7.3.1.1.1 Populat:on density and distribution

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

The site shall be located such that, during zpository
operation ani closure, (1) the expected average adilatinon dose to
members of the publiec within any highly populate - area willl not be
likely to exceed a small fractlon of the limits £llowable under the
requirements speclfied in §960.5-1(a)(1l), and () the expected
radiation dose to any member of the public in an unrestricted area
will not be likely to exceed the limit allowable iwnder the
requirements specified in §960.5~1(a)(1).

Major congiderations

On the basis of the qualifying, favorable, potentially adverse and
disqualifying conditions for thls guldeline (Table 7-9), two major
considerations are ldentified that Influence the favorability 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 density at the gite, near the aite, and in the general
region of the site, These major consideratlons are of equal Importance and
are in turn influenced by several more-specific contributing factors, which
are discussed below,

Evaluation of the gitee 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 square mile. This major consideration is derived from
the second favorable condition and the second potentlally 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 aite 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 thoee concentrations.
Specifically, the closer & site is to highly populated areas, and the larger
auch population concentrations are, the leses favorable is the site, A summary
of the evaluation for each site follows.

The immediate vicinity of the Davis Canyon site contains no 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 1s also
the neareet l-square mile area with a population of at least 1,000 persouns.

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

with a population of 15,853. Hereford 1s also the nearest area with at least
1,000 perecne in a l-square-mile area.
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Table 7-9. Guideline-condition findings by mzjor consideration-
population density and distribotiond @

Davis De. Richton Yucca
Condition Canyon Smi Hanford Dome Mountain

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

Remoteness of the site from P 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 : : S
Teast 1,000 individuals in an area 1 mile

by ) mile as defined by the most recent o .

decennial count of the U.5, census. ' _ .

MAJOR CONMSIDERATION 2: FROPULATION DENSLTY

Favorable condition | ] o ) ) s
A low popylation density in the R P P P AL
general region of the site. . _ o : .

Potentially adverse condition 1’
High residential, seasonal, or NP HP NP NP . NP

daytime population density within
the projected site boundéries,

* Key: NA =z not applicable; NP = for the purpose of this comparative evaluation, the
favorable or potentially adverse condition is pot present at the site; P = for the purpese of
this comparative evaluation, the favorable or potentially advarse condition is present at the. site.
® Analyses supporting the antries in this table are prasented in Chapter 6 of the
environmental assessment for each site.



At the Banfori site, Sunnyside is the nearest highly populated area. It
haa a population € 9,229 and is approximately 15 miles southwest of the
gite. Sunnyside iy also the closest l-square-mile area 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 propesed boundary of the controlled
area. However, the town is 2 miles from the proposec boundary of the surface
facilities of the repository. The nearest highly popilated area is

Petal/Hattiesburg with a population of 49,300; it ir ¢ 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 of approximately 85 miles.

Popuylation 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 region 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. This major consideration ls derived from the first favorable
condition and the first potentially adverse condition (see Table 7-%). It
relates to the qualifying condition in that a larger number of people are
potentially exposed to radloactive releases as the population density in the
region of a site increases. The first favorable condition 1s 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 consideration, a "low population density"
is defined as being less than the averags population denslty of the contiguous
United States in 1980, or 76 personas per square mile. This major
consideration is also closely related to the third disqualifying condition for
this guideline, which in 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 density on the site, near the gite, and within the general
region of the site increases, the favorability of the site decreases, A
sunmary of the site evaluation for thie consideration follows. The
site-specific information used in the evaluation is summarized from Section
6.2.1.2 of the environmental assessments for the five nominated sites.

There is no residential or seasonal population within the projected
boundaries of the Davis Canyon site. The daytime population is limited to anm
estimated peak of seven offroad-vehicle users, The onsite population density
ia 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 also far below the national average, at 3.8 persons per square mile.

The Deaf Smith County site is estlmated to have 27 residents within its

boundaries. The seasonal population density at the site is abeout 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 apprnuimately 10 persons per gquare mile, The poputation within
10 miles of the s.te is estimated to be 1,739, The pcpulation density in the
general region of the site is 24 persons per square mile.

Although thrre are nmo residences or geasonal 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 radlological 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 resldences within the
proposed restricted area. Seasonael population fluctuations are expecteéd to be
minimal. The daytime population may vary by 100 because a school 1s located
in the southeast portion of the area of the Richton Dome. The population
within 10 miles is approximately 4,610, The population density in the general
reglon is 40 persons per square mile.

There are no residences 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 Test Site, but most of their activities are
conducted on the opposite side of the Nevada Test Site, Because of their
experience with nuclear research and testing, workere 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 1g 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 sites. In additien,
there is no residential or seasonal population on or near the site. Davig
Canyon is less favorable because it is 33 miles from the highly populated area
of Moab, which has a pepulation of 5,333, Nonetheless, the site ig remote in
comparison with the remaining sites. 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 Sunnyeside, 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 mileas of the Hanferd site, and the 4,800 nuclear energy workers in
the vicinity of the site are better prepared than other members of the general
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public to deal with radiplogical hazarda. The Deaf Smich 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 Richtom, and
4,610 people live within 10 miles. The populaticn dencity in the regicn is 40
persons per square inile. Since 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 45,300 is 16 miles away, the Richlon Dom. is the least favorable
site for this guideline.

7.3.1.1.2 Site ownership and contrel
The qualifying conditien for site ownership and control is as follows:

The site shall be located on land for which the DOE can obtain,
in accordance with the requirements of 10 CFR 60.121, ownersahip,
surface and subsurface rights, and control of access that are
required in order that surface and subsurface activities during
repository operation and clogure will not 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 cungideration

On the basis of the qualifying, favorable, and potentially adverse
conditlons of this guideline (Table 7-10), one 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 terms of to the majer consideration

The single major consideration for this guideline is the complexity of
procedures for acquiring the needed land. This consideration is derived from
the favorable condition and the potentlally adverse condition {asee 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: wvoluntary purchase-sell,
condemnation, and undisputed agency-to-agency transfer. If the DOE is unable
to acquire land through one of these means, Congressional actiom 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 sells his land to the DOE under the provisions of the
Uniform Relocation Assistance and Real Property Acquisition Act of 1970. If a
landowner is not willing to sell needed property, the DOE can acquire 1t by
right of eminent domain, or condemmaticn, 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 coensideration--
3ite awnership and control {preclosupe}®-?®

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

Favgrable conditiaon

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 Faderal condemnation praceedings.

% Key: NA = 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 adverse condition is present at the site,

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

¢ Both conditions in thig 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-agency transferas
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 .ue requirements of
applicable NRC regulations (10 CFR 60.121), the DOE must obtain petrmanent
jurisdiction ove: the repository operations area and the controlled area.

This permanent withdrawal will require a legislative vransfer.

In evaluating the sites against thig guldeline. i1 he DOE considered what
property would be required for repository constructior, operation, closure,
and decommissioning, Land-acquisition procedures, su. : as leasing, that might
be employed during gite characterization were not ceonsidered.

Sites for which land will be easier to acquire from a procedural and
legal point of view are more favorable. This does nplL mean that the DOE
discounts the socioceconomic impact of acquiring lands, especially privately
owned land. The socioeconomic impacts of land acquisition are considered
under the socioeconcmics guideline. The DOE recognizs, for example, that the
condemnation of privately owned lands will disrupt the lives of displaced
landowners. Nevertuneless, condemnation is legally more strajghtforward than
cbtaining the Congresslonal authorilzation that would be needed to acquire
certain lands under Lthe control of other Federal agencies, The DOE eatimates
that about 90 days would be required for condemmation, whereas 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 DQE to acquire permanent jurisdiction over State and
private lands than Federal lands.

The complexity of procedures for acquiring land depends, 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 complicated 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 site, Although the DOE
would prefer to acquire State and private lands by voluntary purchase-sell
agreements, the land could be acquired by condemmation if necessary.

The Deaf Smith site is privately owned, and ownerghip 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 to the Hanford site
and the surrounding area. The DOE would not have to acquire any land fqr a-
repoaltory at Hanford.: :

1



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.ion would be reguired to permit a permanenk transfer of land
from the BLM ant the Air Force to the DQE, but the e+tion is not expected to
be disputed by thede 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: rui over the entire site.
The Deaf Smith and the Richton sitea are on private . and that can be acquired
by voluntary purchase~sell agreements or the right of eminent domain. Control
over the Yucca Mountain site is divided among three Federsl agencies, and
Congreseional action would be required to permit a pormanent transfer to the
DOE. The Davis Canyon site ia the least favorable hecause the ownership of
land is dlvided among the BLM, the State of Utah, and private parties, and a
combination of actions (voluntary putrchaee~sell agreementg, condemnation, and
Congressional action) would be required to acquire the needed land.

7.3.1.1,3 Meteorology
The gqualifying condition for meteorclogy 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 area
greater than those allowable under the requirements specified in
§960.5-1(a}(1).

Major considerations

The qualifying, Favorable, and potentially adverse conditions feor 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 significance of trangport, and (2) extreme weather
phenomena. The transport consideration addresses prevalling meteorological
conditions, while the extreme weather consideration addresses apecific
episodes. These major considerations are influenced by several contributing
factors which are discussed below.

Evaluation of the gites in terms of the major congiderations

Conditiona that affect transport and the gignificance of transport. This
major consideration addresses metecrological conditions 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, episodes 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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Tobie 7-11, Guideline-condition findin
meteorology?®

gs by major considaration--—

Condition®

PDavis
Canyon

D+ et
Smich

Richton
Hanford Dome

Yucca
Mountain

Favorable conditian

Frevailing weteorological conditions
such that any radicactive releases to

the atmasphere during repository operation
and closure would Ye 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
such that radioactive emissions from
repository oparation and closure could
be preferentially transported toware
localities in the vicinity of the
repository with highar population
densities than are the avaerage for

the region,

1

Potentially adverse condition 2

History of extreme weather phenomena—-
such as hurricanes, tornadoes, severe
floods, or severs and fragquent winter
storms that coyld significantly affect
repository nperation or closure.

NP

NP p

NP

NP

® Key: NA = not applicable; NP = for the purpose of this comparative evaluation, the
favorable or potentially adverse condition is pot present at the site;

environmental assessment for each site,
© A1 of the conditions in this table are related to one major consideration:
that affect transport and the significance of transport,

2a 0.3 0 38
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P = for the purpese 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
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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 cause air to be trapped In
valleys. The prevailing wind directions at the site are from the sounthwest .
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 meteorological conditions that could
lead to unacceptab e levels of exposure to persons in unrestricted areas. It
is derived from th» second potentially adverse condition of the metecrology
guideline, This coynsideration is less important than the first major
consideration because, unlike atmospheric transport chrracteristics, which
tend to reflect pruvailing meteorclogical conditions, irfreme-weakher
phenomena are epirodie conditions., A summary of tie rvaluation for each site
follows.

Hurricanes are not known to occur in the Davie !anson site area, and
tornadoes are unlikaly. The area is not subject to ke vy snowfalls, but
snowfalls greater than } inch oceur 10 to 20 days per yazar. 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 alsoc experiences dust etorms with winds
exceeding 65 mph, There are usually snowstorms 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
gite 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 Yuecca 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. Sandstorme are common, but
they would rarely be severe. encugh to disrupt repository operation.

Summary of comparative evaluation

The Yucca Mountain site is the most faverable under the meteorclogy
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 lovw frequency and magnitude of
extreme weather. Meteorclogical 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 to 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 preeclogure guldeline 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, i¢oistruction, 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 ;260.5-1(a){1).

Major conaiderations

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

Evaluation of sites in terms of the major considerations

Rearby nuclear ingtallations or operationg. This mesjor consideration
addresaes radionucllide releases from atomic-energy defense activitiea and
nuclear 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 accounts 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 condition’s concern with the
potential contribution of other nuclear facilities to radionuclide releases
from the repository. This major consideration is assignad greater importance
than nearpy hazardous installations in this evaluation because of the primary
focus in the qualifying condition on compliance with regulations on releases.

In evaluating this conalderation, the term “nearby" for offaite
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
Favorablie conditiun 1

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 evaluatiaon, the favorable or potentially adverse condition is present at the sites

® 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 from this plant are predicted
to be only a sm.:ll fraction of the specified limlits and would not
gslgnificantly contribute to radionuclide levelsg 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 wacte, and a plant that
fabricates nuclear fuel. The predicted releases [ -cm these facilities are
substantially lers than the maximum permissible valiv  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 reprocessing 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 facllities, 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 facilitles 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-wagte disposal 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 side of Yucca Mountain., The releases 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 tegting at the
Nevada Test Slte are contained.

Nearby hazardous installations or operations, This major consideration
addresses the possible adverse effects of nearby hazardous operations and
ingtallations on repository siting, construction, operation, closure, or
decomnissioning. 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 trafflc 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 sperations or worker safety. Potential hazards could
include shock waves from explosions, incendiary fragments, and flummable or
toxlec vapor clouds. This major consideration is derived from the first
potentially adverse condition. It relates directly to the concern in the
qualifying caondition 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 théa 5 miles from the site. Therefore, there are no hazardous
inatallatione or ou7zratione that are likely to affect s repositury at Davis
Canyon.

At the Deaf Simith County a 4-inch natural-gas pipsline passes within
3,000 feet of the estricted area, but it does not con:zritute a hazard to a
repository. U.S5. Highway 385 passes within 3 miles of the site. Trucks using
this highway may carry hazardous cargoes that could a' 'ect the repository in a
serious transportation accident,.

Potentially ha.ardous installations and operaticn: in the vicinity of the
‘Hanford site jiclude 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 repository operations.

The Richton gite has several nearby potentially hazardous installaticns
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 intenaive use of the restricted airspace could
increase the risk of an alrplane 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 firee at these facilitles are unlikely to affect a repository at
the site. State Hishways 42 and 15 pags within 2 and 3 miles of the site,
respectively. These highways could be used for hazardous 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 Alr Force
range, and the Nevada Reaearch and Development Area. Underground testing of
nuclear weapong occurs about 10 to 20 times per year at the Nevada Test Site,
which ia more than 24 miles Erom Yucca Mountain. Some of this testing might
require that underground repogitory activities be temporarily suspended. The
Yucca Mountain site occupies a amall portion of the Nellis Air Force Range,
which is used for aircraft overflightas buk not as a target area., The only
potential hazard from thege overflights is the very remote chance that an
airplane carrying ordinance could crash at Yucca Mountain, Research with
spent fuel is performed at the Nevada Research and Development Area, which
includes a major portion of Yucca Mountain. (The spent fuel is tentatively
scheduled for removal in 1984.} 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 gite, 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 assoclated with Cemp Shelby.
However, thege :acilities detract less from a site's favorability than a
nearby nuclear ‘astallaticon would, At Davis Canyon, the only potential
sources of radicactive emisslons in the area of the 3ite are three uranium
mills. Radionuciide releases from these facilities vould not contribute
significantly t« releases from a repository. There are no nearby hazardous
inatallations o~ operations that are likely to poss 2 credible risk to a
repogsitory. The Deaf Smith site is slightly less f{. vorable. The only
potential scurce of radioactive emissions is the far.ex plant, but the
contributions from this plant are not expected to . significant. FPotentially
hazardous installations and operations near the gite include a major U.S.
Highway. There are no nuclear facilities subject to 40 CFR Part 190 or Part
191, Subpar. A, located near the Yucca Mountaln site, Nonetheless, several
potential sources of radiocactivity that reduce its ‘avorability are within 50
miles, including nuclear weapons testing and radioactive-waste disposal. The
Hanford site is the least favorable for this guideline: there are potentially
hazardous national defense facilitles or other faciliities subject to 40 CFR
Part 190 near tne Hanford site that could affeet repository operations,

7.3.1.2 Preclosure aystem guideline for radiological safety

The preclosure system guldeline for radiological safety requirea that any
nrojected radiological exposures of the general publie and any projected
releases of radloactive materials to restrlicted and unrestricted areas during
repository operation and closure shall meet the applicable requirements set
forth in 10 CFR Part 20, 10 CFR Part 60, and 40 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 characteriatics
that affect radionuclide transport through the surroundings; {2) the
engineered components whose function is to control releases of radicactive
materlals; and {3) the people who, because of thelr location and distribution
in unrestricted areas, may he affected by radionuclide releases. This
guideline 1s ageigned the greatest importance among the preclosure 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 evaluation for this precliosure system guideline
in Chapter 6, a brief summary of the evaluation of each of the sites with
respect to the pertinent system elements 1s presented below.

With the exceptlon of meteorological conditions, the Davis Canyon site
has favorable characteristics for preclosure radiological safety. From an
integrated-system viewpolint, atmospheric dispersion conditions that could be
poer at times are not likely to prevent compliance with the radiation
protection requirements. However, radiocactivity releases from a repository
are predicted to be small and are expected to more than cempensate for the
less. than favorable atmospheric dispersion. Modeling results indicate that no
membar of the public is llkely to receive an annual whole-body dose of more
than 1.3 millirem during the comstruction period or more than 1.8 millirem
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in any year during 'ae operational period. On comparing there values with the
regutatory limits ('3 CFR Part 191) of 25 millirem per vsar 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 silte
with insignificant ~adiological risks to the public.

The Deaf Smit#: gite also has generally favorable : aracteristics for
preclosure radicleogical safety. A potentially adverse condition is that the
Jominant wind direction is from the south, and the c¢i 'y of Vega is
approximately 8 miles to the north. However, the rad.»uctive releases from
the repository are predicted to be very small, and the: fnre compliance is
likely. Modeling results indicate that no member of the public is likely to
receive an annual whole-body dose greater than 0.04 miillirem during
constructicon or greater than 0.17 miilirem in any year from normal operations
during the operational pericd. Comparing these values with the limits of
40 CFR Part 191 (25 millirem per year to the whole body) or with approximately
95 millirem per year from natural background, it appears that a repository at
the Deaf Smith site would pose insignificant radiologlcal risks to the publie.

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 residents 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 to exceed the
regulatory limits for the exposure of the general public to radiation. ' 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 standards.

At the Richton Dome, the site characteristics that are pertinent to
preclosure radinological safety are generally favorable except for
meteorological conditions, which could be poor at times, with occasional
stagnant conditlions. 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 conditlions. Modeling results indicate that no member
of the public ig likely to receive an annual whole~body dose greater than 0.4l
millirem during the construction period. A comparison 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
repoditory at the Richton site can be operated without significant
radiological risks to the public.

At Yucca Mountain the metecorological 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 radiological
exposures Lo the general public and the exposures due to 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, Subpart A (1985), FEstimated releases under normal repoaitory
operatlon {Sectior 6.4.1) produce radlonuclide concentrations that are well
below the maximum permiesible concentrations.

The evidence does not support a Finding that any of the sites is not
likely to meet the qualifying condition for preclosuc= radiological safety.

7.3.2 ENVIRONMENT, SOCIOECONOMICS, AND TRANSPORTATIN

7.3.2.1 Technical guidelines

Three technical guidelines are assoclated with the preclosure system
guideline on environmental quality, socloeconomics, and trangportation. Their
objective ig to ensure that the public and the enviroament are protected from
the effects of repository construction, operation, closure, and
decommissioning.

7.3.2.1.1 Enviromngntal quality

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

The site shall be located such that (1) the quality of the
environment in the affected area during thia and future genarations
will be adeguately protected during repository slting, construction,
operation, closure, and decommissioning, and projected enviroumental
impacts in the affected area can be mitigated to an acceptable
degree, taking into account programmatic, technical, soctial,
economic, and environmental factors; and (2) the requirements
specifiad in §960.5-1{a}(2) can be met.

Maior congideratlons

On the basis of the qualifying, favorable, and potentially adverse
conditlons for this guideline (see Table 7-13), four major considerations are
identified that influence the favorability of the aites with respect to the
qualifying condition, These major consideratione 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 sltes. As a group, major considerations ! and 2 are
more important than major considerations 3 and &, but the factors within each
group are considered to be of equal importance.

Evaluation of sites in terms of the to major considerations

Ability to meet applicable environmental requirements. This major
consideration addresses the procedural and substantive requirements of
environmental regulations with which the repository must comply. It addresses
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Taviz 7-13, Guideline-condition findings by major censideration-—-
anvirenmental quatity®:"

Davis Oeaf Richten

Condition Canyon Smith Hanford Dome

Yucca
Moyntain

HAJOR COM.IDERATION 1: ABILETY TO WEET APPLICABLE ENV ".DNMENTAL REQUIREMENTS

Favorable condition !

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

procedural and substoative environmental

requirements a-plicable to the site and

the activities proposed to take place

thereon.

Potentially adverse condition )

Projected major conflict with applicablie NP NP NP NP
Federal, State, or Tocal environmental
requirements.

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 nsignificant Jevel

through the application of reasonable

measures, taking into acapunt programmatic,

technical, social, economic, and environmenta?

factors.

Potentially adverse condition 2

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

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

Proximity to, or projected significant p MP NP P
adverse environmental impacts of the

repository or its support facilities on,

a component of the National Park System,

the National Witdlife Refuge System, the

National Wild and Scenic Rivers System,

the National Wilderness Preservatien System,

or National Forest lLand.

Potenttally adverse condition 6
Presence of critical habitats for MNP NP NP NP
threatened or endangered species that

may be compromised by the repository
or its support facilities.
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Teble 7-13. Guidalipe-condition findings by majer considsration—
environmental quality® ¥ {contirued)

Davis De v Richton Yucca
Tondition Canyon Smith Hanford Dome Mountain

HMAJOR COM:.DERATION 4: PROTECTED STATE OR REGIOMAL RE‘ URCE AREAS, NATIVE AMERICAN
RESOUACES, CULTURAL SITES

Potentially adverse condition 4

Proximity to, and nrojected significant P M © NP NP . NP
adverse environmen’ al impacts of the

repository or its suppoart facilities on,

a significars State or regional protected

resource area, such as a State park, a

wildlife area, or a historical area.

Potentially adverse condition 5

Proximity to, and projected significant NP NO © NP NP MP. -
adverse envirenmental impacts of the : : -
repository and tts support facilities on,

a significant Native American resdurce,

such as a major Indian religious site, or

other sites of unigue cultural interest.

8 Key: MA = not applicable; WP = for the purpose of this comparatlve evaluation, the
favorable or potentially adverse condition is not present at the site; P = for tha purpose of
this comparative evaluation, the faverable or potentially adverse condition is present at the s1te

® Apalyses supporting the entries im this table are presented in Chapter 6 of the..
environmental assessment for each site. .
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applicable sita-swecific regulations at the Faderal, State, and local levels.
A site's standing against this conslderation ig deteririned by evaluating the
degree to which ripository activities will comply with requirements as well as
the ability to do so within specific time constraints. This consideration
relates diractly ¢ the qualifying condition and the iirst favorable and
potentially adver:ze conditions, which address the ah:i.ity to comply with
environmental re¢:iirements within time constraints. Jecause compliance with
environmental recairements is a measure of the abili v to protect the
environment at a si{te, this consideration 1s a direct indicator of a site's
ability to meet the qualifying condi{tion for enviro .mental quality. Table 6-2
and Table 6-3 in each EA (Table 6-9 and Table 6-10 15 the Yucca Mountain EA)
summarize actions that are planned at the sites to en:ure they comply with
applicable rerulrements and review their ability to mee=t each requirement. A
sunmary of the evaluation for each site follows.

The Davis Caunyon 8ite 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 permits, such as those required under the Uta: Air Conservation Act.

The Deaf Smith site ls expected to meet all potentially applicable
environmental requirementas. Mlowever, ir may not be possible to do 8o within
time constraints because of uncertainties 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
since 1943. The environmentsl requirements are known for the area, and it is
expected that the mite wili be able to meet the potentially applicable
environmental requirements within time constraints.

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

Ability to mitigate environmental impacts. This consideraticn evaluates
the gignificance of the environmental impacts of the repository and accounts
for the degree to 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, ot 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 addrese the ability to mitigate impacts at each site.
Becauae of its direct relevance to the qualifying condition, the
environmental-impact consideration ia 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 18 projected that all potentially significant impacts at the Davis
Canyon site can be avoided or mitigated to an acceptable level. However,
extensive mitigation measures would be required because of the close proximity
of Canyonlands National Park. Although it is projected that all applicable
envircnmental impact standards can be met, some impacts cannot 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.a the Park.

It is projected that all potentially significart impacts at tha Davis
Canyon site can ue 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 close prc-imity of Canyonlands
National Park. Furthermore, some 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; and facilities will be
visible from the 7ark. Night skyglow from repositii v~ 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 acceptablz level and that all
applicable environmental 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 potentilally 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 projectaed that all potentially significant
impacts can be avoided or mitigated to an acceptable level, and that all
applicable environmental standarda can be met. However, some impacts cannot
be mitigated to insignificant levels., The repository will be visgible, and
noise will be audible in offsite areas.

1t is projected that all potentially significant impacts at the Yucca
Mountain gite can be avoided or mitigated to insignificant levels.
Air-quality impacts at the controlled-area boundary will be maintained within
the limits gpecified 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 Syastem, 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 ia relatively less important in the overall evaluation of sites
than the first two congiderations. A aummary of the evaluation for each site
follows.
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The repository operations aresa at the Davis Canyon gite 1s within 1 mile
of the eastern boun.ary of the Canyonlands National Park and is considered to
be proximate to the Park. Impacts on the park include increased suspended
particulate and nitrogen oxides, lncreased noise levels, visibility of
repository facilitiss, temporarily dierupted access, amnt night skyglow. There
are no known or des'gnated critical habitats for threa:esned or endangered
species that could be compromised by the reposltory or its support facilities,
although there are crucial riparian habitats.

The Faderal resource area nearest to the Deaf Se iih site, the Buffalo
Lake National Wildlife Refuge, is 22 miles from the s.'2, No significant
adverse impacts are projected for this resource., Therc are no critical
habitats for threatened or endangerad species within the site or site wvicinity
that could be compromised by the repository or its suppart facilities.

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

No significant adverae impacts are projected for these wildlife refuges. No
federally recognized threatened or endangered specles are known to inhabit the
Hanford site, though several species (e.g., the bald cagle and the peregrine
falcon) bave been sighted within the gite. Three species of birda that are
candidates for designatlion as threatened or endangerad 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 forest. There are no known
or designated critical habitats for threstened or endangered apeciegs that
could be compromised by the rapository or its support facilities.

At the Yucca Mountain site, the northern part of the controlled area is 5
miles from the Timber Mountain Caldera National Natural Landmark, which liea
within the Nellig Air Force Range and the Nevada Test Site. The Tolyabe
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 paes
within several miles of the Dasert National Wildlife Range, parts of which are
suitable for inclusion in the Wilderness Preservation Syatem. There are no
critical habitats at the Yucca Mountain site. 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 reglonally protected resource
areas:! State parks, willdlife areas, and historical areas. The fifth
potentially adverse condition requires an evaluation of gignificant Native
American resources, such ag religious sites, and other sites of unique
cultural interest. The evaluation addresses 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 environmental quality
in terms of a subset of environmental conditions (i.e., specific resource
areas), it is equal in importance to the third consideration but less
important than the first two consliderations. A summary of the evaluation for
each site follows,
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The Newspaper Rock State Historical Monument is near Utah State Highway
211, 17 miles frcw the Davis Canyon site. The petroglyph panal at Newspaper
Rock is a signifi-ant cultural resource and is listed on the National Reglster
of Historlec Places. The increased traffic flow past the Menument that would
be associated with a reposicory at Davia Canyon will #iarupt some visltation
and overnight camping at the Monument. The nearest “tate park 1gs the Dead
Horse State Park, which {3z 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 eastar: edge of the Canyonlands
National Park. Impacts of the repoaitory and asuppr rw facilities on these
regources are not expected to be slignificant.

The State protected resource nearast to the Deaf Smith site 12 the Palo
Duro Canyon State Park, located 44 miles away. 8ince no asignificant State,
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 ailte would not affect any protected rescurce
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 shorelands of the Columbla River, 4 milea from
the site, but no significant adverse impacts are projected for these rasources.

The neareast State or reglonally protected resource to the Richton site is
the Paul E. Johnson State Park, which ia 20 miles away. The park is not
expected to experience any significant adverse impacts.. There are uo
significant Native American resources or cultural altes recorded 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 conatructed to the
site ia not projected to adversely affect any resource areas, although it will
pass within 0.9 mile of the F. R. Lamb State Park, Moat of the Yucca Mountain
site haa been surveyed for cultural artifactg. Limited investigations have
identified 178 prehistoric and 6 historlc sitea, many of which consisgt 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 gites are most favorable under the
environmental~quality guideline. Both sites are expected to meet all major
environmental requirements within time conatrainta. Adverse environmental
impacts at both sites can be avoided or mitigated 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 t¢ have asignificant impacts on any of these
resources.,

The Deaf Smith site can comply with all potentially applicable
environmental requirements, but may not be able to do s0 within time
constraintg. Similarly, it 1s projected that adverse impacts at the site can
be limited to acceptable, bukt not insignificant, levels. The Deaf Smith site



is favorable with r2gard to the third (protected Federal resource areas) and
the fourth {(protected State or Native American resources) major considerations
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 site is also expected to meet all ap; (icable environmental
requirements, although 1t may not be able to do s0 witain time constraints.
All adverse impact: at the site can be aveided 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 psotected Federal
resource areas because of I1ts proximity to the DeSot : ¥Yational Forest. The
Richton site is favorable with regard to the fourth .onslderation (protected
State or Native American resources) because a repoalto y at thia site is not
projected to cause adverse impacts on any State or regionally protected
resource area, significant Native American resource, or site of unique
c¢ultural interast,

The Davis Canyon site is the least favorable for che
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 alao projected that adverse impacts
can be mitigated to acceptable but not insignificant levels. The favorability
of the Davis Canyon site ia further reduced by 1lts proximity to, and potential.
impacts on, the Canyonlands National Park and the Newspaper Rock State
Ristorical Monument. .

7.3.2.1.2 Socioeconomic impacts e e
The qualifying condition for the socioeconomics guldeline 15 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 siting, constructiom,
operation, closure, and decommigsioning can be offset by
reasonable mitigation or compengsation, 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 this 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.
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Table 7-14. Guideline-condition findings by major consideration--socioncenomics®®

and business sales, improved community
services, and increased goverrment .
revenues in the affected area.. C

7~80

agn'olgt  110:3.0;

Davis Deaf Richton Yucca
Condition Canyan Smith Hanford Dome Mountain
MAJOR CONSTV.ERATION 1: POTENTIAL IMPACTS TO COMMUNITY SIVICES AND HOUSING
Favorable condition 1
Ability of an affected area to absorb NP P p 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.
HMAJDR CONSIDERATION 2: POTENTIAL IMPACTS ON DIRECT ANO INDIRECT EMPLOYMENT AND
BUSINESS SALES
Favorabla condition 2
Availability of an adequate labor NP NP NP NP NR
force in the affected area. :
Favorahle 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 laber Force in the P p P P P
affected area. : oo - i i : :
MAJOR CONSIOERATION 3: POTENTIAL IMPACTS TO PRIMARY SECTORS OF THE ECONOMY
Favorable condition 4
No projected substantial disruption of P P P P J?_
primary sectors of the economy of the ’ )
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.
HMAJOR COMSIDERATION 4: POTENTIAL IMPACTS 7O THE REVEMUES AND EXPENDITURES OF
PUBLIC AGENCIES
Favorable conditian 3
Projected net increhéqs in,apployment _ ) P . P P P P



Tabie 7-14, Guideline-condition findings by major consideration--
secioeconomics™ ® (centinued)

Davis Deaf Richton Yucca
Conaition Canyan Smith Hanford Dome Hountain

HAJOR CONSIERATION 4: POTENTIAL IMPACTS TO THE REVENU: '+ AND EXPENDITURES OF
PUBLTC AGENCIES (Continued)

Favorable condition 3 (continued}
Potentially adverse condition |

Patential for significant repository- P NP NP NP NP
related impacts on conaunity servicas,

housing supply .nd demand, and the

finances of State and lacal government

agencies in the affected area.

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

Patentially adverse condition 3

MNeed for repository-related purchase NP 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 &: POTENTIAL SOCIAL IHP&CTS
Favorable condition ! : '

Abitity of an affected area to abserb NP, P p P P
the project-related pppulation 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 affected

area.

* Key: NA = not applicabie; NP = 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 favorahle or potentially adverse condition is present at the site,
® Analyses supporting the entriss in this table are presanted in Chaptar 6 of tha :
environmental assegsmant for sach site.
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Evaluation of the gites in terms gf 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 communities can be
mitigated or comr:nsated for. This consideration is derived from the first
favorable condition and the first potentially adverse condition. The first
favorable condit’on focuses on the ability of the af!ected area to absorb
reposltory-relat.rd population growth without disrup' ng community services and
the supply and demand for housing. The potentially dverse condition
addresses impacts on community services and housin; .n communities near a
potential site. Impacts on community services and arusing depend on five
contributing factcrs: population composition and dezsiity, the distribution of
in-migrants, current capacity and trends in the use of cemmunity services and
infrastructure, housing supply and demand, and the community's ability to
accommodute growth, A site's favorability improves as the combination 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 area.  The projected
net change 1n 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 significant
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 svailable ia 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 6-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 services 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 repoaitory 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 previcus levels of growth in the area. There {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 Richtoy site, the capaclty of housing in ccuntiea receiving
in-migrants is expi.cted to be adequate. Because the gvaillability of community
services generally ocarallels the availability of housing, these services are
also expected to br adequate in the affected area. 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 baselina population, significant disruption s not expected.
Nonetheless, tie in-migrating population is prejected to cause moderate
service impacts in the study area, including the neci Jor gome additlonal
housing, teachers, »olice officers, physicians, hosp tal beds, and water and
sewage facilitles,

For zthe Yucca Mountain gite, over BC percent of the in-migrants are
expected to settle in the Los Vegas area, where the infrastructure is
gufficient to accommodate them. In the rural communiicies closer to the site,
the maximum l-year growth rates, which are projected f{rom the historical
settlement patterns of workers at the Nevada Test Site, will be less than 5
percent for all communities near the site 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-vear 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, piannipg capabilities, and
experience in responding to population growth rates within the range of those
projected for the repository. With only a few exceptions, watar in the
unincorporated communities near the repository site is supplied by private
wells, and waste water is disposed of in private septic tanks and leach
fields. In addition, housing in rural southern Nevada is provided almost
entirely by the private sector.

Potential impacts on direct and indirect employment and buginess sales.
This major consideration is derived from the second and the third favorable
conditions and the second potentially adverse condition. Two factors
contribute te the potential for increased direct and indirect employmeni 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 gualifying 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 Davis 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 repository iz 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 expectad 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 tao be spent as
a result of indirect effects caused by material purchases.
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At the Hamntford site, total employment could increase by more than 2,400
at the pesk of iepoeitory 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 esvected.

At the Richton site, the repository 1s expecte: to generate about 1,300
jobs for local .-esldents 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 Yuecci Mountain site, up to 4,800 jobs c¢.uld be created during
peak repository development. Many of these jobs are expected to be filled by
current regidents of the area. The Increases in arna income Erom wages for
repository construction and operation could reach $110 million in 1998,

Potentilal impacts on primary sectors of the economy. The third major
congideration is derived from the fourth favorable condition and fourth
potentially adverse condition. The contributing faciors 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 gach glte follows.

Primary sectors of the Davis Canyon study area are retail trade and
services (31 percent of employment), govarnment (24 perceéent of employment),
and mining (14 percent of employment). Since unemployment in mining has
increased significantly in the last & years, a repository may have a positive
effect on this sector. The extent of this positive effact 15 unknown, because
significant numbers of miners have left the area since 1981. The demands on
local government created by new growth ghould create jobs in the govermmant
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 Natlonal Park is near the
repogitory, some tourists may choose to avold the park, and some jobs ralated
to tourism could be lost. The total number of jobs directly associated with
purchases made by tourists with Canyonlands as thair primary destination is
approximately /6 man-years of employment. The local retail-and-service Jjobs
directly related to local purchases assocliated with tha repository will
average 240 man-years of employment during consgtruction 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 ara 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 foods and bottled water could decline. In addition, projected
impacts on the agricultural sector include a loss of more than $1.6 willion in
crop and livestock revenuss at the peak of construction (about D.l2 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 construct.lon and operation, respectively; and a loss of 0.61
percent of the prodictive land in Deaf Smith County.

In the affectud area of the Hanford site, the potential for major
disruptions of primery sectors of the economy 1s very :uwasll. The primary
sectors of employr~nt are the Washington Public Power Hupply System and its
contractors, the NDE and its contractors, and agricult:re. A repository at
the Hanford site would probably stabilize economic cor:- itions and employment
in the area,

In the affecte! area of the Richton site, the piirary economic sectors
are manufacturing (21 percent), govaerpment (25 percent , and retail trade (22
percent). The reporitory 1s nolt expected to affect marxets for manufsctured
goods. Enploymerit i{n the trade and goverumant aectors is likely to increase
because of increases in wages, local purchases, business esales, 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 Impacts have been Investigated to date. Prellminary
results of an ongolng evaluation are inconclusive. Studies of the effects of
well-publicized accidents have yieldad no evidence of long-term effects on
tourism,

Potential impacts on public agency revenues and expenditures. Thile
consideration 1s derived from the third favorable conditlon and the first
potentially adverse condltion, which addresses the potentlal for Ilncreased
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 impaets, 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 trende in, the expenditures and revenues of local government;
the additional needs for community servicea 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 poslitively affects State
and local finances and decreases as more wmitigation 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 outlays for community
services and infraatructure needs.

At the Deaf Smith site, the repository will 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 experilence
significant adverse fiscal impacts., There are virtually no projected impacts
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on community asirvices, and there are some economic benefita that will result
in additional fax revenues.

The poteni.al impact on the revenues and exper'itures of public agenciles
affected by the Richton site is similar to that at ~he Deaf Smith site,
Revenues from property taxes, sales taxes, and uset fues are likely to
increase. Thesw revenue increases are expected te ~ffset increases in
expenditures di.e to changes in gervice requirement

At the Yucca Mountain site, significant repocitcry~induced expenditures
are expected to result in increassed State and loca! “"ax revenues, which may be
offset by additlinal outlays in the study area,

Need to purchase or acquire water rights that »yuld affect development in
the ares. Thils major consideration is derived from the third potentially
adverse conditlon (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 favorabllity. A aummary
of the evaluation for each site follows.

At the Davis Canyon site there 1g a variety of potential water sources.
A likely source of water is the San Juan County Water Conservatory District,
which has jurisdiction over the site. The Congervatory District has lndicated
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 expects 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 asource of water for municipal use and
irrigation in the Texas Panhandle and in the area of the Deaf Smith site, 1s
being depleted. The Texas Water Commission predicts that only 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 rvequire 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 County throughout the life of the repository, the water
requirements of the repogitory wiil further deplete the aquifer and may
compete with other users, especlally agricultural users. Municipal and
industrial water requirements are expected to be met because these users are
able Lo pay the higher prices associated with more a limited supply.

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 ares are expected because there is excess capacity in the
Tri-Citiea area, where most in-migrants would live.
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At the Richton site, the DOE will not need to acquire water rights
because ground wak:r ig expected to be 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 sufficiant water for a reposicory at Yucce Mountain
can be ohtained fyom new or exipting wells at the Nevain Test Site, for which
the DOE has existing water rights., For local water &) :teme, secondary impacts
due to the increased demand aasoclated with populatior increases are expected
to be minimal, although some communities may require m'tigatlon aseistance to
expand thelr water nystems to meet the needa of new .n-mlgrants. There are no
major developments ..r population centers that will cows-zte with the repository
for ground watar. The Las Vegas Valley ie projected f¢ have water-supply
problems by the year 2020 with or without the population increases resulting
frem the development of the repository.

Potential social impacts. This major consideration relateas directly to
the requirement in the qualifying condition that significant sacial impacts on
communities and surrounding areas can be offset by reussonable mitigation or
compensation, It alao relates to the first favorable and potentially adverse
conditions, which address the quality of life by focusing on impacts to
community services and the finmances of State and local government agaenciles.
Three factors contrihute to the potential for social impacts: the quality of
life and existing social problems In the affected communities, the slze of the
in-migrating population I{n comparison with the exiating population, and the
compatibility of the in-migrating population with the lifestyles and
characteristics of the current residents. The more compatible the
in-migrating population with the current population and the fewer the
disruptions that it causes, the greater the site's favorab1lity. A summary of
the evaluation for each site follows.

At the Davis Canyon site, it is estimated that Mpab 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 pesitiona. 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 basie of this population increase, Vega
could experience some social changes. The lifestyles of construction workers
may not be compatible with long-time resldents, though mcst workers are
expected to live in Amarillo or Hereford. - Major confli¢ts 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 1980s.
The effect of any impacts on social conditions 1s likely to be positive.
Since expected in-migrating work force is amall In compasrison with the
projected baseline population, seriocus 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 Tribesa 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 uxzected to recelve 483
repository-related in-migrants, a 37-percent change Jver baseline projections
for the peak yenr of conatruction, This repository-ielated growth for Richton
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-i iprating population is.
projected to be sbsorbed in Clark County. Since a4 size of the in-migrating
population is small in comparison with the projectess baseline population, and
the existing social structure in urban Clark County is highly diverse, the
growth-related effects on social structurs are not sxpected to be
significant. In contrast, Nye County Iis a rural area where oxperience with
large eoergy-development projects indicates that growth~related social
disruptions could occur. However, preliminary sasesaments suggest that
in-migrating ccnatruction workers would be assimilated within the existing
social structure. Hlatorically, communities in Nye County have had a large
population of miners, and mining continuea to be important in the area.
Therefore, because of the diversity of existing cultural environmenta 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 six major considerations.
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 activities,
although there is also subatantial agriculture. No significant adverse fiascal
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 silte
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 Iindustry is not
expected to be negatively affected. Public revenues will probably increase,
and social impacts are expected to be small. B8Sufficient water for the
repository can be obtained from walls at the Nevada Test Site, and secondary
impacts should ba 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 repository 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 1is
expected to benefit from increased employment, business sales, and tax
revenues.
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At the Richton gite, moderate impacts on community services are projected
because of the population growth associated with a reppsitory. Local
purchases and job wupportunities will increase, but adverse social impacts
could occur, esperlally in the town of Richton. Prima~y 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 ¢o induce major adverse
impacts on community services and housing; these impacts will occur in San
Juan County and in three small communities near the wvis Canyon site. In
addition, a significant population growth may cause su’:stantial social
impacts. Although a small nuwnber of jobs related to t.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 presernt or future development.

7.3.2.1.3 Transportation
The qualifying condition for the transportation guldeline is-as follows:

The site shall be located such that (1) the access routes constructed
from existing local highways and rallroads to the gite (i) will not
conflict irreconcilably with the previously degignated use of any
resource lilsted in 960.5-2-5(d)(2) and (3)}3 (ii) can be designed .and
constructed using reasonably available technologyj (1ii} will not require
transportation system components to meet performance standards more
stringent than those 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, eocial, economic, and
environmental factors; and (2) the requlrements 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 regpect 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 consideration--transportation®:®

Davis Deaf Richton Yucca
(andition Canyon Smith Hanford Dome Mountain

HAJOR CP4SIDERATION 1: THE SAFETY OF TRANSPORTING Sk¢NT FUEL AND HIGH-LEVEL
WASTE TD THE REPQSIVORY

Favorable condition | NP ¢ P P P

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

{i) Such routes are relatively short and ‘NP N p NP - NR.
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 noi likely %o be
affected by landslides or rock stides.

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

Favorable condition 2 NP 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 upgrad1ng or
recnnstruct1nn.

Favorable condition 4 -~ @ NP . NP NP NP P

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

Favorable condition 5 : NP NP NP P NP

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

el

Favorable chdttion 8 __H k : p P P K - p

Plans, pirocedures, and capabilities for
response; to. radipactiye | ?s;e transpor-
tation accidents in the “affected State
that ake ‘compTeted or being debeldped.

Favorable condition 9 P P P P P
A regional meteorologital 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 ichton YuLca
Cancitign Canyon Smith Hanford Rome Mountain

MAJOR CON: OERATION 1: THE SAFETY DF TRANSPORTING 5PEN: rUEL AND HIGH-LEVEL
HWASTE TG THE REPOSITORY {Conti, .ac)

Potentially adver.e conditien 2 P NP NP NP NA

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

Potentially adverse condition 1 L NP NP NP NP

Existing Jocal highvays and railroads
that could requira 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 operaiions to be
significantly greater than those projected
for other comparable siting options.

MAJOR CQNSIDERATION 2: THE AMOUNT AND NATURE OF THE ENVIRONMENTAL DISRUATION
CAUSED BY DEVELOPING THE TRANSPGRTATION METWORK AND
ACCESS ROAD (IMFRASTRUCTURE) ARGUND ANO 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
{(i14) 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 B T T T
and towns,
Favorable condition 2 NP T .

Proximity to local highways and
raitroads that provide access to
regional highways and railroads, and
are adequate ko serve the repository
without significant upgrading or
reconstruction.
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Yoole 7-15. Guideline-candition findings by major consideration—
transportation® ™ {continued)

Davis Deaf Richton Yucca
Condition Canyon Smi Hanford Dame Hountigin

MAJOR CONS1JERATION 2@ THE AMDUNT AND NATURE OF THE LE¥" 'RONMENTAL DISRUPTION CAUSED
BY DEVELOPING THE TRANSPORTATIC  MEYWORK ANG ACCESS ROAD
{INFRASTRUCTURE) ARQUND AMD TO (: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 NP CONp- - 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 IMFRASTRUCTURE BETWEEM
© 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 : SR
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
tiv} Such routes are free of sharp curves WP P P . “ 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

B(]DO'-TS":.-I;@AQ__



Tabia 7-15.

Guideline-condition findings by major consideration—
1.8 (continued)

transpar

D

Lovian

Corvi:

tion

Davis
Canyon

Deaf
Smikh

Hanford

Richton
Dame

Yucca
Mountain

MAJOR CCI SIDERATION 3

Favorable condition 2

THE CQST QF DEVELQPING AN ADEN -ATE INFRASTRUCTURE
BETWEEN THE SITE AND THE MEAR'

[ NATIONAL

TRANSPORTATION NETWORK {Conti- 2d)

Proximity to local hichways and railroads
that provide acress 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 are expensive to
construct relative to comparable siting

options.

Potentially adverse condition 3

Existing local 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.

HAJOR CONSIDERATION 4:

Favorable condition 4

NP

NP

NP

NP

HIGH-LEVEL WASTES TO THE SITE

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 §

Total projected 1ifo-cycle cost and risk
for transportation of all wastes designated
for the repository site which are
significantly lewer than those for
comparable siting optiens, censidering
locations of prasent and potential sources
of waste, interim storage facilities, and

other repositories.

Favorable condition 6

Availability of regional and local
carriers-truck, rail, and waste-which
have the capability and are willing teo
handle waste shipments to the repository, !

NP

NP

NP

NP

NP

RP

NP

NP

NP

NP

NP

NP

THE COSTS ASSOCIATED WITH TRANSPORTING THE SPENT FUEL AND

NP

.Ng

NP



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

Davis Deat Richton Yucca

Condition Canyon Smith Hanford Dome Hountain

MAJOR CONSIDERATION 4: THE COSTS ASSOCIATEQ WITH TRANS: 9nTING THE SPENT FUEL AND

HIGH-LEVEL WASTES TD THE SITE (" wntinued)
Favorable condition 7

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

Favorable condition 9

A regional meteorological history

indicating that significant transpar-

tation disruptions would not be routine

seasonal occurrences.

® Key: NA = not applicable; NP = far the purpose of this comparative evaluation, the
favorable or potentially adverse condition is pgf present at the site;

# = for the purpose of
this comparative evaluation, the favorable or potentially adverse condition is present dt the site,

® Analyses supporting the entries in this table are presented in Chapter & of the
envirgnmental 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 transporting wastes are
national in scope. Because the DOE's main goal in transpertation is safety,
and the guldelinec emphagize the role of safety, transportation safety is the
most important congideration in evaluating the sitea.

The transpor . .ation of radioactive materiala durir; che past 40 years has
been accomplished with an exemplary record of safety. Models that are used to
eatimate the radiological risks of transportation tewna 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 ronaidered in the context of the low over 11 radiological risk
from trangportation, The nonradiological risk is calculated under the
assumption that the probabllity of accidenta for radicactive-waste shipments
can be represented by accident statistics for general commerce. The DOE
believes that these accident statistics will overestimate the actual number of
deaths and injuries. Other factors belng equal, the site with the smallest
radiclogical hazard will also have the smallest nonradiclogical hazard.

Since the principal contributing factor in determining risk 1is the
distance traveled, a better site for this conslderation is one that is close
to the esources of spent fuel and high-level waste. Other contributing factors
that increase the favorability of sites are access and local routea that avoid
population centers, flat local terrain with good visibility, and regional
weather conditione 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, muet be reached by routes
that pags through population centers or rugged terrain, and are located in
regiong where weather conditione often cause hazardous rcad conditions. A
sumnacy of transportation risk and coat 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 disrdptions of the
environment and the cost of infrastructure. A sewmary of the evaluation for
each gite follows. S ’

Davis Canyon is centrally located in the large region defined by the five
nominated sites, but it is more difficult tp reach because of its remote and
rugged setting. Access from existing highwaye 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 18 scemewhat 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 spent 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 density around the site 1ls low to moderate.

noo
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Table 7-16. Summary of transportation risks and costs
Davie Deaf Yucca
Parameters Canyon Smith Hanfo.d Richton Mountain
Risk*
100% trucl.
Radiological 9.5 7.9 1% 6.3 i1
Nonradiolofical 0 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-b 2-4 1-2
Total shipment-miles”
L100% cruck 145,1 121.4 186.7 96.4 176.8
100% rail 25.5 21.7 33.3 17.7 Al
Number of intarchanges® 3 2-4 2~4 ”2—4 1+2:
Cost® n
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 perilod.
®One-way million milea.
“Within the transportation study area.
YMillions of 1985 dollars.
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Tahble 7-17. Factors used to evaluate disruption of the environment
and cost of i1nfrastructurs

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
condemmation Yes Yes No Yes No
Terrain Very Generally Generally Gently Gently
rugged flat flat rolling sloping

*In millions of 1985 dollars.
®Total cost for truck and rail transportation.



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. Tue 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 secuad repository see Appendix 4, Secti:a A.11). Tranaportation
safety near the site is considered to be ralatively high because of the flat
terrain and th« good existing transportation netwo» . The population dengity
in the area is moderate. -

The Richton site is favorable for the transpo.tation-safety consideration
because it is closer to the sources of spent fuel "k a the other sltes.
National transper-ation risks are therefore reduced, and the relative level of
transportation safety is high. The site would be more favorable if there were
fewer local towns and citles were nearby; however, with the construction and
upgrading of the local 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 devzlopaed will effectively
bypass Las Vegas.  JlLocal roads 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 expected 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  f'
the environmental impacts caused by improving the existing infrastructure and
constructing new access routes to the aite. Though not asg important as the
first consideration, the potential for environmental disruption has much
significance. For example, transportation operations 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 rail routes. This consideration reflecta 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 cof 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 plang; no
requirements for cuts, fills, tunnels, or bridges; and disruptions that would
affect the least number of people. A less favorable site would require
significant construction of access routes through pristine or unique
environmental areas. Other gualfties that reduce the favorability of a site
are access routes that conflict with current land-use plans; a requirement for
many cuts, fills, tunnels, and brideges; and the diasplacement of many people by
the access route. A summary of the evaluation for easch site follows.

Major construction of highways and railroads would be required to reach
the Davis Canyon site. This new construction 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 filla as well as
tunnels, The exi:.ting transportation network would also have to be improved.

Deaf Smith C.unty is located on generaily flaf terrain that would not
require major exc.vation during construction, Upgrading of the enisting road
is not expected ' cause significant environmental imiracts. A long segmenk 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 roautes would be short,
and little environrental disrupticn would result from .onstructing the access
routes. No irmprovement 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 Lthe site, 1t would foilow an abandoned
railroad right~of-wsy. The existing leccal road would have Lo upgraded for a
significant length. A short length of new road would have o be built to
reach the site. The environmental impacts of new com.tructlion are not
expected to be significant,.

To reach the Yucca Mountain site, a long railspur and a moderete length
of new road would have to bg constructed. A long bridge would also be
necessary. The terrain is such that the construction of these routes will
cause minimal environmantal disruption.

Cost of transportation infrastructure. This major consideration
addresses the cost of constructing and upgrading the access routes to Lhe
sites. Its importance 1s gained from the emphagis in the qualifylng condition
on the local infrastructure and access routes. It is 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 7-17 presents a
comparison of costs for the constructicon 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 reguirement for Federal condemnation for rights-of-ways, e flat
terralin, low costs for rights-of-way, and abgence of other local anomalous
features that may Increase costs. A less favorable site has & poorly
maintained or no transportation infrastructure; if it does exist, it is a long
distance from the site, thus requiring much new construction. Other qualities
of a less favorable site are & mountainous terrain, high costs for
rightgs-of-way, the need to secure rights-of-way by Federal condemmation, and
other features that could require expensive mitigation.

Cost of trangportation hardware and operatioms. The least important
consideration ig the cost of developing the cask fleet and shipping the waste
to the repository. This consideration is not as important as the others
because transportation costs are relatively ineensitive to lecation, and the
protection of health and safety is more important than reducing costs.

739

ananNnea . . 1 g4 9



The cost oV trangporting spent fuel to the repasitory sites depends to
some extent on istancej 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 «t this stage of investigation, provi‘: 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.ble site 1s one that 1s close tn the spurces of waste, is not
subject to weather that will interfere with access L the repository, is
served by existing carriers, is located in an area with emergency-response
capabilitiea, is not located near communities that impose legal impedimenta to
transport, and is served by ruil routes that require few crew changes., A
leas—-favorable site has charactaristics that are the converse of the above
factors,

Summary of comparative evaluyations

The Richton aite is the leading site for the major considerations that
address trangportatlon safety and the cost of transportation hardware and
operationa} it i{s 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 is distinguished from Richton mainly by being
farther from the sourcas of the waste. The Hanford site is less favorable
from a naticnwide 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 favorability to Hanford, is far from the
sources of waste and would require maijor construction of access routes. Davisg
Canyon is the least favorable site for thls 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 rallroads is 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, socioeconomics, and transportation. The pertinent system
elements for environment, socilioeconomics, 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 servicesy (2) the air, land, water, plants, animals, and
cultural resources in the areas potentially affected by such activities; {3)
the transportation infrastrieture; 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 terms of the system elements.

At Davis Canyou, the level of suspended particulates and gaseous
emissions will increuse during repository conatruction !4d aperation.
However, the concet .rations of total sduspended particul»tes (TSP) and nitrogen
dioxide during all phases would be below the national rublent air quality
standards (40 CFR Part 50). Construction lighting may eave 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 . the Canyonlands
National Park. It i, expected that direct impacts on - :ltural resources
during siting &and construction can be minimized. Indlrvcat 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 Canyonlanda
National Park would be temporarily disruptad. No unlgue aquatic or
terrestrial habitat 1is likely to be aignificantly affected by the repository.
The overall visual impacts of the repository would not be significant away
from the immediate vicinity of the repository, except along Utah 211 and from
the Davis Canyon Jeep Trail. The surface facilities would not be visible from
any scenlc view points or key observation points in Canyonlands National
Park. A repogitory 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-contrast impacts from two to three key observation peints 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 Davis Canyon at the
park boundary, sky brightness at night, and the potential of nearby industrial
development. The impact of episodic noise intrusion on solitude in the park
would be significant, but of short duration. During repository operations,
all impacts mantioned above will be eliminated or reduced in the sectionsa of
the park designated for scenic, cultural, or solitude enjoyment purposes. .

At Davis 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 familieg) expected
to in-migrate into the area during peak employment ig aignificant. This would
result in significant population increases in the rural communities of
Monticello, Blanding, and Moab.

The population increase would require additional community services and
facilities. The need for expanded community sgervices and facilities could
result in financial burdens to host 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 algso cause competition and decreases in the
labor avallable for other sectors of the economy. Advance community-
development planning and financial and technical assiastance can lesesen the
impacts on affected communities. Increared tax revenues and business activity
would contribute to mitigation .in the .long term. Significant population
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increasea would also cause soclial changesg within communities. Planning for
additional prctuctive, social, and cultural services cen mitigate these
changes.

Some tempovary disruption in the existing vehlcle~traffic flow can be
expected, and z.me localized inconvenlences experile:ced, during the
construction ol new transportation corridors and ti- upgrading of othars.
Depending on the alternative road and rallroad roucns selected for the
repository &nd the time of year, some threatensd £.ac endangered species or
their preferred habltats may be affected. The red .cloglcal risks of
transportation appear to be amall. Estimates indice e that the maximally
exposed individual could receive up to 3 perceant of the doseg 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 would 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
congstruclion could exceed EPA guldelines., Practical englneering 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 used to minimize the
deposition of wind-blown salt on adjacent lands.

The site is 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 leas Lhan 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 diatance, the visual
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 would not be
sufficient to satisfy repository labor requirements, particularly during the
peak employment periods. Some in-migration cf workers is therefore likely.
The area seems able to absorb the projected population changes without
significant disruptions in housing and other community services. However,
some increapes in the demand for community services can be expected.
Increased tax revenues and mitigation grants from the DOE will assist in
providing required additional services.

There are geveral 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 casks. A preliminary evaluation of opsrations over
representative higiways and rallroads to the Deaf Smitk site indicates that
waste~transportalinn operations can be conducted over t{hese routes without
unacceptable risk to the public or impacts on the envi. onment. Also, adequate
protection for the public and the environment can be [rvirided during both the
construction of tle access routes and during operatlo. over those routes.

For the Huanford site, no adverse environmental ‘m acts have heen
identified that cannot be mitigated. The site is no. :thin any protected
respurce areas, and compliance with regulatory requirs -ynts should not be a
problem, No federally recognized threatened or endange ~ed species ars known
to use the site as o critical habitat. There are significent native American
resources on the Hanford Site, but they are far enough from the repository
location yo that there would be no significant adverse impacts,.

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

Access routes to the site would have no undesirable features that would
require unique design or construction methods or special features of
transportation system components, including the transportation packaging.
Risks to public health and safety of proposed acceas 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 do not pass through
protected resource areas. FProjected riskas, 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 site, the residuesl air-quality impacts are acceptable
because they are below secondary standards. Clearing and cenatruction
activities would increase ambient noise 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 aquifera. 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 used 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 gited on existing or abandoned
rights-of-way, thus minimizing land disruption.
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No unique aquatic or terrestrial specles are likely to be significantly
affected. The sirface facilities wiil be visible tu 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 predictiong indicate that the available
labor supply wilnin commuting distances to the gite ‘111 not be sufficient to
gatisfy repository labor requirewments, particularlv wuring peak ewmployment.
Some in-migruation will therefore occur. Job-trainiag programs can provide
opportunities of employment for area residents, thu:, Jecreasing in-migration.
The area seems capable of absorbing the projacted pop-:lation change without
significent disruptions 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 social changes in the town of
Richton. Advanced community-development planning car lessen these impacts,

Some temporary disruption in existing vehicular traffic Flow can be
expected, and some localized inconvenience may be experlenced during the
construction of new transportation corridors amd upgrading of others. The
radiological risks of waste transportation appear to 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 local cities and towns.

At Yucca Meuntain, the potentially significant adverse environmental
impacts include {1) the destruction of approximately (1,608 acres) of desert
habitati (2) fugitive-dust emissions [rom surface preparation, excavaticn, and
manipulation of spoils piles; (3) vehicle emissions from waste transport,
personnel tramsport, and materlals transport and the operation of conatruction
equipment; and (4) radioactive-material releases during {a) repository
excavation (e.g., from nmaturally 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 1a several hundred meters benmeath the
repository horlzon. A permanent land withdrawal would be required if the
Yucca Mountain site 1s selected for repository development, and the
reservation of water rights 1s explicit in guch an action. Studies 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 impacta, such as
the diversion of natural runoff and the leaching of materials from excavated
rock, are being considered in the repository deaign, and they are not expected
to pose aignificant environmental problems.

During repository construction, 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 concentratlions would violate none of the applicable
standards.



Negative 1lmpas.ts on community services, housing supply and demand, and
the finances of Stete and local government agenciesa in the affected area are
wt expected to be significant for repository siting, construction,
sperations, and decommissioning at Yucca Mountain.

The affected urea, including the Las Vegas Valley. has the ability to
absorb the repository-relatad population changes withc-¢ significant
disruptions of community services and without significsnt impacts on houging
supply and demand.

Although community-specific service and tousing 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 providers are more l’kely to have reaources
for managing growth. In addition, the community-level growth rates estimated
for the unincorporated towns are ganerally within the range of those
experienced historically by Nye and Clark Counties, The work forc¢e 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 skills would be Inadequate, and the available constructlon work force
may also be inadequate. A repository at Yucca Mountain would Increase
employment and business sales in southarn Nevada. Community services and
government 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 DQE and
the U.S. Department of the Alr Force and public-domain lands under the
jurisdietion of the Bureau of Land Management. The terrain 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, & 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 Route 373. The roadway
access would be constructed on federally controlled lands that slope gently
aitd 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 UI.5. Highway 95 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, socioceconomic, and
transportstion, Cre:
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7.3.3 EASE AND {JST OF SITING, CONSTRUCTION, OPERATION, AND CLOSURE

7.3.3.1 Technice ! guidelines

The feur tecbnical guidelines in this group add:«ss the surface
characteristics ¢f the site, the characteristics of 1@ host rock and the
surrounding stra:a, hydrologic conditions, and tecte . ics, 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 surrounding area,
including surface-water systems and the terrain, the requiremsnts
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
conditicns for this guideline {eee Table 7-18), there are two major
congiderations that influence the favorability of the sites with respect to
the qualifying conditlon. These major conslderationa, 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 effects of flooding can be sgignificant 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 flooding 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 fallure 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 plaine of the 500-year and

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

surface characteristics® "

Davis Deaf Richten Yucca
Cordifoon Canyon Smith ionfard Dome Mauntain
MAJOR CONMSIDERATION i: POTENTIAL FOR FLOODING Of UitFACE DR
UNDERGROUND FACILITIES
Potentially adverse cendition
Surface characteristics tnat could Yead to P P P P
the flooding of su« face or underground
facilities by the occupancy and medifica-
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 1 .
Generaily flat terrain. NP p P p
“avorable condition 2
Generally well-drained terrain, P P P p

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

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

P =

for the purpose of

Lhis camparattv& eévaluation; the ‘favorable or potentially advarse tonditign is present at the sxte.
¥ 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 impourndments that
could flood the surface facllity, and surface characteristics 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 fvom the probable maximum
flood of the Co'umbla and Yakima Rivers, including V' .th natural flooding and
dam-breached fluods. A shallow probable maximum f1 >4 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 its
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 propoaed 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 facilitles and that grading and
fill operatlons would raise the elevation of the site area above the flood
plain,

At the Yucca Mountain site, the exploratory shaft would be located in 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 flgods. There are no existing or planned
man-made surface-water impoundments near the site that c¢ould 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. Thls 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 1s less important than the first
consideration because the characteristics of the terrain are more closely
related to the ease and cost of construction than to safety and can generally
be mitigated more readily than .conditions that could cause flooding.

The contributing factors for thie major consideration are the terrain and
drainage characterigtlics of the szite, the potential for landslides, and soil
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 facilities 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 materlals are mainly 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 acceptable for a large gradlng operation
ring repository ronstruction.

The Hanford aite is surrounded by an area of gene;ully flat terrain for a
diug of nearly a4 mile. The lack of surface-runoff f:atures suggests the
‘latively coarse surficial sediments are effective in kreping the surface
:11 drained and preventing surface-runoff featurea f;'m developing north and
.8t of the Cold Creek flood plain.

The Richton si!e is surrounded by generally flat ‘errain, with slopes of
to 4 percent and locally up to 10 percent. The soils are generally well
‘ained, thougu amall temporary ponda and marshy areas may form in the area
mediately after a heavy rainfall, GSolls appear to be acceptable for large
‘ading operations during repository construction.

At Yucca Mountain, potential locations for the surface facllities are on
1e eaatern slde «f the mountaln, All are generally flat and covered with
Jluvium derived from adjacent highlands, The surface slope at these
ications ia less than 5 percent and in several places less than 3 percent.
e exploratory-shaft facilities would be bullt within a wash that is partly
irrounded by rugged terrain. Yucca Mountain has a well-sstablished drainage
'stem because of its porous alluvial solls and eastward~-dipping slopes.

mmary of comparative evaluation

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

The Richton and the Yucca Mountain sites are somewhat less favorable than
:af Smith and Hanford. At Richton site, the surface facilities would be
icated in the flood plain of the probable maximum flood, but the potential
v flooding could be reduced by diverting the Fox Branch stream. Ponds may
irm after a heavy ralnfall because the site is on flat terrain that is not
:11 drained. At Yucca Mountain the exploratory-shaft facilities would be in
wash 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 500-year and regional maximum floods. Although
e surface facilities would be built on flat terrain, the site 1s well
rained.

The Davis Canyon site is the leaat Eavorable for this guldeline. The
irface facilitles at Davis Canyon would be within a 100-year flood plain, and
1¢ area ja surrounded by stesp canyons and rugged terrain. More-extensive
igineering measures, such as channeling and drainage diveraion, would be
rcessary to mitigate the impacts of a 100-year flood.



7.3.3.1.2 Rock characteristics (preclosure)

The qualifying condition for preclosure rock characterigtics is as
follows:

The Bi'e shall be loecated such that (1) th: thickness and
lateral excent and the characterlatics and cou-uvsition of the host
rock will be suitable for accommodation of the underground faclility;
(2) repository construction, operation, and ¢!csure will not cause
undue hagard to personnel; and (3) the requirinments specified in
Section 560.5-1(a){3) can Le met.

Major congiderations

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-19), there are three major
considerations that influence the favorablility of sites with respect to the
qualifying conditlon. In order of decreasing impor-ance these considerations,
are (1) in situ conditions that could iead to safety hazards or difficulties
during repagitory siting, constructien, operation, and closure; (2) in situ
conditiong that could require engineering measures beyond reasonably available
technology in the construction of the shafts 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 congiderations

Safety hagzards and diffieculties. 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 safety hazards to workers and the costs and
technical feasibility 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 considerationg related to this
guideline, A pummary of the evaluation for each site follows.

At Davis Canyon, the mechanical properties of the salt are such that no
aignificant safety hazards from rock inatability are expected. A significant
safety hazard is the potential for the presence of combustible gas. Although
there 1s no direct evidence that guch 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 salety procedures and providing adequate
ventilation. The requirements for artificial rock support are expected to be
relatively minor (only occasional bolting) because of the apparent massiveness
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
Paradex Basln 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 censideration~-
rock characteristics {preclosure)?®-®

r

Navis Deaf Richton Yucea
Conuition Canyon Smith Hanford Dome Mountain

HAJOR CONSEFRATION t:  SAFETY HAZARDS OR DIFFICULTiES L' 2ING REPOSITORY SITING,
CONSTRUCTION, OPERATION AND CiO$ 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 consiructicon, operation and ; I
closure. W

Fotentially adverse condition 3

Geochemical propertjes, that could necessi- - P Pl NP e R T L
tate entensive maintenange. pf the under- . e R . . } -
ground openings during, .repositery operation ... = ... . -
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
brine 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 LOCATING 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 selacting 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 Yutca
Cendition Canyon Smith Hanfard Dome Hountain

HAJUF JONSIDERATION 3: FLEXIBILITY IM LOCATING TH! REPOSYTORY WITHIN
THE HOST ROCK (Continued}

Potentially adverse condition )

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

so thin or laterally restricted that little

flexibility ts avai¥ab1e for selecting the

depth, configuration, or location of an

underground facility.

® Key: MNA = not applicable; NP = for the purpose of this comparative evaluation, the
favorable or potentially adverse condition is ppit 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 presentec tn Chapter & of the
envirgnmental assessment for each site.
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the candidate horizin. Salt creep will gradually reduce the size of
underground openirgs, and, 1f gignificant, may require reexcavatlon to
maintain mipniwmum reqquired dimensions. Salt creep could be a major factor if
the wasta needs to be retrleved, because it could cause difficulties in
maintaining room stabillty and emplacement holes. However, avallable
information indicales that the salt at Davis Canycn should have a relatively
low rate of creap iuring 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 shaft %1~m aquifers above the
repository, and the presence of combustible gas. Int.:rbeds in the salt above
the underground openings may cause mine-roof instabllir.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 hagards from such gas can be mitigated by following safety
procedures and providing adequate ventilation. The orly artificial rock
support required at the site is 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 durlng the duration of the
preclosure period.

The safety hazards at the Hanford gite are the potential for rock
instabilities, large water inflows, 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 moevements. 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 stress in the emplacement rooms. The high underground
temperatures are not expected to csuse a significant deterioration of support
or instability of the rock, The basalt should not creep significantly, but
maintenance, which 1s typical of deep hard-rock excavations, will probably be
required. The potential for large water inflows 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 thims hazard can be mitigated by providing
ventilation, protective clothing, and artificial cooling. There is a
potential for minor difficulties in waste retrieval if the emplacement holes
do not remain stable during the retrieval period.
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At the Richtn site, the mechanical properties of the salt are such that
no significant sn/aty hazards from rock instability are expscted. A possiblae
safety hazard is .he potential prosence of combustibie gas. Although there 1s
ne direct evideni» that gneas are present, experience in salt mines at other
locations indicates that it may occur. Hagards from :;as can be mitigated by
following safety procedurea and providing adsquate v: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 & expected to be widely
spaced rock bolting., As with the other salt gites, ¢ gnificant maintenance of
underground openings may be required because of sai. ureep. However, the
magnitude of creep over iong time paerlods is highly . ~ncertain 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 tc 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 instabilities 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 Yucea 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 constructionm projects. Since the tuff
does not creep, little detericoration of the rock and the artiflcial support is
expected because of time and temperature changes. Fractures in the tuff could
complicate retrieval, especlially if waste is emplaced in long horizontal
holea., 8Such difficulties could be avoided by providing liners for the
emplacement holes.

Complexity of engineering measures. This consideraticn includes in gitu
characterigtics and conditions thar could require englneering measures beyond
reasonably available technology in the construction of shafts and underground
facilities. The complexity of engineering measures relates directly to the
concern in the qualifying condition with technical feasibliity. This
consideration 18 derived from the second potentially adverse condition.
Although the succeas 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. S oL
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At the Deaf S-ith gite, the shafts and underground facllity would alao be
constructed with tichnology developed in the salt-mining industry. However,
because the Ogslla'a aquifer lieg above the repository at this alte,
stabilizing the greund for shaft sinking and providing affective water seals
for the shaft liner¢ would be more difficult. In addi:.on, the nresence of
interbeds at the repositoery horizon would require addi-iunal 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 blind 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 conditioms, ground-wabtar conditlons, and siress condiltions.
Because shaft drilling in equivalent environments has uct been attempted, a
reliable data bage 1s not available. Potentlal ground-water inflows, gases,
and high rock temperatures can be managed with availabie technology, but the
combination of conditions could require engineering measures that are more
extensive than that usually required in underground comgtruction,

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 Coast reglon, and the expected
conditione {and the technology to handle those conditions} are relatively well
known .,

At Yucca Mountain, the construction of the shafts and the uaderground
facility would not require engineering measures beyond exlsting technology.
Conestruction 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. Flexibillity 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 potentilally adverse
condition, this consideration is judged to be less important than worker
safety and technical feasibility. A summary of the evaiuation for each site
follows.

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

At the Deaf Smith site, flexiblility is limited by the expected presence
of interbeds in the hcst 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 repn-itory, In contrast, there is exteusive lataral flewibdlity
because the host wock appeare to extend for many kilometers. Taias evaluation
is based on geolcgic information obtained from borehcles near the site.

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

The hoat salt at the Richton site appears to oti .r significant
flexibility. Flexibility ia greatest in the vertical direction, with the salt
dome extending for thousands of meters, but there is some lateral flexibiliity
as well, Although the shape of the dome is relatively well known from
boreholes and geophysical surveya, there is a potential for undetected and
unfavorable internal structures in tha dome that could limic flenribility,.

There appears to be aignificant wvertical flaxibility to locate a
repository at Yucca Mountain, but lateral flexlbility may be limited by minor
faulta, a shallow overburdén, or site anomaliea. The lataral extent of
homogeneous host rock outside the primary repository area has mnat been
eptablighed.

Summary of comparative evaluationg

Since Yucca Mountaln is the most favorable site for the two most
important consilderaticns; it is the most favorable gite for the preclosure
guldeline on rock cheracteristica. Yucca Mountain is expected to have the
feweat safety hazardg, and it would require only existing construction
technology and minimal artificilal suppoert and maintenance. The limited
host-~rock flexibility does not outwelgh 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 is some
potential for safety hazards and retrieval difficulties, and some maintenance
would be needed, Davis Canyon would require only existing construction
technology and offers asignificant 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 slightly less favorable than
the Davis Canyon site for the major considerations. Because of the presence
of interbeds, it may ba more difficult to engineer the repoaitory and maintain
underground openings and waste~retrieval capability. The favorability of the
site is further reduced by the limited flexibility 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 hoat-rock flexibility and less favorable
than beth of the other salt sites 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-ions (safety hazards and difficultics, engineering
measures) and more favorable for the least important ccre.derations. The
potential safety hazards and the engineering measures = .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 geohydrologle setting of
the site will (1} be compatible with the activitiss required for
repository construction, operation, and clpsures (2) npt 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,ifavorable, and potentlally 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 decreaging 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 measures. This consideration
includes ground-water conditions that could neceasitate extensive and complex
ground-water-controi measures in shefte and drifts during repository siting,
congtruction, operation, and closure., It relates directly to the qualifying
condition by favoring hydrologic conditions that are compatible with
repository construction, operation, and clogure and will not compromise shaft
liners and seals. Thls major consideration 1s 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-condition findings by majer consideratica--hydrolaogy®:®

Davis Doyt f Richton Yucca
Canditign Canyan Smih Hanford Dome Mountain

HAJO" CONSIDERATION 1: COMBLEXITY OF REQUIRED GR:- “I-WATER COWTROL MEASURES
Favorable condition 1

Absence of aquifers between the hast rock NP b NP NP F
and the land surfice.

Potentially wdverse condition

Grouri-water conditions that could require NP He NP NP NP
compiex engingering measures that are

beyond reasonably avatlable technology for

repository construction, operatipn and

closure.

MAJOR CONSIDERATION 2: EXISTENCE OF SURFACE-WATER SY:TEMS THAT COULD POTENTIALLY
CAUSE FLOODING DF THE REPOSITORY

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 condition 3

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

" Key: NA = not applicable; NP = for the purpose of this comparative evaluation, the
favarable or potentially adverse condition is pot present at the site; P = for the purpose of
this comparative evaluation, the favaorable or potentially adverse condition is present at the site,

® Analyses supporting the entries in this table are presented in Chapter b of the
environmental assessment fc- each site,
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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 standarxd engineering practice.

At the Deaf 53itith 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 Flains aquifer, the unconso- dated sediments above
the repository, and the water~bearing interbeds in th- .ost salt bed can be
controlled with established technology, such as pretr.a:nent by freezing.
Little ground water .8 expected within the repository n 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 associated with the
shaft liner would protect the ashafts and repository drifts from ground-water
inflow. The construction of the repoaitory 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 zomes under high hydrostatic head.

At the Richton site, several aquifers are prasent 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 presence of
unconsolidated gediments, 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 repogitory 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 ares. This consideration includes ponds, lakes,
streams, and manmade impouyndments that could flood the underground workings
during reposiftory consltruction, operation, and cloeure, endangering the asafety
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 is 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 arcund the
slte. :
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At the Deaf Smith site, minor flooding occurs within the controlled area,
but there are no surface-water gystems that could flood the restricted area,
Although a amall portion of the restricted area may intercept the flood plain
of the probable tmaximum flood, there is considerable (lexibility for locating
surface facilitiles and shafts to avoid flooding.

At the Hanturd site, the probabie maximum flood »f the Columbia 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¢ ahort-lived, and it
would not pose a nignificant hazard to surface or g&.taurface facllities., The
100~year flood of Cold Creek is not expected to reaci the surface facilities.

The surface facilitles at the Richton aite would be located an high
ground that is 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
facilitieas ia above the flood plain of the 100~year flood, hut parts of thase
areas would be affected by the 500~year flood and the regional maximum {lood.
The proposed exploratory-shaft szite in Coyote Wash may be aubject to localized
flooding and debris flow. However, the impacts of this infrequent, localized
flooding can be mitigated by engineering measures like channel lining and
drainage diveraion.

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

At the Davis Canyon site, ample water for repasitory development is not
available in the immediate wicinity of the site, but water could be purchased
from the B8an 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 proposed railroad access route.

The availability of water at the Deaf Smith site may be limited becausa
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 aites for repository 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 sites.

ummary of comparakt.ve evaluation

The Yucca Mour~ain site le 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 amounta of ground water are likely to le ¢ncountered in the
haftts and drifts. There is also asmple water availab.s: Lor constructiocn,
peration, and closure from a source within the contro. 3d area. Although
here is a pote~tial for flash flooding, standard draina;e-control measures
ould protect against such flooding. Current engineerirg technology is more
han adequate to handle the hydrologic conditlions that zre likely to be
ncountered at Yucca Mountain.

Davis Canycn is only slightly leas favorable for the meat important major
onsideration because little difficulty is expected in controlling ground
ater at the site, However, there is a potantial 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 conmaideration. Ample water is availlable for
epository construction, operatlon, and closure, but engineering measures
ould be required to divert surface drainage.

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 is also
ncertainty about the availability of ample water for the life cycle of the
epository. However, there is no potential 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 reduce 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 tectonic 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 considerations

The objecti.e of the preclosure tectonics 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 featurivs would be required. On
the busls of the quallfying, favorable, and potantia’:y adverse condltions for
this guideline isee Table 7~21), two major consider: “iona are ldentified that
affect favorability with respect to the qualifying - ndition: (1) the
potential for earthquake ground motion at the site a.d (2) the potential for
faulting at the sita. These major conslderations i m: of about equal
importance.

Evaluation of gites in terms of the major conslderaticna

It ig important to note that the third potentlsliy adverse condition is
not present at any of the flve sites (see Table 7-19). The historical
seismicity In the geologic setting was used as the basis of this evaluation
because it 1s representative of earthquake potential for short perlods of
time, such as the preclosure pariod for the repository., 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 reposlitory. This interpretation does not consider earthquakes
that may be associated with design events or ground-motion estimates (the
second favorable condition and the second potaentially adverse condition) or
evidence of active faults (the first potentially adverse condition). These
are considered to be of low probability. However, as discussed below, the
evaluation of ground-motion potential (first major consideration) does
consider the earthquake potential of tectonic atructures and faults, and data
developed for the evaluation of the third potentially adverse condition.

The quallfying condition for the preclosure tectonics guideline algo
requires an sasgassment of the potential for ignecus activity at each of the
sites. On the basis of preliminary data, lgneous activity is not expected to
cauke any adverge preclosure impacts at any of the sites, and therefore
igneous activity 1s not dlscussed further in this section,

Potential for earthquake ground motion at the site. This consideration
requires an evaluation of whether strong ground motion at the site could lead
to safety hazards or difficulties during repository siting, construction,
operation, and closure. It i1s related directly to the concern in the
qualifying condition about the effects of tectonic phenomena and technical
feasibility. It is derived from the favorable condition and the second and
third potentially adverse conditions. Thils major consideration is about equal
in importance to the expected 1lmpact of fault displacement. Although the
likelihood of ground motion at a given site ie generally higher than the
likelihood of faulting, ground motion and faulting can both be significant
design considerationas.

Contributing facteore for this major consideration include the historical
earthquake record, evidence of man-induced aelsmicicy, estimates of ground
motion from historical 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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Table 7-1. OG.ideline-condition findings by major consideration--
tectonice {preclosure)®'®

Davis Deaf Richton Yucca
Condiiion Canyon Smith viariford Dome Mountain

HAJOR COMSIDERATION 1: POTENTIAL FOR EARTHQUAKE GROUr  HOTION 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 significantiy

less than those generally allowable for the

construction and operation af nuclear

facilities.

Potentially adverse concdition 2

Historical earthquakes or past man-induced NP NP NP NP NP
seismicity that, 1f aither were to recur; ' o
could produce pround motion:at: the site in

excess of reasonable destgn limits.

Potentially adverse condition 3

W oL . N
Evidence, basad on caerralationg of earth- NP NP MR NP . . NP
quakes with tectonic processes and features '
(e.g., Faults) within the geclogit setting,
that the magnitude of eprthquakes at the
site during repository 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 ) '

Evidence of active faulting within thg P NP p Y
geologic setting. e ' .
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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 ae the
potential for fa.lting near the site increases. However, the ground-motion
potential from all seismogenic sources cannot be evaluated individually: it
must be conglderaq collectively to accurately evalusts the potential for
ground motion ani associated uncertainties. A summerv of the evaluation for
each site follovs,

At Davis Canyon, the estimated ground motion 1s not significantly smaller
than that generally allowable for nuclear facilliti &. These estimates are
based on the apsunption that the maximum earthquake, which has a magnitude of
6.5, could occur at Shay Graben, the closest {10 miles) significant structure
in the gecloyic setting. Ground-motion estimates assoclated with these faults
are moderate compared with design values for nuclear facilities. Since 1979,
microearthquake monitoring has detected no selamicity at the site. However,
events with a magnitude of up to ahout 3,0 have gccurred in the Paradox
Basin., Although the seilsmic hazard appears to be low, the record of
seismicity ia limited., Man-induced seismicity may te occurring at one
location in the Paradox Basin, but 1t is not firmly established. Estimates of
ground motion will remain uncertain untill the faults near Shay Graben and the
Needles area and the potentilal for man-induced selsmicity at the aite 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 agsoclated with recorded
seismic activity, The site has a very low potentlal for induced seismicity.
Predicted ground motiona are significantly smaller than those generally
allowable for nuclear facilities. Quaternary faulting (i.e., the Meers fault)
outside the geologic setting appears to be present along the Amarillo Uplift,
Study of the Meers fault to determine ita tectonic characteristics and
earthquake potential may influence evaluations of the portion of the Amarillo
Uplift in the Texas Panhandle. This may effect estimates of ground motion at
the site, although the distance to the uplift is more than 30 miles. On the
basis of a qualitative understanding of present conditlone, projected ground
motiona are well below the level that is likely to cause significant damage to
underground structures,

At the Hanford site, potential ground motiong 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 é to 6.5) appear to exceed 10,000
yeara, Earthquakes are not currently assoclated 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 exist, it is expected that the effects of
subsurface ground motion can be mitigated by existing engineering measures.

At the Richton site, 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 durlng the Quaternary Pericd and no
asgociation of know. faulta with recorded seismic eventsa within the geclogic
setting. The slte “a in an area of extremely low earthiguake frequency, and
there is little potential for Induced selsmicity. The nearest known
earthquake epicenter is 45 miles away. On the basis of & qualitative
underatanding of pr.osent conditicns, predicted ground m:itlons are well below
the level thatl cou:d cause significant demage to underground structures.
Uncertainty in egstimates 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 seismicity. However, there is some uncert: {1ty about the southern
extent of the New Malirid fault zone. Thils would likel s vesult In more
long~period motion than shaking from a meximum earthqua: s 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 exignt of faulting within 1 to 5 kilomatera of the gite are
limited, and the asaessment of ground motion 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 seiesmic record at Yucca Mountain shows no earthquakes that have
produced damaging ground motions, and current estimateas of recurrence
intervals for large sarthquakes {(grsater than magnitude 7.0) in the geologic
getting exceed about 23,000 years. Although estimates of ground motion for
the surface and subsurface facilitlies 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 earthgquakes. The reader is referred to Chapter 6
of the eunvironmental assessment for Yucca Mountain for a description of the
approach to be used in establishing the appropriate gelsmlc deslgn
requirements.

Expected impact of fault displacemsnt at the repository site. Thias
consideration requires an asseasment 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 quallfying condition about technical feasibility and the effecta of
tectonic phencomena. It ip derived from the first potentially adverse
condition and I1s equal in Importance te the first major conelderation.
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 site’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 Meedles faulf zone.
However, additic.al data are needed to determine wheiher these displacements
are seismogenle ¢r related to gravitational sliding, nalt flow, or salt
dissolution. Thege faults do not trend toward the repository operations area,
and there 1s no known seiasmicity within the site bourwaries. Thus, no impact
is expected from fault displacement at the repogltory gite. There is
uncertainty assvciated with this conclusion because -7 the possibility that
mining the repogitory could induce geismicity at the nite,

Since no active surface faulting of Quaternary a2 has been recognized in
the geocloglc setting of the Deaf Smith site, there is wo expected impact from
fault displacament, The geologic setting has experilenced little or no
tectonic activity during the Quaternary Period. The Meers fault, which
appears to show evidence of recent activity, is outside the geologic setting.

Quaternary faults have been identified within the geologic setting of the
Hanford Site, bu% they do not intersect the repository location. Actlve
faults are not known to be present at the glte. Since the gite is away from
areas of known or suspected surface faults and there is no significant
seismicity within its boundaries, no impacta from fault displacement 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 asite. Growth faults, whic¢ch are not
generally associlated with geismicity, may ocour in the Mississippi salt
basin. However, bacause the Missizalippi salt bagin is not cunsidered to
contain areas of active aubsidence and 1s 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 lagt movement and the
total movemant of Faults at and near Yucca Mountain during the Quaternary
Period. Since the area has been mapped and dtudied 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 intervals for large
earthquakes (magnitude 7.0 or greater) associated with surface faulting appear
to be long (on the oxder of 25,000 yeara). O(mly minor seismicity has been
detected near the aite. These conditione suggeat 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 seismic design
technology can accommodate small amounts of surface displacement if neceasary.

Summary of comparative evaluation

The Richton eite ie 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 slte is likely to be accommnodated by
reasonably svallable.technology. No seismogenic faults have been identified
in the geologic setting. o : :
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The Deaf Smitt site is mimllar to the Richton site for the two major
considerations, ex.apt for a slightly higher potential for ground-motlon
impacts from the Asarillo Uplift, which reduces its favorability. No
seismogenic faults have been identified in the geologic setting, the
ground-motion potential for the region 1s low, and groind motlon at the site
is likely to be acv :ommodated with existing technologie+, There 1s*some
uncertainty in the potential for ground motion, primarily becauge the impact
of earthquakee on the Amarillo Uplift requirea additic &l atudy.

The Davis Canyon and the Hanford sites are favo: abie with respect to the
potential impacts o, fault displacement. However, es: mates of ground motion
at both sites ire uncertain because of Quaternary Pericd faulte in the
geologic setting and the potential for earthquake awarms at Hanford and
man--induced seismicity at Davia Canyon., Although curvant estimetes of ground
motion for both sites are considered moderate, the ge'smic record
qualitatively indicates that the seismic hazard for these reglons is low, At
Davis Canyor the closest known potential seismogenic fault is about 10 miles
from the site, but this fault would not intersect the asite.

At HanfEnrd, the closest potential melsmogenic faults are 6.2 to 7,4 miles
from the site, but they, too, would not Intergect the Hanford site.

Yucca Mountain 1e the least favorable aite for both major
considerations., A qualitative understanding of faulting near the site
supporte the conclusion that individual faults have long recurrence intervals
{on the order of 25,000 years or more) for large earthquakes (magnitude 7.0
and greater). There are uncertainties with respect to the age of the last
movement and the total amount of Quaternary movement on faults within 1 ko 5
kilometers the slte. 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 outcome of [urther seilsmic
evaluations and the full aassesament of nearby faulta.

7.3.3.2 System guideline on the eape and cost of siting, construction
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 eatablish 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--ycle cost estimataes® for a repository in basalt {the Hanford
site}, salt (the Davis Canyon, Deaf Smith, and Richisn sites), and tuff (the
Yucca mountain uite) are shown in Table 7-22. These cstimates were developed
as part of the DME's annual evaluation of the adeque.y of the fee (1 mill per
kilowatt-hour) paid into the Nuclear Waste Fund for (isposal services and do
not represent fi.1al cost estimates. More deflnitive ertimates will be
completed when nore~detailed designs and site-chara verization data become
available. The salt cost estimate was based on des 'n parsmeters 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 gpite.

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

Site D&E Construction Qﬁeration ﬁecommisaioaing 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 gites.

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

* Development and evaluation {D&E): Includes coats for all activitieas,
excluding final design and construction, that are conducted before
repository operation. These activities include site characterization,
conceptual and license-application desgign, licensing, and technology
development.

e (Consgtruction: Includes costs for final design and costs for the
construction of all surface facilities and a limited number of underground
wagte-dispogal rooma and corridors.

. Operation:t 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 l1fe—cycla 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 Is Lased on
engineering judgmern: and is +35 percent of the total cost of the facility.
This, coupled with 1 10 to 40 percent contingency alreasdy built into the
estimates, reflect., the accuracy of preconceptual design from which the costs
were derived. The exact contingency used depends on t... complexity of the
deslgn of ampecific repository facllitles or processes.

Salt repository

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

Rock conditliona end tunnel stability. At the Davis Canyon 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 absence 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 aize of the underground openings, and
reexcavation of the openings will be required to maintain the minimum apening
dimensions.

At the Deaf Smith site, the potential for roof inatability is due to the
interbeda that would exist above the underground openings. Wock falls can be
prevented by adequate artificlel support (regular rock bolting). As with the
Davis Canyon and the Richton sltes, signiflicant maintenance may be required.

The in situ rock temperatures for esch of the three sites are as
followss 34-43°C (93-109°F) for Davim 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 galt site.

Ground-water conditions. At the Davig Canyon gite, 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 inflowa (1,700
gallons per minute) and unconsolidated smediments above the salt dome. Little
water Is expected at the reposltory horizon the dome.
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At the Deef Smith site, there are aquifers between the hLost rock and the
ground surface. The control of water while ainking shafts through these
aquifers and waver-bearing interbeds within the evaporite section can be
accomplished with gstablished technology. Potentiai.y high ground-water
inflows (1,400 gallong per minute} and unconsolidate.. dediments above the
repository requive pretreatment by freezing to allov gunaft sinking through
these sediments Little water 1lg expected wlthin t . repository horizon.

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

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

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

Ventilation requirements. The ventllation requirements for salt can be
described as moderate In comparigon 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 15 determined by
subsurface conditions. The salt waste package consists of a thick-walled
carbon-steel container and an internal canlster assembly. The internal
canister assembly segregates fuel rods into compartments for the conseclidated
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 generlc galt cost eatimnte are as follows:

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

The total cost for the fabrication of all waste packages for a sslt
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 requiremente, ths
excavation requirements can be calculated. For the cost estimates used here,
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it was assumed that about 22 million tona of salt will be excavatad. This
includes & millior .ons of salt reexcavated because of creep, The total
amount excavated iy higher than that assumed for basal: and tuff.

Mining method. The generlc salt cost estimate ase.med that a mechanlzed
mining technique will be uaed to develop the undergrour. facilities., Using
this technique, miiing is faster than mining by the corvriational
drill-and-blaat teshnique, which 1s used for harder r¢.:s like tuff and basalt,

Mining rate. The mining rate for salt can be chitacterized as "fast
average." This rating is due to high mining producti ity (tons per
man~shift}, which 1s 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-faellity congtruction ease, The conptruction of the
underground facilitieg will he easier at a repository located in salt than a
repository located in basalt or tuff. This conclusion is based on the
information previcusly presented which discuseed 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 levela {(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 glting alternatives and -
result from the more favorable mining conditions 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 to be low.

Underground facllities costs. Assuming the conditionas degcribed ahove,
the total (construction, operation, and decommissioning} cogt of the
underground facilities for a salt repository is $2.2 billion. This 1is 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 (3$2.2 billion) is lower than that for the other sitas.

Operation duration and backfilling. The life of a salt repository is 53
years long. It consists of a 27-year emplacement period, a 23-year caretaker
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period, and a 3-year backfill psricd. Because salt has the shortest backfill
period of all the sites considered, salt also haa the ashortest operating
l1ife, The ghort ~pgrating phase, coupled with the lcw labor cost, results in
low operating cost» for salt,

Operating cost. The operating cost for a repositary in salt 1s $4.9
billion, This iz 58 percent of the total cost of $8.. willion and is clearly
the largest portion of the total-facility cost. The . wmaining $3.6 billion
consists of $1.8 for development and evaluation, $1.& »illion for
construction, and $0.2 billion for decommissioning.

Most of the op3rating costs are assgoclated with t e operation 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 is for the fabrication o¢i the wasta pachkages.

Total facility coets. Table 7~23 presents the total facllity costs for a
generic salt repository., Thils table summarizes the costs mentioned in this
gection and 1s cousigtent with the coats shown in Tabie 7-22.

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

E:::gnry D&LE Construction Operation Deaommdssiqning _ 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 - ‘ : : e 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 baselt. This is due mainly to the lower underground costs regulting
from favorable subsurface conditicns. :

Basalt repository

Host~rook depth. The interior of the Cohassett flow has 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 consldared. . . .
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Rock conditiors and tunnel stability. The basalt at the Hanford site is
a physically and c¢iemically 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
artificlal suppor” would be required for repository cr .struction, operation,
and closure, This artificial support is not consider i minimal and wiil
congist of rock bolts and shotcrate over wire mesh. Trnis support is needed to
control instabilities {n the rock caused by stress. A: example of a
stress-induced instability is rock bursts, However, r:.ck 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-water conditiong. Aquifers are present between 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 comnstruction,
seals associated with the shaft liner would protect the shafta and the
repository drifts from ground-watar inflow,

Because the rock temperature is high, 1t is expected that the water
temperature will aldo be high., There is also the potential for water to-.enter
the repository under high pressure.

Gassy conditions. Methane gas is nol indigenous to basaltic rock.
However, methane could occur 1in the underground openinge because It might be
introduced with any water inflow. A way to minimize the potential for mathane
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 condlitions discussed above.
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Ventllation raquirementa., The ventilation requirements for basalt are
higher than those for salt and tuff because of the difflcult subsurface
conditlione descrirad above.

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

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

The total cost for the fabrication of all basalt waste packages 1s $1.1
billion. This cost is high because the basalt repository emplacea mores
waste-packages than any of the other sites,

Excavation quantities. Given the waste~package rzquirements, the
excavation requirements can be calculated. For the cost estimates used here,
it was assumed that about 19 million tons of basalt will be excavated. This
quantity is higher than that aggumed for tuff, but lower than that agsumed for
salt.

Mining method. The basalt design assumed that the conventicnal
drill-and-blast excavation technique will be used to develop the underground
facilitlea, This technique is particularly suited te the subaurface
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 is 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 presence of large quantities of water underground.
High temperatures. .

High excavation quantitiasg.

The productivity for basalt is 3.1 tons per man-shift. Thia is the loweat
productivity of all sites considered. :
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Underground freilitles construction ease. The construction of the
underground facill ies will be more difficult for a repository located in
basalt than a repo.itory located in tuff or salt. This conciusion is based on
the information pr-viously presented which discussed t'=z more difficult mining
conditions associa:ed with the deeper, higher temperairre, saturated zones of
the basalt reposi-ry.

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 1s $6.1 billion. This 1s 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 consists of a 27-year
emplacement period, a 23-year caretaker period, and an ll-year backfill
period. This is the longest operating phase of all sites considersd because
basalt assumed the longeet backfill period. The long operating life, coupled
with the high staffing levels and high labor rates, leads t¢ high operating
costs for basmalt.

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

Moet of the operating coets are associated 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 ia for the waste-
packages.

Total facility coats. Table 7-24 presents the total-facillty costs for
the basalt repository. This table summarizes the costs 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
(billions 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 ia the highest of all sites
considered. This 1s due primarily to the higher underground costs resulting
from the difficult subsurface conditiona,

Tuff repogitory

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

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 in the
underground facility may also contribute to local instabilities 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. Previous excavation experience at the Nevada Test
Site indicates that the expected artificial rupport requirements at Yucca
Mountain are regularly spaced rock boltdg, with ateel mesh covering the rock
surface for safety. Occasional supplemental bolting or shotcrete may be
required in local areas of poor-gquality rock. These requirements 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 openings.
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The rock tevperature ia favorable (27°C or 81°F) and is 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 site, there are no
aquifers between che host rock and the land surface. Pacause the repository
would be located above the water table, no significa:: amounts of ground water
are likely to be encountered in the shafts or the undirrground workings.

Gagsy conditions. No significant accumulations rf toxic gases are
expected at the reiository 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 requicements for tuff are
lower than those for basalt and salt. This is a resu.t of the relatively good
environment expeocted underground.

Waste—package costs. The design for the waste package is determined by
subsurface conditions. The tuff waste package consists of a stainlews~ateel
canister and an internal gpaceframe. No externzl packing ls assumed.  The
waste-package parameters aassumed for the coat estimate are as follows.

Parameter Unconsolidated Consolidated
gpent fuel gpent 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 offset by the cost of the astainless-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 estimates 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 ia faster than
that basalt (conventicnal 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 i1s due to a high mining productivity (tons per
man-shift), which 1s the result of the following:

Shallow repesltory horlzon.

The stabh'lity of underground openinga.
Lack of water underground.

Lowar temperatures.

Lower excavation quantities.

The productivity for tuff 18 9.1 tons per man-si “t. The productivity
for basalt 1s significantly lowsr because of the mora lJifficult mining
conditions thut will be encountered. The productivity for salt is higher
largely berause salt is softer than tuff and therefor= can use only totally
mechanized mining techniques.

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

Staffing levels and labor rates. Given the mining conditions expected at
the tuff site, staffing levels for the underground developmant 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 assumed
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 conditione 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 evaluaticn, $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 B-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. This 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 hasalt.
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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 consists of $1.5 billion for development and
avaluation, $1.1 biillion 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 1is for underground
development, and $1.1 billion is for the waste packaj .

Total facility coeta. Table 7-25 presents the tnt.al facility costs for a
tuff repository. This table summarizes the costs mentioned in this section
and is conpistent with the costs shown in Table 7-22,

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

Cost

category D&E Construction Operation Decommisaioning Total
D & E 1.5 0.0 0.0 0.0 1.5
Surface e 0.7 2.8 0.1 1.6
Inderground = —-—- 0.4 1.9 0.0 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 ls 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 conditlons.
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ablation

absorbed
radiation

access corridor

accessible
environment

Act

actinidea

active fault

active dissolution

front
active
institutional

controls

adit

adsorption

aeromagnetic
survey

affected area

affected
Indian Tribe

o M

GLOSSARY

All processes by which snow and i:2 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, raiii»ads, transmissinn 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 Wagte Policy Act of 198%2.

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

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

See "disgolution front." o

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

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

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

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

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

Any Indian Tribe (1) within whose reservation boundaries 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 facillty: provided that the Secretary of the
Interlor tinds, upon the petition of: the appropriate
governmental officials of the Tribe, that such effects are
both substantial and 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 sitej; (2} contains a candidate site
for site characterization or repository development} or
(3) contains a site selected for repository development,

Storage of radioactive materials  uspecially 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 . 1eral of the feldspar
group (NaAlSiz0s). It occurs comwonly in igneous and
metamorphic rocks.

Having a pH greater than 7.

An outaspread, gently sloping mase of alluvium deposited by
a Btream,

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

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

A radioactive transformation in which an alpha particle is
emitted by a nuclide, thus changing one nuclide to another
thbat 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 is the least penetrating of the three
common types of radiation--alpha, beta, and gamma,

A mineral with chemical formula, KAl3;(504)}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¢ Hz20. 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

Qi

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

A white to graylsh or reddieh mineral of anhydrous calcium
sutfate, CaS04.

A general term meaning in the abience of oxygen.

An uparched fold composed of st:..ta that dip outward from
a common ridge or axis. The c. r.: of an anticline contains
stratigraphiéally older rocks «ut 18 convex upward.

A group of hexagonal minerals corwisting of calcium
phosphate together with fluorine, chlorine, hydroxyl or
carbonate in varying amounts. 1ley occur as accessory
minerels in lgneous rocks, metamorphic rocks, and
ore—~deposits.

The act of makling a finding of eompliance or noncempliance
with the qualifying or disqualifying conditions specified
in the siting 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 geologic formation that will not transmit water fast

-enough ko furnish an appreciable supply.

A formation, a group of formatione, or a part of a
formation that contains sufficient saturated permeable
material to yield sufficient quantiti{ies of water to wells
and aprings.

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

A term applied to all rocks or substances composed of clay
minerals or having a notable portion of clay in their
composition; examples are shale and slate,

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

A term applied in the arid and semiarid southwestern U.S,

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

ash-flow tuff

atmospheric
dispersion

atmospheric

stability class

atomic energy
defense activity

austenitic

backfill,
backfilling

background
radiation

bajada

barrier

basalt

basalit flow

base metal

A term describing ground water confined under hydrostatic
pressure. The water level in » artesian well stands above
the top of the artesian water hody it taps. If the water
level in an artesian well stamis above the land surface,
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 atrnsyheric diffusion by random
air motions.

An index that indicates the atmcsphere's ability to
digperse airborne releases,

Any activity of the Secretary of Energy performed in

whole or in part in carrying out any of the following
functionga: naval reactor development, weapens actlvities,
verification and control technology, defense nuclear
materials production, defense nuclear waste and materilals
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 occurs as a constituent of
steel under certaln clrcumstances.

The placement of materilals, originally removed or new, into
the excavated areas of a mine, including waste—emplacement
holes, drifts, accessways, and shafts.

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

A broad, gently inclined detrital surface extending from
the base of mountain rangee out into an inland baein,
formed by the lateral coaleacence of a 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 igneous rock usually formed from
lava flows and compesed 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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basement rock

basin

Basin and
Range
province

bedding

bedrock

benchmarking of

computer codes

bentonite

berm

beta particle
biological
half-life

biotite

blind-hole
driiling

block faultinrg

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.§5. characterlzed by a
series of tilted fault blocks . .rming longitudinal,
asymmetric ridges or mountalus . 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 simulations obtailned
with DOE codes are compared to those 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 Independent 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 geveral
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 baaal cleavage.

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

A type of vertical faulting in which the cruat 1s divided
intoc 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

30,0018

A pipe or flexible tube that zonducts air or other gas

laden with cuttings from the collar of a borehole to a

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

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

A community that experiences i1 sudden rapid growth and
expansion.

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

A test that measures 1n situ rock-mass deformation through
the application of unidirectional pressures to the oppoaite
sides 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 containing at least 5 percent boric
acid and used to solidify commercial or defense high-level
wastae,

A corridor that runs at an angle to 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 teo
isolate numerous Zzones.

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 frequenciles.

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

caleite

caldera
caliche
Cambrian

candidate site

caniater

capable fault

capillary Eriunge

caprock

carnallite.

The car or platform of a mine hoiat used to carry mem or
materials,

Material heated to a temperature felow its imelting point
to bring about loss of moilsture #nd oxidation.

A common rock-forming milneral (< (s} that is usually
white or gray. It is the chief natituent of limestone
and most marble,

A large basiu~shaped volcanic ¢wy ression, more or less
circular.

Gravel, sand, or degert debris cemented by porous calcium
carbonte; also the calcium carbeonate itmelf.

The oldeat of the periods of the Paleozoic Era, which
lasted from 570 million to 500 nilllon years ago.

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

A metal vessel for conasolidated spent fuel or solidified
high~level waste. Before emplacement in the repository,
the canister will be encapsulated in a disposal contalner.

A fault that has exhibited one or more of the following
characterlistice, as 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 & recurring. . .
nature within the past 500,000 years, (b) macroseismicity
instrumentally determined with records of sufficient
precision to demonstrate a direct ralationship 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 leas than atmospheric pressure and that is
continuous with the water below the water table.,

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

A white, brownish, or reddish mineral, KCl.MgCl,.6Hz0.
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carbonate

casing

cagk

catchment area

Cenozoic

chronic intake

cinder cone

cladding

cladding hulls

clastic rock

clay

clinoptilolite

A mineral compound characterized by a fundamental anlonic
structure of €03*. Calcite (CaC03) is an example
of a carbonate.

{1} A liner in a shaft or boreho's to prevent entry of
loose rock, gas, or liquid, or t. prevent the loss of
circulating liquid into porous, ¢evernous, or fractured
ground. (2} The process of ine: rting casing intc a
bnrehole. '

See "shipping caak' and “trans.er cask.”

As appliied to an aquifer, the reciiarge area and all areas
that contribute to it,

The latest of the eras into which geologic time, as
recorded by the astratified rocks of the earth's crust, is
dividedj this era is considered to have begun about 65
million years ago.

A pontinuous inhalation or ingestlion exposure lasting for
days or years.

A conical hill formed by the accumulation of cinders and
other pyroclasts around a volcanle 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 apent fuel is

‘removed from them for processing.

Any deposit that is composed of fragments of preexisting
rocks or of solid praoducts 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 gilicates. 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 zenlite mineral assoclated with other
zeolites; 1s also a widespread alteration product of
intermediate to acid volcanic glass and occurs as a
mineral:in sedimentary rocks, especlally tuffaceous
sandstones. It 1s a potassium-rich varlety of the mineral
‘heulandite 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 pyroxenes crysgtallizing in the
monoclinic system and sometimes ~cuntaining considerable
calcium with or without aluminum and the alkalies.

Final backfilling of the remainin; open operational areas
of the underground repogitory fac¢ j.ity and boreholes after
the termination of waste emplacer..nt, culminating in the
aealing of shafts,

An experimental constant dealin; with forces when two solid
bodies that are in contact slide ¢ tend to slide on each
other. The constant depends largely on the roughness of
the mating surfaces.

Origlinating or existing over the same period 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 force of gravity.

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

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

A general term applied to the accumulation of loose
incoherent soll and rock materlal 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 cubic 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 combination of cations 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 agnifer

conf inement

confining unit

constitutive

model

contact-handled
transuranic
waste

containment

container

contamination

continuous mining
machine

A physical description of a aystem devised to show
property varlations 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 confi -ed ground water whose
pressure is usually greater then atmospheric pressure
throughout.

As pertaing to radivcactivity, t e confinement of
radioactive mgterial within gome specified bounds;
confinement differs from containment in that there
absolute physical barrier.

is no

A body of impermeable or distinctly less permeable
material astratigraphically adjacent to one or more
aquifers,

A mathematical model of a material or a proceas that
expresses its essentigl quality or nature, A constitutive
model is expressed by constitutlive equations that
mathematically express the reletionship between the
quantitias of interest (e.g., constitutive equations
establishing a linear elastic relationahip between stress
and atrain).

Transuranic waste, uaually contained in metal drums, whosge
surface-radiation-dose rate (lesa than 0.2 rem per hour)
is sufficiently low to permit direct handling. 5Such waste
does not usually require shielding other than that
provided by ita container.

The confinement of radiocactive waste within a deeignated
‘boundary.

The metal envelope 1in the waste package that provides the
primary containment function of the waste package and is
designed to meet tha contaiument requirements of

10 CFR Part 60.

- The presence of radioactlve material on the outside
surfaces of a transportation vehicle, a shipping camk,
repository equipment, or a waste disposal container.

A machine equipped with a 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 more than 5 kilometers in any
direction from the outer boundary of the undergrcund
facility, and the underlying subsu-face, which area has
been committed to use as a geolog!- repository and from
which incompatible activities wou’d he prohibited before

and after permanent clostre.

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

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 radioactivity and
heat emigsion to acceptable levels. Synonymous with aging.

A& cylindrical section of rock, usually 5 to 10 centimeters
in diameter and up to several meters Iin 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 immoblle.

Slow deformation (alteration 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 neutrong present in one
generation cycle equals the number generated Iin 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 of 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

8 0

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

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

The total number of curles of ridfoactivity 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 1ts 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 Darey's law,

Characteristic of & fine-grained extrusive rock with the
same general compoeition as andesite but having a less
calecic feldspar (dacite}.

A unit of measurement of permesbility equivalent to the
passage of 1 cublec centimeter of fluld, flowing in 1
gecond under 1 atmoaphere 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 size,.

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 numbaer 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 radioactive disintegrations in succession
from one nuclide to another until a stable daughte

-product 1s reached. :
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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 is 20 micropascals,

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

The permanent removal from serv: z.: of surface facilities
and compenents necessary only f«: preclosure cperations,
after repository closure, In acco: lance with regulatory
requirements and environmental policisa.

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

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

Radicactive waste derived from the manufacturing of

‘nuclear weapons and the operation of naval reactors.

A gamma~gamme log used to indicate the varying bulk
dengities of rnake penetrated in drilling by recording the
amount of back-scattering of gamma rays.

The sum of the processes that result in the wearing away
ar the progressive lowering of the earth's surface by
various natural agentg, including weather, ercsion, mass
wasting, and transportation.

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 facllity and the values or
ranges of values for controlling parameters.

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

.earthquakes or flood) 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 a 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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detritua

deviatoric str.ss

devitrification

diagenesis

diapir

diapiriem

diastrophism

diffugion
dike (geologic)

dip

dip-slip fault

direct work force

discharge point
{or area)

discontinuity
(seismologic)

dispergion

Loose rock or mineral material removed directly by
mechanical means or depoaited at another site.

In the engineering digcipline »*¥ rock mechanics, the
differonce between the major p-incipal atress and the
minor principal stress.

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

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

A geologic flow structure, either a dome or an anticline,
in which overlying rocks have been ruptured by the flow
upward of a plastie 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 inclired 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 is no horizontal componant -
of movement parallel to the astrike.

People hired for jobs at the repository.

In ground-water hydraulics, 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 repository of high-lavel radioactive
waste, spent nuclear fuel, or oiher highly radiocactive
material with no foreseeable intant of recovery, whether
or not such emplacement permits ihe recovery of esuch
wasta, and the isolation of guch wagte from the accessible
environment,

See ''repository system."

A condition that, if present at & alta, would eliminate
that site from further consilderai .on.

Any ection that could breach a barrier.

A process of chemical weathering by which minerals and
rocks are dissolved in water,

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

The ratio of the concentration of a solute sorbed by i¢on-
exchange substances (e.g., earth materials, particularly
claya) to the concentration of the solute remaining in
solution. A large diatribution coefficlent implies that
the substance is readily sorbed and 1e redissolved

slowly. The concentration of a materlal in the solid
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 shafte,
whose physical or chemical properties are predicted to
change as a result of underground fa¢llity consgtruction or.
heat generated by the emplaced radigactive waste such that
the resultant change of properties could have a
gignificant 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, elther circular or
elliptical, in which the rock dips gently away in all
directions.

A digpiric or plercement structure with .a central plug

that has risen through the encloaiug sadiments from a deep
mother bed of salt. . o,
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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 iutake of radio-
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 describe the -“fectiveness of a given
unit of absorbed radiation dose. The unit of dose
aqulvalent is the rem.

The limit established by the Eav 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 area 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 competent 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 proglacial meltwater.

A method of mining in which small-diameter holes (lesgs
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 Intervals when each
interval 1s first penetrated by a borehole. This testing
takes place before a borehole 1s completed to its total

A cyllindrical 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-gtem test
ductility
earthquake
ecogyatem
ecotone

effective porosity

Eh

elastic modulus
(modulus of
elasticity)

electrical
reslstivity

emplacemant

employment
multiplier

endangered specles

engineered-
barrier system

environmental
assessment

A test of the productlive 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 r::tures,

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

An ecologic system compesed of »-ganisms and their
environment,

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

The amount of intercomnected pore: space and fracture
openinga available for the transwisaion 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
crosa—sectional area of a material.

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

A flgure based on the estimated ratio 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 specieg
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, radioactive-waste
containers, material placed over and around such
containers, any other components of the waste package, and
barriers used to seal penetrations in .and 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
eartuquake)

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; especi:i’.ly sald of sediment
deposition by the wind, of atr:ztures like wind-formed
ripple marks, or of ercsion ar omplished by the wind,

A stream or portion of a strean that flows briefly in
direct response to precipitat cn in the immediate vicinfty
and 1s dry during some or mos{ *f the year. Its channel
is 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 digtance of 1 centimeter.

The wearing-away of so0ll and rock by weathering, mass
wasting, and the action of estreams, 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 sloping 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 avaperation,
especially salts deposited from a restricted or enclosed
body of seawater or from the water of a salt lake.

The area gurrounding a nuclear facility in which the
licensee has the authority to control all activities,
ineluding 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 is predicted to
function, considering those conditions, processes, and
events that are likely to prevail or may occur during the
time period of interest. :
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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 hosat rock to the depth of

the repository. The shafts wil!l 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 rock :emoved to the total
amount of rock available in a -iven area.

Igneous rock that has been erupt. i1 onto the surface of the
earth.

The aspect, appearance, and chairucteristics of & rock
unit, usually reflecting the corulitions of its originm,
especlally as differentiating the 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 lies beyond the
near field.

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

4 structural 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 sets 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

fission (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,
cateium, barium, rubidium, sgtrontium, or lron. Feldspars
are the moast widespread of any uinaral group and
constitute 60 percent of the esrth's crust.

Containing feldspar as a princ nal constituent.
Containing iron and magnesiur,
A conclusinn that is reached :f'er evaluation.

A computer code that uses the finite-element method.

The finlte-element method is a method of numerical
analysis that dividea a regilon 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 discreet points within
the region of interest.

The division of the atomic 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 used for the determination of in situ
stregaes or rock-mass deformability.

Areas gugceptible to flcoding by precipitation-, wind-,

or earthquake-induced floods (i.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 lowland and relatively
flat areas adjoining inland and coastal waters, including
the flcod-prone areas of offshore Islands and, &t a
minimum, the area that i1s subject to-a 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 {(gquantity per unit area per
unit time).

- A double~couple golution obtained:by using the first

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

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 essentlally linear reglon that has been subjected to
folding or deformation.

The bhasic rock-stratigraphic unit in the local classi-
fication of rocks. It coneists cf & body of rock
generally characterized by some d¢:iyree of internal
lithologic homogeneity or distin. rive features.

A ganeral term for any break or d’scontinuity in & rock
caused by mechanical failure re ulzing from stress,
whether or not 1t causes displace ~ent on elther side large
enough to be vigible to the unaided eye, It may be &
joint, fault, or flssure caused by geological or
mechanical procese and can range from microscopic to
macroscoplc and megascopic scales.

The capacity of a fracture for transmitting a fluild;

it ia the measure of the relativi: ease of fluid flow under
unegqual pressure,

An assembly of nuclear-fuel rods. Algo called "fuel
element."

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

See '"fuel assembly."

A long slender, cylindrical tube of stainlese steel or
Zircaloy contalning nuclear fuel in the form of uranium
oxide fuel pellets. Also called '"fuel pin.”

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

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

A vent, usually volcanlc, from which gases and vapors are
emitted; it 1s characteristic of a late stage of volcanic
activity.

Electromagnetic ionizing radiation that 1s emitted during
some types of radiocactive decay processes. Gamma
radiation can penetrate various thicknesses of absorbed
material, depending mainly on the energy of the gamma ray
and the composition of the material. Gamma radiation is
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
operationa
area

See "slting guidelines."

The study of the distributlon ..:d amounts of the chemical
elements in minerals, ores, ro.«8, soils, water, and the
atmosphere and the chemical In:eractions between these
phases.

The mtudy of time in relatioritip to the history of the
earth.

A gurvey of a large land area i which account 1s taken of
the shdpe and size of the earth and corrections are made
for the earth's curvature,

The applicatlon of geologic data, principles, and
techniques to the atudy of naturally occurring rock and
soil materials or ground water for the purpose of ensuring
that geoleogle factors affecting the location, planning,
design, conetruction, operation, and maintenance of
engineering structures and the development of ground-water
resources are properly recognized and adequately
interpreted, used, and preaented for use in engineering
practice.

The ayatem of hydrologle units that 18 located within
a glven geologlc setting.

The geohydrologic units within a geclogic setting,
including any recharge, discharge, 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 unite 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 lsolation of the
radioactive waste and 1s located within the controlled
area; '

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

s repogitoryy ineluding both surface and ‘subsurface areaa

and facilitiea where waste-handling activities are
conducted.
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geologle setting

geologic system

geclogic time
scale

geomechanics

geomorphic
processes

geomorphology

geophone

geophysical

geophysical
anomaly

geophysical log

geophysical

survey

geosyncline

geotechnical

8
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The geologlc, hydrologic, and geuchemical systems of the
reglon in which a geologlc-repository operations area ia
or may be located,

The host rock or host-rock unitg und surrounding rocks
that provide radicnuclide containceut and isdlation.

A system of subdividing geologic ‘ime, usually

pregsented in the form of a char howing the names of the
various divisiong of time, stra iiraphy, or rock as
currently understood.

Tha branch of geology that deals w#ith the response of
earth materials to deformational forces and embraces the
fundamentals of structural geology.

Geologic processes that are responsible for the general
configuration of the earth's surface, including the
development of pregent landforme and thelr relationshipa
to underlying structures, and processes that are
responsible for the geologic changes recorded by these
surface features.

The branch of geology that deals with the general
conflguration of the earth’s surface} specifically, the
study of the classification, description, nature, origin,
and developmant of landforma.

See "seismometer.”

Partalning to the properties of the earth related to its
structure, ¢omposition, and development.,

An area or restricted portion of ilnformation derived from
a geophysical gurvey that ig different in appearance from
the general pattern of information.

A graphic record of the measured or computed physical
characterigtics cof the rock section encountered in a well,
plotted as a continuocus function of depth.

The use of one or more geophysical techniques, such as
earth current, electrical, gravity, magnetic, or seigmic
surveys, to gather information on subsurface geology.

A large, generally linear trough that deeply subsided over
a long period of time and in which a thick sequence of
stratified sediments accumulated.

Pertaining to the application of sclentific methods and

engineering principles to the acquisition, interpretation,
and use of knowledge of tha materials of the earth's crust.

G-25



geothermal
gradient

geotransport

gouge

gneiase

graben

granite

granite wash

grants equal
to taxes

gravity survey

Great Basin

ground magnetic
survey

ground motion

83:0:0 0 8

The rate of increase in temperature of the earth with
depth. The average geothermal pradient im the earth's
crust is approximately 25°C per “ilometer of depth.

Movement of radlonuclides throu;’s subsurface solls and
rocks, especially the movement :f radionuclides in ground
water. Used in contrast ko "bi transport.”
The clay or clayay material L. .. fault zone. Also crushed
rock along a fault slip.

A foliated rock formed by reglor.al metamorphism, in which
bands of granular materiale altornate with bands of
minerals with elongate prismat.c habit.

A usually elongated depression of the earth's crust
betwean two parallel faults.

A medium- to coarse-grained intrusive igneous rock
conslsting primarily of feldspsr and quartz.

A drillers' term for material eroded from outcrops 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 site for a
repository ie approved equal to the amount such State and
unit of general local government, respectively, would
receive were they authorized to tax glte 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 gravitaticpal field at a
geries of different locationa. The purpos:= is to
asgociate gravitational wvariations with differences in the
distribution or densgities of rock and hence rock types.

A subdivislon of the Basln and Range province, located in

southern Nevada in a broad dedert region. The Yucca
Mountain aite is 1n the Great Basin.

A determination of the magnetic field at the surface
of the sarth by means of ground-based instruments.

The displacement of the ground due to the passage of

elastic waves arising from earthquakes, explosions,
selsmic shota, and the like.
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ground water

ground-water
basin

ground-water flux

,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 maturatad,

An underground structure with the character of a basin
with respect to the collection, 1:tentlon, and cutflow 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 is absorl d by the ground and
later added to the zone of smaturailon.

The time that ground water remalus 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 a unit volume of ground water

to travel between two locationse. 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 direction 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 dlscrete gegment.

A mortar or cement-and-water mixture that is used to seal
the walls of boreholes and shaftas.

See “giting guidelines."

A region in northeastern Texas, northern Louislana, and
south-central Mississippi 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 takesa for one-half of the radioactive 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 emisgion

heavy metal

high-level
radicactive
waste

High Plains
aguifer

highly populated
areda

historical
selsmicity

Holocene

Hooke's law

A DOE reservation covering nearly 600 nguare miles in
south-central Washington. A portion of this reservation
has been identified as a potentially acceptable site in
basalt and is called the "Hanfrd site'" or the "reference
repository location,®

See "hydraulic potential' or " hydraulic head.™

The steel or timber frame at t'.e top of a shaft that
supports the sheave or pulle fur the hoisting cables and
serves other purposes.

For the purpose of establishing waste~package acceptance
criteria, the total amount of peat dissipated from a
package of radioactive waste.

All uranium, plutonium, 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
products in sufficient concentrations; other highly
radioactive material that the Nuclear Regulatory
Commission, consistent wirh existing law, determines by
rule to require permanent isclation.

An unconfined aquifer consisting of the Ogallala Formationm
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 decennial
reports of the U.S. Bureau of the Census) of 2,500 or more
persona, 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 "plsce' 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 definite positior. or interval im
the stratigraphic column. {2) fa this document, a
gpecific underground level or elevation,

The rock 4in which the radioactis:: waste will be
emplaced; specifically, the geo! »glc materlals that will
directly encompass and will be .1 close proximity to the
underground repository.

4 highly shielded compartment n which highly radicactive
material can be handled, general 'y by remote control.

A storm whose intensity la such, on a statistical basls,
that it is expected to recur on.y once every 100 years.

The rate of water flow through a given cross section of
rock in a unit time under a unit hydrauiic 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 gea level to which & eplumn of water can
be supported by the static pressure at that point. The
total hydraulic¢ head 1s the sum of elevation head,
pressure head, and veloclty head,

An engineering discipline that deales with the statics and
dynamice of flulde. .

Any soill or rock unit or subsurface zone that affects
the storage or movement of ground water by its porosity or
permeability.

A graph showing stage, flow, velocity, or other
characteristics of water with regpect to time.

The process of using a mathematical representation of a
hydrologic system {as embodied in a computer code) to
predict the flow of ground water,

Any hydrologic phenomenon that exhibits a contilnuous
change in time, whether slow 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, effective porosity, specific
retention, permeability, and the directions of maximum and
minimum permeabilities.

The distribution, characteristics, and interrelationships
of the aqueous components of the geologic envirounment.

G~-29

a:nNnin 08 I I



hydrologic
transport

hydrology

hydrostatic
pressure

hydrostrati-

graphic nit

hydrothermal

hydrothermal
alteration

hydrothermal
reactions

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 atisephere through
evapotranapiration or flows inio the ocean.

The pressure exerted by the wu .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 a geologic fremework for a reasonably
distinct hydrologle system,

An adjective applied to heate¢ or hot solutions, to the
processes with which these solutions are associated, and
to the rocks, ore deposita, snd alteration products
produced by these solutions.

Alteration of rocke or minerals by the reaction of heated
water with preexisting solld phases.

The reaction of materials 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 exploaive volcanic 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 injtial 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 a 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 impede the movement
of their radionuclides.

The engineered structures, systems, and components
eggential to the prevention or m!ilgation of any accldent
that could result in a radiation .oge to the whole body or
an organ of 0.5 rem or more at 0: wayond 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 thelr families purchasing goods
and services in the area. It ig multiplied by the project
employment to give indirect employment growth.

People hired for jobs that are available becauase of the
repository location but not at its facilitles; for

example, jobs with repository suppliers, town services, or
retail business.

The hardening of rock material by heat, pressure, or the
introduction of aome cementing material.

Workers and their familiege relocating permanently or
temporarily to the vicinity of the site. During
construction 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 measured in the

laboratory.

The magnitude and state of ground stress in a rock mass.
The inherent stress in a rock mass at depth

Tests that -are conducted with the subjéct 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. :

5-31



instrumental
selsmicity

intensity
{earthquake)

interbed

intercalatec

interatice

intrusive

inversion

ion exchange

ioniging
radlation

iaclation

igolation barrier

isopach

igopach map

isopleth

Earthquakes recorded on a seismograph (an instrument
designed to detect and racord earthquakea).

A measure of the effects of an earthquake on people, on
atructures, and on the earth's nurface at a particular
location; quantified by a numer't¢al value on the modified
Mercalli scale,

A bed of one kind of rock materianl, typically relatively
thin, occurring between or alt :rpating with beds of
another kind,

Occurring between 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 condition where a lower layer of cool air ia
trapped below an upper layer of warm air so that the
cooler air cannot rise. Since inversions spread air
horizontally, contaminating substances cannot be widely
diasperaed.

A chemical reactlon in which mobile jons from a solid are
aexchanged for ions of like charge in a golution.

Any radiation dlsplacing electrons from atoms or
molecules, thereby producing iong (e.g., alpha, beta, and
gamma radiation).

Inhibiting the transport of radioactive material so that

the amounts and concentrationa 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 radiocactivity from entering the

.biosphere,

4 line on a map drawn through pointg 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
rFspect to space or time.
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izsotherm

doint

Ka

kinematic
analysis

Ldn

Leu

lacuatrine

Lahontan
latite

leachate

leaching

leakage

level 1

level 2

g1

'-vatying sound energy. : S

A line joining data points on a map or chart having the
same temperature. :

A purfece of fracture or parting ir rTock, without
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 '@ ctrainej it is based on
geometric analysils plug 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 leve]l with a 10-dBA penalty applied for the nightime
hours (1{‘) pcmo LO 7»8.."1,)-

Energy-equivalent sound level: the average of the time-

Sy

Pertaining to, produced by, or inhabiting a lake or lakes.

- Pertaining to a Plelstocene lake of the' Great Baein. Also .
~a glacial stage- cortelative to' the Hiscbnsin (see also

~ "Wiaconein')..

A porpnyritic extrusive rock with nearly equal amounts:of:.

plagioclase and potassium feldspar, little or no qua¥ts, -
and a finely crystalline groundmass.
A sgolution obtained by leachingi for example, water that
has percolated through soil containing soluble substances
and thus contains certain amountes of these substances in
solution.

-:The: digsolution of soluble constituente of a solid
material:(e.g., the waste to be emplaced in a repository)}
by the action of percolating water or:chemicals.

- ...Ground~water £low across or through a rock zone of low:
. .perméabllity. a

A spocific finding on a disqualifying condition as

"~ degoribed in Appendix III of the giting guidelines. A -
level 1 finding means "“the evidence does not support a
finding that the site 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 aite ia not -dlequalifled on, the basis of that
evidence and is not likely to be diequalified.'
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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 suppnrt a finding
that the site is not likely to weet the qualifying
condition.”

A specific finding on a qualify ing conditlon as described
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 concitzon and 1s likely to
continue to meet the qualifying ~ondition.®

An application for & 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 alteration of vegetable
material has proceeded farther than in pedat, 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 & solid due te 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, minezail
compbsition, grain size, 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 opverlying rocks.

A homogeneous ungtratified deposit of windblown dust



log

logging

low~-level
transuranic
waste

low~level wagste

mafic

magma

magnetic survey

magnetometer

magnetite

magnetotelluric
method

magnitude

man-rem

A record that shows the character of rock being drilled,
the drilling process, the drilling tools 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 transuranir *aste."

Radiocactive materlal that is not high-level radioactive
wagte, spent nuclear fuel, trenacranic waste, or
by~product material as defined in Section 1la(2) of the
Atomic Energy Act of 19354,

Said of an igneous rock composed chiefly of dark
ferromagnesian minerals.

Naturally occurring mobile rock wmaterial, generated within
the earth and capable of extrusion and intrusion, from
which igneous rocka are thought to have been derived
through solidification 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 measures 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 rocks of all types.

A geophysical surveying method that measures the natural
electric and megnetic fiaelds. of the earth.

The measure of the strength of an earthquake; related to
the energy released in the form of selsmic waves.
Magnitude is quantified by & numerical value on the
Richter scals.

The unit of population dose. It is obtained by
multiplying the average dose eguivalent 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

medostasis

Meaozoic

metamorphic rock -

A hypothetical person who is exposed to a release of radio-
activity in such a way that he receives the maximum
possible individual radiation dose or dose commitment.

For instance, if the release i a puff of contaminated

air, the maximally exposed inds vidual is a person at the
point of the largest ground~lev:i concentration and stays
there during the whole time th contaminated-air cloud
remalns above. This term 18 n.. meant to imply that there
really 1s such a personi it i- .sed only tec indicate the
maXimum eXposure 4 peraon cou d receive.

The strongest earthquake that, considering the earthquake
history and the tectonle setting of a place, could be
reasonably expected to occur during the preclosure and
postclosure phases of a repositury.

The greateat lowering of the water table or potentiometric
surface causad 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 expoaed individual, is one whose
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
1imits on external or internal radiation doses.

Any individual who is not engaged in operations involving
the management, atorage, and disposal of radicactive
waste. A worker so engaged 1s 3 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 percaived by pecple.

. The lagt~formed. interstitial material of an igneous rock. -

. An era of geologic time, from the end of the Paleozoic to

the beginning of the Cenczolc, or from abeut 225 millien
to about 65 million years ago.

All vocka that were formed in the -solid state in response

: to pronounced changes in temperature, pressure, 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 0 measeure wind speed,
wind direction, temperature at :ifferent heights, dew
point, etc. :

A group of minerals consisting of complex silicates with
perfect basal cleavage; they spl:. into thin elastic
laminae and range from colorless to black.

An earthquake that ig not felt or has a magnitude of less
than 3 on the'Richtar scale. . Alyo called "microseigm."

A unit of measurement of fluid permeab1lity equivalent to
0.001 darcy. - -

1 millirem 18 1/1,000 of a rem,

Sea "repeository system.'

A naturally occurring inorganic element or compound with
an orderly Internal gtructure and a characterigtic
chemical compogsition, 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 Period, 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 actlon 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
pollutants 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 roek,
usually expressed in weight or volume percentage. Sea
“conceptual model,” "tectonic smodel.”

A& conceptual description and tii: associated mathematical
representation of a system, co:ivoient, or condition, It
1s used to predict changes in " dystem, 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 waste-emplacement area to
the accessible envircnment.

See 'hydrologic modeling.*

Routine measuring of the quantity and type of radionuclide
releases from a waste~management, 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 divigions ranging
from I (not felt by people) to XII (damage nearly total);
commonly abbreviated MM.

A term used for materisls that deform in a 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 1{s 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 actse to
contain and isolate the weate.

G-33

g 0:0:08"° 1 12 6.



multiwell aquifar
teati

natural backgrou:d
radiation

natural barrier

natural gamma log

natural sysatem

near fileld

neutron log

nevtron probe

Nevada Test Site

noble gases

nonconformity

nonradiological
risk

normal fault

A teat to determine an aquifer's capaclity; 1t invelves
adding or withdrawing measured quantities from more than
one well and measuring the resulting changes in hydraulic
head.

See "background radiation."

The phyaical, mechanical, chemi:. 1, and hydrologic
characterlaticea of the geologic «avironment that,
individually and collectively, it to minimize or preclude
radionuclide tranaport.

A log of the natural radicactivity of the rocks traversed
in a borehole obtalned by measu: ing naturally emitted
gamma rays.

A host rock suitable for repository construction and waste
emplacement and the surrounding rock formations. Includes
natural barrlers that provide coutainment 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 geohydrologlc system has been
significantly perturbed by the excavation of the
repository and the emplacement .of the wasate.

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 source.

A probe used to measure the intensity of radiation for a
neutron log.

An area in Clark and Nye Countiles in southern Nevada;
it is dedicated to the underground testing of nuclear
weapons.

A group of gases that includes helium, neon, argon,
krypton, xenon, and sometimes radon. Also known as lnert
gases, these gases 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.

G~39

ke e o % [ s D ;



occupational doge

operational phau.:
orogenic

outcrop
overburden

overcoring

overthrust

oxidation-
reduction
reaction

packaga

packer

packer-injection
tests

paleoclimate:
paleoecology

palechydrology

paleomagnetism

- mass..

The radiation dose received by a parson in a regtricted
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.

Of or pertaining to the process of mountain formation,
eapeclally by folding of the ealth‘s crust,

The part of a geologic formatiur 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 compeonents in a rock

The process conasists of irilling a small-~dlameter
borehole and inserting daformat.on-semeing devices. A
larger heole .18 then drilled concentrilcally with the first
holia, which relieves the stress in the rock cylinder. The
measured deformations are related to .8tresses through
elastic relationships., - -

A low-angle thruset fault of a large scale, with

:dieplacomant genarally measuraed in kllometers.

ooy chemioal reaction in which ona or more electrons are

transferred between two or more chemical congtituents of

-%the ‘Byatem. '

Sy

- Bee '"waste package."

A device used in drilled holes to igolate 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 atudy of life of the geologic past based on fossilized
plant and animal remains,

A buried soill of the geologic pas™.

The ¢ra of geologlc time, from th= end of the Precambrian
to the beginning of the Mesozolc vy from about 570 million
to 225 million years ago.

Pertaining to a marsh or swamp.

The study of spores, pollen, and .:lcroorganisms that occur
in sediments.

A colleetion of underground rooms connected by a common
access and common ventilation corridors.

A 25,900-gquare-kilometer (10,00)-aquare-mile) area in
southeastern Utah and southwestern Colorado; it is
underlain by bedded salt and a series of salt-core
anticlines, The Davis Canyon site ig in the Paradox
Basin,

Flnely divided particles suspended in a gaseous medium,
guch as duat In air,

A structural and topegraphic basin in the western Columbia
Plateau. The Hanford Site and the reference repomitory
location are in the Pasco Basin,

(1) Permanent markers placed at a diasposal site,

(2) Public records or archives., (3) Federal Government
ownarship or control of lend use. (&) Other methods of
preserving knowledge about the location, design, or
contents of a disposal system,

Ac related to waste disposal, possible or potential routes
by which wastes might reach the acceesible 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 percolating 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 soll; i.,e., the alow
seepage of water through soils 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 & system

or eystem component under a given set of constant or
transient conditions. For the repository, such an
analysis identifies the evants and processes that might
affect the disposal system, ex:urines their effects on its
barriers, and estimates the prihabilities 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 objectlives can be met,

A criterion estalblishing qualitarive operational, safety,
or enviroumental limits.

Partaining to the areas, conditions, 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 interconnacted.

A region in the Central Unlted States where, during
Permian time 280 to 225 million years ago, there were many
shallow seas that lald down vast beds of salt and other
evaporites. The Deaf Smith site ia in the Permian Baagin.

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 dealg with the description and

. aystematic clagaification of rocks, eampecially igneous and

meiamorphic rocke and especially by the microscopic
examination of thin sections.

The branch of geology that deals with the origin,
occurrence, structure, and history of rocks.

A measure of the acidity or alkalinity of a solution.

A term applied to any large, consplcuous crystal in an
igneous rock. : :

Any rock that contalns one or more phosphatic minerals,

:eapecially apab1te.

The science and art of cbtaining reliable measurements
from photographs. S

G~42

g 0008 ! N I S



physilography

physiographic
province

plezometer

plezometric
gurfaca

pillar

plasticity

plate bearing test

platform

plays

Pleistocene

Plioccene

plug {(geologic)

plug {shaft
or borehole)

The descriptive astudy of landforms as oppcsed to
goeomorphology, which is the Interpretive study of land
forms.

A reglon in which all parts are rtamilar in geologic
structure and climate and which e¢nnsequently 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 enables it te undergo.
pernanent deformation without appreciable volume change or
elastic rebound without rupture,

A procedurea performed in small tunnels or adits to
measure the deformation characteristice of a rock mass.

-+ A general term for any level or nearly level surface under

water.

The sLowest central 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 etream channel abandoned by
the formation of a cutoff.

A watertight seal in a ghaft 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.
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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 episode, change, process, deposit, or
feature resulting from the action or effects of rain,
Almgo said of a climate characterized by relatively high
amounts of precipitation, More troadly, pertaining to
rain or other form of precipitat:-mn.

A source of effluents small engs:¢h to be treated as if it
were a point.

Any material that has a high n u:.von-absorption croes
section and, by absorbing neutts.s unproductively, removes
them from the fisslon 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 longltudinally
within ite elastic limit.

A densely populated area of 25,{00 or more inhahitants.

The sum of the radiation doses 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 liquid, within the rock or soil.

The ratio of the total volume of interstices in rock or
soll to its total volume, usually expressed as a
percentage.

A record of pore volume per unit volume of formation; it
is made from a sonic log, denslty log, neutron log, or

‘registivity log.

A texture of igneous rock in which large crystals are set
in a finer groundmasa that may be crystalline or glassy or
both.

Of or pertaining to the time, conditions, or events after
the closure of the repository.

Water that is safe and palatable for human use,

Any slte at which, after geologic studies and field
mapping but before detailed geolegic data gathering, the
DOE undertakes preliminary drilling and geophysical
tepting for the definition of gite 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 ity effect on the expected
performance of the repcsitory 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 maximum
flood

probable maxlmum
precipitation

protected area

a.n-.n

Natural processes and events or processes and eventa
initiated by human activitleg, affeeting the geologle
setting that are judged to be reasonably uniikely during
the period over which the intended performance objective
must be achieved, but are neverth:leas sufficilently
credible to warrant consideration.

The surface to which water from : given aquifer willl

rise by hydrostatlc pressure., Th'e surface is usgually
represented as a contour map in «hich each point tells how
high the water would rise in a wa'l tapping that aquifer
at that point,

All geologle tlme, and ite correésponding rocks, that
aelapsed before the beginning of the Paleozolc era (the
Paleozoic era began about 570 million years ago).

The process by which mineral constituents are separated
from magma or from a solution 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 pertaining to geologlc conditlons 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 characteristice
for producing agricultural crops with minimum use of fuel,
fartilizers, 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 it excludes lend already
in, or committed to, urban development or water storage,

A statistical representation of the greatest flood
expected ever to occur at a specific location.

A statistical representation of the most prec1pitat1un s
that can reasonably be expectad in a glven area., ' !

An area encompassed by physicel barriere and to which
personnel access 1s controlled,
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protected specien

pumice

pyroclast

quadrangle
{geologlc)

qualified site

qualifying
caondition

quality assurance

guality control

quartz

quartzite

Quaternary faulta

Quaternary Period

rad

radiation
(lonizing)

80708 : %1 3

Flants and animals officlally listed by the U.S., Fish and
Wildlife Service., Species listed by the States ag rare,
threatened, or endangered are u2t included unleas they are
also on the Federal list.

A light-colored, cellular, glasyy rock commonly having the
coemposition of rhyolite.

An individual particle ejected .uring a volcanic eruption.

A tract of country represente¢ iy one of a series of map
stteets published by the U.S, Cut "oglcal Survey.

A pite that, having been characterized, is considered to
be technlcally suitable for a ripository.

A condition that must be satisfied for a site ta be
considered acceptable with respect to a specific siting
guideline.

All the planned and systematic actions necessary to
provide adequate confidence that a structure, system, or
component is constructed to plans and specifications and
will perform satinfactorily,

Quality-assurance actions that provide a means to control
and measure the characteristics of an item, process, or
facility to established requirements.

Cryatalline silica ($i02); an important rock-forming
mineral,

A metamorphic rock conslsting mainly of quartz grains of
equal size, formed by the recrystallization of sandstone
by regional or thermal metamorphiam.

Faults that formed or experienced movaement 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
present.

The basic 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.

Particles and electromagnetic¢ energy emitted by nuclear
transformations that are capable of producing ions when

interacting with matter; gamma rays and alpha and beta
partioles are primary examples.
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radiation zone

radiocactive
decay

radioacrive
material

radioactive
waste

radiological risk

radiolysis

radiometric
dating

radionuclide

radionuclide
retardation

rain shadow

reasonably
achievabls

reasonably
avallable
technology

reasonably
foreseeable
releases

An area that contains radioactive materials or radiation
fleld in quantities significant encvugh to require the
control of personnel entry to tha area,.

See "decay."

In general, any material that sp.ntaneously emits
nuclear particles or rays from tld nucleil of its atoms.

High~level radiocactive waste, sp¢ it nuclear fuel, and other
radioactive materials that are re.eived for emplacement in
a geologic repository,.

A risk derived from exposure to radioactive materials.

The decomposition (splitting) of a chemical molecule
(often the water molecule) by exvnosure to radiatiom.

The calculation of the age of a material by a method that
is based on the decay of radionuclidea 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 interactions between the
radionuclide 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 benefits in
accordance with the National Environmental Policy Act of
1969. (See "as low as reasonably achievable.")

Technology which exists 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 wastes tr the accesgible
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

reduction
(chemical)

redundant
egquipment
or system

regulated area

regulatory agency

regulatory guide

relative porosity

release limit

rem

remotely handled
transuranic
waste

repository

repoaitory
closure

3°p0 0 &

The process by which water is abasorbed and added ta the
zone of saturation, elther directly into a geologic
formation, indirectly by way of another formation, or
indirectly through unconsolidr.ed sedimeunts.

In ground-water hydrology, the <rea where surface water
enters an aquifer.

Sea “oxildation-reduction rea-~t ' on,"
te of an element or

A decrease In the oxidation s~
ohemical compound.

Any pilece of equipment or any svstem that duplicates

the essential functlon of any wvther piece of equipment or
system and can perform the entire function regardless of
the operating state of the other.

An area toc which access is limited or controlled.

The government agency responsible for regulating

the use of sources of radlation or radloactive materials
or emisslona and responsible for enforcing compliance with
such regulations. .

One of n series of official Nuclear Regulatory Commission
guides prescribing standards and recommendations For
nuclear facllities. :

The ratio of the aggregate volume of interstices in a
rock or soll to its total volume. It 1is usually stated as
a percentage.

A regulatory limit on the concentration or amount of radio-
active material released to the environmentj usually
expressed aa a radiation dose.

A unit dose of ionizing radiation that has the same
biological effect as 1 roentgen of x-rays; 1 rem
approximately equals 1 rad for x~, gamms, or beta
radiation. Thus, a rem ig 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 order 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 radioactive materlals 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 scale

rift (geologic)

right-lateral
fault

right-lateral
offzet

riparian

rigk

rock bolt

rock burst

rock-mass 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 alkall foldapar in a glassy to
cryptocryatalline groundmaas (~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 voicaniem,

A fault, the dlaplacement of which 1s right-lateral
separation. In plan view, the spparent movement of the
alde opposite the observer is tc the right.

See "'right-lateral fault."

Relating to or living or located 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 thet occurs when & volume of roek ig
strained beyond {te elastic limlt and the accompanying
failure is such that the accumulated snergy is releaged
instantansously. A rock burat can vary from the splitting
off of small slabs of rock from a mine wall to the
collapse of large pillars, rocfs, or other magsive parte
of a mine.

A degcription of the physical characteristics and
mechanicel behevior of the rock mass. Rock-mass quality
clamgifications are applied empirically to estimate
requirements for underground-excavation suppert and
mechanical properties like the strengbh and deformation
modulua of the rock mass.

A system of mining in which the rock is mined in rooms
separated by pillars of undisturbed rock left for roof
support. : i

Loose, unconsolidated rock conaisting mostly of large,

angular rocks intermixed with a amhll amount of koil or
earthy materiel. ' v :
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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 regulations governing a
particular matter,

The common mineral sodium chloride (NaCl) and any
impurities in it,

See "creep,"

Variously colored sedimentary r¢.: composed mainly of
sandlike quartz grains cementec Ty llme, silica, or other
materials,

That part of the earth's crust Le.eath the water table in
which all voids, large and small, are ideally filled with
water under pressure greater than atmospheric.

An elevated area, underiain by fiat-lying basalt flows,
with a thin soil cover and eparge vegetation that is
crogaed by coulees.

The removal of loose rock from & néwly blasted wall or
roof.

A type of electron microscope that scans with an, .
extremely narrow beam of electrons 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 1obsening the surface of a
material.

A particular chain of hypothetical ¢ircumetances often
used in performance analysis to model pogseible events.

Analytical process that attempta to quantify the
probabilities and congequences of a postulated sequence of
events.

Erogion, especially by moving water.

The process of evaluating an area on the basis of criteria
or guidelines to identify places that best fulfill the
criteria or guidelines,

An engineered barrier to prevent radionuclide migration or
the intruelon of undesirable substances.

The reduction in volume of gediments under constant
prassure that results from changes in the internal
structure of the esediments.

The sectors of the economy that serwve lpcal regidents and
businegsaa., (See "primary sector.")
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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 formed of pediment, especially (a) clastic rocks
(e.g., conglomerates, sandstone, and shales) formed of
fragments of other rock transported from their sources 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).

Pertalning to, characteristic ¢
earthquakes or earth vibrations

"y or produced by

A line on the earth's surface lung which a seismic
reflection asurvey is conducted.

A survey based on measurement of the travel times of waves
that originate from an artificis«lly produced disturbance
and are reflected back to the surface at nearly vertical
incidence from boundaries separpting media of different
elastic-wave velacities.

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.

Seismic data gathered from su area.

The occurrence of earthquakes or the spatial distributilon.
of earthquaske 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 geologlc repository, the penetration of
the natural isolation barrier to provide access to
subsurface facility; it is usually of iimited 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. 7The 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 from entering the shaft.

An undisturbed buffer zone aurrounding a shaft of
sufficlent area, so 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 resisgtance

shear zone

sheave

shleld rocks

shielding

shipping cask

sholkcrete

shrub=-steppe

A horlizontally excavated opening of & shaft at a desired
depth.

A fine-grained detrital sedimentary rock formed by the
compacticn of clay, silt, cor mu’,

(1) A strain that causes contigiaus parts of a body to
ellde ralative to each other ir u direction parallel to
thair plane of contact. (2} Suifaces and zones of failure
by shear or surfaces slong whi‘ differential movement has
taken place.’

The internal reslstance of a 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 wheal at the top of the headframe
that carries the hoislt rope.

Areas of exposed basement rocks in a craton commonly with a
very gently convex surface, surrounded by sediment-covered
platforms.

The material interposed between a source of radlation and
personnel to protect agalnet radiation exposure; commonly
used shielding materials are concrete, water, and lead.

A large, heavily shielded vessel for trensporting fuel
assemblies and radiocactive waate. The cask provides
physical protection to the contents and radiation
protection to its surroundings. Radloactive waste is
transported to the repository in shipping casks.

Cement~based compounds sprayed onto mine surfaces to
prevent erosion by air and meoisture and onto rock surfaces
to stabilize against minor rock falls. Alsoc used to
prevent dehydration and decrepitation.

Distinguished from a true steppe by the presence of forbes,
shrubs, and & 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

siltstone

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°° square 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 liters “er hour (10,000 gallons
per day) to a pumped or flowing well for a period of at
least a yearj 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 filne-grained quartz,
chalcedony, or opal, which may £ill 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 solutlion zone where ground water has. moved
along a joint or fracture system and has washed out or
dissolved underlying material, such ag limestone.

A potentially acceptable site or a candidate site, as
appropriate, until such time ag the controlled area has
been establighed, at which time the site and the
controlled area are the same.

Activities, whether In the laboratory or in the field,
undertaken to establish the geologic conditions and the
rangeg of the parameters 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 suitability 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)

slurry

gmectite

solubility

solute

sonic log

All of the exploration, testing, evaluation, and
decisionmaking associated with site screening, site
nomination, site recommendation, and site approval for
characterization or repository development.

General guidelines for siting geolcgic reposftories;
1ssued by the Department of Enerry as 10 CFR Part 960.

A gtress-induced fallure mechan®s~ 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 pointe on
opposite sides of a fault, measured in the fault surface,

Fragments of rock material from Lhe wall of a barehole
that are washed out of the hole with the return pipeline.

The falling pof loogened rock from the roof or walls of and
umslarground excavation.

The downward alipping of a maes of rock or unconsolidated
material of any size, moving as a unlt or as several
subsidiary units, usually with backward rotation on a more
or less horizontal axis parallel to the cliff or slope
from which it descends.

A fluid mixture of water and finely divided material.

A group of expanding-lattice clay minerals. Thege
minerale are common in soils, sedimentary rocks, and some
mineral deposits and are characterized by swelling in
water and gxtreme colloidal behavior.

The amount of substance (i.e., an element or compound )
that can be dissolved in a given amount of solvent.

A substance diseolved in another substance, usually the
component of a solution present in the lesser 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

PO

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 counties containing at least one
city of 50,000 inhsbitants or mora. Additional counties
have to meet criteria related to metropolitan character
and socloeconomic integration w''h the central city.

Support beams used in mine roof., aand walls.

An extenslve treeless grasaland 1rea that is developing in
the semiarid midlatitudes of s v.heastern Eurcpe and
Asla, Also used to describe s milar areas in other parts
of the world.,

A model whose inpuls are uncertaln and whose outputs are
therefore also uncertain and must 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 released 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 equal to the specific yield.

(1) Change in the shape or volume of a body as a result of

. stress. .-(2) A change in the relative configuration of the:

particles of a substance.

. The characteristics of the rock layers or other units

in the geologic environmant.

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 use
of fosalls and other means of ldentification.

A gingle bed or layer of rock regardless of thickness.

In a so0lid, the force per unit area acting on any surface .
within it and varloualy expressed as pounds or tons per
aquare inch, or dynes or kilograms per square centimater;
also, by extension, the external pregaure that creates the
intexnal force.

The direction or trend of a gtructural surface (e.g., a

bedding or fault plane) as it Intersects the horizontal,

A fault in which the net glip is horizontal or parallel
to the strike of the fault {see siso "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 features

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 & draln or reservoir for
iiquids,
Repository support facllitlies in the reatricted area.

Any waters on the surface of tne earth,
salt water, ice, and snow.

including fresh and
The capacity to accommodate raaloactive materials by
temporary storage at the rapository.

Bee '"repository system."

The complete behavior of a repogitory system in response

to the conditions, processes, and events that may affect

it,

Loose rock fragments of any size or shepe derived from,
and lying at, the base of a stesp alope.

0f, or pertaining to, the forces involved in tectonlcs or
the regulting structures or features. -

-Movement of the earth's cruat such as uplift and subaidence
and the ‘assoclated folding, faulting, and seismicity.

A breccla formed as the result of crustal movements,
usually developed in brittle rocks. Slickensidea are
commonly associated with tectonic breccia, and varying
amounts of claylike gouge may be present.

Features such as fault gouge, faulted, and folded rock.

Fractures that may or mey not have alickensldes on their
adjoining asurfaces and are commeonly associated with
tectoni¢ brecclas, Includes fractures across which no
measurable movement has occurred.

A nonnumarical, deascriptive 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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tectoniec 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 mounta’: rangesi the structural
behavior of an element of the earth's crust.

A branch of geology dealing with the broad architecture of
the outer part of the earth; that is, 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 resiat a stress tending to
stretch it or to pull 1t apart,

The sarliar of the two geologic perlods that make up the
Cenozole Era, extending from 65 willion to 1.8 million
years ago.

A measure of the ability of a materilal 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, uwsually measured in
watt-dengity. The thermal loading for a repository ie the
watts per acre produced by the radiocactive waste in the
active disposal area,

A type of radiatlon meaguring device that contains
thermoluminescent material that emita 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 course of action is

capable of being effected in a manner that is reamsonable
and feasible within & framework of constraints.
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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 1te rellef and the position of
natural and man-made features, #lso 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 s .bstance (tracer) is added
to ground-water at one locatio. .und its movement to
another location la observed., T acer teating is a
technique by which ground-water tl!ow directions and
velocities and other hydrologic properties of rocksa can be
eatimated.

A cask that provides shielding for the waste diasposal
container as it is 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 1ls 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 radivnuclides could migrate.

Waste containing more than a specific concentration of
alpha-emitting radionuclides (including uranium-233 and
its daughter products)} of long half-life and high specific
"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, BiQ;. It 18 & high-temperatire form of

‘quartz and usually cccurs as minute, tabular, white or

colorless crystals or scales in cavities in acidic

: volcanic rocks.

A radiocactive 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:composed of calcium carbonate, formed
by evaporation as an incrustation around the mouth of a
spring, along a stream, or around a lake.



tuff
tuffaceous

unconfined
aquifer

unconformity
{geologic)

underground
facility

unit of local
gove romant

unrestricted area

unsaturated zone

uplift {geolagic)

upwarping

urban area

vadose water

vadoge zone

validaticn of
computer codes
and models

A rock formed of compacted volcanic ash and dust.,
Said of sediments containing up to 50 percent tuff.

An aquifer containing ground wa ar that has a water table
ot upper surface at atmaspheric preagure.

A break or gap in the geologic ra2c¢ord, such as an
interruption in the normal seg:eace of deposition of
sedlmentary rocks, or a break .erween eroded metamorphic
rocks and younger sedimentary st ata.

The underground atructure and the rock required for
aupport, including mined openings and backfill materials,
but excluding shafts, boreholes, and their seals.

Any borough, city, county, parigh, town, township,
village, or qther general-purposr? political gsubdivision of
a State, :

Any area that is not controlled for the protection of
individuals frcm exposure to radiation and radiocactive
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 voids may contain
air or othor gaased at atmospherip pressure. Bemneath
flooded areas or perched-water bodiea, the water pressure
locally may be greater than atmospheric,

(L) The procaesa that results in the elevation of a porticn
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,aud
unlncorporated places of 2,500 inhabitants or more.

Water of the zone of aeration (unsaturated zone) Also
known as “sugpended 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 fipsures from which lava
came to the surface.

Testing a code with analytical nolutlong for idealized
boundary-value problems. A computer code will be
considered verified when it hai hesen shown to solve the
boundary-value problems with s ificlent accuracy.

The waste package and the roc: within approximately 3 feet
of the waste packages emplace:.. in a repository.

Beleases of radiocactlve wastes o the accessible
environment that are estimated to have between cne chance
in 1,000 and one chance in 10,000 of occurring within
10,000 years.

A amall cavity in an 1gneous rock, formed by the expansion
of a bubble of gas or steam du_ing the solidification of
the rock.

Any porphyritic igneous rock with a glassy groundmass.

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 extrudzZ onto the earth's surface
and into the atmosphere.

A collection of dried plant specimens usually mounted
and aystematically arranged for reference; a pilece 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 esgsential
functions related to the control of radicactive (and
nonradioactive) waste, including treatment,
solidification, packaging, trangportation, initial eor
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 contains the waste and to
gome extent protects it from beirg released into the
gurrounding rock and ground water. Only material within
the canister (or drum or box) thi . contains the waste is
considered part of the waste mabt:s . 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 f water entering, moving
through, and leaving a flow systen; sometimes called
“water balance.”

A stream of flowing waterj flood or outflow of water.
A drailnage basin.

The water surface in a body of ground water at which the
water pressure is atmospheric,

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 1s necessary, the boundary should be placed at or
close to that point where the deformation of glassy
fragments becomes vigible. The transition from partly to
dengely welded tuff is one of progressive loss of pore
space accompanied by an Iincrease 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 Any of various sillicates analogous in cowposition to the
faldspars and occurring as seconndary minerals in cavities,
along fractures, and on joint planes in basaltic lavas.
Oecur also as authigenic minertts in sedimentary rocks.

Zircaloy An alloy whose major constitue:t is zirconium, used ag
cladding material for nuclear ‘ual rods.
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ACOE

Act

AEC

AISI

ALARA

ANSI

BIA

BLM

BTU

BWR

CBRE

ChA

CFR

CH-TRU

CHLW

CRD

CSF

CBIR

DAF

dn

dBA

DHLW

DOA

ACRONYMS AND ABBREVIATIONS

Army Corps of Engineers

Nuclear Waste Policy Act of 1982
Atomic 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 Inhterior)

British Thermal Unit

boiling water reactor

Coastal Barrier Resources System
Copper Development Assoclation
Code of Federal Regulations
contact-handled transuranic 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-weighting network)
defense high-level waste

U.5. Department of Agriculture
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poc 7.8, Department of Commerce

DOE .8, Department of Energy
DOE/NV .8, Department of Energy, Nevada Op:rations Office
Dol 3.8, Department of the Interior
DOT U.5. Department of Transportation
DWPF defense waste processing facility
E-MAD Engine Maintenance, Assembly and Disuisembly
EA Environmental Assesament
EIS Environmental Impact Statemant
EPA U.S. Eavironmental Protection Agency
ESD Employment Security Department {State of Nevada)
ESF exploratory shaft facility
FAA Federal Aviatlon Authority
FASM fuel-asaembly structural material
FsaR final safety analysis report
FWS J.S. Fish and Wildlife Service
GETT grants-~equal~to~taxes
g | -' pﬂ;;icgilcbnstant repr. Ehe accelerati&nldﬁe”to gravity
H-1 tritium .
HAW high-getivity waste
HC : - hydrocarbong: -
HEPA high~efficiency: partigulate air -
HLW high-level waste
HMTA Hazardous Materials Transportation 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 SBtandard
Administrative Code

Alr Force Range

National Academy of Sciences

National Council on Radiation Protection amnd Measurements

Nevada

Nevada

Nevada

Nevada

Nevada

Nevada

Nevada

Department of Conservation and Natural Resources
Department of Environmental Protection

Department of Health

Divigion 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 Resources

NGI M:rges Geotgkniske Institute {Norwegisn Geotechnical Inst.)
NNWSI Nevada Nuclear Waste Storage Investiprilons
NOAA Y'ational Nceanic and Atmospheric Adm? +ietration
NPS National Park Service
NRC U.f. Nuclear Regulatory Commission} s tional Reaearch 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 Radioactive Waste Management
0cs Office of Community Services {State of Nevada)
ONWI Office of Nuclear Waste Igolation
PAC pot;;tially adverse conditloen
ELO Public Land Order
PM particulate matter
PMF probable maximum flood
PNL Paciflec Northwest Laboratories
PPM parts per million
PRCR preliminary repository csﬁcébts'reﬁarf
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PSD P'revention of Significant Deterioration

PUREX wlutonium 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 ta Solution Vo lume
SARP safety analysis report for packaging |
SCP Site Characterization Plan
sCs Soil Conservatlon Service
SF spent fuel
SHPO Nevada State Historical Preservatiﬁn Offlce
SIP State Implementation.flan |
SJC-WCD San Juan Counity Water Conservation Digtrict
SMSA standard metropolitan statistical area
SNGBRZ Sierra Nevada-Great Basin Boundary Zone
SPCC Spill Prevention Control and Counter-measure Plan
SR State Route
Supply
System Washington Public Power Supply System
SwW secondary wagte Rt
SWL Static Water Level
TLD thermoluminescent dosimeter
Towigos :
TRU transuranic {waste)
G470
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TWC Texas Water Commission

Tpt aopopah Spring Member of the Paintbrush Tuff
t o 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. Geologilcsl Survey
USLE universal soil-loas equation
UTF underground test facility
UTM Universal Tranaverse Mercator
Uz ungaturated zone
VRM visual resource management
VSP vertical seismic profilling
WHB waste handling bullding
WHEF waste handling and packagirg facility
WIPP Waste Isolatlon 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 i8 common to all envirois.ental assessments, presents
general background lnformation on trangpeortation tpics and ligues and
provides supplementary references to more-detaile ! sources of informatioun.

The discussiona throughout the appendix are specii. . to the spent-fuel and
high-level-wagte ahipments that will he made to a rwspository.* The agenciles
regponeible for the regulation of radicactive-material transportation ara
identifiled, and thelr regulations or requirements u«ie revigwed. The shipping
casks and cask concepts that will be developed in compliance with the
regulatory framework are also described. These toplcs are discussed in the
context of protecting public health and safety agalnst the potential hazards
associated witl normal transportation, accidents, and sabotage., In addition,
the basea for, and the methods of, avaluating the relative transportation risk
and cost for each of the sites nominated as sultable for characterization are
briefly considered. Saparate aections are included to consider the use of
barges as an altermative mode of transportation, and to digcuss how the
conslderation of a second repository would affect the results of a
single-rapository analysis. Also included is a section thap dascribes the
ceriteria developed to aid in the application of tha siting guideline on
trangportation. Finally, several of the major transportatlon issues {routing,
prenotification, emergency reponse, and liability) that have been raised by
the public are diascussed.

For purposea of discusgion in this appendix, the following termse unique
to the vocabulary of transportation are defined:

#  Packaging (cask) - the assembly of components, excluding contents,
that shields and contains the radiogctive contents, Packaging may
consist of one or more receptacles, absorbent materials, spacing
structures, thermal insulation, radiation shielding, and devicas for
cooling or absorbing mechanical shocks.

¢ Package - packaging together with its contents as presgented for
transportation. This term is distinct from ""waste package,” which
denotes the contents“of the waste-emplacement hole in the repository;

® Normal transportation - all conditions of transportation: except those
that result from accidents and sabotage.

Additional 1ists of transportation terms that may be of 1nterest are
found in 49 CFR 171.8, 49 CFR 173.403, and 10 CFR 71, 4.

* For convenience dnd bravity, the term "radioactive 'waste” or aimply-
“"waste" 1is often used-to mean spent tuel or all of - the waaul ‘to’ be aceepted by
the repoaitory. S i .
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A 2 AGENCIES WITH JURISDICTION OVER THE TRANSPORTATION
OF RADIOACTIVE WASIE

A.2.1 FEDERAL JURISDICTION

The numb.r of Federal organizations involved in the regulation of
radicactive~wisste transport la large, and thaeir r.sponsibilities and
authorities are interrelated. However, only the {unctione of the U.S,
Department of Transportation (DOT), the U.8. Nuc.sar Regulatory Commission
(NRC), and the J.S. Department of Energy (DOE) ar¢ discussed here because of
their predominauce in radicactive-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 responsibility for safaty in the transportation of
all hazardoug materials, including radicactive materials., This regponsibility
extends to all modes of tramsportation that would he considered for shipping
waste Lo the repository. Under its egtablishing legislation, the Department
of Transportation Act of 1966, the DOT is reapongible for encouraging
cooperation among Federal, Stata, and local governments, carriera, ghippers,
labor, and other interested parties to achieve national transportation
objectives. The regulatory and enforcement authority of the DOT over the
shipments of radiocactive material thakt are in, or may affect, interstate
commerce wag extended by the Hazardous Materials Transportation Act (HMTA) of
1974 to include, but not be limited to, the packaging of specified types and
quantities of radiocactive 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 transafer
{including transportation) of by-product, source, and special nuclear
materials. The NRC licenses commercial entities that possess and use these
materiala. It also promulgates regulations appliocable to NRC-licensees
regarding the packeginge of aspecified 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. 44, p. 38690, July 2, 1979). These
standards are now in general agreement with international regulations. To aid
in enforcement, the NRC requires itg licensees to comply with DOT regulations
when those entities are not otherwise subject to the DOT regulations.

The ghipmentg of radicective material conducted by the DOE are also
subject to DOT regulations. Authority has been granted 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 tske tikle to
all shipmwents of spent fuel and will be the shipper of record with the
autherity to use DOE-certified packages, a procedural agreement (Federal
Regirter, Vol. 48, p. 51875, November 14, 19%83) has been signed between the
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NRC and the DQE; 1t provides that the DOE will, while making radicactive-waste
shipments from N..C-licensed facilitfea to facllities establiahed under the
Nuclear Waste Pc'iey Act (the Act), use NRC-certified packages. The agreement
ls currently liited to matters of health and safety incldent to packaging.

The Act ala- restates the requirement that the 0P must comply with DOT
regulations, A wemorandum of underatanding between ‘he DOE and the DOT
delineates the respective responsibilities and estai ishes common planning
assumptiona Lha! the DOE and the DOT will observe 'r the implementation of
transportation requirements under the Act (Federal lwgister, 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 States have adopted 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 radlocactive 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
16 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 tralning that may be required, prepare a
route plan, and ensure that prescribed routeg are followed, The receiver
generally acts to support the shipper by inspectlng shipments on arrival and
by preparing the transpertation 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 as the
shipper of record (the responsibility of separete offices within the DOE for
shipments of defense waste to a repository hag not been decided upon yet),
commercial tranaporters as the carriera, and the DOE's Office of Civilian
Radicactive Wuste Management (QOCRWM)} as the receiver.



A.4 REGULATIONS RELATED TO NCRMAL TRANSPORTATION

The hazar-is of radioactive-material transportation under normal
conditions ar¢ minimized by existing regulations. All radioactive materials
emit penetratiag radiation of varying strength and penetrating power, and
shielding is vrovided in the packaging to reduae :nis radiation to low
levels. Many administrative regulations have bee . developed to (1) identify
packagea that contain radiocactive material and (2, limit exposures to low
levels.

A package must be properly prepared and have roper markings and labels.
In addition, a vehicle carrying radicactive materiul of the type that would be
shipped to a repository must be placarded for further identificatrion. A
tamper geal ia used to show that a shipment has no. been opened by
unauthiorized personnel. Furthermore, the shipper wmust prepare shipping paperes
and driver instructicons 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 DOE'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 radiatlion dose equivalent to 1 year's
exposure to natural background radiation would be received Iin 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 Iintended to alert the public
and Lo prevent prolonged Iinadvertent contact with a shipping vehicle or
package.

Since loose radicactive materlal mey 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 out the
safety and efflclency of radioactive-material shipments., These regulations
include requirements for driver training and qualification, notifications, and
gafeguards. A good review of current DOT regulations c¢an be found in a recent
DOT report (DOT, 1983b). The regulations are found in 4% CFR Parts 100~179.
NRC regulations are found in 10 CFR Part 71:and Part 73.

A.5 REGULATIONS RELATED TO MITIGATING THE CONSEQUENCES CF ACCIDENTS

During the pesriod from 1971 to 1981, over 1,500 truck and rail shipments
of spent fuel were completed {Newman, 1985), and only &4 accidents occurred
(Emerson and McClure, 1983), Two of these -accidents occurred when the casks
were empty. None of the caaks released radloactive material.

The packaging is the primary means of protection in the event of an
accident. The stringency of regulations for packagings is 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 releases even under severe
accident conditf ns. Under the conditions of the vsst majority of accidents,
packaging design will precluds entlrely the release of material. This section
discusses design criteria in regulations, while Section 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 . erere than those
encountered in at least 99.9 percent of all transp:.c-ation accidents (McClure,
1981), By demons rating the capability to survive 5. :h severe conditions, a
packaglng cen be expected to completely contain its runtents during an
accident, and this has been the experiance to date.

The specific tests to which the gsame packaging iz subjected are as
follows:

1. A free drop of 9 maters (30 feet) onto an uaylelding target.

2. A free drop of 1 metar (40 inchea) onto a puncture probe of a
apecified size. ; .

3. An exposure to an engulfing thermal environment of B800°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 feat) of uaﬁer ‘for B hours (an
uidamaged 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 first 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 distances from the surface of
tha package. Regulationa, detailed daeseriptions, 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 repoaitory {(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 1s iasued. The certificate specifies
the operating conditions under which the package may be used.

Both the regulations and the certiflcates 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 reasult, the NRC has modified the certificates of compliance
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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 potential for fuel oxidation is substantially reduced.

Since the transportation packaging can be rel:wd on for protecting the
public during -n accident, shipments can be allowe¢ to occur in general
commarce, Congequently, ralativelf‘few Federal re¢-4latlons for vehicles are
impoged on the carriers of radiocactive materials (e.ccluding physical
protection requirements) beyond those required fo - rhe carrier of any
hazardous material. Vehicle-gafety conditions ar: addressed by other Federal
and State regule:ions that are not specifie to veni les carrying radioactive
material. For example, truck safety is governed by the Bureau of Motor
Carrier Safety (49 CFR Parts 390-398), which imposea vehicle-pafety and driver
standerds on all interstate truck carriers., Along with other functions, the
Bureau conducts unannounced roadside inspections o! truck carriers and
drivers. During an inspection, the weight and a variety of safety
conasiderations, including vehicle lighta and brakes and driver documents, are
checked. For rail shipments, similar inspection eriteria and safety
requirements have been promulgated by the Federal Railroad Administration in
49 CFR Parta 209-~236, Regulations related to hasardous materials
transportation by rall are discussed in Section A.13.4.2.

A.6 REGULATIONS RELATED TO SAFEGUARDS

An igsue that has caused concern about the public riak due to
radioactive-material tranasportation is the hazard pased by the sabotage of a
radiocactive-material shipment. One postulated scenaria is the destruction of
a loaded cask with well-placed explosivea. Such an attack would be of
particular concern if it were conducted in a densely populated area.

A.6.1 SAFEGUARDS

in June 1979, the NRC published regulations for the protection of
commercial-gpent—fuel ghipments, In 1980, after reviewing public comments and
assegsing its own experience in adminidtering 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 18 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 terxrorism and
sabotage, including the possible hijacking and subsequent sabotage of such
shipments. Known as phyaical protection or "safeguard" regulations, these
gecurlty rules are distinguished from other regulations 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-gpensored study (DuCharme
et al., 1978) suggested that the sabotage of apent-fuel shipments had the
potential for producing serious radiological consequences 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 preteot 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 density, 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 charie 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 designed o yield information about
the release of radioactive material from a specified reference sabotage avent
that was defined in terms of the expertige of the sahoteurs, the amount of
exploaives used, the type of charge employed, and the characterigtics 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 several small-scale experiments.

The resulta of both of these latter studies 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 NRO-aponsored research predicted no
early fatalities and fewer than 15 latent-cancer fatalities for the sabotsge
of a three-assembly cask in a similarly populated area. 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 resplirable 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 published proposed amendments to its existing
safeguard regulations and solicited public comment. These 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 sedversary 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 assistance 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 NRC gsafeguard rule requirea——

1.

2.

10,
11.

12,

Advance notification of esch shipment to tne NRC.

Mainteiance of a communications centor to routinuously monitor the
progress of each shipment,

Keepinryg a written log describing the ahipr nt and significant events
during the shipment.

Advance arrangements with local 1aw~enforctnent agancies along the
routa,

Advance toute approval by the NRC.
Avolding scheduled intermediate atops to tiia extent prackicable.

At least one escort te maintain visual survelllance of the alipment
during stops.

Shipment escorts to contact the communicauions centar every 2 hours
to rsport the status of the shipmanﬁ. ' : -

Capabilieycto immobilize the cab or cargo-carvying poruion of a.
ehiphant transported by truck.-

Armed sscorts in ‘heavily populated areas.
On-board communications equipment.

Advance notification to the governor of & 8tate (or the governor's
designee) of a shipment to be transported within or through hid
State, giving the estimataed date and time of entry into the State and
applicable routing Iinformation. This informatlon 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 be in effect for shipments of
spent nuclear fuel that has bean coolod less than 150 daye because thare is
currently not enough information on the consequences of sabotage to this
"hotter! fuel to warrant regulatory modificationa.

The proposed amendments change the regulatlons for shipments of epent
fuel cooled 150 days or more by eliminating the reguirements 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 route approval by the NRC.

T .ot . o .. e
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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 estak-iigh 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 haalth 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 coat 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. This ig necessary 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 size of the package will be dictated by the noden
of tranaportation. . . _ R
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The type ¢ packaging to be used for shipments to a repasitory is re-
quired to survive the conditions of both normal transportation and accldents.
Survival 1s det:rmined by the extent to which the packaging contains its
contente, shielus against excessive levels of radistion, and prevents a
nuclear chain 1 rgetien from occurring even after being subjected to the
prescribed hypothatical acclident conditions (see Sectlion A.5).

A new pachaging is designed through a rigorou process similar to that
for other nuclear-related products. If a feagible segign is proposed, the
design proceeds through an englnearing analysis o/ .%8 survivability when
subjected to the testing conditions. Physical engl-wering tests may be
conducted durlng thls stage to support analyses. Pi2of of survivability under
accldent conditions i1s required either through analysis, full-scale or model
teating, or 4 combination of both. Once feaagibillty and aurvivability are
ensured, a final design is prepared. In the degign of packaging used for
commerical-waste shipments to a repository, all of this aeffort will be
performed by the cask designer for the DOE under a rigorous quality-sssurance
program. Once the DOE 1s certain that the design satisfies all requirements,
& safety-analyris report for packaging (SARP) will .e submiltted 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 is convinced that all eriteria have bean aatisfied, it will iasue a
certiflicate of complianca.

Since packaging certification can be based on engineering analysis,
without actual phyaical testing, it is important to have confidence that the
analytical results closely represent those that might be expected to occur 1if
a package were actually gubjected to accident conditionas. Several
experimental programs, both reduced-scale and full-scale, have baen run ta
produce carefully controlled accident environments that can be directly
correlated with analysis (Jefferson and Yoshimura, 1978). The correlations
have been reasouably clese, and much confidence has heen developed in
analytical modeling capabllities as a reliable and cost-effective tool tg-
replicate response to accident conditioms.

A.7.2 TYPES OF PACKAGING

The analyses presented for Lransportation in thia environmental
asgegsment are based on the reprasentative characteristics of & new family of
casks that are expected to be used to transport spent fuel and high-level
waste. These casks either 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 casks being used to transport commercial spent fuel.

As stated earlier, packagings are designed for specific contents;
spent-fuel casks are no exception. The exipting casks that are currently in
use are designed to shield, dissipate 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
mission. 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 would be roughly offset by the increased overall risk that
would result frm the increased number of requlred shipments.

The DOE is planning new cask designs that will increase payloads and
substantially r.duce the number of shipments. Tablc A~! presents the cask
capacities asswied for performing the tonsequence &+( risk analyses in Bection
A.8. Theae cag':a will benefit from past designs, ! &t the application of
current technology and analytical tools may allow i. provements in design. . For
example, new-generation caske will probably be derii.ed to be handled entirely
remotely and thus will eliminate much routine work :f exposure.

A.7.2.1 Spent-fuel cdggg

Flgures A-l1 and A-2 show a representative truck cask and a representative
rall cask that will be ueaed Lo transport gpent fuel &0 a repository or to a
facility for monitored raetrievable storage (MRS) if such a facility io
approved by Congress {see Sectlon A.8.3.4), The 100-ton rail cask depicted
could alao be used for barge transport. The trutck cask will be able to
accommodate two spent-fuel agsembllies from & pressurized-water reactor (PWR)
or five assemblies from a boiling-water reactor (BWK). This represents about
a doubling of capacity over existing 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 At Lo travel relatively
unimpeded by State welght limits for vehicles on the nation's highways. The
cask may be constructed of carbon or stainless steel; shielding may be
provided by steel, depleted uranium, or lead.

The rall/barge cask will be able to accommodate 14 PWR or 36 BWR
aggemblies, again representing a doubling of current cask capacity. The
concept shown has a stalnless-steel body with a sufficient wall thickness to
meet all structural and radlation-limit requirements of regulations.

The conceptual deasigna 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 caska, as well as intarnal impact limiters made of
crushable honeycomb material, :

A.7.2.2 (Casks for defense and commercial 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 defense waste (and possibly commerical
high-level waste from the West Valley Demonstration Project (WVHLW))., When
the cask is loaded on the tractor and traller, 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 & 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. Reaference cask capacities
Origin and destinu.ion Waste type® (antainer Capacity®
SPENT FUEL AND SECONDARY WASTE
From reactors to res sitory
or MRS facility )
Truck Spent fyel Unconsolii'sted assemblips 2/5
Rail Spent fuel Unconso i¢ated assemblies 14/36
From MRS facility to
repository, 100-ton rasks
Salt sites Spent fug) Disposal cuntainert 24/30
Tuff site Spent fuel Disposal cuntainer® 18/42
Basalt site Spent fual Disposal -untainer® 24/
From MRS feiility to o
repository, 150-ton casks ' o
Salt sites Spent fuel Canfaten?: o 727150
Tuff site Spent. fuel - Canigyant . A8/99 ;
Basalt site : Spent fuel _ Canis.er? Ba21
From MRS faetlity to all
sites .
100-ton casks Hardware, and hish-
activity low-Tavel o
" waste : Canister® ¥
150-ton casky Hardware: and high- - o
, Betivity Jow-lavel e y
waste ' Canister® 7 ,
Rail - Contadt~handled . e
transuranic. waste : Prym (fy
© HIGH-LEVEL WASTE o
Dafense waste
Truck .. .Glags HLW Cantster B
Rait - _G?aq:'HLH' Canister - 5
Commercial waate® . A .
Truck Glass HLW Canigter 1
Rail ’ Glass HLW Canistar 7

PR = pressurized;uatéé reactor{ BWR = boiling-water reactor.
Patrs of numbers show the number of PWR and BWR asxemblies, respectively; for

s#xample, 2/5 weans 2 PWR ngsemblies or 5 BWR assemblies.

Disposal contaipers suitable for direct emplacement in a repository.

are different for each repository host rock.

repository., Canister sizes are

diffarent for each repository host rock.

A canister contains five 55-gallon drums.
Thirty-six deums per transport package, two packages per railcar,

° High-level waste from the West Valley Demonstration Project.
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In thin-wall canisters that would require encapsulation in disposal container at the
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Figure A-1. Truck spent fuel cask.
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and unloading. A rall cask may also be developed; and 1ts capacity is
expected to be f.ve canlsters 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 ar. improved-performance
waste-management syatem that includes a facllity fo mwonitored retrievable
storage (MRS). Fully iIntegrated into the system, tne MRS facility would
perform most of the waste-preparation functions nc. assigned to the
repository. In particular, it would congolidate t.e spent-fuel rods, which
are contained in cectangular spent-fuel assemblies, nto a tighter circular
array, load the consolidated reds into a metal canlsver, and store the
canister until shipment to a pepository, where the canlsters would be
encapsulated in disposal contalners amd emplaced in the underground disposal
rooms. It would also be possible to have the MRS load.the consolidated-fuel
canisters into disposal 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 host rock of the repository because each host rock is
assumed to require a4 unique canister design and size.

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 ig assumed that the hardware and high-activity
wagte would be loaded into 55~gallon drums, with five drume loaded into a
canister. Packaging capacitles for these wastes are given in Table A-l. The
transuranic waate would be loaded into 55-galion drums and shipped in a
packaging tbat 1s assumed to have a capacity of 36 drume. 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 survive 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 conditiona for transportation are not
specific to the mode of tranasportation, the implicit assumption being that the
conditions for all modes are covered by the current standards. Such an
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assumption has been questioned, and, in response, the NRC 1s comparing the
current standarid. with actual accident experience for all modas,

A,7,3.2 Overweizht truck casks

Highway loa.) restrictions limit the weight of truck casks, which In turn
limics cask paylonads. In general, these limitatlons are intended to protect
the nation's highway syatem from damage. Consideri. ; the safety objective of
minimizing the number of spent-fuel shipments, howav:r, the DOE, in approving
designs for future cagks, will balance the benefit o{ reducing ashipmentas
against posgible rond damage caused by overweight weiiicles.

Slightly larger truck casks can increase payload capacity, which, in
turn, can algnificantly reduce the number of shipments. The DOE intends to
investigate the potential of these larger casks and will coneider 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 because the DOE recognizes the State as the permit~issuing authority
for shipments requiring overueight or oversize aquiiment over the natlon g
highway syatem.

A.7.3.3 Rod consolldation

Another way to Increase the capacities of spent-fuel casks is to
consclidate spent~fuel rods in a canister, as mentioned above for the MRS
facility. By so doing, cask capacities might be doubled. Preliminary
investigations irdicate that, in terms of cask design, the prineipal 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 radiocactive-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 sufficient to cause high total worker exposure. In an
attempt to minimize 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 facilitate 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 older and ecooler than the contents for which the exianting
casks were designed (typically spent fuel cooled for 180 days). Therefore,
new casks designad for fuel at least 5 years old will 'be added to the fleet,
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These casks wiil have increased capacities and feaiures that facilitate remote
handling. Bec use these new casks more realistically represent future
shipping operaiions, the expected characteristica c¢f these caaks are used iu
this environmewutal assessment.

A,8 POTENTIAL HAZARDS OF TRAM RORTATION

This ssction provides a numerical estimate (€ che hazard assoctated with
trangporting radloactive waste to a repository. v response (o numerous
comments received on the draft Appendix A, additi:r -1 emphasiy was placed on
the potential cousequences to an individual, as oppcsed to a general
pepulation. The goal waa to answer the frequent qusation: "What happens to
me, if ...?" Aftar explalning tha consaquences th.t cguld be exparienced by
an individual aftected to a credible maximum exteni, the congsequences are
extrapolated to a general population and then finally are comblned with
accldent probabilities to produce an expected value of rigk to the public. A
separate analyrls was performed to consider barge transport, which currently
is thought only to provide a potential supplementary role in the transportation
system {see to Section A.10). The potential uncertainties inherent in the
results presented here are also discussed.

It must be emphasized at rhig juncture that all analyses are thought to
be conservative, 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 asection are really ("snapshots in time") where 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 pame individusl. These analyses are specific to a single shipment,
and detalla about ghipping schedules and scenarics are deferred until Section
A.B.2.

A.8.1.1 Normal transportation

This section presents estimates of credible maximum radiation doses that
may be recelved by a peraon from selectad activities that could result from
transportation operations. The activities are not related te accidents but
rather ecould occur during normal operations.

The results in the tables are taken from Sandquist et al. (1983),
Sandquist et. al., represent truck and rail casks with a simple analytical
model and assuma that the dose rates emitted from the caskes are at regulatory
levels (i.a., at the maximum levels permitted by existing regulations}. Table
A-2 presents estimates for a truck cask, and Table A-3 is for a rail caak. A
number of services or activities are analyzed for each mode.

In order 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-fusl cask}®

Projected maximum individual exposures from normal transpart

Mean distance Haximum
Dascription to center oXposure Dosa rate
{service cr activity) of cask {ft) vime {min) and :total dose
Caravan
Passangars 1n vehicles traveling in 35 30 0.04 meem/min
adjacent, lanes in the same direction Co ! miom:
as cask vehfcle .
Traffic obstry  tton :
Passeangsrs 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 angd pedeitrians _ _
Slow tﬁansit {because of traffic control 20 6 .- :.J.Oﬁoﬁ»hﬁom/m{n
through area with pedastrians) - v g Wram
Truck stop for driver‘s rest: exposuirss 130 v . 0,006' mrem/min
to residents and passers-by SORER R i 1T
$low transit through arep with residents 50 Ny -0.02' mrer/min '
{homes, businezses, etc.) R o Qe mromG
Truck servicing sy fiehs
Rafueling (100-gallon capacity) i 006 arem/mim ¢
One nozzle from one pump 25 (at tank) 40 2 ﬁrem_
Two nozzles from oneqpump 25 (at tank) 20 o Lameemi o
.. . ot eyt PRV BV LT N
Load inspection and enforcemant 10 12 0.2 mrem/min
' VR n@omegmy At
- [EUETRRRLEI TR MU
Tire change or repair of cask trailer 169 50 0.7 mrem/min
G : - E.mrdm
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 sxpected number of shipments to a
repository in an. attempt to calculate a worst case hecause the same tndividual 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 avery shipment would -
raceive an annual dose of 2 to 8 mram, depending on the mode of shipment and the cask size.

® Assumed to be overnight (B hours).

¢ Inspection occurs nsar personnel barrier.
¢ Changed tire is the inside tire nearast cask.
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Table A-3., Projected maximum individual exposures from normal transport
{rail spent-fuael cask}"

Mean distance “ax imum
Descripiion ‘to center aMposure. - Dose rate
(servica orF ectivity) of cask (ft} time (min) and -total dose
Caravan
Passengers in rail cars:or highway 65 SR [ © 0 0.93 mremi/min
vehicles traveling in same direction - S P 0.3 mrahk-
and vicinity as cask vehicle g SRS
Traffic obstruction e e
Persons in-vieintty of dask vehicle . 29 C25 0 T meaw/min:
stopped dr slowed down hy C e S a nrﬂﬁ”'
rail traffic obstruction S L AR
sl
Rasidents and pedestrian: _
R T B T A R B
Slow transit {through station or Z5 10 0.07 ﬂlrema’mln _
because of traffic control) L, X4 Ham
through area with pedsstrians B e R LT L
Slow tranait through area with - 0 - v ed@ o 00,02 wrem/ein
residents (homes, businessss, etc.) cebegti -t s D V2S mirem o !
Train stop. for crew's parsonal neasds 150 - i A2 e 01006 eremYmbn <
{foad,: craw change, first 2id, atc.} coats L eeresno @7 mveet
Train servicing gl Hautd
Engine-refualing, car changes, 35 v 1R0s e @04) mrakymi b B
train maintenance, etc. ‘5 mrem |
(2 e [T R o loabuan ant
Cask inanction and enfottemant by ! .- . 10 s e o B2 meemsmi
train, State, or Fedaral! officials 2 mram
o . t L A Y Y P A [T o)
Cask-car coypler inspection 3 20 0.07 mrem/min
or uintenance 1 mrem )
Lt e e
Axle, hd!eﬁ]. or hrake 1nspect1on. 25 30 0.09 mrem/min
lubrication, or maintenance 3 mrem

on cask car - N . e

¥ These exposures should not be multipled by the expected numbar of shipments to a
repository in an attempt to.calculate a worst case bacayse the sams individual would not be
exposed for every shipmant, nor would these circumstances arise duridg evéry shipment. ‘An -
individual residing 100.feat from.a transportation route and witnessing gvery shipment would' : -
receive an annval dose of -3 to B .mrem, depending on the made of shipment and the cask sizei '
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dellvered to a peraon changing a tire on the traller of a truck carrying a
loaded spant-fuel cask. To change the tire, that required him to be only 5
meters (16 feet) ‘rom the center of the cask, It was further assumed that
changing the innermost tire (dual wheels) would take almost a full hour. The
dose rate at the iocation was estimated to be 0.1 miliirem {mrem) per minute,
a rate that wculé produce a 5-mrem dose to an indivicual for the complete
gervice procedur-. This dose is about the same as tl.:% received on a
transcontinental alrplane trip. If thils perason 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 activitles analyzed would require administrative
controls if they were to happen routinely. Routine occurrences either would
not be allowed, or administrative controls would be appllied to limit
cumulative exposures. These types of activities and services will be more
fully analyzed daring the preparation of the environmental impact statement.
This analysis does highlight the fact that additiona. controls may be
necessary for the large numbers of ghipmenta that will occur under the Act,
but it must also be emphasizeéd. that the simplified model used. 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 dose that may result from three
claases of very severe accldents--accidentsg that would produce conditions more
severe than the regulatory test conditions. Acclidents of this severity are
not likely to occur during shipments to a repository.

Each set of results in Table A-4 18 for an accident in which there 15 a
release from a raill cask carrying 14 PWR aasemblies. The releases are
consistent with those assumed in past analyses (Wilmot et al., 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 sccident
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 & accident would
result in the severe oxidation of ruptured fuel rods. These accldents 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 accident. Most of the dose comes from
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Table A-4, Estimated maximum individual radiation dore
for rall~-cask accidentas

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 9,000 530 710 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 dosae.

® Accident class ag defined by Wilmot et al. (1983). Class 6 is the
ost severe, but all classee have probabilivies of lesgs than 1 in.a million
ccidents.
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inhaling radionuciides from the plume. The dose itself would vccur over
decades and woulcd come from radionuclides retained within the body. Even if
all of the dose “are received during a short ("acute exposure") period, the
individual would show no symptoms nor have his life threatened. An "acute”
dose of about 50,700 mrem would be required before anv symptoms would be
obeervable; a do:e 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 tLhe
circumstances; however, the analyses made no attem t :to account for the
mitigating measures that would immediately be exer( iiied after an accident.
Even such simple reasures as staying indoors could < si1ly reduce the doses by
tenfold or m~re, By carefully tracking the release ¢’ material as it is
dispersed by the wind, such advisories can be made,

The doge received by a firefighter was calculatz2d for an accident even if
no radipactive material waa 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 this analysis is also given by Sandquist et al. (1985). 1If a
firefighter was responding 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 expgsed individual, With
breathing protection, the dose could easily be reduced to legs than 1,000 mrem.

A.8.2 CONSEQUENCES TO A LARGE POPULATION FROM VERY SEVERE
TRANSPORTATION ACCIDENTS

In this gection, some dosee are calculated for a large population, not
just for a single individual as in Section A.8.1. The accldents analyzed are
very unlikely, on the order of 1 in a million accidents or less,

Two scenarios are poatulated: (1) an accident where material is released
during an accident, dispersed, and deposited on the ground and (2) an accident
where the radionuclides released are deposited in a reservoilr that is used for
many purposes, including drinking water. The three most-severe accident
clagssec 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 A-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 credit 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
Ul - —
Accident P ume Ground Plume Ground Water release in
conseguence Irhalation QAR gamma Total Inhalation gamma gamma Total urban area*
CLASS & ACCIDENTS'
Pecpulation dose 3 0.33 940 R0 0,005 0.0008 1.4 1.4 180
({man-rem}
Humber of latent- 6.2 0.0003 0.04
cancer fatalities®
CLASS § ACCIDENTS'
Population dose 110 2.2 13,000 13,000 6.2 g.e0 21 21 6,900
{man-rem)
Number of lziani- 3 6.004 1.4
caneer {aTuid 0 g
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 12
cancer fatalities®

» Estimates based on the assumption that there 15 no cleanup of deposited radionuclides.

B The ground dose is the dose that would be received if each member of the popuiation stayed at the same location for 50 years.

The iphalation dose is a 50-year dose commitment From the inhalation of the passing plume. Boses are for the pofulation within 80
kilometers (50 mites) of the release point.

< Yrban area assumed to hzve 10,006 pecple par scuare mile.

¥ pural area assumed to have 16 people per sguare mile.

€ population dose From water ingestion. The noble gas krypton-85 is omitted because of its negiigible uptake by a mcqmunmltm.nnw
body. Population-dase estimates based an a i00-acre, T-billion-gailon reserveir that suppites the damestic, agricuitural, and

industrial needs of 317 million people. #Ho radioactive decay, settling, or filtration is assumed. The water-release accident is much
less likely to occur than elther of the air-release aceidents.

F Accident ciasses as defimed by Wilmot et ai. (1983).
€ Based on | man-rem = 2 x 7 latent-cancer fatality plus First- and second-generation genetic effects.
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A.8.3 RISK ASSESSMENT

The precedin: section presented the consequences of an accident to a
large population. This section examines the expected riegk to the public (as a
group of individuuslas) by including not only the cons~ juences but also the
probability of the accident. The results depend on :hipment logistice and
schedules for all shipments. In order to describe t.:e results more clearly
and to explsin tihe differences between the results 1 'ezented in the draft
appendix and in this final version, thia section br- fly describes the
computational models and the revisions made in the m.dela, the
waste-management rcenarios that were analyzed, and usumptions about the waste.

A,8.3,1 OQutline of method for estimating populatlot. risks

By recognizing similarities and uniformities over a national or large
regional scale, gimplifying assumptions were made in the risk-assessment
calculations: Such simplification 1s justified becruse 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 repository sites.

The most important simplification wae to create "unit-risk" factors,
which represent the risk of transportation for a unit diatance of travel in a
defined population zone. The use and development 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 densities were
considersd), three other factors are neaded to evaluate the total riak of
transportation to a aite: (1) the total distance per trip, (2) the fraction
of travel in each of the population zones, 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
nunmber of shipments was calculated from detailed logistice modela that are
best deacribad in the detsiled 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 is 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 subsequently
tranglated to a fraction of travel.

A.8.3.2 Computational models and methods for estimeting 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 baen developed, usad, and
verified sufficiently to establish their credibllity.
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The RADTRAM-TII code, which was used to calculate the radiclogilcal
unit-rigk factora, is the product of about 10 years of development. Its
precursor wes ui:ed to produce the environmental assessment usgad in Interstate
Commerce Commis-ion (ICC) hearings concerning the iveue of hauling radioactive
material in trains dedicated to radioactlive materiz®' {ICC, 19?7)= RADTRAN was
used to produce documents that are current standarc: for evaluating the risk
of transporting radioactive materials (NRC, 1977, "##3). Furthermore, the
code has been used as the basie for other signifie. & 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 nic Energy Agency.

The nonradiological unit-rigk factors were cairulated from available data
collected from actual transportation records (Cashinll 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 reader 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 is
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 exposuree into two types: employee proximity exposures and general
rail-and-nonrail population exposures. The proximity exposures are received
by employees who handle wamte shipments at railstops. In the case of
general-freight shipments, these exposures result from train clasgiflcations,
car repair, and train inspectiona. The dedicated-train proximity exposures
regult from train insgpections and car repalrs. General rail-and-nonrail
exposures are received by railyard employees not handling the shipment and the
general population that surrounds the reilyard. Unlike crew proximity
exposureda, which depend on the number of train "handllngs," general-population
exposures depend on railstop duration.

Another major change to RADTRAN II is the addition of a food-ingeation

model. Populatlion dosesa froin 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 estimated only for accidents that
occur in rural ar:as. However, because of the naturs of the mndal,
food-ingestion dc<es are not limited to the residenta of rural areas.

Food transfer fractions were detarmined for cobeait, cesium, strontium,
and plutonium radionuclides. All other rsdionuclider wlll make negligible
contributlons 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 emplirical fallout data an¢ srstems—analysls 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 accldent data, 1982 and 1983, are
cited in this documenty to obtain statistics for the analysis performed here,
the data for both years were averaged.

For calculating all of the radiological and nonradiological risks
aggociated with incident-free rail transportation, input must be in terms of
fatalities per railcar-kilometer and Injuries per railcar-kilometsr. For
general-commerce rajl transportation, average occupational and nonoccupational
accident-related fatalitles are divided by the appropriate average values for
railcar-kilometers of Class I freight. The number of injurles are derived
from the numbers of fatalities,.

However, uniike 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. (1983},

Finally, a method was developed for modifying unit-riak factors to
reflect changes in population densitieg. A brief discussion of this method is
presented below.

In the relationships given below, five symbols are used, They are
defined as follows:

Fi= A zone- and materlal-dependent rlsk factor based on rural,
suburban, and 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 densitiesg (6, 719, or 3,861 persong per
square kilometer).

§2 The altered value of a population density.
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as Tha froction of the normal nonoccupational radiologlcal riak
contrisuted by offlink expoaures to the ganeral population [a =
of flin<c/(onlink + atops + offlink)].

The following vuiues of the quantity a were used for ecach mode and population
zone:

Mode Rural Subur in Urban
Truck ¢.00 0.8 C.07
Train 0.03 0.65 Q.47
Dudicated

Train 0.23 0.97 0.76

The resultant radiological and nonradiological risk factors are as follows:

Radiolugical Risgks

Normal occupational fatalities Unchanged
Normal nonoccupational fatalities Fzm Faila(§2/§:) + (1 ~ a)}

Accident nonoccupational fatalities Fz= (§z2/§.1)F)

Nonradiglogical Riaka

Normal nonoccupational fatalities F: = (§2/§:)F,
Accident occupational fatalities Unchanged
Accident nonocoupational fatalities Unchanged
Accident injuries Unchanged

A.8.3.4 Transportation scenarlos evaluated for risk analysis

The DOE has described two different waste-management systems in the
Migaion Plan {DQE, 1985): an authorized eystem 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 gpent 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 under either plan. The
volume of defense waste that is used for this anslysis is greater than that
presented in the Migsion Plan In 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 100°W) ship their
spent fuel. Two cask sizes were considered: 100 and 150 tons. Resmctors wegt
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Table A-6. Repo:itory waste-acceptance schedule for the autharlzed system
{metric tons of uranium)

High-level :aste’:

Savannah
Year Spert fual 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. 5. 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 MTIU of gpent fuel.
The values given for high-lavel waste were developed for use in thesge

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 100°W were assumed to ship either directly to the repoaitory or
to the MRS facility. All four combinations were considered. The
waste-acceptance rates for the MRS faecility and the repository are given in
Tables A-7 and A~B for the two cages involving diFiurent destinations for the
spent fuel from western reactoras.

A.8.3.5 Agyumption about wastes

Detailed dercriptions of the spent fuel and mir :ellanecus wastes are
given by Caghwell et al, (1985); however, some basic assumptions fundamental
to the risk analysis are presented here.

Tke spent fuel was assumed to be 5 years old if shipped from the reactora
and 10 years old if shipped from the MRS facility. In order to bound the
congequences, all analyses assume that the composition of the radionuclide
release during postulated accidents is derived from a pregsurized-water
reactor. The fuel burnup was assumed to be 33,000 MWd/MTU. It was assumed
that the spent-fuel assemblies have liwmited amounts of radioactivity {("crud®)
on their exterior surfaces; this can be knocked loose and readily released to
the inside of a cask under accident conditiona. Spent fuel shipped from the
MRS facility is consolidated and shipped elther in a thin-wall
repository-specific canister or encapsulated in a eontainer deaigned
specifically For disposal in one of the different repository host rocks. {The
repository-specific canisters would be encapsulated in disposal containera 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 assumad to
contain the inventory resulting from the processing of 0.5 MIU of spent fuel.
The waste matrix was assumed to be a glass.

The wastes resulting from fuel consolidation--hardware, high-activity
low-level waste, snd contact-handled transuranic waste {CH~TRU)--were asgsuned
to be shipped along with conaolidated spent fuel to the repogitory. The
hardware contains activation products; the high-activity low-level waste also
has signifizant amounts of fission producte; and the contact-handled
tranguranic waste contains mainly transuranic radionuclides, which pose no
particular external radiation hazerd. The high-activity low-lavel waste and
the hardware are placed in drume and then five drums are loaded into a
canister; the trsnsuranic waste is packed in drums.

A.B.3.6 OQperational considerations in risk analysis

Shipments from the reactors and HLW processing plants are made by truck
ar 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 refsrence dedicated train
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table A-Y.

Receipt rates for scenarig invelving all reactors

shipping to an MRS facility

&

CH-TRU®

34
A1l reactors MRS to Hardware High-a¢rivity

ar to MR3 repository {canisters) waste {ciuaristers) {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-Teval 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.

P Y . T - 1
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Table A-B, faci'ity recetpt rates for scenario involving only egstern rractors
shipping to an HRS facility

Snent fuel (MIU)

Eastarn Western —sgcondary. ratte g
reactors reactors to HRS to Hardware High-activity CH-TRU
ear to MRS repository repasitory {canisters]) waste (canisters) {drums)
4% 370
997 1,665 '
998 2,775 k] kY]] 32 31 68
999 2,775 30 370 32 N 68 I
000 2,775 an 310 32 31 : 68 b
001 2,775 67.5 832.5 7 68 154 s
0oz 2.775 135 1,665 146 228 ane
003 2,775 225 2,775 244 © - 228 Y 51
004 2,775 225 2,778 244 n 228 SR B s
005 2,775 225 2,775 244 o228 vtk 511 L
006 2,775 225 2,775 244 T 228 BUETEREE 31 L
07 2,175 225 2,775 244 Co228 T 511 &
008 2,775 228 2,775 244 : 228 A R
009 2,775 225 2,778 244 . 228 v 511
010 2,775 225 2,775 244 228 81
on 2,775 225 2,775 244 © 228 S 511
012 2,775 225 2,175 244 to 228 S /I Co
013 2,775 225 2,775 244 coei 228 5N
034 2,778 225 2,775 244 S22 s B o
015 2,775 225 2.775 244 228 o EN
016 2,590 225 2,775 244 228 511
017 2,800 225 2,778 244 ‘o228 511 R
018 225 2,775 244 ¢ 228 51 r
019 225 2,778 244 0 228 5711
020 225 2,775 244 Sl 228 51
021 225 2,775 244 .. 228 . : 5§11 .
022 82.5 1,017.5 90 _ 83 187 .
. v H fai . - - . CEE PRI _'.__\‘_-,..’ g ) ) gt Rt
o ) j iy : IICIITIERTIS NPT E N,
[ N I B IT B
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consiste of five srent-fuel capks, two hardware casks, two high-activity-waste
cagks, and one raj car carrying contact~handled transuranic waste. The
dedicated train ha» different operatlonal characteristijics than a
general-commerce tvain, and the analyses reflect those differences.

A.8.3.7 Values_for factors needed to calculate pppul-ilon risks

As describaed in Section A.8.3.1, four factors ¢~ needad to asgesas the
population risks from waste transportation: wunit riik factors, shipment
distances, fractions of travel in various population ( mes, and the number of
shipments.

Tables A-9 through A-12 present all of the unit rigk factors used Iln the
analysas made for this environmental assessment. Tablas A-9 and A-10 give the
factors for ghipments that originate at the reactors and the HLW processing
plants. The unit risk factors are given for truck and rail ghipment and for
each population zone, All rail factors are for an ivdividual railcar in
general commerce. Table A-9 presents estimates of the radiological risks from
normal tranaportation and accidents. The normal risk is subdivided into
occupational and nonoccupational categories. The accldent risk 1s not divided
by occupational category because potential exposures for each category are
gimilar (see Section A.8.1.2), and the populetion density used in the
calculations can be considered to include both categories. Table A-10
preaents estimates of the nonradiological riak.

Tables A~1l and A-12 contain risk factors for shipments that originate at
the MRS facility. Separate factore 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 ghipments from the MRE facility were essumed
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-l4 shows the distances from the HLW
sltes to the various repository sites. A summary of total shipment distances
is given in Table A-l5 for each transportation scenario evaluated 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 scenarios 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 asites,
respectively. Routes from each gource are analyzed to determine the
approximate amount of travel in each of the population ones. Further details
and all remalning reactor data can be found in the report by Cashwell et al.
(1985).
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Tale A-9, Radiolegical risk factors for shipments from
waste sgurces to 3 repository or MRS faciiity®

Hode Zone Hazard group Spent rLal® DHLW® WYHLY?

Truck Rural tLarmal 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 nonoccupational fatalities 3. {53 2.56E~13 1.79E-13
Truck Suburban Mormal occupatiaonal 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 nonoccupational fatalities 7. 46E--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 fatalities 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 kecident nonoccupatfonal fatalities 1.34E-12 5,56E-13 5.40E-13
Rail Suburban Mermai 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 Normal nonoccupational fakalities 2.58E-09 2.3RE-09 2.32E-09
Rai? Urban Accident nonoccupational fatalitties 6.72€£-09 5.08E~09 4,92E-09

* Radiological risk factors per kilometer of travel. To convert factors to risk per mite,
multiply by 1.609. Based on ! man-rem = 2 x 107* Jatent-cancer fatality plus first- and
second-generation genetic effects.

® Unit risk factors for gmneral-commerce truck and rail transportation of spent fual;
units ara per kilometer for truck and per railcar-kilometer for rail,

€ Unit risk factors for gensral-commerce truck and rail transportation of defense
high-level wastes; units are per kilometer for truck and per railcar-kilometer for rail.

9 Unit risk factars for general-commarca truck and rail transportation of commercizl
high-level waste from West Vailey; units are per kilometar for truck and per railcar-kilometer
for rail.

o 4.70E-09 = 4,7 x 1077,
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Table A-10. Asnradiological risk factors for shipments from waste spurces
to a repository or MRS facility®

de Zone Hazard group Spent-fi.1® DFHLW® WYHLW®

uck Rural Murmal nonaccupational fatalities G.00E+ 0.00E+00 0.00E+0Q0
uck Rural Acecident occupatianal fatalities 1.580E-u ¥ 1.50E-08 1.50E-08
46K Rural Accldent 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-09 3, 10E-49 3.70E-09
uck Suburoan Accident nonoccupational fatalities 1.30E-08 V. 30E-08 1.30E-08
uck Subyrban Ac¢ident occupational injurtes 1.30E-~LG }.30E-0B 1.30E-08
uck Suburian Accidant 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 fatalities 7.B0E-1T 7.50E-09 7.50E-09
uck Urban Accident occupational injuries 1.30E-48 1.30€-08 1.30€-08
uck Urban Accident nonoccupational injuries 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 nonoccupational fatalities 2.64E-08 2.64E-08 2.64E-08
it Rural Accldant 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 nomoccupational fatalities 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 occupational injuries 2.46E-07 2.46E-07 2.46€-07
i) Suburban Accident nonpccupational injuries 5.12E-08 §.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
i1 Urban Accident nonoccypational injuries 5.12E-08 5.12E-08 S.12E-08

* Nonradiclogical risk factors per kilometer of travel. To convert factors to 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-commeirce 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. (Mote: Feor general-commerce rail, 1 train-kilometer
- equivalent o 1 railcar-kilometer.)

9 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—Kkilometer 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. Radiologica’ risk factors for shipments from MRS facitity*

Consolidated spent fuel
100-ton cask 150-ton cask
Mode  Zone Hazard group MRS -salt? HRS . tuf £8 MRS-basalt?  MRS-salt® MRS ~tuFf? MRS -basalt
w211 Rural Rormal occupational fatalities 6.G8E-10 6.685-10 6.68BE-10 6.GBE-10 6.68E-10 6.68E-10
il Rural Hormal nonoccupatiomal fatalities 8.326-10¢ 8.12E-10 - 8.32k-10 8.32E~10 8.328-10 8.32E-10
rRail Rural Accident non-goccupatiomal fatalities 6.58E-12 4.88E-~12 6.56E~12 1.726E-11 1.22E-11 2.02E-11
Ratl Suburban Normal gecupational fatalities 6.568E-10 6.68E~10 6. 88E-10 6.68E-10 6,.68E-10 6.68E-10
Rail  Suburban  NormaY nongccupational fatalities 3, 36E-08 3.36E-08 3.36E-08 1.36E-08 3.36E-08 3.36E-08
Ratl Suburban  Accident nonoccupational Fatajities  1.25€~08 9.88E-0% 1.29C5-08 3.46E-08 2.38E-08 3.94E-08
Ha.: e kuwomal sorusabianal Fatalities E.63E-1% €.68£-10 6.68E-10 6.68E-10 &.€8E-10 6.685-10
fail Lrbar Lormatl nonoccupational fatalities 7.98£-09 7.98E-09 7.98E-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 9.50c-08
Secondary wastes
180-ton Cask 158-%ton_Cask L
Hode  Zone Hazary aroup HRS-HROWR®  MRS-HAH®  MES-TRUS MRS-HROWR®  MRS-Haw® HRS -TRY® <
Rait Rural Normat occupationa? fatalitties 2.68E-10 2.68E-18 Y.56E-10 2.68E-10 2.68E-10 i.56E-10
Rail fural Hormal aonoccupational fatalities 3. ME-1D 31.34E-10 2.40E-10 3.3E-10 3. ME-10 2.40E-10
Rail Rural Accident nonoccupational Fatalities V. 46E-16 2.34E-1} 3.2BE-12 8.50E-16 1.98E-11 1.28E-17
Rail Suburban Mormal occupational fatalities 2.6B8E-10 2.68E-10 1.56E-10 2.68E-10 2.68E-10 1.86E-10
Rail Subusrban  Normal nonoCcupatiana?’ Fatzlities 1.34E-08 1.34E-08 9.66E-<09 1,34E-08 1.34E-08 9.66E-09 ¢
Rail Suburban  Accident nonocccupational fatalities 3.58E-14 2.12E-08 2.28E-14 9.80E-14 3.62E-08 2.2BE-14
. . {
R2il Urban Noraal occcupational fatalities 2.6BE-10 X.68E-10 1.56E-10 2.68E~10 7.68E-10 1.5E6E-10
Rail Urban Mamatl nonoccupational fatalities 3. 20E-09 3.20E-09 2,30E-09 3, 20E-G9 3.20E-09 2.30E-09 p
Rail Urban Accident noncecupational fatalities 1.80E-12 3.BSE-07 4.18£-13 2.74E-13 6.64E-07 4. 18E-13 *
(

A To convert T

Sut-4. saration nm_..nn«n effects.

«2tOFS to risk per mile, multiply by 1.609.

Based on 1 aw_..;ﬂmﬂ =

a tuft repository, aor a basalt reposttory, expressed as risk per S5 rattcar-kilometers.

mxulﬁmmn as risk par 1 railcar-ki‘tometer.
® unit risk factors for dedicated-rail transportation of spent-Fuel-assembly :wﬂq:u..w expressed as risk per ? railcar-kilometers;
vunrnmd:o is the same regaraless of repository site.

Unit risk factors for dedicated—rail transportatton of high-activity ﬂﬂ._:._n,__md :mmnm {HAW) generated during spent-fFuel
consolidation, expressed as risk per 2 railcar-kilometers; packaging is the same regardliess of repository site.

Z x 10~% Vatent-cancer fatality plus first- and
® Unit risk factors for dedicated-rai?l n_.w:uva-.nun*o: of no:ﬂn.:nwnmn mum:n fuel packaged for shipment to either a salt repository,

€ Unit risk factors for dedicated-rail transportation of the transuranic waste {TRU) generated during spent~fuel consolidation,
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Table A-12. Nonradiological risk factors for shipmenis from MRS facttity*

Consolidated spent fuel® __ Secondarvwaste . . —

Mode Zone Hazard group MRS -repasitory MRS —HRIWRE MRS -HAW® HR5-TRUE
Rail Rural worsal nonoccupational fataiities 0.00E+00 0.00E+00 0.00E+0D 0.00E+00
Rail Rural Accident occupationa) fataltities 1.27E-07F Q0.00E+00 0.00E+00 0.00E+00
Rail Rural Accident nonoccupational fatalities 1.B5E-DB6 2.00E+00 0.00E+00 0.00E+00
Rail Rural Accident occupational injuries 1.74E-05 0.00E+00 0.00E+00 0. BOE+00
Ratl Bural Accident nen-occupaticnal injuries 3.60F-06 0.00E+00 0.00E+00 0.00E+D0
zafl Suburban Hormal nonoccupational fataliities 0.00E+00 0.D0E+DD 0.0GE+00 0.00E+00
Rail Suburban Accident occupational fatalities 1.27e-07 0.00E+00 0.00E+00D 0.00E+0D
e R Sulese oidert nonoccupational Fatalities 1.85E-06 0.00E+00 0.00E+00 0.0GE+00
Rail Saatse bar accidens Decupaiional Injuries 1.74E-05 0.00E+00 0.00E+D0 0.0GE+00
Rail Suburban Accident Mon-occupational Injuries 3_60E-06 0.00E+0Q a.00E+00 0.00E+00
mil Urban Normal noncccupational fatalities &.50E-07 2.60E-07 2.60E-07 1.30E-07
Rail Urban Accident occupational fatalitties 1.27€E-07 0.00z+00 0.00E+00 a.00€E+00
Rail Urban Accident nonoccupational fatalities 1.B5E-06 0.00E+0D G.00E+00 0.00E+00
Rail Urban Accident ccupatienal Injuries 1.74E-05 G.GOE+DD 0.00E+Q0 0.00E+00
Ril Urban Accident Won-accupational Injuries 3.60E-08 0.00E+00 0.00E+00 0.00E+30

A jonradiological risk factors per kilometer of travel. To convert Factors to risk per mile, multiply by 1.6409.

® unit risk factors for dedicated-rail transportation of spent fuel ia 100- and 150-ton casks ta a salt repository, a tuff
rapository, or a basalk repositary. expressed as risk per kilometer for normal transportation and as risk per train-kilometer for
accidents.

€ unit risk factors for dedicated-rail transportaticn of spent-fuel-assembly hardware, expressed as risk per )
railcar-kilometer for normal transportation and as risk per train-iilometer “for accidents; packaging is not affected by repository
site. . .

© ynit risk factors for dedicated-rail transportation of the high-activity Tow-level waste (HAW) generated during the
consolidation of spent fuel; expressed as risk per railcar-kilometer for normal transportation and as risk per train-kilometer for
accidents. .

€ unit risk factors for dedicated-rai) transportation of the contact-handled transuranic waste (TRU) generated during the
consolidation of spent fuel: expressed as risk per raiicar-kilometer: or normal transportation and as risk per train-kilometer for
accidents. e .
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Table A-13,

reactors and the MRS facility

Distance per shipment from selacted?

Qistance (miles)

Salt Tuft Basalt MRS

Reactor Richton Deaf Smith Davisg Canyon ({Yucca *lt.} (Hanford)} {(Oak Ridge)
Maine Yankee (Maine}

Truck 1,570 2,150 2,570 3 Qg 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 2,990 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 _861
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.:

A-38

2 N 3.

L

as represertative of regions ;throﬁghout 't_'he. E'_i_ioun'try_.



"able A-14. Distance per shipment from
sources of high-level waste

Distance {(mil:s}

Salt Tuff Bagalt
Source fiichton Deaf Smith Davis 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 v
Laboratory R
Truck 2,160 1,210 604 740 610
Rail 2,110 1,200 555 763 696
Savannah River o
Plant
Truck 568 1,420 2,060 2,350 2,740
Rail 644 1,520 2,200 2,750 2,890
West Valley _ . ‘ Lo
Truck 1,160 1,580 2,000 : 2475Q . 24580,

Rail - 1,450 1,690 2,100 2,860 ' 2,660

' NA = not applicahle.
® Commercial high-lavel waste.

A-39
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Tabta# 4-15, Total cask-miles for shipmants in the authorizgg and the
impraoved-performance systems (one-way miliion miles

Repasitory <jle

Mode and waste t,. ¢ Salt. . Tuff Basalt
Richton Deaf Smith  Davis { ‘7yon {(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® j.0 1.0 2.0 2.0 2.0
100% rafl -
Spent fua? 11.0 5.4 8.8 23.2 24.6 |
Defeanse high-level waste 6.5 6.1 6.5 1.6 8.4
Commercial high-level wastae" 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 fusl 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
Comgrcia) high-lqve? waste® V.0 1.0 2.0 - 2.0 2.0
100% rail from erigin. . : . .
Spent fual 8.0 a.p B.0 8.4 a.0
Defense high-level waste 6.5 6.1 6.5 BT -_g,d
Commgrcial high-lavel waste® 0.2 0.2 0.2 0.3 0.3
Rai] from MRS faciltity®
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
2. Hestern-reactor speol fuel Lo repository
Totals, 100-ton casks
Truck from arigin? 83.7 85.1 90.4 99.8 101.4
Rail 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 from origin 16.7 18.3 19.0 25.1% 23.8

Waste from West Valley Demonstration Project.

[ ]
® A1l shipmants in dedicated trains.
C

Inctudes casks carrying secondary wastes.

L]

Tetals for the improved-performance system include both truck shipments frem origin

to the MRS facility and dedicated-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
Risnten  Qeaf Smith  Davis Lrucca »4.) rd}
Reactar Truck Rail Truck Rail Truck Rai) Truck ~ail Truck Rail Truck Rail

Maina Yankee {(Maing)

Urban .0 .02 .01 .03 .0t 0 .01 .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 0o .0 01 o A1 .0 o N

Suburban A9 .18 .23 24 23 17 7 A4 .19 .18 .32 .26

Rural .81 81 77 .74 .78 .82 .82 -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 74 B2 .86 .88 .91 B8 .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 ) .20 14 .09 .23 .25 L4 18

Rural .84 .78 .89 .90 .90 .78 85 .90 75 , 73 - B, B4
Trojan (Qregon) _ N

Urban 0 Q1 01 . 0 0 0 .02 0 .0 0 .

Suburban 16 R .13 .09 .19 .14 .19 W10 '35 A7 A7 L1

Aural .84 .88 .86 .90 .80 .85 .02 .89 .64 .82 .82 .88
MRS facility (Tennessee) '

Urban L0 .02 .02 “ .02 . .M T

Suburban NAY 30 0 NA .16 N L2 NA 12 . MA L NA . NA

Rural .69 .82 .87 86 .88 :

" These reactors were chosan as representative of regions throughout tha country,
® NA = not applicable, ' '

<Al
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Table A-17.

Fraction of travel in population eones from highwlevel waste sources

Salt . " Tuff _Basalt
Richton Deaf Smith Davi: Canyon (Yucca Mt) (Hanford)
Waate source Truck Rail = Truck Rail Truc). Rail  Truck Rafl Trdck;;kéi
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 .21 222,19 170 .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
LcAsds 2
anN0 90 8 | 2. 0 7



The numbers of shipments from each reactor to the repository and to the
MRS facility are given in Tables A-18 and A-+19, respectively. The numbers are
different becauss 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 4-2) provides information on the numbers nf shipments to the
repository or M'§ facility and the numbers of shipm-i:tsa from the MRS facility.

A.8.3.8 Results f population-risk analyases

The ris:s of radioactive-material transportation must be evaluated for
bath radiological and nonradiclogical effecte. Sinra a package does emit
gmall amounts of radiation, a shipment exposes the public during all phases of
ita journey. People are exposed at gtops and along routea even when the
package 1s moving. In addition to the radionlogical effects, transportation
increases the levelg of air pollution. Any equivalent-weight shipment of
potatoes, bricks, or other nonradiocactive materials would have the same
effect, but that effect must be evaluated for a complete analysis. In fact,
even Iin most transportation accldents, the traumatilec injurlea and deaths
regulting from an impact or a fire may far outweigh any radiological
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 summarize the results of the analysis for
each of the scenarios evaluated for the authorized system and the
improved-performance system. Table A-21, for the authorized gystem, 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 improved performance system, shows
the results for shipments from the MRS facility 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 enalogous to Table A-22 except

+that it presents resulte for the scenarios in which spent fuel from Western
reactors is sent dirzctly 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 system) 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. Similar details #re available in the report
by Cashwell et al. (1985) for all scenarios evaluated for this ‘environmental
agsegsment.,

A-43



Table A-18. Humber of shipments to a repository from
each ryactor stte (aythorized systam)
100% 100% 100% 100%
Reactor name Truek Rai’l Raactor none Truck Rail
fFarley 1 120 1a Millstone 1 804 1M
Farley 2 46 7 Hillstone 2 805 196
Paloe Verde ) 51 72 Millstone 3 36 &
Palg Varde 2 484 10 Monticetlo 693 26
Palo Yerde 3 446 63 Prajrie Istand 1 G50 92
Arkansas Nuclear One 1,62 108 Prairie Islang i 63} 90
Arkansas Nyclear “ne 2 187 27 Fort Calhoun 1 534 16
Calvert C1iffs ) 893 127 Humboldt Bay a6 12
Caivert Cliffs 2 a63 122 Giabla Canyon 2 236 34
Pilgrim 1 761 106 Diablo Capyon 1 279 48
Rabinson 2 581 A3 Susquehanna ) 652 90
Brunswick 2 799 111 Susquehanna 2 614 8%
Brunzwick 1 M 109 Paach Bottom 2 1126 156
Perry 1 806 1o feach Bottgm 2 Y126 156
Perry 2 747 104 timerick 1 6% 95
Dresden 1 136 18 timerick 2 421 59
Dresden 2 909 126 Trajan 330 18
Dresden 3 az8 114 Fitzpatrick 614 107
Quad Cities ) 862 119 Indian Point 3 FAL ] 102
Quad Cities 2 815 113 Seabraok ) 486 69
Zion ) 856 122 Seabrogk 2 320 46
2ion 2 824 nzr - ‘Salem ) 701 . 113
LaSalle 1 k72 79 talem 2 764 109
LaSalle 2 572 79 Hope Creak 1 509 Al
Byron 1 638 A8 Ginna 503 Tt
Byron 2 63} B6 Aancho Seco | [ 103
Braidwood 1 568 83 Surmer 12 2
Connscticut Yankes 102 100 San Onofre 1 203 29
Endian Point | 80 1 San Onofre 2 306 44
Indian Point 2 762 108 San Ongfre 3 347 S0
Big Rock Paint 104 14 South Taxas Project' 1 594 82
Palisades 796 - 113 South Texas Project 2 692 82
Midland 2 373, . 49 Browns Ferry | 699 135
MidYand 1 334 46 Browns Farry 2 695 1440
La {rosse 143 19 Browns Ferry 3 986 137
Farmi 2 &09 85 Sequoyah 1} 444 4§
Dconee ! 759 108 Sequayah 2 425 42
Dcones 2 612 a7 Hatts Bar I L3 1] 74
Oconee 3 7719 m Weita Bar 2 524 74
McSuire 1 115 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 Craek 1 90 13
Turkey Point 3 695 99 Yellow 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 Vermant Yankes 675 93
Vagtle 1 547 78 Surry 1 748 1092
Yogtle 2 16 &0 Surry 2 620 7
River Bend 1 485 65 Harth Anna 1 365 a7
Clinton 1 ‘528 74 North Anna 2 295 38
Cook 948 135 wWNP 2 650 0
Cook 2 933 133 WHNP 1 354 56
Ouane Arnold 562 79 WHP 3 617 a9
Oyster Creek 177 108 Point Beach | 620 88
Wolf Creek 191 27 Point Beach 2 597 a4
Shoreham 20 38 Kewaunes 624 a0
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 Z47 35 Morris BWR pool 150 20
Grand Gulf 2 340 48 Morris PWR pool 175 25
Cooper 7 107 Hest Yallay BWR poel 17 2
Nine Mile Point 1 700 97 Hest Valley PWR poal &0 B
Hine Mile Point 2 243 33 N
70,553 9,921
A-44
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Table A-19,

Numlar of shipments to an MRS facility from eastern and waestern 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

on )

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

30900

56
45
52
49
47
108
43
127
121
105
a3

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 Ferry 1
Browns Ferry 2
Browns ferry 3
Sequoyah 1
Sequoyah 2
watts Bar 1
Watts Bar 2
3ellefonte |
Bellefonte 2
Hartsville A1
Hartsville A2
Comanche Peak 1
Comanche Peak 2
Davis Besse 1
Callaway 1
Vermont Yankee
Surry 1

Surry 2

Horth Anna 1
Maorth Anna 2
WHP 2*

Whe 1"

WNP 3?*

foint Beach 1
Point Beach 2
Kewaunee

Yankea
Brunswick 2
Brunswick 1
Shoreham
Waterford 3
Maine Yankee
Threa Mile Island
Grand Gulif 1
Grand Gulf 2
Cooper

Nine Mile Point 1
Hine Mile Point 2

86
209
252
516
483

1,126
1,126
500
287
a0s
864
714
343
177
791
764
365
sQ3
721
215
203
306
348
539
453
944
azi
986
5848
5N
465
424
s
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 easiern 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 L 49 135 Horriz BWR p¢.1 150 20
t#11ztone 3 227 a3 Morris PWR . .1 175 25
tenticeallo 693 96 West Valley . {f poo! 17 -2
raarie Island 1 650 92 west Valle+ F+R pool .50 -
‘rairie Ieland 2 631 90 g

Total 70,568 9,93

* Constdercd a wastern reactor for thiu analysis.
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Table A~20a. Number of cask shipmenta: total cark-shipments from reactors

Numb::t 9f 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 facilitcy, 100 & Truck 44,222 26,346 . 70,568
all spent fuel 100 T Rail 6,267 3,667 9,934
MRS facility, 100 T Truck 40,915 24,382 ' 65,297
eastern 100 T Rail 5,793 S0 3,390 ..9,183.

spent fuel ouly

Table A-20b., Number of cagk-shipments: total cask shipments of
consolidated 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 1,900
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 Smwith, or Davis Canyon.

Anli]
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Table A-2%1., Summary of the risks of transporting
spant ¥uel and high-Tevel wastes for disposal in ths authorized system®

Salt . Tuff Basalt

Mode and risk type Richton Deaf Smith Davis Canyei {Yucca Mt) (Hanford)
100% truck

Radiolagical 6.3 7.9 1.5 11 12

Notiradiological 19 24 30 © 36 39
100% rail

Radiolorical 0.2 0.2 0.3 0.3 0.3

Nonradiological 1.8 2 2.6 3.0 3.2

* Risks expressqd in numbers of fatalities from radiqlqgicul ang nonradiological
causes. The numbers of fatalities from radiological causes ipclude first- and
second~genaration geneti¢ effects. SR

A=48
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Table A~22. Summary of the risks of transportation
for tha improved-performance system®'®

Deaf Davis

Made and risk type Richten Smith Canyon Yucca Mt, Hanford
100% Truck, 100-ton cask<'?

Radiological 5.3 5.4 5.4 5.7 5.7 -

Nonradiological 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 risks of transporting
‘or disposal in the improved-performance System®:®

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 cask®:? .
Radiolagical 0.2 0.2 0.3 0.3 8,3
Honradiologi.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 S I
100% rail, 150~ton cogkd:’
Radiological 0.2 0.2 0.2 0.3 0.2
Nonradiglogica? 2.8 5.0 6.4 N 7.3

* Spent fuel from eastern reactors assumed to he sent first to the MAS facility and
from there to the repository; spent fuel from westérn reactors essumed to be sent directly to
the repository. All high-level wasts assumed to be sant directly to the repository.

® Risks exprassed in numbers of fatalities from radiological -and nonradiological
causes., The numbers of radipolegical fatalities include first- and second-generation qenetic
effeacls.

© Shipment by truck from reactors and HLW processing plantsz; shipment in dedicated
trains from MRS facility to repository.

“ 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 contatners.

f The 150-ton cask carries thin-walled canisters tc be encapsulatad in disposal
containers at the repository.

A=50
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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}

RADIQLDGICAL RISK®

~yck transportation

Hormal 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 fatalitias 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 fatalities 0.08 0.08 0.1 0.1 0.}
Accident nonoccupational fatalities Q.02 0,02 .42 0,02 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 injuries 6.5 1.7 10 12 13
Accident nanogcupational injuries 160, 229 290 . 370 : - 380
Total fatalities 13 18 24 29 31
ai) transportatian -
Normal nonoccupational fatalities 0.1 0.1 0.1 0.2 o 042
Accident accupational fatalities 0.67 0.09 0.1 040 0.1
Accident nopogcupational, fatalities 1 1.3 1.7 - R ~2iat
Accident occupational injuries 9.2 12 1§ 19.-. 19
Accident nopoccupational injuries 1.9 2.4 3.2 B 11 I Y 1)
Total fatalities 1.2 1.5 1.9 2.4 2.4

* Radiological fatalitises include first- and second-generation genetic affects.

A=b1
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Table A-25. Transportation risks for the autharized system from high-level waste only

Salt
Deaf Davisg 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 nongccupational fatalities  (,QC1 0,00} 0,00} 0.001 Q.001
Total fatalities i.8 1.8 1.8 2.1 2.

1 transpartation

Normal eccupational 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 nonoccupational fatalities 0.00]1 0001 0.001 {002 Q.001
Tatal fatalities 1.6 0.06 0.97 0.08 0.08

NOMRADIOLOGICAL RISK

ck transportation

Normal accupational fatalities 0.02 0.1 0.05 g.1 g.02

Accldent accupational fatalities T.4 1,1 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 nanaccupational injuries 16 15 15 490 S |
Total fatalities 6.2 6.2 6.1 7.4 7.4

1 transportation . el

Normal accupational fatalities Q.03 0.04 0.04 0,04 0.04"

Accident occupational fatalities 0.04 0.04 0.04 .08 - 0.05

Accident nonoccupational: fatalitias 0.5 0.6 0.6 N YT 07

Accident occupational injuries 5.3 5.3 5.4 v 8.3 6.6

Accident nonoccupational injuries 1.1 Ll 1.1 1ol lid "
Total fatalities 0.6 0.6 0.7 0.6 0.8

* Radiolpgical fatalities-include first- and sacond-gensration genetic effects.
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Table A-26. Total transportation risks for the authorized system

Salt
Deaf Davis Tuff Basalt

HMode and risk type Richton Smith Canyon {Yucca Mt.} (Manford}

RADIQLOGICAL RISK®

1ok 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 Q.03 0.03 Q.03 0.04 .04
Total fatalities 6.3 7.9 915 " 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
nck transportation
Normd) nonoccupational fatalities 0.2 0.3 0.4 ¢.6 0.4
Accident occupational fatalities 4.1 5.2 6.5 8 8.4
Accident nonoccupationa) fatalities 14 18 23 28 an.
Accident occupational injuriss 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 nondceypational fatalities 1.5 t.8 2.2 2.6 2,8
Accident occupational injuries 14 17 21 25 26 .
Accident nonpccupationaT injuries . 3.5 A3 8.1 5.4
2.1 2.6 3.0 3.2

Total fatalities 1.8

B

* Radiological fatslities include first- and sesond-generation genetic effects.
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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

Normal occupational fitalitfes 0.6 0.6 0.6 0.5 0.6
Normal nonsccupational fatalities 3 3 3 3 3
Accident nonoc.upational fatalities [,02 ¢.02 0.Q2 R.02 @.02
Total 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 . TN
Normal nonoccupatiocnatl Fata]ittes 0.2 0.2 0.2 4.2 S« PY4
Accident accupational fatalities 2 2 2 £ - 2.
Accident nonoccupational fatalities 7 7 7 o P
Accident occupational injuries 4.1, a.v 4.1 4.1 . IO
Accident nonsccupational injuries )20 120 a0 120 | 120 |
Total fatalities ' 9.1 9.1 9.1 9.1 9.1
Rail transportation . ”n”
Normal nonoccupational fatalities 8.1 0.} 0.1 0.1 3,1
Accident occupational fatalities 0.05 0.05 0.05 0.05 - 0.0B
Accident nonoccupational fatslities 0.8 0.8 0.8 --0.8 QB
Accident occupational injurdies 7 7 7 7 SO S
Accident nonoccupational injurias 1.4 L4 Ld. L4 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 improved-performance system from shipping
cons0ii fated spent fuel from the MRS facility to the rapository®

Aaalt .
Daaf Davis Tuff Basalt

Risk type Richton Smi th Canyar {Yucca Ht.} ({Hanford)

RADIOLOGICAL RISK®

Normal occupational fataljties 0.002 0.004 0,.0: 0.006 0.005

Normal nonoccupational fatalities 0.02 0.02 0.62 0.03 0.0

Accident nonoccupational fatalities 0,006 .01 g.01. ol [\
Total fatalities 0.02 .04 0.04 .05 0.04

NONRADIOLOGICAL RISK

Korma) nonoccupational fatalities g.m .09 0. 0.1 0.07
Accident occupational fatalities 0.3 0.9 1.3 1.6 1.4
Accident nonoccupational fatalities 5 14 19 24 .21 .
Accident occupational injuries 47 130 180 220 ... 190,
Accident nonoccupational injuries 3.7 26 k1 L8, A
Total fatalities 5.4 16 20 25 22

* Estimated risks from shipping consolidated spent fual from the MRS facility to the. -
repository. A1l shipments assumed ta ba by dedicatad train in 100-ton casks carrying
ready-to-emplace disposal containers, : . e

'

® Radiological fatalities include first- and second-generation genetic af%ecii.”“"
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Tabte A-29, Tramsvartation risks for the improved—performance system from shipping
seceadary waste from the MRS facility to the repository®

salt
Deaf Oavis Tuff Basalt

Type of risk Richton Smith Canyon {Yucca Mt.) ({Marford)

RAGIOLOGICAL RISK®

yrmal occupational fatalities 0.0008 0.001% 0.0¢: 0.002 0.602

yrmal ponoccupational fatulities 0.008 0.008 0.00% g.0v 0.014

zcident nonoccypational futalities 0.008 f.01 f.01 0,02 0.02
Total fatalities 0.008 0.02 0.02 0.03 0.02

HONRADIOLOGICAL RISK

srmal nonoccupational fatalities 0.008 0.02 0.3 6.94 0.03°
ccident occupational fatalities - k Co
cident nonoccupational fatalities

ccident cccupational injurids

ccident nonoccupational injuires —— — e - R

Total fatatities 0.008 0.02 0.03 0.04 ©'0.03

* Estimated rigsks of shipping secondary waste {spent-fuel-assambly hardware,
high-activity low-leve) waste, and contact-handled transurani¢ wasta) from the MRS
facility to the repository. A1) secondary-waste shipments assumed 'tc be by dedicated
train in 100-ton casks.

" Radiological fatalities include first- and second-genaration genetic effects.

A<568
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Table A-30. Trassportation risks for the mproved- performanca system from shipping
high-Tevel 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 fatalities 0.3 0.3 0.3 0.3 ¢.3
Normal nonpgcupaticnal fatalities 1.5 1.6 1.8 1,8 1.8
Accident nonoccupation.] fatalities Q.0OD1 0,001 Q.01 0.4a1 0.4a1
Total fatalities 1.8 1.8 1.8 2.1 2.
Rail transpertzcion
Normal occupational fatalities 0.03 0.¢3 .03 .04 0.04
Normatl nonoccupaticonal fatalities 0.03 9.03 0.03 .04 0.04
Accident nonoccupational fatalities (0,001 f.0p01 oapl 0.002 0.001
Total fatalities 0.06 0.06 0.07 0.08 .07
NONRADIDLOGICAL RISK
Truck transportation : — .
Wormal nonoc¢cupational fataTities g.02 9.1 0.05 I P 0.92
Accideant occupatfonal Fatalities 1.4 1.3 1.3 le6 1.6
Accident nonccqupational fatalities 4.8 4.7 4,7 - T 5.8
Accident gicupationa) injuries 2.7 2.6 2.6 B 3.2
Accident nonoccupational injuries i ri- 5 . 1 .
Total fatalities 6.2 6.2 6.2 7.4 7.4
Rail transportation - : e .
Nermal noncccupational fata1ities 0.03 0.04 0.04 0.06 - . 0,04
Accident occupational fatalities 0.04 .04 0.94 - 0.05 ~ 0.0B
Accident nonogrupational fatalities 0.6 0.6 D.6 G.7 0.7
Accident occupational injunies 5.3 5.3 5.4 . 6.9 .. . 6.8
Accident nonoccupational injuries 1.4 L L.l 1.4 L4
Total fatalities 0.63 D.64 0.66 0.84 0.79

* Estimated risk of shipping high-level waste directly to the repositery. Al shipnénts
assumed to ba {n tQ0-tun casks. S

® Radiological fatalities include first- and second-generation genetic eff;cis. )

Aw37

§ 0008 | 2 2 2



Table A-31. Teta! transportation risks for the improved-parfaormance aystem®

_Salt .
Deaf Davis Tuff Basalt

Hode and risk t:pe Richton Smith Canyg (Yucca Mt.) {Hanford)

RADIOLOGICAL RISK®

Truck transpartation®

Normal occupational fatalities 0.9 0.8 0.t 0.9 0.9
Nerma) nonogcupationa! fatalities 4.8 4,4 4.5 4.7 4.8 -
Accident nonoccupatioral fatalities (.03 0.05 05 0.06 Q.05 ¢
Total fatalities 5.3 5.4 5,4 5.7 5.7
Rail trangporiation?
Normal gccupaticnal fatalitias 0.09 g.09 0.09 0.1 0.1
Hormal nonoccupationa) fatalitiaes o 0. 0.t 07 0.1
Accident nomaccupational fatalities .03 q,ﬂﬂ qlnﬁ Q.08 _ .04
Total fatalities 0.2 0.3 0.3 0.3 0.3
NONRADIOGLOGICAL HISK
Truck transportation®
Naormal 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 -3 13
Accident occupational injuries 54 130 180 230 200
Accident nonotcupational injuries 200 20 230 as0. 280
Total 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 7,5
Accident norodcupational fatalities 6.3 15 20 25 2
Accident occupational injuries 59 140 190 2490 70 R0
Accident nonoccupational injurias J2_ 25 A9 A9 S _4!3___ :
Total fatalities 6.9 16 22 27 24

® Estimatad risks of ahipﬁing {1} a1 spent fuel from reactors to the MRS Faciltity, (2)
consolidated spant fuel from the MRS facility to the repository, (3} secongary waste from the
MRS facility to the repository, and {4) higi-level waste directly to the repository. A1}
shipments 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 repasitory.

¢ The 100-ton cask carries ready-~to-empiace 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, liave acknowledged uncertaintios assciianted with them.
Important ones in.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. #&s a result, these
inputs are averaged and may not accurately reflect information for a
specific route.

2. The packaging capacities are not known at this time nor are actual
exposure rates for new casks.

3. Some inputs will be refined during the studles conducted concurrently
with site characterization and during the pPeparation of the '
enviromrental impact statement,

A.% COST ANALYSIS

Early efforts at defining the transportation-system equipment and
operating requirements for the repository were initlated in the late 1970s,
wvhen it was recognized that transportation is an importent factor in
repository eiting. This section summarizes the methed, assumptiOns, and
models used in analyzing the costa of waste transpOrtation.'

A.9.1 OUTLINE OF METHOD

The analyels in this environmental assessment makes use of the models
developed to evaluate the costa of transporting waste to s 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, sre evaluated by using the output from WASTES.
The total costs can therefore be thought of as the composite value of shipping
costs, hardware capital expenditures, and maintenance allowances. All three
factors are highly dependent on the assumptlons underlying the analysis.

A.9.2 ASSUMPTIONS

In calculating costs, the spent-fuel diascharge data published in a recent
DOE report (HResb et al., 1985) were used, In all gcenarlos a total of 62,000
MIU of spent fuel is shipped from individual reactor sites. The specific
amounts of spent fuel to be shipped from each reactor site were selected on a
yearly basis by applying the following criteria:

A=SY
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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 decommissioning were giveun the next highest
priority & yearg after their last year of op-:atlon.

3. The oldert fuel remaining at reactors was gi.eza final priority.

The other major assumptions used in thig analysis are descrihed 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
cagk 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 aquthorlzed system and two gscenarios for the
improved-performance system gre presented in sufficient detagil to show the
costs of shipping the various types of waste. Only sgummary 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 epent-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 considered.

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 inflation., 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 dol}lars)

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 . e Taoe
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. AIY fuel to the MRS facility

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 waszte

A~b1



Tahle A-32.

Total transportation cost {Continued)
{millions of dollars)

Repository Locais.g.

Mode and waste ty-e Richton

Deaf Smith Davis C-ny9n Yucca Mt, Hanford

IMPROVED-PERFORMANCE SYSTEM {Contir io.)

1. Al fuel to the MRS facility (Concl-ved)

Total cost, 100-ton casks

Truck fro: erigin 1,323

Rail from origin 1,384
Total coust, 150-ton casks

Truck from origin 1,065

Rail frem origin 1,127

F]

Total cost, 100-ton casks

Truck from origin 1,265

Rail from origin 1,328
Total cost, 150-ton casks

Truck from origin 1,046

Rail from origin 1,109

1,576
1,654

1,149
1,227

. Western-reactor spant fuel

1,439
1,537

1,084
1,182

1,709 1,828 1,748
1,767 1,889 1,792
1,210 1,422 1,301
1,268 1,483 1,345

directly to the repository

1,560 1,674 i, 562
1,640 1,760 1.628
1,126 1,308 1,205
1,208 1,394 1,27

* High-Tavel waste from tha Wast Valley Demonstration Project.

3000 8
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Table A-33

Coasts of transportation from reac'ors to repository
in the authorized pystem®'®°
{millions of dollars}

Totaln

Repository alte Shipping Capital dMaintenance
ALL SBHIPMENTE 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 . ksQ24
flanford 626 280 150 1,055 .
ALL SHIPMENTS BY TRUCK
Richton U2 181 99 722
Deaf. Smith 595 212 116 .92 .
Davia Canyon 717 235 128 ks 080
Yucca Mountailn 876 266 - 145 by 386,
Hanford 922 274 149 1,343,
' Spent fuel only. :
® Values have been rgunded.
A-63
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Table A-34. Cours of transportation in the improved-performance aystem*’b
{milliona of dollars)

fgpository site Shipping Capital .taintenance Total

RAIL SHIPMENTS TO AND FROM THE MRS #AJILITY

Richton 598 248 256 1,102
Deaf Smith 799 354 212 © 13368
Davis Canyon - 895 277 306 L B
Yucca Mountain 963 379 227 L5689
Hanford - 006 s 211 13471

TRUCK SHIPMENTS TC, AND RAIL SHIPMENTS FROM, THE MRS FACILITY

Richton 623 236 -280 1,108 -
Deaf Smith ¢ 824 342 207 R PV IR
Davia Oanyon Y919 265 - 800 B 486
Yuceda Mountain : 988 367 222 SERTERRES UL £ S

Hanford 981 342 ' 206 14479

* All spent fuel sent first to the MRS facility and from there to the -
repository, after consolidation. All shipments in 100-tbn cdsks: - AR
® Cost estimates do not include high-level waste, and values have been
rounded.
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T4bla 4~35, Capital and mailntenance cosgts
{millions of 1985 dollars)

Trangportation nide " Capital®* Maintenance®

Reactor to MRS facility

Truck cask 1,5 0.075
Rail cask 2,5 0,125~
MRS facility to repositﬁry ' - ff%:-"kﬂ IR
100=tor: rail cask 2.5 0.125 -
150-ton rail cask y 2,75 . 0.125 . ...
Rall packege for . : _ : R Codpe
transuranic waste® 1.6 arere toon QUOTR e
Defense high-level waste® TR
Truck cask 1,1 _ o _ 0.06
Rail cask 1.8 ' 0.09
* Capital costa are for each cask and include the cost of trailer ofF | .
railcar.
® Maintenance costs are per packaga-year for the assumed 15~year cask’ - "
life. _ o
° Based on two peckases per railcar. 3
¢ Includes commercisl high-level waste from the West Valley ey e
Demonatration. Project. - - Lo
]";i{._.
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TatTe A-36.

Total requirements for transportation packaging

{Nymber of casks)

Reposisg-: sike
Deaf Davis Yucca
Mode and waste iypt Richton Smith Canyon Ht. Hanfard
AUTHORIZED SYSTEM "
100% truck .
Spent fuel 124 145 16! 182 188
Defense high-level waste 40 43 48 50 53 _
Commercial high-Tevel waste 2 2 2 4 B I
100% rail o
Spent fuel a1 93 100 1o 12t .
Dafense high-level waste 4 36 38 42 . TN
Commercial high-tevel waste 2 2 . 2 . N ST
THPROVED-PERFDRMANCE SYSTEM :
1. AN spent fuel to the HRS facility -x"f-
100% truck from origin ]
Spent fual 106 106 106 108 106
Defense high-lavel waste 40 a4 42 _ 51 5 .
Commercial highiYevel ‘wasts 2 - 4 g
100% rail from.origin . 4 o Ce TR
Spent fuel 67 67 67 67 67
Dafense high-lavel waste 34 37 Kl: 42 47
Commercial high-level waste 4 2 T N 1 JER o RS
Rail from MRS, 100-ton casks o o e R
Spent fuel in disposal 55 10 5 80 - 1 R
containers
High-activity waste 4 4 4 4 q
Contact~-handled TRU waste 2 2 2 2 2
Rail from MRS, 150-ton casks
Spent fue) in canisters 20 20 20 30 20
High-activity waste 8 8 ] 6 0
Contact-handled TRU waste 2 2 2 2 2
2. Mestern-reactor spont fuel te the repository
0% Truck from origin
Spent fusl 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~-levael waste 34 37 KT 42 47
Commarcial high-level waste 2 2 2 2 2
Rail from MRS, 100-ton caaks
Spent fuel in disposal canisters 50 60 H ) 60
High-activity waste 4 4 4 4 4
Contact-handlad TRU work 2 2 2 2 2
Rail from MRS, 150-ton casks
Spant 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
A6
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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 17 111
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 P RETE
Hanford - 26 10 8 SERRN Y Y
Yucca Mountain 29 10 a 8 Y'Y PR
Deaf Smith g 40 12 : 10 62 v
Richton o 74 16 14 105 . ;
Davia Canyon 23 10 8 41
Went Valley Demonstration
Plant® : Srgreie ey
Ranford. : 9 4 2 B N TS
Yucca Mountain - 8 4 2 18
Deaf Smith 5 2 1 9.
Richtor 4 2 1 7
Davis Canyon 7 2 1 10
* Values have hbeen 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 and destina .ion Shipping Capital Mzintenance Total
SRP to
Hanford 142 65 32 240
Yucca Mountailn 126 54 27 208
Deaf Bmich 92 : 43 22 157
Richton 56 32 L6 105
Davis 118 50 25 : 193
Hanford to A
Hanford NA : NA NA - NA
Yucca Mountain 15 5 4 oo .25
Deaf Smith 20 5 4 i 30
Richton 26 7 5 -39
Davia 14 5 4 -4
INEL to S o Lt
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 .10
Richton 4 4 2 10
Davis 6 4 2

* Yalues have been rounded.
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3. Published tariffs were uped in this analysis where available;
however, inder the deregulation that has recently occurred, the DOE
will be #4le to negotiate with carriers for vates and services, and
shipping costs may change.

A,10 BARGE TRANSEORTATION TO REP( - JTORIES

The most likely way 4in which barge transportat: » would be used to make
shipments to a reptsitory would be to complete a pani al leg of the journey.
In all cases, barges cannot be loaded directly from ti.» 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
congidered likely that a reactor within 483 kilomaters (300 miles) of a large
port capable of handling large rallcasks and served Ly 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 to
a railroad. This transfer point was assumed to be either in tha 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 deaigned 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 operations during the shipment of spent fuel. Because barge shipments
require intermodal transfer at both ends of the journey, the workers involved
in this activity receive relatively high radiation doses and account for the
large increase in occupational exposure over the rall 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 tranaportation. The numbers are expected to be refined as further
studlies are conducted to provide models of similar detail as thrse 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-gpecific results pregented by
Tobin and Meshkov (1983) 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 accidenta. The results of that study are ghown in Tables
A-4]1 and A-42, These results can be compared with the equlvalent categories
in Table A-5. Table A-42 1a comparable to results for water release. The
results show accldents from barges to be of the same order ss 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 Plant 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
. Lucie Florida Paint Beach Wiscansin
wrry Virginia Sequayah Tennessaa
‘urkey Point Florida Zion [T1inois

* Plants located on & 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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Tabis A-40.

Projected Tatent cancers faor shipments to repositories
from reactors with barge access®'®

Deaf Smith _—Yucce Mountain 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 .01 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 0.06. 0.0}
Total, 35 reactor sites . L . i
Wenoccupational 0.10 0.04 0.13 0.05 0.14 - 0.08
Occupational .32 a.a3 g.24 Q.08 Ri2a Q.05
Tota? 0.32 0.00 6.37 o.d0 ¢ a3 0li0

[ .

* Considers shipments from reactors listed in Table A-39 according'io sEﬁeJﬁﬁe given by Tubin

and Meshkov {1988).

® Analyais was made only for thres potential repository sites.
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Table A-4l. Summary of the radlological air~release
consequences of airborne releases
from barge accidents®

Accident Latent-¢-ncer fatalities®
class® Averags . Maximum
bl R
4 5x 107°- 2 x10°%
5 ' ) 6 x10"° 2 x 1078

6 . 0,01 L 0.2

[ R T |

* Estimates based on data presented by Unione et al. (1978," "
Table 6.4). ; o :
® Baged-on the assumption 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 6.16}.

® 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=92



Shipping by L.arge may be more expensive than the rail mod<, 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 casks 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 coast ca: be reduced by adding
more caske to each barge; Tobin and Meshkov asgume fu.r ralléasks on a barge.
It is feasible to ship at least six casks on a bargs .

A primary objective of the Tobin and Meshkov astu. + 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, Since 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 n2arby port, For example,
the Richton site may appear to be better than Yucca Mcuntaln 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 16 miles of the Hanford site, but this option
does not appear reasonable or probable for eastern reactors because of the
additional crew exposure, cost, and time required to complete s shipment via
the Panama Canal. Administrative concerns, including safeguarding and travel
through foreign countriea, add to the unlikeliness of this ¢ption. As can be
geen in Figure A~4, @mome 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 facllities were available. It is not likely
that a barge can land at San Onofre 1in 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 isg
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 its feasibility
and safety, it is concluded that the barge option 1s not a discriminating
clement in comparing sites.

I

i

!

! .
ol

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 uncertafnty 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 impacta resulting from shipments from reactcrs to the repository have
been evaluated fur both the authorized system and the improved-performance
system.

In the authorized system, spent fuel and high~' wel waste are shipped
directly to the repository. The spent fuel that was assumed to be shipped I
generally the oldest fuel, except when a rgactor t! it is running out of
storage capacity is given preference, The gwograph.s locatlon of the fuel is
not considered.

In the scenarios analyzed for the improved-performance aystem, similar
assumptions weré made about the fuel that is shipped. but the fuel i3 sent
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 1is received by the repository s routed through the MRS
facility, These two varlations differ only in the size of the caak assumed to
be used for shipments from the MRS facility to the repository (100 and 150
tons}. Defense high-level waste la sent directly to the repository; it does
not pass through the MRS facility.

Two other varlations were generated by taking into account the gecgraphic
distribution of some of the fuel. In these variations, about 4,500 MTU of
spent fuel from the reactors west of the Rockles 1s sent to the first
repogitory without passing through the MRE facility. The remaining fuel 1is
preferantially selected by age except for cames where reactors have no storage
capacity. These two variations are also distingulshable because
two different cask slzes were assumed for each.

None of the varlations 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 & second repository is introduced inte the waste-management gystem,
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 gystem, the ideal fuel selection for the first repository
wouid be the fuel farthest from the second repository {approximately nearest
the first repository).

The second repogitory will enter the system several years 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
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repositories in oprration and therefore will manifest the greatast effect of
regionality on the transportation impacts,

A.11.3  DESCRIPT.(ON OF SUPPLEMENTARY ANALYSES

Two separate analyses were performed: one that ..nsldered the MRS
facility and angther that did not. For each analyais, two cases were
considereds (1) thte first repository receives spent fuel 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 ls shown in Figure A~S;
however, similar figures were generated for analyaes for each of the five
sites nominated as sultable for characterization. -

The major assumptions are as followsi

o The cumulative gpent-fuel quantities were asgumed to be thosa of the
"midcage” projection by the DOE's Energy Information Adminigtration

(EIA). :

Estimates based on adjusted "great clrcle"” distances.

Use of 150-ton casks for shipments from the MRS facility,

All spent fuel routed through the MRS facility.

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 goed surrogete mepspure of transportation costa and
risks. Table A-44 gontaine the percentage variation from the
gingle-repository values. It can be seen that the .introduction of r second
repository can produce a significant effect on the results for a
single-repository analyals.--

A.12 CRITERIA FOR APPLYING THE TRANSPORTATION GUIDELINE

The siting guideline on transportation (10 CFR 960.5-7~7) contains m
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 conditions 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 assesements (EAs).
The group included a member from the DOE Project Qffices representing the
three host rocks considered for the firet repository and represanting
substantial expertiee Iin the transportation of radiocactive waste. One member
had been instrumental in drafting the guideline itself. Before the issuance
of the draft EAs, thia group developad criteria for applying favorable
conditions 1, 2, and 5> uvnd potentially adverse conditions 1 and 3. These
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Table A-43. Cask-miles from reactors to potential repoaltory locations
with and without an MRS facility®
(Milllons of cask-milea’

Without MRS facility _With MRS facility

Repository EA _ . EA
site Closest Analysls Farthest "ngest  Analysias  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
Yugca Mountaln ~— 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 MIU of apent fuel.

Table A-4k. Percent variation in cask-miles resulting from the introduction

of second repository

Without MRS facility With MRS faeility

Repositorf-site Closeat Farthest 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 A-45. Criterla for applylng the transportation guldeline

FAVORABLE CONDITICONS

{1) Availability of access routes from local existing highwaye and railroads
to the site which have any of the following charu.terlatics:

(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 gharp curves or gttrep grades and are not
likely to be affected by landallides or rock slidas,

Such routes bypass local citiés and towns.

All parts of this favorable conditiqn pertain to the acoess rdute to ﬁha

repoaitory,

to connect
pregent.

(1)

(i1)

(144)

(1iv)

(v)

The access route 1s the road or railspur that must be conatructed
existing roads or track with the gite. Only ome part need be

The favorable condition is present if the access route is less than
10 miles long and costs lesa 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 preasent

All road or track construction requires cuts and filis. Cute and
fille for generally flat terrain are considered acceptable. The
favorable conditign is not present if bridges or tunnels are
required.

The favorable conditlon 1g present if the accees road is
constructed over generally flat terrain.

The favorable condition is not preaent if the access route passes
through a highly populated area, agc defined in 10 CFR Part 960,
Subpart A, or 960.5+2-1(c)(2) (Federal Register, Vol. 49, pp. 47754
and 47763, respectively).
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Table A-43. Criteria for applying the transportation guideline
{Continued)

{2) Proximity tc local highways and railroads that piywide access to reglonal
highways and railreoads and are adequate to serve :he repository without
gignificant upgrading or reconatruction.

Criterion

This favorable condition pertains to that segment of ex.sting track between
the outer end .f the access route and the nearest State, Federal, or
interstate highway and the nearest mainiine rallroad tiat does not require
upgrading or repalr. This gsegment of road or track should be no longer than
10 miles and cost no more than $10 million,

(3) Proximity to gregional highways, mainline railroads, or inland waterways
that provide access to the national transportation system.

Criterion

This 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 rallroad. This dietance ahould be no more than 30 o
miles, Distance to a waterway is not considered because a barge shipment
would have to offload onto a railroead,

(4) Availability of a regional railroad system with a minimum number of
interchange points 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 interchangea within 125 miles of the
site will be counted. The site with the fewest interchanges will be
congldered to have the favorable condition present.

(5) Total projected life-cycle cost and risk for transportation of all wastes
designated for the repository site which are significantly lower than
those for comparable siting options, considering locations of present and
potential gsources' of waste, Interim storage facilitles, and other
repositories.

Criterion

All gites will be compared; only one site will have the favorable condition
present.
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Table A~i5, Criteria for applying the transportation guideline
{Continued)

6) Availability «f regional and local carriera—--truci, rall, and
water--which *ave the capabllity and are willing i) aandle waste
ahipmants to :zhe repository.

riterion

his favorable condjtion is present if any carrier--tii k, rail, or water--is
vailable with’n the minimum transportation atudy area.

7) Absence of legal impediment with regard to compliance with Federal
regulations for the transportation of waste in or through the affected
State and adjoining Btatas. : e

riterion
his favorable condition will be addressed as explained in Appendix C,
8) Plans, procedures; and capaﬁilities for respohse tb radidaqtiwh wﬁQEe 

transportation accidents in the affected State that are completed or
being developed.

riterion
ny evidence that emergency-response plans, procedures,. and capabilitieﬁ;eiisha

{11 be favorable. Evidence for all of these is required for a finding that
he favorable conditlon 1s present.

9} A regional meteorological hidstory 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. . :
Tt
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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 railr. 'ds that are expensive.:
to construct relative to comparable siting option-.

Criterion

An expensive access route iz congidersd to be one that ¢ngts more than $10
million.

{2) Terrain between the site and existing local highways and railroads such
that steep grades, gharp switchbacks, rivers, lakes, landslides, rock
slides, or potential sources of hazard to incoming waste shipments will
be encountered along access routes Lo the site,

Criterion

This potentially adverse condition is present 1if the tarrain over which the
access route must pass is not generally flat and 1f the access route must
cross a river or laka. . :

B

(3) Existing local highways and railroads that could require significant
reconstruction or upgrading to provide adequate routes to the regional
and national rran5portation aystem,

Criterion

This potentlally adverse conditlon is present if a significant reconstruction
or upgrading of a truck or rail 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 thoge
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 FAs.

The process by which the criteria were develop<d relied heavily on the
collective transportation expertise of the ad hoc gioup. Rules-of -thumb were
often used to m:ke estimates in the context of indefirite terms., For example,
the cost of a m.le 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 additicnal information is not available The application of such
rules, experience, and informed judgment allowed ne~definitive criteria to
be developed while considering the requirement to : ‘ge Lransportation
conditions in the context of "comparable siting optirns."” In other words, the
criteria vaiues were developed by fully considering the range and distribution
of values for all of the five sites nominated as su'table for characterization.

The comments on the draft EAs notad other inconsistencies in the findings
reported for the transportation guldeline, particularly for the conditions
that contain th: term "regional®, The DOE then dec:ided to develop criteria
for all of the conditions in the transportation guldeline. Through repeated
discussions with the ad hoc committee members, the final criteria presented in
Table A-45 were promulgated in August 1985. Again, the process of 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 to be notified in advance of certain radioactive-waste
shipments.

Whether prenotification results in an increase in safety is the subject
of conaiderable discussion among Federal regulatory agencies and State and
local governments. Currently, the NRC, under Congresaional 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 issue 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., 1983).

The DOE 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 genmeric notification with
courtesy communications to amn appropriate officer of each State through which
the shipment will pass. In light of the number of spent-fuel shipmenta to
repositories, the DOE will evaluate its current procedures for tracking
radioactive-waste ahipments 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 hased 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 radicactive
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 make svailable from its
resources such radiologlcal advice and assistance as is requested and
approprlate to protect public health and safety and "o cope with radlological
hazards, DOE personnel will respond 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 reglonal
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 hosting facilities developed under the Act, the DOE will seek
to negotiate writtern agreements that can address assistance and funding for
emergency-responge preparations. In other States, funding or agsistance in
lieu of funding (e.g., training courses, equipment, etc.) will continue to be
available through the Federzl Emergency Management Agency {FEMA} 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 Response Plan (Federal Register, Vol. 4%, p. 35896).
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 provide coordinated Federal response 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 addition, the FEMA has published
interim Guidance for Developing State and Local Radiological Emergency
Regponse Plans and Preparedness for Transportation Accldents (FEMA, 1983).
This guidance, which is currently being revised, provides a basis for State
and local guvernments to develop emergency plans and improve emergency
preparedness for transportation accidents involving radioactive materials,
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A.13.3 HIGHWAY ROUTING

A.13.3.1 Highway routing regulations

The routing of radiocactive-waste shipments is a ,rimary concern of State,
local, and tribe! officials, On January 19, 1981, t:z DOT by 1ts authority
under the Hazardous Materials Transportation aAct, pu.':lished a final rule
governing the highway routing of radiocactive materls. s. Designated HM-lé64,
this rule has bean codified as 49 CFR Parts 171, 172, 173, and 177. The DQE
will, of coursa, comply with all DOT regulations.

According to HM-164, highway carriers of “highwa, route controlled
quantity radioactive materlals" (e.,g., spent nuclear fuel) are required to use
"preferred routes." A preferred route conslste of an intersgtate highway,
including the use of interstate beltwaya or bypasses when available to avoid
city centers, or alternative routes that are designated by a Btate routing
agancy (whlch includes the approprlate authorities of Indian Tribes).
State-designated alternative routes must be selected in accordance with DOT
guidelines for selecting preferred highway routee (DOT, 1984} or an equivalent
routing analysis that adegquately considers the overall risk to the public.

The DOT stated that it followed three basic concepts In devising a
highway-routing framework for radioactive materials:

1, Route selection should be hased on some valld measure of reduced risk
to the public.

2. Uniform and consistent rules for route selectlon 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
tranepartstion controls, such ag marking and packing { edgggl
Register, Vol. 46, p. 5299). .

The DQT's approach to routing acknowledges that public policy for the
routing of radicactive materials should be baaed on a consideration.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 congideration of all
impacts and continuity of deaslgnated routes.

Carriers of spant fuel may deviate from a 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 make necesgary rest, fuel, and vehilcle-repalr stops.

3. To the extent necessary to plck up, deliver, or transfer a
targe-guantity package of radiocactive mate-ials (43 CFR
177.825¢(b){2))}.

HM-164 has numercus other provisions designed .5 ensure the safe highway
shipment of radiocactive materials. These include t.2 requirement for the
provigion of written route plans to the shipper art specific 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 Jtates and the DOT. n request, the DOE will
assist 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 alternative routes and
will ingtruct that these routes be used during all shipments. Moreover, the
cartier will be inatructed 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 performance, postnotification of reutes, and DOE
tracking of actual ghipments wiil provide mechanisms by which operations can
be monitored. In addition to dillgent and consistent observance of these
currently available procedures, the DOF will continue to coordinate with the
States concerning the routing of any highway route controlled guantitieg (49
CFR 173.403) of radioactive materials shipped by the DOE.

A.13.3.2 SBtate and local ordinances

As discussed in the preceding section, the DOT derives its authority to
regulate hazardous-materials transportation principaily 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]."” Thus, State or local actions are not necessarily
precluded; only those that are "inconsistent" are preempted. The DOT can,
however, grant an exemption 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 unreasonably burden commerce.

In its general digcussion of the highway-routing rule, the DOT notes its
conclugion that “the public risks in transporting [radiocactive} materialg by
highway are too low to justify the unilateral impoaltion by local governments
of bans and other severe restrictions on the highway mode of transportation“
{Federal Register, Vol. 46, p. 5299).




Appendix A to 49 CFR Part 177 delineates DOT pclicy regarding the
consistency of $tate and local rules with DOT highway-routing requirements for
the purpose of actrliaing State or local governments how they can exercise their
responsibilities sith respect to the regulation of nms,i.or carriers. The DOT
generally regnrds State and local requirements to be inconsistent if they--

¢ Prohibit the transportation of large~quanti:i- radicactive materlals by

highway between any two polnts without provicing an alternative route
for the duration of the prohibition.

¢ Conflict with NRC or DOT physical-security re .uirements.

® Require additicnal or special personnel, equipment, or egascort.

® Require additional or different shipping papar entries, placards, or
other hazard-warning devices.

® Require {iling route plans or other documenty containing information
that ie apecific to individual shipments,

¢ Require prenctification.

¢ Require accident or incident reporting other than as immedlately
NeCcagsary for amergency aggistance.

® Unnecesgaarlly 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 inspection-and-enforcement activities
to promote the aafe trangportation of radioactive materials on the nation'a
railroadas. 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 hazardous materials by rail,.

The safety and safeguards regulations for shipments of radiocactive

material by rail, in many cases, are the same as those for highway shipments.
The NRC has issued general routing guidelines for raill shipments of spent

A~B87

AN NN I 9 T o



fuel, which are included in its physlcal-protection requirements that were
promulgated teo g.ard against acts of sabotage for buth rail amd truck
spent—-fuel shipm:nts. The DOT has isaued specific rrles limiting both the
number and the d.ration of rail stops and designating the placement of cars
carrying spent fuel in the makeup of the train, In sddition, there are
standards for tr-ck quality and other operating feat.res of importance to
safaty of rail transport.

Shippers who prepare material for rail transpc risation are required to
comply with DOT regulations found in 49 CFR Part 17} before offering any
hazardous material shipment to a carrier. The respor iibllities of rail
varriers of radiocactive waste are ocutlined in DOT regulations 49 CFR Part
174, In accepting a shipment, the carrier ingpects it 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 safe for
operation, In particular, certain equipment is routinely Ingpected at
interchange points by the carrier.

Carrier operations are also subject to DOT regulations covering safety
enforcement procedures, track safety atandards, and accident-reporting
procedures. Under the condlticns of 49 CFR 171.l5 and 171.16, the carrier
muet notify the DOT lmmediately of any unintentional release 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 radlpactive waste by rail is
vested primarily in the Federal Government, States and locsl governmentsa that
wish to assume specific responsibilities in this area also have a 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 1s (1)}
consistent 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 Civilian Radiocactive Waste Management (OCRWM} is
investlgating means for facllitating a cooperative effort among affected
Federal and State agencies and the railroad induwatry in forging shipping
arrangementa that are safe, efficlent, and equitable., There appears tc be a
strong willingness by all affected parties to work toward thig goal.

The DOE will reinforce the DAT's and the NRC's inspection-and-enforcement
activities through the establishment of a comprehensive guality-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
as safety, reliability, and maintainability. are achieved in a cost—effective
manner.
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A.13.4,3 Dedicate:! traing

The use of "dwedlcated tralns™ involves the designantion of specific
equipment {(locomot ves, cask cars, buffer cars, and csvooges) for the use of a
particular commodity between fixed origin and destina:.on points. In many
respects, it is s'milar to the "sole—use’ vehicle tha: is commonly employed by
motor carriers for gpecific commodities (one example ‘9 the transportation of
bulk, low-gpeciflc-activity radicactive material).

Special arrangements to expedite the movement (¥ cedicated traina can be
made among railroadi. For example, the equipment "do lcated" for gole uge may
be owned by t.e originating carrier. This equipment ¢~uld be used for tha
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 rail lines to be used by the dedlcated train
would agrea on the apportionmént of revenues among themgelvee for the entire
move .,

A.13.5 [INSURANCE COVERAGE FOR_TR&NSPORTATION ACCIDENTS

The Price-Anderson Act of 1957 (42 U.S.C. Sections 2014 and 2210, as
amended) providea exténgive liability coverage for damages “suffered by the
public in the event of nuclear accldents at certain facilitlies (which Iinclude -
commercial nuclear power reactors ard DOE contractor-operated facilities) or
accidente that occur in the course of transpértation to or from such
facilities. Liability coverage extends to all potentlally reeponsible parties
{except, in some instaences, the Federal Government, whose liability would be
covered under the Federal Tort Claims Act) and is not limited to parties who
actually purchase insurance or enter into indewnity agreements with the
Federal Government. '

State luw le generally used to determine liability and the extent of
damagea in the event ¢f a nuclear incldent; the Price-Anderson Act dn turn
egtablishes 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
subptantial 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 wailved. One waiver
requires the imposition of strict liability, without proof of negligence on
the part of any respounsible party. Defenses related to governmental {mmunity
are also waived. The Price-Anderson Act further declares that in the event of
an extrzordinary nuclear occurrence, defenses based on statuteg of limitations
will be waived 1f a suit is brought within "three years from the date that the
claimant first knew, or reasonably could have known, of hig injury or damage
and the cauae thereof, but in no event more than twenty yeara after the date
of a nuclear incident." A State gtatute of limitations that allows a greater
period of time for filing sult would remain in effect. '
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