 20
2016 3,000 350 300 75 20
2017 3,000 350 300 75 20 .
2018 3,000 350 300 20
2019 3,000 350 300 20
2020 3,000 350 300 20
2021 3,000 350 300 P .20

2022 1,100 350 300 20

* A canister of high-level waste contains the fission products from the

reprocaasing of 0.5 MIU of gpent fuel.
The values given for high-lavel waste were developed for use in thege

EAs. They are believed to be maximum values that would not be exceeded and do -
not reflect expected values. They do not compare with the values given in .the
Misaion Plan (DQE, 1985).

¢ ldaho National Engineering Laboratory.
Commercial high—level waste from the West Valley Demonstration
Project,
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of longitude 10D°W were assumed to ship either directly to the repoaitory or
to the MRS facility. All four combinations were cwnsidered. The
waste—-acceptanse rates for the MRS faclility and the repository are given in
Tables A~-7 and A~B for the two cases Involving difierent destinationg for the
spent fuel frow western reactors.

A.B8.3.5 Agyumption about wastes

Detailed detcriptions of the spent fuel and mir :ellanecus waates are
given by Caghwell et al. (1985); however, some basic assumptions fundamental
to the risk analysils are presented here.

Tte spent fuel was assumed to be 5 years old if shipped from the reactors
and 10 years old if shipped from the MRS facility. In order to bound the
congequences, all analyses assume that the composition of the radiconuclide
release during postulated accldents is derived from a pressurized-water
reactor. The fuel burnup was assumed to be 33,000 MWd/MTU. It was assumed
that the spent-fuel assemblies have limited amounts of radiocactivity ("crud™)
on their exterior surfaces; this can be knocked loose and readily released to
the insilde of a cask under accident conditiona. Spent fuel shipped from the
MRS facility is consolidated and shipped either in a thin-wall
repository-specific canlster or encapsulated in a container deaigned
specifically For disposal in one of the different repository host rockas. (The
repository-apecific canisters would be encapsulated in disposal containers at
the repository.).

The high-level waste--defense high-level waste from three reprocessing
plantg and commercial high-level waste from West Valley Demonstration
Project—was assumed to have the composition of defense waste from the
Savannah River Plant. Therefore, each canister of waste was assumed to
contain the inventory resulting from the processing of 0.5 MIU of apent fuel.
The waste matrix was assumed to be a glass.

The wastes resulting from fuel consolidation--hardware, high-activity
low-level waate, and contact-handled transuranic waste {CH~TRU)--were assuned
to be shipped along with conaolidated spent fuel to the repository. The
hardware contains activation products; the high-activity low-level waste also
has sgignificant amounts of fission producte; and the contact~handled
trangsuranic waste contains mainly transuranic radionuclides, which pose no
particular external radiation hazard. The high~activity low-level waste and
the hardware are placed in drums and then five drums are loaded into a
canister; the trsnsuranic waste i1s packed in drums.

A.B.3.6 OQperational considerations in risk analysis

Shipments from the reactors and HLW processing plants are made by truck
or rail in general-commerce shipments. Cask sizes are limited so that no
special restrictions are encountered enroute. Shipments from the MRS
facility, however, are made in dedicated trains that haul only the radiocactive
material being shipped to the repoaitory. The reference dedicated train
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table A-7.

Receipt rates for scenarig involving all reactors

shipping to an MRS facility

&

CH-TRU®

34
A1l reactors MRS to Hardware High=a¢tivity

ar to MR3 repository {canisters) waste {ciatszters) {drums}
96 400
97 1,800
98 3,000 400 35 43 74
39 3,000 400 35 3 74
oo 3,000 400 35 33 74
01 3,000 900 79 4 166
02 3,000 1,800 158 1-7 331
03 3,000 3,000 264 246 552
04 3,000 3,000 264 246 652
05 3,000 3,000 264 246 B52
06 3,000 3,000 264 46 a52
07 3,000 3,000 264 b 65¢
08 3,000 3,000 264 246 652
09 3,000 3,000 264 246 552
10 3,000 3,000 264 246 B52
11 3,000 3,000 264 46 B52
12 3,000 3,000 264 246 552
13 3,000 3,000 264 ~z46 652
14 3,000 3,400 264 246 552
15 3,000 3,000 264 246 E52
16 3,000 3,000 264 245 552
17 2,800 3,000 264 246 552
18 3,000 264 246 BEZ -
19 3,000 264 246 f62 -
20 3,000 264 246 552
21 3,000 264 246 552

1,100 97 90 202

* Spent fuel only; high-Tevel waste is assumed to be shipped directly to a repository
the improved-performance system, bypassing the MRS facility {see Table A-6).

® Contact—handled transuranic waste,

F_ T Y
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Table A-8. Faci'ity receipt rates for scenarioc invelving onlTy eestern roactors
shipping to an MRS facility

snent fyel (HMTY)

Eastarn Western ——sgoondary catte
reactors reactors to MRS to Hardware High-activity CH-TRU
ear to MRS repository repasitory {canisters] wasté (canisters) {drums)
9% 370
997 1,665
998 2,775 a0 370 32 31 68
999 2,775 30 370 K N 68
000 2,775 a0 370 32 31 i 6B
001 2,775 67.5 832.5 73 68 154
(H1 Y 2.775 135 1,665 146 228 ane
003 2,775 245 2,775 244 © - 228 vt 61
no4 2,775 225 2,775 244 et 228 Ll 511
005 2,775 225 2,775 244 228 vtk 511
006 2,775 225 2,775 244 t 228 L 511
noz 2,775 225 2,775 244 o228 b 511
008 2,775 225 2,775 244 a 228 At 8l
009 2,775 225 2,778 244 . 228 v 511
010 2,775 225 2,775 244 228 BT
0n 2,175 225 2,775 244 ' 228 o 511
012 2,775 225 2,175 244 Lo 228 BERIEE -1 B
013 2,775 225 2,775 244 co-b 228 511
04 2,775 225 2,775 244 - 228 R -2 A
015 2,775 225 2,775 244 228 -1
016 2,590 225 2,775 244 228 511
017 2,800 225 2,775 244 ‘- 228 511
018 225 2,775 244 ‘228 51
019 225 2,775 244 S 228 511
020 225 2,775 244 S 228 511
021 225 2,775 244 - 228 : 511... .
022 82.5 1,017.5 90 . , 83 . 8T .
. e ot . . - . ST e o ot ne
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consists of five arent-fuel casks, two hardware casks, two high-activity-waste
casks, and one raj car carrying contact-~handled transuranic waste. The
dedicated train ha» different operational characteristice than a
general-commerce tvain, and the analypes reflect those differences.

A.8.3.7 Values for factors uneeded to calculate popul-fion risks

As described in Section A.8.3.1, four factors ¢r« needed to asgess the
population risks from waste transportation: unit riik factors, shipment
dietances, fractions of travel in various populatlon « mes, and the number of
shipments.

Tables A--9 through A-12 present all of the unit visgk factors used 1n the
analysas made for this envirommental assessment, Talhlas A-9 and A-10 give the
factors for ghipments that originate at the reactors and the ALY processing
plants. The unit risk factors are given for truck and rail shipment and for
each population zone. All rail factors are for an irdividual railcar in
general commerce. Table A-9 presents estimates of the radiological risks from
normal transportation and accidents. The normal risk 1s subdivided into
occupational and nonoccupational categories. The accldent risk 1s not divided
by occupational category because potentlal expogures for each category are
gimilar (see Section A.8.1.2), and the populetlion density used in the
calculations can be consildered to include both categories. Table A-10
preaents estimates of the nonradiological riak.

Tabies A~1ll end A-12 contain risk factors for shipmentz that originate at
the MRS facility. Separate factors are given for consolidated-fuel shipments
in both the 100~ and 150-ton casks and for the secondary wastes that are
generated in consolidation. All shipments from the MR8 facility were assumed
to be by dedicated train, and therefore the unit rigk factors are for a
complete train (i.e., the factors are on a train-mile, rather than a
railcar-mile, basis).

Shipment distances are found in Tables A~13 and A-l4. Table A-13 gives
the distances from a few chosen reactors in different regions of the United
States to the MRS facllity and each repository site and from the MRS facility
to each repository site. A complete listing of reartors can be found in the
report by Cashwell et al. (1585). Table A-14 shows the distances from the HLW
sites to the various repository sites., A summary of total shipment distances
is given in Table A~15 for each transportation scenario evaluasted for the
authorized system and the improved-performance system. Distances are given
for the cases where shipments are made by all truck or all rail. For two of
the acenarios estimates are given for each waste type to provide a perspective
on the contribution of each.

The fractiona of travel in the various population zones are found in
Tables A-16 and A-17 for the selected reactors and the HLW processing mites,
respectively. Routes from each source are analyzed to determine the
approximate amount of travel in each of the population onea. Further details
and all remaining reactor data can be found {n the report by Cashwell et al.
(1985).
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Tatle A-9., Radiological risk factors for shipments from
waste sgurces to 3 repository or MRS faciiity®

Hode Zone Hazard group Spent rLal® DHLW® WYHLY?

Truck Rural tarmal accupational fatalities 4,708 3¢ 4.14E-09 4.14E-09
Truck Rural Normal nonoccupational fatalities 2.04E - & 2.54E£-08 2.54E-08
Truck Aural Accident nonaccupational fatalities 3. {53 2.56E~13 1.79E-13
Truck Suburban Mormal occupational fatalities 1.03. -8 9.10E-39 3. 10E-09
Truck Suburban Nornal nonoccupational fatalities 4,364~ ¢ 3.92E-08 3.92E-08
Truck Suburban Accident nonocceupational fatalities 7.4B6E.1 1.08E-10 7.60E-11
Truck Urban Normal occupational fatalities 1. 72E~(8 1.52E-08 1.52E-08
Truck Urban Normal nonoccupational fatalities 5.96E-53 5.36E~-D8 5,.36E-08
Truck Urban Accident nonoccupational fataiities i,22E-28 2.16E-10 1.52E~10
Rail Rural Hormal occupatignal fatalities £, 14E-09 2.04E-09 ),03E-09
Rail Rural Normal nonpccupational fatalities 1. 16E-U9 1.Q03E-D9 1.03E-09
Rail Rural kteetdent nonoccupational fatalities 1.34E-12 5,56E-13 5.40E-13
Rail Suburban Nermal occupational fatalities 2. 14E-09 2.04E-09 2.04E-09
Rai?l Suburban Hormal nonoccupationat fatalities 7.70E-99 6.90E-09 6.90E-09
Rail Suburban Accident nonoccupational fatalities 2.78E-09 2.72E-10 2.64E-10
RaiT Urban Normal oecupational fatalities 2. 14E-09 2. 04E-09 2.04E-09
Rail Urban Norma) nonoccupational fatalities 2.58E-09 2.3RE-09 2.32E-09
Rai? Urban Accident nonoctupatfonal fatalities 6.72€£-09 5.08E~09 4,92E-09

multiply by 1.609.
second-generation genetic affects.

* Radiological risk factors per kilometer of travel.
Based on ) man—rem = 2 x T0°* latent-cancer fatality plus first- and

To convert factors to risk per mile,

" Unit risk factors for general-commerce truck and rail transportation of spent fuel;
units ara per kilometer for truck and per railcar-kilometer for rail,

€ Unit risk factors for gensral-conmerce truck and rail transportation of defense
high-level wastes; units are per kilometer for truck and per railcar-kiiometer for rail.

9 Unit risk factars for general-commarcea truck and rail transportation of commercizl
high-level waste from West Yajley; units are per kilometer for truck and per railcar-kilometer
for rail.

o 4.70E-09 = 4.7 x 1077,
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Table A-10. Aonradiological risk factors for shipments from waste spurces
to a repository or MRS facility®

de Zone Hazard group Spent~fL.1® DFHLW® WYHLW?

uck Rural Murmal nonaccupational fatalities G.00E+ 0.00E+00 0.00E+0Q0
uck Rural Aceident occupational fatalities 1.580E-u ¥ 1.50E-08 1.50E-08
46K Rural Accidant nonoccupational fatalities 5,300, 5.30E-08 5.30E-048
uck Rural Accident occupational injuries 2,801 0% 2.80E-08 2.80E-08
uck Rural Acc’ dent nonoccupational injuries 8.00€E- ¢/ 8.00E-07 8.00E-Q7
uck Subuvban Normal nonoccupational fatalities ¢.00E 0L 0.00E+00 0.00E+00
uck Suburban Accident occupational fatalities 3.70E-(9 3, 70E-09 3.70E-09
uck Suburban Accident nonoccupational fata¥ities 1. 30E-08 ¥.30E-08 1.30QE-08
uck Subyrban Ac¢ident occupational injurtes 1.30E-~LG }.30E-0B 1.30E-08
uck Suburian Accident nonoccupational injuries 3.80E-57 3.80e-07 3.80E-07
uck Urban Normal nonoccupational fatalities 1. 00E-07 1.00E-07 1.00E-07
uck Urban Accident cccupational fatalities 2. 10E-09 2.10L-09 2.10E-09
uck Urban Accident nonoccupational fataltties 7.B0E-1T 7.50E-09 7.50E-09
uck Urban Accident occupatiaonal injuries 1.30E-y8 1.30£-08 1.30E-08
uck Urban Accident nonoccupational injurias 3.70€E-07 3.70£~-07 3.70e-07
i1 Rural Normal nonoccupational fatalities 0.00E+00 0.00E+00 0.00E+00
i1 Rural Accident occupational fatalities 1.81E~09 1.81E-09 1,B1E-09
37 Rural Accident noneccupational fatalities 2.64E-08 2.64E-08 2.64E-08
it Rural Accidant occupational injuries 2.46E-07 2.46E-07 2.46E-07
i1 Rural Accident nonoccupational injuries 5.12E-08 %.12E-08 5,126-08
i1 Suburban Normal nonoccupational fatalittfes 0.00E+00 0.00E+00 0.00E+Q0
il Suburban Acgident occupational fatalities 1.81E-09 1.8B1E-09 1,.81€-09
37 Suburban Accldent nonoccupational fatalities 2.64E-0B 2.64E-08 2.64E-08
i1 Suburban Accident occuypatiognal injuries 2.46E-07 2.46E-07 2.46€-07
i) Suburban Accident nonpccupational injuries 5.12E-08 5.12E-08 5.12E-08
17 Urban Normal nonoccupational fatalities 1.30E-07 1.30E~07 1.30E-07
il Urban Accident occupational fatalities 1.81E-05 1.81E~09 1.81E-09
il Urban Accident nonoccupational fatalities 2.64E-08 2.64E-08 2.64E-08
i1 Urban Accident occupational injuries 2.46E-0G7 2.46E-07 2.46E-07
il Urban Accident nonoccupational injuries 5.12E-08 5.12E-08 5.12e-08

* Nonradiclogical risk factors per kilometer of travel. To convert factors te risk per
le, multiply by 1.609.

" Unit risk factors for general-commarce truck and rail transportation of spent fuel,
its are per kilomater for truck, per railcar kilometer for normal rail, and per
ain-kilometer for rail accidents. (Note: for general-commerce rail, 1 train-kilometer iy
tiivalent to 1 railcar-kilometer.)

¢ Unit risk factors for general-commevce truck and rail transportation of dafense
gh-Yevel waste; units are per kilometer for truck, per railcar-kilometer for normal rail, and
r train-kilometer for rail accidents. (Note: For general-commerce rail, 1 train-kilometer
- equivalent o 1 railcar-kilometer.)

? Unit risk factors for general—commerce truck and rail transportation of commercial
gh~level waste from West Valley: units are per kilometer for truck, per railcar~kilometer
r normal vail, and per train—kilometer for rail accidents. (Note:. For general-commerce
i1, 1 train-kilometer is equivalent to 1 railcar-kilometer.)

* 1.50€<08 = 1.5 x 10-9. :
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Table A-11. Radiological risk factors for shipments from MRS faciltity*

Consolidated spent fuel
100-ton Cask 150-ton cask. ..

Mode  Zone Hazard group MRS -salt® HRS - tuf P MRS-basalt?  MRS-salt® MRS ~tuFf? MRS -basalt
w211 Rural Rormal occupational fatalities 6.GBE-10 6£.68E-10 6.68E-10 6.GBE-10 6.68E-10 6.68E-10
il Rural Hormal nonoccupatiomal fatalities 8.326-10° 8.312E-10 - 8.37E-10 8.32E-10 8,32kE-10 8.32E-10
rRail Rural Accident non-goccupatiomal fatalities 6.58E-12 4.8BE-~12 6.56E~12 1.76E-11 1.22E-11 2.02E-11
Ratl Suburban Normal gecupational fatalities 6.568E-18 6.68E-10 6. &BE-10 6.68E-10 6,.68E-10 6.68E-10
Rail  Suburban  Normal nonpccupaticnal fataltities 3, 36E-D8 3.36E-08 3.36E-08 1.36E-08 3.36E-08 3.36E-08
Ratl Suburban  Accident nonoccupational Fatajiities 1.29¢-08 S.88E-09 1.29C5-08 3.46E-08 2.38E-08 3.94E-08
Ha. i e kuwomal sorusabianal Fatalities €.63E-1¢ €.68E-10 6.68E-10 6.68E-10 &.€8E-10 6.68E-10

Rail  Lirban %orml nonoccupational fatalities — 7.98£-09 7.98E-09 7.98¢-09 7.98E-09 7.98£-09 7.98E-09 .
Rail Urban Accident nonoccupational fatatlities 3,10E-08 2.38E-08 1.10£-98 &8.30E-08 5.76E-08 9.50E-08

Secondary wastes

180-ton Cask 158-%ton_Cask L

Hode  Zone Hazary aroup HRS-HEOWR®  MRS-HAM®  MES-TRY MRS-HROWR®  MRS-Haw® HRS-TRU .
Rait Rural Kormat occupationai fatalities 2.68E-10 2.68E-18 Y.56E-10 2.68E-10 2.68E-10 i.56E-10
Rail fural Hormal aonoccupational fatalities 3. 3E-1D 3.34E-10 2.40E-10 3.3E-10 3. ME-10 2.40E-10
Rail  Rural Accident nonoccupational Fatalities A ME-16 2.34E-11 3.2BE-12 8.50E-16 1.98E-11 1.28E-17
Rail Suburban Mormal occupational fatalities 2.6BE-10 2.68E-10 1.56E-10 2.68E-10 2.68E-10 1.56E-10

Rail Subusrban  Normal nonoicupatianal Fatalities 1.34E-Q8 1.34E-08 9.66E-<09 1,34E-08 1.34E-08 9.66E-09 ¢
Rail  Scburban  Accident nonoccupationa® fatalities 3.58E-14 2.12E-08 2,28E-14 9.80E-14 3.62E-08 2.28E-14

mail Urban Noraal occcupational fatalities 2.6BE-10 2.68E-10 1.56E-10 2.68E~10 2.68E-10 1.56E-10 ¢

Rail Urban Mamatl nonoccupational fatalities Y. 20E-09 3.20E-09 2,30E-09 3, 20E-G9 3.20E-09 2.306E-09 p

Rail Urban Accident noncccupational fatalities 1.89E-11 3.BEE-07 4.18£-13 2.74€-13 6.64E-07 4. 18E-13 -

' q

A To convert Toctors to risk per mile, aultiply by 1.609.

secdid-; naration genet¥c effects.

% Unit risk factors for dedicated-rail transportation

a tuff repasitory, or a basalt reposttory, expressed as risk per 5 railcar-kilometers.
€ Unit risk factors for dedicated-rail transportation of the transuranic waste {(TRU) generated during spent-fuel consolidation,

expressed as risk par 1 railcar-ki‘tometer.

® unit risk faciors For dedicated-rail transportation

packaging is the same regaraless of repository site.

* Unit risk factors for dedicated-rail sransportation
consolidation, expressed as risk per 2 railcar-kilometers;

Based on 1 man-rem = 2 x 10-% latent-cancer fatality plus first- and

of high-activity Tow-level waste (HAW) generated during spent-Fuel
packaging is the same regardless of repository site.

. Lo . [«
of consolidated spent fuel packaged for shipment to either a salt repository,

of spent-fuel-assembly hardware expressed as risk per 2 railcar-kilometers;
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Table A-12. Nonradiological risk factors for shipments from MRS facility*

Consolidated spent fuel® ___  Secopdarvwaste =

Mode Zone Hazard group MRS - repasitory MRS —HRIWRE HES-HAW® HRS-TRUE
Rail Rural Wormal nonoccupational fatalities C.00E+00 0.00E+00 0.00E+00 0, 00E+00
Rai} Rural Accident occupationa) fatalities 1.27e-07F 0.00E+00 0.00E+0C 0.00£+00
Rail Rural Accident nonoccupational fatalities 1.B5E-D6 0.00E+0D 0.00E+00 0.00E+00
Rail Rural Accident occupational injuries 1.74E-05 0.90E+00 0.00E+00 0, BOE+00
Ratl Rural Accident non-occupational tnjuries 3.60FE-06 0.006E+D0 0.00E+0D 0. 00E+DO
zafl Suburban Hormal nonoccupational fataiities 0.00E+00 0.00E+DD 0.0GE+00 0.00E+00
Rail Seburban Accident occupational fatalities 1.27e-07 0.00E+00 0.00E+0D 0, 00E+0D
oo B R aident nonoccupational Fatalities 1.85E-06 0.30E + 08 0.00E+00 0.0CE+00
Rail Saatse bar Aczident Gocupstionat Injuries 1.74E-05 0.00E+00 0.00E+20 0, 0GE+00
Rail Suburban Accident Non-pccupational Injuries 3_E60E-06 0.00E+0Q 0.00E+00 0.00E+00
il Urban Normal nonocccupational fatalities &6 .50E-07 2.60E-07 2.60E-07 1.30€-07
Rail Urban Accident occupational fatalittes 1.27€E-07 0.00E4+00 0. 00E+00 0. 00E+00
Rail Urban Accident nonoccupational fatalities 1.B5E-06 0.00E4+00 ¢.00E+00 0.00E+00
Rail Urban Accident Occupational Injuries 1_FAE-05 G.GO0E+DOD 0.00E+0Q0 0.00E+Q0
Ril Urban Accident Mon-gccupational Injuries 3.60E-08 0.D0€+0D 0.00E+0G G.00E+D0

A Nonradiological risk factors per kilometer of travel. To convert factors to wisk per mile, multiply by 1.5609.

Unit risk factors for dedicated-rail transportation of spent fuel in 100- and 150-ton casks to a salt repository, a tuff
rapository, or a basalt repository: expressed as risk per kilometer for normal transportation and as risk per train-kilometer for
acndents.

€ unit risk factors for dedicated-rail transportation of spent-fuel- assembly hardware, expressed as risk per )
railcar-kilometer for normal transportation and as risk per train-kilometer for accidents; packaging is not affected by repository
site. .

® unit risk factors for dedicated-rail transportation of the high—activity Tow-level waste (HAW) generated during the
consolidation of spent fuel; eéxpressed as risk per railcar-kilometer for normal transportation and as risk per train-kilometer for
acc*ldents.

£ Unit risk factors for dedicated-rai) transpertation of the contact-handlied Eransuranic waste (TRU) generated dur-ing tine
consolidation of spent fuel: exprazssed as risk per rai‘tcar—kﬂuneter or norsal transportation and as risk per train-kilometer for
accidents.
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Table A-13,

reactors and the MRS facility

Distance per shipment from selectad®

Qistance (miles).

Salt Tuft Basalt MRS

Reactor Richton Deaf Smith  Davig Canyon {Yucca “it.} (Hanford) ({Oak Ridge)
Maine Yankee (Maine}

Truck 1,570 2,150 2,570 J 6 3,107 1120

Rail 1,920 2,189 2,750 3,27 3,150 148¢
Crystal River {(Florida) ,

Truck 579 1,670 2,310 2,608 , 990 6§39

Rail 5714 1,699 2,450 3,000 3,210 698
Quad-Cities (I1linois) ’

Truck 959 1,040 1,300 1,700 1,910 714

Rail 1,080 937 1,480 2,000 1,980 _86?
Pala Verde (Arizona) ' _ S L

Truck 1,908 189 5(9 oub 1,550 1920

Rail 1,950 931 1,790 652 1,690 ° 2290
frojan (Oregon) : .

Truck 2,781 1,850 1,190 1,330 302 2630

Rail 2,919 2,21 1,250 1,460 301 2890
MRS facility }

Truck MAD NA NA HA NA NA-

Rail 520 1,410 1,950 1,470 1,620 NA .

* These reactors wers chosen

® MA = not applicable.:

"N 84 {

I
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Table A-l4.

Distance per shipment from
sources of high~level waste

Distance {milee}

Salt Tuff Bagalt
Source fiichton Deaf Smith Davia Canyon  (Yucca Mt.) (Hanford)
Hanford
Truck 2,610 1660 1,010 1,150 NA®.
Rail 2,670 1,730 1,070 1,288 NA-
Idaho National
Engineering U
Laboratory o
Truck 2,160 1,210 604 740 610
Rail 2,110 1,200 555 763 696
Savannah River
Plant
Truck 568 1,420 2,060 2,350 2,740
Rail 644 1,520 2,200 2,750 2,890
West Valley _ ‘ L
Truck 1,16Q 1,580 2,000 2,750 . 24550
Rail - 1,450 1,650 2,100 2,860 2,660
N e
* NA = not applicable. .
® Commercial high-level waste. o
A-39
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Tabts# 4-15, Total cask-miles for shipmants in the authorizg? and the
impraoved-performance systems (one-way miliion miles

Repasitory <jle

Mode and waste t,- ¢ Salt. . Tuff Basalt
Richton Daeaf Smith  Davis { «1yon {Yucca Ht.) (Hanford}
AUTHORIZED SYSTEM
100% truck
Spent fuel 67.4 94 .4 5.3 141.8 149,7
Dafense h*gh-level waste 28.0 26.0 28,0 33.0 35.0
Commercial high-level waste® 7.0 1.0 2.0 2.0 2.0
100% rafl C
Spent fuas? 11.0 5.4 8.8 23.2 24.6 |
Defense high-leval waste 6.5 6.1 6.5 1.6 8.4
Commercial high-level wasta" D.2 0.2 0.2 0.3 0.3
Tatals ..] _.
Truck from origin 96.4 121.4 145, § 176.8 186.7
Rail from origin 17.7 21.7 25.5 3t.1 33.3
IMPROVED~-PERFORMANCE SYSTEM
Lo A1l fuel to MRS facility
100% truck from origin
Spent fuel 48.8 48.8 48.8 48.8 49,8
Defensa hinb-lgvel waste 28.0 26.0 28.0 33.0 5.0
Comgrcial high-lqve! waste® V.0 1.0 2.0 - 2.0 2.0
100% rail from origin. . . .
Spent fual 8.0 a.p B.0 8.4 a.0
Defenss high-Tevel waste 6.5 6.1 6.5 7.6 , -_3,4
Commarcial high-Tavel waste® 0.2 0.2 0.2 0.3 0.3
Rai) from MRS facitity®
100-ton casks® 6.3 15.3 20.6 26.3 25.0
150-ton casks® 2. 5.0 6.7 11.2 8.7
Totals, 100-ton casks
Truck from origin® 841 91.1 98.9 1101 110.8
Rail from erigin 21.0 29.6 35.3% 42,2 41.7
Totals, 150-ton casks
Truck from origin? 79.9 80.8 8s5.4 95.0 94,5
Rail from origin 16.8 19.3 21.4 27.1 25.4
2o Hestern-reactor apent fuel to repository
Totals, 100-ton casks
Truck from origin? 83.7 85.1 90.4 99.8 101.4
Rai? from origin 20.5 27.8 32.5 38.6 38.4
Totals, 150-ton casks
Truck from ori?ind 80.0 75.8 77.0 86.4 86.8
Rail frem origin 16.7 18.3 19.0 25.1% 23.8

Waste from West ValTley Demonstration Project.

[ ]
® A1 shipmants in dedicated trains.
C

Inctudes casks carrying secondary wastes.

L]

Totals for the improved-performance system include both truck shipments frem origin

to the MRS facility and dedicatad-rail shipments from the MRS facility to the repository.

a 0O Y N R
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Table A~-16, Fraction of travel in population zones from selacied reactors and the HRS®

- Salt Tuf¢ Basalt
Risinton  Qeaf Smith  Qavis LYucca Ph.) rd}
Reactar Truck Rail Truck Rail Truck Rail Truck ~ail Truck Rail Truck Rail

Maina Yankee {(Maing)

Urban .0 .02 .01 .03 .0t 0 .M .01 Nl .02 .0t .03

Suburban kK .48 .35 .34 .28 .23 .26 2t .26 .27 .48 .49

Rural .57 .50 .64 .63 A 76 74 '8 713 A W51 .48
Crysta) River (Florida)

Urban 0 0 01 .02 g .0 01 o A1 .0 o N

Suburban A9 .18 .23 24 23 17 17 A4 .19 .18 .32 .26

Rural .81 81 77 .74 .78 .82 .B2 -83 B0 .B2 .68 .73
Quad~Cities (1114nois)

Urban 1] .02 0 0 .01 01 0 .M a 01 0 04

Suburban .19 .24 .18 ,13 1 .08 12 09 10 2 .33 .24

Rural .81 ) B2 .86 .88 .91 .88 .90 .90 .87 .67 712
Palo Verde (Arizona)

Urban .01 .03 .02 .01 .02 .02 .02 01 .02 02 01 .07

Suburban .15 .19 .09 .10 .08 .20 14 .09 .23 .25 L4 18

Rural .84 .78 .89 .90 .90 .78 +85 .90 75 , 73 - B, B4
Trojan (Qregon) _ ..

Urban 0 Q1 01 . 0 0 0 .02 0 .0 0 .

Suburban .16 0 .13 .09 .19 .14 .18 10 "L 35 A7 A7 LI

Aural .84 .88 .86 .90 .80 .85 .02 .89 .64 .82 .82 .88
MRS facility (Tennessee)

Urban L0 .02 .02 .02 _ .01 o

Suburban NAY 30 0 NA .16 N L2 NA 12 . MA L NA . NA

Rural .69 .82 .87 86 .88 :

" These reactors were chosen as representative of regions throughout tha country,
® MA = not applicable, ' '

ikl

R Y . T » | 1 ~ 7



Table A-17.

Fraction of travel in populaticn zones from high-level waste sources

Salt . " Tuff _Basalt
Richton Deaf Smith Davi: Canyon (Yucca Mt) (Hanford)
Waate source Truck Rail = Truck Rail Truci. Rail  Truck Rafl TrdckL;REE
Hanford ;
Urban .01 0 .01 .01 ¥ 0 0 .01 NA  NA
Suburban .16 «11 12 10 «19 .15 .18 .10 NA .- NA
Rural .84 .89 .87 .89 .81 .84 .82 .89 ‘NAY © NA
Idaho Mational
Engr Lab - e
Urban 0 .01 .0l .01 +01 01 .01 .01 0 0
Suburban .15 .10 .10 .11 .21 .22 .19 .11 .15 .12
Rural .85 .90 .89 .88 .78 27 .SQI .88 .85 88
Savannah River Plant | =T o
Urban 01 .03 01 .02 0 .02 01 .02 9 ,01
Suburhan .30 .26 . .23 .2] 222,19 170 .21 W19, LT
Rural .69 vig 72 - 76 ] 78 07? Y 79 082 . - 78 ‘-B‘L.-;' -32
Wegt Valley T S
Urban 01 .03 0. .02 »01 .02 .01 .02 0L+ .01
Rurql .67 .64 .70 .78 7 .80 _.79 .78 .78 .82
SR A
LcAsi2
anN0 90 8 | 2 0 7



The numbers of shipments f{rom each reactor tc the repository and to the
MRS facility are given in Tables A-18 and A-19, respectively. The numbers are
different because of the difference in the waste-acc::ptance schedules for the
authorized system and the improved-performance syster (see Tables A-6 and
A-7). Table A4~2" provides information on the numbess nf shipments to the
repository or M'S§ facility and the numbers of ghipm-i:ta from the MRS facility.

A.8.3.8 Results »f population-risk analyges

The ris:s of radioactive-material transportation must be evaluated for
bath radiological and nonradiological effects. Sinra a package does emit
gmall amounts of radiation, a shipment exposes the public during all phases of
ita journey. People are expoaed at gtops and along routea even when the
package 1a moving. In addition to the radiological effecte, transportation
increases the levelg of air pollution. Any equivalent-weight shipment of
potatoes, bricks, or other nonradioactive materials would have the same
effect, but that effect muat be evaluated for a complete analysis. 1In fact,
even Iin most transportation accldents, the traumatic injurlea and deaths
resulting from an impact or a fire may far outweigh any radiglogical
conasequences. Accordingly, in evaluating the potential consequences or rigk
of any radloactive-material shipment, the injuries and deaths from both
radiological and nonradiological causes muat be congidered.

Tables A-21, A-22, and A-23 aummarize the results of the analysis for
each of the scenarios evaluated for the authorized system and the
improved—-performance system. Table A-2l, for the authorized syatem, estimates
the total radiological and nonradiological risks for each of the asites and for
the cases where all ghipments are assumed to be made by truck or by rail.
Table A-22 which estimates risks for the lmproved performance system, shows
the results for shipments from the MRS facllity In 100~-ton casks, which carry
diaposal contailners ready for emplacement in the repository and 150 ton caaks
which carry thin-wall canisters., Table A-23 1s analogous to Table A-22 except

+that it presents results four the scenarios in which spent fuel from Western
reactors is sent dirgctly to the repository, rather than the MRS facility. In
all scenarios it was assumed that both defense and commercial high-level waste
would be shipped directly to the repository,

Results for two scenarios (the authorized system and one case for the
improved~performance syetem) are presented in more detail in Tables A-24
through A-31. Results are presented by waste type, normal or accident
conditions, and population group. 5imilar details a#re available in the report
by Cashwell et al. (1985) for all scenarioe evaluated for this ‘environmental
agsegsment.,

A-43



Tabla A~18. Number of shipments to a repository from
each rgactor stte {aythorized systam)
100% 100% 100% 100%
Reactor name Truek Rail Raactor none Truck Rail
fFarley 1 120 T8 Millstone 1 804 1
Farley 2 46 ? Millstone 2 805 106
Paloe Verde ) 51 72 Mi11stone 3 36 &
Palg Varde 2 484 10 Monticello 693 26
Palo Yerde 3 448 63 Prairie Istand 1 G50 92
Arkansas Nuclear One 1,62 108 Prairie Island & 614 90
Arkansas Nyclear “ne 2 187 27 Fort Calhoun 1 534 76
Calvert C1iffs ) 893 127 Humboldt Bay a6 12
Caivert Cliffs 2 a3 122 Giabla Canyon 2 236 34
Pilgrim 1 761 106 Diable Capyen 1 279 48
Rabinson 2 581 A3 Susquehanna 1 652 90
Brunswick 2 799 111 Susquahanna 2 614 8%
Brunzwick 1 9 109 Paach Bottom 2 1126 156
Perry 1 806 1o Peach Bottom 3 Y126 156
Perry 2 747 104 timerick 1 6% 95
Dresden 1 136 18 Limerick 2 421 59
Dresden 2 909 126 Trajan 330 18
Dresden 3 823 114 Fitzpatrick 614 107
Quad Cities ) 862 119 Indian Point 3 FAL ] 102
Quad Cities 2 815 113 Seabraok ) 486 69
Zion ) 858 122 Seabrogk 2 320 46
2ion 2 824 nzr - ‘Salem ) 701 . 113
LaSalle 1 k72 79 Galem 2 764 109
LaSalle 2 572 79 Hope Creek 1 509 Al
Byron 1 638 A8 Ginna 503 Tt
Byron 2 631 B6 Aancho Seco | [ 103
Braidwood 1 568 83 Surmigr 12 2
Connscticut Yankes 102 100 San QOnofre 1 203 29
Endian Point | a0 1 San Onofre 2 306 44
Indian Point 2 762 108 San Ongfre 3 347 S0
Big Rock Point 104 14 South Texas Project ¥ 594 82
Palisades 796 - 113 South Texas Projact 2 B92 82
Midland 2 373 . 49 Browns Ferry 1 699 135
MidYand 1 324 46 Browns Farry 2 695 1440
La {rosse 143 19 Browns Ferry 3 986 137
Farmi 2 &09 85 Sequoyah } 444 4§
Dconee ! 759 108 Sequoyah 2 425 42
Dcones 2 612 a7 Hatts Bar L3 1] 74
Oconee 3 179 m Watta Bar 2 524 74
McSuire 1 15 17 Bellefonte 1 444 64
McGuire 2 73 11 Bellefonte 2 227 47
Beaver Valley 1 735 104 Hartsville Al a63 65
Beaver Valley 2 272 39 Hartsville A2 328 45
Crystal River 3 676 96 Yellow Creek | 90 13
Turkey Point 3 695 99 Yollow Creek 2 90 8
TJurkey Point 4 694 99 Comanche Peak 1 412 58
St, Lucie 1 894 113 Comanche Peak 2 368 53
St. Lucie 2 486 10 Davis-Besse 1 248 N
Hatch 1 n2 43 Callaway ) 160 51
Hatch 2 289 40 Vermont Yankes 675 93
Vagtle 1 547 78 Surry | 748 1092
Yogtle 2 16 &0 Surry 2 620 7
River Bend 1 485 65 Harth Anna 1§ 365 a7
Clinton 1 ‘528 74 Nerth Anna 2 295 38
Cook 948 135 WP 2 650 90
Cook 2 933 133 WHP 1 354 56
Ouane Arnold 562 79 WHP 3 617 a9
Oyster Creek 177 108 Point Beach | 620 88
Wolf Creek 191 27 Point Bsach 2 597 a4
Shoreham 270 38 Kewaunes 634 90
Waterford 3 421 61 Yankea 340 43
Maine Yankee 980 140 Brunswick 2 72 ¥
Three Mila IsTand I 723 103 Brunswick } a0 11
Grand Gulf 1 247 35 Merris BWR pool 150 20
Grand Gulf 2 340 48 Morris PWR pool 175 25
Cooper 7 107 Hest Yallay BWR pool 17 2
Mine Wile Point 1 700 97 West Valley PWR poal &0 8
Hine Mile Point 2 243 33 -—
70,553 9,921
A-4d
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Table A-19,

Numlar of shipments to an MRS facility from eastern and wesiarn reactors

ackor name

100% by Truck

100% by Rail

Reactpr name

100% h{ Truck

100% by Rail

irley 1
wley 2
ila Varde 1*
ilo Verde 2%
¢ Varde 32

*kansas Nuclear One 1
*kansas Nuclear One 2

vert Cliffs
tlvert Cliffs 2
Tgrim 1
binson 2
~unswick 2
‘unswick 1
wris 1

wry A

wry 2

“esdan |
~psdan 2
~esden 3
ad-Cities 1
jad-Citias 2
on |

ion 2

15alle
1S5atle 2

iron )

irpn 2
-aidwood 1
rfaidwood 2
mnacticut Yankee
wdian Point )
1dian Point 2
1g Rock Point
il isades
igland 2
idland 1

1 Crosse

irmi 2

zonep 1

;onee 2

ones 3

Guire 1
Guire 2
itawba
itawba 2

saver Valley 1
raver Valley 2
rystal River 3
srkey Point 3
srkey Paint 4
L. Lucia 1

t. Lucie 2
atch 1

atch 2

gtie 1

agtle 2

iver Bend 1
Tinton |

nok 1

ook 2

rngld

yster Creek
ood Creek

.7
143
166
339
332
762
49F
89"
853
761
581
799
791
160
722
570
136
909
825
B62
a1s
as8
824
659
632
593
552
S0
484
102
ao
762
104
796
304
261
143
609
759
612
719
334
268
241
198
135
154
676
695
694
gij4
375
512
482
415
200
329
407
948
933
572
17
184

3000

56
45
52
49
a7
108
43
127
121
105
a3
111
109
23
100
80
18
126
114
115
113
122
117
93
87
a5
7B
81
69
100
i1
08
14
113
43
37
19
85
108
a7
mn
44
39
K}
25
105
22
96
99
99
130
54
61
57
59
41
45
57
135
133
19
108
27

3

Humboldt Bay®
Diablo Canyun 2
Diablo Canyo. %
Susquehanna
Susquehanna &
Peach Botte .
Feach Botto
Limerick 1
Limerick 2
Trgjan®
Fitzpatrick
Indian Point 3
Seabrook 1
Seabrook 2
Salem 1}

Salem 2

Hope Creak )
Ginna

Aancho Seco 1*
Summer

San Onofre 1°
San Onofre 2%
San Onofre 3*

South Texas Project 1
South Texas Project 2

Browns Farry 1
Browns Ferry 2
Browns ferry 3
Sequoyah 1
Sequoyah 2
Watts Bar |}
Hatts far 2
3ellefonte |
fellefonte 2
Hartsville AN
Hartsville A2
Comanche Peak 1
Comanche Peak 2
Davis Besse 1
Callaway 1
Yermont Yankee
Surry 1

Surry 2

North Anna 1
North Anna 2
wHP 2°

WHP 1T

WNP 3?

Point Beach 1
foint Beach 2
Kewaunee

Yankea
Brunswick 2
Bruniwick 1t
Shoreham
Waterford 3
Maine Yankese
Threa Mile Island
Grand Guif 1
Grand Gulf 2
Caoper

Nine Mile Point 1
Nine Mile Point 2

a6
209
252
516
483
1,126
1,126
500
287
a0s
864
714
343
177
791
764
365
sQ3
721
218
203
306
348
539
453
g44
azi
986
588
5N
465
424
315
199
284
194
294
257
321
260
675
748
620
469
420
605
251
448
620
591
634
340
72
80
201
291
980
723
ns
210
77
100
185

14.
30
36
71
67
156
156
70
4Q
17
127
102 -
49
26
113
169
51
F)
103
31
29
44
19
77
64
135
140
137
V13
108
66
61
a5
29
a0
26
42
33
43
B
93
106
88
58
50
84
16
63
88
84
90
a8
10
i
28
42
140
103
a5
30
107
97
26



Table A~19., MNumsar of shipments to an MRS facility from eastern and western reactors

Reactor name 100% &+ Truck J00% by Ratl Reactor name 100% by Truck 100% by Rai!
t111stone 1} 34 111 Fort Calhoun ! 534 76
1i1istone 2 « 49 135 Morris BWR pt¢.:1 150 20
t#11ztone 3 227 a3 Morris PWR . .1 175 25
tenticeallo 693 96 West Valley . {f poo! 17 -2
trarrie Island 1 650 92 West Valle+ F*R poo!l —ha -
‘rairie Ieland 2 631 90 g

Total 70,568 9,93

* Constdercd a wastern reactor for thiy analysis.
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Table A~20a. ¥umber of cask shipmenta: total caek-shipments from reactors

Numb::t of cask shipments

Destination Mode PWR BWR Total
Repository 100 T truck 43,611 26,942 70,553
100 & rail 6,150 3,737 9.92?
MRS facility, 100 ¥ Truck 44 232 26,346 . 70,568
all spent fuel 100 1 Rail 6,267 3,667 9,934
MRS facility, 100 % Truck 40,915 24,382 65,297
eastern 100 T Rail 5,793 S0 3,390 ..9,183.

apent fuel ouly

Table A-20b., Number of cask-shipments: total cask shipments of
consolldated spent fuel from MRS facility®

Degtination Cask size All gpent Eastern
(repository site) {tonsg} fuel fuel only
Salt sites® 100 8,074 7,500
150 2,103 1,500
Tuff 100 8,050 7,500
150 3,186 3,000
Basalt 100 6,610 6,100
150 1,823 1,700

* Estimates of shipment numbers.
b Richton, Deaf Swith, or Davis Canyon.

Anli]
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Table A-21,

Summary of the risks of transporting
spant ¥uel and high-lavel wastes for disposal in ths authorized system*

Salt . Tuff Basalt

Mode and risk type Righton Deaf Smith Davis Canyei {Yucca Mt {Hanford)
100% truck

Radiolagical 6.3 7.9 9.5 11 12

Notiradiological 19 24 30 36 39
100% rail

Radiolofica‘l 0.2 0.2 053 0-3 003

Nonradiological 1.8 2 2.6 3.0 3.2

* Risks expressad in numbers of fatdlities from radiglagicy! and nonradiclogical

causes. (
second~genaration genetié effects.

g N N N

The numberg of fatalities from radfological causes ipclude fi
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Table A~22. Summary of the risks of transportation
for tha improved-performance system®'®

Deaf Davis

Made and risk tyype Richton Smith Canyon Yucca Mt, Hanford
100% Truck, 100-ton cask<'?

Radiological 5.3 5.4 5.4 5.7 5.7 -

Nonradiologicai 21 an - 35 42 39
100% rail, 10D~ton cask®:®

Radiclogical - 0.2 0.3 0.3 0.3 0.3

Nonradiolo ical 6.9 % 22 27 24
100% truck, 150-ton cask®:f e

Rad{ulogical 5.3 5.3 5.4 : 5.7 5.7

Monradiological 17 19 -2 27 23 -
100% rail, 150-ton cask®:f

Rodioloegical ¢.2 0.2 0.2 0.3 0.2

Nonradiolegical 3.0 5.4 6.9 12 1.8

" A11 spent fuel assumed to be sent First to the MRS facility and from there to the
reposttory. all high-level waste assumed to be sent directiy to the repository.
® Risks expressed in nunbers of fatalities from radiological and nonrediological
causes. The numbers of radiological fatalities include first~ and second-gensration
genetic effects,
¢ Shipment by truck from reactors and HLW processing plants; shipment in dedicated
tratns from MRS facility to repository,
Sh1pment in general-commarce trains from reactors and HLW processing plants;
shipment in dedicated traing from MRS facility.
®* The 100-ton cask carrias ready-to-emplsace disposal cuntainmers.
* The 150-ton cask carries thin-walled canisters to be enoapsu1ated in disposal
containers at the rapository.
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Table A-23. Summary of the riszks of tramsporting
‘or disposal in the improved-performance syscem®'®

Salt Tuff Basalt
Hode and risk type Richton Deaf Smith Davis Canyon {Yucca Mt.)  {Hanford)
100% truck, 100-tun cusk®'® -
Radiological 5.4 5.0 5.0 5.3 5.3
Nonradiological 20 28 32 39 35 -
100% rail, 100-ton cash:* .
Radiolagical 0.2 0.2 0.3 0.3 8.3
Nenradiologi.al 6.5 15 20 25 22
100% truck, 150-ton casks:f -
Radiolugical 5.3 5.0 5.0 5.2 Bs2-
Nonradiological 17 18 19 24 3
100% rail, 150~ton cagk9:’
Radiglogical 0.2 0.2 0.2 0.3 0.2
Nonradiglegical 2.8 5.0 6.4 N 1.3

" Spent fuel from eastarn reactors assumed to he sent first to the MAS facility and
from there to the rapository! spent fuel from western reactors assumed to be sent directly to
the repository. A1l high-level waste assumed to be sant directly to the repository.

® Risks exprassed in numburs of fatalities from radiological and nonradiological
causes. The numbers of radinlegical fatalities include first- and second-generation genetic
effacis,

° Shipment by truck from reactors and HLW processing plants; shipment in dedicated
trains from MRS facility to repasitory.

9 Shipment in genaral-commerce trains from reactors and HLW procassing plants,
shipment in dedicated trains from MAS facility.

* The 100-ton cask. carries ready~to-emplace disposal containers.

f The 150-ton cask carries thin-walled canitters to be encapsulatad in disposal
containers at the repository.
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Tabla A-24, Transportation risks for authorized system from spent fuel only

salt
Qeaf Davis Tuff | Basalt

Mode and risk type Richton Smith Canyon {Yucca Mt,} (Hanford}

RADIOLDGICAL RISK*

~yck transportation

Normal occupational fatalities 0.7 1.0 1.2 1.4 1.6
Normal nonaccupational fatalities 1.8 5.2 6.5 1.7 8.4
Accident nonoccupation,1 fatalities Q.02 £.03 0,03 g.04 0,04
Total fatalities 4.6 6.2 1.7 9.2 1
ail transportution
Normal occupational fatalities 0.06 Q.07 0.09 0.1 0.3
Nermal nonoccupational fatalitias 0.08 0.08 0.1 0.1 0.}
Accident nonoccupational fatalities Q.02 Q.02 n2 0.q3 Q.02
Total fatalities 0.2 0.2 0.2 0.2 n.2
NONRADIOLOGECAL RISK
ruck transportation S
Norma! nonoccupational fatalities 0.2 0.2 0.4 0.4 0.4
Accident occupational fatalities 2.7 3.9 5.2 6.% 6.8
Accident ngnoccupatianal fatalities 9.6 14 18 - 23 24
Accident occupational injuriaes 6.5 1.7 10 12 13
Accident nanogcupational ipjuries 160 229 290 . 370 : - 380
Total fatalities 13 18 24 29 31
ai) transportatian -
Normal nono¢cupational fatalities 0.1 0.1 0.1 0.2 S Y
Accident accupational fatalities 0.67 0.09 0.1 040 0.1
Accident nopoccupational, fatalities 1 1.3 1.7 21 ~2iat
Accident occupatignal injuries 9.2 12 1§ 19.-. 19
Accident nopogccupational injuries 1.9 2.4 3.2 4.4 Y 1)
Total fatalities 1.2 1.5 1.9 2.4 2.4

* Radiological fatalities include first- and second-generation genetic affects.

A=b1
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Table A-25. Transportation risks faor the authorized system from high-Tevel waste only

Satt
Deaf Davis Tuff Basalt

Hode and risk type Richton Smith Canyon {Yucca Mt.) (Hanford)

RADIOLOGICAL RISK®

ck transportation

Mormal occupational Fatalities 0.3 0.3 0.3 0.3 0.3

Narmal nonoccupational fatalities 1.5 1.5 1.5 1.8 1.8

Accident nongccupationa’ fatalities . Q,QC1 0,00 0.o0% 2.001 Q.001
Total fatalities 1.8 1.8 1.8 2.1 2.1

1 transpartation

Normal occupational fatalitias 0.03 0.03 0.03 0.04 0.04

Narmal nonoccupational fatalities 0.903 0.03 0.03 Q.04 ~ - 0.04

Accidant nonaccupational fatalities Q00711 0.001 0.001 g.002 Q.001
Total fatalities 1.6 0.06 0.97 0.08 0.08

NONRADIOLOGICAL RISK

ck transportation

Normal occupational fatalities 0.02 0.1 0.05 g.1 g.02

Accldent accupational fatalities 1.4 1,3 1.3 1.6 16

Accident nonoccupational fatalities 4.8 4.7 4.7 5.7 BB

‘Accident occupational infuries 2.7 2.6 2.6 S 1 © 3.2

Accident nonoccupational injuries 16 15 15 ‘90 S &
Total fatalities 5.2 6.2 6.1 7.4 7.4

1 transportation . el

Normal occupational fatalitias 9.903 0.04 0.04 004 0.04"

Accident occupational fatalities 0.04 0.04 0.04 " 0:04 ~0.05

Accident nonoccupational: fatalitias 0.6 0.6 0.6 F0L6 07

Accident occupational injuries 5.3 5.3 5.4 S 7% T 6.6

Accident nonoccupational injuries Ll Ll Ll : I I li4 -
Total fatalities 0.6 0.6 0.7 0.6 0.8

* Radiolpgical fatalities-include first- and second-gensration genetic effects.
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Table A-26. Total

transportation risks for the authorized systam

Salt
Deaf Davis Tuff Basalt
HMode and risk type Richton Smith Canyon {Yucca Mt.} (Manford}
RADTOLOGICAL RISK®
wck transportation
Normal occupational fatalities i 1.3 1.5 1.7 1.9
Normal nonoccupational fatalities 5.3 6.6 8.0 9.5 10
Accident nonoccupationa’ fatalities [,03 0.03 Q.03 0.04 £.04
Total fatalities 6.3 7.9 9..5 " j2
i1 trensportaiion
Normal occupational fatalities 0.1 0.1 0.1 0.} 9.1
Normal nonoccupational fatalities 0.1 0.1 0.1 0.1 - 0.2
Accident nonoccupational fatalities (.02 0,02 0,02 .02 - Q.02
Tota] fatalities 0.2 0.2 0.3 0.3 0.3
NONRADIOLOGICAL RISK
uck transportation
Normd] nonoccupational fatalities 0.2 0.3 0.4 ¢.6 0.4
Accidant occupational fatalities 4.1 5.2 6.5 8 8.4
Accident nonoccupational fatalities 14 18 23 28 an.
Accident occupational injurics 8.1 10 13 16 17
Accident nonoccupational injuries 230 300 aze 460 470,
Total fatalities 19 24 30 37 ¥
t1 transportation
Normal nonoccupational fatalities 0.2 0.2 0.2 0.2 0.2
Accident occupational fatalities 0.1 0. 0.2 ‘0.2 0.2
Accident noncceupational fatalities 1.5 t.8 2.2 2.6 2,8
Accident occupational injuries 14 17 21 25 26 .
Accident nonpccupationﬂ injuries . 3.5 A3 8.1 5.4
Total fatalities 2.1 2.6 3.0 3.2

1.8

B

* Radiological fatalities include first- and second-generation genetic effects.

ain'g 0 3
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Table A-27. Trursportation risks for the improved-performance system frem shipping
spent fuel from reactors to the MRS facility®

Salt .
Deaf Daviy Tuff Basalt
Mode and risk i, pe Righton Smith Canyd i {Yucca Mt.} (Hanford)

RADIOLOGICAL RISK®

Truck transportation i e e

Normal occupational fitalities 0.6 0.6 0.6 0.6 0.6
Normal nonsccupational fatalities 3 3 3 3 3
Accident nonoc.upational fatalities [,02 ¢.02 0.Q2 R.02 @.02
Tatal fatalities 3.6 3.6 3.6 3.6 3.6
Rail transportation
Normal occupatinnal fatalities 0.05 0.05 0.08 ¢.05 -0.45 '
Mormal nonoccupaticnal fatalitles Q.07 0.07 0.07 0.07 . 0.07
Accident nonoccupational fatalities (.02 g.g2 p.oz2 0.02 p.p2
Total fatalities 0.1 0.1 0.1 0.1 0.1
NOMRADIOLOGICAL RISK
Truck transportatidn . . .
Normal nonoccupatiocnatl Fata]ittes 0.2 0.2 0.2 CRR P XY B Y
Accident accupational fatalities P 2 2 - T 2.
Accident nonoccupational fatalities 7 7 7 e R
Accident occupational injuries 4.1, a.v 4.1 S LY T BN ‘
Accident nonsccupational injuries )20 120 a0 120 | 120 |
Total fatalities ' 9.1 9.1 9.1 9.1 9.1
Rail transportation - )
Normal nonoccupational fatalities 8.1 0.} 0.1 0.1 0. |
Accident occupational fatalities 0.05 0.05 0.05 0.05 - 0.06..
Accident nonoccupational fatslities 0.8 0.8 0.8 --0.8 QB
Accident occupational injurdies 7 7 7 7 SO S
Accidént nonoccupational injurias 1.4 14 Ld. 14 L4
Total fatalities 0.9 8.9 ¢.9 0.9 G.9

* Estimated risks of shihping all spent fuel from reactors to the MRS facility. Thé
risks are the same for all fuur of the scenarios discussed in the text,

® Radiological fatalities include first- and second-generatign genetic effects.

A5k
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Table A~28. Trarsportation risks for tho improvad-performance system from shipping
cons0yi fated spant fyel from the MRS facility to the rapesitary®

Aalt .
Daaf Davis Tuff Basalt
Risk type Richton Smi th Canyor {Yucca Mt.} ({Hanford)
RADIOLOGICAL RISK®
Normal occupational fataljties 0.002 0.004 0,.0 0.006 0.005
Normal nonoccupational fatalities 0.02 0.02 0.6t 0.03 0.0
Accident nonoccupational fatalities 0,006 .01 g.01. Q.01. Qo1
Tota) fatalities 0.02 .04 .04 0.05 0.04
NONRAGIOLOGICAL RISK
KHormal nonoccupational fatalities g.m .09 0. 0.1 0.07
Accident gccupational fatalities 0.3 0.9 1.3 1.6 1.4
Accident nomoccupationul fatalities 5 14 19 24 B
Accident occupational injuries 47 130 180 220 . 190,
Accident nonoccupational injuries 9.7 26 34 . S
Total fatalities 5.4 16 20 25 22

* Estimated risks from shipping consqlidated spent fue) from the MAS facility to the. -
repository. Al1 shipmants assuwed to ba by dedicated train in 100ntoh naaks carrylng
ready-to-amplace disposal containers,

® Radiological fatatities include first- and second-generation genetic affects.lnu

o 'Nn'n
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Tabte A-29, Tramsiartation risks for the improved—performance system from shipping
seccadary waste from the MRS facility to the repository®

salt
Deaf Oavis Tuff Basalt

Type of risk Richton Smith Canyon {Yucca Mt.) (Hanford)

RARIOLOGICAL RISK

yrnal occupational fatalities 0.0008 0.001% 0.0¢: 0.002 0.602

yrmal nonoccupational fatulities 0.008 0.008 0.00% g.0v 0.014

=cident nonoccyupational fstalities 0.006 f.01 f.01 0,02 0.02
Total fatalities 0.008 0.02 0.02 0.03 0.02

HONRADIOQLOGICAL RISK

srmal nonoccupational fatalities 0.008 0.02 0.3 6.94 0.03°
ccident occupational fatalities - k Co
cident nonoccupational fatalities

ccident cccupational injuries

ccident nonoccupational injuirdes —— — e - R

Total fatalities 0.008 0.02 0.03 0.04 ©'0.03

* Estimated risks of shipping secondary waste {spent-fuel-assambly hardware,
high-activity Tow-level waste, and contact-handled transuranié¢ wasta) from the MAS
facility to the repository. A1) secondary-waste shipments assumed 'to bé by dedtcated -
train in 100-ton casks.

® Radiological fataliiies include first- and second-gensratign genetic effacts.
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Table A-30. Tracsportation risks for the improved-performancs system from shipping
high-Jeval waste to the repository®

salt
Deaf Davis Tuff Basalt

Mode and risk tywe Richton Smith Canyo; {Yucca Mt.} ({Hanford)

RADIOLOGICAL RISK®

Truck transportation

Normal occupational fataiities 0.3 0.3 ¢.3 0.3 ¢.3
Norma! aonpacupational fatalitiss 1.5 1.6 1.8 1,8 1.8
Accident nonoccupation(] fatatities Q.01 0,001 Q.00? 0,001 0,001
Total fatalities 1.8 1.8 1.8 2.1 2.1
Rail transportztion
Normal occupational fatalitjes 0.02 D.03 0.03 0.04 0.04
Norms! nonoccupational fatalities 0.03 9.03 0.03 0.04 0.04
Accident nonoccupational fatalities  (Q.001 f.0p01 oapl 0.002 0.001
Total fatalities 0.06 0.06 0.07 D.08 .07
NONRADIOLOGICAL RISK
Truck transportation : - .
nWormal nonaccupational fatatities a.02 9.1 0.05 P 0.92
Accidant occupatfonal Fatalfties 1.4 1.3 1.3 e 1.6
Accident nonccgupational fatalities 4.8 4.7 4,7 - 5.8
Accident gocupational injuries 2.7 2.6 2.6 o3 3.2

Accident nonoccupational injuries 8 5 5 R S -
Total fatalities '

o
[
™
+

by
=
5]
o
F -9
ol
-9

Rail transportasion :

Normal nonoccupational fatalities 0.03 0.04 0.04 0.06 o 04
Accident occupational fatalities 0.04 0.04 .04 - 0.05% -~ -0.0B
Accident nonogrupational fatalities 0.6 0.6 D.6 8.7 047
Accident occupational injunies 5.3 5.3 5.4 6.9 . 6.6
Accident nongccupational injuries 1.4 L1 L] 1.4 1.4
Fotal fatalities G.63 D.64 0.66 .84 0.79

' Estimated risk of shipping highwlevel waste directly to the repository. Ali shipnénts
assumed to ba in 100-ton casks. S

® Radiological fatalities include first- and second-generation genetic eff;cfs. )

iR=37
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Table A-3T. Teta! transportation risks for the improved-parformance aystem®

_Salt .
Deaf Davis Tuff Basalt

Hode and risk t.pe Richton Smith Canyo- {Yucca Ht.JI {Hanford)

RADIOLOGICAL RISK®

Truck transpartation®

Normal occupational fatalities 0.9 0.8 0.4 0.9 0.9
Nerma) nonogcupational fatalities 4.8 4,4 4.5 4.7 4.8 -
Accidant nonoccupaticial fatalities (.03 .05 f.05 0,066 0,45 -
Total fatalities 5.3 5.4 5.4 5.7 5.7
Rail trangporiation?
Normal gccupational fatalities 0,09 g.09 0.09 0.1 0.1
Hormal nonoccupationa) fatalities o 0. 0.t 07 0.1
Accident nonoccupational fatalities .03 2.04 ﬂnﬂﬁ Q.08 .04
Total fatalities 0.2 0.3 0.3 0.3 0.3
NONRADIOLOGICAL RISK
Truck transportation®
Normal nonoccupaticnal fatalities 0.2 0.4 0.4 0.5 0.3
Accident oceupational fatalities 3.7 4.3 4.6 8.2 B.0
Accident nonoccupational fatalities 17 28 30 O 13
Accident occupational injuries 54 130 180 230 200
Accident nonotcupational injuries 200 20 230 2580, 250
Tota) fatalities ' 2) 30 35 4z 39
Rail transportation®
Normal nonoccupational fatalities 0.2 0.3 0.3 0.4 - 0.3
Accident ocdupational fatalities 0.4 1.0 t.4 Y - 1,5
Accident norodcupational fatalities 6.3 15 20 25 2
Accident occupational injuries 59 140 190 240 7o R0 -
Accident nonoccupational injuries 12 _ 25 a9 49 S ;33;_11
Total fatalities 6.9 16 22 27 24

® Estimatad risks of ahipﬁing (1) a'1 spent fuel from reactors to the MRS Facility, (2)
consolidated spant fuel from the MRS facility to the repository, (3} secondary waste from the
MRS facility to the repository, and (4) higi-leval waste directly to the repository. A1}
shipmenits from tha MRS facility assumed to be in 100-ton casks.

® Radiological fatalities include first— and second-generation genetic effects.

© Shipment by truck from reactors and HLW processing plants; shipment in dedicated
trains from MRS facility to reposaitory.

¢ The 100-ton cask carries ready~to-emplace disposal containers.

A-58
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A.8.3.9 Uncertainties

The results presented here are to be used only in comparing potential
repository sites because their absolute values, thoigh considered to be
representative, ‘iave acknowledged uncertaintios assoiinted with them,
Important ones v.clude the following:

1. The risk analysis (Section A.8.2.8) was pe..ormed on a national
scale, using aggregate input from large rv3.ons. As a result, these
inputs are averaged and may not accurately raflect information for a
specific route.

2. The packaging capacities are not known at this time nor are actual
exXxposure rates for new casks.

3. Some inputs will be refined during the studles c¢onducted concurrently
with site characterization and during the pPeparation of the '
envirompental impact statement,

A.% COST ANALYSIS

Early efforts at defining the transportation-system squipment and
operating requirements for the repository were initilated in the late 1970s,
vhen it was recognized that transportation is an importdnt factor in
repository eiting. This section sumarizes the methed, assumptiOns, and
models used in analyzing the costa of waste transpOrtation.'

A.9.1 OUTLINE OF METHOD

The analyseis in this environmental assegsment makes use of the models
developed to evaluate the costs of transporting waste to a repository. The
analysls 1s dependent on a loglstics code, WASTES, which analyzes the cost of
transport and hardware requirements (Shay et al., 1985). The hardware costs,
both maintenance and capital, asre evaluated by using the output from WASTES,
The total costs can therefore be thought of as the composite value of ghipping
costs, hardware capital expenditures, and maintenance allowances. All three
factors are highly dependent on the agsumptions underlying the analysis.

A.9.2 ASSUHPTIONS

In calculating costs, the spent-fuel discharge data published in a recent
DOE report (Heeb et al,, 1985) were uged. In all scenarloes a total of 62,000
MIU of spent fuel is shipped from individual reactor sites. The specific
amounts of spent fuel to be nhipped from each reactor site were selected on a
yearly basis by applying the following criteria:

A=5Y
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1. Reactors ¢xperiencing a loss of full-core-reserve (FCk) capacity
within a :;lven year were given the highest priority,

2. Reactors undergolng decommissicning were giveun the next highest
priority . yearg after their last year of ope:gtlon.

3. The oldert fuel remaining at reactors was gis2a final priority.

The other major assumptions used {n this analysis are degcrihed below (see
Cashwell et al., 1985, for details).

A,9,3 MODELS

The WASTES model was used to calculate shipping vosts and the siza of the
cagsk fleet., Thie model has been benchmarked against past analyses. A good
discussion of the capabllities of WASTES ig¢ presented by, Bhay et al. (1985).

A.9.4 COST ESTIMATES

The costs of tranaporting waste in the various gcenarios are shown in
Table A-32, Estimatesa for the euthorized system and two scenarios for the .
improved-performance system are presented in sufficient detall to show the
costs of shipping the various types of waste. Only guamary results are
presented for the other acenarios, but details are available in the report by
Cashwell et al. {1985). The results for the same two scenarios are provided
in Tables A~33 and A-34 except that different detail is highlighted. In these
tables, the three major cost components are shown for spent-fuel shipments
only. The basis for the capital and maintenance costs is given in Tables A-35
and A-36. It should be noted in Table A-35 that the cask-maintenance costs
are for 15 years--the assumed life of a cask. Table A-36 ggtimates the
nunbers of casks needed over the lifetime of the repository for each of the
various scenarios.

The cogts of transporting high-level waste are given in Tables A-37 and
A-38 for each of the repository aites and for each mode conaidered.

A.9.5 LIMITATIONS OF RESULTS

The results presented should be used only to compare the potentially:
acceptable sites. As absolute values, they are limited for several reasons!

1. No attempt was made to escalate costs for imflation. All costs are
ig constant 1985 dollars.

2. The transportation-distance gstimates will be affected by the
selected routes.

A-60
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Table A-32. Total transportation cost

{millions of dollars)

Repogitary Site.

HMode and waste typa Hichton Dauf Smith havis Canyer Yucca Mt. Hapford
AUTHORIZED SYSTEM

§00% Truck .

Spent fuel 722 922 1,080 1,286 1,345

Befense high-leve! waste 207 195 214 237 264

Commprcial high-lavel ? 8 10 16, 15
wasta"

100% Rail . I
Spant fuel 699 a32 : 917 1,024, 1,058 - -
Defense high-level waste 272 279 _ 278 308. - 308 .
Commerctal high-level ™ 10 10 i 12 12

waste®

Totals S vt
Truck from origin 936 1,127 1,305 1,538 - 1,618,
Rai) from ovigin 982 1,122 1,207 1,345 1,376

IHPROVED-PERFORMANCE SYSTEM
1. A1 fuel to the MRS factlity

100% truck from origin o
Spent fuel con 600 600 600 600
Dafense high-level waste 207 195 . 214 . 3. 264, -
Commarcial high-leval 7 8 i 15 15

waste®

100% rail from origin
Spent fuel 594 593 593 593 593
Nafanse high-level waste 272 279 278 308 e
Comnercial high-lavel 10 10 LA 12 12

waste®
Rail from MRS, 100-ton casks
Spent fual in disposal 42 638 728 a0o 693
containers

Assembly hardware and a0 124 144 164 173
high~activity waste

Contact-hand)ed 8 9 9 10 10
transuranic waste

Rail from MRS, 150-ton casks
Spent fuel in disposxal 157 212 236 412 248

containers ]
Assembly hardware and a7 123 140 147 172
high-activity waste
Contact~handled 8 9 10 10 11
transuranic waste
AsH1
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Table A-32. Total transportation cost (Continued)
{millions of dollars)
Repository Locais..n.
Mode and waste ty'e Richton Deaf Smith Davis C-ny9n Yucca Mt, Hanford
IMPROVED-PERFORMANCE SYSTEM (Contir i)
1. Al fuel to the MRS facility {Cont|-ved)
Total! cost, 100-ton casks
Truck fro.; arigin 1,323 1,576 1,709 1,828 1,748
Rail from origin 1,384 1,554 1,767 1,889 1,792
Total coust, 150-ton casks
Truck from origin 1,065 T,149 1,210 1,422 ¥,301
Rail from ertgin 1,127 1,227 1,268 1,483 1,345
i. Hestern-reactor spent fuel directly to the repository
Total cost, 100-ton casks
Truck from grigin 1,265 1,439 1,560 1,674 1562
Rail from origin 1,328 1,537 1,640 1,760 1,628
Total cost, 150-ton casks
Truck from origin 1,046 1,084 1,126 1,308 1,205
Rail from origin 1,109 1,182 1,208 1,394 1,21

* High-Tevel waste from the West Vallay Damonstration Project.
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Table A-33

Coats of tramsportation from reac'ors teo repository
in the authorized system®-®
{millions of dollars)

Totaln

Repository ailte Shipping Capital dMaintenance
ALL SHIPMENTBE BY RAIL
Richton 390 202 108 . 699
Deaf Smith 477 232 123 c.. 832 .
Davis Canyon 534 250 134 - 7.
Yucca Mountain 604 275 L46 1,024
flanford 626 280 150 1,055
ALL SBHIPMENTS BY TRUCK
Richton U2 181 99 722
Deaf. Smith 595 212 116 .92 .
Davia Canyon 717 235 128 ks 080
Yucca Mountain 876 266 - 145 by 386,
Hanford 922 274 149 1,343,
* Spent fuel only. :
® Values have been rounded.
A-H3
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Table A~34., Cours of tramsportation in the improvec-performance system?‘®
{milliona of dollars)

-

fgpository site Shipping Capital aintenance Total

RAIL SHIPMENTS TO AND FROM THE MRS #ACILITY

Richton 598 248 256 1,102
Deaf Smith 799 354 212 © 13368
Davis Canyon - 895 277 306 MDY
Yueca Mountain 963 376 227 L5689
Hanford - 006 as4 211 13471

TRUCK SHIPMENTS TO, AND RAIL SHIPMENTS FROM, THE MRS FACILITY

Richton 623 236 -280 1,108 -
Deaf Smith ¢ 824 342 207 Cinyare.
Davia Oanyon Y919 265 - 800 il 48B!
Yuccda Mountain 988 367 222 L 1576
Hanfdrd 9831 342 206 13479

* All spent fuel sent first to the MRS facility and from there to theé
repository, after consolidation. All shipments in 100-tbn cdsks: - P
® Cost estimates do not include high-level waste, and values have been
rounded.



T4bla A4~35, Capital and maintenance costas
{millions of 198% dollars)

Trensportation nide ' Capital® Maintenance”

Reactor to MRS facility

Truck cask 1,5 0.075
Rail cask 2.5 0.125*;*

MRS facility to repositﬁry e .
100=tor: rail cask 2.5 0.125 -
150-ton rail cask . y 2,75 . 0. IQSVE;;“;\'
Rall package for . : _ : R !

transuranic waste® 1.6 wrene toen 01075%-~“M3

Defense high-level waste® TR
Truck cask 1,1 _ o _ 0.06
Rail cask 1.8 i ' 0.09

* Capital costa are for each cask and include the cost of trailer or |
railcar.
® Maintenance costs are per packasa-year for the assumed 15~year cask ' - "
life. . O Tt
° Baged on two peckages per railcar. : . S
4 Includes commercial high-level waste from the West Valley ey
Demonatration. Project. - - L o maT
]";i{._.
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TatTe A-36.

Total requirements for transportation packaging

{Nymber of casks)

Reposisg-: sike

Deaf Davis Yucca
Mode and waste type Richton Smith Canyon Ht. Hanfard
AUTHORIZED SYSTEM "
100% truck .
Spant fuel 124 145 16! 182 188
Defanse high-level waste 40 43 48 50 53 _
Commercial high-level waste 2 2 2 4 B T
100% rai) o
Spent fuel 81 93 100 110 IF IR
Dafense high-level waste 34 36 38 42 Al . Lond
Commercial high-level waste 2 2 . 2 & R
THPROVED-PERFORMANCE SYSTEM :
1. AN spent fuel to the MS facility s
100% truck from origin )
Spent fual 106 106 106 108 106
Defense high-lavel waste 40 . a4 42 51 5 .
Commercial highiYével wasts 2 2 ' 4 g
100% rai) from.origin . e L e ot i i
Spent fuel (] 67 67 67 67
Defense high-lavel waste 34 37 ag 42 a7
Commercial high-level waste 4 2 Y S ST I v s
Rail from MRS, 100-ton casks T B R
Spent fuel in disposal 55 70 5 80 - 1 R
containers
Hitgh-activity waste 4 4 4 4 4
Contact-handled TRU waste 2 2 2 2 2
Rail from MRS, 150-ton casks
Spenrt fuel in canisters 20 20 20 30 20
High-activity waste 8 ) 8 6 10
Contact-handlad TRYU waste 2 2 2 d 2
2. MWestern-raacter spent fuel to the repository
WO% Truck from origin
Spent fuel mm 168 106 105 106
Dafense high-level waste 4G 44 48 51 56
Commercial high-leval waste 2 2 2 4 4
100% rail from origin
Spent fuel 70 69 67 &7 67
Defense high-lavel waste 34 37 KT 42 47
Commarcial high-level waste 4 2 2 2 2
Rail from MRS, 100-ton caaks
Spent fuel in disposal canisters 50 60 T L) 60
High-activity waste 4 4 4 4 4
Contact-handled TRU work 2 2 2 2 2
Rail from MRS, 150-ton casks
Spent fuel in canisters 20 20 20 30 20
High-activity waste 8 8 8 6 8
Contact-handled TRU waste 2 2 2 2 2
A86
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Table A-37.

Costs of transporting high~level waste by truck*
(millions of 1985 dollaxs)

A e

Source and destin.tion Shipping Capital #aintenance Total
Savannah River Plant
Hanford 135 48 26 210
Yucca Mountain 110 42 23 175
Deaf Sm..th 63 31 17 i1l
Richton 34 22 12 68.
Davie Canyen 97 40 22 L858 -
Hanford
Hanford NA NA NA
Yucca Mountain 10 3 3 16.
Deaf Smith 15 4 4 23
Richton 24 6 4 34
Davis Canyon 9 3 3 15 .
Idaho National Enginsering
Laboratory i IR PR
Hanford v 26 10 8 . o bl sy
Yucca Mountain 29 10 a 8 LY P
Deaf Smith 3 40 12 : 10 62
Richton o 74 16 14 105 ..
Davia Canyon 23 10 8 41
Went Valley Demonstration
Plant . : S e
Banford. : 9 4 2 RO B T
Yucca Mountain - 8 4 2 218
Deaf Smith 5 2 1 9.
Richtor 4 2 1 R
Davis Canyon 7 2 1 10
* Values have been rounded.
® Commercial high~level waste.
A=67
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Table A-38. Costs of tramsporting high-level waste by rail”
{Millions of 1985 dollars)

Source aud destiua .lon Shipping Capital Maintenance Total
SRP to
Hanford 142 65 32 240
Yucca Mountain 126 54 27 208
Deaf Smich 92 : 43 22 157
Richton 56 32 16 105
Davis 118 50 25 : 193
Hanford to S
Hanford NA : NA NA - NA
Yucca Mountain 15 5 4 ... . .85
Deaf Smith 20 5 4 i 30
Richton 26 7 5 -39
Davia 14 5 4 -4
INEL to . o T
Hanford 4 14 11 Y R
Yucea Mountain 438 16 12 77
Deaf Smith : 64 : 16 12 R 92
Richton 91 22 16 - 129
Davis KL 13 10 61
Weat Valley to
Hanford 7 4 2 12 -
Yucca Mountain 7 4 2 12 -
Deaf Smith L3 3.6 2 i 10
Richton 4 4 2 10
Davis 6 4 2

* Yalues have been rounded.
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3. Published tariffs were used in this analysis where available;
however, inder the deregulation that has recently occurred, the DOE
will be &%le to negotiate with carriers for rates and services, and
shipping costs may change.

A,10 BARGE TRANSEORTATION TO REP( - ITORIES

The most likely way in which barge transportat: . would be used to make
shipments to a repteitory would be to complete a par: al leg of the journey.
In all cases, barges cannot be loaded directly from ti 2 reactor~pool loading
area without the use of heavy-haul truck equipment or a railcar. In the barge
scenario for esstern reactors evaluated by Tobin and Meshkov (1985), it was
congsidered likely that a reactor within 483 kilomaters {300 miles) of a large
port capable aof handling large rallcasks and gserved lsy a railroad would ship
by rall and then use a barge through an intermodal transfer. The eastern
reactors for which barge transport was considered to be a feasible option are
listed in Table A-39, The shipment from the reactor would then proceed as far
as possible by barge, and then another intermodal transfer would occur back ta
a railroad. This transfer point was assumed to be either in the Gulf of
Mexico or on the Mississippl River. Therefore, the shipment would arrive at
the repository by rallecar, The possible exception where barge loadings and
unloadings could be made directly would be a specially designed cask-handling
facility at the MRS facility. Because a barge has tremendous capacity
{equivalent to at least four rail casks), it is highly inefficient to use
small truck casks.

The results given in Table A-40 for the risk from barge transportation
generally show that barge transportation increases occupational exposura for
normal operaticns during the shipment of spent fuel. Because barge shipments
require intermodal transfer at both ends of the journmey, the workers involved
in this activity receive relatively high radiation doses and account for the
large increase in occupational exposure over the rail mode. The exposure of
the public is also increased by the intermodal transfers.

The results presented in Table A-40 are a first attempt at characterizing
barge transportation, The numbers are expected to be refined as further
studlies are conducted to provide models of similar detail as those available
for the truck and rall modes. As in previous studies for truck and rail
modes, when data are not well characterized, asgumptions are made that tend to
overpredict the actual values. However, reactor-specific results presented by
Tobin and Meshkov (1985) suggest that under several circumstances the barge
mode may reduce risk.

Tebin and Meshkov did not investigate the consequences of barge accidents
because a previous study (Unlone et al., 1978) was found to contain analyses
for barge accidents that were similar to those used by Sandquist et al. (1985)
for truck and rall accidents. The results of that study are shown in Tables
A-4]1 and A-42, These results can be compared with the equivalent categories
in Table A-5. Table A-42 1s comparable to results for water release. The
results show accidents from barges to be of the same order se for other modes,

A-p4
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Table A-39.

Reactor sitas incluged in barge study

Pitect to water®

RBail.ta water®

State

]

Plant Piant State Fiant State
runswick North Crrolina Big Rack Point Michigan Hudch Georgia
alvert Cliffs Maryland Browns Ferry Atabama cwfuire North Carelina
rystal River Fiorida Cook Michigan - »rth Anna Virginia
ariey Alabama Davis-Basse Ohio I'>ach Bottom Panngylvania
ndian Paint New York Drasden IViinois Febinson South Carolina
latne Yankee Maine Fitzpatrick Mew York Summer South Caralina
H1lstone Connacticu. Ginna Hew York " squehanna Pennsylvania
yster Creek Hew Jersey Kewaunes Wisconsin jarae Mile Igland Penpsylvania
'tlgrim Massachugsetts Nine Mile Point New York Vermont Yankeg Vermont
alem Hew Jersey Palisades Michigan
it. Lucie Florida Paint Beach Wiscansin
wrry Virginia Sequayah Tennessaa
‘urkey Point Florida Zion [T1inois

* Plants located on a waterway.

® plants located within 300 miles of port.

¢ Shipments to Houston are by ocean,

? Shipments to Memphis are by inland waterway.
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Tabig A~40. Projected Tatent cancers for shipments to repositories
from reactors with barge access®'®

Deaf Smith _—tucca Mounkai Hanford
Type of transfer Barge/rail A1l rail Barge/rail  All rail Barge/rail ATl rail
Offshore to Gulf of
Mexico
Nonoccupational 0.03 0.02 .04 £.03 0.05 0.03
Occupational a.09 0.014 0.1 5.02 0.1 0.02
Inland waterways to
Mississippi River
Nonoccupational 0.02 0.07 0.03 a.02 0.03 0.015
Occupational 0.08 - 4.0 0.08 u.015 0.08 O.QIS
Rail to water and
Gulf of Mexice
Nonoccupational 0.05 6.01 0,06 9.0 0.06 0.0
Occupational 0.08 0.007 0.06 0.0 .. b.oe 0.01
Total, 35 reactor sites oL L _ P
Wenoccupational 0.10 0.04 0.13 0.05 0.14 ©-0.08
Occupational p.22 003 0,24 Q08 - 24 . Q.05
Total 0.32 0.00 6.37 .00 Y7 38 0t0

[ .

* Considers shipments from reactors listed in Table 439 according'io sEﬁe&ﬁﬁe given by Tubin
and Meshkov {1985).
® Analyais was made onty for three potential repository sites.
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Table A-4l. Summary of the radiplogical air~release
consequenced of airborne releases
from barge accidents®

Accident Latent-( -ncer fatalitiass® e
clags”® Averags . Maximum .
i SRR
4 5 % 107 2x 1077 i
5 " b 6 x‘:rlo-'. R 2 x 10—4 T NI 1N
LY mt
Lot ;11
6 o 0,01 o 0.2

[ L T E| [

* Estimates based on data presented by Unione et al. (1978," "
Table 6.4). ; o :
® Based on the agsumption that'a population dose of 1 man-rem
induces 0,0002 latent-cancer fatality plus first~ and
second-generation genetic effects.
° Accident classes from Wilmot et al. (1983).

Table A-42. Summary of the rédiologicéi
consequences of waterborne releases from barge accidents®

Specific Latent-cancer
dose pathway fatalities®
Drinking water 1.0
Fresh-water fish A
Shoreline deposits 0.02
Irrigated crops 0.1
Total of all pathways 5

* Estimates based on data presented by
Unione et al. (1978, Table 6.163}.

® Based on the assumption that a population
dose of 1 man-rem induces 0.0002 latent-cancer
fatality plus first-and second generation genetic
effects.

{A=22



Shipping by L.arge may be more expensive than the rail mode, Tobin and
Meshkov suggest %' at shipping spent fuel by barge and rail to u repository
could cost from $.8 to $47 per kilogram of uranium, but these numbers are high
because new coat wstimates for caska are lower than those uged in their
study. If values from Table A-~35 are substituted, th.: adjusted cost for barge
transportation becomes $27 te $34 per kilogram of ura:lum. This compares with
a range for rail f $13 to $17 per kilogram of uraniui, or approximately half
the barge and rall cost. The barge-and-rail cost ca: bdas reduced by adding
more caske to each barge; Tobin and Meshkov assume fu.r ralléasks on a barge.
It is feasible to ship at least s5ix casks on a barge .

A primary objective of the Tobin and Meshkov stu. « wag to determine
whether barge transportation is a discriminating factor in site selection. It
can be inferred, however, from Table A-40 and from the preliminary estimates
of cost per kilogram of uranlum shipped that barge transportation will augment
the other modes and will be used in special circumstarices where the other
modes are not available, 8Since all shipments in the region of the repository
site will be completed by rail or truck even if batges are used, no site has a
significant advantage because of its proximity to a n:arby port, For example,
the Richton site may appear to be better than Yucca Mecuntaln because of ifs .
proximity to the Gulf of Mexico, but there is no advantage because a shipment
to elther site must be completed by rail., Similarly, barges on the Columbia
River could arrive within about 1€ miles of the Hanford site, but this option
does not appear reasonable or probable for eastern reactors because of the
additional crew exposure, coast, and time required to complete s shipment via
the Panama Canal. Adminietrative concerns, including safeguarding and travel
through foreign countries, add to the unlikeliness of this option. As can be
geen in Figure A~4, smome reactors west of the longitude 100°W could ship to
the Hanford site using intermodal transfers. The Trojan plant in Oregon as
well as the Humboldt'Bay and Diablo Canyon plants in California could possibly
ship directly if the proper dock facilitiee were available. It is not likely
that a barge can land at San Onofre in California, Power plants in Arizona
and the Rancho Seco plant in California are also not likely to ship by barge
because rail shipments would have to be made to a suitable port. In each
case, thias port is likely to be densely populated, and therefore there ig
licttle incentive to uge barges,

No additional insight for ranking sites is gained from Table A-40. At
this preliminary stage in the evaluation of the:barge mode for ite feasibility
and safety, it is concluded that the barge option 1s not a discriminating
clement in comparing sites.

1
i
!
)
! 0

A.11 EFFECT OF THE SECOND REPOSITORY ON TRANSPORTATION ESTIMATES

The analyses that have been discussed to this point {see Section A.8,3)
do not explicitly consider the effect of the second repcsitory; however, the
eiting guldeline on transportation requires the second repository to be
considered in the cost ahd risk analyses, A supplementary analysis was
performed to prediat the: expected uncertainty in the results for a single
repository when & sedond repository is added to the waste-management system.
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A.ll.1 SINGLE~ EPOSITORY ANALYSES

The impacts resulting from shipments from reactcrs to the repository have
been evaluated fur both the authorized system and the improved-performance
gystem.

In the authorized system, spent fuel and high~' wvel waste are shipped
directly tc the repository. The spent fuel that was assumed to be sghipped is
generally the oldeat fuel, except when a reactor t! it is running out of
storage capacity Ja given preferance., The gwograph.s location of the fuel is
not considered.

In the scenarios analyzed for the improved-performance aystem, similar
assumptions were made about the fuel that is shippad. but the fuel 1ias gent
first to the MRS facility and then to the repository. Four variations of the
improved-performance system were considered. The firat two assumed that all
of the spent fuel that 1s received by the repository is routed through the MRS
facility, These two varlations differ only in the s:ze of the caak assumed to
be used for shipments from the MRS facility to the repoaitory (100 and 150
tons}., Defense high-level waste s sent directly to the repository; 1t does
not pass through the MRS facility.

Two other variations were generated by taking into account the geographic
distribution of some of the fuel. In thesa variations, about 4,500 MTU of
spent fuel from the reactors west of the Rockies is sent to the first
repogitory without pessing through the MRE facility. The remaining fuel 1is
preferaentially selected by age excapt for cames where reactors have no storage
capacity. These two variations are also distinguishable because
two different cask slzes were assumed for each.

None of the varlationa of the improved-performance system or the
authorized system fully consider the geographic distribution of fuel; gome
do not consider it at all.

A.11.2  LOGIC SUPPORTING THE SUPPLEMENTARY ANALYSIS

If 2 second repository is introduced into the waste-management system,
the spent fuel that will be sent to the first repository can be chosen not
only for the age of the fuel but also for the proximity of the fuel to the
repository. Logic and the mandate of the Aet appear to dictate that fuel
closest to the first repository should be shipped to it, with the remainder
being shipped to the second repository. When an MRS facility 1s added to the
waste-management system, the ideal fuel selection for the first repository
wouid be the fuel farthest from the second repository {approximately nearest
the first repository).

The second repository will enter the system several yearg after the
firgt, Consequently, its effect on the population of veactors shipping to the
first repoaitory will be somewhat reduced becauae the reactors with storage
problems would likely not be restricted from shipment to a more distant first
repository as long as:thelr gtorage problems remained. The supplementary
analysis more closely represents a system that simultaneously has two

A-75
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repositories in oprraticn and therefore will manifest the greatnst effect of
regionality on the transportation impacts.,

A.11.3 DESCRIPT (N OF SUPPLEMENTARY ANALYSES

Two separate analyses were performed: one that ..nsldered the MRS
facility and another that did not. For each analyais:, two cases were
considered; (1) tle firat repository receives spent fuszl from reactors
closegt to it and (2) the first repositnry receives s :nt fuel from reactors
farthest from it (Figure A-5). Only Yucca Mountain is shown in Flgure A-S;
however, similar figures were generated for analyases for each of the five
sites nominated as sultable for characterization.

The major assumptions are as followsl

o The cumulative gpent-fuel quantities were asgumed .to be thoaa of the
"midcasge” projection by the DOE's Energy Information Administration

(EIA). : ¥ :

Fatimates based on adjusted ''great circie' distanoces.

Use of 150-ton casks for shipments from the MRS facility,

All spent fuel routed through the MRS facllity.

Only spent fuel was assumed to be shipped.

0 Q00

The regults are presented in Table A~43, Only cask-miles were calculated
because cask-mlles are a good surrogate mepsure of transportation costs and
risks. Table A-&44 gontaine the percentage variation from the
single-repository values. It can be seen that the .introduction of p aecond
repository can produce a eignificant effect on the regults for a
single-repository annlyals.--

A.12 CRITERIA FOR APPLYING THE TRANSPOQRTATION GUIDELINE

The siting guideline on transportation (10 CFR 960.5-2~7) contains a
number of terms that are subject to interpretation. These terms are
underlinad in Table A~45, which is a complete listing of both the favorable
and the potentially adverse condirions of the guideline, Terms like "short,"
"economical,"” "cuts,” and '"fills" are clearly open to interpretation. These
common terms generally defy the application of accepted objective definitions.

Farly in the process of implementing the guideline, it was recognized
that a consistent set of criteria was needed to apply the transportation
guideline. In September 1984, an ad hoc transportation group was established
to deal with trangportation isgues in the environmental agsesements (EAs).
The group included a member from the DOE Project Qffices representing the
three host rocks considered for the firat repository and represanting
substantial expertiee In the transportation of radiocactive waste. One member
had been instrumental in drafting the guideline itgelf. Before the issuance
of the draft EAs, thia group developad criteria for applying favorable
conditions 1, 2, and 5 vnd potentially adverse conditions 1 and 3. These

A=76
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Table A-43. Cask-miles from reactors to potential repecaltory locations
with and without an MRS facility®
(Milllons of cask-miles’

Without MRS facility _ With MRS facility

Repository EA _ . EA
site Closest Analysls Farthest "ngest  Analysis Farthest

Richton 6.5 11.0 15,3 5.1 - 9.2 14.0
Deaf Smith 11.6 15.4 18.7 6.8 10.9 15.7
Davig Canyon ! 18.8 22,7 7.8 11.9 16.7
Yucca Mountain = 17.4 23.2 27.6 11.4 15.6  20.3
Hanford 19,2 24,6 28.9 8.6 12.8 17.5

* Estimates based on the shipment of 62,000 MTU of apent fuel.

Table A-4k. Percent variation in cask-miles resulting from the introduction

of second repository

Without MRS facility With MRS facility

Repositorf-site Closeat Fartheat Closest Farthest
Righton ~46 +40 ~bl +52
Deaf Smith: =30 +23 -38 +a4b
Davis Canyon ~29 +22 -34 +40
Yucﬁa Mouﬂiain -29 +21 -27 +30
Ranford ~25 +19 ~33 437
-A=]8
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Table 4-4%. Criterla for applylug the transportation guldeline

FAVORABLE CONDITICHS

{1) Availability of access routes from local existing ighwaye and railroads
to the asite which have any of the following charu.terlstics:

(1)

(11)

(111)

(iv)

(v)

Criterion

comuarad to access routes for other comparu» .8 siting options.

Faderal condemmation is not required to acquire rights~of—way for
the access routes,

Cuts, fills, tunnels, or bridges are not required.

Such routes are free of sharp curves or sgtrep grades and are not
likely to be affected by landalldes or rock alidas,

Such routes bypass local cities and towns.

All parts of this favorable conditiqn pertain to the Acoess rdute to ﬁha

repoaitory.

The access rgute 1s the road or railspur that must be conatructed

to connect exiasting roads or track with the aite. Only ong part need be

present.

(1)

(i1)

(144)

(1iv)

(v)

The favorable condition is present 1f the access route is leas than
10 miles long and costs less than $10 million. These criteria are
applied to truck and rall routes aeparately.

If any part of the access route must be constructed over private
land, it is assumed that Federal condemmation will be required, and
the favorable condition is not present

All road or track construction requires cuts and filils. Cute and
fille for generally flat terraln are considered acceptable. The
favorable conditign 1is not present if bridges or tunnels are
required.

The favorable conditlon 18 present if the accees road is
constructed over generally flat terrain.

The favorable condition is not present if the access route passes
through a highly populated area, ac defined in 10 CFR. Part 960,
Subpart A, or 960.5-2-1{(c)(2) (Federal Regigtex, Vol. 49, pp. 47754
and 47763, respectively).
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Table A~4%. Criterlsa for applying the transportation guideline
(Continued)

{2) Proximity tc local highways and railrcads that piyvide access to regional
highways and rallroada and are adequate to serve :he repository without
significant upgrading or reconatruction.

Criterion

This favorable conditlon pertains to that segment of existing track between
the outer end sf the access route and the nearest State, Federal, or
interstate highway and the nearest mainline ratlroad tiat does not require
upgrading or repalr. This gegment of road or track shuuld be ne longer than
10 miles and cost no more than $10 million.

(3) Proximity to gegional highways, mainline railroads, or inland waterways
that provide access to the pational transportation system.

Criterion

Thig distance refers to the length of the road or track between the outer end
of the access route and the nearest Stata, Federal, or interstate highway or '
the nearest mainline railroad. Thias distance should be no more than 30 o
mileg, Distance to a waterway is not considered becduse a barge shipment
would have to offload onto a raillroed.

(4) Availability of a regional railroad system with a minimum number of
interchange poilnts at which train crew and equipmant changes would be
required.

Criterion

All sites have at least one railroad interchange point at the point where the
site spur joins the mainline. All other interchanges within 125 miles of the
site will be cecunted. The site with the fewest interchanges will be
consldered to have the favorable conditlien present,

(5} Total projected life-cycle cost and risk for transportation of all wastes
designated for the repository site which are gignificantly lower than
those for comparable siting options, considering locations of present and
potential gources' of waste, interim storage facilitles, and other
repositories.

Criterion

All gites will be compared; only one site will have the faverable condition
present.
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Table A~45, Criteria for applying the transportation guideline
(Continued)

6) Availability «f regional and local carriers--truci:, rall, and
water-—-which *ave the capability and are willing iy handle waste
ghipmenta to :he vepository.

riterion

his favorable condition 18 present if any carrier--tii k, rall, or water--is
vailable with’n the minimum transportation study area.

7) Absence of legal {mpediment with regard to compliaznce with Federal
regulations for the transportation of waste in or through the affected
State and adjoining Btates. : S

riterion

his favorable conditlon will be addressed as explalned in Appendix C,

8) Plans, procedures; and Capaﬁilities for respohse to radidaqtiwﬁ Hﬁéteﬂ
transportation accldents in the affected State that are completed or
being developed.

riterlon
ny evidence that emergency-response plans, procedures,. and capabilitieﬁ_eiisha

i1l be favorable, Evidence for all of these is required for a finding that
he favorable conditlon 1s present.

9} A regional meteorological hdistory indicating that significant
transportation disruptions would not be routine seasonal occurrences,

riterion
he repository- activity is nlgnificantly diarupted if it is not able to maat.

te annual acceptance:rate. . . . . G Do e o
[
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Table A-45, Criteria for applying the transportation guideline
{Continuad)

POTENTIALLY ADVERSE CONDITIONS

(1) Access routns to existing local highways and raily. «ds that are expensive .
to construct relative to comparable siting option-.

Criterion

&n expensive access route is coneidersd to ba one that ¢nats more than $10
million.

{(2) Terrain between the site and existing local highwavs and railroada such
that steep grades, gharp switchbacks, rivers, lakes, landsllides, rock
selides, or potential sources of hazard to incoming waste shipments will
be encountered along acceas routeg to the site.

Criterion

This potentially adverse condition is present if the terrain over which the
access route must pass is not generally flat and 1if the access route must
cross a river or laka. o .

B

(3) Existing local highways and railrosds that could require significant
reconstruction or upgrading to provide adequate routes to the regional
and national rran5portation aystem,

Criterion

This potentially adverse condition is present if a significant reconstruction
or upgrading of a truck or raill route costs more than $10 million. This
criterion is applied separately to truck and rail routes. s

{4) Any local condition that could cause the transportation-related costs,
environmental impaots, or risk to public health and safety from waste
transportation operations to be significantly greater than thosge
projected for other comparable siting options.

Criterion
Examples of local conditions that are potentially adverse are proximity to a

bombing range, extreme costs, and despoiling of the environmental and
aesthetlc qualities of pristine land.
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criteria were applied during the ranking process documented in Chapter 7 of
the draft EAs.

The process by which the criteria were develop<t relied heavily on the
collective transportation expertise of the ad hoc gtoup. Rules-of-thumb were
often used to milke estimates in the context of indefirite terms. For example,
the cost of a mile of new highway or railroad traci is often assumed to be 31
million when the route traverses flat terrain. Su. an estimate might be used
when much additional information is not available The application of such
rules, experience, and informed judgment allowed n we—definitive criteria to
be developed while considering the requirement to J: ige Lransportation
conditions in the context of '"comparable siting optirns.” In other words, the
criteri{a vaiues were developed by fully considering the range and distribution
of values for all of the five sites nominated as su'table for characterizatlion.

The comments on the draft EAs notad other inconsistencies in the findings
reported for the transportation guideline, particularly for the conditions
that contain tha term "regional®™. The DOE then dec:ided to develop criteria
for all of the conditions in the transportation guideline, Through repeated
discussions with the ad hoc committee members, the final criteria presented in
Table A-45 were promulgated in Auguast 1985. Again, the process cf criteria
development relied on the judgment of the transportation ad hoc group.

A.13 COMMON QUESTIONS REGARDING TRANSPORTATION.
A.13.1 PRENOTIFICATION

Many States wigh tc be notified in advance of certain radiocactive-waste
shipments,

Whether prenotification results in an Increage in safety is the subject
of conasiderable discussion among Federal regulatory agencies and State and
local governmentg., Currently, the NRC, under Congressional mandate, requires
NRC licensees to notify Statea in advance of spent-fuel and certain
radioactive~waste shipments (10 CFR 71.97 and 73.37(f)}. The DOT requires
postnotification of shipments (49 CFR 173.22{(d)}. In an effort to understand
the igsue and to gauge the efficacy of the NRC regulation, the DOE sponsared a
atudy (Pellattieri and Welles, 1985). Currently, the DOE and the DOT have
completed a joint study that surveyed the State, local, and facility
notification requirements for hazardous materials (Dively et al., 1985).

The LDOE currently provides State officlals with generic notification of
its shipments of radiocactive material. This notification reviews the type and
quantity of shipments but does not designate the time and the date of
shipment. For current shipments in support of the OCRWM research and
development program, the DOE is supplementing this gemeric notification with
courtesy communications to an appropriate officer of each State through which
the shipment will pass. In light of the number of spent-fuel shipmenta to
repositories, tlie DOE will evaluate its current procedures for tracking
radloactive-waste ahlpments and consider a number of additlonal options. For
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example, an effe~tive real-time shipment-tracking system may be a preferable
alternative to prenotification. Decisions will be based on the best
technology avali:«ble and applicable laws and regulations in use at the time of
shipment to a waste-management facility.

A.13.2 EMERGENCY RESPONSE

Emergency response to a transportation accideut involving radiocactive
material 1s anothwr concern of State and local offic als.

State and local jurisdictions have the primary vesponsibility for
emergency response to Incidents ocecurring in connectlon with all hazardous
materials, including spent--fuel shipments. Federal assistance can be provided
in many ways, however. For example, the DOE will malke svailable from its
resources such radiologlcal advice and assistance as is requested and
approprlate to protect public health and safety and -0 cope with radiological
hazards, DOE personnel will regpond to requests from NRC licensees; Federal,
State, and local authorities; and private persons or companies, including
carrlers. Assistance can be obtained from any one of eight DOE regilonal
centers, which are capable of responding to radiological Incidents on a
24-hour basis. Requests for aid are handled directly through the DOE regional
centers or through an emergency clearing house called CHEMTREC {(Chemical
Trangportation Emergency Center) that is sponsored and funded by the chemical
industry. The DOE offices, when requested, will provide radiation assistance
teams.

For States hoasting facilitieg developed under the Act, the DOE will seek
to negotiate written agreements that can address assistance and funding for
emergency-responge preparations. In other States, funding or assistance in
lieu of funding (e.g., training courses, equipment, etc.)} will continue to be
available through the Federzl Emergency Management Agency {FFEMA} or other
Federal agencies. Examples of the type of assistance already provided by the
Federal Government are the emergency-response workshops for first responders
sponsored by the DOE at various locatlons in the country each year as part of
its compliance training program.

The FEMA has coordinated the development of the interim Federal
Radiological Emergency Responge Plan (Federal Register, Vol. 49, p. 35895).
The interim plan outlines procedures to be taken in the event of nuclear
accidents, including those involving the tranaportation of radicactive waste,
and is designed to provlde coordinated ¥ederal reaponse in support of State
and local governments. Under the plan, State and local governments have the
primary respon&ibility for responding to emergencies; Federal technical
assistance is provided on request. In additfon, tbe FEMA has published
interim Guldance for Developing State and Local Radiological Emergency
Regponse Plans and Preparedness for Transportation Accidents (FEMA, 1983).
This guidance, which is currently being revised, provides a basis for State
and local governments to develop emergency plans and improve emergency
preparedness for transportation accidents involving radicactive materials,
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A.13.3 HIGHWAY RUOUTING

A.13.3.1 Highway routing regulations

The routing of radiocactive-waste shipments is a Jrimary concern of State,
local, and tribe! officfals, On January 19, 1981, t:z DOT by 1ts authority
under the Hazardvus Materials Transportation Act, pn:lished a final rule
governing the highway routing of radiocactive materls. s. Designated HM-l64,
this rule has bean codified as 49 CFR Parts 171, 172, 173, and 177. The DQE
will, of course, comply with all DOT regulations.

According to HM-1l64, highway carriers of “highwa, route controlled
quantity radioactive materlals" (e,g., spent nuclear fuel) are required to use
"preferred routes." A preferred route consiste of a) interstate highway,
including the use of interstate beltways or bypasses when available to avoid
city centers, or alternative routes that are designated by a Btate routing
agancy (whlch includes the appropriate authorities of Indian Tribes).
State~designated alternative routes must be selected in accordance with DOT
guidelines for selecting preferred highway routes (DGT, 1984} or an equivalent
routing analysis that adequately considers the overall risk to the public.

The DOT stated that it followsd three basic concepts In devising a
highway-routing framework for radioactive materials:

1, Route selection should be hased on gome valld measure of reduced risk
to the public.

2. Uniform and consistent rules for route selectlion are needed from hoth
a practical and a safety standpoint.

3. Llocal views should be carefully considered in routing decisions
because routing is a site~-specific activity unlike other
transpartation controls, such as marking and packing { edgggl
Register, Vol. 46, p. 5299). .

The DQT's approach to routing acknowledges that public policy for the
routing of radivcactive materials should be baaed on a conaideration of the
overall risk involved in transporting such materials. The risk dependa on
such factors as accident rates, total travel time, traffic patterns,
population density, road conditions, time of travel, and driver training.
Further, the DOT recognized the nead to balance local and national interests
in routing decisions while providing for uniformity and conaistency of
transportation regulationa. With regard to the acknowledged need to provide
for local input in routing decisions, the DOT provided for the designation of
alternative routes to interstate highways by State routing agencies in
congultation with affected localities, neighboring States, and Indian Tribes
and in accordance with DOT guldelines, to ensure the consideration of all
impacts and continuity of dealgnated routes.

Carriers of spant fuel may deviate from & preferred route under the
following three circumstances:

1. Emergency conditions that would make continued use of the preferred
route unaafe,
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2. To meke necesgary rest, fuel, and vehicle-repalr stops.

3. To the axtent necessary to pick up, deliver, or transfer a
targe-guantity package of radioactive mate-ialas (4% CFR
177.825¢(b){2))}.

HM-164 has oumerous other provisions designed 5 ensure the safe highway
shipment of radiocactive materials. These include t.: requirement for the
provigion of written route plans to the shipper art gspecific driver-training
requirements, which include knowledge of procedure to be followed in an
accident or other emergency.

There &-°e geveral methods by which the DOE can gupport the
highway-routing efforta of the States and the DOT. Un request, the DOE will
asslst the States as practicable in the evaluation aud determination of
State-designated alternative routes, The DOE, as the shipper of record, will
continue to notify its carriers of the State-designated altermative routes and
will ingtruct that these routes be used during all shipments. Moreover, the
cartier will be instructed that all gafety and routing requirements must be
met and that lack of compliance will result In appropriate sanctions,
including the potential suspension of carriers (41 CFR 109-40.103-1)., Federal
and State reports of carrler performanece, postnotification of routes, and DOE
tracking of actual ghipments will provide mechanisms by which operations can
be monitored. In addition to diligent and consistent observance of these
currently available procedures, the DOE will continue to coordinate with the
States concerning the routing of any highway route controlled gquantitieg (49
CFR 173.403) of radioactive materials shipped by the DOE.

A.13.3.2 Btate and local ordinances

As discussed In the preceding section, the DOT derives its authority to
regulate hazardous-materialg transportation principally from the Hazardous
Materials Transportation Act (HMTA). The HMTA (Section 112{(a}) preempts
®_..any requirement of a state or political gubdivision thereof, which is
inconsistent with any requirement set forth in [the HMTAl or regulations
issued under [the HMTA]." Thua, State or local actions are not necessarily
precluded; only those that are "inconsistent" are preempted. The DOT can,
however, grant an axemption from this blanket preemption proviaion to allow an
inconsigtent State or local requirement te remain in effect. Such an
exemption can be granted 1f, mainly because of local consideratione, the
requirement (1) affords an equal or greater level of protection to the public
than is sfforded by the requirements of the HMTA or of regulations issued
under the HMTA and (2) does not unreascnably burden commerce.

In its general digcusgion of the highway-routing rule, the DOT notes its
conclugion that *the public risks in transeporting [radiocactive} materials by
highway are too low to justify the unilateral impoaition by local govermments
of bans and other severe restrictions on the highway mode of transportation“
{Federal Register, Vol. 46, p. 5299).




Appendix A t9 49 CFR Part 177 delineates DOT pclicy regarding the
consistency of $tate and local rules with DOT highway-routing requirements for
the purpose of actrising State or local governments how they can exercise their
responsibilities sith respect to the regulation of msi.or carriers. The DOT
generally regnrds State and iocal requirements to be inconsistent if they--

¢ Prohibit the transportation of large-~quantiiv- radicactive materlals by

highway between any two polnts without provicing an alternative route
for the duration of the prohibitionm.

¢ Conflict with NRC or DOT physical-security re .uirements.

® Require additional or special personnel, equipment, or egascort.

® Require additional or different shipping paper entries, placards, or
other hazard-warning devices.

e Require filing route plans or other documenty containing informationm
that ie apecific te Individual shipments.

¢ Require prenotification.

¢ Require accident or incident reporting othar than as immedlately
NeCcagsary for amergency aggistance.

® Unnecesaarily delay transportation.

A.13.4 RAILROADS

A.13.4.1 Railread routing

There are no regulatory requirements for the routing of rail shipments.
Rail--shipment routes depend largely on the railroad to which the shipment is
originally consigned and how that (and each successive) railroad handles
interconnections with other railroads.

A.13,4.2 Rail regulations

Several government egencies perform inspectlion-and-enforcement activities
to promote the aafe trangportation of radioactive materials on the nation'a
railroads. 8ince rail is a predominantly interstate mode of transportation,
the Federal Government has long been considered the entity best equipped to
develop, promulgate, and enforce a uniform set of safety regulations for the
tranaportation of hagardous materials by rail,

The safety and safeguards regulations for shipments of radioactive

material by rail, in many cases, are the same as those for highway shipments.
The NRC has issued general routing guidelines for rail shipments of spent
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fuel, which are included in 1its physlcal-protection requirements that were
promulgated to g .mrd against acts of sabotage for buth rail amd truck
spent-fuel shipm:ats. The DOT has isaued specific reles limiting both the
number and the d.ration of rail stops and deaignating the placement of cars
carrying spent fuel in the makeup of the train, In sddition, there are
standards for ti-ck quality and other operating f[eat.res of importance to
safaty of rail transport. .

Shippers who prepare material for rail transpc riztion are required to
comply with DOT regulations found in 49 CFR Part 17} hefore offering any
hazardous material shipment to a carrier. The respor iibillities of rail
varriers of radicactive waste are ocutlined in DOT regulations 49 CFR Part
174, In accepting a shipment, the carrier ingpects }t visually to ascertain
that the hazardous material is not leaking, that specific rail equipment (air
and handbreaks, journal boxes, and trucks) is working properly, and that
appropriate placards are provided. The carrler cannot accept packages that
are leaking or damaged. In addition to the DOT requ’rements, rail companies
ingpect rallcars periodieally to ensure that they are mechapically safse for
operation., In particular, certain equipment is routinely lnspected at
interchange points by the carrier.

Carrier operations are also subject to DOT regulations covering safety
enforcement procedures, track safety atandards, and accident-repcrting
procedures. Under the condlticns of 49 CFR 171.15 and 171.16, the carrier
muat notify the DOT lmmediately of any unintentional releases of a hazardous
materlal during the course of transportation and must submit a written -
hazardous materials incident report to DOT within 15 days of such an event.

Although jurisdiction over the transport of radlvactive waste by rail is
vested primarily in the Federal Govermment, States and locsl governmentsa that
wish to assume specific responsibilities in this area also have & role. The
Federal Rail Safety Act (45 U.S5.C. 434) directs that a State may enforce its
own railroad safety regulation provided that the State regulation is (1)}
congistent with Faderal regulations, (2) necesaary to eliminate or reduce an
essentially local safety hazard, and (3) not a burden on the free flow of
interstate commerce,

The DOF's Dffice of Civililan Radicactive Waste Management (OCRWM) is
investlgating means for facllitating a cooperative effort among affected
Federal and State agencies and the railroad industry in forging shipping
arrangements that are safe, efficlent, and equitable, There appears toc be a
strong willingness by all affected parties to work toward thig goal.

The DOE will reinforce the DOT's and the NRC's inspection-and-enforcement
activities through the establishment of a comprehensive gquality-assuranca and
quality~control program to address each aspect of the transportation procesa,
including the integrity of the ghipping caska and the procedures for handling
the casks. The guality-assurance program will implement systematic proceduras -
designed to ensure and provide demonstrable evidence that program goals, such
a8 safety, reliability, and maintainability, are achieved in a cost—effective
manner. : . o :
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A.13.4,3 Dedicate! traing

The use of "dudlcated trailns™ involves the designatlion of specific
equipment {(locomot ves, cask cars, buffer cars, and cevoges) for the use of a
particular commodity between fixed origin and destina:.on points. In many
respects, it is s'milar to the "sgle—use'" vehicle tha: is commonly employed by
motor carriers for apecific commodities {one example ‘s the transportation of
bulk, low-gpeciflc-activity radicactive material).

Special arrangements to expedite the movement (¥ cedicated traina can be
made among railroads. For example, the equipment '"¢2 lcated" for gole use may
be owned by t.e originating carrier. Thig equipment c¢suld be used for thae
full length of the move, There may be no switching or interchange with other
carriers at terminals along the route, After delivery, the empty cars are
returned to the origin for the next movement, possibly under the same
expedited process as the loaded train, The originating carrier and the
carriers tnat owr and operate the raill lines to be used by the dedicated train
would agrea on the apportionmént of revenues among themgelves for the entire
move .,

A.13.5 [INSURANCE COVERAGE FOR_TR&NSPORTATION ACCIDENTS

The Price-Anderson Act of 1957 (42 U.8.C. Sections 2014 and 2210, as
amended) providea exteéngive liability coverage for damages “‘suffered by the
public in the event of nuclear accldents at certain facilities (which Include -
commercial nuclear power reactors ard DOE contractor-operated facilities) or
accidente that occur in the course of transportation to or from such
facilities. Liability coverage extends to all potentlally reeponsible parties
{except, in some instances, the Federal Government, whose liability would be
covered under the Federal Tort Claims Act) and is not limited te parties who
actually purchase insurance or enter into indemnity agreements with the
Federal Government. '

SBtate luw le generally used to determine liability and the extent of
damagea in the event ¢f a nuclear incident; the Price-Anderson Act in turn
establishes a system for paying for those damages. The Act places
regtrictions on the use of State law in the event of an "extraordinary nuclear '
occurrence”™ (ENO) at certain facilities—-an occurrence that involves
subgtantial offsite releases of radiation and is likely to result in
substantial offsite damages to persons or property. When the Federal
Government determines that an extraordinary nuclear cccurrence has occurred,
certain defenses available under State law must be walved. One waiver
requires the imposition of strict liability, without proof of negligence on
the part of any respounsible party. Defenses related to governmental immunity
are also waived. The Price-Anderson Act further declares that in the event of
an extrzordinary nuclear occurrence, defenses based on statutesg of limitations
will be waived If a suit is brought within “three years from the date that the
claimant first knew, or reasonably could have known, of his injury or damage
and the cauae thereof, but in no event more than twenty years after the date
of a nuclear incident." A State statute of limitations that allows a greater
period of time for filing sult would remain in effect. '
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